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Abstract

Objective: Performance measurement of health services informs safe, quality care. Key performance indicators (KPIs) offer one such measurement. Limited research exists on outcome KPIs in systemic anti-cancer therapy (SACT). The objective of this study was to develop outcome KPIs for SACT services.

Methods: A Delphi panel of patient advocates and health professionals (n = 35) rated KPIs over four rounds. Participants rated KPIs on validity, reliability, acceptability and feasibility and addressed barriers and facilitators to implementation. Qualitative and quantitative data analyses included Kendall's coefficient of concordance, Wilcoxon signed-rank test on stability of responses and Kruskal–Wallis test for differences in stakeholder groups' responses.

Results: Twenty-six KPIs reached agreement, of which nine were prioritised. These were a mixture of outcome and process measures: death within 30 days of SACT, neutropenic sepsis, assessment of palliative care needs, medication errors, multidisciplinary team discussion, patient information and timeframe from surgery to SACT.
There was weak agreement on the prioritised list (Kendall's coefficient, p = .012). There was good stability of responses between rounds and no difference between responses of stakeholder sub-groups (p ≥ .05).

Conclusion: The study provides a comprehensive identification of outcome measures for SACT which will be useful in developing a framework for the performance measurement of SACT services.
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Introduction
Approximately 36,000 people are diagnosed with cancer every year in Ireland and cancer is the second most common cause of death, with approximately 8,800 deaths annually (NCRI, 2014a). Cancer deaths are predicted to overtake cardiovascular diseases as the most common cause of death by 2020 (Weir et al., 2016). The incidence of cancer is projected to increase in Ireland by 97% by 2040 (NCRI, 2014b). Performance measurement of health services helps to inform safe, quality care (Department of Health, 2013; HIQA, 2013; Kaplan & Porter, 2011; Mant, 2001; Morris & Cantrill, 2002; Nagendran, Maruthappu, & Raleigh, 2012).  Key performance indicators (KPIs) offer one such form of performance measurement. The Donabedian conceptual model is a well-established framework to assess the quality of health services in terms of structure, process and outcomes (Donabedian, 1988; Nagendran et al., 2012). 
Performance measurement in cancer services in Ireland to date has largely focussed on key performance indicators (KPIs) for access to services, in particular to surgical treatment. As these process measures are now well established, it is timely to explore key performance measures that address outcomes. Outcome measures are typically divided into "patient-reported outcome measures" (PROMs) and those reported by service providers, or clinicians, often in the form of KPIs that address outcomes.

Systemic anti-cancer therapy (SACT)[footnoteRef:1] is one treatment modality for cancer, involving the use of drugs to kill or halt the growth of cancer cells. An estimated 33,000 patients receive SACT every year in Ireland (NCCP, 2014). No formal outcome measurement framework is currently used in the SACT service in Ireland. Limited research exists on the quality of SACT in routine practice (Shen & Krzyzanowska, 2015) or on the identification, development or implementation of outcome KPIs in SACT services. Most approaches to quality assurance in SACT care, both in clinical trials and daily practice, focus on structure and process measures rather than outcome measures (Ottevanger & De Mulder, 2005). The focus of this study was to identify appropriate outcome KPIs to inform a safe, quality SACT service. The study specifically avoided areas such as survival and quality of life, where measures already exist. [1:  SACT includes those drugs with direct anti-tumour activity, targeted therapies and biologics used in the treatment of cancer, such as chemotherapy, immunotherapy, hormonal therapies and biological therapies.] 


The information obtained from this study aims to: (a) address the gaps identified in the existing scientific literature regarding outcome measures for SACT, (b) identify the appropriate areas that outcome KPIs for SACT should focus on and (c) inform the future implementation of these KPIs. The purpose of the study, therefore, was to: (a) identify existing outcome KPIs in the literature, (b) develop a consensus on these and other KPIs to address the current gaps in the literature on this topic, (c) critically appraise the feasibility of implementation of the KPIs and (d) identify barriers and facilitators to inform future implementation.

Methods
Study type—the Delphi method
Performance measurements can be identified using existing evidence or, where sufficient evidence is unavailable, through consensus of experts (HIQA, 2013; Prinsen et al., 2014). The Delphi method (Dalkey & Helmer, 1963), is an iterative, facilitated group approach used to synthesise the knowledge of experts, until a pre-determined level of consensus is reached (Hsu & Sandford, 2007; Sinha, Smyth, & Williamson, 2011). A panel of experts completes a series of questionnaires, or "rounds," with feedback reports provided between rounds, aimed at developing consensus amongst the group. The anonymous collection of responses removes the potential for undue influence (Landeta, 2006) and group pressure for conformity (Dalkey & Helmer, 1963). 

