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Results: Eight thousand one hundred and seventy three patients received SACT in the adju-
vant setting, and 7,683 patients in the metastatic setting. Adjusted severe acute toxicity rates
varied between hospitals from 11% to 49% for the adjuvant cohort, and from 25% to 67% for
the metastatic cohort.

Compared to the national mean toxicity rate in the adjuvant cohort, six hospitals were more
than two standard deviations (2SD) above, and four hospitals were more than 2SD below. In
the metastatic cohort, six hospitals were more than 2SD above, and seven hospitals were more
than 2SD below the national mean toxicity rate.

Overall, 12 hospitals (12%) had toxicity rates more than 2SD above the national mean, and
11 (10%) had rates more than 2SD below.

Conclusion: There is substantial variation in hospital-level severe acute toxicity rates in both
the adjuvant and metastatic settings, despite risk-adjustment. Ongoing reporting of this per-
formance indicator can be used to focus further investigation of toxicity rates and stimulate
quality improvement initiatives to improve care.

© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

The delivery of systemic anti-cancer therapy (SACT) is
a complex care process which includes appropriate
patient selection and optimisation, tailoring treatment
doses, and the monitoring and management of toxic-
ities [1]. Whilst randomised controlled trials (RCTs)
have established the efficacy of SACT, there has been
little or no systematic assessment of the quality of
SACT delivery within routine care. Much of the
available literature on the quality of SACT delivery
focuses on access to treatments rather than on outcome
measures [2—4].

The only performance indicator currently reported
and monitored at hospital level is 30-day mortality after
the final SACT treatment, which is more a proxy for the
appropriate selection of patients for SACT treatment
than a measure of quality of care [5]. Several studies
have suggested that the rate of unplanned hospital ad-
missions during SACT could be used as a potential
measure of quality [36]. A study in breast cancer patients
showed a hospitalisation rate of 43% in patients during
SACT with about three quarters of the admissions
confirmed as SACT-related events [7].

We have previously validated an indicator of severe
acute toxicity (at least Grade 3 according to the
Common Terminology Criteria for Adverse Events
(CTCAE)) derived from hospital administrative data
in colorectal cancer (CRC) [8]. The indicator uses a
coding framework to identify specific diagnostic codes
during the timeframe of chemotherapy administration
which are likely to represent SACT-related severe
acute toxicity. As part of this work, we found varia-
tions in toxicity rates across different SACT regimens
in line with those seen in RCTs. In addition, the rates
of toxicity were associated with anticipated risk
factors, for example, higher rates in those with
comorbidities.

In the current study, we evaluate the use of this
measure as a national-level performance indicator to
assess hospital variation in severe acute toxicity rates for
CRC patients receiving SACT. The indicator will be
used to identify potentially outlying hospital perfor-
mance and benchmark best practice to support quality
improvement processes in SACT delivery.

2. Methods
2.1. Data sources

In this national population-based evaluation, we used
National Bowel Cancer Audit (NBOCA) data [9],
Hospital Episode Statistics (HES) data [10,11], Systemic
Anti-Cancer Therapy (SACT) data [12], and Office for
National Statistics (ONS) mortality data [13] linked at
patient level for CRC patients diagnosed and treated in
the English National Health Service (NHS). SACT and
HES data were available up until 31 March 2020.

NBOCA is a prospective mandatory database for all
newly diagnosed CRC patients in the English NHS.
Data items in NBOCA were used to determine sex, age,
Eastern Cooperative Oncology Group performance
status [14], tumour site, staging (TNM), date of diag-
nosis, and date of surgery.

