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Summary

Cancer is a major cause of mortality worldwide. The disease disproportionately affects 

the older population and 60% of new cancer cases and 70% of cancer-related deaths 

occur in individuals aged 65 or older. Large national population databases serve as a 

major source of data for important research that has advanced our understanding of 

cancer outcomes. One such database is the Surveillance Epidemiology and End Results 

(SEER) cancer registry data linked with Medicare claims. In this thesis the linked SEER- 

Medicare dataset was used to evaluate costs and outcomes of cancer care in older 

patients with head and neck cancer, pancreatic cancer and metastatic cancer of various 

sites.

Treatment-related complications and survival in advanced laryngeal cancer 

Primary treatment for advanced laryngeal cancer may include total laryngectomy (TL) or 

chemoradiation (CTRT), although recommendations vary and both are associated with 

complications. In Chapter 3, predictors and trends in the use of these modalities, rates of 

complications and overall survival in a population-based cohort of older adults were 

evaluated. We identified 809 patients with advanced laryngeal cancer who received either 

CTRT (57%) or TL (43%). Use of TL declined from 78% in 1999 to 26% in 2007 

(p<0.0001). TL was associated with a marginally significant reduction of 18% to 24% in 
death from any cause, depending on method of adjustment for the propensity to receive 

surgery. Excluding patients with T4 disease or CTRT patients who received a potentially 

non-definitive dose of RT, neither treatment modality was associated a survival 

advantage. More than 60% of patients in each group had a complication-related hospital 

admission or emergency room visit.

Treatment-related toxicities in locally advanced head and neck cancer 

Despite clear advantages in terms of cancer control and organ preservation, the benefit of 

CTRT may be offset by severe, treatment-related toxicities, compared with radiation 

therapy (RT) alone. In Chapter 4, we assessed the type and frequency of early toxicities 

and feeding tube use in a population-based cohort of older adults with locally advanced 

head and neck cancer. Of patients receiving CTRT (N=1,062), 65% had a treatment- 

related toxicity compared with 48% of patients who received RT alone (N=881). 

Controlling for demographic and disease characteristics, CTRT patients were twice as 

likely to experience an acute toxicity compared with their RT only peers and were four and 

five times more likely to experience haematological and gastrointestinal complications, 

respectively. Almost 60% of CTRT patients had a feeding tube placed during or after 

treatment compared with 33% of the RT only group.



Costs and trends in pancreatic cancer treatment

Pancreatic cancer poses a substantial morbidity and mortality burden and predominantly 

affects older adults. In Chapter 5, the direct medical costs of pancreatic cancer treatment, 

the contribution of different treatment modalities to the total cost of care and trends in 

costs over time were estimated. Of the 15,037 Medicare patients who were identified, 

97% were observed from diagnosis until death. The mean total direct medical cost was 

$65,500. Mean total costs were greater for patients with resectable locoregional disease 

($134,700) compared with unresectable locoregional or distant disease ($65,300 and 

$49,000, respectively). Hospitalisations and cancer-directed procedures collectively 

accounted for the largest fraction of health care costs and the total cost of care appeared 

to increase slightly over the study period.

Postoperative outcomes in older patients with resectable pancreatic cancer 

Patients with obstructive jaundice, caused by pancreatic cancer, commonly undergo 

biliary drainage (PBD) prior to surgery but whether PBD provides post-operative benefits 

to the patient is debatable. In Chapter 6, we compared postoperative outcomes in 

patients who had a preoperative endoscopic biliary stent (PEBS) placed prior to resection 

with those who proceeded directly to surgery. We identified 519 patients of whom 71% 

had a PEBS. Controlling for patient and tumour characteristics, surgical complications, 

readmissions rates or mortality within 30 and 90 days of surgery did not differ significantly 

between the groups. Approximately 30% of patients in the PEBS group had stent-related 

complications.

Chemotherapy-related toxicities in the older population with metastatic cancer 

In Chapter 7, we examined the impact of chemotherapy on the use of hospital care in a 

population-based cohort of older adults with metastatic cancer. We identified 33,203 

patients who received chemotherapy for a metastatic cancer diagnosis, of whom 49% 

were matched to a patient with the same diagnosis who did not receive chemotherapy. 

Nearly half of all patients who received chemotherapy had an inpatient stay with one or 

more of eight diagnoses suggestive of an adverse effect of chemotherapy, compared with 

33% of controls. Forty-four percent of chemotherapy recipients had an emergency room 

(ER) visit compared with 29% of their matched peers. Controlling for demographic and 

disease characteristics, chemotherapy was associated with an increased risk of 

hospitalisation and ER visits in patients with stomach cancer, SCLC, oesophageal cancer, 

and ovarian cancer compared with their matched peer but there was considerable 

uncertainty around the point estimate.
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Chapter 1: Introduction

1.1 The burden of cancer
Incidence and mortality

Cancer is a major cause of mortality worldwide. An estimated 13 million new cancer 
cases are diagnosed annually and 8 million deaths occur.^ In the United States (US) it is 

the second most common cause of death, exceeded only by heart disease, and accounts 
for nearly 1 in 4 mortalities.’ In 2012 alone, approximately 1.6 million new cancer cases 

were diagnosed and almost 600,000 Americans died of their disease.’

The ageing population

Although cancer occurs at all ages, the disease disproportionately affects the older 

population and approximately 60% of new cancer cases and 70% of cancer-related 
deaths occur in individuals aged 65 or older.^ Moreover, it is anticipated that the ageing of 

the generation, born after 1946, will notably expand the cancer survivor population. In 
2008, 39 million US citizens (13%) were aged 65 years or older.^ By 2030, this proportion 

is projected to reach 20% or 72 million persons.Furthermore, the segment of the 

population aged 85 and older is expected to more than triple in size by 2050, from 5.7 

million to 19 million people.^ Adding to the morbidity burden is the coexistence of other 

chronic conditions - 80% of older adults have at least one chronic health condition and 
50% have at least two.^ In addition, approximately 27% of adults aged 60 or over are 

obese and 38% report having a disability.^

Age, Years

Figure 1.1: The ageing of the US population aged 65 or older^



The cost of cancer care

Cancer care has been described as the most expensive area of health care and accounts 
for approximately 5% of health care spending.® This proportion is expected to rise 

precipitously as the population ages and advancements in the prevention, diagnosis, and 
treatment result in greater disease prevalence.'' Approximately $24.7 billion was spent on 

cancer care in 1997, $89 billion in 2007, and $124.6 billion in 2010.®’ ^ Total costs of 

cancer care are expected to reach $173 billion by 2020.''’^
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Year

Figure 1.2: Annual health care expenditures per capita for major industrialized 
nations®

The research gap

Despite the increasing number of cancer survivors, known measures of population health 
such as life expectancy are lagging behind those of most other developed countries.® In 

addition, an estimated 30% of care delivered in the US goes toward unnecessary tests, 

procedures, physician visits, hospital stays, and other services that do not improve patient 

health.® This misalignment is due, in part, to the increasing complexity of cancer care as a 

result of expanding treatment options, inherent toxicities of treatment, and uncertain 

outcomes for vulnerable populations including the elderly.

The ability to evaluate clinical benefits, toxicities, and costs of therapeutic strategies and 

health care services is necessary to strengthen the scientific basis of decision making. 

The acquisition, collation and evaluation of appropriate information will aid in the 

improvement of clinical practice and patient outcomes as well as correctly inform health 
policy decisions.®’



1.2 Cancer outcomes research
It has been suggested that “outcomes research” much less “cancer outcomes research" is 
difficult to define because of the breadth of research that it encompasses.^^ In general, 

“outcomes research” describes a variety of fields that use a variety of methodologies often 
with differing aims.^^ Nonetheless, statements by the US Agency for Healthcare 

Research and Quality (AHRQ) and the National Cancer Institute (NCI) express a common 
sense of purpose:^^

AHRQ: “Qutcomes research seeks to understand the end results of 
particular health care practices and interventions.”^'*

NCI: “Qutcomes research describes, interprets, and predicts the impact 

of various influences, especially (but not exclusively) interventions, on 
final endpoints that matter to decision makers.”*^

It is commonly agreed that for outcomes research to achieve its potential to enhance care 

delivery there are at least three requirements: 1) technically sound and decision relevant 

outcome measures; 2) credible evidence about the impact of interventions on those 

outcomes; 3) the capacity, determination, and ingenuity to translate findings into useful

information for decision making. 15

With these definitions and policy aims in mind, Lipsomb and colleagues defined cancer

outcomes research studies under three broad headings:.15

Macro: Population surveillance of trends in cancer-related outcomes and progress 

against the cancer burden, for example, national progress reports on cancer 

related morbidity, mortality and health-related quality of life.

Meso: Descriptive and analytical studies to understand the impact of cancer, 

patterns of service use and effects of interventions on cancer-related outcomes 

and costs.

Micro: Patient-clinician decision making enhanced by the use of survey 

instruments and other tools to monitor and predict outcomes, as a function of the 

intervention selected, patient risk profile and behavioural characteristics.

1.2.1 Meso-level studies
Meso-level studies, although varying in form and specific purpose, have an overall 

objective to evaluate the impact of factors, especially interventions, on important cancer 

outcomes. Typically, these analyses have the individual cancer patient, survivor or

3



person at risk as the unit of observation.^^ Observational studies (non-controlled) and 

randomised clinical trials are key examples of meso-level studies.^®

Randomised clinical trials (RCTs)

RCTs are the gold standard in advancing patient care by providing the least biased 

estimates of patient-reported outcomes. Their primary purpose is in determining 

treatment efficacy or the impact of one or more interventions on certain outcomes of 

interest. While RCTs are valuable tools in many respects, they are not without their 

limitations. Firstly, they are slow and costly to initiate, develop and conduct and often 

require large numbers of patients to identify even modest differences in treatments.” 

Secondly, they often evaluate therapies under idealised clinical conditions including 

protocol-specified dose modifications and toxicity management. Thirdly, they have 

eligibility criteria to ensure that the treatment and control groups are similar in the 

distribution of factors affecting treatment response - participants are selected for their 
performance status and ability to tolerate potentially toxic exposures.’® Finally, their 

stringent patient selection criteria often mean that the more vulnerable populations are 
excluded, in particular older adults.’^ In fact, approximately 22% of patients included in 

clinical trials are over the age of 65 and 8-13% of patients are over 70, compared with 

63% and 47% of the US cancer population, respectively.

The reporting of treatment-related outcomes in clinical trials is also an area of concern for 

less apparent reasons. When comparing chemotherapeutic strategies, RCTs are 

generally designed and powered primarily to identify its benefits and not to characterise 
the differences in toxicity between the treatment arms.^’ Uncommon but potentially 

serious toxicities may go undetected as a result of inadequate follow-up times, an 

incidence below trial reporting threshold criteria or because of investigator discretion. 

Indeed, one particular study found that certain chemotherapy-related adverse events were 

detected as long as 36 years after the Food and Drug Administration Agency (FDA) 

approval date of certain anticancer drugs.Another study, which evaluated cetuximab in 

head and neck cancer patients, failed to report the incidence of cardiopulmonary arrest 

because it occurred below the reporting threshold criteria.Furthermore, a review of 

192 RCTs found that 25% of the trials did not report the number of discontinuations due to 
toxicity and 54% of those that did, failed to give specific reasons for the discontinuations.^® 

Anticancer drugs used to rarer cancers are generally approved on the basis of smaller, 

nonrandomised, unblinded clinical trials in which the detection of toxicities are 
compromised.^® Finally, RCTs do not generally compare the results of alternate treatment 

strategies so information regarding relative harms is almost never available from such 
investigations.^^



Despite these limitations, these trials are often the only resources that physicians and 

policy makers have when making treatment and health care decisions. As a result, 

physicians often have no alternative but to apply these results to the general population 

who may have a poorer performance status, a greater number of comorbidities or 

borderline organ function.”'^®

Observational studies

Finding the appropriate balance, with limited resources, between the development of 

exciting new therapies and the validation and extension of results in the real-world setting 
is essential and observational studies can assist in this regard.^®

Although observational analyses have a certain vulnerability to several sources of 

potential bias, they are well suited to investigate certain types of questions that cannot be 
adequately addressed by RCTs alone.^^ Several examples of situations where 

observational investigations can offer clinically, economically and policy relevant data 
beyond that afforded by traditional RCT’s are outlined below.^^

Investigations of effectiveness: While RCTs are designed to evaluate the efficacy 

of a particular treatment under ideal conditions, effectiveness studies evaluate the 

beneficial effects of therapy by drawing inferences about the impact of one or more 

interventions on outcomes of interest, typically in diverse settings that are 

representative of cancer practice in the community.As the incremental cost of 

including participants is generally low, large numbers of diverse study populations 
and variation in effect across patient subgroups can be examined.In 

contrast to RCT’s, effectiveness research necessitates that the effects of a number 

of potential variables and confounders be analysed rather than eliminated. 

Investigation of harms or complications of treatment: If effectiveness research 

focuses on the real-world benefits of a particular treatment, investigations of harms 

evaluates the potential negative consequences of the treatment. As mentioned 

above, reliance on RCTs for harms investigations has several fundamental 

limitations. In contrast, observational studies are well suited to address many of 

these issues including acute or long-term complications of treatment and the 

relative problematic effects of various therapeutic modalities.

Investigations of prognosis and long-term or infrequent outcomes: The 

identification of long-term or infrequent outcomes is difficult using the RCT model 

due to time, cost and sample size limitations. Observational studies allow patients 

to be followed longitudinally over the course of cancer diagnosis, treatment and 

follow-up, and across multiple provider settings. The capacity to assess the quality 

of cancer care, disparities in heath care and health care costs is also available.
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• Investigations in health care service utilisation: Observational studies facilitate the 

identification and interpretation of population differences in use or receipt of cancer 

services thought to be associated with achieving better cancer outcomes. These 

type of studies include patterns of care studies which evaluate variations in cancer 
treatment over time.^^

• Investigations of surgical populations: It is estimated that only 40% of surgical 

treatment questions would be amenable to investigations with RCTs and that only 

3% to 9% of currently published surgical investigations utilise this research 

model.^° This is because many surgical procedures are complex and hazardous 

to the patient, and surgeons and patients may be reluctant to accept the random 

assignment of treatment. In addition, many surgically managed conditions and 

their adverse effects are either relatively rare or highly individual and reflect the 

unique anatomic and physiologic consequences of the patient’s disease as well as 

the surgeon’s unique experience and skill. Furthermore, the combination of 

historical experience with surgical management of common conditions combined 

with the self-evident and quick nature of surgical results may dispute the necessity 

of RCTs for many surgical conditions. Finally, the logistics and cost associated 

with conducting surgical RCTs may be so profound that such studies are almost 

impossible.

Nonetheless, despite these benefits, critical interpretation of observational data is required 

when applying results of such analyses to patient care. The major difficulty is the 

presence of bias and confounding factors which affect both treatment and outcomes.By 

definition, the inability to randomly allocate patients may lead to imbalances between 

patient groups. Confounding may be caused by measured confounders but also by 

factors that are not recorded, such as physician and patient preferences. Appropriate 

cohort selection, matching, regression-based risk adjustment and propensity score 
analysis, are some of the techniques used to minimise the influence of these factors.^® 

Health care decision making is complex and multifaceted, however, and these factors may 

never be fully controlled in observational analyses, particularly when using administrative 
data.^® Good research practice guidelines, such as the Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) consensus statement, have also been 
published to improve the validity and causal inference from observational studies.®^'

1.3 The population-based cancer registry
Cancer registries prospectively compile data on cancer incidence, prevalence, mortality, 
and on the survival of different cancers.®® While population-based cancer registries have 

existed since the 1970s recent expansion in data processing capabilities and the storage



of large amounts of treatment-related data, through the electronic linkage with disease 

registries or electronic health records and administrative claims data, has greatly 

improved the type and extent of cancer-related information captured by these entities. 

Considerable amounts of information on tumour characteristics, sociodemographic 

factors, treatment information, complications of treatment and costs of cancer care can be 

stored in these administrative databases. These data are not subject to biases that may 

arise in primary data collection such as recall and interviewer bias because there is no 

direct interaction with patients. In addition, there is no influence from care provider or 

referral centre and as a result these data may be more representative of the general 

population than the information collated by tertiary care centres. While these resources 

are usually constructed for specific research purposes, their application can extend well 

beyond this. They serve as valuable repositories of comprehensive clinical information 

and are considered among the strongest sources of data for observational research.

1.3.1 Overview of the SEER-Medicare database
Surveillance, Epidemiology, and End Results (SEER)

The SEER programme of the National Cancer Institute (NCI) was the first national system 

for cancer surveillance and the SEER registry is one of the few population-based datasets 

available for the analysis of cancer-related care. Data collection began on January 1, 

1973 in the states of Connecticut, New Mexico, Iowa, Utah, Hawaii, and the metropolitan 

areas of Detroit and Oakland/San Francisco. Over the years, additional areas were 

added, including California, the metropolitan area of Atlanta and rural Georgia, the 

Seattle-Puget sound area. New Jersey, Louisiana, Kentucky, Arizona, and the Alaska 

native tumour registry. Geographic areas are selected for inclusion based on their ability 

to operate and maintain a high quality population-based cancer reporting system and for 

their epidemiologically significant population subgroups. The SEER programme currently 

covers approximately 28% of the US population and 18 geographic areas. SEER 

coverage includes 26% of African Americans, 38% of Hispanics, 44% of American Indians 

and Alaska Natives, 50% of Asians and 67% of Hawaiian/Pacific Islanders. The 

populations are ethnically, geographically, and socioeconomically diverse and comparable 

to the general US population with regard to measures of poverty and education. The 

SEER population tends to be somewhat more urban and has a higher proportion of 
foreign-born persons.^®



Figure 1.3: SEER demographic comparison with the general US population in 
2000^®

The SEER data are considered particularly valid with all of its registries holding the 

highest level of data quality certification as determined by the North American Association 
of Central Cancer Registries.®^ Completeness of case ascertainment is 98% and data 

quality is meticulously evaluated on a yearly basis. SEER quality control and 

improvement activities include audits and reliability studies conducted in even-numbered 

calendar years and training programmes for SEER registry personnel conducted in odd-

numbered calendar years. 38

Data are actively collected by SEER cancer registries and reported to the NCI on all 

cancers of residents of the geographic area of the registry. Cases are ascertained from 

hospital records, private laboratories, radiotherapy units, nursing homes and other health 

service units that provide diagnostic or treatment services as well as from death 
certificates of residents when cancer is listed as a cause of death.®® Physicians’ offices 

are not routinely visited. Detailed information on a large number of individual cancer 

cases that includes, among other variables, year of diagnosis, state and county of 

residence at the time of diagnosis, demographic factors (such as age, gender, race, 

ethnicity and marital status) at diagnosis, detailed information on tumour characteristics, 

initial treatment, vital status at the end of follow-up, survival time, and the cause of death, 
if deceased, are obtained.®® The mortality data reported by SEER are provided by the 

National Centre for Health Statistics and the population data, used in calculating cancer 

rates, are obtained periodically from the Census Bureau. Updated annually and provided 

as a public service in print and electronic formats, SEER data are used by researchers.
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clinicians, public health officials, legislators, policymakers, community groups, and the

public 40

As of January 1®*, 2001, all cases reported to SEER are required to have an International 

Classification of Diseases for Oncology Third Edition (ICD-0-3) histological type and 

primary site code. Cases diagnosed prior to this date used the ICD-0-2 coding scheme 

but these have been machine converted to ICD-0-3.

The SEER programme currently uses four staging systems: SEER Summary Staging 

System, SEER Historic Staging System, the SEER Extension of Disease (EOD) coding 
system and the Collaborative Stage Data Collection System.'*’

The SEER Summary Staging system is a single digit system and has only nine categories 

and codes: in situ (code 0), localised (1), regional (2-5), distant (7), unknown (9), and not 

applicable (8). It is less complex than other staging systems and was developed for 

registrars and epidemiologists who want some information on stage but did not wish to 

collect the more detailed information. Summary Staging can be useful when a series of 

cases are so small that only general categories produce enough data for meaningful 

analysis. However, even though Summary Staging is frequently used in cancer registries, 

it is not always understood by physicians.

The SEER Historic Stage variable has been defined consistently over time to facilitate 

long-term trend analyses and the categories are similar but more simplistic than those in 

the SEER Summary Stage.

The SEER Extent of Disease (EOD) coding system, which initially began in 1988, has 

gone through several revisions and now includes schemes for all sites and histologies of 

cancer. For example, for years prior to 1998, stage was determined according to 

information obtained within the first 2 months following diagnosis. Since treatment often 

occurred after 2 months following diagnosis, only data on clinical stage and not 

pathological stage are available. For cases diagnosed in 1998 to 2003, EOD codes were 

based on data available within the first 4 months following initial diagnosis in the absence 

of disease progression or through completion of initial treatment whichever was longer. 

More detailed than the Summary Staging System, EOD was developed to assure 

consistency over time as other staging systems changed. The EOD coding scheme 

consists of a ten-digit code. It incorporates three digits for the size or involvement of the 

primary tumour, two for the extension of the tumour, and one as a general code for lymph 

node involvement. Four more digits are used after these six: two for the number of
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pathologically positive regional lymph nodes and two for the number of regional lymph 

nodes that are pathologically examined. The system is based on clinical, operative, and 

pathological diagnoses of the cancer. The size of tumour recorded is the size before 

systemic or radiation therapy.

Beginning with cases diagnosed in 2004, the SEER programme coding and staging 

manual replaced EOD with Collaborative Stage (CS). The structure of CS is adapted from 

SEER EOD using the American Joint Committee on Cancer (AJCC) 6th edition and SEER 

Summary Stage 2000. The final stage is derived by computer algorithm provided in the 

cancer registry software programme. The CS project is sponsored by the AJCC in 

collaboration with several standard-setting organisations including the SEER Programme.

The use of SEER data is limited by the lack of information on patient comorbidities, 

treatment-related complications, reliable measures of cancer progression and initial 

treatments. For example, if more than one surgery comprises initial treatment only the 

most extensive surgery is captured. In addition, the SEER programme does not release 

information about chemotherapy administration because of concerns about under

ascertainment. However, for SEER patients 65 years of age or older, who are also 

Medicare beneficiaries, all this information can be obtained from billing codes in Medicare 

claims data.

Medicare

Medicare is a federally funded health insurance programme for approximately 97% of 
persons aged 65 years or older in the US.^® It also provides health insurance for 

individuals under the age of 65 years who have end-stage renal disease or medical 

disability. In 2010, 48 million Americans - 40 million aged 65 and older and 8 million

younger Americans with disabilities - were covered by Medicare insurance 43 All

beneficiaries are entitled to Part A coverage, which includes hospital inpatient care in 

short and long stay hospitals, skilled nursing facilities, home health, and hospice care. In 

addition, 96% of Part A beneficiaries choose to pay a monthly premium to enroll in Part B, 
which covers physician and outpatient services as well as durable medical equipment.^® 

Medicare reimburses providers under a fee-for-service model for specific procedures tied 
to appropriate medical diagnoses.'*'* Some Medicare beneficiaries (24% as of 2010) enroll 

in a health maintenance organisation (HMD) that provides capitated care but HMDs are 

not required to submit claims to Medicare for individual services.'*'* Information about 

each beneficiary’s enrolment and entitlement, demographics and HMO membership is 

maintained by Medicare in a master enrolment file known as the Enrolment Database 
(EDB).^® Medicare Part D, which provides prescription drug coverage for beneficiaries
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who purchase the benefit, was established in 2006. The Centres for Medicare and 

Medicaid Services (CMS) estimate that approximately 60% of beneficiaries have Part D

coverage. 45

Data linkage

The linkage of the SEER and Medicare data is the result of the collaborative effort of the 

National Cancer Institute (NCI), the SEER registries, and the Centres for Medicare and 
Medicaid Services (CMS).''® It is based on an algorithm that matches the Social Security 

number, name, gender, and date of birth of all entries in SEER and EDB and provides a 

unique ability to track patients across multiple providers, treatment settings, and disease 

states. The first linkage was first completed in 1991 and linkages are updated every 2 

years. There is an approximate 2 year lag in data reporting in the SEER programme while 

Medicare reporting has minimal lag. Approximately 94% of all patients aged 65 and older 

in SEER have been matched to Medicare enrolment files, resulting in a linked database 
that includes over 3.3 million elderly individuals.''®'‘'®

The SEER-Medicare data are stored in a number of separate files and are comprised of 

the Patient Entitlement and Diagnosis Summary File (PEDSF), the Medicare Provider 

Analysis and Review (MEDPAR) files, the Outpatient Standard Analytic File (SAF), the 
Carrier SAF file (NCH), and the SUMENDOM (Table 1.1).^®

File name Description Years of
Data
Available

Comment

PEDSF SEER cancer cases 1973-2007 One record per person, with 
up to 10 cancers
File includes a flag indicating 
which SEER cases were in
the
5% random sample
File includes selected
socioeconomic information
from the US Census based on
census tract

MEDPAR Medicare hospital claims for all 
Part A short stay, long stay and 
skilled nursing facility

1986-2009 One record per hospital stay. 
Each record can have up to 
10 diagnoses and 6
procedures using ICD-9
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Carrier Claims Medicare claims from physicians 1991-2009 Multiple records for the same
(NCH) and other non-institutional

medical care providers
service from different
providers. Each record can 
have multiple services coded 
for using Healthcare Common 
Procedure Coding System 
(HCPCS)

Outpatient Medicare claims from
institutional outpatient providers

1991-2009 Each record has a HCPCS
code

SUMENDOM 5% random sample of Medicare 
recipients living in SEER areas, 
excluding SEER cancer cases

1986-2009 One record per person
File includes selected
socioeconomic information 
from the US Census based on
census tract

Table 1.1: Description of SEER-Medicare Data Files, 1973-2007. Abbreviations:

HCPCS, Healthcare Common Procedure Coding System; ICD-9, 

International Classification of Disease ninth revision; MEDPAR, medical 

provider analysis and review; NCH, national claims history; OUTPT, 

outpatient; PEDSF, patient entitlement and diagnosis summary file; 

SUMEDNOM, summarised denominator.'*'*

SEER-Medicare data are not public use data files. Researchers are required to submit a 

research proposal and to obtain approval in order to access the data, to ensure the 

confidentiality of the patients and providers in SEER areas. Representatives from the NCI 

and SEER review each proposal and the review and approval process takes 

approximately 4-6 weeks. The cost of acquiring the SEER-Medicare linked data files is 

dependent on which data files are requested, the number of years of data files requested 
and the number of primary cancer sites requested.'*®

1.3.2 Uses of the SEER-Medicare database
Given the complementary nature of the SEER and Medicare data, merging these two data 

sources has resulted in the ability to examine a wide range of research topics across the 
trajectory of care for older cancer patients.®® Key areas of interest include cancer-directed 

treatment use, direct medical costs of cancer care and medical outcomes of cancer 
patients, including morbidity and mortality.'*®

Cancer-directed treatment

Much of the observational research over the past decade has identified age as one of the 
key indicators for disparity in cancer care.®® Older patients are less likely to receive 

curative therapy and more likely to receive nonstandard or less intensive therapy than

younger patients. 28 As a result, studies of practice patterns among older adults, 
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accounting for the existence of other comorbidities, are important given the high and 

growing incidence of cancer among this population.^ The linked SEER-Medicare 

database provides detailed information about health care service utilisation from diagnosis 

through death including information on specific interventions to detect, diagnose and treat 
cancer.''® Cancer-directed treatments identifiable in the SEER-Medicare database include 

surgery, radiation therapy and chemotherapy.

Surgery; The SEER registries collect information through medical record abstraction on 

cancer-directed surgery performed within 4 months of the diagnosis date. The registries 

use a hierarchical reporting system in that they document only the most invasive surgery. 

For example, if a patient underwent both a biopsy and surgical resection, only the 

resection would be coded. In contrast. Medicare claims include all procedures performed 

which are identifiable from the procedure codes reported on inpatient hospital, physician 

and supplier or hospital outpatient claims. There is a high level of agreement between 

SEER and Medicare data for major surgical procedures and for the detection of persons 
who do not undergo cancer-directed surgery.''^

Radiation therapy: There is a high level of agreement between SEER and Medicare 

reporting, on the initial course of radiation therapy, after cancer diagnosis. However, 
Medicare files are generally used for a longitudinal evaluation.'*®' ‘'® Radiation can be 

identified from inpatient hospital, physician and supplier, or hospital outpatient claims. 

The number of radiation therapy days, a proxy for dose of radiation administered, may be 

calculated from Medicare claims data by counting the number of days with one or more 
claims indicative of the receipt of radiation.'*®' While it is often possible to determine the 

intent, target or type of the radiation therapy from administrative data, there may be 
instances where the files simply note that therapeutic radiation has been given."*®

Chemotherapy; Administrative Medicare claims data are a valid source of information for 
chemotherapy received by Medicare beneficiaries with cancer.®* Medicare claims include 

codes for chemotherapy administration and for specific drugs given. The hospital claims 

file includes codes for procedures related to chemotherapy administration but do not 

document agent-specific codes. The hospital outpatient file and the physician claims file 

use HCPCS procedure codes as well as Level II HCPCS, or J codes, for specific agents 

which are covered by the Medicare programme. Medicare pays for the administration of 

chemotherapy if the chemotherapy is administered intravenously, if the chemotherapy is 

administered orally as a substitute for a medication that could be administered 

intravenously or if the oral chemotherapeutic agent is a pro-drug that breaks down to a 

compound comparable to a chemotherapeutic agent administered intravenously. The
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validity of Medicare claims for chemotherapy has been documented both externally and 

internally and Medicare claims have also been used to study the toxicities of 

chemotherapy/^’ As the Medicare programme reimburses providers for

chemotherapy agents and the administration of chemotherapy, claims codes for the 

modes of chemotherapy administration are important to the providers in terms of accuracy 

and completeness. Until 2006 when Medicare Part D, which offers voluntary outpatient 

coverage for medications, was founded Medicare did not pay for oral prescription drugs. 
Medicare Part D has only recently been made available to researchers.'^''

Outcomes

Outcomes studies, using the SEER cancer registry linked with Medicare claims, usually 

include one of three types of measures: short-term adverse events, long-term 

complications or sequelae and survival or death. Outcomes such a quality of life cannot 

be ascertained from administrative data. While SEER registries do not conduct 

longitudinal follow-up of patients, with the exception of vital status, the Medicare data are 

longitudinal and have the potential to capture outcomes. It is important to note, however, 

that the Medicare data are claims and not clinical records and reimbursement for 

physicians is driven by procedures rather than by diagnoses. Therefore, complications 

that are not procedure based may be underreported.Medicare reimburses hospitals 

based on the admitting diagnosis, procedures performed and any complicating conditions. 

Reimbursement for the treatment of complicating conditions gives hospitals an incentive 

to report these conditions. Therefore, studies that examine acute and long-term 

outcomes, hospitalisations or emergency room (ER) visits for specific treatment-related 
diagnoses are considered the most accurate means of capturing these outcomes.®®

The SEER data includes information on cause of death while the Medicare data document 
the date of death.®®

Costs

While advancements in the prevention, diagnosis and treatment of cancer have 

contributed to improved survival and quality of life, these developments have come at 
substantial costs to patients and their families, payers, providers and the society at large.®' 

®^ While the SEER data do not contain information about costs, payments or charges. 

Medicare data has been extensively used to examine factors that influence treatment 
costs as well as analyse trends in the cost of care over time.'*' ®®' ®® The fields in the 

Medicare claims files that address money are divided into charges and reimbursements. 

Charges are what the hospital, clinic or physician ask be paid while reimbursements are 

what the providers were actually paid. Beneficiary co-payment and deductible fields
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contain the amount the beneficiary owes and not the amount the beneficiary actually paid. 

There is no way to determine whether the beneficiary had other coverage or whether this 

insurer paid part or all of the beneficiary’s responsibility.

The cost data can be used to generate descriptive cost profiles that correspond to 

treatment phases such as the initial, continuing and terminal care or the entire longitudinal 

profile of cost from the date of diagnosis to death from cancer or other causes.Sources 

of costs can also be evaluated. For example, Warren and colleagues reported the 

proportion of mean annual Medicare payments attributable to specific types of health 

services, including hospitalisations, chemotherapy and radiation therapy for Medicare 

beneficiaries between 1991 and 2002 in the 12 months following their cancer diagnosis. 

Cost comparisons between patients diagnosed at different stages of their disease or 
between patients without a cancer diagnosis can also be made.®°

Several factors must be considered when evaluating costs using SEER-Medicare data. 

Firstly, reimbursement rather than charges are generally used as a proxy for medical care 

costs because Medicare charges are not necessarily related to the cost of providing 
services.®® Conversely, Medicare costs are actual payments derived from reimbursement 

formulas that are intended to reflect the average resource utilisation for that health service 
and more closely correspond to the economic concept of opportunity cost.®® Price 

adjusters including the Hospital Wage Index and the Medicare Economic Index are 

commonly used to adjust for inflation in Medicare Parts A and B, respectively. 

Geographic variability in costs of care is adjusted for using the Acute Inpatient Prospective 

Payment System Wage Index for Part A and the Medicare Geographic Practice Cost 
Index for Part B. ®®

Individual level longitudinal data is only available within the context of the insured 

Medicare population and information about care received for the 3% of patients aged 65 

and older who are uninsured is unavailable. Additionally, information about care received 

outside of an insurance programme including care received as part of a clinical trial is not 

reported. Furthermore, Medicare payments consist of payments for inpatient services 

(Part A) and payments for outpatient services (Part B) however these may not cover 

100% of such costs. Total direct medical care costs are estimated to be 8% and 38%

greater than medical care costs paid by Medicare for Parts A and B , respectively.60

15



1.4 Research questions and outline of thesis
In this thesis the linked SEER-Medicare dataset was used to evaluate treatment patterns, 

costs and outcomes among the older Medicare population with cancer.

To address this, the following research question was asked;

• How will the evaluation of treatment patterns, costs and outcomes, using the 

SEER-Medicare linked dataset, expand existing knowledge of cancer care in the 

older population?

1.4.1 Justification for specific research questions
Firstly an extensive review of the SEER-Medicare literature was performed to investigate 

what cancers had been studied and what questions had previously been addressed. 

Understandably, a substantial proportion of the SEER-Medicare literature has focussed on 

the more common cancers including breast, lung, colorectal and prostate cancers, where 
a notable proportion of the health burden lies.®® Furthermore, the majority of studies have 

been conducted in the early or curative stage setting and a lack of studies performed on 

cohorts with advanced cancer and palliative stage disease was noted.With this in mind, 

it was decided to focus on cancers where the potential for greater uncertainty regarding 

optimal treatment exists. As would be expected these were also the cancers with poorer 

outcomes.

Head and neck cancer

More than 60% of patients with squamous cell carcinoma of the head and neck cancer 

(HNSCC) are diagnosed with locally advanced stage disease (stage III and IV) and 5-year 
survival ranges from 10-40%.®^ In recent decades, there has been a paradigm shift in 

treatment of this disease with an increased use of chemoradiation (CTRT) and decreased 
use of primary surgical treatment or radiation therapy (RT) alone.®® The SEER-Medicare 

database is an ideal resource to evaluate how treatment patterns have changed in the 

older population and how these changes have impacted patient outcomes.

Pancreatic cancer

Pancreatic cancer is one of the most understudied cancers due to the absence of a 

reliable screening test, late presentation, aggressive spread and a 5-year survival of 4- 
6%.®^ Available treatments have significant risks in the setting of modest improvements 

in survival and resulting complications may outweigh any survival benefits. Specifically, 

for patients undergoing curative surgery, ongoing controversy exists as to whether 

preoperative biliary drainage (PBD) is justified in its quest to ameliorate postoperative
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morbidity and mortality.®® From a health policy perspective, as cancer costs continue to 

rise, it is important to examine the costs of treating this cancer in the setting of such 

modest survival benefits. As the median age at diagnosis is 72 years and 80% of cases 

occur between the ages of 60 and 80, the SEER-Medicare database is a useful resource 
for the evaluation of these issues on a population level.®®

Metastatic cancer

Although chemotherapy is the standard of care for patients with metastatic disease, 

patients cannot be “cured” and its role is in providing symptom control, preventing 

complications, prolonging life and improving quality of life. If the benefits of chemotherapy 

are modest or unproven, treatment may not be deemed worthwhile, particularly if adverse 

effects reduce quality of life for patients whose life expectancy is already limited.®^'®® The 

detailed clinical information and extensive availability of cancer sites make SEER- 

Medicare an ideal resource for evaluating the impact of chemotherapy on the use of 

hospital care in a population-based cohort of older adults with metastatic cancer.

The following specific research questions were asked:

1. Do the outcomes of older patients receiving either total laryngectomy (TL) or CTRT 

for the treatment of locally advanced laryngeal cancer differ in terms of late 

complications of treatment and survival? (Chapter 3)

2. To what extent do the nature and frequency of early and late treatment-related 

toxicities differ in a cohort of older adults with locally advanced HNSCC, receiving 

either primary CTRT or RT alone? (Chapter 4)

3. What are the direct medical costs of treating pancreatic cancer in the older 

population? (Chapter 5)

4. How does preoperative endoscopic biliary drainage impact postoperative 

outcomes compared with direct surgery in jaundiced patients with resectable 

pancreatic cancer? (Chapter 6)

5. How does chemotherapy use impact hospitalisations and emergency care in older 

adults with advanced cancer? (Chapter 7)

A detailed discussion of the context and rationale for each study is described in Chapter 2. 