Identification of existing outcome KPIs
Systematic literature searching informed: (a) existing outcome KPIs for SACT treatment; (b) the methodology used in similar studies; and (c) evidence on barriers and facilitators to the implementation of outcome measures. Databases searched were PubMed, EMBASE, Web of Science, CINAHL, ABI-Inform, BMJ Journals Online and the Cochrane Library. No language limit was applied. The literature search was conducted over the period May to September 2015, with a review of additional publications up to August 2018. The reference lists of relevant papers were handsearched for relevant references, and key papers were traced for more recent citations. In addition, the grey literature was searched, with a focus on international organisations such as the American Society for Clinical Oncology, British Columbia Cancer Agency, Cancer Quality Council of Ontario, Institute for Health Improvement, National Comprehensive Cancer Network and the National Cancer Intelligence Network. 
The database searches returned a total of 939 studies across the three search areas. An initial sifting was undertaken by the lead author on the basis of a title/abstract review. Studies were included if they related to outcome measurement in a population-based context in cancer services and SACT services or of they examined clinician-reported or service-reported outcome measures. Articles were excluded if they focussed on PROMs, treatment with individual drugs, individual tumour types, quality of life measures, survival and mortality (on the basis that these are already the subject of measurement tools and collection), drug–drug interactions and SACT/chemotherapy services for children. Full papers were obtained for 52 studies, of which 30 were included in the literature review for search (a) (n = 18), search (b) (n = 8) and search (c) (n = 4).

Broad outcome themes in the literature used to develop the first round of the Delphi study were as follows: 
· Death within 30 days of receipt of chemotherapy, as reported on in some countries (Khoja, McGurk, O’Hara, Chow, & Hasan, 2015; NCEPOD, 2008).
· Measurement of the incidence of neutropenia and neutropenic sepsis (Hosmer, Malin, & Wong, 2011).
· Prevalence of neuropathy/neurotoxicity in SACT patients (Alberti et al., 2014; Cavaletti et al., 2013; Griffith, Merkies, Hill, & Cornblath, 2010).
· Unplanned readmissions to hospital within 30 days of receipt of chemotherapy (Manzano et al., 2015), including one KPI recommended by the Institute for Health Improvement (IHI, 2015): “Number of discharged patients from the chemotherapy unit per month who are re-admitted to the hospital/service within 30 days (excluding readmissions such as for scheduled chemotherapy).”
· Unplanned visits to the emergency department after SACT, including a specific KPI reported on in Canada: “Percentage of patients who visited the emergency department for acute care during a course of SACT treatment,” adapted from (Cancer Care Ontario, 2014).
· Involvement of palliative care services and timely referral from SACT services to palliative care, particularly for advanced cancer (Greer, Jackson, Meier, & Temel, 2013).

Participants and procedures
Membership of Delphi panels should reflect the stakeholders involved in a particular area (Campbell, Shield, Rogers, & Gask, 2004; Hsu & Sandford, 2007). The Delphi panel for this study was drawn from the relevant stakeholders: consultant medical oncologists and haematologists, oncology nurses and oncology pharmacists, palliative care specialists, patient advocates and relevant managers from the National Cancer Control Programme (NCCP). Participants were required to be an existing member of an NCCP group or committee, on which they represented their respective professional or other grouping. Participants were also required to have the requisite knowledge, experience and willingness to contribute (Keeney, Hasson, & McKenna, 2011). There is no clear guidance on the appropriate size of a Delphi panel (Hsu & Sandford, 2007; Morris & Cantrill, 2002) with most Delphi panels having 15–20 members (Hsu & Sandford, 2007). In this study, 109 people from the identified stakeholder groups were invited to participate.

A participant information leaflet was provided, and informed consent was collected. Recruitment and response rates can be a challenge in Delphi studies (Cantwell et al., 2017). To alleviate this, personalised communications, regular reminders and details of the likely time commitment were issued. Survey data were collected electronically. All data collection and storage were compliant with data protection regulations. No patient data were collected. Ethical approval was obtained from the Trinity College Dublin "Health Policy & Management/ Centre for Global Health" Research Ethics Committee.