HES is a routinely collected administrative dataset of
all admissions to English NHS hospitals [11,15]. Di-
agnoses are coded using the International Classification
of Diseases, 10th revision (ICD-10) [16] and procedures
are coded using the Office of Population Censuses and
Surveys Classification of Surgical Operations and Pro-
cedures, 4th revision (OPCS-4) [17]. Data from HES
were used to identify admissions for severe acute toxicity
(see below), to determine the number of comorbidities
according to the RCS Charlson comorbidity score [18]
and as one of the sources of SACT information (see
below).


http://creativecommons.org/licenses/by/4.0/

J.M. Boyle et al. | European Journal of Cancer 178 (2023) 191—204 193

HES was also used to determine socioeconomic sta-
tus. This was derived from the Index of Multiple
Deprivation (IMD) which ranks 32,482 geographical
areas of England according to their level of deprivation
across seven domains [19]. Patients are allocated to an
IMD quintile (IMDQ) based on the national ranking of
the area corresponding to their postcode.

The SACT dataset captures detailed drug-level in-
formation for SACT administered in any inpatient,
day case, outpatient, or community setting, including
individual administration dates [12]. The SACT
dataset was also used to determine the NHS hospital
trust (the organisational unit of NHS hospitals in
England that can be located on one or more sites) that
delivered SACT. Data submission is mandatory for all
chemotherapy providers within the English NHS,
excluding a small proportion of privately treated
patients. One hundred and six hospitals were identified
as delivering SACT. These hospitals needed to have
treated at least ten patients during the inclusion period
(see below) to be included in further analyses.

2.2. Study population

We defined two distinct cohorts of patients aged 18
years and above with a primary diagnosis of CRC
(ICD-10: C18, C19 and C20). These included patients
identified in the NBOCA database and undergoing
treatments at an English NHS hospital during the
inclusion period (1 April 2016 to 31 March 2019).
These cohorts define the ‘denominator’ of the perfor-
mance indicator.

The first cohort included patients with pathological
stage III CRC who had received adjuvant SACT ac-
cording to SACT or HES within the 4-month period
after major resection, as per previous work [20]. Patients
in the stage III cohort were restricted to those receiving
capecitabine and oxaliplatin (CAPOX), 5-fluorouracil
(5-FU) and oxaliplatin (FOLFOX), or single agent flu-
oropyrimidine (capecitabine or 5-FU alone), as per na-
tional guidelines [21].

The second cohort included patients who were diag-
nosed with stage IV CRC and had commenced SACT
within the 4-month period after diagnosis, according to
SACT or HES. Of the 6,810 patients (89%) with SACT
records and therefore drug-level information, approxi-
mately 46% of patients received an oxaliplatin-based
regimen, 26% an irinotecan-based regimen, 15% single
agent fluoropyrimidine, 8% irinotecan with a targeted
therapy (e.g. bevacizumab, cetuximab), 5% fluoropyr-
imidine with a targeted therapy, less than 1% a targeted
therapy alone, and less than 1% other agents
(e.g. raltitrexed). For stage IV patients, SACT was
restricted to treatments given continuously (gaps of no

more than 8 weeks between cycles) for a maximum of 12
months.

The pooled reporting of stage III and IV patients was
deemed inappropriate given the heterogeneity of the
groups in terms of disease burden, underlying fitness,
differences in chemotherapy regimens used, and re-
ported differences in overall toxicity rates reported by
our prior research [8].

2.3. Definition of the performance indicator

The coding framework defined patients who had expe-
rienced severe acute toxicity (the ‘numerator’ of the
performance indicator) according to the presence of pre-
defined ICD-10 diagnostic codes in HES indicative of a
SACT-related toxicity (supplementary Table 1) [8]. Se-
vere toxicity was defined as those patients with a selected
ICD-10 diagnostic code who required an overnight
hospital admission between the administration of the
first cycle of SACT and up until 8 weeks after the
administration of the last cycle of SACT.

For the small proportion of patients undergoing a
surgical procedure during this timeframe, the date of
surgery was used as the cut-off for identifying toxicities
to ensure that post-operative complications were not
captured.

The indicator captures all admissions to any English
NHS hospital, regardless of whether or not the hospital
provides chemotherapy. Toxicities were attributed to the
hospital providing the chemotherapy. Planned and un-
planned admissions were included to ensure that we
captured all possible SACT-related admissions (direct
hospital admission, acute oncology referral, or self-referral).