Chapter 8 concludes this thesis with the summary findings and limitations of each study.
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Chapter 2: Background

2.1 Background to head and neck cancer
Overview

Approximately 650,000 new head and neck cancer cases and 350,000 cancer deaths are 
reported annually worldwide/® In the US, head and neck cancer accounts for 3% of all 

malignancies. An estimated 52,000 Americans develop the disease annually and 11,500 
die from the disease.®^ Forty-three percent of incident cases and 57% of deaths occur in 

individuals aged 65 years and older.^^'^^

Anatomy

Head and neck cancer includes malignant tumours originating in a number of sites in the 

upper aero-digestive tract. The most common histologic type is squamous cell carcinoma 

which occurs in the oral cavity, oropharynx, hypopharynx ,nasopharynx and larynx. The 

term “squamous cell carcinoma of the head and neck” (HNSCC) is commonly used to

imply squamous cell carcinomas involving these anatomical sites 73

Paranasal
sinuses

Pharynx-

Nasopharynx'

Oropharynx

_ Hypopharynx

Salivary glanOi

Figure 2.1: Schematic overview of the head and neck74
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Incidence and mortality

Head and neck cancer affects males more than females with a ratio ranging from 2;1 to 

4:17^ The most affected regions include France, Hong Kong, the Indian subcontinent, 

central and eastern Europe, Spain, Italy, Brazil with incidence rates in males exceeding 20 
per 100,0007® The incidence rate in the US is more than three times lower for males and 

two times lower for females than the highest reported rates worldwide. African American 
men are twice as likely to be affected compared with white American men.^®'^^

Despite advancements in diagnosis and treatment, the 5-year survival rate for persons 
with laryngeal cancer is in decline falling from 66% to 63% between 1975 and 2007.®^ 

These rates varied markedly by race - 67% to 65% in white persons and 59% to 52% in 
black persons, respectively.®'*' ^® The decline was most pronounced in patients diagnosed 

with locally advanced disease, in particular in patients with T4 tumours.^®"®* The survival 

rate for cancer of the oral cavity and pharynx increased from 53% to 63% during the same 
time period.®®

<9J BOJt <t1J ■<113 B<43.6

«1J ■<2.S <3J ■<4.1 ■<1S.9

Figure 2.2: Age-standardised head and neck cancer incidence by country for males 
(above) and females (below) (rate per 100,000)®®
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Risk factors

It has been suggested that the improvement in survival for patients with cancers of the 

oral cavity and pharynx is largely attributable to recent changes in population level 
incidence and survival of human papillomavirus (HPV)-positive cancers.®^ HPV-positive 

patients tend to be younger and respond better to treatment. Chaturvedi and co-workers 
reported that HPV prevalence increased from 16% to 72% between 1984 and 2004.®^ 

Median survival was significantly longer for HPV-positive patients than for HPV-negative 

patients (131 vs. 20 months) and no improvements in survival was observed for those 
diagnosed with HPV-negative disease.®^ The main risk factors for HPV-negative cancers 

include all forms of smoked and smokeless tobacco products and excessive consumption 
of alcohol with a 30-fold increased risk for individuals who smoke and drink heavily.®'*

Staging

The tumour, node, metastasis (TNM) staging system permits clinicians to classify tumours 

of the head and neck region in a specific way that aids in the assessment of disease 

status, prognosis and management. All available clinical information including a physical 

exam, radiographic, intraoperative and pathologic findings may be used in staging. Three 

categories comprise the system; T - the characteristics of the tumour at the primary site, 

which may be based on size, location or both; N - the degree of regional lymph node 

involvement; and M - the presence or absence of distant metastases. The specific TNM 

status of each patient is then tabulated to provide a numerical status of Stage I, II, III or IV. 
Specific subdivisions may exist for each stage and are denoted with an a, b or c status.®‘’

Disease Stage T Stage N Stage M Stage Treatment Intention

Stage 0 Tis NO MO Curative®
Stage I T1 NO MO Curative®
Stage II T2 NO MO Curative®
Stage III T3 NO MO Curative®

T1-3 N1 MO Curative®
Stage IVa T4a NO orN1 MO Curative®

T1-4a N2 MO Curative®
Stage IVb T4b Any N MO Curative®

Any T N3 MO Curative®
Stage IVc Any T Any N Ml Palliative®

Table 2.1: Staging overview for head and neck cancers 85
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Notes: Early stage disease (a): 30% of cases; locally advanced disease (b): 60% of cases; 
metastatic disease (c): 10% of cases

2.2 Treatment of locally advanced head and neck cancer
The efficacy of any curative approach is measured by its ability to achieve locoregional 

control and standard treatment options include surgery, RT, chemotherapy or targeted 
therapy with the majority of patients needing multimodality treatment.®^ For the most part, 

RT alone is now considered unsatisfactory to successfully treat the disease at advanced 

stages and is reserved for the small group of patients for whom substantial comorbidity 
threatens the safe administration of multimodality therapy.®®'®® While surgery continues to 

play a significant role in the management of resectable tumours, the potential for long

term survival with organ preservation strategies has realigned its purpose.In fact, 

TL case volumes have reportedly decreased by almost 50% over the past 15 years.A 

trend toward higher case volumes in larger or teaching hospitals has also been 
reported.®^’®® Although no prospective trials have definitely demonstrated the superiority 

of non-surgical therapies, many centres advocate their use as the treatment of choice in 
an effort to minimise treatment morbidity and improve patient quality of life, reserving 

surgery for salvage cases.The decline in TL originated with the publication of a 

landmark Veteran Affairs (VA) study in 1991, which showed that induction chemotherapy 

followed by definitive RT could preserve the larynx without compromising overall survival 
compared with TL.®® In 2003, the Radiation Therapy Oncology Group (RTOG) 91-11 trial 

concluded that concurrent CTRT improved local control compared with induction 

chemotherapy followed by RT.

CTRT has gained widespread acceptance as a definitive treatment for locally advanced 
HNSCC.®®' ®^' ®®‘^°® A meta-analysis of 93 trials (MACH-NC), which examined 

chemotherapy plus locoregional treatment, reported that the addition of chemotherapy 

had an absolute survival benefit of 4.5% at 5 years.The improvement was particularly 

notable when chemotherapy was given concurrently with RT - 6.5% at 5 years. Cisplatin 

alone, cisplatin or carboplatin associated with 5-fluorouracil (5-FU) or other poly

chemotherapy including either a platin or 5-FU gave a benefit of the same order of 
magnitude. The only negative “cisplatin alone” trial used a cumulative dose of 140 mg/m^ 

(20 mg/m®), suggesting that the total dose of cisplatin may be significant.^®® Mono

chemotherapy with a drug other than cisplatin led to inferior results. To date, the majority 
of randomised clinical trials have used a dose of cisplatin of 100 mg/m®, three times 

throughout the course of RT.^°®
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While high dose cisplatin is the most commonly used chemotherapeutic agent for the 

treatment of locally advanced disease, the difficulties in optimising treatment efficacy and 

tolerability have resulted in the development of alternative standard and newer-targeted, 

and potentially less toxic, RT-sensitising regimens. Cetuximab, an epidermal growth 

factor receptor antibody, is the newest systemic therapy approved for concurrent use with 

RT after its efficacy, compared with RT alone, was convincingly demonstrated in a large, 

randomised study.Notably, the addition of cetuximab did not increase the incidence of 

adverse events such as mucositis, xerostomia, dysphagia, pain and weight loss but 

patients did have a higher incidence of acneiform rash and infusion reactions. Severe late 

effects were reported in 20% of patients in both treatment groups and a subsequent 
analysis reported no difference in quality of life scores between the treatment arms.^°® A 

key limitation of this trial was that the control group received RT alone - the standard of 

care at the time of study design - rather than concurrent cisplatin and RT, the current 

standard.Although no such comparative trials currently exist, a retrospective study 

reported greater efficacy with cisplatin, compared with cetuximab, and no significant 

differences in severe late toxicity or feeding tube dependence between the treatment

groups. 109

Unfortunately, combining cetuximab and cisplatin with RT has had unsatisfactory results. 

The RTOG 05-22 trial examined the addition of cetuximab to CTRT and found no

improvement in outcome, even when stratified by HPV status. A subgroup analysis, by 

the seminal cetuximab plus RT vs. RT alone trial, suggested that patients who derive the 

most benefit from concurrent cetuximab have an HPV-like phenotype 107, 108, 111 The

RTOG 10-16 trial is directly comparing cetuximab plus RT with cisplatin plus RT in 

patients positive for HPV, however the results are not expected for several years.Until 

the time that there is level I evidence that demonstrates equivalence in outcomes between 

cetuximab and cisplatin, it has been suggested that cisplatin should remain the preferred

concurrent agent. 112

2.2.1 Treatment-related toxicities
The complexity of the disease and its associated treatments mean that the management 

of patients is multifaceted and must account for factors beyond disease eradication. In 

fact, 15% of deaths in the population of patients receiving CTRT are related to treatment 
complications and early and late deaths account for 9% and 6%, respectively.”^ 

Definitive concurrent CTRT is associated with a higher incidence of severe acute adverse 

events, compared with RT alone, and most patients are somewhat affected by toxicities 
such as mucositis, dysphagia and skin toxicity.®®' Nearly two thirds of patients

develop severe mucositis and may require feeding tubes.Late toxicities may be
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observed up to 40 months after treatment and have been found to be more common in 

older patients, patients with advanced disease and patients with severe acute

dysphagia 71,118

Acute toxicities can lead to a considerably longer treatment time and more regular and

extended treatment interruptions 103, 115, 116, 119 Poor compliance is observed in about 40-
50% of patients, potentially leading to the delivery of suboptimal regimens/^'

A key finding by a meta-analysis (MACH-NC), that CTRT loses efficacy with age, may be 

due to an increased risk of toxicity from chemotherapy in the older population. 

Comorbidities and poor performance status, that generally accompany the ageing 

process, may lead to poor treatment tolerance and the need to compromise planned dose 

intensities.

2.2.2 Organ preservation in laryngeal cancer
While the adoption of organ preservation therapy as the standard of care has clearly 

benefitted many patients, its increased use has coincided with a rise in functional 

complications and decreased overall survival, in particular in patients with T4 laryngeal 

cancers. Notably, CTRT may not be the optimal therapy for a locally

advanced laryngeal cancer that has destroyed a significant portion of the larynx. 

Successful tumour eradication by CTRT, in this case, may result in a non-functional larynx 

with or without chronic aspiration or cervical oesophageal stricture, leaving a patient 

without effective speech or swallowing. Furthermore, salvage surgery, as a

final curative treatment strategy for patients treated with organ preserving CTRT can be 
technically complex and have a significant impact on patient morbidity.^^®'

2.3 Objectives
Specific aim 1

To evaluate predictors and trends in the use of CTRT and TL and to compare rates of 

treatment-related complications and survival in a cohort of older patients with locally 

advanced laryngeal cancer

Specific aim 2

To assess the nature and frequency of early and late toxicities in a cohort of older adults 

with locally advanced HNSCC who receive either primary CTRT or RT alone.
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2.4 Background to pancreatic cancer
Overview

The lethality of pancreatic cancer is unmatched and the aetiology of the disease poorly 

understood. Pancreatic cancer causes 227,000 deaths annually and is the eighth most 
common cause of cancer-related mortality worldwide.^® It is the eleventh most common 

cancer in terms of incidence but the fifth most common cause of cancer-related deaths in 

the US. The American Cancer Society estimates that 45,220 cases will be diagnosed in 
the US in 2013, constituting 3% of all cancer cases, and 38,460 deaths will occur.®^

Anatomy

Pancreatic cancer is a group of heterogeneous diseases and includes cancer of the 

endocrine and exocrine pancreas.Exocrine and endocrine tumours have different risk 
factors, causes, symptoms, treatments and prognosis.®^ Endocrine tumours are rare and 

are known as neuroendocrine or islet cell tumours. Exocrine tumours are the most 

common type of pancreatic cancer and account for approximately 90% of cases. About 
95% of exocrine tumours are ductal adenocarcinomas.®^

Common 
bile duct

Duodenum

Sphincter 
of Oddi

Ampulla 
of Valer

Body of 
pancreas

Tail of 
pancreas

Pancreatic duct

Superior 
mesenteric vein 
Superior
mesenteric artery

Figure 2.3: Schematic overview of the pancreas 129

Incidence and mortality

The incidence of pancreatic cancer correlates with increasing age. ®® Only about 5-10% 

of patients develop pancreatic cancer before the age of 50 years and this group is likely to 
include patients with underlying predisposing genetic disorders.®® The incidence of 

pancreatic cancer increased by approximately 1.2% per year from 1999 to 2008,
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accelerating slightly between the years 2004 and 2008, among both men and women. 

Between the years 2004 and 2008 the death rate in the US increased by 0.4% per year.’^°

Rates of disease are 3-4 times higher in northern countries compared with countries 

closer to the equator and equally in more developed regions including Northern America, 

Europe, Australia and New Zealand compared with less developed regions such as Africa 
and South Asia.®® The frequency of pancreatic cancer varies between races with rates in 

black persons substantially higher than whites and lowest in certain Asian populations.®®

<1J ■ <2.3 <35 ■<€5 ■<127

<0.9 ■ < 15 <35 ■<4.7 BcB-O

Figure 2.4: Age-standardised pancreatic cancer incidence by country for males 

(above) and females (below) (rate per 100,000)®®

25



Risk factors

A family history of pancreatic cancer triples the risk of disease development.®'* Smoking 

causes 20-25% of all pancreatic tumours and cigarette smokers are 2-3 times more likely 
to develop pancreatic cancer.®'* Other risk factors include diabetes, chronic pancreatitis, 

liver cirrhosis (due to hepatitis or alcohol abuse), exposure to certain chemicals, poor diet 
and physical inactivity. ®'*’ *®* Pancreatic cancer is slightly more widespread among males, 

possibly due to environmental or occupational risk factors in addition to lifestyle.*®^

Staging

Early detection of pancreatic cancer is rare due to its infiltrative growth pattern, tendency 

for distant spread and the long period of clinical silence prior to symptoms and diagnosis.

Disease Stage T Stage N Stage M Stage Overall classification

Stage 0 Tis NO MO Local or resectable

Stage lA T1 NO MO Local or resectable

Stage IB T2 NO MO Local or resectable

Stage IIA T3 NO MO Local or resectable

Stage MB T1-T3 N1 MO Local or resectable

Stage III T4 Any N MO Locally advanced/unresectable

Stage IV Any T Any N Ml Metastatic

Table 2.2: Staging overview for pancreatic cancer 133

Notes: Borderline resectable is Stage III disease with tumour abutement of <180 degree 

circumference of the superior mesenteric artery or coeliac arteries or a short segment of hepatic 

artery or the superior mesenteric vein, pulmonary vein or confluence of these veins. Unresectable 

is Stage III disease with tumour abutement of >180 degree circumference of the superior 

mesenteric artery or coeliac arteries, any unreconstructable venous involvement.

For all stages combined, the 1-year and 5-year relative survival rates are 26% and 4-6%, 
respectively.®'* About 10% of patients present with localised resectable or borderline 

resectable disease and have a median survival 17-23 months. Approximately 22% of 

these patients survive for 5 years. Thirty percent of patients are diagnosed with locally 

advanced disease and live for a median time of 9-14 months. Sixty percent of patients 

are diagnosed with distant disease. These patients have a median survival of 4-6 months 
and 2% survive for 5 years.®'*' *®®' *®'*
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2.5 Treatment of pancreatic cancer
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Figure 2.5: Overview of current stage-dependent treatment strategies and new 
approaches for improvement of pancreatic cancer therapy^^®

The current management of pancreatic cancer depends on the tumour stage, age, 

comorbidities and performance status of the patient.Surgical resection followed by a 6 

month course of adjuvant therapy is the only curative option and the standard of care for 

localised disease.Patients with metastatic disease are candidates for systemic 

palliative chemotherapy or supportive care alone while the optimal therapy for locally 

advanced disease has yet to be characterised and chemotherapy or CTRT are both valid 

treatment options.

Metastatic disease

Despite decades of attempts to improve the survival in patients with metastatic disease, 

developments have been slow and improvements marginal. Gemcitabine has been the 

first-line standard of care since 1997 when a phase III trial showed a modest survival 
benefit compared with 5-FU.^^^’ Since then, numerous phase III trials have compared 

gemcitabine alone with gemcitabine and another cytotoxic agents but no significant 

survival benefits have been reported.Nevertheless, two meta-analyses have shown 

a marginal survival benefit when gemcitabine is combined with platinum therapy in 

patients with good performance status.Although very few trials have evaluated 

second-line therapy after first-line failure, there appears to be some evidence that the
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sequential administration of 5-FU and platinum-based combination regimen after 

gemcitabine-based monotherapy yields a slight survival benefit.

Currently erlotinib, the epidermal growth factor receptor (EGFR) pathway inhibitor, 

represents the only targeted therapy approved for metastatic pancreatic cancer. A small, 

but significant improvement in median overall survival, of approximately 2 weeks, was 

reported when erlotinib was combined with gemcitabine compared with gemcitabine 

alone.A prolonged median survival of 10.5 months was observed in a subgroup of 

patients who developed grade II or more skin rash as a side effect of erlotinib treatment. 

The underlying molecular mechanism behind this remarkable observation is yet unclear.

The first significant improvement in overall survival using a gemcitabine-free combination 
therapy was reported in 2011.^^^ The trial involved the use of the FOLFIRINOX protocol 

(folinic acid, fluorouracil, irinotecan and oxaliplatin) which resulted in an overall survival of 

11.1 months compared to 6.8 months with gemcitabine alone. While the side effects of 

FORFIRINOX were significant, this new regimen embodies a new treatment standard in 

carefully selected patients with good performance status and without contraindications.

Locally advanced disease

Many phase II and III trials include patients with both metastatic and locally advanced 

disease, despite arguments that these patients should be treated differently due to the 

differences in survival outcomes.The optimum treatment for patients with locally 

advanced disease is still unclear but chemotherapy alone or CTRT, including either 5-FU 

or gemcitabine, are often considered the standard treatments necessary to achieve 

locoregional control.The impact of chemotherapy alone versus CTRT on survival is 

contentious with trials producing conflicting results.In view of the fact that 

approximately 30% of the patients treated with CTRT develop metastatic disease shortly 

after diagnosis, a sequential approach consisting of a preliminary chemotherapy regimen 

followed by restaging and subsequent CTRT for patients with no evidence of early 
metastatic progression, is currently being investigated.’^®' Optimal chemotherapy 

regimens are also under evaluation. Given the significant impact of FOLFIRINOX in 

metastatic disease, it has been suggested that an intensified chemotherapy preceding 
CTRT may also be of benefit to patients with locally advanced disease.’®®

Localised disease

While surgery with adjuvant chemotherapy (5-FU or gemcitabine), with or without RT, is 

the only curative option in resectable pancreatic cancer patients, it is technically 
challenging and fraught with a significant risk of morbidity and mortality.’‘'® Complications,
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such as pneumonia, myocardial infarction, pulmonary embolus, bleeding, anastomotic 

leak or the need for reoperation, are common in this comorbid and frail patient 

population.While neoadjuvant CTRT followed by resection has been applied at high- 

volume centres and has shown outcomes similar or superior to those observed with a 

surgery-first approach, no randomised trial comparing a surgery-first approach to 

neoadjuvant CTRT followed by surgery has yet been completed.

2.6 Cost of treating pancreatic cancer
Pancreatic cancer treatment is expensive relative to the survival benefit that it affords 

patients. Surgery has historically been associated with considerable morbidity and 

mortality while effective adjuvant systemic therapies have been elusive. Moreover,

treatment-related toxicities in unresectable disease may notably negate any marginal 

improvements in survival.As cancer costs continue to rise, there is a growing 

interest in how health care resources are distributed.'*' Due to the lack of progress in 

treating this cancer, little is known about the costs of care and the relative costs of various 

treatment modalities. In addition, concerns have been expressed that chemotherapy use 

and hospital admissions at the end of life are unnecessarily increasing costs and wasting 

resources.Hospice care has been shown to reduce overall costs, prolong survival 

and improve symptom management and quality of life for patients with pancreatic cancer, 

yet it is strikingly underutilised.This is particularly relevant to Medicare, the primary 

health insurer for the older pancreatic cancer population.

2.7 Pre-operative biliary drainage in resectable pancreatic cancer
Obstructive jaundice is the initial presenting symptom in up to 50% of patients with 

pancreatic cancer and hyperbilirubinaemia is a contributory factor to post operative 

morbidity.*^”' As a result, pre-operative biliary drainage (PBD) was introduced to 

relieve obstructive jaundice prior to curative pancreaticoduodenectomy.*^^ While PBD 

was initially a surgical procedure, it is now performed primarily using endoscopic

approaches. 153-155

Despite the assimilation of this procedure into the treatment algorithm in many institutions, 

its acceptability into standard practice is the subject of intense debate.Although earlier 

studies showed promise in its ability to reduce morbidity and mortality subsequent 

studies have been contradictory.*®®' *®®' Some have observed no adverse effects on 

perioperative outcomes*®'*' *®® while others have reported a greater incidence of infection 

and mortality compared with direct surgery.*®®'*®^ Recently, a meta-analysis reported that, 

although the use of PBD increased the rate of postoperative wound infections, there was 

no overwhelming evidence to show that it prevented or promoted other complications
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following surgery.’®® The only multicentre RCT published to date reported that patients 

undergoing PBD had a significantly higher complication rate, specifically due to 

complications related to the procedure itself. The authors failed to demonstrate any 

statistically significant differences in postoperative complications, mortality or length of 
hospital stay.’®®

While population-based studies have shown inferior outcomes in older patients 

undergoing resection, compared with a younger cohort, little is known about the impact of 
PBD on postoperative outcomes among the older population. ’^’

2.8 Objectives
Specific aim 3

To estimate the direct medical costs of pancreatic cancer treatment in older Americans; to 

evaluate the contribution of specific treatment modalities and health care services to the 

total cost of care; and to examine trends in costs over time.

Specific aim 4

To compare postoperative outcomes in resectable pancreatic cancer patients with 

obstructive jaundice who undergo PBD prior to resection compared with patients who 

have direct surgery.

2.9 Background to metastatic cancer
Overview

Metastasis involves the spread of cancer cells from the primary tumour to surrounding 

tissues and to distant organs and is the primary cause of cancer-related morbidity and 
mortality.’^® It involves arrest and growth in different microenvironments, which are 

treated clinically with different strategies depending on the tumour histotype and 
metastatic location.’^®

Metastases spread in three ways;

• Local invasion: Cancer cells invade nearby normal tissue

• Intravasation: Cancer cells invade the walls of nearby lymph or blood vessels

• Circulation: Cancer cells move through the lymphatic system and the bloodstream 

to other parts of the body
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Figure 2.6: Metastatic cancer cells invasion process 129

The most common sites of cancer metastasis are the lungs, bones and liver. While the 

majority of cancers can invade many different parts of the body, they commonly spread to 

one site more than others.

Cancer Main sites of metastasis

Breast Liver, lung, bones

Colon Liver, peritoneum, lungs

Rectum Liver, lungs, adrenal glands

Kidney Lungs, liver, bones
Lung Adrenal gland, liver, lungs

Ovary Peritoneum, liver, lungs

Pancreas Liver, peritoneum, lungs

Prostate Bones, lungs, liver
Stomach Liver, lungs, peritoneum,

Table 2.3: In descending order from left to right, the three most common sites of 

metastasis, excluding lymph nodes, for several types of cancer

Incidence

Despite almost 200 years of investigations, the process of tumour metastasis is unclear 

and in many cases has occurred by the time the patient is diagnosed. It is estimated 

that 70% of non-small cell lung cancers, 60% of ovarian cancers, 50-60% of pancreatic 

cancers and 35% of stomach and oesophageal cancers have metastasized by the time of 

diagnosis.Up to 25% of patients with colorectal cancer present with metastases and 

over half of all colorectal cancer patients eventually die of metastatic disease. 

Approximately 20% of bladder cancer patients present with invasive disease and 5% 

present with metastases. Thirty to forty percent of patients with invasive disease develop 
distant metastases despite definitive treatment.^^® As an initial presentation, metastatic
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breast cancer is uncommon, occurring in only about 6% of newly diagnosed cases. 

Despite advances in the treatment, however, approximately 30% of women initially 

diagnosed with earlier stages of breast cancer eventually develop recurrent advanced or

metastatic disease 134, 177

2.10 Treatment of metastatic cancer
Metastatic cancer remains fundamentally incurable and treatment objectives include 

palliation of symptoms, delay of disease progression and prolongation of overall survival 

without negatively impacting quality of life. Patients are commonly treated with systemic 

therapy (chemotherapy, biological therapy, targeted therapy, hormonal therapy), local 

therapy (surgery, RT) or a combination. The choice of treatment generally depends on 

the type of primary cancer; the size, location, and number of metastatic tumours; the 

patient’s age and general health; and the types of treatment the patient has had

previously. 129

Despite developments in diagnosis, surgical techniques, general patient care, and local 

and systemic adjuvant therapies, deaths from cancer result from metastases that are 

generally resistant to conventional therapies. The organ microenvironment, besides 

facilitating metastasis, can alter the response of metastatic tumour cells to treatment and 

lower the effectiveness of anticancer agents.

2.10.1 Chemotherapy
Although efficacy has improved over time, chemotherapy is not curative, and the survival 
benefit is regularly measured in weeks or months.®® In addition, while overall survival is 

the most valid end point in clinical trials, it is commonly unattainable in the metastatic 

setting. Therefore, time to progression and progression free survival are acceptable 

alternatives, provided the degree of improvement is associated with a favourable risk- 

benefit ratio.The incidence and severity of treatment-related toxic effects is particularly 

relevant when overall survival is not an end point, as this provides the most accurate net 

effect of both drug toxicity and efficacy.Furthermore, sophisticated patient selection 

and extensive follow-up mean that outcomes reported in clinical trials may not be a true 

reflection of therapeutic risks and benefits in older patients, or those with multiple 

morbidities or poor performance status in routine care settings.

Previous studies have shown that patients with advanced cancer would accept toxic 

treatment for a 1 % chance of cure but would be unwilling to accept the same treatment for 
a substantial increase in life expectancy without cure.’^®'^®^ Furthermore, many patients

may be unaware of the actual magnitude of the benefits relative to the risks.
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particular study reported that 69% of patients with lung cancer and 81% of those with 

colorectal cancer, who opted to receive chemotherapy, had inaccurate expectations about 
the curative potential of this treatment.®®

Evidence suggests that many physicians have misaligned priorities when communicating 

with patients with a terminal cancer diagnosis.One particular study found that, in 

patients receiving chemotherapy, physicians devote 64% of their conversation to medical 
or technical issues and 23% to health related quality of life issues.’®® Physicians assume 

sensitive discussions to be more time-intensive and therefore these necessary elements 
of palliative care, often go unaddressed.’®® When terminal care is discussed, patients are 

inclined to receive care according to their needs and preferences and when informed

about their terminal illness, more often choose symptom-directed care. 184

Results from a recent randomised trial showed that early involvement of a palliative care 

team, in concurrence with regular oncologic care, can improve both quality of life and 

survival compared with standard oncologic care alone in patients with advanced lung 

cancer. Moreover, a $2,000 cost saving per patient during the final month of life, primarily 
due to fewer inpatient hospitalisations and less chemotherapy use, was reported.’®® 

Nonetheless, current patterns of care suggest that patients are increasingly receiving 

chemotherapy within the last 2 weeks of life, require more frequent hospital admissions 

and ER visits in the last month of life and are often referred to hospice care in the last 

days of life as a means of managing death, rather than as a tool for palliation of

symptoms.9, 186-191

In order for chemotherapy to be justified in patients with metastatic cancer, the benefits 

must substantiate the associated risks and toxicities. If palliative chemotherapy improves 

survival, symptom control or quality of life this may reduce patient dependency and need 

for other supportive care measures, thereby mitigating treatment. On the other hand, if 

the incidence of chemotherapy-related toxicity is high and there is a decrease in quality of 

life as a result of treatment, then its administration may not be warranted when length and 

quality of life are already compromised by cancer prognosis and symptoms.

The majority of observational research to date has focussed on chemotherapy use at the 
end of life by studying care received by decedents (case series).’®®'’®° Although these 

studies are conceptually similar to studies that observe care rendered to terminally ill 
patients prior to death (cohort studies) there is a fundamental design difference.’®® A 

study anchored from the date of death, that examines care a specific time period prior to 

death, would encompass an amalgam of time periods of varying relevance to the study
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question because a broad distribution characterises survival time following diagnosis of 

virtually all life-threatening conditions.For example, many individuals who die of cancer 

are actually highly functional during most of their last year of life and therefore would not 

be perceived to be terminal but would be included in a study of decedents. In the cohort 

method, each subject is evaluated only during the time after the subject is determined to 

be terminal, for example, patients diagnosed with metastatic cancer.

2.11 Objectives
Specific aim 5

To describe the use of systemic chemotherapy following a diagnosis of metastatic cancer 

and the impact of systemic chemotherapy on hospitalisations and emergency room visits.
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Chapter 3: Treatment Complications and Survival in 

Advanced Laryngeal Cancer

3.1 Abstract
Background: Surgery and larynx-preserving therapy are both options for advanced larynx 

cancer. It is not clear whether these two approaches have comparable outcomes in older 

patients.

Methods: In the SEER-Medicare database we identified treatment-related complications 

and estimated the impact of treatment modality on overall survival in patients aged 66 or 

older who had total laryngectomy (TL) or chemoradiation (CTRT) for advanced laryngeal 

cancer.

Results: Use of TL declined from 78% to 26% between 1999 and 2007 (p<0.0001). TL 

was associated with a marginally significant reduction of 18% to 24% in death from any 

cause, depending on method of adjustment for the propensity to receive surgery. 

However, in sensitivity analyses excluding patients with T4 disease or CTRT patients who 

received a potentially non-definitive dose of RT, neither treatment modality was 

associated a survival advantage. More than 60% of patients in each group had a 

complication-related hospital admission or emergency room visit.

Conclusions: In well-selected patients, both CTRT and TL are associated with treatment- 

related complications, while survival is similar. Despite its decreasing use, surgery 

remains an important option in certain older patients.
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3.2 Background
Cancer of the larynx is among the most common cancers of the upper aerodigestive tract, 
with almost 13,000 new cases diagnosed in the US in 2010.^®^ Definitive treatment for 

advanced stage laryngeal cancer (stage III or IV) consists of either total laryngectomy (TL) 
or chemoradiation (CTRT).®® Radiotherapy (RT) alone has been shown to have poorer 

efficacy than CTRT and is reserved for the small group of patients for whom substantial 
comorbidity threatens the safe administration of surgery or CTRT.^®^'

An evolution in the treatment of advanced laryngeal cancer has occurred over the past 

two decades with a fall in the use of primary surgery and a corresponding rise in the use 
of nonoperative treatment7®'®^■ This trend originated with the publication of a

landmark Veteran Affairs (VA) study in 1991, which showed that induction chemotherapy 

followed by definitive RT could preserve the larynx without compromising overall 
survival.®® In 2003, the Radiation Therapy Oncology Group (RTOG) 91-11 trial concluded 

that concurrent CTRT improved local control compared with induction chemotherapy 

followed by RT, and should be considered the standard of care for patients with advanced 
disease who desire laryngeal preservation.^®®

While the adoption of primary CTRT as the standard of care has clearly benefitted many 

patients, its increased use has coincided with a rise in functional complications and 

decreased overall survival, in older patients and those with T4 cancers, respectively.
81,118,122 Furthermore, salvage surgery, as a final curative treatment strategy for patients 

treated with organ preserving CTRT can be technically complex and has a significant 

impact on patient morbidity.On a population level, little is known about treatment 

patterns, the proportion of patients receiving various treatment modalities and the factors 

that influence the type of treatment received. Our ageing population is of particular 

concern due to recent evidence indicating a decreasing benefit of chemotherapy with 

increasing patient age and lack of significant benefit when chemotherapy is added to RT 

in patients over the age of 70.^°^’ ^®®

The objectives of this study were to evaluate predictors and trends in the use of CTRT 

and TL and to compare rates of treatment-related complications and overall survival 

between these modalities in a population-based cohort of older adults.
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3.3 Materials and methods
Data

We used Surveillance Epidemiology and End Results (SEER) cancer registry data linked 

with Medicare claims. SEER is a National Cancer Institute (NCI)-sponsored, consortium 

of population-based cancer registries covering approximately 28% of Americans in 

selected states and geographic areas.The SEER registries collect information 

regarding site and extent of disease, clinical and pathologic stage, first course of cancer- 

directed therapy, and sociodemographic characteristics for all newly diagnosed cancer 

cases, with active follow-up for date and cause of death. Medicare is the primary health 

insurer for 97% of the US population aged 65 years and older and covers inpatient 

hospital care (Part A) and outpatient care and physician services (Part B). The SEER- 

Medicare files were used in accordance with a data-use agreement between the NCI and 

the Centres for Medicare and Medicaid Services (CMS). This study was approved by the 

Institutional Review Board at Memorial Sloan-Kettering Cancer Centre.

Study cohort

We identified Medicare beneficiaries aged 66 years or older with a pathologically 

confirmed primary diagnosis of advanced squamous cell laryngeal cancer (stage III or IV) 
between January 1®' 1999 and December 31®' 2007.^®^ Patients were classified in one of 

two mutually exclusive treatment categories based on Medicare claims within 6 months 

following diagnosis. Primary therapy was classified as surgery for patients whose first 

treatment was TL. This category included TL alone (N=103), TL with postoperative RT 

(N=184) or CTRT (N=41) and TL with or without a neck dissection. Patients with claims 

for CT or RT that preceded a TL claim within the first 6 months following diagnosis were 

excluded (N=29) as these patients may have been candidates for salvage as opposed to 

primary surgery. For patients who had any claim for RT and at least two claims for 

chemotherapy, primary therapy was classified as concurrent CTRT. In order to minimise 

possible misclassification of induction or adjuvant CTRT as concurrent therapy, we 

excluded patients whose first claim for RT was more than 60 days after their first claim for 

chemotherapy (N=38). We also excluded patients who had any cancer-directed surgical 

procedure prior to receiving concurrent CTRT (N=38) (see Appendix A). We excluded 

patients enrolled in a Medicare managed care plan (HMO) and those who did not have 

continuous Medicare coverage from one year prior to diagnosis through death or end of 

follow-up. Patients diagnosed only at the time of death, who had a history of another 

malignancy or who had distant metastases at diagnosis were also excluded.
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Figure 3.1: Flow diagram of patient selection within SEER-Medicare database, 

1999-2007

Outcomes

We evaluated predictors and trends in the use of TL vs. CTRT, differences between these 

modalities in treatment-related complications and overall survival as well as the rate of 

salvage surgery in those receiving CTRT. Complications included mucositis, xerostomia, 

dysphagia, oesophageal dilation, oesophagitis, pneumonia, sepsis, and venous or 

pulmonary thromboembolism. These complications were identified by relevant diagnosis 

and procedure codes between the date of first treatment and death or end of follow-up 

(see Appendix A). We also identified hospital admissions and emergency room (ER) 

visits for any of the above diagnoses. Tracheostomy and feeding tube placements were 

evaluated overall as well as prior to and following treatment initiation. Long-term feeding 

tube use was based on the claims in the Durable Medical Equipment (DME) file for 

nutritional support or a claim for subsequent feeding tube insertion at >1 year following 

initial tube insertion. The rate of salvage surgery in the CTRT group was defined by a 

claim for TL more than 6 months after diagnosis.
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Covariates

Demographic characteristics included patient age, race, geographic location, marital 

status and residence in a metropolitan versus non-metropolitan county. Median ircome in 

the census tract of residence was used as a marker of socioeconomic status, and 

classified in quartiles. Disease characteristics included clinical tumour stage site of 

disease in the larynx, lymph node involvement and year of diagnosis. Comorbidity was 

estimated using a modification of the Charlson comorbidity index based on inpatient, 
outpatient and physician claims in the year prior to laryngeal cancer diagnosis.^®®'

Statistical analysis

Multivariable logistic regression was used to estimate the impact of demographic and 

clinical characteristics on the likelihood of receiving CTRT relative to TL. The Cochran- 

Armitage trend test was used to evaluate changes over time in the proportion of all 

patients receiving TL vs. CTRT and also specifically in patients with T4 disease. 

Differences between groups in treatment complications were assessed with chi-square or 

Fisher’s exact tests, as appropriate based on cell counts.

We estimated the association between primary treatment modality and the risk of death 

from any cause using propensity score methods to minimise bias related to the non- 

random assignment of treatment. The propensity to receive surgery was modelled

as a function of all available covariates potentially associated with overall survival, 

whether or not they were also associated with treatment.These included age, sex, 

race, census tract median income, marital status, urban-rural residence, geographic 

region, tumour site, tumour extent (T classification), lymph node involvement, comorbidity 

score and year of diagnosis using multivariable logistic regression. Death from any cause 

was estimated as a function of treatment received (TL vs. CTRT) and the propensity to 

receive surgery in proportional hazards regression models using three different methods 

of implementing the propensity score: 1) modelled as a continuous covariate, 2) stratified 

by propensity score quintiles, and 3) stratified based on pairs matched by propensity 

score.For the third method, we used a greedy matching algorithm (5->1 digit 

matching) to pair CTRT patients and surgery patients in a 1:1 ratio.Standardised 

differences were calculated for matched cohorts and the absolute value was not greater 
than 0.20 for any variable and was greater than 0.10 for only 2 variables.^®®'

In sensitivity analysis we examined the impact of excluding patients with T4 disease. We 

also examined the impact of excluding CTRT patients who received a potentially non

definitive dose of RT.^^” Using a previously applied method to count RT fractions, we
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defined a definitive dose of RT as greater than or equal to 35 fractions within 6 months of

diagnosis. All analyses were performed in SAS version 9.2 (SAS Institute, Cary, NC).