Study design
The literature is not definitive about the appropriate number of Delphi rounds, with some stressing the stopping point at consensus (Boulkedid, Abdoul, Loustau, Sibony, & Alberti, 2011) and others emphasising the attainment of stability of responses throughout rounds (Gracht, 2012). A systematic review of Delphi studies (Nowack, Endrikat, & Guenther, 2011) found that most used two rounds and three iterations are usually sufficient for most studies (Boulkedid et al., 2011; Hsu & Sandford, 2007; Trevelyan & Robinson, 2015). In  this study, four rounds were undertaken, the final round being a prioritisation of KPIs identified in previous rounds. A modified Delphi approach was used (Franklin & Hart, 2007; Hsu & Sandford, 2007), whereby the outcome areas and KPIs identified in the literature formed the first round questionnaire. 
The level of consensus used is one of the more contentious issues in Delphi studies. The level of agreement applied in similar studies varied: 67% (O'Donovan, Mohile, & Leech, 2015), 70% (MacLennan et al., 2015; Waters, Tudur Smith, Young, & Jones, 2014), 75% (Campbell et al., 2004; Morris & Cantrill, 2002; Poole, Schmidt, Green, & Hemsing, 2016) and 80% (Hsu & Sandford, 2007), on varying Likert scales, with a median level of 75% found in a systematic review of Delphi studies by Diamond et al. (2014). A consensus level of 75% was used for this study, which was applied in the second and third rounds, whereby consensus was reached if 75% or more of the panel rated the KPI at “6” or higher on a 10-point Likert scale, where “1” was “not at all important” and “10” was “extremely important.” A 10-point scale allows a clear spread of opinions to emerge and an interquartile range (IQR) of two or more on the 10-point scale represents reasonable consensus (Gracht, 2012; O'Donovan et al., 2015; Poole et al., 2016). Items that did not reach consensus were omitted from the subsequent round, similar to many Delphi studies (Keeney et al., 2011; McNair et al., 2016; O'Donovan et al., 2015; Rushton, Fawkes, Carnes, & Moore, 2014). 
The provision of anonymous feedback to Delphi participants allows members to consider their views in light of the aggregated views of the group. A feedback report was circulated to participants after rounds one, two and three, including descriptive statistics and an anonymised summary of participants' comments. Participants were asked to review the feedback report before undertaking the next round of the study, with a view to aiding convergence towards group consensus.

Delphi rounds
To facilitate tracking of responses from round to round, a quasianonymous approach was taken, whereby participants entered a 5-digit self-generated identification code (SGIC) in each round. The use of SGICs has been shown to be useful in studies where the anonymity of participants is a feature in longitudinal surveys (Galanti et al., 2007; Kristjansson, Sigfusdottir, Sigfusson, & Allegrante, 2013; Schnell, Bachteler, & Reiher, 2010; Yurek, Vasey, & Sullivan Havens, 2008). All four rounds of the Delphi panel took place over an 18-week period, from February to June 2016. All rounds were completed electronically.
Round one survey
In the first round, the panel was presented with the six broad themes that were found in the published literature, which included two specific measures found in the grey literature. A 5-point Likert scale
was used in order to obtain agreement or disagreement in broad terms on the outcome areas. Participants rated their agreement with the inclusion of each of these on a scale of 1 to 5 where “1” was
“strongly disagree” and “5” was “strongly agree.” A “no opinion” option was included. Participants were invited to suggest specific KPIs for inclusion in the second round, under the headings presented in
Round 1 and any other areas that the panel believed to be relevant. Participants were also invited to provide comments on any area, an important open-ended element of the Delphi process (O'Donovan et al., 2015).

Round two survey
Participants rated the importance of specific KPIs identified in round one on a 10-point Likert scale, where 1 was “not at all important” and 10 was “extremely important.” A “no opinion” option was included. A 10-point scale was used to allow a clearer spread of opinions to emerge. Participants were invited to suggest additional KPIs.

Round three survey
In round three, items that reached the pre-determined consensus level in round two were presented to the panel, with the identical request to rate the importance of each item as in round two, which was important for determining stability and consensus. In addition, each KPI was critically assessed by the participants using a Health Information & Quality Authority (HIQA) tool for the development of KPIs (HIQA, 2013), to assess feasibility, acceptability, validity and reliability, using that tool's 9-point Likert scale. Participants also
identified barriers and facilitators to the implementation of each KPI. Participants were invited to provide comments, but no new KPIs were invited
Round four survey (prioritisation)
On completion of the three Delphi rounds, a final feedback report
was provided. Panel members were presented with the KPIs that
had reached consensus in round three (n = 26) and each panel members was invited to rank up to 10 KPIs, in priority order, from this list.

Data analysis
Descriptive statistics
Quantitative data analysis involved ordinal variables in the form of Likert scales for both the ranking of outcome measures (developed de novo) and for the HIQA tool (a pre-existing tool) (HIQA, 2013). The level of agreement was assessed using the median as the central tendency measure, which is robust to the effect of outliers (Campbell, Cantrill, & Roberts, 2000; Gracht, 2012; Howell et al., 2013; Hsu & Sandford, 2007; Trevelyan & Robinson, 2015), and IQR as a measure of the level of dispersion (Hsu & Sandford, 2007; Trevelyan & Robinson, 2015). The Kruskal–Wallis H test determined statistical difference (p ≤ .05) on KPIs that reached consensus in round three (n = 27) between the sub-groups of participants: (a) medical (n = 14), (b) other health professionals (n = 11) and patient advocates (n = 5). Kendall's coefficient of concordance (W) measured the degree of consensus on the final prioritised list of KPIs from round four (n = 9). A high and significant W (p ≤ .05) means that participants are applying the “same standard in judging the importance of the issues”; 0 represents no agreement and 1 represents complete agreement (Rushton et al., 2014; Schmidt, 1997). Wilcoxon's matched-pairs signed-rank test measured stability of responses from round two to round three. A negative Z score indicates that the median score for the two rounds is not different and that stability of responses exists.

Inductive content analysis
Qualitative data analysis, in the form of a thematic framework analysis, was used to examine the responses to questions on barriers and facilitators in round three. Themes and subthemes were identified in a top–down (a priori) manner, using those found in the literature and in a bottom–up (emergent) manner, based on the comments provided by participants.

Results
Participants and response rates
Of 109 eligible candidates invited to participate in the study, 44 (40%) responded. Of these, 39 returned the completed the consent form and received the first round questionnaire. A total of 35 people participated in at least one round of the study; 90% of consented participants. The group comprised consultant medical oncologists (n = 7), consultant haematologists (n = 4), consultants in palliative care (n = 4), patient advocates (n = 5), oncology nurses (n = 10), hospital oncology pharmacists (n = 3) and NCCP managers (n = 2). Participation in the rounds of the study is illustrated in Figure 1. All participants completed the SGIC in all rounds of the study, and its completion was consistent in 85% of cases.

Delphi rounds
Round one
There was agreement on the inclusion of all six outcome areas and two KPIs from the literature. The agreement level was good—4 or 5 on the 5-point Likert scale in all cases and an IQR of 1 in most cases.
Participants' suggestions for other outcome areas and KPIs resulted in a total of 76 KPIs. These fell under the headings presented in round one and a further seven headings: adverse events and errors, clinical trials, other treatment-related areas, patient experience factors, multidisciplinary team meetings, timeframes for treatment and referrals from other SACT hospitals.
Round two
Of the 76 KPIs considered in round two, 34 reached the pre-determined consensus level of 75% and one additional KPI was suggested for inclusion. These were carried through to round three.

Round three
In round three, of the 35 KPIs from the second round, 27 reached the pre-determined consensus level and two of these were merged (Table 1; Figure 2). The details of the median, IQR and nonparametric test of stability of responses in rounds two and three are shown in Table 2. The most common barriers to the implementation of the KPIs were poor information dissemination, clinical factors, data matching/access/quality, lack of IT systems and staffing pressures. The frequency distribution of the main themes identified by participants under "barriers to implementation" is illustrated in Figure 3. The most common facilitators highlighted for the implementation of the KPIs were IT systems, data collection/quality/matching and staffing.

Round four
A number of KPIs had equal overall levels of prioritisation by participants, so a list of nine priority KPIs emerged from round four (Table 3). The researchers arbitrarily applied this cut-off point as these were the most highly ranked KPIs and nine represented a reasonable number of KPIs for any possible implementation. However,
this list could easily be expanded using the entire ranked list of KPIs identified in the study (Appendix 1). All of the nine prioritised KPIs showed high ratings (≥7 on a 9-point scale) for validity, reliability and acceptability and reasonable level of consensus (IQR ≤ 2 in 52% of cases). The KPIs mostly scored lowest on the measure of feasibility, which also showed poorer consensus levels (IQR ≥ 3 for all – Table 4), pointing to challenges for implementation. 
The highest priority outcome area was the area of multidisciplinary team meetings (MDMs), a process measure, (Figure 4) and the one prioritised KPI under this area was ranked joint first in order of
priority. Other areas that were highly prioritised by participants were early referral to palliative care, death within a period after SACT and a number of process KPIs such as timeframes for treatment. Individual KPIs under these areas featured prominently in the prioritised list.

Quantitative data analysis
Of the nine KPIs in the final prioritised list, there was no statistically significant difference in the distribution of responses between the sub-groups (p ≤ .05). It was found that there was weak agreement amongst participants on the nine priority KPIs that emerged from round 4, (W = 0.101), which was found to be statistically significant (p = .012). All of the nine prioritised KPIs had negative scores in the Wilcoxon matched-pairs signed-rank test, indicating that there was stability of responses between rounds two and three (Table 2).

Discussion
The nine KPIs prioritised by the study covered a range of SACT care areas and were a mixture of process and outcome measures. The inclusion of some process KPIs in the final prioritised list was not intended at the outset of the study, but the level of importance placed by participants on these areas led to their inclusion.