3.4 Results
Cohort characteristics and treatment

We identified 809 patients with advanced laryngeal cancer of whom 431 received CTRT 

and 329 received TL (Table 3.1). Almost 60% (N=187) of patients with T4 disease had a 

TL, compared with of 27% (N=118) of CTRT patients. Of those who had T4 disease, 95% 

(N=290) had T4a disease and 5% (N=15) had T4b disease, respectively. The proportion 

of patients receiving surgery decreased significantly over the study period, from 78% in 

1999 to 26% in 2007 (p<0.0001), while the proportion of T4 patients receiving surgery 

declined from 68% to 40% over the same period (p<0.0001. Figure 3.2). This trend 

persisted even when we excluded cases diagnosed prior to 2000 when several new 

registries were added to the SEER programme. Adjusted for other characteristics, 

patients with T4 disease had greater odds of receiving TL, while those with supraglottic 

cancers had lower odds of TL (Table 3.2).

Complications and salvage surgery

While a significantly greater proportion of CTRT patients had claims for mucositis, 

xerostomia and dysphagia (p<0.0001), the proportion of patients requiring a hospital or 

ER admission for a treatment-related complication was similar between the treatment 

groups (Table 3.3).

Fifty-seven percent (N=245) of CTRT patients had a feeding tube inserted post-treatment 

compared with 33% (N=107) of TL patients (p<0.0001. Table 3.3). Of the CTRT patients 

who had a feeding tube, 39% (N=167) had claims for enteral nutritional support compared 

with 20% (N=64) of patients in the TL group (p<0.0001) and these proportions were 14% 

(N=60) and 7% (N=22) (p<0.0001), respectively, at 1 year following tube placement. In 

the CTRT group, 22% (N=94) of patients had a tracheostomy prior to treatment initiation 

and 19% (N=80) had a tracheostomy following treatment. Eleven percent (N=47) of 

CTRT patients required salvage TL. The median time to salvage TL was 1 year following 

the 6-month initial treatment period.

Survival

Unadjusted for potential confounders, neither treatment modality was associated with a 

survival advantage. Controlling for the likelihood of receiving treatment, TL was 

associated with a marginally significant reduction in the risk of death from any cause 

compared with CTRT (Table 3.4). The estimated magnitude of the survival benefit
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associated with surgery varied by the method of propensity score implementation from a 

24% relative reduction in the analysis of pairs matched by propensity score (adjusted HR 

0.76, 95% Cl 0.58-1.00) to an 18% relative reduction when the propensity score was 

included as a continuous covariate (adjusted HR 0.82, 95% Cl 0.68-0.99) or the analysis 

was stratified by propensity score quintiles (adjusted HR 0.82, 95% Cl 0.68-0.99). In 

sensitivity analyses excluding patients with T4 disease or CTRT patients who received a 

potentially non-definitive dose of RT (N=115), neither treatment modality was associated a 

survival advantage (Table 4).

3.5 Discussion
In this population-based analysis of older adults with advanced laryngeal cancer, both 

surgery and larynx-preserving treatment were associated with complications and neither 

approach had a clear survival advantage. In both groups a notable proportion of patients 

were hospitalised or had an ER visit for a likely treatment-related complication. Adjusted 

for the propensity to receive surgery, TL was associated with a marginally significant 

reduction in the risk of death from any cause, but the confidence bounds on this estimate 

approached or reached 1.0, depending on the method of adjustment.

Inferences about the association between treatment and survival in an observational 

setting must be made cautiously. However, our analysis suggests that TL results in a 

marginally significant reduction in the risk of death from any cause compared with CTRT 

when including a subset of patients who perhaps should not have been offered CTRT or 

who received demonstrably suboptimal RT. Notably, when patients with T4 cancers were 

excluded from the analysis, neither treatment modality was associated with a survival 

benefit. Although it is impossible to infer the cause of death from this analysis, these 

survival outcomes may be explained by the fact that CTRT is less efficacious when the 
cartilaginous skeleton of the larynx is invaded by cancer.®® Invasion of the laryngeal 

cartilaginous framework can result in an irretrievably dysfunctional larynx once treated 

with CTRT, thereby causing severe late toxicity, particularly in the older population. ^^® 

As such, it is not clear that those who received CTRT would have had improved survival if 

they had received TL instead. We also found that when we excluded patients who did not 

receive a definitive dose of RT, neither treatment modality was associated with a survival 
advantage.^®® As RT is a main component of CTRT, the fundamental principle of therapy 

is that concurrent chemotherapy be incorporated into an optimal regimen, were RT to be 

administered as single-modality treatment. Consequently, a CTRT regimen proven 
superior only to a suboptimal RT-alone regimen does not represent optimal therapy.^^'*
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The decline in TL we observed during the study period is not surprising/®' This trend 

presumably reflects enthusiasm for organ-preserving treatment approaches and clinical 

trial results suggesting oncologic outcomes comparable to those achieved with surgery.®®' 

92,95,209 yyhile this approach has been effective in many patients, lower rates of organ 

preservation and higher complication rates have prompted the recommendation of primary 

TL in patients with T4 disease particularly in cases of gross cartilage invasion. ®^' 210-212 

Nevertheless, we found that a considerable proportion of patients with T4 lesions, 95% of 

whom were classified as T4a, received organ preservation therapy (27%). Moreover, the 

proportion of T4 patients receiving TL declined by almost 30% over the study period. 

Equally, 34% of patients with T3 disease received primary TL.

Acute, often severe treatment-related toxicities, leading to interruption or modification of 

RT delivery, may compromise the value of CTRT, particularly among older patients and 

those with coexisting medical conditions or decreased performance status. 213-215 124,216 

However, TL-related complications, including a permanent tracheostomy and loss of 

laryngeal speech, can also cause considerable physical and psychosocial morbidity to the

patient. 217, 218 In fact, RT-related complications such as mucositis and dysphagia are

often self-limiting and while they were greater in those receiving CTRT, the proportion of 

patients experiencing a hospital admissions or ER visit for a treatment-related 

complication did not differ significantly between the two treatment modalities.

While prolonged disease-free survival and improved cure rates are two of the most 

important objectives of cancer therapy, the implicit purpose of organ preservation is 

improved laryngeal function and quality of life.®^® Unfortunately, organ preservation does 

not necessarily result in the preservation of function and does not correlate with the 

absence of chronic dysphagia, dependence on feeding tubes or a tracheostomy.^^^'^^®'®^^ 

Our results suggest that a considerable number of patients, initially treated with organ- 

preserving therapies, will have both poor functional outcomes related to the inability to eat 

and the inability to breathe through their larynx. Fifty-seven percent of older patients 

initially treated with CTRT required a feeding tube following treatment and 14% still 

required nutritional support at 1 year. Comparable proportions of TL (19%) and CTRT 

(22%) patients required airway intervention prior to treatment initiation, suggesting, 

perhaps, that some patients receiving CTRT should have been guided toward surgery. 

While almost 20% of CTRT patients required a tracheostomy following treatment, 

treatment failure was relatively uncommon. Only 11% of CTRT patients required salvage 

surgery after the initial 6-month treatment period. This proportion is in line with previously 

reported estimates (7-16%).®^'^^^
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Several limitations of our analysis should be noted. While we were able to control for 

important patient and tumour characteristics, there may have been residual confounding 

by unmeasured factors, such as pre-treatment functional status, other risk factors for 

complications or salvage surgery in those receiving primary CTRT, and patient and 

physician preferences. While propensity scores may reduce selection bias, they can only 

control for observed characteristics. Other, unmeasured factors may be unbalanced, 

resulting in biased estimates of the association between treatment and outcome. 

Additionally, we may have underestimated rates of treatment complications, as Medicare 

claims are likely to reflect the most serious diagnoses - those that require physician 
evaluation, a hospital stay or a medical procedure.^® Finally, while the complications we 

identified are likely to have a detrimental impact on physical function, social function and 

quality of life, we were not able to assess these important endpoints directly.

3.6 Conclusions
The objective of larynx-preservation therapy is to offer improved function and quality of life 

in patients with advanced laryngeal cancer, without compromising survival. Our results 

suggest that while this may be the case in many patients, TL remains an important 

treatment option in certain older patients, particularly those who may be unable to tolerate 

optimal-dose therapy and those with more extensive disease. The rapid decline in TL and 

inappropriate CTRT use in patients with T4 disease is concerning, as is the incidence of 

suboptimal RT. Treatment selection is complex and multifactorial, however, and individual 

patient factors, such as functional status, personal preference and the availability of 

support services, in addition to provider factors such as surgical expertise, should play a 

role in treatment decisions.
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TL
No. of patients %

CTRT

No. of patients % P-value

Total 328 100% 431 100%
Age at diagnosis

66-69 114 35% 151 35% NS
70-74 100 30% 139 32%
75-59 64 20% 84 19%
80-84 34 10% 41 10%
85+ 16 5% 16 4%

Sex
Male 254 77% 329 76% NS
Female 74 23% 102 24%

Race

White 262 80% 351 81% NS
Black 45 14% 48 11%
Other 21 6% 32 7%

Census tract median 
income

1st quartile 95 29% 94 20% NS
2nd quartile 75 23% 115 27%
3rd quartile 84 26% 107 26%
4th quartile 74 23% 115 27%

Urban-rural residence
Metropolitan 264 80% 365 85% NS
Non-metropolitan 64 20% 66 15%

Region
Northeast 71 22% 117 27% NS
South 77 23% 92 21%
Midwest 51 16% 54 13%
West 129 39% 168 39%

Marital Status

Married 161 49% 225 52% NS
Not Married 149 45% 191 44%
Unknown 18 5% 15 3%

Site
Glottis 116 35% 113 26% <0.0001
Supraglottis 125 38% 267 62%
Other 87 27% 51 12%

Clinical T-stage
T1/T2 29 9% 125 29% <0.0001
T3 112 34% 188 44%
T4 187 57% 118 27%

Lymph node involvement
Negative 161 49% 177 41% NS
Positive 152 46% 237 55%
Unknown 15 5% 17 4%
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Charlson comorbidity score
0 184 56% 235 55% NS
1 82 25% 123 29%
2+ 62 19% 73 17%

Year of diagnosis
1999 28 9% - <5% <0.0001
2000 47 14% - <10%
2001 51 16% 43 10%
2002 38 12% 43 10%
2003 36 11% 42 10%
2004 36 11% 54 13%
2005 27 8% 63 15%
2006 40 12% 69 16%
2007 25 8% 71 16%

Table 3.1: Characteristics of cohort by initial treatment modality

Abbreviations: TL, total laryngectomy; CTRT, chemoradiation; NS: Not statistically significant at 

p<0.05

Notes: Other site includes subglottis, overlapping tumours and cancer of the larynx not otherwise 

specified (NOS). Of those who had T4 disease, 95% had T4a and 5% T4b disease, respectively. 

Cell counts <11 not shown in accordance with the SEER-Medicare Data Use Agreement.
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Characteristic Adjusted Odds Ratio (95% Cl)

Age at diagnosis
66-69 Ref

70-74 0.88 (0.59- 1.31)

75-59 1.09 (0.69-1.72)

80-84 1.06 (0.59-1.89)

85+ 1.14(0.5-2.6)

Sex
Male Ref

Female 0.99 (0.66-1.47)

Race
White Ref

Black 1.13(0.66-1.94)

Other 0.67 (0.35-1.31)
Census tract median income

1st quartile Ref

2nd quartile 0.8 (0.5-1.29)

3rd quartile 0.74(0.45-1.22)

4th quartile 0.8 (0.46-1.38)

Urban-rural residence
Metro Ref
Non-metropolitan 1.25 (0.77-2.06)

Region
Northeast Ref
South 1.19(0.7-2.02)

Midwest 1.31 (0.74-2.32)
West 1.24 (0.8- 1.92)

Married
Yes Ref

No 1.01 (0.72-1.44)

Unknown 1.48 (0.67-3.3)

Site
Glottis Ref

Supraglottis 0.61 (0.41 -0.91)
Other 1.68(1.05-2.7)

Clinical T-stage
T1/T2 Ref

T3 2.47(1.42-4.3)

T4 5.62 (3.26 - 9.67)

Lymph node involvement

Negative Ref

Positive 1.18(0.81 -1.73)
Unknown 0.64(0.28-1.46)
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Characteristic Adjusted Odds Ratio (95% Cl)

Charlson comorbidity score

0 Ref

1 1.04 (0.71 -1.53)

2+ 1.37 (0.88-2.13)

Year of diagnosis 0.81 (0.75 - 0.86)

Table 3.2: Adjusted associations between patient characteristics and receipt of
TL (vs. CTRT)

Abbreviations: TL, total laryngectomy; CTRT, chemoradiation; Cl, confidence interval

Notes: Other site includes subglottis, overlapping tumours and cancer of the larynx not otherwise

specified.
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Initial Treatment Modality 
TL CTRT

Any claim for No. of patients % No. of patients % P-value
Mucositis 15 5% 73 17% <0.0001
Xerostomia 14 4% 55 13% <0.0001
Dysphagia 229 70% 359 83% <0.0001
Oesophageal stricture requiring 
dilation 93 28% 112 26% NS

Oesophagitis 64 20% 90 21% NS
Pneumonia 212 65% 257 60% NS
Sepsis 83 25% 127 29% NS
Venous/pulmonary TE 43 13% 71 16% NS

Inpatient admission or ED visit for 
any diagnosis above 210 64% 290 67% NS

Tracheostomy

Any time after diagnosis* 328 100% 174 41%
Pre-treatment only 61 19% 94 22%
Post-treatment only — — 80 19%

Gastrostomy
Any time after diagnosis 128 39% 313 73%

Pre-treatment only 21 6% 68 16% <0.0001
Post-treatment only 107 33% 245 57% <0.0001

Nutritional support
Any time after diagnosis 64 20% 167 39% <0.0001

>1 year after tube placement 22 7% 60 14% <0.01

Table 3.3: Treatment-related complications by initial treatment modality

Abbreviations: TL, total laryngectomy; CTRT, chemoradiation; TE, thromboembolic event.

Notes: P-values from unadjusted Fisher’s exact test or chi-square test of association between initial 

treatment modality and complication. Claims for nutritional support identified only patients with a 

post-treatment claim for gastrostomy tube placement. ’‘All TL patients have a tracheal stoma upon 

completion of the surgical procedure.
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Model
All Patients
HR (95% Cl)

Excluding T4
HR (95% Cl)

Unadjusted 0.97 (0.82 - 1.15) 1.13(0.89-1.42)
Adjusted

(1) Multivariable model without propensity score 0.78 (0.64 - 0,95) 0.94 (0.72- 1.23)
(2) Propensity score as a continuous variable 0.82 (0.68 - 0.99) 0.99 (0.77- 1.28)

(3) Stratified by propensity score quintile 0.82 (0.68 - 0.99) 1.03 (0.80-1.32)

(4) Propensity score matched pairs 0.76 (0.58 - 1.00) 0.90 (0.60-1.35)

Table 3.4: Association between initial treatment modality and risk of death from 

any cause

Abbreviations: Hazard ratio (HR) for impact of TL (compared with CTRT) on risk of death, 

adjusted for propensity to receive TL.

Notes: In sensitivity analyses excluding patients with T4 disease or CTRT patients who received a 

potentially non-definitive dose of RT (N=115), neither treatment modality was associated a survival 

advantage.

Propensity score was estimated as a function of age, sex, race, census tract median income, 

marital status, urban-rural residence, geographic region, tumour site, clinical T stage, lymph node 

involvement, comorbidity score and year of diagnosis. Adjusted model 1 included these 

characteristics as individual covariates. C-statistics for the propensity score models were 0.762 for 
all patients and 0.753 excluding patients with T4 disease. Propensity score matched-pairs analysis 

used a greedy matching algorithm (5->1 digit matching) to pair CTRT patients and TL patients in a 

1:1 ratio. Standardised differences were calculated for matched cohorts and the absolute value 

was not greater than 0.20 for any variable and was greater than 0.10 for only 2 variables.

Sample sizes for adjusted models 1-3 were N=759 (all patients), N=454 (excluding T4 disease). 

Sample sizes for adjusted model 4 were N=452 (all patients), N=218 (excluding T4 disease).
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Figure 3.2: Trends in use of total laryngectomy by year of diagnosis

Notes: Figure shows the proportion of all patients in cohort with advanced laryngeal cancer and 

those with T4 disease who received total laryngectomy (vs. chemoradiation).
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Chapter 4: Treatment-Related Toxicities in Older Adults with 

Locally Advanced Head and Neck Cancer

4.1 Abstract
Background: Despite clear advantages in terms of cancer control and organ preservation, 

compared with radiation therapy (RT) alone, the benefit of chemoradiation (CTRT) may be 

offset by severe, treatment-related toxicities particularly in patients aged 70 or older. Our 

objectives were to assess the type and frequency of early toxicities and feeding tube use 

in a population-based cohort of older adults with locally advanced squamous cell 

carcinoma of the head and neck (HNSCC) receiving either primary CTRT or RT alone.

Methods: Using SEER cancer registry data linked with Medicare claims, we identified 

patients aged 66 years or older with locally advanced HNSCC, diagnosed between 2000 

and 2007, who received CTRT or RT alone within 6 months of diagnosis. We examined 

differences in the frequency of toxicity-related hospital admissions and emergency room 

(ER) visits as well as feeding tube use and used multivariable regression to estimate the 

impact of chemotherapy on the likelihood of toxicity, controlling for demographic and 

disease characteristics.

Results: Of patients who received CTRT (N=1,062), 65% had a treatment-related toxicity, 

compared with 48% of patients who received RT alone (N=881). Controlling for 

demographic and disease characteristics, CTRT patients were twice as likely to 

experience an acute toxicity compared with their RT only peers and were four and five 

times more likely to experience haematological and gastrointestinal complications, 

respectively. Almost 60% of CTRT patients had a feeding tube placed during or after 

treatment compared with 33% of the RT only group.

Conclusions: In this population-based cohort of older adults with HNSCC, the rate of 

acute toxicities and feeding tube use in patients receiving CTRT was considerable. With 

current data suggesting a lack of efficacy from adding chemotherapy to RT in the older 

population, it is possible that certain patients are experiencing needless toxicities, adding 

unnecessary costs to the patient, payer and society at large. There remains a critical 

need to define the criteria that will predict for a patient’s ability to tolerate aggressive 

CTRT.
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4.2 Background
Head and neck cancer is the fifth most common cancer worldwide with an estimated 

annual global incidence of more than 533,000 cases.In the US, almost 53,000 people

are diagnosed each year and 30-40% of patients will die of their disease 64, 225 The

majority of patients (60%) present with locally advanced disease and squamous cell 

carcinoma is the most common histology. Forty-three percent of incident cases and 57% 
of deaths occur in patients aged 65 years and older.^^

Over the past two decades, combined-modality treatment with chemotherapy and 

radiation therapy (CTRT) has gained widespread acceptance as a definitive treatment in 

many locally advanced HNSCC patients as numerous studies have demonstrated 
improved locoregional control and survival compared with radiation therapy (RT) alone.®®’ 
96-105 Despite these advantages, the benefit of CTRT may be offset by acute, often 

severe, treatment-related toxicities, particularly among older patients and those with 
comorbid medical conditions or poor performance status. 213-215 g result, 40-50% 

of patients who receive CTRT do not receive the planned number of chemotherapy 

cycles, inevitably affecting dose-intensity and the delivery of optimal regimens.This is 

of particular concern in patients aged 70 and older, where there may be little or no 
incremental benefit of adding chemotherapy to RT.^^^ Furthermore, the evolution of late 

toxic effects such as speech impairment, dysphagia and feeding-tube dependence can 
have a long-term detrimental effect on a patient’s quality of life.^^' ’^®'

While cisplatin-based chemotherapy is the most commonly used chemotherapeutic agent, 

the difficulties in optimizing treatment efficacy and tolerability have resulted in the 

development of newer, targeted and potentially less toxic, radiation-sensitizing 
regimens.”^’ Cetuximab, an epidermal growth factor receptor antibody, is the newest 

systemic therapy approved for concurrent use with RT after its efficacy, compared with RT 

alone, was demonstrated in a large, randomised trial.The study found no increase in 

common RT-associated toxic effects and a subsequent analysis reported no difference in 
quality of life scores between the treatment arms. ^°®

As a result, the use of cetuximab combined with RT appears to be replacing RT alone in 
older, sicker patients. ^^® To date, most studies have focused on the oncologic outcomes 

of CTRT vs. RT alone and less attention has been paid to the early and late adverse 

effects of these treatment approaches. Our objectives were to evaluate the nature and 

frequency of early toxicities and feeding tube use in a cohort of older adults with locally 

advanced HNSCC who received either primary CTRT or RT alone.
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4.3 Methods
Data source

The primary data source was Surveillance Epidemiology and End Results (SEER) cancer 

registry program records linked with Medicare claims. SEER, sponsored by the National 

Cancer Institute (NCI), is a consortium of population-based cancer registries covering 

approximately 28% of Americans in selected states and geographic areas. SEER collects 

information about site and extent of disease, first course of cancer-directed therapy and 

sociodemographic characteristics for all newly diagnosed cancers, which are actively 

followed for date and cause of death.Medicare is the primary health insurer for 97% of 

the US population aged 65 years and older and covers inpatient hospital care (Part A), 

and outpatient care and physician services (Part B).^® The SEER-Medicare files were 

used in accordance with a data-use agreement between the NCI and the Centres for 

Medicare and Medicaid Services (CMS). This study was reviewed by the Institutional 

Review Board at Memorial Sloan-Kettering Cancer Centre and deemed exempt from 

informed consent requirements.

Study cohort

We identified Medicare beneficiaries aged 66 years or older with a pathologically 

confirmed primary diagnosis of locally advanced HNSCC from January 1, 2000 through 

December 31, 2007. The cohort was limited to patients with stage III or IV disease, as 
defined by American Joint Commission on Cancer criteria (AJCC).^®^ Patients were 

classified as receiving primary CTRT if they had any claim for RT, at least two claims for 

chemotherapy and no cancer-directed surgery within 6 months of diagnosis. Patients who 

had at least one claim for RT and no claims for chemotherapy or cancer-directed surgery 

were categorized as receiving primary RT. Using Common Procedural Terminology 
(CPT) codes to identify specific chemotherapeutic agents, we also assigned patients to 

one of four mutually exclusive groups according to the agents they received: 1) cetuximab 

alone or with any other agent, 2) a platinum agent only, 3) a platinum-taxane combination 

with or without any other agent, 4) a platinum-non taxane combination. We excluded 

patients enrolled in a Medicare managed care plan (HMO) and those who did not have 

continuous Medicare coverage from 1 year prior to diagnosis through death or end of 

follow-up. Patients diagnosed only at the time of death, who had a history of another 

malignancy or who had metastatic disease at diagnosis were also excluded.

Outcomes

The primary endpoint was defined as any hospitalisation or emergency room (ER) visit for 

a primary or secondary diagnosis suggestive of an adverse effect of chemotherapy or RT. 

Acute toxicities included oral complications, haematological complications, gastrointestinal
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complications, dehydration, deep venous thrombosis or pulmonary embolus, infection, 

fever, cardiac complications and constitutional symptoms or non-specific complications of 

treatment (see Appendix B). Acute toxicities were identified by relevant

diagnosis and procedure codes in the 6 months following the date of first treatment. 

Feeding tube placements were evaluated overall as well as prior to and following 

treatment initiation. Long-term feeding tube use was based on the claims in the Durable 

Medical Equipment (DME) file for nutritional support or a claim for subsequent feeding 

tube insertion at >1 and s 2 years following initial tube insertion.

Covariates

Demographic characteristics included patient age, sex, race, geographic location, marital 

status and residence in a metropolitan versus non-metropolitan county. Median income in 

the census tract of residence was used as a marker of socioeconomic status. Disease 

characteristics included tumour site, clinical tumour stage, lymph node involvement and 

year of diagnosis. Comorbidity was estimated using a modification of the Charlson 

comorbidity index based on inpatient, outpatient and physician claims in the year prior to 
HNSCC diagnosis.^®® ’®®

Statistical analysis

Unadjusted associations between type of treatment and patient characteristics were 

examined using chi-square statistics. We used descriptive statistics to estimate the 

frequency of hospital admissions and ER visits for acute toxicity-related events and to 

characterise the proportion of patients who had a feeding tube placed at different times 

relative to treatment initiation. Differences between groups in early treatment 

complications and feeding tube use were assessed using chi-square statistics or Fisher’s 

exact test, depending on cell count. Multivariable regression was used to estimate the 

impact of chemotherapy on the likelihood of hospitalisation and ER use, controlling for 

other demographic and disease characteristics. The Cochran-Armitage trend test was 

used to evaluate changes over time in the proportion of all patients receiving CTRT vs. 

RT, the proportion of patients receiving various chemotherapeutic modalities and also in 

the proportion of patients experiencing hospitalisations and ER visits for acute toxicities. 

All analyses were performed in SAS version 9.2 (SAS Institute, Cary, NC).

4.4 Results
Cohort characteristics

We identified 1,943 patients with locally advanced HNSCC of whom 55% (N=1,062) 

received CTRT and 45% (N=881) received RT alone (Table 4.1). The CTRT group was 

younger, more likely to be white, male, married, live in a metropolitan area and have a
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higher socioeconomic status. A greater proportion of the RT group had laryngeal cancer 

(41%, N=361) compared with the CTRT group (35%, N=377) while a greater proportion of 

CTRT patients had oropharyngeal cancer (36% vs. 25%, N=383 vs. 224). Patients with 

T2 and T4 disease were more likely to receive RT alone, whereas patients with T3 

disease were more likely to receive CTRT. The proportion of patients receiving CTRT 

increased significantly over the study period, from 40% in 2000 to 75% in 2007 (p<0.0001. 

Figure 4.1). Of those receiving CTRT, the proportion of patients receiving platinum 

therapy alone increased in the diagnosis years 2000-2004 while the use of other platinum- 

based regimens declined. Subsequent to this, the use of all platinum-based therapy 

declined while the proportion of patients receiving cetuximab increased 42% (p<0.0001) 

(Figure 4.2)

Hospitalisations and ER visits for early toxicities

Sixty-five percent (N=689) of patients receiving CTRT had a hospitalisation or ER visit for 

one or more diagnoses suggestive of an acute adverse effect of chemotherapy compared 

with 48% (N=420) of patients who received RT alone (Table 4.2, Figure 4.3). Some 

diagnoses had greater specificity for chemotherapy use than others. In particular, patients 

who received CTRT were more likely to have a hospitalisation or ER visit for 

gastrointestinal and haematological toxicities compared with their RT only peers.

Adjusted comparisons between the CTRT and RT groups showed that CTRT patients 

were significantly more likely to experience an acute toxicity (Table 4.3). The CTRT 

group was five times more likely to experience a gastrointestinal toxicity, four times more 

likely to experience a haematological toxicity, three times more likely to experience fever 

or thrombolytic events and twice as likely to experience an oral complication. The 

proportion of patients in the RT only group who experienced acute treatment-related 

toxicities increased from 41% to 53% over the study period (p<0.001) (Figure 4.4).

Feeding tube use

Seventy-three percent (N=780) of the CTRT group had a feeding tube placed at any time 

after diagnosis compared with 47% (N=418) of RT only patients (Table 4.4). Following the 

initiation of cancer-directed therapy, 56% (N=590) of CTRT patients had a feeding tube 

compared with 33% (N=292) of RT patients and 39% (N=413) vs. 20% (N=173) had 

claims for enteral nutritional support, respectively. Seventeen percent (N=176) of CTRT 

patients and 7% (N=60) of RT only patients were still using their feeding tube 1 year from 

tube placement.
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4.5 Discussion
The treatment of locally advanced HNSCC has undergone a gradual evolution over the 

past two decades, with increased emphasis on organ preservation and multimodality 

management. Although the benefit of CTRT, compared with RT alone, is supported by 

evidence from numerous studies, the combined therapy approach has been associated 
with poor treatment tolerance and reduced compliance with prescribed dose intensities.^^®' 

121.227 degree and type of treatment-associated toxicity depends upon the scope and 

intensity of the treatment modality but evidence suggests that older patients are more 

susceptible to both early and late adverse events.In our population-based study, 

older patients who received CTRT were more than twice as likely to experience a hospital 

admission or ER visit for an acute toxicity compared with patients who received RT alone.

While haematological complications are chemotherapy-specific, oral complications are 
common to both chemotherapy and RT and are easily enhanced by their combination.^®^ 

Mucositis is one of the most significant and dose-limiting acute toxicities associated with 
RT and patients develop oral pain, dysphagia, weight loss and the need for feeding tubes

as a result of this treatment-related complication 118. 213 A systemic review by Trotti and

colleagues found that the incidence of severe mucositis was 34% in patients who received 
RT alone and 43% in patients who received concurrent CTRT.®^® In the current study, 

patients receiving CTRT were significantly more susceptible to oral complications 

compared with the RT only group (30% vs. 17%) and the proportion of patients 

experiencing severe mucositis differed substantially between the treatment groups. Our 

results are higher than what was reported by Givens and co-workers who found that, while 

high-grade mucositis was present in virtually all patients, mucositis severe enough to 
warrant a hospital admission was present in 10% of patients.®^® While these differences 

may be due to the current cohort being markedly older, Michal and colleagues reported 

similar rates of hospitalisations from mucosal toxicity between younger and older patients 
receiving CTRT.^^ Nonetheless, the authors found that older patients were significantly 

more likely to experience myelosuppression and unplanned hospital admissions.^’

The proportion of CTRT patients who experienced gastrointestinal complications was 

substantial compared with patients who received RT alone. It has been reported that 

older patients, receiving cetuximab combined with RT, are more likely to suffer 

gastrointestinal complications compared with patients who receive concurrent cisplatin 
therapy.’®® Therefore, a possible reason for our finding may be due to the notable 

increase in cetuximab use in the older population. In fact, one particular study found that 

prior to 2005, older, sicker patients were less likely to receive CTRT but after the 

availability of cetuximab these factors were no longer predictive of CTRT use.®®® Despite
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a trend towards a decreasing benefit of cetuximab plus RT with increasing age, it has 

been suggested that patients who once received RT alone may now be receiving 

cetuximab plus RT which is seen as a safe concurrent option.Furthermore, 

there is a higher use of cetuximab in the community compared with academic settings, 

where cisplatin is more commonly used. Moreover, older patients are more likely to be

treated in the community. 232

While the advantages of CTRT over RT or surgery are prolonged disease-free survival 

and improved organ function and quality of life, CTRT does not necessarily result in the 

preservation of function and does not correlate with the absence of dysphagia or 

dependence on feeding tubes.Following the acute treatment period, poor swallowing 

function can remain a persistent problem for a non-negligible fraction of CTRT patients. In 

our population-based cohort of older patients almost 60% of those who received CTRT 

had a feeding tube inserted during or after treatment and, at 1 and 2 years from initial tube 

placement the proportion of CTRT patients dependent on a feeding tube was almost three 

times that of the RT only group. These patients likely had poor functional outcomes 

related to the inability to eat by mouth.

An interesting finding of the current analysis was that between the years 2003 and 2007, 

there was a notable increase in the proportion of patients in the RT only group who an 

acute toxicity. It was during this time period that CTRT use, which had remained relatively 

stable up to this point, began to increase substantially and there was a corresponding 

decline in the use of RT alone. If older, sicker patients are now receiving concurrent 

cetuximab plus RT therapy it may be that only the very frail, who absolutely cannot 

tolerate cetuximab, are receiving primary RT and hence admissions for adverse events 

are increasing among a cohort very susceptible to the toxicities of treatment.

Several limitations of our analysis should be noted. Firstly, in the absence of detailed 

clinical information, we were unable to determine whether patients received a full course 
of chemotherapy or RT or what doses they received.‘’®’ Secondly, we identified only 

patients with acute complications severe enough to warrant a hospital admission or ER 

visit, consequently, our analysis likely underestimated the incidence of certain toxicities. ^ 

For example, we could not identify some cetuximab-specific reactions such as skin rash, 

hypomagnesaemia and infusion-related reactions or ototoxicities and neurotoxicities, as 

they are rarely severe enough to warrant a hospital admission or ER visit. Given the 

extent of uptake of cetuximab in recent years, the inability to identify these adverse events 

may have explained the negligible change in the proportion of patients experiencing 

adverse events in the CTRT group over the study period. Fourthly, given the nature of
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claims data we could not accurately distinguish induction chemotherapy from the typical 

course of concurrent CTRT and this may have increased the rate of chemotherapy- 

specific adverse events. Finally, while we were able to control for important patient and 

tumour characteristics, there may have been residual confounding by unmeasured 

factors, such as pre-treatment functional status, other risk factors for chemotherapy- 

related adverse effects and patient and physician preferences.

4.6 Conclusions
In this population-based cohort of older adults with HNSCC, the rate of acute toxicities 

and feeding tube use in patients receiving CTRT was considerable. With current data 

suggesting a lack of efficacy from adding chemotherapy to RT in the older population, it is 

possible that certain HNSCC patients are experiencing unnecessary toxicities adding 

unwarranted costs to the patient, payer and society at large. In order to understand how 

the addition of chemotherapy to RT in the older population is influencing therapeutic 

outcomes and quality of life, outside well controlled clinical research settings, it is 

important to gain insight into actual practices for toxicity management or dose delivery 

modifications, as well as differences in practice between academic and community 

centres. Furthermore, there remains a critical need to define the criteria that will predict 

for a patient's ability to tolerate aggressive CTRT.
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All patients CTRT RT

No. Pts % No. Pts % No. Pts % P-value

Total N 1,943 - 1,062 55% 881 45%
Age at diagnosis <0.0001

66-69 496 26% 339 32% 157 18%
70-74 526 27% 323 30% 203 23%
75-59 423 22% 226 21% 197 22%
80-84 298 15% 126 12% 172 20%
85+ 200 10% 48 5% 152 17%

Sex <0.01
Male 1,363 70% 777 73% 586 67%
Female 580 30% 285 27% 295 33%

Race <0.05
White 1,615 83% 900 85% 715 81%
Black 202 10% 106 10% 96 11%
Other

Census tract median 
income

126 6% 56 5% 70 8%

<0.01
1st quartile 486 25% 234 22% 252 29%
2nd quartile 485 25% 262 25% 223 25%
3rd quartile 486 25% 281 26% 205 23%
4th quartile 486 25% 285 27% 201 23%

Urban-rural residence <0.0001
Metropolitan 1,649 85% 934 88% 715 81%
Non-metropolitan

Region
294 15% 128 12% 166 19%

<0.001
Northeast 446 23% 269 25% 177 20%
South 478 25% 225 21% 253 29%
Midwest 216 11% 129 12% 87 10%
West 803 41% 439 41% 364 41%

Married <0.0001
Yes 954 49% 576 54% 378 43%
No 907 47% 450 42% 457 52%
Unknown 82 4% 36 3% 46 5%

Site <0.0001
Oral Cavity 301 15% 112 11% 189 21%
Oropharynx 607 31% 383 36% 224 25%
Hypopharynx 213 11% 132 12% 81 9%
Nasopharynx 84 4% 58 5% 26 3%
Larynx

Clinical T-stage
738 38% 377 35% 361 41%

<0.05
T1 191 10% 107 10% 84 10%
T2 562 29% 291 27% 271 31%
T3 592 30% 354 33% 238 27%
T4 598 31% 310 29% 288 33%

Lymph node involvement <0.0001
Negative 758 39% 334 31% 424 48%
Positive 1,185 61% 728 69% 457 52%

59



All patients

No. Pts %

CTRT

No. Pts %

RT

No. Pts % P-value
Charlson comorbidity score <0.0001

0 1,056 54% 623 59% 433 49%

1 520 27% 277 26% 243 28%

2+ 367 19% 162 15% 205 23%

Year of diagnosis <0.0001

2000 216 11% 86 8% 130 15%

2001 247 13% 108 10% 139 16%

2002 269 14% 125 12% 144 16%

2003 272 14% 123 12% 149 17%

2004 219 11% 126 12% 93 11%

2005 240 12% 147 14% 93 11%

2006 244 13% 169 16% 75 9%

2007 236 12% 178 17% 58 7%

Table 4.1: Characteristics of cohort

Abbreviations; CTRT, chemoradiation; RT, radiation therapy
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Toxicity
CTRT

(N = 1,062)
RT Only 
(N = 881) P-value

Any Toxicity N (%)
By diagnostic category

689 (65%) 420 (48%) <0.0001

Oral 319(30%) 154 (17%) <0.0001
Dysphagia 206(19%) 129(15%) <0.01
Mucositis 155(15%) 31 (4%) <0.0001
Oesophagitis 57 (5%) 14 (2%) <0.0001

Gastrointestinal 125(12%) 23 (3%) <0.0001
Nausea, vomitting 90 (8%) 15(2%) <0.0001
Diarrhoea 47 (4%) <11 <0.0001

Dehydration 142 (13%) 38 (4%) <0.0001
Haematologic 382 (36%) 122 (14%) <0.0001

Neutropenia 150(14%) <11 <0.0001
Thrombocytopenia 62 (6%) 11 (1%) <0.0001
Anemia 284 (27%) 108 (12%) <0.0001

Infection 269 (25%) 190 (22%) 0.05
Infection 231 (22%) 152(17%) 0.01
Aspiration Pneumonia 91 (9%) 76 (9%) NS

Fever 61 (6%) 13 (1%) <0.0001
Acute Renal Failure 94 (9%) 35 (4%) <0.0001
Cardiac 179(17%) 145(16%) NS
PE/DVT 53 (5%) 15(2%) <0.0001
Other 101 (10%) 21 (2%) <0.0001

Delirium/drug psychoses 63 (6%) 21 (2%) 0.0001
Non-specific 41 (4%) 0 <0.0001

Table 4.2: Hospitalisations or ER visits for acute toxicities

Abbreviations: CTRT, chemoradiation; RT, radiation; PE/DVT, pulmonary embolism/deep vein 

thrombosis; NS: Not statistically significant at p<0.05

Notes: Table shows percentage of patients in each group who had a hospitalisation or ER visit 

within each diagnostic category

Cell counts <11 not shown in accordance with the SEER-Medicare Data Use Agreement
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Outcome

CTRT vs. RT 
Adjusted OR 

(95% Cl) P-value

Any T oxicity 2.29(1.85, 2.82) <0.0001

Oral 1.93(1.51, 2.46) <0.0001
Gastrointestinal 5.32 (3.24, 8.74) <0.0001
Dehydration 2.01 (1.29, 3.12) 0.0021
Haematologic 4.12 (3.16, 5.37) <0.0001
Infection 1.4 (1.10, 1.78) 0.0068
Fever 3.04(1.57, 5.88) 0.001
Acute Renal Failure 2.35(1.50, 3.68) 0.0002
Cardiac 1.07 (0.81, 1.41) NS
PE/DVT 2.94 (1.55, 5.58) 0.001
Other 4.72 (2.78, 8.00) <0.0001

Table 4.3: Likelihood of acute toxicity in patients receiving CTRT vs. RT

Abbreviations: CTRT, chemoradiation; RT, radiation; Gl, gastrointestinal; PE/DVT, pulmonary 

embolism/deep vein thrombosis; Cl, confidence interval; OR, odds ratio; NS: Not statistically 

significant at p<0.05

Notes: Odds ratios adjusted for age, sex, race, median income, urban residence, geographic 

region, marital status, SEER historical stage, Charlson comorbidity index and year of diagnosis. 
Acute toxicity was defined as any hospitalisation or ER visit for a primary or secondary diagnosis 

suggestive of an adverse effect of chemotherapy or RT within 6 months of a patient’s first treatment 

claim
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Outcome
CTRT

(N = 1,062)
RT Only 
(N = 881) P-value

Total N (%) 780 (73%) 418 (47%) <0.0001
Nutritional Support (any use) 559 (53%) 240 (27%) <0.0001
Long-term use

+1 year from initial claim 231 (22%) 81 (9%) <0.0001
+2 years from initial claim 124 (12%) 36 (4%) <0.0001

Post-treatment
Total N (%) 590 (56%) 292 (33%) <0.0001
Nutritional Support (any use) 413(39%) 173 (20%) <0.0001
Long-term use

+1 year from initial claim 176(17%) 60 (7%) <0.0001
+2 years from initial claim 99 (9%) 23 (3%) <0.0001

Table 4.4: Feeding tube use

Abbreviations: CTRT, chemoradiation; RT, radiation therapy

Notes: P-values from unadjusted Fisher’s exact test or chi-square test of association between initial 

treatment modality and complication. Claims for nutritional support identified only patients with a 

post-treatment claim for feeding tube placement
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Figure 4.1: Trends in CTRT use

Abbreviations: CTRT, chemoradiation; RT, radiation therapy

Notes: Figure shows the proportion of all patients in cohort with locally advanced head and neck 

cancer and who received CTRT vs. RT
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•Platinum Alone

•Platinum + Taxane +/- 
Other

•Platinum + Other

•Cetuximab +/- Other

Figure 4.2; Trends in the use of specific chemotherapeutic agents

Notes: Figure shows the proportion of patients in the CTRT group who received various 

chemotherapeutic agents over time
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Figure 4.3: Proportion of patients with hospitalisations or ER visits for acute 

toxicities

Notes: The above figure is a graphical representation of Table 4.2. Differences in numbers of 

CTRT vs. RT only patients experiencing specific toxicities are reported in this table.