The range of stakeholders included in this study reflected those involved in providing and receiving SACT services. This brought a level of “authenticity” to the study, which would not have been possible by simply selecting KPIs from the literature alone (Franklin & Hart, 2007). Patient participation in the development of performance indicators in health care is “extremely uncommon” (Kötter, Blozik, & Scherer, 2012; Kötter, Schaefer, Scherer, & Blozik, 2013). The number of patient advocates available for invitation to participate in the study was limited (n = 7), perhaps highlighting the low level of opportunities for patients to contribute to the work of the NCCP at the time of the study. Attrition is a common downside of Delphi studies (Keeney et al., 2011; Poole et al., 2016), and response rates are usually seen to decrease as the rounds of the study progress
(Franklin & Hart, 2007). The response rates in this study were 84%, 70%, 92% and 70% in rounds one, two, three and four, respectively, which are sufficient to maintain the rigour of the Delphi technique (Akins, Tolson, & Cole, 2005; Hasson & Keeney, 2011; Zhao, Cheng, Xu, Hou, & Richardus, 2015).

Measurement of consensus has received less attention than other aspects of the Delphi method (Rayens & Hahn, 2000). Excluding those items that did not reach the pre-determined consensus level from subsequent rounds may introduce bias by limiting the opportunity to re-consider such items (Hasson, Keeney, &
McKenna, 2000). However, this needs to be balanced against having subsequent rounds that are so large that they impact on participation (Keeney et al., 2011) and carrying over too many items into subsequent rounds can cloud consensus (Hasson et al., 2000). In this study, KPIs that did not reach consensus were excluded from subsequent rounds.

Statistical testing demonstrated only weak agreement on the prioritised list, and participants' priorities were spread across the 26 KPIs available for prioritisation. Further exploration of this apparent disagreement through a further Delphi round(s) may have yielded a stronger convergence of opinion. Nonetheless, the KPIs included in the final list were all ranked highly by participants throughout the process and were clearly deemed important by the majority of participants. There was no statistically significant difference in the participants' ratings of importance for any of the nine prioritised KPIs from round two to round three (Table 2). Lower IQR for four of the KPIs (KPI 1, KPI 5, KPI 7 and KPI 8) in rounds 2 and 3 indicated consistency between rounds for these KPIs, but in the case of all KPIs, the p-values were p > .05.
Limited research exists on population-based assessments of the safety of SACT (Shen & Krzyzanowska, 2015). Measurement and reporting of quality measures may result in improvement in quality, by identifying target areas for development but prioritisation of quality measures may be challenging (Enright et al., 2017). One of the aims of the study was to inform possible future implementation of the KPIs. The development of indicators of performance in healthcare needs to consider the implications for implementation, in terms of being meaningful, actionable, population-based, feasible, reliable, valid and sensitive to change (Campbell, Braspenning, Hutchinson, & Marshall, 2002; Enright et al., 2017). Unlike previous research, in this study, a pre-existing HIQA tool was applied to test the prospective implementation of the KPIs identified in terms of their feasibility, acceptability, validity and reliability. The nine KPIs were found to be valid, reliable and acceptable (Table 4). The poorer feasibility ratings have implications for any possible implementation of the KPIs.

Many of the principal barriers to implementation identified were consistent across the KPIs. The absence of an electronic patient record (EPR) in Ireland was highlighted repeatedly as a challenge in implementing the KPIs identified in this study. A new national cancer information system (NCIS) was under development at the time of the study. The findings of this study may inform the development of data sets for this system. Related to the lack of an EPR is the requirement for staffing to collect data manually, which was frequently identified by participants as a barrier to implementation of the KPIs. The SACT service in Ireland is chronically under-staffed and well below international benchmarks (NCCP, 2014). In many hospitals, there are no dedicated data managers for SACT, with busy nurses often being left to collect and collate data which are not a sustainable or appropriate solution. These barriers were reflective of the literature, which found that burden of time and the need for manual KPI data collection often makes measures unfeasible (Ketelaar, Russell, & Gorter, 2008), as the process of data collection may out-weigh the value of the information obtained (Jones, Gannon, Wakai, &
O’Sullivan, 2015). Responses from participants also often identified the accurate recording of deaths, particularly outside hospital and the matching/linkage of data as a barrier to collection of KPI data. Currently in Ireland, it is very difficult to link existing databases for secondary analysis. The Health Research Board highlighted the importance of appropriate data linkage for health and related research (Moran, 2016) and legislation, which was specifically mentioned in participant comments as a possible facilitator to this issues, was under development at the time of the study (Department of Health, 2015).

Table 3 lists the nine KPIs which emerged from the study, along with the rationale and potential benefits of the collection of these data.