Abbreviations: CTRT, chemoradiation; RT, radiation; Gl, gastrointestinal; PE/DVT, pulmonary 

embolism/deep vein thrombosis
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Figure 4.4: Trends in acute toxicities by treatment modality 

Abbreviations: CTRT, chemoradiation; RT, radiation therapy

Notes: Figure shows the proportion of all patients in cohort with locally advanced head and neck 

cancer and who had hospital admissions or ER visits for acute toxicity
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Chapter 5: Costs and Trends in Pancreatic Cancer Treatment

5.1 Abstract
Background: Pancreatic cancer poses a substantial morbidity and mortality burden in the 

US, and predominantly affects older adults. Our objective was to estimate the direct 

medical costs of pancreatic cancer treatment in a population-based cohort of Medicare 

beneficiaries, the contribution of different treatment modalities and health care services to 

the total cost of care and trends in costs over time.

Methods: In the linked SEER-Medicare database, we identified pancreatic cancer 

patients aged 66 or older diagnosed 2000-2007. Total direct medical costs were 

estimated from Medicare payments overall and within categories of care. Costs 

attributable to pancreatic cancer were estimated by subtracting the costs of medical care 

in a matched cohort of cancer-free beneficiaries.

Results: We identified 15,037 patients, of whom 97% were observed from diagnosis until 

death. Mean total direct medical cost was $65,500. Mean total cost was greater for 

patients with resectable locoregional disease ($134,700) than for those with unresectable 

locoregional or distant disease ($65,300 and $49,000, respectively). Hospitalisations and 

cancer-directed procedures collectively accounted for the largest fraction of health care 

costs. The total cost of care appeared to increase slightly over the study period (p=0.05). 

The mean cost attributable to pancreatic cancer was $61,700.

Conclusions: Despite poor prognosis and short survival, the economic burden of 

pancreatic cancer in the elderly is substantial. Demographic trends, greater utilisation of 

targeted therapies and possible implementation of screening strategies are likely to impact 

treatment patterns and costs in the future.
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5.2 Background
Pancreatic cancer is the fourth leading cause of cancer-related mortality in the United 

States.Surgery is the only potentially curative option, but less than 20% of patients are 

candidates for resection.Palliative chemotherapy and radiation therapy produce 

modest improvements in survival, but sustained response rates are low, and attempts to 

improve outcomes in unresectable patients have been only modestly successful.^^®'^^®’^^^

In addition to the morbidity and mortality burden, the costs of treating pancreatic cancer 

are high and increasing.®®' 238-240 cases are diagnosed in patients aged 65

and over.®® Thus in the US, the Medicare programme pays for a substantial fraction of 

costs associated with pancreatic cancer. Prior estimates of the costs of treating 

pancreatic cancer in Medicare beneficiaries have not been reported at a patient level, and 

population level estimates are now outdated. Our objectives were to estimate the direct 

medical costs of pancreatic cancer treatment in older Americans; to evaluate the 

contribution of specific treatment modalities and health care services to the total cost of 

care; and to examine trends in costs over time.

5.3 Methods
Data source

This retrospective, population-based cohort study was conducted using the Surveillance, 

Epidemiology and End Results (SEER)-Medicare linked dataset. The SEER programme, 

sponsored by the National Cancer Institute (NCI), is a consortium of cancer registries in 

selected states and geographic areas covering about 28% of the US population.®® The 

SEER registries collect information on demographic characteristics, site and extent of 

disease, clinical and pathological stage, and first course of cancer directed therapy, with 

active follow-up for date and cause of death. Medicare is the primary health insurer for 

97% of the US population 65 years and older, covering inpatient hospital care (Part A), 

and outpatient care and physician services (Part B). The SEER-Medicare files were used 

in accordance with a NCI and Centres for Medicare and Medicaid Services (CMS) data- 

use agreement, and the study was approved by the institutional review board at Memorial 

Sloan-Kettering Cancer Centre.

Study cohort

We identified Medicare beneficiaries aged 66 years or older with a pathologically 

confirmed primary diagnosis of pancreatic adenocarcinoma {International Classification of 

Diseases for Oncology, Third Edition site codes C25.0-C25.3, C25.7-C25.9), from January 

1, 2000 through December 31, 2007 (see Appendix C). Beneficiaries aged 66 and over 

were included to ensure a full year of Medicare claims prior to diagnosis for identifying
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cotnorbid conditions. We excluded patients with neuroendocrine tumours, tumours in situ 

and those diagnosed only at the time of death. We also excluded individuals who were 

enrolled in a Medicare managed care plan and those who did not have continuous 

coverage with both Parts A and B of Medicare from at least 1 year prior to diagnosis 

through death or end of follow-up, because these beneficiaries would not have complete 

claims for the estimation of comorbidity and identification of treatment.

Cova hates

Demographic characteristics available in SEER included age, race, sex, geographic 

location and marital status. Census tract median income, categorised in quartiles, was 

used as a measure of socioeconomic status, in the absence of individual-level 

information. Clinical covariates included tumour location within the pancreas and SEER 

historic stage. Localised and regional disease were combined as locoregional, but then 

distinguished on the basis of resectability. Patients with locoregional disease who had a 

claim for a surgical procedure with potentially curative intent were classified as resectable, 

and all others were classified as unresectable, consistent with prior studies. 

Comorbidity was estimated using the Charlson comorbidity index, based on Medicare 
claims in the year prior to pancreatic cancer diagnosis.^®®'

Direct medical costs

Costs were defined as the amount reimbursed by Medicare. These were actual payments 

derived from reimbursement formulas that are intended to reflect the average resource 
utilisation for each good and service.^® ®®' ^'*2.243 separate endpoints were estimated: 

direct medical costs, expressed as total and monthly costs, and costs attributable to 

pancreatic cancer, a component of total direct medical costs.

Total direct medical costs were estimated from all Medicare claims between diagnosis and 

death or end of follow-up. Mean monthly costs were total direct medical costs divided by 

the number of months patients were alive. In addition to overall total and mean monthly 

costs, we also estimated total and monthly costs within mutually exclusive categories of 

care. Cancer-directed procedure costs included Medicare payments for pancreatic 

resections and biliary drainage procedures. Chemotherapy and radiation therapy included 

Medicare payments for chemotherapy administration, specific chemotherapeutic agents, 

as well as radiation therapy planning and administration. Inpatient and hospice care costs 

included Medicare payments for all hospitalisations and hospice care, respectively. 

“Other” costs were defined as any additional care reimbursed by Medicare and included 

Medicare payments for outpatient services unrelated to chemotherapy or radiation 

therapy, home health care and durable medical equipment.
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In order to estimate costs attributable to pancreatic cancer, costs in a matched group of 

cancer-free Medicare beneficiaries were subtracted from the costs in the cancer cohort. 

Cancer-free beneficiaries were matched 1:1 by sex, race, year of birth and SEER registry 

to each pancreatic cancer case. The average monthly cost of medical care for each 

cancer-free beneficiary was calculated based on the 12 months of claims in the calendar 

year of their matched case’s cancer diagnosis. This average monthly cost was then 

multiplied by the number of months the matched case was alive. Costs attributable to 

pancreatic cancer were the total costs of care for each case minus his or her matched 

cancer-free beneficiary’s medical care costs over the same survival duration. If more than 

one match was available, a single control was selected at random. Cancer-free matches 

faced the same exclusion criteria as cases with respect to Medicare enrollment and HMO 

participation. In addition, eligible controls were required to live at least as long as their 

matched case.

All costs are reported in 2009 US dollars. We used the Hospital Wage Index and the 

Medicare Economic Index to adjust payments for inpatient and outpatient services, 

respectively, for inflation.We also adjusted for geographic price variability using the 

Acute Inpatient Prospective Payment System Wage Index for inpatient services and the 

Medicare Geographic Practice Cost Index for outpatient services.

Statistical analysis

Mean total direct medical costs and costs by category were estimated for the entire cohort 

by stage at diagnosis. All cost estimates are presented rounded to the nearest $100. 

Survival was estimated using Kaplan-Meier methods.Trends over time were evaluated 

using linear regression models with year of diagnosis as the independent variable and 
costs as the dependent variable.®® For patients whose treatment costs spanned more 

than one calendar year, all costs were assigned to the year of diagnosis.®® Statistical 

analyses were performed using SAS software (version 9.2; SAS Inc., Cary, NC).

5.4 Results
Cohort characteristics

The study cohort included 15,037 patients diagnosed with pancreatic adenocarcinoma 

between 2000 and 2007. Most patients (58%) were diagnosed with distant disease. 

Patients diagnosed with locoregional disease were somewhat more likely to be female 

and to have cancers in the head of the pancreas. Patients with resectable locoregional 

disease were younger, and healthier than those with unresectable locoregional or distant 

disease. They were also more likely to be married, white, reside in urban areas and in 

census tracts with greater median income (Table 5.1).
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For the entire cohort median overall survival was 4.1 months (95% Cl: 4.0, 4.2). Median 

survival was 15.2 months (95% Cl: 14.6, 16.0) for resectable locoregional disease, 5.8 

months (95% Cl: 5.6, 6.0) for unresectable locoregional disease and 2.6 months (95% Cl: 

2.5, 2.7) for distant disease (Figure 5.1). The proportions of patients alive at 1 and 5 

years were 20% and 2.3%, respectively, and less than 3% of patients were alive at the 

end of study period.

Direct medical costs

Average total direct medical costs for the cohort were $65,500 (Standard Deviation (SD) 

$65,400). Total costs were highest for resectable locoregional disease ($134,700, SD 

$90,300) and lowest for distant disease ($49,000, SD $48,800). Costs for unresectable 

locoregional disease were $65,300 (SD $58,100). Mean monthly costs were $22,300 (SD 

$56,100). Patients diagnosed with distant disease incurred the greatest monthly costs, 

($25,300, SD $57,900), followed by resectable, ($19,200, SD $62,800) and unresectable 

locoregional disease ($17,500, SD $48,000).

The relative contribution of each health care service category is presented in Table 5.2. 

Hospitalisations accounted for the largest fraction of health care costs overall and for 

patients with unresectable locoregional and distant disease. For patients with resectable 

locoregional disease, cancer-directed procedures accounted for the largest percentage of 

costs. Hospice care accounted for the smallest percentage of total cost and was lowest 

for resectable locoregional patients. The proportion of costs attributable to chemotherapy 

and radiation therapy was also lowest for resectable locoregional disease while the 

proportion of costs attributable to “other” health care services was consistent across 

stages. Almost all patients received some level of care for their disease (N=14,966, 

99.5%), with 14,903 (99%) patients receiving outpatient care or physician services (see 

Appendix tables 4C and 5C).

Over the study period, mean cost of treating pancreatic cancer appeared to increase, but 

this trend was only marginally significant (parameter estimate $692, 95% Cl -$0.42 to 

$1,384, p=0.05) and mean monthly costs remained unchanged (parameter estimate $- 

315, 95% Cl -737 to $105 p=0.12) (Figures 5.2, 5.3). The costs of “other" health care 

services increased (parameter estimate $1,090, 95% Cl $843 to $1,337, p<0.001), 

primarily due to a rise in costs associated with outpatient care and physician services 

(Figure 5.3). Costs of cancer-directed procedures decreased during the study period 

(parameter estimate -$616, 95% Cl -$854 to -$379, p<0.001). Costs associated with 

chemotherapy and radiation therapy, hospitalisations unrelated to pancreatic cancer 

surgery, and hospice care did not change significantly over the study period.

72



Mean incremental medical costs (costs attributable to pancreatic cancer) were $61,700 

(SD $65,100) (Figure 5.4). The lowest incremental costs were incurred by those with 

distant disease, $46,600 (SD $48,200), and the highest incremental costs were incurred 

by those with resectable locoregional disease, $126,200 (SD $94,900). For unresectable 

locoregional disease, incremental costs were $61,300 (SD: $58,000). Costs of care not 

attributable to pancreatic cancer accounted for about 6% of total costs, and this proportion 

was fairly consistent across stages.

5.5 Discussion
Over a decade ago, investigators noted a paucity of literature on the economics of 

pancreatic cancer, concluding that future studies should take advantage of the 

administrative data from large populations.^®® Since then, few studies have been 

published and most research in this area remains focused on the cost or cost- 

effectiveness of specific interventions.Using a large, population-based dataset, we 

estimated total direct medical costs of over $65,000 per pancreatic cancer patient, and we 

observed a marginal increase in costs over time. Our estimate of the total direct medical 

cost of care for pancreatic cancer patients ranks at the lower end of the range of cost 

estimates reported for other cancers in the Medicare population.^"*® Flowever, survival for 

other cancers, such as breast, prostate, colorectal, bladder and even lung, is typically 

much longer. Considering their limited life expectancy, pancreatic cancer patients incur 

substantial costs in a very short time period.

A prior payer-based study of the economic impact of pancreatic cancer in working-age 

adults found incremental monthly and lifetime costs of $7,279 and $40,233, 

respectively.®®® An analysis conducted from a hospital perspective reported 6 month and 

lifetime costs of $37,327 and $48,803 in patients with a median survival of 7 months.®®® It 

is not surprising that our estimates were higher, as we included all costs reimbursed by 

Medicare and studied exclusively an older population.®'‘°

Within specific categories of care, hospitalisations were a substantial driver of costs. 

These results are consistent with previous studies of pancreatic cancer and

other cancers.®®' ®'*®' ®®® The proportion of costs attributable to inpatient care unrelated to 

cancer-directed procedures was highest for those diagnosed with distant disease, 

possibly due to extensive hospitalisation over a limited time period.*''®'®®®' ®®‘* In addition, 

inpatient costs were relatively stable over time although we did observe an increase in 

costs of outpatient care and physician services. In recent years, across a range of cancer 

types and stages of disease, treatment costs have shifted away from the inpatient setting 

towards outpatient care.®®^
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Not surprisingly, cancer-directed procedure costs were highest for patients with resectable 

locoregional disease and accounted for the largest proportion of costs among this group. 

Prior reports of the underutilisation of surgery in potentially resectable patients, 

accompanied by our finding that white patients and those residing in urban and more 

affluent areas were more likely to have a resection, suggest potentially higher costs if all 

eligible candidates received a resection.Our estimate of costs associated with 

cancer-directed procedures also included the costs of endoscopically-placed biliary and 

enteral stents. In recent years these interventions have emerged as less expensive 

alternatives to palliative surgery for malignant biliary and intestinal obstruction, 

respectively, but a lack of randomisation and variations in research methods have 

impaired cost comparisons.It is possible that because we did not note any 

significant change in the cost of resectable locoregional disease over the study period, a 

trend towards the performance of less costly stenting may be contributing to lower costs 

for cancer-directed procedures.

The proportion of costs attributable to hospice use was lower for patients with resectable 

locoregional disease than for those with unresectable locoregional or distant disease. A 

recent study evaluating end of life care in Medicare beneficiaries dying of pancreatic 

cancer found that patients with locoregional disease who had a surgical resection were 
less likely to enroll in hospice before death and had a lower odds of hospice use.’'*® This 

study also reported that hospice use increased over time, but early enrollment decreased, 

which may explain the consistency in hospice costs we observed over the study period. 

Given the low proportion of overall costs attributable to hospice care, our findings suggest 

an underutilisation of this service among the pancreatic cancer population. It has been 

reported over 40% of patients do not use these services, despite the fact that patients who 

receive early palliative care have been shown to live longer than those who delay

treatment. 148, 185

Chemotherapy and radiation therapy accounted for a greater proportion of costs in 

patients with unresectable locoregional and distant disease compared to those with 

resectable locoregional disease. Recent evidence suggests that patients presenting with 

distant or unresectable locoregional pancreatic cancer are more likely to receive 

chemotherapy in the last month of life compared with patients with resectable locoregional 

disease.Although they accounted for a smaller proportion of total costs, average 

chemotherapy costs were highest in patients with resectable locoregional disease, likely 
due to their use of neoadjuvant and adjuvant chemotherapy.^®^ While there has been a 

steady increase in adjuvant chemotherapy therapy use and a growing interest in
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neoadjuvant therapy for the resected population, we did not observe any significant 

increase in the cost of chemotherapy and radiation therapy over the study period.’'*^'

Several limitations should be noted. First, we defined pancreatic cancer-related costs as 

the difference between total costs among pancreatic cancer patients and a cohort of 

patients who were cancer-free. This approach provides an estimate of the costs 

attributable to pancreatic cancer, but it does not assess which health services were 

specifically related to the disease. Thus, if pancreatic cancer patients are utilizing 

general, non-cancer specific medical care to a greater extent than non-cancer patients, 

costs of pancreatic cancer care may be overestimated. Second, the costs of orally 

administered prescription drugs such as erlotinib were not captured in our analysis, 

because these costs were not covered by Medicare prior to 2007. Erlotinib was approved 

by the FDA in November 2005 for the treatment, in combination with gemcitabine, of 

patients with locally advanced, unresectable or metastatic pancreatic carcinoma. The 

average incremental cost of adding erlotinib to gemcitabine is estimated at $15,194 per 

patient.Thus, our findings likely underestimate the total direct medical costs of care in 

the most contemporary cohorts of newly diagnosed pancreatic cancer patients. Third, our 

findings only apply to older pancreatic cancer patients covered by Medicare. Costs may 
difer in a younger population, who comprise about 30% of all pancreatic cancer patients, 

dua to differences in their age and insurance coverage. Finally, although Medicare 

pa/ment amounts were used to reflect the true resource costs of care, our analysis 

excluded out-of-pocket costs borne directly by patients.

5.6 Conclusions
Oir analysis of this older, population-based cohort suggests that, given the short survival 

time, the economic burden of pancreatic cancer is substantial. Hospital services - 

including cancer-directed procedures and other inpatient care - accounted for the largest 

proportion of costs per patient. Average total costs increased marginally between 2000 

and 2007, perhaps reflecting the minimal progress that has been made in treating this 

disease. Changes in treatment patterns and increasing costs are likely to be more 

suDstantial in the future as a greater understanding of the biology of pancreatic cancer 
leads to the dissemination of novel therapies and screening techniques.^®®' ^®^ Any 

therapeutic advances that can meaningfully extend survival or improve quality of life will 

be hailed as major achievements in this poor-prognosis disease. However, as the total 

economic burden for the treatment of pancreatic cancer increases with the ageing of the 

pooulation, it will be essential to evaluate the value of expensive new therapies in relation 

to ’.heir expected health benefit.

75



All patients
Locoregional

Resectable

Locoregional

Unresectable
Distant

No. Pts % No. Pts % No. Pts % No. Pts % P'Value

Total 15,037 - 2,078 14% 4,234 28% 8,725 58%
Age at diagnosis (years) <0001

66-69 2,576 17% 464 22% 566 13% 1,546 18%
70-74 3,807 25% 629 30% 933 22% 2,245 26%
75-79 4,087 27% 594 29% 1,137 27% 2,356 27%
80-84 2,926 19% 309 15% 914 22% 1,703 20%
85+ 1,641 11% 82 4% 684 16% 875 10%

Gender <.0001
Mate 6,820 45% 889 43% 1,804 43% 4,127 47%
Female 8,217 55% 1,189 57% 2,430 57% 4,598 53%

Race <.0001
White 12,838 85% 1,875 90% 3,550 84% 7,413 85%
Black 1,437 10% 114 5% 438 10% 885 10%
Other

Census tract median 
income

762 5% 89 4% 246 6% 427 5%

<.0001
1st quartile 3.760 25% 403 19% 1,140 27% 2,217 25%
2nd quartile 3,769 25% 499 24% 1,074 25% 2,196 25%
3rd quartile 3,758 25% 541 26% 1,049 25% 2,168 25%
4th quartile 3,750 25% 635 31% 971 23% 2,144 25%

Urban-rural residence <.05
Metro 12,990 86% 1,830 88% 3,625 86% 7,535 86%
Non-Metro 2,047 14% 248 12% 609 14% 1,190 14%
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All patients
Locoregional

Resectable

Locoregional

Unresectable
Distant

No. Pts % No. Pts % No. Pts % No. Pts % P-value

Region <0001
Northeast 3,963 26% 614 30% 1,019 24% 2,330 27%
South 2,605 17% 379 18% 745 18% 1,481 17%
Midwest 2,195 15% 259 12% 620 15% 1,316 15%
West 6,274 42% 826 40% 1,850 44% 3,598 41%

Married <0001
Yes 8,137 54% 1,277 61% 2,143 51% 4,717 54%
No 6,421 43% 741 36% 1,945 46% 3,735 43%
Unknown

Charlson comorbidity 
score

479 3% 60 3% 146 3% 273 3%

<0001
0 7,928 53% 1,184 57% 2,177 51% 4,567 52%
1 4,209 28% 597 29% 1.175 28% 2,437 28%
2+ 2.900 19% 297 14% 882 21% 1,721 20%

Site <0001
Head 7.779 52% 1,558 75% 2,919 69% 3,302 38%
Body/Tail 3,278 22% 280 13% 525 12% 2,473 28%
Duct/Other 3,980 26% 240 12% 790 19% 2,950 34%

Table 5.1: Characteristics of the cohort by pancreatic cancer stage at diagnosis
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Ail Stages Locoregional
Resectable

Locoregional
Unresectable Distant

(N = 15,037) (N = 2,078) (N = 4,234) (N = 8,725)

Mean % Cost Mean % Cost Mean % Cost Mean % Cost

Total Direct Cost $65,500 100% $134,700 100% $65,300 100% $49,000 100%

Procedures $14,700 22% $51,000 38% $12,600 19% $7,000 14%

Chemo / RT $8,700 13% $13,600 10% $9,200 14% $7,300 15%

Inpatient $21,900 33% $34,100 25% $21,600 33% $19,200 39%

Hospice $4,500 7% $4,000 3% $6,300 10% $3,800 8%

other $15,700 24% $32,000 24% $15,600 24% $11,700 24%

Average Monthly Cost $22,300 100% $19,200 100% $17,500 100% $25,300 100%
Procedures $5,100 23% $12,300 64% $4,800 27% $3,600 14%

Chemo / RT $1,400 6% $700 4% $1,100 6% $1,800 7%

Inpatient $10,300 46% $3,000 16% $7,000 40% $13,500 53%

Hospice $1,300 6% $300 2% $1,300 7% $1,500 6%

Other $4,200 19% $2,900 15% $3,300 19% $4,900 19%

Table 5.2: Direct medical costs of care by category and pancreatic cancer stage at diagnosis
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Figure 5.1: Overall survival by stage at diagnosis
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Figure 5.2: Trends in mean total cost by stage at diagnosis

Notes: Costs estimated from Medicare reimbursement for all health services, adjusted for inflation and 

geographic variability. There appeared to be a marginal increase in mean total costs for the overall 

cohort between 2000 and 2007 (p=0.05).
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Figure 5.3: Trends in mean monthly cost by stage at diagnosis

Notes: Costs estimated from Medicare reimbursement for all health services, adjusted for inflation and 

geographic variability. There was no significant change in mean monthly costs overall or by stage at 

diagnosis between 2000 and 2007 (p=0.12).
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Figure 5.4: Trends in mean cost by category 

Abbreviations: Chemo; Chemotherapy; RT: Radiation therapy

Notes: Costs estimated from Medicare reimbursement for health services \within each category, 

adjusted for inflation and geographic variability. “Other” costs increased between 2000 and 2007 

(p<0.001). Procedure costs decreased (p<0.001).
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Figure 5.5: Mean total and incremental costs by stage at diagnosis

Notes: Costs estimated from Medicare reimbursement for health services within each category, 

adjusted for inflation and geographic variability. Non-cancer costs estimated from cancer-free 

Medicare beneficiaries matched 1:1 by sex, race, year of birth and SEER registry to each pancreatic 

cancer case. The average monthly cost of medical care for each cancer-free beneficiary is based on 

the 12 months of claims in the year of diagnosis of their matched case. This average monthly cost was 

then multiplied by the number of months the matched case was alive. Cancer-attributable costs are the 

total costs in pancreatic cancer cases minus total costs in the matched cancer-free cohort over the 

same survival duration.
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Chapter 6: Postoperative Outcomes in Older Patients with 

Resectable Pancreatic Cancer Receiving Preoperative 

Endoscopic Stent Placement or Direct Surgery

6.1 Abstract
Background: While patients with obstructive jaundice caused by pancreatic cancer 

commonly undergo pre-operative biliary drainage (PBD) prior to surgery, reports of its impact 

on postoperative outcomes have been conflicting. Our objectives were to compare 

postoperative outcomes in patients who had a preoperative endoscopic biliary stent (PEBS) 

placed prior to resection with those who proceeded directly to surgery.

Methods: Using the SEER population-based cancer registry linked with Medicare claims, we 

identified pancreatic cancer patients age 66 or older, diagnosed with obstructive jaundice, 

who received a pancreatic resection with or without a PEBS between the years 2000 and 

2007. Outcomes included surgical complications, length of stay, readmission rate and 

mortality within 30 and 90 days of surgery as well as stent-related complications.

Results: We identified 519 patients of whom 71% had a PEBS. The group who did not have 

a PEBS was older and had greater odds of being treated by low-volume surgeons. Adjusting 

for patient and tumour characteristics, there were no differences in the rate of surgical 

complications, readmission rate or mortality rate within 30 and 90 days of surgery. 

Approximately 30% of patients had stent-related complications.

Conclusions: Our results suggest that those who do not undergo PEBS have similar rates of 

postoperative mortality and morbidity to those who do. All patients with obstructive jaundice 

considering resection should be clearly informed about the need to make treatment decisions 

in collaboration with an experienced surgeon and medical team.
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6.2 Background
Pancreatic cancer is the fourth leading cause of cancer-related death in the United States.^ 

Cancer of the head of the pancreas causes biliary obstruction and the only curative option is 

pancreaticoduodenectomy (Whipple’s procedure), a procedure which is technically 

challenging and fraught with a significant risk of morbidity and mortality. As a result,

endoscopic retrograde cholangiopancreatography (ERCP) and biliary stent placement is 

commonly performed to ameliorate cholestasis from biliary obstruction, especially in patients 

where patterns of referral to specialist centres and the time taken to perform exploratory 

investigations can delay surgery.^®® Despite its assimilation into the treatment algorithm in 

many institutions, however, its acceptability into standard practice is the subject of intense 

debate.''®®

Although earlier studies showed promising results, subsequent studies have failed to show 
the advantages of PBD over direct surgery. '®®' ’®®' Some have observed no adverse 

effects on postoperative outcomes, while others have shown an increased incidence of 

wound infections and mortality.^®” '®® A recent meta-analysis found that although the use of a 

PBD increased the rate of postoperative wound infections, there was no overwhelming 
evidence to suggest that it prevented or promoted other complications following surgery.^®® 

The only multicentre trial published to date found that patients undergoing preoperative 

endoscopic biliary stent (PEBS) had a significantly higher complication rate than patients who 

had direct surgery, but this was primarily due to ERCP-related complications. The authors 

failed to demonstrate any significant differences in postoperative complications, mortality or 
length of hospital stay between the treatment groups. ^®°

Certain population-based studies have shown inferior postoperative outcomes in older 

patients undergoing resection, compared to their younger counterparts, but little is known 

about the impact of PBD on this population. Our objectives were to compare

postoperative outcomes in patients, diagnosed with obstructive jaundice, who underwent 

PEBS prior to resection with those who had direct surgery. A secondary objective was to 

examine stent-related complications in the PEBS group.
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6.3 Methods
Data source

The primary data source was Surveillance Epidemiology and End Results (SEER) cancer 

registry program records linked with Medicare claims. SEER is a National Cancer Institute 

(NCI) sponsored, consortium of population-based cancer registries covering approximately 

28% of Americans in selected states and geographic areas.The SEER registries collect 

information regarding site and extent of disease, clinical and pathologic stage, first course of 

cancer-directed therapy and sociodemographic characteristics for all newly diagnosed cancer 

cases, with active follow-up for date and cause of death. Medicare is the primary health 

insurer for 97% of the US population aged 65 years and older and covers inpatient hospital 

care (Part A), as well as outpatient care and physician services (Part B). The SEER- 

Medicare files were used in accordance with a data-use agreement between the NCI and the 

Centers for Medicare and Medicaid Services (CMS). This study was approved by the 

Institutional Review Board at Memorial Sloan-Kettering Cancer Center.

Cohort characteristics

We identified Medicare beneficiaries aged 66 years or older with a pathologically confirmed 

primary diagnosis of locoregional pancreatic adenocarcinoma of the head from January 1, 

2000 through December 31, 2007. We did not include patients aged 65 because we required 

one year prior to diagnosis to estimate comorbidity status from inpatient claims. The cohort 

was limited to patients who had a pancreatic resection and an ICD-9-CM diagnosis code for 

obstruction of the bile duct any time from one year prior to diagnosis through to the date of 

resection (see Appendix D). Patients were further subdivided into two groups; PEBS followed 

by surgery or direct surgery (no PEBS). Patients who underwent any other PBD procedure, 

including bypass surgery or percutaneous drainage, were excluded. We excluded patients 

enrolled in a Medicare managed care plan (HMO) and those who did not have continuous 

Medicare coverage in the year prior to diagnosis through death or end of follow-up. Patients 

were also excluded if they were diagnosed only at the time of death, had a history of another 

malignancy, had metastatic disease at diagnosis or received neoadjuvant chemotherapy.

Outcomes

Postoperative outcomes included 30 and 90 day postoperative complication rate, mortality 

rate, readmission rate and length of hospital stay (LOS). Published literature addressing 

medical and surgical complications, following a pancreatic resection, was reviewed and a list 

of clinically important complications that can be reliably identified from Medicare data were
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assimilated.^'’^' Complications were grouped into cardiovascular, respiratory,

gastrointestinal, infectious and miscellaneous surgical complications and identified from 

institutional and physician claims. Cardiovascular complications included acute myocardial 

infarction (Ml), heart failure, cardiac arrest, cardiogenic shock, cerebrovascular accident and 

venous or pulmonary thromboembolism. Gastrointestinal complications included biliary leak, 

gastric outlet obstruction, delayed gastric emptying, small bowel obstruction, gastritis, 

duodenitis, gastric and duodenal ulceration and gastrointestinal haemorrhage. Respiratory 

complications included respiratory insufficiency, collapse, failure, edema, congestion, and 

arrest. Infectious complications included wound infections, sepsis, bacteremia, pneumonia 

and urinary tract infections. Miscellaneous surgical complications included incisional hernia, 

wound inflammation, rupture and fistula (see Appendix D).

Inpatient mortality and LOS, for the index admission, were identified from the date of death 

and date of inpatient claim for resection in the Medicare enrollment database. Patients who 

did not have a hospital claim for resection but had a physician claim for this procedure were 

excluded from the LOS analysis. We defined a readmitted patient as someone who was 

discharged from an acute care hospital and was subsequently admitted to an acute care 

hospital within 30 and 90 days of the index discharge. Transfers on the day of discharge and 

patients who were re-hospitalised for rehabilitation (DRG 462) were excluded.

Co/ariates

Demographic characteristics included patient age, race, geographic location, marital status 

and residence in a metropolitan versus non-metropolitan county. Median income in the 

census tract of residence was used as a marker of socioeconomic status and categorised in 

quartiles. Disease characteristics included SEER historic stage and year of diagnosis. 

Comorbidity was estimated using a modification of the Charlson comorbidity index based on 

inpatient, outpatient and physician claims in the year prior to pancreatic cancer diagnosis.’®®' 

’®® A validated algorithm was used to determine the presence of diabetes based on Medicare 

claims 2 years prior to resection.Annual surgeon volume was estimated as the number of 

resections performed by the patient's surgeon in the 365 days prior to and including the date 

of :he patient’s resection. Each patient’s surgeon was identified by the Unique Physician 

Identifier Number (UPIN) for the resection claim. Patients whose surgeon could not be 

identified due to a missing UPIN (N=29) were excluded from analysis.®^® Surgeons were 

ranked according to their total volume of claims for resections performed on cohort members 

bet/veen January 2000 and December 2007.®^®
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Statistical analysis

Unadjusted associations between treatment groups and patient characteristics were 

examined using chi-square statistics. Multivariable logistic regression was used to estimate 

the impact of demographic and clinical characteristics on the likelihood of receiving PEBS 

prior to resection vs. no PEBS. Descriptive statistics were used to estimate the frequency of 

postoperative outcomes between the two groups and differences between groups in terms of 

these outcomes were assessed using chi-square statistics. The impact of PEBS on each 

primary outcome, as well as each individual complication within 30 and 90 days of resection, 

was evaluated using multivariable regression models. Logistic regression was performed for 

binary dependent variables and linear regression for continuous dependent variables. All 

analyses were performed in SAS version 9.2 (SAS Institute, Cary, NC).

6.4 Results
Cohort characteristics

We identified 519 patients who had a diagnosis code for obstruction of the bile duct and who 

underwent pancreatic resection between 2000 and 2007 (Table 6.1). Overall 71% (N=368) of 

patients had a PEBS prior to resection and 29% (N=151) proceeded directly to surgery. The 

median time from diagnosis to resection was 17 days (range; 1-110) in the no-PEBS group 

and 41 days (range 8-289) in the PEBS group. The median time from stent to resection was 

23.5 days. Fifty eight percent (N=300) of patients were female, 89% (N=463) were white and 

60% (N=313) were married. Almost 60% (N=307) of patients had a Charlson comorbidity 

score of zero and 35% (N=180) had diabetes.

Controlling for demographic and clinical characteristics, age and surgeon volume were the 

only significant predictors of pre-operative stent placement (p < 0.01) (Table 6.2). Patients 

aged 75-79 had greater odds of PEBS, compared with those aged 66-69, (adjusted OR 2.08, 

95% Cl 1.35-3.21) while those aged 80 and older appeared to have slightly lower odds, 

although this was not significant (adjusted OR 0.64, 95% Cl 0.26-1.04. Patients in the PEBS 

group were almost twice as likely to be treated by a high-volume surgeon compared with 

those who had direct surgery (adjusted OR 1.74, 95% Cl 1.14-2.66).

Postoperative outcomes and stent-related complications

A similar proportion of patients in the PEBS and no-PEBS group experienced one or more 

postoperative complications within 30 and 90 days of resection (30 days: N = 285 (78%) vs. 

120 (80%) and 90 days: N=304 (83%) vs. 127 (84%)) (Table 6.3, Table 6.4). Unadjusted and
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adjusted analyses showed no significant difference in the proportion of patients experiencing 

cardiovascular, gastrointestinal, respiratory or miscellaneous surgical complications (Table 

6.5). The proportion of patients with one or more infectious complications at 30 days was 

slightly higher in no-PEBS group however this difference was not significant in the adjusted 

analysis (adjusted OR 0.93, 95% Cl 0.85-1.01, p=0.08). Unadjusted analyses of specific 

infectious complications showed that a significantly higher proportion of the no-PEBS group 

had sepsis or bacteraemia within 90 days (38 (25%) vs. 91 (17%)), and pneumonia within 30 

days (31 (21%) vs. 44 (12%)) of resection while a marginally greater proportion of the PEBS 

group had cholangitis within 30 days (33 (9%) vs. <11 (<7%)). Adjusting for patient and 

tumour characteristics rendered these differences insignificant.

The median LOS following resection was 12 days in the PEBS group and 15 days in the no- 

PEBS group - 20% shorter in the PEBS group, on average. There was no significant 

difference in the 30 and 90 day readmission rate or the mortality rate.

The proportion of the PEBS group experiencing a stent-related complication within 30 days of 

stent placement was 29.4% (N=108). Almost 14% (N=50) had acute pancreatitis, 11.4% 

(N=42) cholangitis and 10.6% (N=39) had their stent removed or replaced (Table 6.6).

6.5 Discussion
Numerous studies have examined the impact of PBD on postoperative outcomes but reports 

have been conflicting. ^^8 opponents of PBD believe that the procedure leads

to superinfection of the biliary tree with periportal inflammation and cholangitis resulting in 

complications including infections and intra-abdominal abscesses.^®'*’^®®’^^®'^®*’ One particular 

study reported a four-fold increase in operative mortality rate among PBD patients while 

another found that, while mortality did not differ between the groups, PBD prolonged LOS.^®®' 

^®^ In contrast, other studies have failed to find convincing evidence to support or refute the 

performance of the procedure. ^®®'28''.282

Although the majority of resectable patients with malignant obstructive jaundice underwent 

PEBS prior to resection in the current study, we found no significant differences in the 

postoperative complication rate, mortality rate or readmission rate between these patients 

and the no-PEBS group. While we observed some differences in rate of infectious 

complications in favour of the PEBS group, who were younger and more likely to be operated 

on by high-volume surgeons, these differences were not statistically significant when we
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controlled for patient and tumour characteristics. Only LOS, which was shorter among the 

PEBS group, persisted in the adjusted analysis. Other studies, have also failed to show 

significant benefits of direct surgery. For example. Smith and colleagues found that 

preoperative reduction of jaundice, obtained with PEBS, had a favourable effect on early 

post-operative outcomes while Coates and co-workers reported that intensive care unit stay, 

overall LOS, the incidence of infectious complications, the hospital readmission rate, or the 

30 and 90 day mortality rate did not differ significantly between patients who received PEBS 

compared with those who had direct surgery. We found that 30% of the PEBS group
had complications related to PEBS, a finding which is consistent with other studies.^®'*'

The only multicentre randomised controlled trial published to date has reported a significantly 

higher rate of serious complications in the PEBS group compared with patients who had early 

surgery.^®® Interestingly, however, the majority of these complications were related to ERCP 

and differences in post-operative complications, mortality or LOS, while favouring the direct 

surgery group, were not significant. Moreover this study was carried out in the setting of 

general practice with medium volume and high-volume experience, where the entry condition 

was the performance of at least 10 resections per institution per year.

Surgical volume appeared to have a notable effect on our findings. Almost 60% of the no- 

PEBS group had surgery performed by low-volume surgeons compared with 41% of the 

PEBS group. Increased surgical volume has been consistently shown to significantly improve 

postoperative morbidity and mortality for complex surgical procedures, including 

pancreatectomy.^®®' ^®^ In fact, over 50% of Medicare patients in the US undergo 

pancreaticoduodenectomy, at institutions that perform relatively low volumes of this 

procedure, and the associated mortality rates exceed 10%.^^® In light of this, it has been 

recommended that immediate surgery may be the best option only for the minority of patients 

who present with jaundice to high-volume centres and the safest policy for others may be to 

proceed with the relief of jaundice by PEBS and referral to a regional centre for more 
definitive staging and determination of therapeutic options.^®®

Patients aged 80 or older also appeared to be less likely to receive PEBS prior to surgery 

compared with their younger counterparts, although this was only marginally significant. 

Current evidence suggests that elderly patients are less likely to be resected at high-volume 

centres than younger patients. ^®® The reasons for this are unclear but may be due to a lack 

of patient awareness and a reluctance to travel long distances for treatment.^®® It is probable.
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therefore, that older patients are less likely have PEBS and more likely to receive direct 

surgery due to the lack of availability of endoscopists in less well equipped lower volume 

centres in the community.

There were several limitations to this analysis. Firstly, while we were able to control for 

important patient and tumour characteristics, there may have been residual confounding by 

unmeasured factors, such as pre-treatment functional status, other risk factors for 

complications and patient and physician preferences. Moreover, certain physiological 

measurements including bilirubin levels greater than 10-20 mg/dL, jaundice present for more 

than 21 days, serum albumin less than 3 g/dL, hematocrit less than 30%, and blood urea 

nitrogen greater than 30 mg/dL are risk factors for poor outcomes following surgery, but we 
were unable to control for these clinical variables in our analysis.^®” While cholangitis is a 

formal indication for PEBS we could not control for its presence prior to surgery or for the use 
of oral prophylactic antibiotics.^®® An expected delay prior to surgery is also an indication for 

PEBS but we could not control for length of time to resection, which varied greatly between 

patients. Although the optimal duration of PEBS has not been established, recent evidence 

suggests that surgery should be performed within one week for patients who undergo direct 
surgery and 4-6 weeks for those undergoing PEBS.^®°'^®° Secondly, due to coding limitations 

in the database, certain complications, such as pancreatic fistula formation and pancreatic 

leak could not be identified. Moreover, we may have underestimated rates of surgical and 

PEBS-related complications, as Medicare claims are likely to reflect the most serious 

diagnosis - patients who require physician evaluation, a hospital stay or a medical 
procedure.®® Thirdly, we were unable to determine if patient outcomes in the PEBS group 

differed on whether they received plastic or metal stents. While all patients in the recent 

randomised controlled trial underwent placement of plastic stents, in ERCP self-expandable 

metal stents are being increasingly placed due to a reported lower risk of metal stent 

occlusion, thus lowering the risk of postoperative infection.Finally, it is plausible that an 

surgeon that performs a high-volume of operations in young or HMO-covered patients but 

infrequent procedures in the Medicare population could be misclassified in this analysis.^®® 

Moreover, UPIN numbers submitted on Medicare claims do not perfectly capture surgeon- 

specific volume, and this information was missing for 6% of our cohort.^^® This potential for 

misclassification of volume is one reason why our study cannot be used to make inferences 

about the quality of care at any particular institution or by any particular surgeon. 

Furthermore, errors in the coding and assignment of UPlNs may have led us to incorrectly 

identify the operating surgeon for some procedures.^^®
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6.6 Conclusions
Acknowledging the limitations of this study, our results suggest that those who do not 

undergo PEBS have similar rates of postoperative mortality and morbidity to those who do. 

While it may be ideal to avoid PEBS. in light of recent high level scientific evidence, this may 

not be feasible in patients presenting with obstructive jaundice in the rural setting where 

surgical care is not immediately available. Apart from the change in referral pattern that is 

necessary for an early surgery strategy, the difficulty to schedule such a complex operation 

quickly may hinder its introduction in daily practice. When this is not possible, we found 

PEBS to be a logical alternative strategy. All patients should, however, be clearly informed 

about the need to make treatment decisions in collaboration with an experienced surgeon 

and medical team.
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All patients Stent No Stent
P-valueNo. Pts % No. Pts % No. Pts %

Total 519 - 368 - 151 -

Sex NS
Male 219 42% 156 42% 63 42%
Female 300 58% 212 58% 88 58%

Age at diagnosis (years) <0.05
66-69 133 26% 95 26% 38 25%
70-74 164 32% 115 31% 49 32%
75-79 136 26% 108 29% 28 19%
80-84 62 12% 38 10% 24 16%
85+ 24 5% 12 3% 12 8%

Race NS
White 463 89% 334 91% 129 85%
Black 26 5% 16 4% 10 7%
Other 30 6% 18 5% 12 8%

Census tract median income NS
1st quartile 118 23% 81 22% 37 25%
2nd quartile 136 26% 94 26% 42 28%
3rd quartile 133 26% 103 28% 30 20%
4th quartile 132 25% 90 24% 42 28%

U'ban-rural residence NS
Metropolitan 452 87% 321 87% 131 87%
Non-Metropolitan 67 13% 47 13% 20 13%

Region NS
Northeast 145 28% 105 29% 40 26%
South 88 17% 61 17% 27 18%
Midwest 56 11% 36 10% 20 13%
West 230 44% 166 45% 64 42%

Married NS
Yes 313 60% 229 62% 84 56%
No 193 37% 131 36% 62 41%
Unknown 13 3% <11 2% <11 3%

S:age NS
Local 64 12% 44 12% 20 13%
Regional 455 88% 324 88% 131 87%
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All patients Stent No Stent
P-valueNo. Pts % No. Pts % No. Pts %

Charlson comorbidity score NS
0 307 59% 221 60% 86 57%
1 137 26% 98 27% 39 26%
2+ 75 14% 49 13% 26 17%

Diabetes NS
Yes 180 35% 130 35% 50 33%
No 339 65% 238 65% 101 67%

Surgeon volume* <0.01
Low (<2) 224 46% 142 41% 82 58%
Medium (2-4) 183 37% 139 40% 44 31%
High (>4) 83 17% 67 19% 16 11%

Year of diagnosis NS
2000 50 10% 35 10% 15 10%
2001 56 11% 38 10% 18 12%
2002 64 12% 45 12% 20 13%
2003 68 13% 52 14% 16 11%
2004 75 14% 55 15% 20 13%
2005 65 13% 48 13% 17 11%
2006 59 11% 36 10% 23 15%
2007 81 16% 59 16% 22 15%

Table 6.1: Characteristics of cohort

Notes: *Of N = 490 with UPIN

Cell counts <11 not shown in accordance with the SEER-Medicare Data Use Agreement
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Characteristic
Adjusted OR 

(95% Cl) P-value
Age at diagnosis <0.01

66-69 Reference
70-74 1.15(0.79- 1.66)
75-79 2.08(1.35-3.21)
80-84 0.64 (0.39- 1.04)
85+ 0.55(0.26- 1.13)

Sex NS
Male Reference
Female 1.05 (0.84- 1.30)

Race NS
White Reference
Black 0.92 (0.47- 1.80)
Other 0.72 (0.38- 1.36)

Census tract median income NS
1st quartile Reference
2nd quartile 1.00 (0.70- 1.42)
3rd quartile 1.43 (0.97-2.12)
4th quartile 0.78 (0.54- 1.12)

Urban-rural residence NS
Metro Reference
Non-metropolitan 0.99 (0.70- 1.40)

Region NS
Northeast Reference
South 0.98 (0.63- 1.52)
Midwest 0.92 (0.54- 1.54)
West 1.16 (0.83- 1.62)

Married NS
Yes Reference
No 1.20 (0.75- 1.93)
Unknown 0.64 (0.28 - 1.44)

Stage NS
Local Reference
Regional 0.97 (0.70- 1.33)

Charlson comorbidity score NS
0 Reference
1 1.05 (0.74- 1.49)
2+ 0.79 (0.53- 1.18)

Diabetes NS
Yes Reference
No 0.89 (0.67- 1.17)
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Characteristic
Adjusted OR 

(95% Cl) P-value

Surgeon volume <0.01
Low (<2) Reference
Medium (2-4) 1.02 (0.74- 1.41)
High (>4) 1.74(1.14-2.66)

Year of Diagnosis 0.97 (0.88- 1.07) NS

Table 6.2: Multivariable analysis - predictors of stent receipt

Abbreviations; OR, odds ratio; Cl, confidence interval

Notes: Patients with missing UPIN (n=29) were excluded from analysis.

Reference = No stent
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Outcome
30 days 90 days

Stent 
(N = 368)

No Stent 
(N = 151) p-value

Stent 
(N = 368)

No Stent 
(N = 151) P-value

All cause mortality, N (%) 13(3.5%) 11 (7.3%) 0.06 33 (9.0%) 19(12.6%) NS

Complications, N (%)
Any Complication 285 (77.5%) 120 (79.5%) NS 304 (82.6%) 127 (84.1%) NS

Cardiac, vascular 84 (22.8%) 42 (27.8%) NS 103 (28.0%) 49 (32.5%) NS
Gastrointestinal 136 (37.0%) 61 (40.4%) NS 158 (42.9%) 65 (43.0%) NS
Respiratory 161 (43.8%) 79 (52.3%) NS 172 (46.7%) 81 (53.6%) NS
Miscellaneous Surgical 49(13.3%) 25 (16.6%) NS 55 (14.9%) 29 (19.2%) NS
Infectious 143 (38.9%) 73 (48.3%) 0.047 168 (45.6%) 83 (55.0%) 0.0538

Sepsis/Bacteraemia 49(13.3%) 30 (19.9%) 0.059 61 (16.6%) 38 (25.2%) 0.02
Cholangitis 33 (9.0%) <11 (<7.3%) 0.05 34 (9.2%) <11 (<7.3%) NS
Pneumonia 44(12.0%) 31 (20.5%) 0.01 61 (16.6%) 31 (20.5%) NS
UTI 45(12.2%) 23(15.2%) NS 63(17.1%) 35 (23.2%) NS
Wound 18(4.9%) <11 (<7.3%) NS 26 (7.1%) <11 (<7.3%) NS
Other infectious 33 (9.0%) 14 (9.3%) NS 38 (10.3%) 18(11.9%) NS

Length of hospital stay, days
Mean (SD) 14.8(10.3) 19.2(13.1) <0.0001
Median (range) 12(1 -90) 15(6-78) <0.001

Readmissions, N(%)* 44(12.4%) 23 (16.7%) NS 97 (27.4%) 44(31.9%) NS

Table 6.3: Postoperative outcomes

Notes: Cell counts <11 not shown in accordance with the SEER-Medicare Data Use Agreement.
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Outcome
Stent vs. No Stent

Adjusted* OR (95% Cl) P-value
Length of hospital stay* -0.19 (-0.30, -0.09) <0.001
Readmission, 30 days** 0.94 (0.87, 1.00) 0.06
Readmission, 90 days** 0.95 (0.87, 1.04) 0.29
Mortality from any cause, 30 day 0.98 (0.93, 1.02) 0.29
Mortality from any cause, 90 day 0.98 (0.92, 1.04) 0.46
Complications (any), 30 days 0.99 (0.91, 1.07) 0.75
Complications (any), 90 days 1.00 (0.93, 1.07) 0.99

Table 6.4: Impact of treatment on outcomes 

Abbreviations: OR: Odds Ratio

Notes: Odds ratios adjusted for age, sex, race, median income, urban residence, geographic region, 

marital status, SEER historical stage, Charlson comorbidity index, history of diabetes, year of 

diagnosis, and surgeon volume

* A parameter estimate, not an odds ratio. Denotes change in the ratio of expected mean length of 

stay for Stent vs No Stent

** Excludes those that died in-hospital for index admission
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Outcome

Stent vs. No Stent 
Adjusted OR 

(95% Cl) P-value
30 day complications

Cardiovascular 0.96 (0.88, 1.04) 0.33
Gastrointestinal 1.00 (0.91, 1.10) 0.98
Respiratory 0.93 (0.85, 1.02) 0.12
Infectious 0.93 (0.85, 1.01) 0.08
Miscellaneous surgical 0.99 (0.92, 1.06) 0.75

90 day complications
Cardiovascular 0.98 (0.89, 1.07) 0.60
Gastrointestinal 1.04 (0.94, 1.15) 0.43
Respiratory 0.94 (0.86, 1.03) 0.21
Infectious 0.94 (0.86, 1.03) 0.20
Miscellaneous surgical 0.97 (0.90, 1.05) 0.46

Table 6.5: Impact of treatment on postoperative complications 

AbDreviations: OR: Odds Ratio

Notes: Odds ratios adjusted for age, sex, race, median income, urban residence, geographic region, 

marital status, SEER historical stage, Charlson comorbidity index, history of diabetes, year of 

diagnosis, and surgeon volume
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Complications PBD (N = 368)
30 days Post-Stent From Stent to Resection

Any, N (%) 108 (29.4%) 116(31.5%)
Haemorrhage <11 (<3.3%) <11 (<3.3%)
Acute Pancreatitis 50(13.6%) 52(14.1%)
Cholangitis
Mechanical problems with 
internal prosthetic device

42 (11.4%) 45(12.2%)

including occlusion <11 (<3.3%) <11 (<3.3%)
Removal and exchange 39 (10.6%) 49(13.3%)

Table 6.6: Stent-related complications

Notes: If date of resection prior to 30 days then truncate at date prior to resection 

Cell counts <11 not shown in accordance with the SEER-Medicare Data Use Agreement
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Chapter 7: Hospitalisations and Emergency Care in Advanced 

Cancer Patients Receiving Chemotherapy

7.1 Abstract
Background: In patients receiving chemotherapy for advanced cancer, toxicity-related 

hospitalisations and emergency room (ER) visits may reduce the quality of an already limited 

life expectancy, particularly in the face of modest or variable expected benefit.

Methods: In the population-based SEER-Medicare dataset, we identified patients 66 years or 

older with metastatic cancer diagnosed 2000-2007. Chemotherapy recipients were pair- 

matched to non-recipients by age, sex, race, geographic region, comorbidity and survival. 

We estimated the impact of chemotherapy on toxicity-related and any-cause hospitalisations 

by cancer site.

Results: Of 16,159 patients who received chemotherapy for metastatic cancer, 89% had any 

hospitalisation and 80% had any ER visit. Among their matched peers who did not receive 

chemotherapy, rates of hospitalisation and ER visit were 81% and 69%, respectively. 

Controlling for patient and disease characteristics, chemotherapy was associated with a 

significantly increased risk of toxicity-related hospitalisation among those with breast, 

prostate, colorectal, oesophageal, pancreatic, stomach, ovarian, small cell and non-small cell 

lung cancers (adjusted odds ratios from 1.31 (95% Cl 1.09-1.58) in prostate cancer to 2.93 

(95% Cl 2.56 - 3.36) in small-cell lung cancer) and similarly increased risks of toxicity-related 

ER visit in those with breast, colorectal, oesophageal, pancreatic, stomach, ovarian, small cell 

and non-small cell lung cancers.

Conclusions: Hospitalisations and ER visits are common in patients with incurable advanced 

malignancies, and more likely among those who receive chemotherapy. Understanding 

common reasons for these events may help reduce adverse effects of chemotherapy for 

metastatic cancer, and help patients and their families make informed treatment decisions.
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7.2 Background
In the US half of all men and one-third of women develop cancer, and many are diagnosed 

with or develop metastatic disease.®'* Between 35% and 70% of patients with oesophageal, 

stomach, pancreatic, ovarian and non-small cell lung cancer (NSCLC) have metastases at 

initial diagnosis.*®'* About one-fourth of patients with colorectal cancer (CRC) present with 

metastases, but over half of all CRC patients will eventually die of metastatic disease.*®'*' *^'*' 

*^® Although a much smaller proportion of breast cancer patients are diagnosed with 

metastatic disease, 20-85% of cases initially treated with curative intent will develop distant 

metastases within five years depending on initial stage, tumour biology and treatment.*®'*' *^^'
294

Chemotherapy is the primary treatment for most patients with metastatic cancer, but 

prognosis varies depending on the type of cancer, the effectiveness of therapy, and the
pQC

patient’s overall health and functional status. Except in rare cases, however, patients with 

metastatic disease will not be cured. Thus, the role of chemotherapy is in providing symptom 

control, preventing complications, prolonging life, and improving quality of life.

Despite scientific advances, improvements in disease control in patients with metastatic 

cancer are typically evaluated in weeks or months rather than years, and drug efficacy, 

measured by tumour response or disease progression, does not always translate into an 

improvement in survival or quality of life. In many settings, especially late lines of therapy 

for most cancers, there may be little or no evidence of benefit from chemotherapy. Yet all 

drugs and regimens bear some level of toxicity and detriment to quality of life.^^^' 

Furthermore, while palliative chemotherapy is a reasonable treatment choice for many 

patients, the majority have inaccurate expectations about its curative potential, compromising

their ability to make informed treatment decisions consistent with their preferences.297

Recent studies have reported substantial and increasing chemotherapy use near the end of 

life, but less attention has been paid to the burden of treatment in terms of its adverse 

effects.And studies that have taken a retrospective approach, evaluating treatment 

received by decedents, may yield a biased portrait of terminal care and its outcomes. Our 

objective was to estimate the impact of systemic chemotherapy on the risk of hospitalisations 

and ER visits in patients with metastatic cancer.
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7.3 Methods
Data

We used Surveillance Epidemiology and End Results (SEER) cancer registry data linked with 

Medicare claims. SEER is a consortium of population-based cancer registries, sponsored by 

the National Cancer Institute (NCI), covering almost 30% of Americans. For all incident 

cancers, the SEER registries collect information regarding site and extent of disease, 

sociodemographic characteristics and first course of cancer-directed therapy, with active 

follow-up for date and cause of death. Medicare is the primary health insurer for 97% of the 

US population aged 65 years and older, covering inpatient hospital care, outpatient care and 

physician services, and since 2006, outpatient prescription medications. The SEER- 

Medicare files were used in accordance with a data use agreement from the NCI. This study 

was deemed exempt by the IRB at Memorial Sloan-Kettering Cancer Centre.

Study cohort

We identified Medicare beneficiaries aged 66 years or older with a primary diagnosis of 

metastatic breast, colorectal, ovarian, bladder, lung, pancreas, oesophageal, stomach, or 

prostate cancer diagnosed between January 1, 2000 and December 31, 2007. Identification 

of metastatic disease was based on disease information collected in SEER (see Appendix E). 

For cases diagnosed before 2004, we used the Extension of Disease (EOD10) variable 

describing site-specific extent of disease, and for cases diagnosed in 2004 or later we used 

the site-specific collaborative staging system variable describing presence of distant 

metastases. If this information was not available, we used information about the presence of 

metastasis from the variable indicating American Joint Committee on Cancer (AJCC) stage. 

We excluded patients enrolled in a Medicare managed care plan and those who did not have 

continuous Medicare coverage from one year prior to diagnosis through death or end of 

follow-up, because the dataset does not have complete claims for these beneficiaries. 

Patients who were diagnosed only at the time of death or had a history of another malignancy 

were also excluded.

In order to investigate the impact of systemic chemotherapy on the use of inpatient and 

emergency services, the population of eligible patients was divided into two cohorts; those 

who received systemic chemotherapy (cases) and those who did not (controls). Receipt of 

chemotherapy was identified in Medicare claims from the date of cancer diagnosis through 

the date of death or end of follow-up. Controls were matched to cases on an individual basis
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by age (± 5 years at diagnosis), sex, race (white, black or other), comorbidity index score (0, 

1, 2+), geographic region (West, Midwest, South or Northeast), and duration of survival.

We further categorised the cancers according to a framework developed by Mclilmurray et al. 

(2005) and also in consultation with a clinical advisory panel.^®®

1. Cancers in which survival may be prolonged by chemotherapy in patients with 

advanced cancer

2. Cancers that may respond to chemotherapy for advanced disease with little effect on 

survival but with possible quality-of-life benefits

Patients in Group 1, those with advanced cancers in which survival may be prolonged by 

chemotherapy in patients with advanced disease - breast, bladder, colorectal, ovarian, and 

small cell lung cancer (SCLC) - were matched to controls within ± 3 months survival duration. 

Patients in Group 2, those with advanced cancers that may respond to chemotherapy with 

little effect on survival but with possible quality of life benefits - pancreatic, oesophageal, 

stomach, non-small cell lung cancer (NSCLC) and prostate cancer - were matched to 

controls within ±1 month survival duration. The subdivision of cancers, based on site, was 

determined from Medicare claims and information about date and cause of death were 

available through December 31, 2009.

Outcomes

Primary endpoints were hospital admissions and ER visits, identified in Medicare inpatient 

and outpatient claims from date of cancer diagnosis to death or end of follow-up. In cases 

where an ER visit resulted in an inpatient admission, each endpoint was treated as a unique 

event. We also identified the subset of admissions and visits associated with a primary or 

secondary diagnosis code suggestive of an adverse effect of chemotherapy. These 

diagnoses included haematologic complications, gastrointestinal complications, dehydration, 

deep venous thrombosis or pulmonary embolus, infection or fever, malnutrition/failure to 

thrive, cardiac complications and constitutional symptoms (delirium, drug psychoses and 
malaise/fatigue).®'*'^"®’^^®
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Covariates

In addition to the characteristics used for matching within cancer site (age, sex, race, 

geographic region, survival duration), we also examined marital status and urban or rural 

residence. Median income in the census tract of residence, classified in quartiles, was used 

as a marker of socioeconomic status. Disease characteristics included clinical tumour stage, 

lymph node involvement and year of diagnosis. Comorbidity was estimated using a 

modification of the Charlson comorbidity index based on inpatient, outpatient and physician 

claims in the year prior to cancer diagnosis.

Statistical analysis

Unadjusted associations between receipt of chemotherapy and unmatched characteristics 

were examined using chi-square statistics. Differences between matched cohorts in the 

frequency of hospital admissions and ER visits were evaluated for all hospitalisations and ER 

visits and for the subset of toxicity-related events. We estimated unadjusted relative risks for 

toxicity-related events, and compared rates using McNemar’s test for matched pairs.

The impact of chemotherapy on toxicity-related and any-cause hospitalisations and ER visits 

was estimated in separate multivariable logistic regression models for each endpoint and 

cancer site, after finding in preliminary analysis with Cox regression that the proportional 

hazards assumptions was violated in many instances, and observing that all but 3% of 

patients died during the period of available follow-up. Logistic regression models accounted 

for the matched pairs design and included unmatched demographic and disease 

characteristics as covariates. All analyses were performed in SAS version 9.2 (SAS Institute, 

Cary, NC).

7.4 Results
Cohort characteristics

We identified 33,203 patients who received chemotherapy for a metastatic cancer diagnosis, 

of whom 49% (N=16,159) were matched to a patient with the same diagnosis who did not 

receive chemotherapy. The rate of successful matching varied from 27% (N=1,050) of 

patients with prostate cancer to 55% of patients with pancreatic cancer (N=2,172). 

Distributions of age, sex, race and comorbidity were similar between chemotherapy recipients 

who were successfully matched and those who were not. Within each matched pair, survival 

duration was matched within the specified parameter (±1 month or ±3 months). Survival was
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about 1 month greater on average in patients who received chemotherapy compared with 

those who did not.

Lung cancer accounted for the greatest proportion of cases (46%, NSCLC and SCL 

combined, N=7,464), followed by CRC (19%, N=3,075) and pancreatic cancer (13%, 

N=2,172) (Table 7.1). Just over half of patients were male (N=8,422), 88% (N=14,223) were 

white, and 60% (N=9,602) had a Charlson comorbidity score of zero. Thirty-eight percent 

(N=6,103) of chemotherapy recipients also received radiotherapy, compared with 24% 

(N=3,190) of those who did not receive chemotherapy. The chemotherapy cohort included a 

greater proportion of patients who were married, resided in urban areas, and lived in higher 

income census tracts.

Hospitalisations and ER visits

Eighty-nine percent (N=14,382) of chemotherapy recipients had at least one hospital 

admission for any cause, compared with 81% (N=13,178) of matched non-recipients (Figure 

7.1). Almost half (N=7,918) of the chemotherapy cohort had a toxicity-related hospitalisation 

compared with 33% (N=5,332) of their matched peers (p<0.0001). Eighty percent (N=12,927) 

of patients who received chemotherapy had an ER visit for any reason compared with 69% 

(N=11,150) who did not. For both hospitalisations and ER visits, non-toxicity related events 

were more likely among patients who did not receive chemotherapy.

The proportion of patients with toxicity-related hospitalisations and ER visits and the 

unadjusted relative risk associated with chemotherapy varied by cancer site (Table 7.2). The 

largest differences between patients who did and did not receive chemotherapy were seen in 

SCLC for toxicity-related hospitalisations (54% vs. 29%, relative risk 1.86) and ER visits (47% 

vs. 25%, relative risk 1.88). In bladder cancer patients there was almost no difference in ER 

visits by receipt of chemotherapy (35% vs. 37%, relative risk 0.95).

Among specific causes of toxicity-related hospitalisations and ER visits, some diagnoses 

were more common among chemotherapy recipients than their matched peers (Figure 7.2). 

Chemotherapy recipients had higher rates of hospitalisation and ER visits for infection or 

fever, dehydration, haematologic complications, and PE or DVT. Hospitalisations and ER 

visits for gastrointestinal complications, malnutrition, cardiac complications or constitutional 

symptoms were somewhat greater in chemotherapy recipients, although the differences were 

modest.
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In nearly all of the cancers examined, chemotherapy recipients had a greater risk of 

hospitalisation - for likely treatment toxicities and for any cause - than those who did not, 

accounting for the matched-pairs design and controlling for additional characteristics (Table 

7.3). The adjusted impact of chemotherapy on risk of toxicity-related hospitalisation was 

greatest among patients with SCLC (adjusted odds ratio 2.93, 95% Cl 2.56 - 3.36, p<0.0001). 

The impact on hospitalisation for any cause was greatest in patients with oesophageal cancer 

(adjusted OR 5.55, 95% Cl 1.99 - 15.47, p<0.01). With a few exceptions, chemotherapy 

significantly increased the risk of ER visits, toxicity-related and for any cause.

7.5 Discussion
Chemotherapy frequently results in improvements in quality of life, symptom control as well 

as survival benefits and occasional long-term remissions in patients with metastatic cancer. 

However, despite advances in tumour profiling and drug development, metastatic cancer still 

accounts for 90% of cancer-related deaths and many new drugs are associated with both 

adverse effects and high costs.Thus, for patients with metastatic disease, the 

expected benefits of chemotherapy must be weighed against the possibility of treatment- 

related toxicities.^®®' In our analysis of a population-based cohort of older patients with 

advanced cancer, chemotherapy increased the risk of hospitalisations and ER visits, and a 

considerable proportion of these events were attributable to diagnoses suggestive of 

chemotherapy-related toxicities.

This study is one of a small number of studies to characterise the risks associated with 

chemotherapy in a community-based setting. In a previous study of insurance claims of 

young women with non-metastatic breast cancer, 16% of chemotherapy recipients had 

chemotherapy-related hospital admissions or ER visits compared with 5% of non- 

recipients.^^® Another study of 2,000 community cancer centre patients reported that 

hospitalisations occurred in 9% of chemotherapy recipients and accounted for approximately 

one quarter of all hospitalisations.®®^ In our study, approximately half of all chemotherapy 

recipients diagnosed with metastatic cancer were admitted to hospital and 44% had an ER 

visit for one or more chemotherapy-related toxicities, compared with 33% and 29% of patients 

who did not receive chemotherapy, respectively. One explanation for the higher rate of 

admissions observed in the current study may be due, in part, to the disease stage and age 

of our cohort, who may have had low marrow reserve and poor baseline performance status. 

In fact, this was noted by Kryzanowska and co-workers in their single institutional study
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where half of all patients admitted with a toxicity were receiving treatment with palliative 

intent.^°^ Additionally, in an analysis of toxicities in Medicare beneficiaries with breast cancer, 

Du and colleagues found that the hospitalisation rates for adverse effects increased 

significantly with tumour stage and comorbidity scores.®'* Moreover, advanced tumour stage 

was a significant predictor of death during hospitalisation for toxicity-associated diagnoses. 

Interestingly, in all the aforementioned studies, infection, fever and haematological 

complications were also the most common reasons for admissions and ER use.

Although some amount of chemotherapy-related hospital care is probably unavoidable, these 

events may be occurring more frequently than they should.One prior study found that 

about one-third of hospital admissions in patients receiving chemotherapy were treatment- 

related, and almost half of these patients were receiving treatment with palliative, as opposed 

to curative, intent.®®^ Furthermore, chemotherapy administration in the last two weeks of life 

is increasing.^®®' ^®''' *®® As a result, patients are referred to hospice care only in the last days 

of life as a means of managing death, rather than a means of symptom palliation in the later 

months of advanced disease.*®®' ®°® In-hospital death and an intensive care unit stay in the 

last week of life are two of the most important determinants of poor patient quality of life, and 

attempts by physicians to prevent unnecessary hospitalisations can enable patients to live 

their last days in the best possible comfort.®®® In spite of this, approximately 30% of terminally 

ill cancer patients die in the hospital, and 9% receive intensive care.®°^

Some admissions and ER visits may reflect a failure to adequately manage common 

problems with prophylactic interventions and efficient outpatient care.®'®®®'®°® ®*° Our analysis 

showed that infection and fever, dehydration, and haematological complications were the 

most common chemotherapy-related diagnoses resulting in hospitalisations and ER visits. 

Neutropenic fever is potentially avoidable with evidence-based use of growth factors for 

patients receiving myelosuppressive chemotherapy regimens.®*^ In addition, certain patients 

with infection and neutropenia can be managed with close observation and oral antibiotics in 

the outpatient setting, thereby incurring substantially lower costs and reducing their risk of 

hospital-acquired infection.®®®' ®®®' One study found that outpatient antibiotic therapy

was preferred by 75% of patients with cancer, although a proportion of those preferred 

intravenous therapy, at least initially.®*® In a randomised study comparing inpatient and 

outpatient intravenous antibiotic therapy for fever and neutropenia, quality of life indicators 

were similar between the treatment arms.®*'* Regarding dehydration, while patients nearly 

always receive parenteral hydration in acute care facilities and almost never in hospice care, 

there is little scientific evidence to support either approach.®*® A recent randomised controlled
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trial did not find parenteral hydration superior to placebo in improving symptoms associated 

with dehydration, quality of life, or survival in terminally ill cancer patients.Both groups 

demonstrated significant improvements in before-and-after comparison and similar levels of 

perceived overall benefit. The authors suggest that the potential dramatic effect of nursing 

interventions may be circumvented by training family members to administer fluids.

In many advanced cancers the expected benefits of chemotherapy are non-trivial and well 

established, and we would not dissuade patients from treatment when evidence supports a 

likely and meaningful improvement in length or quality of life. However, the less sensitive a 

cancer is to chemotherapy, the greater the consideration needed when making treatment 

decisions.^®® Compared with the other tumour types we evaluated, advanced NSCLC and 

metastatic cancers of the stomach, oesophagus, pancreas and prostate are generally less 

sensitive to chemotherapy. We found, however, that chemotherapy doubled or almost

doubled the risk of toxicity-related hospitalisation for patients with NSCLC or cancer of the 

stomach or oesophagus. Given the limited expected benefit of chemotherapy in these 

cancers, it is not clear how many patients would choose chemotherapy if they understood the 

likely toxicities and resulting detriment to the quality of their already reduced life expectancy.

The point at which the risks of chemotherapy exceed the benefits is highly subjective and 

often unknown. As disease progresses, in spite of palliative chemotherapy, the risk increases 

that survival improvements and symptom relief may be marginal and that the harmful effects 

may dominate. For second- and third-line therapies, the likelihood that treatment-related 
toxicity exceeds benefit is even greater.®^® For physicians, expert recommendations provide 

little clear or evidence-based guidance about when to stop offering or administering 

chemotherapy. For example, the National Comprehensive Cancer Network (NCCN) cancer 

treatment guidelines recommend multiple lines of cancer-directed therapy for patients with 

tumours of limited survival times, despite a paucity of high-quality evidence supporting a 

meaningful benefit in terms of survival or quality of life.®^^ In contrast, 40% of breast cancer 

patients will have some disease control from fourth-line chemotherapy for up to 4 months 

even if survival is not extended. ®^® Regardless of cancer type, changing the focus of 

conversation from deciding which drug in the chemotherapy arsenal to try next for cancer 

control to considering best supportive care and preserving the highest possible level of quality 
of life can be especially challenging for clinicians.®^®
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Given the shifting and subjective nature of the trade-off between benefits and harms of 

chemotherapy in advanced cancer, individualisation of treatment and early palliative care 

may be an effective approach for not only improving quality of life but also possibly extending 

survival.^®®' The survival benefit found in a recent randomized trial of this approach among 

lung cancer patients was unexpected, but plausible.^®® Early palliative care enhances the 

management of adverse effects, allowing patients to receive more regimens of 

chemotherapy. The integrated model of care may also facilitate cessation of anticancer 

therapy at the end of life when the side effects of aggressive treatment exceed the possible 
benefits.®®®

There are several limitations to our analysis. Chemotherapy recipients were matched to non

recipients by key demographic and health characteristics, including survival, and we were 

able to control for other important patient and disease characteristics. However, there may 

have been residual confounding by unmeasured factors, such as pre-treatment functional 

status, other risk factors for treatment-related adverse effects, and patient and physician 

preferences.®®® Consequently, the degree to which unidentified factors inherently distinguish 

patients who are candidates for chemotherapy from those who are not may have biased our 

estimates. Secondly, although Medicare claims can be used to identify receipt of 

chemotherapy, we could not reliably distinguish single agents, regimens or dosages that were 

appropriate and potentially beneficial at the time they were administered from those which 

were not. Moreover, we could not reliably identify distinct, successive lines of therapy. Nor 

could we identify patients who received integrated early palliative care. We identified only 

treatment-related complications severe enough to warrant a hospital admission or ER visit, 
and thus we may have underestimated the incidence of some toxicities.®®® Similarly, certain 

patients may have experienced complications severe enough to warrant an admission or ER 

visit but may have decided against hospital care or had access to adequate support services 

outside of the hospital setting. And finally, while the complications we identified are likely 

associated with physical function, social function and quality of life, we were not able to 

assess these important endpoints directly.