This study had several limitations. Despite the response to the invitation to participate in the study being relatively low, those who did participate represented a range of stakeholders. This was a particular strength of this study and may have helped address any bias arising from the poor response. However, the selection of participants may have been biased by the requirement for membership of existing NCCP groups. The large number of KPIs generated in the early rounds of the study required significant effort by participants
to maintain their involvement. The response rates to each round of the Delphi were good. A face-to-face meeting at the end of the process, as used in other Delphi studies (McNair et al., 2016), may have allowed participants' comments and suggestions to be interrogated and to develop the final consensus. However, this was not feasible within the timeframe for the study. 
This study provides a comprehensive basis for the identification and development of KPIs for SACT services which will help to inform the development and implementation of an outcomes-focused performance measurement framework for SACT services. Ultimately, any data collected must lead to action that will improve care. KPIs are not, in themselves, measures of poor performance (Campbell et al., 2000), or a method of changing behaviour; rather they are a signal of the need for further investigation and action. Further studies are needed to provide an in-depth analysis of the barriers and facilitators to implementation, the feasibility of implementation and to determine the optimal methods of collecting these data in a real-world setting
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[bookmark: _Ref329088793][bookmark: _Ref329785339][bookmark: _Ref329088787][bookmark: _Toc333404635]Table 1 KPIs that reached the pre-determined consensus level in round 2 and round 3 and the number included in the final prioritised list
	Outcome Area
	Round 2
	Round 3
	Round 4

	
	
	 KPIs (N)
	Consensus reached 
N (%)
	 KPIs (N)
	Consensus reached 
N (%)
	Number of KPIs in prioritised list

	A
	Neutropenic sepsis
	12
	6 (50%)
	6
	6 (100%)
	2

	B
	Chemotherapy-induced peripheral neuropathy
	6
	1 (17%)
	1
	1 (100%)
	0

	C
	Unscheduled visits to hospital after SACT
	8
	2 (25%)
	2
	2 (100%)
	0

	D
	Unscheduled readmission to hospital
	4
	3 (75%)
	3
	1 (33%)
	0

	E
	Death after receiving SACT
	8
	8 (100%)
	8
	4 (50%)
	2

	F
	Palliative Care, including referral from SACT service
	12
	3 (25%)
	3
	2* (67%)
	1

	G
	Adverse Events & Errors
	3
	3 (100%)
	3
	3 (100%)
	1

	H
	Clinical Trials
	1
	1 (100%)
	2
	2 (100%)
	0

	I
	Other treatment-related areas
	13
	1 (8%)
	1
	1 (100%)
	0

	J
	Patient experience factors
	5
	3 (60%)
	3
	2 (67%)
	1

	K
	Multidisciplinary team meeting
	1
	1 (100%)
	1
	1 (100%)
	1

	L
	Timeframes for treatment
	2
	2 (100%)
	2
	2 (100%)
	1

	M
	Referrals
	1
	0 (0%)
	-
	-
	-

	Total
	
	76
	34 (45%)
	35
	27* (77%)
	9


* In line with participants' comments, the two KPIs that reached consensus in this area were merged into one and presented as one KPI in round 4. A total of 26 KPIs were therefore presented in round 4.



Table 2: Summary of results for KPIs that were included in the final prioritised list
	KPI
	Round 2
	Round 3
	Wilcoxon matched-pairs signed rank test
	Round 4

	KPI No. 
	Median
	IQR
	Median
	IQR
	Z
	p-value
	Rank

	1
	10
	1
	10
	2
	-0.071
	0.94
	1

	2
	9
	3
	9
	3
	-1.424
	0.15
	1

	3
	9
	4
	8
	4
	-0.769
	0.44
	3

	4
	9
	2
	9
	3
	-0.000
	1.00
	4

	5
	9
	2
	9
	2
	-0.416
	0.068
	5

	6
	10
	1
	9
	3
	-0.057
	0.95
	6

	7
	9
	2
	9
	2
	-0.360
	0.72
	6

	8
	10
	2
	10
	2
	-0.439
	0.66
	8

	9
	10
	2
	8
	3
	-1.254
	0.21
	8





Table 3: Top nine prioritised KPIs after all rounds of the study and the potential benefits of collection of data on these KPIs

	Overall
Ranking
	KPI No.
	KPI Text
	Rationale for collection of this KPI
	Potential benefits of data collection

	1
	1
	The number of patients who died within 30 days of receiving any SACT treatment
	Death within a short period after receipt of SACT can be an indicator of futile aggressive treatment of patients, leading to poor quality of life (Greer et al., 2013), toxicity (Braga, 2011; NCEPOD, 2008), delayed access to hospice care (Saito et al., 2011) and an impact on resources for health services (Schnipper et al., 2012). It is estimated that up to one fifth of cancer patients are treated with chemotherapy in the last month of life without clear benefits (Braga, 2011). One study of over 28,000 patients under the age of 65 with incurable cancer found that 75% of them received aggressive cancer care in the last 30 days of life (Chen et al., 2016). However,
estimates of death shortly after SACT (1–2 months) are
variable, including 2% (n = 47,050) (NCEPOD, 2008), 4%
(n = 31,183) (Khoja et al., 2015), 8% (n = 1,976) (O'Brien
et al., 2006) and 23% (n = 374) (Näppä et al., 2011). Data
on death within 14 and 30 days of SACT are collected in
the US and UK, respectively (Neuss et al., 2005; The Royal
Marsden, 2015), and the inclusion of a quality measure on
death up to 60 days after SACT has been reported on in
the literature (Enright et al., 2017)
	Information about the quality and appropriateness of care in the time shortly before death.