7.6 Conclusions
Patients with incurable advanced malignancies are at high risk of hospitalisation and ER use, 

of which a non-negligible proportion is likely attributable to adverse effects of chemotherapy. 

Infection, fever, dehydration and haematologic complications constitute a large proportion of 

these events, some of which may be preventable through evidence-based patient
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management, prophylactic interventions and efficient outpatient care. Understanding the 

common reasons for admissions and ER visits and developing toxicity management 

programs and educational resources for patients and their families may help minimize 

adverse effects and reduce hospitalisations and ER visits in this population with limited life 

expectancy. Furthermore, the integration of early palliative care into the treatment pathway of 

patients with advanced cancer is essential in mitigating futile personal and societal costs.
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Chemotherapy
No. Pts %

No Chemotherapy
No. Pts % P-value

Total N 16,159 - 16,159 -
Site

Bladder 137 1% 137 1%
Breast 948 6% 948 6%
Colorectal 3,075 19% 3,075 19%
Oesophageal 201 1% 201 1%
Non-small cell lung 5,087 31% 5,087 31%
Ovary 491 3% 491 3%
Pancreas 2,172 13% 2,172 13%
Prostate 1,050 6% 1,050 6%
Small cell lung 2,377 15% 2,377 15%
Stomach 621 4% 621 4%

Age at diagnosis
66-69 3,113 19% 2,554 16%

<0,0001

70-74 4,444 28% 3,979 25%
75-79 4,551 28% 4,277 26%
80-84 2,842 18% 3,482 22%
85+ 1,209 7% 1,867 12%

Sex
Male 8,422 52% 8,422 52%
Female 7,737 48% 7,737 48%

Race
White 14,223 88% 14,223 88%
Black 1,084 7% 1,084 7%
Other 852 5% 852 5%

Census tract median income
1st quartile 3,504 22% 4,170 26%

<0.0001

2nd quartile 3,943 24% 4,145 26%
3rd quartile 4,143 26% 4,034 25%
4th quartile 4,528 28% 3,728 23%
Unknown 41 0% 82 1%

Urban-rural residence
Metropolitan 13,748 85% 13,350 83%

<0.0001

Non-metropolitan 2,411 15% 2,809 17%
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Chemotherapy

No. Pts %

No Chemotherapy

No. Pts % P-value

Region

Northeast 4,012 25% 4,012 25%

South 3,143 19% 3,143 19%

Midwest 2,216 14% 2,216 14%

West 6,788 42% 6,788 42%

Married

Yes 9,019 56% 7,282 45%

<0.0001

No 6,567 41% 8,209 51%

Unknown 573 4% 668 4%

Charlson comorbidity score

0 9,602 59% 9,602 59%

1 3,991 25% 3,991 25%

2+ 2,566 16% 2,566 16%

Radiation therapy

Yes 6,103 38% 3,910 24%

<0.0001

No 10,056 62% 12,249 76%

Table 7.1: Characteristics of cohort by receipt of chemotherapy

Notes: Controls were matched to cases on an individual basis by age (grouped 5 year intervals), sex. 

race (white, black or other), comorbidity index score (0, 1, 2+), geographic region (West, Midwest, 

South or Northeast), and duration of survival.
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Hospitalisation

Chemo No chemo RR Chemo

ER use

No chemo RR

All cancers 7,918(49%) 5,332 (33%) 1.48 7,110(44%) 4,689 (29%) 1.52

Bladder 69 (50%) 59 (43%) 1.16 48 (35%) 51 (37%) 0.95

Breast 521 (55%) 427 (45%) 1.22 474 (50%) 391 (40%) 1.25

CRC 1,568 (51%) 1,015 (33%) 1.55 1,353 (44%) 892 (29%) 1.52

Oesophagus 98 (49%) 66 (33%) 1.48 78 (39%) 54 (27%) 1.44

NSCLC 2, 673 (47%) 1,763 (31%) 1.52 2,445 (43%) 1,649 (29%) 1.48

Ovary 270 (55%) 167 (34%) 1.62 216 (44%) 133 (27%) 1.63

Pancreas 891 (41%) 586 (27%) 1.52 782 (36%) 500 (23%) 1.57

Prostate 588 (56%) 514 (49%) 1.14 536 (51%) 494 (47%) 1.11

SOLO 1,284 (54%) 689 (29%) 1.86 1,117(47%) 594 (25%) 1.88

Stomach 292 (47%) 180 (29%) 1.62 236 (38%) 161 (26%) 1.46

Table 7.2: Hospitalisations or ER visits for toxicity by cancer site 

Abbreviations: ER, emergency room; RR, relative risk

Notes: Percent of patients with a hospitalisation or ER visit likely related to a treatment toxicity, based 

on primary and secondary diagnosis codes in claims for hospitalisations/visits.

Unadjusted relative risk compares the proportion of patients with an event in the chemotherapy group 

to the proportion with an event in the no chemotherapy group. With the exception of emergency room 

visits in patients with bladder cancer, for all cancer sites the event rate was significantly greater in the 

group that received chemotherapy (p<0.05) by McNemar’s test for matched pairs.
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Adjusted OR
Hospitalization 

95% Cl P-value Adjusted OR
ER Visit
95% Cl P-value

Toxicity-related
Bladder 1.41 0.85 - 2.35 NS 1.24 0.67 - 2.27 NS
Breast 1.56 1.28-1.90 <0.0001 1.58 1.28-1.93 <0.0001
Colorectal 2.28 2.02 - 2.56 <0.0001 2.00 1.78-2.25 <0.0001
Esophageal 1.87 1.21 -2.90 <0.01 1.59 0.97 - 2.60 NS
Non-small cell lung 1.99 1.82-2.17 <0.0001 1.91 1.74 - 2.09 <0.0001
Ovary 2.20 1.69 - 2.88 <0.0001 2.22 1.66 - 2.99 <0.0001
Pancreas 1.94 1.69-2.23 <0.0001 1.96 1.70-2.26 <0.001
Prostate 1.31 1.09 - 1.58 <0.01 1.19 0.99 - 1.44 NS
Small cell lung 2.93 2.56 - 3.36 <0.0001 2.76 2.40-3.18 <0.0001
Stomach 2.16 1.66-2.82 <0.0001 1.84 1.39-2.45 <0.0001

Any cause
Bladder 2.09 0.34-12.98 NS 1.60 0.80-3.19 NS
Breast 1.73 1.22-2.46 <0.01 1.34 1.03-1.74 <0.05
Colorectal 3.05 2.39 - 3.89 0.0001 1.94 1.70-2.22 <0.0001
Esophageal 5.55 1.99-15.47 <0.01 1.75 1.07-2.85 <0.05
Non-small cell lung 1.44 1.29-1.59 <0.0001 1.58 1.43-1.74 <0.0001
Ovary 4.85 2.31 - 10.16 <0.0001 2.17 1.53-3.07 <0.0001
Pancreas 1.76 1.47-2.11 <0.0001 1.58 1.38- 1.82 <0.0001
Prostate 2.08 1.56-2.79 <0.0001 1.58 1.23 - 2.05 <0.001
Small cell lung 3.38 2.67 - 4.28 <0.0001 2.32 1.98-2.71 <0.0001
Stomach 1.90 1.22 - 2.94 <0.01 1.98 1.49-2.62 <0.0001

Table 7.3: Impact of chemotherapy on risk of hospitalisation and ER visit by cancer site 

Abbreviations: Cl, confidence interval; OR, odds ratio; NS, not statistically significant
Patients who did and did not receive chemotherapy were pair-matched on age, sex, race, SEER region, comorbidity score, and survival duration. Odds 
ratios for the impact of chemotherapy on risk of each outcome were adjusted for additional characteristics, including urban-rural residence, marital status, 
income quartile and receipt of radiation therapy.
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Figure 7.1: Hospitalisations or ER visits for toxicity 

Abbreviations: ER, emergency room; chemo, chemotherapy; tox, toxicity

Notes: Comparisons made with McNemar’s test for matched pairs: any hospitalisation (14,382 

(89%) vs. 13,178 (81%), p<0.0001; toxicity-related hospitalisation (7,918 (49%) vs. 5,332 (33%), 

p<0.0001); any ER use (12,927 (80%) vs. 7,110 (44%), p<0.0001); toxicity-related ER use (11,150 

(69%) vs. 4,689 (29%), p<0.0001).

Figure 7.1 is a graphical representation of Table 7.2. Differences in numbers of patients 

experiencing specific toxicities overall and according to cancer site are reported in Table 7.2.
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Figure 7.2: Hospitalisations for specific toxicities

Abbreviations: Gl, gastrointestinal; DVT, deep venous thrombosis; PE, pulmonary embolus.

Notes: Percent of patients with a primary or secondary diagnosis code suggestive of an adverse 

effect of chemotherapy. Comparisons made with McNemar’s test for matched pairs.
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Figure 7.3: ER visits for specific toxicities

Abbreviations: ER, emergency room; Gl, gastrointestinal; DVT, deep venous thrombosis; PE, 

pulmonary embolus.

Notes: Percent of patients with a primary or secondary diagnosis code suggestive of an adverse 

effect of chemotherapy. Comparisons made with McNemar’s test for matched pairs.
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Chapters: Discussion

In this thesis, the SEER-Medicare database was used to evaluate treatment patterns, 

costs and outcomes of cancer care in the older population. In this chapter, the research 

questions formulated in chapter 1 will be answered, based on the results described in this 

thesis. Clinical and practical problems encountered in each individual study will be 

addressed in addition to the limitations and suggestions for future research. This chapter 

will end with a discussion on opportunities for similar cancer research in Ireland, general 

conclusions and recommendations.

8.1 Answer to individual research questions
Do the outcomes of older patients receiving either TL or CTRT for the treatment of 
locally advanced laryngeal cancer differ in terms of late complications of treatment 

and survival?

Both TL and CTRT were associated with complications, and neither approach had a 

clear survival advantage. In both groups a notable proportion of patients were 

hospitalised or had an ER visit for a treatment-related complication. Adjusted for 

the propensity to receive surgery, TL was associated with a marginally significant 

reduction in the risk of death from any cause in patients with T4 disease.

Practical and methodological challenges faced in conducting this analysis 
A major challenge in conducting large database analyses is drawing inferences that are 

acceptably free from overt biases and acknowledging the influence of potentially hidden 

biases. To minimise the risk of selection bias, when assigning treatment groups, the initial 

treatment period was defined as the first 6 months following diagnosis, which was deemed 

an adequate time period to facilitate treatment initiation and multidisciplinary 

consultations. Patients who had only one claim for chemotherapy within the first 6 months 

were excluded, as this could not be considered curative therapy (N=78).

Nonetheless, several reports have questioned whether three cycles of platinum-based 

chemotherapy is realistic as studies have shown that up to 40-50% of patients are unable 
to tolerate this dose.^^® For this reason, the presence of two claims for chemotherapy on 

separate days was deemed an acceptable measure of curative intent in this older 

population.
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The number of RT fractions was also identified as this provided an indication of whether 

patients were treated with a definitive or palliative dose of RT, an important factor in 
estimating survival.®®' Patients who received curative RT were defined as those who 

had received at least 35 fractions of RT, or claims for RT on 35 separate days, within the 

first 6 months of diagnosis. This is consistent with standard fractionation schedule and 

was based on treatment information from the RTOG 91-11 trial which compared patients 

who received induction chemotherapy followed by RT, with concurrent CTRT and RT 

alone (all arms received standard fractionation RT 70 Gy over 7 weeks) and the RTOG 

0129 trial which compared accelerated concomitant boost (72 Gy over 6 weeks) vs. 

standard fractionation (70 Gy over 7 weeks).®®'While a meta-analysis of RT in HNSCC 

showed that altered fractionation RT improved overall survival over standard fractionation, 

with the largest benefit shown for hyperfractionated treatment with an increase in RT 

dose, the best RT treatment to use concurrently with chemotherapy has yet to be 
established.^^®' ®^®

Patients who were treated with induction chemotherapy were excluded as differences in 

outcomes can be expected depending on whether patients receive concurrent or induction 
chemotherapy.®®' ®^'* The group who may have received induction therapy were 

characterised as those receiving their first RT dose 60 or more days after their first claim 

for chemotherapy (N=38).

Patients were classified as having received primary TL if this was their first treatment 

claim within the initial 6 month period following diagnosis. Only a handful of patients 

received CT or RT prior to TL within the primary treatment period and, given the difficulty 

in distinguishing primary surgery from salvage surgery in these few cases, it was decided 

to exclude them (N=9).

Feeding tubes may be placed prophylactically either as part of institutional policy or in 

anticipation of poor nutritional outcomes. Similarly, if patients require a tracheostomy prior 

to treatment, this may indicate significant laryngeal dysfunction and patients should, 
perhaps, have been more strongly guided toward laryngectomy.®^® Therefore, in an 

attempt to identify the proportion of patients who had these procedures as a result of 

treatment-related complications, procedures that occurred prior to treatment initiation were 

distinguished from those that occurred after treatment.
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In the current study differences between groups were adjusted for using propensity score 

matching, which is an effective way to match patients on multiple observed characteristics 

that are associated with the exposure and outcome of interest and is one possible 

methodological approach when randomised clinical trials are not feasible.The 

method was used to equalise differences in demographic, clinical and tumour variables 

between patients who underwent TL or primary CTRT. The three methods of propensity 

score weighting used (continuous covariate, stratification, matched pairs analysis) gave 

similar results that led to the same conclusion, specifically, overall survival was very 

marginally influenced by treatment modality (surgery or CTRT). In order to ensure that a 

carefully constructed model was implemented, standardised differences were calculated 

for matched cohorts in the matched pairs analysis.The absolute value was not greater 

than 0.20 for any variable and was greater than 0.10 for only 2 variables. While there is 

no universally defined threshold of the standardised difference that indicates an important 

imbalance, it is generally accepted that a standard difference of less than 0.1 indicates a 

negligible difference in the mean or prevalence of a covariate between treatment groups.

As regards the toxicity endpoints, the documentation of ICD-9 diagnoses codes is at the 

discretion of the physician and largely depends on whether the diagnosis is associated 
with a specific procedure for which the physician will receive reimbursement.^® Therefore, 

in addition to documenting the number of patients who experienced a complication, based 

on diagnoses codes in any claim, the number of patients who had an inpatient admission 

or ER visit for one of those diagnoses was also reported. These likely represent more 

severe events.

Finally, although SEER contains information on cause of death abstracted from state 

death certificates, cancer-specific survival as an end point was not examined. Cause-of- 

death attributions in death certificates are susceptible to misclassification and statistical 

power would be reduced substantially in an analysis of cancer-specific mortality, 
compared with all-cause mortality, due to the smaller number of events.®^®

Limitations

Even after addressing the above issues, several limitations remained. Firstly, the study 

may be subject to some misclassification bias as certain patients may have taken longer 
than 6 months to decide on or complete their treatment.®^® Moreover, there is no way to 

know the true indication of surgery after the initial 6 month treatment period. For example, 

TL may have been performed for recurrence (salvage), but it may also have been done for 

functional reasons. In addition, although we made an effort to make the treatment groups 

as homogenous as possible, heterogeneity in treatments received remains with, for
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example, agents used, doses administered and length of chemotherapy and RT 

treatment.

As with all claims data, procedures or services in which providers are reimbursed, such as 
feeding tube placement, should be easily identifiable.®® However, the evaluation of 

possible feeding tube use, as indicated by the presence of claims for nutritional support 

products, is not as reliable. For example, patients who had feeding tubes placed may 

have had so for reasons associated with dehydration rather than malnutrition or tubes 
may have been placed and used only while individuals were hospitalised.^®® Furthermore, 

patients who do not have Medicare claims for nutritional support products may still have 

used their feeding tube, but received products elsewhere. This is improbable for the 

majority of Medicare patients, however, as Medicare provides reimbursement for 
nutritional support products for all patients who have feeding tubes in place.^®® Finally, 

there is no distinctive ICD-9 code to identify feeding tube placement associated with 

prophylactic placement, in expectation of an oral complication, and therefore specific 
institutional practices cannot be evaluated.®®® For example, certain centres advocate 

prophylactic placement in all patients before treatment, while others feel that it is a 
decision better left to clinical judgment.®®®

While there was a very marginal reduction in the risk of death in TL patients with T4 

disease, it is not known whether this is due to improved cancer control or a diminished risk 

of medical complications, including aspiration-related death, or some combination of 

these.Furthermore, laryngeal cancer is associated with both alcohol and tobacco 

use but there is no measure of tobacco or alcohol history in the dataset, except indirectly 
as indicated by the presence of medical conditions that arise from smoking or drinking.'*'' 

Consequently, the force of mortality due to unmeasured tobacco and alcohol could 

confound an apparent association between TL and the marginal reduction in the risk of 
death.®®^

Regarding tumour factors, node positivity is a significant prognostic factor in laryngeal 
cancer.®®® While differences between the two groups, regarding their nodal status, were 

reported and adjusted for in the analysis of treatment assignment and survival, SEER 

does not provide detail sufficient to reliably describe the number of positive lymph nodes 

for this specific cancer site. However, we did report that 95% of patients had T4a disease. 

In accordance with the standard SEER-Medicare Data Use Agreement, we could not 

reveal frequencies <11. Rather, we can only report that 5% of all T4 cases had T4b 

disease.
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The proportion of patients receiving TL decreased significantly over the time period, even 

for patients with T4 disease. It is notable however, that a substantial percentage of 

patients with T1-3 laryngeal cancers also underwent a TL. The indication for TL in these 

patients is unknown, and unknowable, given the nature of the dataset.

Finally, although propensity score methods have become increasingly common in 

analyses of large population-based cohorts, and specifically in analyses of SEER- 

Medicare cohorts, conclusions about treatment effectiveness drawn from observational 

data are inherently limited.Propensity scores may reduce selection bias, but they can 

only control for measured characteristics, and therefore cannot completely replicate the 

random treatment assignment of a clinical trial. Because these analyses are based on 

administrative data, they omit important characteristics such as patient and physician 

preferences, performance status, cognitive function, social support, and more detailed 

comorbidity information, as well as treatment characteristics such as chemotherapy or RT 

doses, and tumour characteristics such as lymphovascular invasion. Therefore, 

unmeasured clinical confounders may be left unbalanced and may result in biased 

estimates of treatment impact.

Contributions of current research

As a population-based observational study, the goal was to reflect the primary treatment 

modalities as they are employed in routine practice settings, rather than in tightly 

controlled environments such as clinical trials. An important benefit of such studies is 

learning whether actual practice reflects recommendations or best evidence. Although 

organ preservation is not routinely recommended in patients with T4 disease, this analysis 

suggests that a non-negligible proportion of patients with T4 disease are receiving CTRT. 

While we cannot determine whether this reflects intentional selection, it is important to 

describe these treatment patterns and their outcomes. We believe that the advantages of 

TL are generally underappreciated, especially among the non-surgical community, and 

such evidence merits attention.

Future directions

Since the publication of the original Veterans Affairs Cooperative Study, no randomised 
trial has included a TL arm.^^^ This unfortunate fact relates to several factors including the 

unsupported perception that larynx sacrifice is a universally unwanted outcome. While the 

physical and psychosocial morbidity that accompany a TL is profound, it is important for 

physicians to be mindful of the fact that CTRT-related complications, including the need 

for a tracheotomy tube and feeding tube placement, may negate the benefits of organ 

preservation in a non-negligible proportion of patients. Furthermore, the recently
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published long-term results of RTOG 91-11 show an unexplained increase in deaths 
unrelated to cancer in patients receiving concurrent CTRT.^^‘‘ Although the causes of 

these deaths are unknown, it is possible that at least some resulted from unrecognised 

and unreported late toxicities from concurrent CTRT, such as swallowing dysfunction or 
silent aspiration.^^'*

Concurrent CTRT with surgical salvage, while beneficial in many patients, must not be 

considered the universal standard of care. The introduction of new treatment options is 

no reason to dispose of existing modalities and physicians must move away from treating 

patients according to current trends and take an individualised approach to patient 

management. While systemic therapy will continue to be part of multidisciplinary 

treatment, the identification of molecular predictive and prognostic factors that allow risk 

stratification and more rational treatment selection are necessary and, the early 

identification of patients who will eventually experience failure with organ preservation 

therapy, important for long-term survival.

To what extent do the nature and frequency of acute and late adverse events differ 
in a cohort of older adults with locaily advanced HNSCC, receiving either primary 

CTRT or RT alone?

The rate of acute toxicities and feeding tube use in patients receiving CTRT was 
considerable. The substantial rise in concurrent cetuximab-RT use may explain why the 

acute toxicity rate is increasing in patients receiving RT alone. If older, sicker patients 

are now receiving concurrent cetuximab-RT therapy it may be that only the very frail, who 

cannot tolerate cetuximab, are receiving primary RT and hence admissions for adverse 

events are increasing among a cohort very susceptible to the toxicities of treatment.

Practical and methodological challenges faced in conducting this analysis 

Several of the challenges faced in conducting the laryngeal cancer study were also 

applicable to the current analysis. As well as classifying patients according to treatment 

they received within the first 6 months of diagnosis, however, we also identified specific 

chemotherapeutic agents received by patients in the CTRT group. Using HCPCS codes, 

all patients and the exact agents they received were identified. For the purposes of 

parsimony, we categorised patients into mutually exclusive groups and a hierarchical 

structure was employed whereby any patient receiving cetuximab in addition to a platinum 

agent was assigned to the cetuximab group. While all CTRT patients had chemotherapy 

administration codes, only 84% (N=893) had J code HCPCS for specific agents. For the 

remaining 16%, we did not identify any J codes in the NCH or outpatient files that 

specifically documented the agents received. That is, we could only identify
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chemotherapy administration codes for these patients. The hospital inpatient file includes 

only ICD-9 administration codes, despite the fact that Medicare Part A payments made to 

the hospital generally cover all drugs provided during a covered stay.

Limitations

There were several limitations to the analysis. Firstly, claims-based information is not as 

detailed as chart reviews or clinical trials, and we were unable to apply cumulative doses 

or dose intensity of chemotherapy and RT treatments to determine the risk of developing 

toxicities.

Selection bias may have occurred when assigning and evaluating treatment outcomes. 

The inability to capture the agents administered to inpatients may have resulted in a 

biased representation of the use of certain agents. It is possible that some of the 

diagnoses, considered to be treatment related, may have occurred regardless of cancer 

treatment - especially in the older, sicker RT group. We were unable to record individual 

patient and physician preferences and unmeasured patient characteristics, such as 

performance status, that may have influenced both the allocation of treatment as well as 

outcomes. Finally, we did not have information about tumour HPV status within this 

sample which may have influenced treatment selection and outcomes. It is worth noting, 

however, that the current cohort of older patients is less likely to be affected by HPV than
poyounger patients.

We recognise that not all treatment-related toxicities were captured. As we analysed only 

major toxicities that were likely to generate a claim, and only those within 6 months of the 

first treatment claim, the underreporting of certain chemotherapy and cetuximab specific 

toxicities may have biased our results. For example, we could not identify cetuximab 

specific toxicities such as skin rash, hypomagnesaemia and infusion-related reactions or 
platinum specific reactions including ototoxicity and neurotoxicity.^”®' As these 

diagnoses generally do not require an intervention such as a reoperation, they may not be 

identifiable in health insurance claims.

Contributions of current research

This population-based study examined the adverse events of CTRT, compared with RT 

alone, in older patients with locally advanced head and neck cancer. While several 

retrospective institutional studies have examined the early and late toxic effects of CTRT, 

no known study has compared this treatment group to those receiving RT alone, despite 

the fact that the addition of chemotherapy to RT remains an issue of concern in patients 

over the age of 70. We found that the increasing use of CTRT is largely attributable to the
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dramatic rise in cetuximab use. Moreover, the increased acute toxicity rate in patients 

receiving RT alone, suggests that concurrent cetuximab-RT is replacing RT alone in many 

older patients.

Future directions

From the original MACH-NC study, that demonstrated a significant survival benefit when 

concomitant CTRT was compared with RT alone, to the RTOG 91-11 trial which found 

concurrent chemotherapy to be a safe alternative to surgery, chemotherapy has proven to 
be beneficial and a core component of the management of patients with HNSCC.®®' 

However, the toxicity of CTRT remains a concern and there are many unanswered 

questions.

The evidence presented in the current study suggests that cetuximab plus RT is rapidly 

becoming the treatment of choice when relatively good outcomes do not justify the toxicity 

of platinum therapy. However, the extent to which this agent is justifiable in older patients 

is unknown.Indeed if results of the seminal trial, which found that patients who derive 

the most benefit from concurrent cetuximab are younger and fitter and have a HPV-like 

phenotype, are confirmed, then the risks and benefits of cetuximab plus RT compared 

with platinum plus RT, or indeed RT alone, in specific populations needs further 

investigation. The RTOG 10-16 trial, which compares cetuximab plus RT with cisplatin 

plus RT in patients positive for HPV, will aid in providing a definitive answer to this 
question.”^ Furthermore, although initial reports indicated that early and late toxicities 

were not increased with the addition of cetuximab to RT, subsequent reports suggest that 

the rate of certain acute events, including mucositits and dermatitis, may be enhanced by 

cetuximab and may be higher than the rates previously reported. While the severity 

of cetuximab-related dermatitis is a predictor of response to anti-EGFR therapy, this event 

is unpredictable before treatment. To date, no predictive factors have been identified to 

select patients who would most benefit from cetuximab treatment.

Given the considerable variability in individual characteristics, balancing efficacy with 

toxicity is a difficult task. In general, altered RT fractionation schedules are associated 

with higher acute toxicity than conventional regimens, and using altered fractionation with 

other treatment modalities is likely to further increase the toxicity burden.Interestingly, 

a meta-analysis of RT in HNSCC showed that there was a benefit in terms of locoregional 

control in favour of altered fractionation versus conventional RT but the benefit was only 

statistically significant in younger patients.
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Lessening treatment-related toxicities and long-term functional deficits while at the same 

time improving survival is critical for the management of older patients with HNSCC. 

Improvements in RT delivery, supportive care, and functional outcome measures and an 

improved definition of de-intensified CTRT regimens will have an important impact in the 

regular management and acceptability of treatment for older patients with HNSCC. 

Adequate follow up requires a multidisciplinary team of expert individuals.

What are the direct medical costs of treating pancreatic cancer in the older 
population?

Mean total direct medical cost of treating pancreatic cancer in the older Medicare 

population was $65,500 and the mean cost attributable to pancreatic cancer was 

$61,700. Costs were greatest for patients diagnosed with early stage disease and 

hospitalisations and cancer-directed procedures collectively account for the largest 

fraction of health care costs in this population.

Practical and methodological challenges faced in conducting this analysis 

Cancer-related costs are the portion of medical care costs that can be attributed to the 

disease itself. However, for any given patient with cancer, one can usually only observe 

the total medical care costs accrued. To approximate the portion of costs that are cancer- 

related, costs among a matched group of controls without the disease are subtracted from 

the total case costs.For pancreatic cancer patients, the lifetime cost of care from 

diagnosis to death was estimated for 97% of patients, all of whom had complete follow-up 

periods. The difficulty is in ensuring that the matched time period is a true representation 

of the lifetime costs of the case. For example, consider the scenario where a control is 

matched to a case on the date of diagnosis of the case. A typical cancer-free Medicare 

beneficiary (control) might see their physician annually, and so more costs would be 

incurred around the time of that annual exam. If a control had his annual exam and 

associated workups a month before his matched case was diagnosed with pancreatic 

cancer, and that case died after 3 months, the control could quite easily incur zero costs in 

that 3 month period. To address this concern in the current analysis, the cost of medical 

care for each cancer-free Medicare beneficiary was based on the average cost of care per 

month in the calendar year of diagnosis of their matched cancer case. This average 

monthly cost was then multiplied by the number of months the matched case was alive. 

Costs attributable to pancreatic cancer were then calculated as the total costs of care for 

each case minus his or her matched cancer-free beneficiary’s medical care costs over the 

same survival duration. In addition to total direct medical costs, average monthly costs 

were also reported which were deemed to be meaningful measures for comparing costs 

across stages of disease.
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Cases diagnosed at the time of death do not incur any cancer-related costs and were 

therefore excluded from the analysis. However, given the short survival associated with 

pancreatic cancer, patients who died within the first month following diagnosis were 

included. To assess the sensitivity of our findings to this decision we repeated the 

analysis of mean incremental costs including only those patients who survived for at least 

a month following diagnosis (N=12,700, 84% alive > 1 month). We found that incremental 

costs were marginally greater ($68,400 vs. $61,700) when we excluded cancer patients 

who died within the first month. However, the results of this analysis did not meaningfully 

change our overall conclusions.

Cost data may be difficult to study by standard means because of their typically skewed 
statistical distribution.^^® Medical cost distributions may exhibit a mass at zero 

representing non users of medical resources, and relatively small numbers of extremely 

high users tend to highly skew non-zero costs (see Figure 8.1). While the distribution of 

costs was skewed in the current analysis, means were presented to enhance 

comparability with cost estimates presented in prior studies of pancreatic cancer and other 
cost-of-illness analyses using the SEER-Medicare database.®®'

Inflsaorx/Geography-Adjusted Payment 

Curve: Normal(Mt^65466 Sigma=65378)

Figure 8.1: Distribution of pancreatic cancer care costs
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Test Statistic P-Value

Kolmogorov-Smirnov D 0.16 Pr> D <0.0100

Cramer-von Mises W-Sq 143.08 Pr > W-Sq <0.0050

Anderson-Darling A-Sq 820.02 Pr > A-Sq <0.0050

Table 8.1: Tests for normality of pancreatic cancer care costs

Methods such as linear regression adjustment can actually increase bias in the estimated 

treatment effect when the true relationship between the covariate and outcome is even 

moderately non-linear.In the current study, the evaluation of trends with year of 

diagnosis predicting costs assumed a linear relationship between time and costs. This 

was consistent with methods used in a prior study of costs of care among cancer patients 

from the same data source.Nonetheless, we explored a non-linear relationship 

between year and costs - average total cost and cost within each category of care - using 

a quadratic term. This term was not statistically significant.

Patients with an initial diagnosis of localised disease in the SEER records may be 

upstaged to regional disease following full pathologic staging after surgery. As a result of 

stage migration, it is not possible to accurately separate these stages.Therefore, 
patients with localised or regional disease were classified together as locoregional.^'*® 

This group is likely very heterogeneous with respect to the extent of their disease and 

their treatment options, however, and this heterogeneity might have an important 

influence on costs. Therefore, we further separated the group based on their 

respectability status. Although this algorithm may be imperfect, it distinguishes two 

important groups in a manner consistent with prior studies of pancreatic cancer patients, 

and therefore enhances the comparability of our findings with prior reports.^'*®'

Limitations

There were several limitations to the analysis. Firstly, the use of a health care payer 

perspective for cost estimation included Medicare paid amounts reported in claims and 

not other direct costs, any indirect costs or the burden of pancreatic cancer on the society 

at large. Direct costs are those that result from outpatient and inpatient health services 

laboratory and radiological tests and drug therapy. Indirect costs have been defined as 

“resources forgone as a result of a health condition” and fall into various categories 

including value of lost work and wages.In addition, cancer therapies are increasingly 

delivered in the outpatient setting but intangible costs including caregiver time costs or 
transportation costs were not available in the claims data.^''^ Patient costs were also not 

included although Medicare beneficiaries are responsible for paying an ever-larger share
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of out-of-pocket costs.In fact, the Medicare programme covered less than 50% of 
beneficiary total health care spending in 2006.^“*^ A study of Medicare lung cancer 

patients found that patient-liability costs may represent up to 21.6% of cancer care 

costs.Medicare did not pay for oral drugs, unless they had an intravenous substitute, 

for the majority of the study period and the availability of this information to researchers 

has only recently become accessible. As the average incremental cost of adding erlotinib 

to gemcitabine is estimated at $15,194 per patient, it is possible that we underestimated 

the average costs of chemotherapy, particularly in later years.Additionally, total direct 

medical costs to all payers could be up to 20% higher than reported in this study as 

Medicare pays only 80% of part B outpatient costs.

The choice of a control group has a huge bearing on the study findings. As the controls 

were cancer-free, pancreatic cancer cases or medical costs were not being compared 

with those of a “typical” Medicare beneficiary, but rather, with a group of potentially 

healthier controls. Thus if pancreatic cancer patients are using general, non-cancer 

specific medical care to a greater degree compared with non-cancer patients, costs of 

pancreatic cancer care may be artificially inflated. This approach has been used 

previously, and has the advantage of providing a more comprehensive estimate of cancer 

costs but it does not measure which health services were specifically related to the cancer 
itself.^^®

The estimation of mean costs per person overall and by stage, may have led to an 

underestimation of the actual mean cost per patient of various treatment modalities, 

including chemotherapy. There are almost certainly individuals who chose to receive 

other treatments or no treatment at all, particularly those with distant disease. Others may 

choose best supportive care that does not involve treatments captured in the current 

study. Nonetheless, our cost estimates present a reasonable estimation of the overall 

cost burden and the cancer-related cost burden incurred by Medicare.

Finally, our analysis was limited by the fact that the national estimates of cancer costs 

were derived from the SEER areas and were based on the assumption that cancer 

incidence rates and stages in the SEER areas are representative of the entire country. In 

addition, these data do not reflect the treatment patterns or costs for persons with cancer 

under the age of 65. In fact, younger age groups who are commercially insured through 

their employers may have had better access to newer treatments and higher negotiated 

reimbursement rates than patients with publicly funded insurance.Although Medicare 

payment amounts are based on actual figures, not all patients undergoing treatment for 

pancreatic cancer are covered by public payers, and so such payment data may not be
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generalisable to all patients. Nevertheless, Medicare is the primary health insurer for the 
older population and its data have been used widely in cost analyses.'*'^®'

Contributions of current research

To our knowledge, this is the first study to evaluate the costs associated with various 

treatment modalities in older pancreatic cancer patients. The median overall survival for 

the entire cohort was 4 months, yet the mean direct medical cost was $65,500. The 

increase in costs over time was marginal, reflecting the negligible progress that has been 

made in treating this disease. While the overwhelming share of costs relate to surgical 

procedures and inpatient hospital stays, overall costs will likely continue to increase as 

newer chemotherapy agents, including targeted agents become available. With rising 

health-care costs and increasing scrutiny from insurance companies of how health care is 

delivered, investigating the overall costs and costs of various treatment modalities is 

timely and as the population ages, assessing the value of expensive new therapies in 

relation to their expected health benefit is increasingly relevant.

Future directions

Despite the dismal prognosis for the majority of patients with pancreatic cancer, the 
search for more effective therapies is continuing.^''® It is estimated that approximately 

$2.3 billion is spent annually in the US on pancreatic cancer treatment and between the 

years 2000 and 2009 the number of research projects sponsored by the NCI increased by 
275%.®^' ®''® While the cumulative percentage increase in funding for pancreatic cancer 

research has now outpaced that of the overall NCI budget, the complexity and variability 
of the disease continues to challenge clinical treatment.®'*®

Medicare faces economic challenges as a result of an ageing population and increased 

cancer survivorship. As expensive chemotherapies continue to place a strain on the 

financial resources of the Medicare programme, it must begin to anticipate the burden of 

paying for new chemotherapies and to promote programmes to identify those patients 

who may benefit most from these expensive treatments. In fact, a recent study reported 

that using human equilibrative nucleoside transporter 1 (hENT1) testing to select 

pancreatic cancer patients for gemcitabine therapy would save €8.6 million in Sweden 
each year.*'*® In the same study, hospital costs related to gemcitabine overtreatment 

amounted to €5358 per patient, or one-third of the total treatment cost.*'*® The treatment 

of patients at centres that perform optimally may also aid in the mitigation of hospital 

costs.Birkmeyer and colleagues demonstrated that for selected surgical procedures, 

payments to hospitals in the highest complication quintile were between $2,719 and 
$5,353 higher per patient compared with the lowest complication quintile.®^'*
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How does preoperative endoscopic biliary drainage impact postoperative outcomes 

compared with surgery alone in jaundiced patients with resectable pancreatic 

cancer?

Older patients who did not undergo PBD had similar rates of postoperative mortality 

and morbidity to those who did, however length of stay was significantly lower in the 

PBD group, even after controlling for patient and tumour characteristics. Stent 

related complications occurred in approximately 30% of patients.