	1
	2
	The proportion of patients starting a first-line SACT treatment regimen whose treatment was discussed at a multidisciplinary team meeting
	MDMs facilitate communication, coordination and
decision-making amongst health professionals, resulting
in more consistent information for patients (Fleissig
et al., 2006), learning and development opportunities
for health professionals (Taylor, 2010) and improved
outcomes across a range of tumour types (Boxer et al., 2011; Onukwugha et al., 2016)
	Identify deficiencies in MDM discussions, highlight the burden of MDM commitments on clinicians, contribute to clinical audit and highlight concerns regarding consistency and quality of treatment, which would ultimately benefit patient outcomes.

	3
	3
	Of patients on SACT with advanced cancer, the proportion who have their palliative care needs assessed
	There is a growing awareness of the importance of
palliative care, preservation of quality of life and
symptom-directed care (Braga, 2011) but it is often
incorrectly associated solely with end of life care (Bruera
& Hui, 2010; Smith et al., 2012; Wentlandt et al., 2012),
which can act as a barrier to earlier referral (Carmo
et al., 2015). It is recommended that palliative care should
be integrated into standard oncology practice when a
patient is diagnosed with metastatic or advanced cancer
or patients with high symptom burden (Smith et al., 2012).
Patients are referred from SACT to palliative care at an
average of 30–60 days before death (Bruera & Hui, 2010)
	Highlight the importance of integrating SACT and palliative care.

	4
	4
	The proportion of SACT patients who received written details of their treatment plan and information about side effects specific to their treatment
	Providing information to patients about their condition has
a positive effect on emotional distress, feelings of control
(Mistry et al., 2010; Semple & McGowan, 2002), their role
in decision-making for their care and overall satisfaction
with the care provided (Fitch & McAndrew, 2011; Semple
& McGowan, 2002)
	Assess whether this aspect of quality person-centred care is being provided.

	5
	5
	The percentage of all SACT patients who are admitted to hospital for Neutropenic sepsis at any point during treatment and/or within one month after completion of treatment
	Neutropenic sepsis is a potentially fatal complication
of systemic anti-cancer treatment. Incidence of
chemotherapy-induced Neutropenic sepsis is 2%–13% of
patients receiving SACT (Higgins & Hill, 2012). Mortality
rates from Neutropenic sepsis are estimated at 2%–21%
(Kuderer et al., 2006)
	Identify problems with the management of Neutropenic sepsis, such as urgent assessment, urgent treatment and avoidable deaths and inform improved patient care.

	6
	6
	The number of reported medication errors for SACT treatment for i) oral chemotherapy, ii) IV, iii) subcutaneous, iv) intrathecal etc.
	In the United States, approximately 98,000 people die each
year due to medical errors (Kullberg et al., 2013)
	Identify existing and potential patient safety concerns with the SACT service.

	6
	7
	For patients referred for adjuvant treatment, the time from surgery to commencement of SACT, by tumour type
	Delays between surgery and adjuvant SACT have been
associated with worse overall survival in colorectal
cancer (Biagi et al., 2011; Day, 2012; Des Guetz
et al., 2010), poorer disease-specific outcomes in breast
cancer (Gagliato et al., 2014; Vandergrift et al., 2013),
poorer overall survival in advanced serous ovarian
cancer (Hofstetter et al., 2013) and poorer outcomes
in pancreatic cancer (Murakami et al., 2013). Reasons
for delays to SACT treatment following surgery include
post-operative complications, delays with healing
following surgery, patient choice and/or adherence
(Des Guetz et al., 2010). However, such delays may also
point to decreased pre-operative performance status,
particularly in patients with advanced cancer and/or comorbidities and may also highlight process issues with the
management of the service, including delays in referrals,
pathology reports, consultations and imaging capacity
(Des Guetz et al., 2010)
	Identify problems in the patient pathway that can lead to delays in treatment.

	8
	8
	Of the patients who received SACT in the hospital in the previous X period, the proportion who died as a result of Neutropenic sepsis.  (Period to be defined)
	As indicated above in relation to KPI 5
	Identify problems with the management of Neutropenic sepsis, such as urgent assessment, urgent treatment and avoidable deaths and inform improved patient care.