Practical and methodological challenges faced in conducting this analysis 

Endoscopic retrograde cholangiopancreatography (ERCP) is the standard procedure for 

decompression of the biliary duct and is usually clinically indicated to place a metal or 

plastic stent in the bile duct. The ERCP procedure is an endoscopic exam during which a 

small catheter or wire is placed into the bile duct from the point at which it connects to the 

small intestine. A stent is then placed to help drain the bile across the site of blockage 

and thereby treat any existing jaundice. ERCP is increasingly used at expert centres as 

an alternative to bypass surgery or percutaneous transhepatic cholangiography (PTC) as 

the latter are associated with higher complication rates.For the purpose of 

enhanced comparability with recent studies, the current cohort was limited to patients 

receiving ERCP with stent insertion. Hence, patients receiving any other drainage 
procedure were excluded.^®”

Patients with severe obstructive jaundice, generally characterised as serum total bilirubin 

>258 mmol/L or 15 mg/dL usually undergo pre-operative biliary drainage (PBD) in routine 

clinical practice because studies have shown that severe jaundice is a risk factor for 
postoperative complications.^®'* The degree of jaundice correlates with disturbances in 

coagulation, decreased hepatic function and the development of cholangitis.^®® In 

addition, cholestasis has harmful effects on the cardiovascular system and blood volume 

which may lead to renal dysfunction. In fact, a recent RCT which compared patients who 

had pre-operative endoscopic biliary drainage (PEBS) vs. direct surgery, excluded 

patients with serum bilirubin >250 mmol/L or 14.6 mg/dL.While knowledge of these 

physiological measurements would have been ideal in the current study they were 

unavailable and, as a result, patients with levels above a certain threshold could not be 

excluded from the current analysis. As these patients are likely to derive the greatest 

benefit from PBD, it may explain why our results marginally favoured this intervention.
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Patients who did not have a diagnosis code for obstructive jaundice were excluded from 

the current analysis. Whether these patients had hyperbilirubinemia or not is unknown 

and unknowable given the nature of the dataset. When an exploratory analysis was 

performed to identify how many patients were excluded because of the absence of this 

code, 244 patients were identified, the majority of whom were in the no-PEBS group 

(N=203). By excluding these patients, it is possible that we excluded the most favourable 

candidates for direct surgery. However, it is also possible that the 40 patients in the 

PEBS group who did not have this diagnosis code had a stent placed prophylactically to 

account for the time delay in referral to a high-volume regional centre.As a result of 

these unknown factors, it was deemed most appropriate to keep the groups as 

homogenous as possible and maintain the prerequisite of a diagnosis code for obstructive 

jaundice for all patients.

Obstructive jaundice produces a number of biochemical and physiological alterations in 

the biliary tract. Acute cholangitis occurs in an infected, usually obstructed biliary system, 

at the level of the common bile duct and early intervention in relieving biliary 

decompression is essential in restoring normal function in the liver. Therefore, the 

presence of clinical signs of cholangitis or intense pruritus is a clear indication for PBD, 
the urgency based on the severity of the condition.^®® As we could not determine the 

severity of obstructive jaundice from Medicare claims, we attempted to determine the 

proportion of patients who had cholangitis prior to PEBS. However, it was not possible to 

identify whether cholangitis was as a result of obstructive jaundice or as a result of the 
intervention itself.^®° For example, only one patient had a diagnosis code for cholangitis in 

the period from the date of diagnosis to one day prior to stent placement while 14 patients 

had a diagnosis code for cholangitis on the day of stent placement. Fifty four patients had 

a diagnosis code for cholangitis in the period after stent placement up to date of resection 

while 6 patients had a diagnosis code for cholangitis on the day of resection.

Current data unequivocally supports the use of PBD in patients with potentially resectable 

pancreatic cancer undergoing neoadjuvant CTRT to contract the tumour because of the 
delay in surgery.®'^® For patients who have definitively resectable disease at diagnosis, 

many centres may wish to proceed with curative surgery upfront.^®® In such cases, stents 

may not be warranted. As the objective of the current study was to evaluate postoperative 

outcomes in explicitly resectable cases where PBD is not necessarily justifiable, patients 

who received chemotherapy or RT or both prior to resection were excluded (N=67).
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Limitations

There were several limitations to the analysis. Firstly, we determined surgical volume 

based on the number of operations performed in the Medicare population.Although 

Medicare case volume appears highly correlated with total volume, it is possible that an 

individual hospital or surgeon who performs a large number of operations in young or 

HMO-covered patients but only infrequent procedures in the Medicare population could be 
misclassified in our analysis.^®®’ Moreover, provider identifiers were missing for 6% of 

our cohort.

For patients undergoing surgical interventions. Medicare claims have been shown to 
accurately identify most acute inpatient complications.®® Flowever, it is often difficult to 

identify specific complications commonly reported after pancreatic surgery including 
pancreatic fistula and bile leak.^'*® Similarly, PEBS-related complications such as 

pancreatitis or haemorrhage, which may not be associated with a reimbursable procedure, 

may have been underestimated. Mechanical problems such as occlusion may not be 

recorded explicitly but are likely to have been captured by the need for stent 
replacement.®® We are reassured that rates of stent removal and exchange were 

consistent with previous studies which report failure rates of 3-25%.^®° ®^®

The claims files described do not provide data on some classical exposures of interest. 

For example, we were unable to analyse certain clinical variables such as patient 

symptoms, vital signs, body mass index and performance status. As noted above, there 

are limited data on laboratory test results and physiological measurements, except when 

abnormalities trigger a medical diagnosis, for example elevated bilirubin levels and a 

diagnosis code for obstructive jaundice. However, what constitutes obstructive jaundice 

may vary between physicians. Normal serum bilirubin concentration ranges from 0.2 to 

1.0 mg/dL but jaundice is clinically apparent when the serum bilirubin level exceeds 2.5 

mg/dl. It is generally recommended that patients with serum total bilirubin > 15 mg/dL 

should undergo PBD in clinical practice, because severe jaundice is a risk factor for

postoperative complications 150, 347

Antibiotics have been considered important in preventing cholangitis, especially in those 
with jaundice.®^® However, whether patients are given antibiotic prophylaxis depends on 

local policy and the risk status of the patient.^®® While we could identify intravenous 

antibiotic therapy from the Medicare claims files, we could not identify oral therapy as 

Medicare Part D data only recently became available for research purposes. Therefore, 

as a result of incomplete information, we could not accurately determine who received
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antibiotics and whether they had more favourable postoperative outcomes than those who 

did not.

It has been suggested that adequate recovery of hepatic function depends on the duration 

of biliary decompression and the duration of obstructive jaundice before decompression. 

A period of 4-6 weeks of PBD is generally advised prior to performing surgery, while 2

weeks is most appropriate for severely jaundiced patients.For those who are 

candidates for direct surgery, it is recommended that surgery be performed immediately 

and in the study by Van der Gaag et al. (2010), patients were resected within 1 week of 
randomisation.^®® In the current study, the median time from date of diagnosis to date of 

resection in the PEBS group was 41 days (min: 8, max; 289), and 17 days in the no-PEBS 

group (min: 1, max; 110). As a result of these variable time periods and limited patient 

numbers, it was not possible to determine how the length of time to this procedure may 

have affected patient outcomes. Moreover, we could not distinguish different sizes and 

types of stents, it has been reported that 7-Fr plastic stents occlude more frequently than 

10-Fr stents and self-expandable, metallic stents last longer, with fewer problems than 
plastic stents.®^®

The total number of lymph nodes is one of the most powerful predictors of survival 
following pancreaticoduodenectomy.®'*® However, the SEER programme did not use 

collaborative staging for pancreatic cancer prior to 2004, and as a result sufficient data 

were not available on lymph node status to evaluate its effect on prognosis.

Finally, the current data were available for patients diagnosed through 2007. As the 

seminal prospective trial was published in 2010, it may have resulted in a change in 

treatment patterns, in favour of direct-surgery and postoperative outcomes which were 
undetectable in the current analysis.*®®

Contributions of current research

PBD was introduced as a routine procedure prior to resection in pancreatic cancer 

patients with obstructive jaundice in an attempt to ameliorate the complications of 
surgery.®®® However the efficacy of PBD is controversial. Some studies have observed 

no adverse effects on postoperative outcomes, while others have shown increased intra
operative blood loss, wound infections and mortality.*®'''*®® Moreover, a recent multicentre, 

prospective randomised trial reported an increased complication rate in the PBD group, 

primarily due to complications associated with the ERCP procedure and stent 
placement.*®® Thereafter, PBD has not been accepted as the routine management of 

pancreatic head cancer.
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This analysis highlights the frequent use of PBD in real world practice in addition to the 

potential underuse of PBD in certain circumstances, where surgery is delayed. While 

caution must be exercised in interpreting the study findings, it is interesting to note that 

despite all patients having a diagnosis code for obstructive jaundice, which if severe 

enough potentially warrants PBD, there were no significant differences in postoperative 

outcomes between the PEBS and no-PEBS groups, adjusting for patient and tumour 

characteristics. The only difference was in the LOS which was found to be of shorter 

duration in the PBD group. Interestingly, patients who did not have PBD were older and 

more likely to be operated on by low volume surgeons. This is surprising because if 

patients are considered appropriate candidates for direct surgery they should have 

immediate access to a high volume institution where multidisciplinary management is 

available.^®® It has been acknowledged, however, that older patients are less likely to 

travel for treatment and as a result may not have had access to an endoscopist or other 
support services available in higher volume institutions.^^® Moreover, it has been reported 

that the majority of patients with obstructive jaundice who are referred to high-volume 
centres have already undergone biliary drainage.^®®

It is important to note that the current study was subject to selection bias as many 

important clinical variables were unavailable. In hindsight, this type of analysis would 

have been more applicable in an institutional setting where detailed clinical and patient 

information is readily available. As a result, caution should be exercised when interpreting 

these results in the clinical practice setting. Despite these limitations, this study does 

highlight that while it may be ideal to admit certain patients for immediate surgery, it may 

not always be feasible in patients presenting with obstructive jaundice in the rural setting 
where surgical care is not immediately available.^®®

Future directions

The current study suggests that patients who do not receive PBD do not necessarily 

receive immediate surgery and, because of the lack of ERCP services in lower-volume or 

community centres, are potentially being mismanaged. Regardless of whether age 

discrepancies in the care of pancreatic cancer patients are due to access to care or 

hospital or physician factors, emphasis needs to be placed on offering appropriate 

treatment to all patients and on immediate referral to regional pancreatic cancer centres. 

Furthermore, plastic stent drainage prior to surgical resection has been only moderately 

successful and physicians are increasingly turning to self-expanding metal stents for pre

operative biliary drainage. In fact, the first patient has recently been enrolled in a multi

centre, prospective, randomised clinical investigation evaluating the use of a self

expanding metal stent (SEMS) as a bridge to surgery. This study is expected to provide
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important data on the safety and effectiveness of this approach compared with immediate 

surgery.^“

How does chemotherapy use impact hospitalisation and emergency care utilisation 

in older adults with advanced cancer?

Patients with incurable advanced malignancies suffer extensive hospitalisations and ER 

visits, of which a non-negligible proportion is attributable to adverse effects suggestive of 

chemotherapy. Infection, fever, dehydration and haematological complications constitute 

a large proportion of these events, some of which may be preventable through evidence- 

based patient management, prophylactic interventions and efficient outpatient care.

opposed to general health care utilisation in the advanced cancer population, a control 

group of patients with metastatic cancer was included to provide an estimate of the 

baseline rate of events expected from a similar group of patients who did not receive 

chemotherapy. However, as chemotherapy is the standard treatment for most metastatic 

cancers, patients who receive supportive care alone are inherently different, presumably 

sicker with a shorter survival time, than treated patients. In fact, a study of the Medicare 

population presenting with advanced lung cancer showed that younger patients and those 

with fewer comorbid conditions were more likely to receive chemotherapy.^®^ In addition, 

several nonmedical factors, such as nonblack race, higher socioeconomic status and 

geographic region were also indicative of a patient's likelihood to receive 

chemotherapy.®®^ As mentioned previously, propensity score based analysis was useful 

in matching a non-chemotherapy group with a distribution of measured covariates similar 

to that of the chemotherapy cohort. However, even matching on these covariates cannot 

control for the potential underlying survival differences between these populations. 

Therefore, it was considered most appropriate to match on the covariates most likely to 

affect patient outcomes in addition to survival duration. While optimal matching would 

involve a 1:1 match on all covariates and exact survival time, exact matches are 

frequently unattainable outside of a randomised controlled trial setting.®®® Therefore, 

patients were matched on age, sex, race, geographic region, comorbidity and survival 

duration of ±1 or 3 months, depending on the general prognosis of each cancer site.^®® ®®®'
329

Some studies evaluating health care utilisation at the end of life have identified decedents 

using SEER-Medicare data and assessed care in the months prior to death.^®®' ^®®' ^®® 

Measures that start with death and look backward are inherently artificial because 

decisions are made in real time, prospectively, not in hindsight. Therefore, it is considered 

that the prospective design is best used for research questions about the care given to
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patients who can readily be identified as having a terminal illness as opposed to the 

evaluation of what happens shortly before death to actual decedents. To ensure that 

patients in the current study included only patients who received chemotherapy with 

palliative intent, the sample was restricted to patients diagnosed with stage IV, metastatic 

disease.

Medicare coverage includes a hospice programme for patients who are certified by their 

physician as being terminally ill with a life expectancy of 6 months or less. Patients who 

choose to enter hospice must consent to forgo life-prolonging therapy such as 

chemotherapy.^'*® Because hospices are financially responsible for all other hospital care, 

they have a strong incentive to keep patients out of ERs and limit hospital use.®®^ As a 

result, patients in this analysis were censored once they entered a hospice.

Limitations

There were several limitations to the analysis. Firstly, while dehydration, fever, 

haematological issues, and nausea and vomitting may be a consequence of treatment, 

they may also be due to the disease process, especially in a terminal population. As a 

result, baseline rates of ER visits and hospital admissions may be higher in older patients 

or those with multiple comorbidities.®®® To limit the extent of this bias, a matching 

algorithm was used to identify a group of patients who did not receive chemotherapy but 

were similar to those who did. Even after matching, however, heterogeneous distributions 

of unmeasured covariates may still have confounded our estimates. Nonetheless, our 

estimates of adverse effects suggestive of chemotherapy toxicity in the treated population 

would not be affected by the composition of the control group or the matching process.

Near the end of life, aggressive anticancer therapies may prove to be more toxic than 

beneficial and appropriately timed cessation of chemotherapy is integral to a patient's 

quality of life.®®'®®' *®® While we measured the impact of chemotherapy use on health care 

service utilisation in terminally ill patients, it was not possible for us to determine if and 

when chemotherapy became more of a burden than a benefit to the patient or the 

healthcare system. Moreover, we could not reliably identify distinct, successive lines of 

therapy, only the initiation and cessation of chemotherapy treatment. Unmeasured factors 

lacking in our data such as patient and physician preferences for or against treatment may 

have influenced whether patients continued to receive chemotherapy in the face of 

negligible benefits.

The most recent Medicare data available included claims through 2009. As a result, the 

use of chemotherapeutic agents and targeted therapies approved after this date were not
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included. Some newer targeted therapies are likely to be used for a longer period 

compared with conventional treatments, such as certain oral agents in maintenance 

therapy. This is more likely to happen when accompanied by a good response to 

treatment and can lead to increased risk of cumulative toxicity.

Our results may not be generalisable to other populations for a number of reasons. 

Firstly, we restricted the study population to patients without a prior history of cancer. This 

was a necessary exclusion made to reduce the influence of other chemotherapeutic 

agents which may have been used to treat prior cancers diagnosed before the age of 65. 

Medicare claims are not available to track these agents. Secondly, our results may not 
generalise to the non-Medicare population where patterns of care may be different.^®^ 

Nevertheless, because the majority of patients diagnosed with cancer are over the age of 

65, and Medicare is the primary insurer for the vast majority, our study represents the care 
received by the typical older patient with metastatic cancer.^

Contributions of current research

Although advancements in systemic therapies have yet to benefit all cancer types, they 

have led to notable improvements in the outcomes of patients with many advanced 

cancers. With pressure to make new therapies available as quickly as possible, the side 

effects of these treatments and their impact on the older population and the healthcare 

system are not well characterised and understood. This is particularly pertinent in patients 

with advanced cancer where the benefit gained from efficacy and the adverse 

consequences of concomitant toxicity is finely balanced.

While others have evaluated health care service use and chemotherapy-related adverse 

effects in cancer decedents, we took a novel approach and followed older patients 

prospectively throughout the course of their terminal illness. The administrative data used 

in the analysis facilitated the inclusion of large numbers of patients with government- 

funded health care and the comprehensiveness of these data provided a detailed picture 

of the impact of chemotherapy on a terminally ill population. The study cohort included a 

population frequently excluded from randomised studies due to their age or predisposing 

medical conditions. Additionally, existing trials are limited by small sample sizes and 

therefore, lack statistical power to detect less common serious adverse events. Thus, we 

have provided novel information regarding the use and impact of chemotherapy among 

older patients with advanced cancer.

On a policy level, the identification of the most common reasons for admissions or ER 

visits creates an opportunity for physicians and policy makers to take actions to minimise
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these events. This is particularly relevant in light of recent research suggesting that 

specific pockets of excess spending can be identified and then reduced or eliminated 

without harming patients or outcomes.®'

Future directions

Health care costs continue to rise and hospitalisations represent the single largest 

component of direct medical costs associated with cancer care. Repeated 

hospitalisations are common toward the end of life and each admission represents an 

opportunity to instigate advanced care planning to ensure that care is consistent with 

patient and caregiver wishes and to reduce future unnecessary readmissions.

Estimating the degree to which current rates of admissions and ER visits exceed the 

attainable rates is complex. Several potential means by which Medicare and other payers 

can pursue these savings opportunities are outlined in the recently enacted health care 
reform legislation, the Affordable Care Act of 2010.®“ For instance, Medicare will be able 

to reduce payments to hospitals that have excessively high readmission rates. New 

payments have also been added to Medicare to support providers who coordinate the 
care of particularly complex patients.®®® In addition, there are several opportunities to 

speed the adoption of less costly care for terminally ill patients, including through 

Accountable Care Organisation (ACO) provisions. ACOs are groups of doctors, hospitals, 

and other health care providers, who come together voluntarily to give coordinated high 
quality care to panels of Medicare patients.®®^

Despite these savings opportunities - over 60% of health care costs are still concentrated 

on 10% of patients - there is still wide variation in the extent of appropriate use of certain 
interventions in clinical practice.® For example, colony-stimulating factors (CSFs) reduce 

the risk of febrile neutropenia from high-risk chemotherapy regimens to patients with a 

20% or greater risk of febrile neutropenia, yet only 17% of high risk patients receive a 
CSF.®®® Furthermore, most CSF use tends to be reactive as opposed to primary or 

secondary prophylaxis. The use of risk factors to identify patients who are at greatest risk 

for neutropenia, and targeting prophylactic growth factors to those patients, should reduce 

the risk of neutropenic events, improve treatment outcomes, and reduce health care

costs. 311

Many patients have conversations with physicians about end of life care prior to death, but 

these discussions tend to take place in the hospital, with providers other than oncologists, 
and when death is imminent.^®'* As two of the most important determinants of poor 

patient quality of life at the end of life are dying in a hospital and intensive care unit stays,
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future efforts should focus on ways to instigate these discussions earlier in the disease 

course and with continuity providers so that decisions about care of terminal cancer 
include the full spectrum of options, including palliation.®®'

Cancer care was mostly overlooked in the sections of the health care reform legislation 

addressing cancer control and many of the programmes specified in the law target either 

frequently performed surgeries or management of highly prevalent chronic conditions 

such as heart disease. Capitalising on potential savings opportunities without hindering 

the quality of cancer care will require thoughtful, quantitative analysis of cancer care 

delivery, spending and outcomes. Such analysis is necessary to inform the evidence- 

based development of cost-containment strategies with the potential for meaningful 

savings without harming patients.

8.2 The Irish context
Cancer incidence and mortality

Cancer is a major cause of morbidity and mortality in Ireland.®®® Estimates from the 

National Cancer Registry, Ireland (NCR) show that the number of new cases of invasive 

cancer increased from 17,429 in 1994 to 24,809 in 2009, an annual increase of 2.7% for 
women and 3.0% increase for men.®®° Age-standardised incidence rates increased by 

just 0.9% per year for both sexes indicating that some of the increase in cases was due to 
ageing in the population.®®® The proportion of the population aged 65 and over has 

remained steady at about 11% for the past 40 years. However, it is projected that this will 
rise to 14% by 2021 and to 19% by 2031. ®®’ The greatest increase will be in patients 

aged 80 and over, whose share of the population will more than treble by 2036.®®^ Cancer 

incidence is expected to increase by 45% between 2010 and 2020 and by 110% between 
2010 and 2030.®®® Currently there are more than 134,000 people living with a diagnosis of 

cancer in Ireland, 59,500 men and 75,000 women.®®® The increase in cancer rates has 

consequences for the use of anti-cancer therapies and health service resource utilisation 

generally. It is anticipated that the use of pharmaceuticals will increase by 39% between 
2007 and 2020 if only demographic adjustments are considered.®®®

Head and neck cancer is the ninth most common cancer in Ireland, accounting for 1.6% of 
all malignancies in women and 4.0% in men.®®® The average number of new cases 

diagnosed each year is 608 and the median age at diagnosis is 67.®®® The larynx is the 

most common site. During 1995-2007, the number of new cases diagnosed increased by 

approximately 1 % per annum. At the end of 2008, 600 women and 1,462 men aged 65 

and over, were alive up to 15 years after their head and neck cancer diagnosis. Similar to
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the US, 60% of new head and neck cancer cases present with advanced disease and 5 

year survival rates for Stage III and IV disease are 38%, and 12-16%, respectively.

Pancreatic cancer is the eleventh most common cancer accounting for 2.6% of all 

malignancies in women and 2.5% in men.^° The average number of new cases 

diagnosed annually is 541 and the median age at diagnosis is 73. During 1995-2007, 

the number of new cases diagnosed showed an overall increase of approximately 4% per 

annum. At the end of 2008, 197 women and 154 men aged 65 and over, were alive up 

to 15 years after their pancreatic cancer diagnosis. The proportion of patients with Stage 

IV tumours at diagnosis has increased from 60% in 1994-97 to 67% in 2002-05 with a 

corresponding decline in Stage I cancers. For all patients diagnosed since 1994, less 

than 2% survived longer than 3 years and 87% of all patients died within 12 months of 

their diagnosis. Some improvement in 1-year relative survival has been observed, 

particularly in recent years, although this still remains below 20%. This improvement may 

be related to increases in the use of chemotherapy, and to a lesser extent, surgery in 

recent years.

Costs of cancer care

While it is difficult to determine the exact cost of cancer treatment to the public health 

service, given the fragmented payment system to individual hospitals, the National Cancer 

Control Programme (NCCP), primary care and other health care settings, the diagnosis 

and treatment of cancer takes up a notable part of its overall budget.These costs have 

increased substantially over the last decade and are expected to continue to rise even 

further with the ageing population and advances in treatment. Year on year growth in 

demand for cancer services is approximately 3% alongside increased costs associated 

with new and innovative treatments. Under the NCCP, €17m has been allocated for the

increased costs of cancer drugs in 2013 364

The increasing number of targeted therapies and biologic drugs for cancer therapy 

represents a major challenge for any cost containment measures and many are now 

questioning if Ireland can afford to spend so much money on cancer treatment in the 

midst of trying to cut costs.The bill for the High Tech Drug Scheme (HTD) increased 

from €20 million in 1997 to €360.4 million in 2010, of which cancer drugs or drugs 

prescribed to offset the adverse effects of cancer treatments made up 17% of the total 
budget.®®® The High Tech Drugs (HTD) scheme introduced in November 1996 facilitated 

the supply by community pharmacies of certain high cost medicines which were supplied 

primarily in the hospital setting.
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The Irish Cancer Registry

Information on cancer incidence and mortality in Ireland comes from the NCR.^®® 

Reporting to the NCR is voluntary and data collection is mainly active. The only 

information received passively at present is through notifications returned by primary care 

physicians. All other information is actively obtained by nurses based in hospitals around 

the country who are trained in cancer registration methods. They also maintain links with 

public health nurses, hospices and nursing homes in the community. The Tumour 

Registration Officers send the data electronically to the Registry headquarters in Cork 

where it undergoes quality control. Cases are also identified through the death 
certification system, although these represent just 2% of all cases registered.^®®

Population-based cancer research in Ireland

The use of specific cancer treatments is likely to be dependent on the health and social 

welfare setting in which the patients live. Therefore, attempting to apply the results of the 

current research to the Irish setting is not straight-forward. For example, one study 

reported that 20% of unresectable and 39% of resectable pancreatic cancer patients 

received chemotherapy compared with 31% and 55% of patients in the US, respectively. 

The authors suggest that these differences may be as a result of “catch-up” as research 

findings, or commonly accepted US standards of care, disseminate into routine clinical

practice in Europe 367

Variations in cost methodologies and perspectives make the comparison of costs across 
studies very difficult and comparisons across countries virtually impossible.®®® In fact, one 

particular study noted extensive methodological heterogeneity and a lack of transparency 
between cost studies which evaluated care among colorectal cancer patients.®®® Despite 

the need for country specific costs of cancer care studies, Irish studies are rare.®™ Many 

countries, including Ireland, are hindered by the lack of the availability of detailed cost of 

illness data which poses a problem for pharmacoeconomic analyses relevant to the local 
healthcare system.®^^ One Irish study which evaluated the costs of colorectal cancer from 

a health care payer perspective used a decision tree model approach.®®® Site and stage- 

specific treatment pathways were constructed from guidelines and validated by expert 

clinical opinion. Health care resource use associated with diagnosis, treatment and 

follow-up were obtained from the NCR and data from three local hospital databases. Unit 

costs for hospitalisation, procedures, laboratory tests and RT were derived from 

diagnosis-related group costs, hospital finance departments, clinical opinion and the 

literature and chemotherapy costs were estimated from local hospital protocols, pharmacy 
departments and clinical opinion.®®®
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Some treatment utilisation and cost of illness studies have used the National Shared 

Services Primary Care Reimbursement Service of the Health Service Executive (HSE- 

PCRS) community pharmacy claims database of dispensed medications.The HSE- 

PCRS general medical services (QMS) scheme provides free medication to approximately 

32% of the Irish population and covers 74% of state expenditure on medication.The 

pharmacy claims database provides details on monthly dispensed medications for each 

individual with the scheme.While gender, age group and health board region of each 

claimant is recorded, no diagnosis or outcomes are reported.In recent years, specific 

linkages between the HSE-PCRS and the NCR have been performed to answer specific 

research questions. One such study found evidence suggesting that inhibiting the 32- 

adrenergic signalling pathway can reduce breast cancer progression and mortality while 

another reported a significant association between metformin exposure and colorectal 

cancer-specific mortality for high intensity exclusive metformin use in a diabetic cohort 

Barron et al. (2013) reported high aspirin exposure was associated with a significant 

reduction in all cause and breast cancer-specific mortality.

Other studies have used the NCR and the Hospital In-Patient Enquiry Scheme (HIRE) to 

evaluate hospital admissions or associations between specific explanatory variables 

unavailable in the NCR, including patient comorbidities.The HIRE database captures 

patient age, sex, principal diagnosis, secondary diagnosis, length of stay, procedures 

performed and discharge status for each patient visit, based on information completed on 

the discharge summary sheet by the attending physician. These data are collated 

independently by the Economic & Social Research Institute (ERSI) in Ireland.Each 

public hospital produces an annual HIRE list which identifies all cases of cancer 

discharged from the hospital during that year. A listing of all cancer patients on the HIRE 

system is provided to the NCR on a regular basis.Using these databases, de Camargo 

Cancela and colleagues investigated associations between age and non-receipt of 

curative treatment in men with localised prostate cancer while Kelly and co-workers 

examined the impact of colorectal cancer surgery on length of stay and readmission 
rate.^^®' The former reported that age is the dominant factor in determining non-receipt 

of curative treatment.The latter found that one quarter of patients stay in hospital for at 

least 25 days following colorectal resection, over one third of resected patients are 

emergency admissions and longer length of stay is associated with increased risk of 

emergency readmission.In both analyses clinical and sociodemographic variables 

were obtained from cancer registrations while comorbidity was determined from HIRE 

data. The level of deprivation of each patient's area of residence at diagnosis was 
measured using an index created from census variables.®®^
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More recently, work has begun using both the NCR and the Irish Longitudinal Study on 

Ageing (TILDA). TILDA is a study of a representative cohort of over 8,500 people resident 

in Ireland over the age of 50, charting their health, social and economic circumstances 

over a 10-year period.TILDA is unique amongst longitudinal studies internationally 

in the breadth of physical, mental health and cognitive measures collected. Participants in 

the first wave of the TILDA study will have a follow-up interview every 2 years and a 

health assessment every 3-4 years for a 10 year period.

Research gap

Linking information from different sources has long been accepted as a way to conduct 
population-based health research.^®® Yet, in Ireland the information communication 

technology infrastructure is highly fragmented with notable gaps and silos of information. 

This results in service users being asked to provide the same information on multiple 

occasions. Moreover, information can be lost, documentation is poor, and there is over

reliance on memory 386 Equally decision makers experience great difficulty in finding

consistent, understandable and trustworthy information leading to variability in practice 

and, in turn, variability in outcomes and costs of care.

Currently, there is no population-based database linking demographic and clinical 

information to the entire treatment trajectory of the cancer patient. Specific treatment 

details must be evaluated from medical charts on an institutional basis and questions 

regarding whether notable developments in the field of therapeutics are impacting patient 

outcomes cannot be evaluated on a national scale.

While the PCRS is a valid resource for investigating the use and costs of oral 

chemotherapy and hormonal therapy, prescribed in the community, it is not specifically 

linked to the NCR database and does not contain information on systemic therapies or 

outcomes of treatment. Nonetheless its value in examining the use and costs of oral 

agents is likely to become increasingly relevant with the expansion in the development of 
oral drugs.®®® There were 20,639 prescriptions for oral anticancer medicines dispensed in 

the community in 2010 at a cost of €39.2 million, an increase of 119 % in prescription 
numbers and over 250% in cost from 2006.®®®

Future directions

As there is no integrated system of patient records in the State, significant time is spent 

recovering electronic and paper records. It has been estimated that one in seven 

hospitalisations occur when medical records are not available and one in five lab tests are 
repeated because results are unavailable at the point of care.®®° There is general
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agreement that some form of national electronic health record (EHR) should be introduced 

whereby it is possible to extract de-identified data for secondary uses. As patients are no 

longer kept in hospital for the duration of their treatment - particularly as oral anticancer 

medicines are now widely used - they must be cared for by general practitioners (GPs) 

and community pharmacists.^®® However, neither group can provide adequate, safe care 

without access to more information about the patient’s treatment. Treatments change too 

quickly for existing information sources to provide reference data and shared summary 

clinical records, available to those who may need it, when they need it, are necessary to 

enable health care professionals and patients participate fully in the care pathway.

Unique health identifiers (UHI) are an integral part of an EHR system and the absence of 

a UHI for individuals is, according to a report by the Health Information Quality Authority 

(HIQA), the single most important deficiency in the health information infrastructure in 

Ireland.®®^ Currently there is no reliable or unique method of tracking a patient through the 

Irish healthcare system and health care services rely on matching names, addresses and 

date of birth. The proposed UHI system would come at a cost of an estimated €16 million 

and another €17 - €30 million to set up a central trusted authority to operate the system. 

The National Health Index (NHI) system was implemented in New Zealand in 1992 and 

since its introduction the potential to confuse patients and their information has been 

drastically reduced.®®® In 2008, a report by the RAND Corporation in the US concluded 

that one of the primary benefits created by broad adoption of UHls is the elimination 

record errors and reduction in repetitive and unnecessary care.®®® However, privacy and 

security concerns about electronically sharing patient information have sidetracked the 

development of standards for a UHI in the US. In addition to UHls, HIQA also 

recommends that unique identifiers should also be assigned to all health care practitioners 

and organisations in Ireland. These identifiers will ensure that those responsible for 

delivering care can be correctly and uniquely identified thus increasing safety and

accountability across the healthcare system. 394

A more realistic goal in the nearer term and specifically from a cancer perspective, is the 

proposed development of a core national cancer dataset (CNCDS) with the aim of 

combining the standard registration dataset with a richer clinical dataset.®®® ®®® The report 

by the NCR, following discussions with the NCCP, recommends that data should be 

acquired as part of routine clinical care or patient administration, input only once and 

automatically checked for errors at the point of entry. Moreover, information should be 

available in real time and linked automatically across locations and episodes of care. This 

model of active prospective data collection requires that each care provider be 

responsible for collecting the required information relating to their contact with the patient.
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Clinical data gathered in the course of routine medical care, if systematically collected and 

routinely stored, would permit analyses of factors from many points during the course of 

disease both pre- and post-diagnosis and would follow the entire patient cancer 

experience from diagnosis onward, collecting information that may affect outcomes. The 

proposed dataset will capture information on: demographic details; details of each cancer 

episode; the referral pathway; dates and type of imaging and biopsy procedures; 

pathology and histology; staging; specific data items at each multidisciplinary team 

meeting; diagnostic information; all recognised cancer-directed treatment procedures, 

information on dates of treatment, hospital and consultant, and reasons why the patient 

may not have had treatment; follow-up status of the patient including the functional status 

of the patient and health care facilities including palliative care attended by the patient; 

and date and cause of death.

The establishment of standardised databases linking primary, secondary and tertiary care 

may be a medium- to long-term goal in Ireland due to the prevalence of paper-based 

record systems, and the current lack of UHls and health information technology 

infrastructure. Presently in Ireland, only 2% of the Irish GP practices exchange medical 

data with other healthcare providers.Electronic exchange of prescriptions, commonly 

referred to as e-prescribing, is practiced by less than 1% of GP practices. Moreover, only 

73% of Irish GP practices use a computer and 65% of GP practices have an internet 

connection. A move towards the integration of patient care recently began with the draft 

of a proposal for a standardised national discharge dataset. This was to ensure that 

information sent to primary care health care practitioners, relating to an inpatient stay, 

was standardised and trustworthy and that continuity of care was provided for patients on 
their return to the community.^®® This is not a one way process, however, and a system 

for the systematic reporting of cancer diagnoses in primary care is also needed. Pascoe 

et al. (2008) found that when comparing general practitioner (GP) records to a cancer 
registry in the UK, almost 20% of patients had no code for a malignancy.®®^ Another study 

found evidence that a cancer code was recorded late in the diagnostic process, with 

relevant investigations found in over 70% of patients in the year before the date of 

recorded diagnosis. Moreover, 7.5% of the studied cohort had evidence of cancer 

treatment or oncology referral before any specific mention of cancer as a diagnosis in the 
GP’s health record.®®®

A more realistic short-term goal may be the linkage of patients in the CNCDS to the 

PCRS, which would facilitate the evaluation of use and outcomes of anticancer treatments 

dispensed in the community in addition to procedures and therapies administered on an 

inpatient basis. The introduction of Medicare Part D data has made this type of research
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possible among the US SEER-Medicare population. Moreover, prescriber identifiers are 

included in the Part D data, so researchers can link these files in order to obtain more 
information about the prescriber.^®®

Cancer continues to be a leading cause of morbidity and mortality in Ireland, and there is 

an increasing need for new data sources to accurately evaluate cancer outcomes and 

costs. Implementation of a comprehensive health information system containing accurate 

information on clinical diagnoses, personal and medical histories, planned and actual 

treatment regimens, and post-treatment outcomes of cancer patients could provide a 

wealth of data for cancer outcomes research in Ireland. The relevance of research from 

such a resource would be broad, with the potential to benefit parties at each level within 

the Irish health care structure.

8.3 Overall summary
The chapters in this thesis have shown how the SEER-Medicare database can be used to 

assess treatment patterns, costs and outcomes of cancer care among a large, diverse 

older population in routine clinical practice. In Chapters 3 and 4 we evaluated treatments, 

complications of treatment and survival outcomes in head and neck cancer patients, 

taking advantage of natural experiments where changes in care delivery led to changes in 

the interventional exposure between treatment groups. In Chapters 5 and 6 we evaluated 

the costs of treating pancreatic cancer and the impact of PBD on postoperative outcomes 

in patients with resectable disease and in Chapter 7 we estimated chemotherapy-related 

toxicities in a terminally ill population diagnosed with metastatic cancer.

There were several strengths to the current analyses including the fact that a large 

number of individuals, often excluded from clinical trials and representing a diversity of 

geographic areas across the US, could be assessed longitudinally. Moreover, although 

the current study included patients diagnosed with cancer in SEER areas. Medicare 

claims also covered medical treatments or services that were received outside the SEER 

areas and therefore provided more complete information regarding cancer care. The 

availability of data on multiple disease conditions assisted the retrospective adjustment for 

other health conditions and the inclusion of a non-cancer control group facilitated the 

examination of non-cancer healthcare use in the older population and hence the 

incremental cost of cancer care. Because the data were collected for billing purposes the 

potential for recall bias was eliminated and relevant diagnoses and procedure codes, and 

dates of service, permitted the evaluation of treatment use and complications of treatment, 

as well as the aggregation of cost by type of service. Finally, although we cannot rule out 

any possibility of fraudulent Medicare claims, the penalties associated with charging
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Medicare for nonexistent services would serve as a strong incentive for accuracy in 

Medicare billing.

Drawbacks of the current analyses included the fact that because the cohort was originally 

constructed for billing purposes, certain information was not collected or not documented 

in as detailed a manner as we would have liked. Examples include the lack of detail on 

certain patient and tumour characteristics, including lymph node status, physiological 

measurements or functional status, as well as patient and physician preferences. In 

addition. Medicare coverage is largely restricted to elderly people, and for this reason the 

SEER-Medicare data cannot be used to evaluate risk factors that arise earlier in life. 

Likewise, one must be cognisant that results from studies of the elderly may not be 

generalisable to younger populations. Nonetheless, because the cancers studied in the 

current thesis largely affect the older population, our analyses are directly informative for a 

substantial fraction of cancer cases. By its very nature, the current research had an 

added layer of complexity including the fact that the SEER-Medicare database is limited 

by its retrospective nature and the variables tracked by the database. Moreover biases, 

including performance bias, detection bias and selection bias, are the primary threat to its 

validity.Performance bias occurs when the delivery of one type of intervention is 

associated with higher levels of performance by the health care unit than the delivery of a 

different type of intervention, making it difficult to determine if better outcomes are the 

result of the intervention or the accompanying higher-quality health care. For example, in 

Chapter 6 we noted that patients who received PBD were likely to be operated on by high 

volume surgeons who in turn are more likely to work in high volume centres, where 

support services and multidisciplinary expertise are better than rural locations. While we 

controlled for surgeon volume in the adjusted analyses, it is likely that these other 

unidentifiable factors may have biased our outcome estimates. Detection bias occurs 

when the outcomes of interest are more easily detected in one group than another. In 

Chapters 4 and 7 certain inherent differences, such as functional or performance status 

and physician or patient preferences, between patients who receive systemic treatment 

versus RT or supportive therapy alone may be obscure and unidentifiable in observational 

data. As a result, baseline levels of dehydration, infection and fever are likely to be higher 

in patients who are not candidates for systemic therapy. Selection bias is the most 

important concern in the validity of observational studies and occurs when the intervention 

groups differ in characteristics that are associated with the outcome of interest. These 

differences can occur because a characteristic is part of the decision about which 

treatment to recommend. In the current work, selection biases were mitigated using 

specific analytic approaches including multivariable regression and propensity score 

analysis.
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Despite these limitations, cautious framing, suitable study design, and application of 

sophisticated analytical techniques can improve the accuracy of this research. In an ideal 

world data should be collected prospectively, from a large and representative sample of 

patients but this is not always feasible. Frequently, investigators have to obtain a balance 

between collecting very detailed data on a limited number of patients and using less 

detailed data on a very large numbers of patients. The current work has presented some 

important population-level results pertaining to cancer care in the older population which 

will help in focussing ensuing, prospective, patient-level analyses.

8.4 Future directions
The results of this thesis have generated some important questions about which cancer 

treatment are most appropriate, in which patients, under what circumstances and at what 

cost. Despite the strengths of these analyses, they are constrained by the lack of detailed 

information necessary to provide definitive answers to these questions. As decision 

making in oncology becomes increasingly complex because of escalating number of 

treatment options, treatment-related toxicities, uncertain outcomes and costs, the ability to 

amalgamate concerns of clinical benefits, toxicities, and costs and compare alternatives is 

becoming increasingly essential.In the pharmaceutical therapy area, for example, there 

are estimates of 400 new anticancer drugs in development, costing tens of thousands of 

dollars per patient. For radiation therapies, new proton beam treatments could become 

widely used, but the installations cost about $200 million apiece while in cancer surgery, 

there are new technologies for robot-assisted microsurgery and laparoscopic alternatives 
to standard surgical techniques.'‘°^ If we can become skilled at defining the value of 

specific interventions for individual patients, treatment decisions and population health will 

improve, care will become more proficient and payment systems will be better aligned with 

societal objectives.

Unlike basic research which investigates the unknown, comparative effectiveness 

research answers questions about what works and what works best for individual patients. 

It is defined by an answerable question and compares the benefits and harms of 

alternative methods to prevent, diagnose, treat, and monitor a clinical condition or to 

improve the delivery of care.^° Although the purity of the RCT represents the ideal, 

accomplishing such a task may take many years or may never happen. Therefore, data 

regarding patients, treatments, and outcomes in the real world must be acquired 

elsewhere.

Administrative databases are being used increasingly in comparative effectiveness 

research to compare certain treatments but the strength of their findings is dependent on
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the quality and accuracy of the information captured. For example, a recent study, using 

the SEER-Medicare database, examined the use of carboplatin and paclitaxel with or 

without bevacizumab among Medicare beneficiaries with advanced NSCLC but the 

authors note that limitations of the study included the lack of information on performance 

status and baseline lung function.Another study examined postoperative morbidity in 

patients who had either laparoscopic or open radical prostatectomy but again the authors 

document their inability to evaluate certain important endpoints, including quality of life, 
and recommended that these be evaluated in prospective clinical studies.'‘“

Aggregating patient-level data from EHRs and merging these data with data from 

administrative databases would improve the rigour of the studies, potentially resulting in 
more definitive conclusions.'*®'* EHR data would add complementary detail to 

administrative and registry data, combining standard administrative data like diagnoses 

and procedure codes, demographics, and survival with refined clinical information such as 

laboratory results and imaging, quality of life assessments, and detailed information on 
treatments and health care utilisation.'*®®

In 2009, the Obama administration provided the health care community with authorised 

incentive payments through Medicare and Medicaid to clinicians and hospitals when they 

use EHRs privately and securely to achieve specified improvements in care delivery. 

Through the Health Information Technology for Economic and Clinical Health Act 

(HITECH), the federal government will provide incentive payments totalling up to $27 

billion over 10 years, or as much as $44,000 (through Medicare) and $63,750 (through 

Medicaid) per clinician. The goals are the extensive collection and aggregation of data, 

with analytic tools for patients and doctors to learn from cancer information and the 

interoperability of information in an environment of trust, and standardised quality

reporting 405, 406 Achieving this will require widespread cooperation from disparate sectors

of the health care community. However, it is believed that by linking patient-level data to a 

growing national system of clinical research databanks, the nation will be taking a major 

step forward in improving the safety, quality, and efficiency of the US health care 
system.'*®®
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Appendix
APPENDIX A

Table 1A: Histology codes for laryngeal cancer

Histology Codes 
(ICD-O-3)

8020, 8032, 8033, 8051, 8070-8078, 8083

Table 2A: Site and staging codes for laryngeal cancer

Larynx T staging using EOD 10

codes

T Staging for 2004 and

beyond

Glottis C32.0 T1:10, 11, 12, 50 T1: 10, 11, 12,45

T2: 30, 35 T2: 30, 35

T3:40 T3: 40, 51,52

T4a: 60,70,71 T4a: 60, 68, 70, 71, 73

T4b: 80 T4b: 80

Supraglottis C32.1 T1: 10, 50 T1: 10,45

T2: 20, 30, 35, 60 T2: 20, 30, 35, 60

T3: 40, 62, 65, 66, 67 T3: 40, 52, 62, 65, 66, 67, 68

T4a: 70, 72 T4a: 70, 72, 73.

T4b: 80 T4b: 80

Subglottis C32.2 T1: 10, 50 T1: 10,45

T2: 30 T2:30

T3: 40 T3: 40

T4a: 60, 70 T4a: 60, 68, 70, 73

T4b; 80 T4b: 80

Larynx, overlapping

lesion or NOS

C32.3.

C32.8-C32.9

T1: 10, 50 T1: 10, 45

T2: 20, 30, 35 T2: 20, 30, 35

T3: 40, 60 T3: 40, 60

T4a: 70 T4a: 68, 70

T4b: 80 T4b: 80

Lymph nodes 0=N0

1,2, 3, 4, 5, 6 = N+

Exclude 9 = unknown

0= NO

10-80=N+

Exclude 9= unknown

Table 3A: Treatment codes for laryngeal cancer

Treatment ICD-9 Procedure Codes HCPCS

Radiation therapy 77371-77373, 77401-77416,
77418, G0174, 0073T. 77422, 
77423, 77520-77525, 77776- 
77778, 77781-77787
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Chemotherapy 99.25 J9000-J9999, J8520-J8999,

V58.1, V66.2, V67.2, G0355-G0362, G9021-G9032,

E93.07, E93.31 C9414-C9419, C9420-9438,

S9325-S9379, S9494-S9497,

96400-96599, 36260, 36640,

95990, 95991, A4301, Cl 166,

Cl 167, Cl 168, C9110, C9205,

C9207, C9213, C9214, C9215,

C9216, C9411, E0782, E0783,

E0785, E0786, J0640, J2405,

K0415, K0416, Q0083, Q0084,

Q0085, Q0179, SOI77, SOI81

Total laryngectomy 30.3, 30.4 31360, 31365

Table 4A; Treatment-related complications for laryngeal cancer

Category ICD-9 Diagnosis Codes ICD-9 Procedure Codes HCPCS

Pneumonia 507-507.8, 480.0,

480.1- 482.9, 483,

483.0, 483.1, 483.8,

484, 484.1, 484.3,

485, 486

Sepsis 038.0, 038.2, 038.3,

038.4, 038.41,

038.42, 038.43,

038.44, 038.49,

038.8, 038.9, 038.10,

038.11, 038.19,

790.7

Venous/Pulmonary TE 444.21, 444.42,

453.1,453.2,453.40,

453.4, 453.42, 453.8,

453.9,415.19

Dysphagia 787.2 - 787.29 92526

Mucositis 528,528.0, 528.00,

528.01, 528.09

Oesophagitis 530.0-530.19

Xerostomia 527.7
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Oesophageal dilation 42.92 43220, 43226, 43248,

43249, 43450, 43453,

43456, 43458,43510

Tracheostomy 31.1,31.21, 31.29 31600, 31601, 31603

31605, 31610, V44.0

Feeding tube V44,1 43.11 43246, 43750, 44500,

44372, 44373, 74355,

74350

B4034-B4036, B4081-

B4088, B4100, B4102-

B4104, B4149-B4162
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APPENDIX B
Table 1B: Histology codes for HNSCC

Histology Codes 
(ICD-0-3)

8050, 8051,8052, 8070-8076, 8083, 8094, 8123

Table 2B: Site and staging codes for HNSCC

ORAL CAVITY T staging using EOD 10 
codes

T Staging for 2004 and 
beyond

Tongue (all other sites): C2.0-C2.3,
C2.8-2.9

T1: 01-20 T1: 01-20,
T2: 21-40 T2: 21-40
T3: 41-989 T3: 41-989
T4a: 70, 75 T4a: 70, 72, 74, 75
T4b: 80 T4b: 80

Gum,upper C03.0 T1: 01-20, T1: 01-20,
T2: 21-40, T2: 21-40,
T3: 41-989, T3: 41-989,
T4a 70, 72,74,76 T4a: 70, 72, 74, 76
T4b: 73,80 T4b: 79, 80

Gum, NOS C03.9 T1: 01-20, T1: 01-20,
T2: 21-40, T2: 21-40,
T3: 41-989, T3: 41-989,
T4a 72,76 T4a: 72, 76
T4b: 73,80 T4b: 79, 80

Gum, lower and retromolar area C03.1. 6.2 T1: 01-20, T1: 01-20,
T2: 21-40, T2: 21-40,
T3: 41-989, T3: 41-989,
T4a 70,72,76 T4a: 70, 72, 76
T4b; 73,80 T4b: 79, 80

Floor of mouth C04.0, 4.1,
4.8, 4.9

T1: 01-20 T1: 01-20, 990-992,
T2: 21-40 T2: 21-40, 993-994
T3: 41-989 T3: 41-989, 995-996
T4a: 50, 53, 55, 60, 70, 76 T4a: 62, 63, 64, 70, 76, 77
T4b: 80 T4b: 80

Hard Palate C5.0 T1: 01-20, 71:01-20,990-992,
T2: 21-40, T2: 21-40, 993-994
T3: 41-989, T3: 41-989, 995-996
T4a: 50, 70 T4a: 70, 74
T4b: 74, 80 T4b: 76, 80

Soft Palate, Uvula C5.1, C5.2 T1: 01-20 71:01-20, 990-992,
T2; 21-40 T2: 21-40, 993-994
T3: 41-989 T3: 41-989, 995-996
T4a: 50, 60, 65, 70, 74. 75, 
76

T4a: 65, 70, 71, 72, 73. 77

T4b: 71,80 T4b: 74, 78, 79, 80
Other Mouth C5.8, C5.9,

C6.8, C6.9
T1: 01-20 T1: 01-20,
T2: 21-40 T2: 21-40, 993-994
T3: 41-989 T3: 41-989, 995-996
T4a: 70 T4a: 70, 71
T4b: 80 T4b: 72, 75, 80

Cheek (Buccal) C6.0, 6.1 T1: 01-20 T1: 01-20,
T2: 21-40 T2: 21-40,
T3: 41-989, 60 T3: 41-989,
T4a: 55, 70, 75, 76, 77, T4a: 65. 66, 67, 70. 75
T4b: 73. 80 T4b: 73, 79, 80

OROPHARYNX
Base of tongue Cl.9

C2.4
T1: 01-20 T1: 01-20
T2: 21-40 T2: 21-40,
T3: 41-989 or 60 T3: 41-989,
T4a: 70, 75 T4a:71,72, 74, 75. 77,
T4b: 76,80 T4b: 78, 80
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Tonsil, Oropharynx C09.0, 9,1,
9.8, 9.9,
010.0, 10.2- 
10.4, 10.8,
10.9

T1: 01-20 T1: 01-020,
T2: 21-40 T2: 21-40
T3: 41-989, T3: 41-989,
T4a: 50, 55, 70 T4a: 65, 70,
T4b: 42,60,65,80 T4b: 62, 72, 75, 77, 80

Anterior Surface of Epiglottis 010,1 T1: 001-020 T1: 01-20, 10, 30
T2: 021-040 T2:21-40, 20, 31,32, 33, 34, 3
T3: 041-989, 40, 41 T3: 41-989, 36, 37,38, 39, 43
T4a: 50, 55 T4a: 45, 47, 50, 62, 65, 66, 6 

68, 69, 70
T4b: 42, 60, 65, 70, 80 T4b: 75, 77, 80

HYPOPHARYNX
Hypopharynx/Pyriform Sinus C12.9, 

C13.0-13.2, 
13.8, 13,9

T1: 01-20 T1. 1-20 (OS 10, 20, 30, 40, 5 
51)

T2: 21-40 T2: 21- 40 (OS 10, 20, 30, 4 
50, 51)

T3: 41-989 55 or 61 T3: >41 or 55
T4a: 60,61, 62, T4a: 60, 61,62, 63, 66
T4b: 80 T4b: 64, 65, 70, 80

NASOPHARYNX

Nasopharynx Cl 1.0-11.3, 
11.8, 11.9

T1: 10, 20, 30 T1: 10, 20, 30
T2: 40,50 T2: 40, 50. 56
T3: 60, T3: 60,62
T4: 52, 55, 57, 70, 80 T4: 55, 57,58, 65, 70, 75, 80

LARYNX

Glottis C32.0 T1:10, 11, 12, 50 T1: 10, 11, 12,45
T2: 30, 35 T2: 30, 35
T3: 40 T3: 40, 51,52
T4a:60,70,71 T4a: 60, 68, 70, 71,73
T4b: 80 T4b: 80

Supraglottis C32.1 T1: 10, 50 T1: 10, 45
T2: 20, 30, 35, 60 T2: 20, 30, 35, 60
T3: 40, 62, 65, 66, 67 T3: 40, 52, 62, 65, 66, 67, 68
T4a: 70, 72 T4a: 70, 72, 73,
T4b: 80 T4b: 80

Subglottis C32.2 T1: 10, 50 T1: 10, 45
T2: 30, T2: 30
T3: 40, T3: 40
T4a: 60, 70 T4a: 60, 68, 70, 73
T4b: 80 T4b. 80

Larynx, overlapping lesion or 
NOS

C32.3,
C32.8-C32.9

T1: 10, 50 T1: 10,45
T2: 20, 30, 35 T2: 20, 30, 35
T3: 40, 60 T3: 40, 60
T4a: 70 T4a: 68, 70
T4b: 80 T4b: 80

Phayrnx NOS,
Waldeyers Ring, overlapping 
lesions

014.0, 014.2 
014.8

T1: 01-20, T1: 01-20,
T2: 21-40 T2: 21-40,
T3: 41-989 T3
T4a: 50,55, 60 T4a:
T4b: 80 T4b:
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Table 3B: Treatment codes for HNSCC

Treatment ICD-9 Procedure Codes HCPCS

Radiation therapy V58.0, V66.1.V67.1 77371-77373, 77401-77416,

77418, G0174, 0073T, 77422, 

77423, 77520-77525, 77776-

77778, 77781-77787

Chemotherapy 99.25

V58.1, V66.2,V67.2, 

E93.07, E93.31

J9000-J9999,

G0355-G0362,

C9414-C9419,

S9325-S9379,

96400-96599,

95990, 95991,

J8520-J8999, 

G9021-G9032, 

C9420-9438, 

S9494-S9497, 

36260, 36640,

A4301, Cl 166,

Cl 167, Cl 168, C9110, C9205, 

C9207, C9213, C9214, C9215, 

C9216, C9411, E0782, E0783, 

E0785, E0786, J0640, J2405, 

K0415, K0416, Q0083, Q0084, 

Q0085, Q0179, SOI 77, SOI 81

Cisplatin

Carboplatin

Paclitaxel

Docetaxel

Cetuximab

J9060, J9062 

J9045

J9265, J9264 

J9170, J9171 

J9055

Surgery (exclude patient if surgery 

was received within 6 months of 

diagnosis)

21.5-21.6, 22.31, 22.42, 22.60- 

22.66, 24.31, 25.1-25.4, 26.2, 

26.29-26.32, 27.3, 27.32, 27.4, 

27.42-27.43, 27.49, 27.72, 28.92, 

29.33, 29.39, 30.0, 30.09, 30.1, 

30.21-30.22, 30.29, 30.3 to 30.5, 

31.5, 40.4-40.42, 76.2, 76.31, 

76.39-76.42,76.44-76.45

21044-21045, 21555-21557,

30117-30118, 30130, 30140,

30150, 31200-31201, 31205,

31225, 31230, 31299, 31365, 

31367-31368, 31370, 31375,

31380, 31382, 31390, 31395, 

31420, 38700, 38720, 38724, 

40810, 40812, 40814, 40816, 

40819, 41110, 41112-41114,

41116, 41120, 41130, 41135, 

41140, 41145, 41150, 41153, 

41155, 41825 to 41827, 42104, 

42106-42107, 42120, 42140,

42410, 42415, 42420, 42425- 

42456, 42440, 42450, 42842, 

42844-42845, 42890
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Table 4B: Treatment-related complication codes for HNSCC

Outcome Category ICD-9 Diagnosis Code

Gastrointestinal Nausea, vomitting, diarrhoea 787.0, 787.0, 787.02, 787.03,

787.04, 787.91, 564.5

Infection Infection 466.0, 466.1, 480-486, 487, 590-

590.9, 595-595.9, 681-682, 510-

510.9, 513-513.1, 038.9, 790.7, 

785.5, 785.52, 785.59, V58.62

Aspiration pneumonia 507-507.8

Fever 780.6

Oral Dysphagia 787.2, 787.21,

787.22,787.23,787.24, 787.29

Mucositis 528,528.0, 528.00, 528.01, 528.09

Oesophagitis 530.0-530.19

Haematologic Anaemia 280, 280,1, 280.8, 280.9,

281,281.0, 280.1, 281.2, 281.3, 

281.4, 281.8, 281.9, 284.0,

284.01, 284.09, 284.1, 284.11,

284.12, 284.19, 284.2, 284.8,

284.9, 285.0, 285.1, 285.2,

285.21, 285.22, 285.29, 285.3,

285.8, 285.9

Neutropenia 288.0, 288.8, 288.9

Thrombocytopenia 287.4, 287.5

Dehydration 276.1, 276.8, 276.9, 276.5

Thrombolytic PE/DVT 452, 453, 453.0, 453.1, 453.2,

453.3, 453.4, 453.40, 453.41,

453.5, 453.50, 453.51, 453.52,

453.6, 453.7, 453.70, 453.71, 

453.72, 453.73, 453.74, 453.75, 

453.76, 453.77, 453.79, 453.8, 

453.8, 453.80, 453.81, 453.82, 

453.83, 453.84, 453.85, 453.86, 

453.87, 453.89, 453.9, 415.1,
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415.11, 415.12, 415.13, 415.19, 

451.1, 451.11, 451.19, 451.2, 

451.8, 451.81, 451.82, 451.83, 

451.84, 451.89, 451.9

Acute renal failure 584.x

Cardiac Ml 410, 410.0, 410.00, 410.01,

410.02, 410.10, 410.11, 410.12, 

410.20, 410.21, 410.22, 410.30, 

410.40, 410.41, 410.42, 410.50, 

410.51, 410.52, 410.60, 410.61, 

410.62, 410.70, 410.71, 410.72, 

410.80, 410.82, 410.90. 410.91, 

410.92

780.1, 780.2, 787.4, 787.5,

780.50, 780.51, 780.52, 780.53,

780.54, 780.55, 780.56, 780.57,

780.58, 780.59, 780.8, 780.93,

780.97, 292.0, 292.1, 292.11,

292.12, 292.2, 292.8, 292.81,

292.82, 292.83, 292.84, 292.85,

292.89, 292.9

Other Delirium/dnjg psychoses

Non-specific adverse event of 

chemotherapy

E9331
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APPENDIX C
Table 1C: Site and histology codes for pancreatic adenocarcinoma

Site codes 157.0, C25.0-C25.9
Histology Codes 8000, 8001, 8003, 8010, 8012, 8015, 8020,
(ICD-0-3) 8021, 8022, 8050, 8070, 8071, 8140, 8141,

8144, 8230, 8240, 8260, 8261, 8263, 8310,
8440, 8450, 8470, 8471, 8480, 8481, 8490,
8500, 8503, 8507, 8510, 8514, 8521 ,8560

Table 2C: Historical staging codes for pancreatic adenocarcinoma

Historical stage Category Exclude

0 In situ Exclude

1 Localized Include

2 Regional Include

4 Distant Include

9 Unstaged Exclude

Table 3C: Treatment codes for pancreatic adenocarcinoma

Treatment ICD-9 HCPCS
Radiation therapy 92.21-92.2

V58.0, V66.1, V67.1
77371-77373, 77401-77416, 77418, G0174, 
0073T, 77422, 77423, 77520-77525, 77776- 
77778, 77781-77787

Chemotherapy 99.25
V58.2, V66.2, V67.2, 
E93.07, E93.31

96400-96599, 36260, 36640, 95990,
95991, J8520-J8999, J9000-J9999, G0355- 
G0362, G9021-G9032, C9414-C9419, 
C9420-9438, Cl 166, Cl 168, C9110, C9205, 
C9207,C9213, C9214, C9215, C9216, 
C9411,S9325-S9379, S9494-S9497,
A4301 ,E0782, E0783, E0785, E0786, 
J0640,J2405, K0415, K0416, Q0083, 
Q0084,Q0085, Q0179, SOI 77, SOI 81

Resection 52.51-52.53, 52.59,
52.60, 52.70

48140, 48145, 48146, 48150, 48152, 48153, 
48154, 48160

Bypass 44.39, 51.32, 51.36,
51.37, 51.39

47570, 47720, 47721,47740, 47741, 47760, 
47765, 47780, 47785, 47800, 47802, 43820, 
43825, 43860, 43865

Stent 51.43,51.87, 52.93,
97.05

47510, 47511,47525, 47530, 47556, 47801, 
43267, 43268, 43269, 75982
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Table 4C: Positive costs of care by category and stage of pancreatic cancer at 
diagnosis

All Stages Locoegional Locoegional Distant
resectable unresectable

N % N % N % N %

Total (N, %) 14,966 99.5% 2,077 100.0% 4,212 99.5% 8,677 99.4%

Procedures 7,808 51.9% 2,062 100% 2,839 67.1% 2,907 33.3%

Chemo / RT 8,094 53.8% 1,467 70.6% 2,266 53.5% 4,361 50.0%
Inpatient 11,912 79.2% 1,756 84.5% 3,216 76.0% 6,940 79.5%

Hospice 9,633 64.1% 1,081 52.0% 2,884 68.1% 5,668 65.0%
Other 14,903 99.1% 2,077 100.0% 4,196 99.1% 8,630 98.9%

Table 5C: Positive costs of care by category and stage of pancreatic cancer at
diagnosis

All Stages Locoegional Locoegional Distant
resectable unresectable

N Mean N Mean N Mean N Mean

Total 14,966 $65,765 2,077 $134,724 4,212 $65,662 8,677 $49,309

Procedures 7,808 $28,244 2,062 $51,415 2,839 $18,822 2,907 $21,010
Chemo / RT 8,094 $16,193 1,467 $19,218 2,266 $17,173 4,361 $14,665
Inpatient 11,912 $27,679 1,756 $40,394 3,216 $28,384 6,940 $24,134
Hospice 9,633 $7,055 1,081 $7,646 2,884 $9,332 5,668 $5,783
Other 14,903 $15,768 2,077 $31,976 4,196 $15,734 8,630 $11,883
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APPENDIX D
Table 1D: Site and histology codes for pancreatic adenocarcinoma
Site codes 
Histology Codes 
(ICD-0-3)

157.0, C25.0
8000, 8001,8003, 8010, 8012, 8015, 8020, 
8021, 8022, 8050, 8070, 8071, 8140, 8141, 
8144, 8230, 8240, 8260, 8261, 8263, 8310, 
8440, 8450, 8470, 8471,8480, 8481,8490, 
8500, 8503, 8507, 8510, 8514, 8521, 8560

Table 2D: Historical staging codes for pancreatic adenocarcinoma
Historical stage Category Exclude

0 In situ Exclude

1 Localized Include

2 Regional Include

4 Distant Include

9 Unstaged Exclude

Table 3D; Procedure codes for pancreatic resection and PEBS

Procedure ICD-9 Procedure HCPCS
Resection 52.51, 52.53, 52.59, 48155, 48160,48150, 48152

52.60, 52.70 48153, 48154

PEBS 51.87 43267, 43268

Table 4D; Postoperative treatment-related complication codes

Outcome Category ICD-9 Diagnosis Codes ICD-9

Procedure

Codes

HCPCS

Cardiovascular Cardiac 410, 410.1, 410.2, 410.3, 410.4,

410.5, 410.6, 410.7, 410.8, 410.9,

402.01, 402.11, 402.91, 428, 428.0,

428.1.428.9.427.5, 997.1

Vascular 785.51, 453.1, 453.2, 453.4, 453.42,

453.9, 999.2, 997.2, 435.0, 435.2,

435.3, 435.8, 435.9, 436, 436.0, 433,

433.0, 433.2, 433.3, 433.8, 433.9,

434, 434.0, 434.1, 434.9, 437, 437.0,

437.1, 437.2, 437.3, 437.4, 437.6,

437.7, 437.8, 437.9, 415.19, 452,

452.0, 415, 415.0, 415.1, 415.11,

451.2, 451.8, 451.9, 453.9, 453.8
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576.4, 537, 537.0, 537.3, 537.89,

537.9, 536.6, 536.8, 536.9, 536.3 ,

560.1, 560.2, 560.8, 560.81, 560.89,

560.9, 531.00, 531.01, 531.10,

531.11, 531.20, 531.21, 531.30,

531.31, 531.40, 531.41, 531.50,

531.51, 531.60, 531.61, 531.70,

531.71, 531.90, 531.91, 532.00,

532.01, 532.10, 532.11, 532.20,

532.21, 532.30, 532.31, 532.40,

532.41, 532.50, 532.51, 532.60,

532.61, 523.70, 532.71, 532.90,

532.91, 533.00, 533.01, 533.10,

533.11, 533.20, 533.21, 533.30,

533.31, 533.40, 533.41, 533.50,

533.51, 533.60, 533.61, 533.70,

533.71, 533.90, 533.91, 534.00,

534.01, 534.10, 534.11, 534.20,

534.21, 534.30, 534.31, 534.40,

534.41, 534.60, 534.61, 534.70,

534.71, 534.90, 534.91, 535.00,

535.01, 535, 535.0, 535.10, 535.11,

535.20, 535.21, 535.30, 535.31,

535.40, 535.41, 535.50, 535.51,

535.60, 535.61, 535.70, 535.71,

578.9,997.4,578.0, 578.1

Gastrointestinal

Respiratory 518.0, 518.4, 518.5, 518.81, 581.82, 

514

Miscellaneous

surgical

553.20, 553.2, 553.21, 553,29, 552.2,

552.20, 552.21, 552.29, 551, 551.10, 

551.00,

998.1,998.11, 998.12, 998.3, 998.30, 

998.31, 998.32, 998.6, 998.7, 998.89, 

998.9, 997.9, 998.13, 998.83

39.98,

54.12,

54.19,

54.61

Infectious Sepsis, bacteremia 038, 038.0, 038.1, 038.2, 038.3, 

038.8, 038.9, 038.4, 038.41, 038.42, 

038.43, 038.44, 038.49, 785.52,

995.91, 995.92, 790.7
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Cholangitis 576.1

Pneumonia 480.0, 480.1, 480.2, 480.3, 480.8,

480.9, 481, 481.0, 482.0, 482.1,

482.2, 482.30, 482.31, 482.32,

482.39, 482.40, 482.41, 482.42,

482.49, 482.81, 482.82, 482.83,

482.84, 482.89, 482.9, 483.0, 483.1, 

483.8, 484.1, 484.3, 484.5, 484.6,

484.7, 484.8, 485, 486

UTI 599.0

Wound 567.22, 567.38, 998.51, 682.2

Other 998.5, 998.59

PEBS-related

complications

Haemorrhage 998.11,578.0, 578.1,578.9

Pancreatitis 577.0

Cholangitis 576.1

Mechanical 996.79

Removal, exchange 970.5, 975.5
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Table 5D; Exclusion criteria

Procedure ICD-9 Procedure HCPCS

Neoadjuvant Chemotherapy 99.25
V58.2, V66.2, V67.2, 
E93.07, E93.31

96400-96599, 36260, 36640, 95990,
95991, J8520-J8999, J9000-J9999, 
G0355-G0362, G9021-G9032, C9414- 
C9419, C9420-9438, Cl 166, Cl 168,
C9110, C9205, C9207,C9213, C9214, 
C9215, C9216, C9411,59325-59379, 
59494-59497, A4301 ,E0782, E0783,
E0785, E0786, J0640,J2405, K0415,
K0416, Q0083, 00084,00085, 00179, 
50177, 50181

Bypass 51.31,51.32, 51.36, 
51.37, 51.39

47570, 47720, 47721,47740, 47760,
47765, 47780, 47785, 47701,47800,
47802, 43820, 43825

Percutaneous Drainage 51.98 47510, 47511,47556

Other Drainage Procedure 51.43, 51.84, 51.59, 
51,42, 51.49

47555, 43271,43272, 47420, 47425
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APPENDIX E

Table 1E: Site and staging codes for metastatic cancer

Tumour type PEDSF Site
code
CODKM

C code - site Extension of
disease

CS Mets Variable
(M1) - AJCC 6th
Edition (2004+)

Breast 46 C50.0-C50.6,

C50.8-C50.9

85 10, 40, 42, 44, 50

Bladder 58 C67.0-C67.9 85 10, 11,40, 50

Colorectal 15-23, 25-26 C18.0-C18.9,

Cl 9.9, C20.9

85 08, 10, 40, 50 (colon)

10, 11, 12, 40, 50

(rectum)

Ovarian 50 C56.9 85 10, 40,50

Stomach 12 85 10, 40, 50

Pancreas 33 C25.0-C25.9 85 10,40, 50

Oesophagus 11 C15.0-C15.5,

C15.8, C15.9

85 10, 11, 12, 40, 50

Lung 39 C34.0-C34.3,

C34.8, C34.9

85 10, 35, 37, 39,40, 50

Prostate 54 C61.9 85 11, 12, 30, 35, 40,

45, 50, 55

197



Table 2E: Staging codes for metastatic cancer if CS Mets/EOD unavailable

Tumour type 1999-2003 2004+

Lung, breast, colorectal, ovary Stage IV 3™ edn

(ajcc_stage): 40,41,

42,49

Stage IV 6" edn (dajccstg) = 70, 71 , 72,

73, 74 and/or dajccm (mets variable) 10,

11, 12, 13, 19

Prostate, bladder dajccm 2004+ = 10, 11, 12, 13, 19

Stomach dajccm 2004+ = 10,11, 12, 13, 19

Oesophagus, pancreas dajccstg = 70, 71 , 72, 73, 74 and/or

dajccm (mets variable) 10,11,12, 13, 19

Table 3E: Excluded historic stages

Historical stage Category Exclude

0 In situ Exclude

1 Localized Exclude

2 Regional Exclude

4 Distant Include

9 Unstaged Exclude

Table 4E: Histology codes for metastatic cancer

Histology
Codes
(ICD-O-3)

8000,
8022,
8120,
8173,
8254,
8314,
8383,
8480,

8001,
8041,
8122,
8174,
8255,
8315,
8409
8481,

8002,
8042,
8131,
8175,
8260,
8316,
8442,
8482,

8003,
8043,
8140,
8180,
8261,
8340,
8451,
8490,

8004,
8044,
8141,
8190,
8262,
8341,
8452,
8500,

8005'
8045,
8142,
8211
8263
8342,
8453
8501,

,8010,8011 
8071,8072, 
8143,8144, 
8214,8215, 
8290,8300, 
8343,8344, 
8460,8461, 
8502,8503

,8012,8013,8020, 
8073,8074,8075, 
8145,8147,8172, 
8220,8221,8252, 
8310,8312,8313, 
8380,8381,8382, 
8462,8472,8473, 
,8510,8520,8521
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Table 5E: Treatment codes for metastatic cancer

Treatment ICD-9 Procedure Codes HCPCS
Radiation therapy 77371-77373, 77401-77416, 

77418, G0174, 0073T, 77422, 
77423, 77520-77525, 77776- 
77778, 77781-77787

Chemotherapy 99.25 J9000-J9999, J8520-J8999,
Exclude hormonal V58.1. V66,2, V67.2, G0355-G0362, G9021-

E93.07, E93.31 G9032, C9414-C9419, 
C9420-9438, S9325-S9379, 
S9494-S9497, 96400-96599, 
36260, 36640, 95990, 95991, 
A4301, Cl 166, Cl 167,
Cl 168, C9110, C9205,
C9207, C9213, C9214,
C9215, C9216, C9411,
E0782, E0783, E0785,
E0786, J0640, J2405, K0415, 
K0416, Q0083, Q0084,
Q0085, Q0179, SOI 77,
S0181

Table 6E: Treatment-related complication codes for metastatic cancer

Outcome Category ICD-9 Diagnosis Codes

Infection/Fever Infection 466.0, 466.1, 480-486, 487, 590-

590.9, 595-595.9, 681-682, 510-

510.9, 513-513.1, 038.9, 790.7,

785.5, 785.52, 785.59, V58.62

Fever 780.6

Oral/gastrointestinal Nausea, vomiting, diarrhoea 787.0, 787.0, 787.02, 787.03,

787.04, 787.91, 564.5

Gastroenteritis, colitis 558.2, 558.9

Mucostitis 528,528.0, 528.00, 528.01, 528.09

Haematologic Anaemia 280, 280.1, 280.8, 280.9,

281,281.0, 280.1, 281.2, 281.3,

281.4, 281.8, 281.9, 284.0, 284.01,

284.09, 284.1, 284.11, 284.12,

284.19, 284.2,284.8,284.9,285.0,

285,1, 285,2, 285.21, 285.22,

285.29, 285.3, 285.8, 285.9

Neutropenia 288.0, 288.8, 288.9
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Thrombocytopenia 287.4, 287.5

Dehydration 276.1, 276.8, 276.9, 276.5

452, 453, 453.(D, 453.1, 453.2,

453.3, 453.4, 453.40, 453.41,

453.5, 453.50, 453.51, 453.52,

453.6, 453.7, 453.70, 453.71,

453.72, 453.73, 453.74, 453.75,

453.76, 453.77, 453.79, 453.8,

453.8, 453.80, 453.81, 453.82,

453.83, 453.84, 453.85, 453.86,

453.87, 453.89, 453.9, 415.1,

415.11, 415.12, 415.13, 415.19,

451.1, 451.11, 451.19, 451.2,

451.8, 451.81, 451.82, 451.83,

451.84, 451.89, 451.9

Thromoboiytic PE/DVT

Malnutrition/failure to thrive 783.0, 783.22, 783.21, 783.7,

263.9, 99.15, 799.4

780.1, 780.2, 787.4, 787.5, 780.50,

780.51, 780.52, 780.53, 780.54,

780.55, 780.56, 780.57, 780.58,

780.59, 780.8, 780.93, 780.97,

292.0, 292.1, 292.11, 292.12,

292.2, 292.8, 292.81, 292.82,

292.83, 292.84, 292.85, 292.89,

292

Constitutional symptoms Delirium/drug psychoses

Malaise/fatigue 780.7, 780.79

Non-specific AE of chemotherapy E9331

Acute renal failure 584.x

Cardiac Ml 410, 410.0, 410.00, 410.01, 410.02, 

410.10, 410.11, 410.12, 410.20, 

410.21, 410.22, 410.30, 410.40, 

410.41, 410.42, 410.50, 410.51, 

410.52, 410.60, 410.61, 410.62, 

410.70, 410.71, 410.72, 410.80, 

410.82, 410.90. 410.91,410.9
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IHD 411, 411.0, 411.1, 411.8, 411.81,

411.89, 412, 413, 413.0, 413.1,

413.9, 414, 414.0, 414.00, 414.01,

414.02, 414.03, 414.04, 414.05,

414.06, 414.07, 414.1, 414.10,

414.11, 414.12, 414.19, 414.2,

414.3,414.4,414.8,414.9

CHF 428., 428.0, 428.1, 428.2, 428.20,

428.21, 428.22, 428.23, 428.3,

428.30, 428.31, 428.32, 428.33,

428.4, 428.40, 428.41, 428.42,

428.43, 428.9

Cardiomyopathy 425., 425.0, 425.1, 425.11, 425.18,

425.2, 425.3, 425.4, 425.5, 425.7,

425.8, 425.9

Cardiac dysrhythmia 427.0, 427.1, 427.2, 427.3, 427.31,

427.32, 427.4, 427.41, 427.42,

427.5, 427.6, 427.61, 427.69,

427.8, 427.81,427.89, 427.9

Conduction disorder 426.0, 426.1, 426.11, 426.12,

426.13, 426.2, 426.3, 426.4, 426.5,

426.51, 426.52, 426.53, 426.54,

426.6, 426.7, 426.8, 426.81,

426.82, 426.9
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