	8
	9
	Of the patients who died within 30 days of receiving SACT, the proportion of patients for whom treatment intent was i) curative or ii) palliative
	As indicated above in relation to KPI 1
	Information about the quality and appropriateness of care in the time shortly before death.
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Table 4. Ratings for validity, reliability, acceptability and feasibility for prioritised KPIs
	KPI Number
	Validity
	Reliability
	Acceptability
	Feasibility

	
	Median
	IQR
	Median
	IQR
	Median
	IQR
	Median
	IQR

	KPI 1
	8
	2
	8
	2
	8
	2
	8
	3

	KPI 2
	8
	2
	8
	3
	8
	2
	8
	4

	KPI 3
	7
	3
	7
	3
	7
	3
	6
	5

	KPI 4
	8
	2
	8
	2
	8
	3
	8
	3

	KPI 5
	8
	2
	8
	1
	8
	2
	7
	3

	KPI 6
	8
	2
	7
	3
	7
	3
	6
	4

	KPI 7
	8
	3
	7
	2
	7
	4
	7
	4

	KPI 8
	8
	3
	7
	2
	8
	3
	6
	3

	KPI 9
	7
	3
	7
	3
	7
	2
	6
	4




V. Figure Legends

Fig. 1 Flow of participants through Delphi process
Fig. 2 Flowchart of KPIs through the Delphi rounds
Fig. 3 Distribution of barriers to implementation of KPIs in SACT services, by theme (Total number of mentions of each barrier across all KPIs)
Fig. 4 Relative ranking of outcome areas (number of participants who included KPI(s) in top 10, relative to the number of KPIs in each outcome area)


Appendices
Appendix 1: Prioritised list of KPIs after all rounds of the study
	Ranking
	KPI No.
	KPI Text

	Top nine KPIs, in priorised order

	1
	1
	The number of patients who died within 30 days of receiving any SACT treatment

	1
	2
	The proportion of patients starting a first-line SACT treatment regimen whose treatment was discussed at a multidisciplinary team meeting

	3
	3
	Of patients on SACT with advanced cancer, the proportion who have their palliative care needs assessed

	4
	4
	The proportion of SACT patients who received written details of their treatment plan and information about side effects specific to their treatment

	5
	5
	The percentage of all SACT patients who are admitted to hospital for Neutropenic sepsis at any point during treatment and/or within one month after completion of treatment

	6
	6
	The number of reported medication errors for SACT treatment for i) oral chemotherapy, ii) IV, iii) subcutaneous, iv) intrathecal etc.

	6
	7
	For patients referred for adjuvant treatment, the time from surgery to commencement of SACT, by tumour type

	8
	8
	Of the patients who received SACT in the hospital in the previous X period, the proportion who died as a result of Neutropenic sepsis.  (Period to be defined)

	8
	9
	Of the patients who died within 30 days of receiving SACT, the proportion of patients for whom treatment intent was i) curative or ii) palliative

	Other KPIs, in prioritised order

	10
	10
	The number of patients who died within14 days of receiving any SACT treatment

	10
	11
	Of the patients who died within 30 days of receiving SACT, the proportion of deaths that were directly related to toxicity from SACT treatment

	10
	12
	The proportion of patients who received an individual education session prior to the first day of treatment

	11
	13
	Number of patients who received first antibiotic for suspected Neutropenic sepsis more than one hour after presentation at the hospital

	14
	14
	Of patients referred to SACT and for whom a suitable clinical trial is available, the proportion of those offered a clinical trial

	14
	15
	The proportion of SACT patients undergoing curative or adjuvant treatment who completed the planned number of cycles of treatment

	14
	16
	Time from referral to SACT service to first consultation, by tumour type

	14
	17
	The proportion of patients who are eligible for a SACT clinical trial who are enrolled on the trial

	18
	18
	The proportion of patients experiencing Grade 3 or higher peripheral neuropathy

	19
	19
	The percentage of all SACT patients presenting with Neutropenic sepsis at any point during treatment and/or within one month after completion of treatment

	19
	20
	The proportion of all SACT patients who experienced delays in, or termination of, their treatment due to Neutropenia or Neutropenic sepsis

	21
	21
	Proportion of all SACT treatments that were delayed due to patients experiencing Neutropenia or Neutropenic sepsis

	21
	22
	Of SACT patients who had an unscheduled visit to hospital for care related to their treatment, the proportion who required treatment for i) toxicity, ii) symptom management for disease control, iii) spinal cord compression, iv) unrelated to cancer treatment, v) no treatment required, vi) other

	21
	23
	The number of patients undergoing SACT (and up to 6 months post-treatment) who experienced an adverse event ≥ Grade 3

	21
	24
	The number of extravasation events for SACT treatments in the previous month

	22
	25
	Of the patients undergoing SACT treatment who had an unscheduled visit to hospital for care related to their SACT treatment, the number who were admitted to hospital to i) day ward care or ii) inpatient care

	23
	26
	The percentage of patients undergoing SACT treatment, or within 3 months of completion of treatment, who had an unscheduled readmission to any hospital for care that was related to their SACT treatment