Table 1
Distribution of types of toxicities following SACT administration for
stage III and IV cohorts [52,61].

Toxicity type Stage 111 Stage IV
(n = 8173) (n = 7683)
(%0) (Vo)
Gastrointestinal 13.2 23.1
Infection 10.4 24.2
Cardiovascular 6.2 14.1
Metabolic & endocrine 5.2 104
Constitutional 5.0 10.0
Renal 4.9 9.1
Haematology 4.1 12.0
Pain 3.7 6.5
Neurological 2.6 39
Neutropenic sepsis 2.4 7.6
Respiratory 1.2 1.6
Line complications 1.2 35
Bleeding 1.1 3.0
Dermatology & 0.8 2.3

rheumatology
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2.4. Statistical power

We calculated the statistical power to detect an impor-
tant difference (defined as a 50% increase in the toxicity
rate compared to the overall national rate) in the rate of
severe acute toxicity in a typical hospital and the overall
national rate in England, for each cohort. We calculated
the median number of patients per year receiving SACT
at each hospital over the 3-year study period and used
this to calculate the statistical power for reporting pe-
riods of 1-, 3- and 5-years. The definition of an impor-
tant difference is arbitrary but was chosen because it has
been used in previous work and represents a substantial
absolute increase in the rate of toxicity [22]. A 5% sig-
nificance level was used for testing differences between
the hospital-level and national rates because it corre-
sponds to the commonly used 95%-control limits of
funnel plots (see below).

2.5. Fairness

We determined to what extent we could adjust for the
case-mix factors that are likely to affect the risk of severe
acute toxicity based on a combination of review of
existing literature and expert clinical input. Only factors
outside the control of the healthcare provider were
adjusted for. We assessed the data completeness of these
factors. Missing values for case-mix factors were
imputed with multiple imputation [23]. We carried out
indirect risk-adjustment, using multivariable logistic
regression modelling to obtain expected numbers of se-
vere acute toxicity events per hospital [24]. The associ-
ation between patient and clinical characteristics and
toxicity were assessed separately for each cohort using
Wald tests to calculate p values with the significance
level set at 0.05.

Calibration of the risk-adjustment model across
deciles of predicted risk was assessed using the
Hosmer—Lemeshow test, constructing an F-statistic to
carry out the test in multiply imputed data [24]. The C-
statistic was used to assess model discrimination,
combining estimates across imputed datasets using
Rubin’s rules [23,25].

2.6. Variation between hospitals

Within our cohort of 106 hospitals, we used funnel plots
to identify outlying hospitals defined as those with re-
sults more than two standard deviations (2SD) (corre-
sponding to 95%-control, or inner, funnel limits), or
three standard deviations (3SD) (corresponding to
99.8%-control, or outer, funnel limits) below or above
the overall national rate. This is equivalent to carrying
out statistical tests comparing a specific hospital’s result
with the overall national rate using a two-sided 5% or
0.02% significance level, respectively [24,26,27]. Fully-
adjusted funnel plots were generated for each cohort.

3. Results
3.1. Study cohorts

Between 1 April 2016 and 31 March 2019, 8,173 patients
received adjuvant SACT for stage III CRC. Of these
8,173 patients, 2,074 (25%) had a severe acute toxicity
identified according to the indicator. In addition, 7,683
patients received SACT within 4 months of a diagnosis
of stage IV CRC. Of these 7,683 patients, 3,625 (47%)
had a severe acute toxicity identified. Table 1 summa-
rises the different types of toxicity identified from the
coding framework, according to organ system.

3.2. Statistical power

For the stage III cohort, 97 out of 106 English NHS
hospitals had treated more than ten patients over the 3-
year inclusion period and were included in further an-
alyses. The annual volumes of patients who received
adjuvant SACT in each hospital varied considerably
with a median value of 24 (range 5—132, interquartile
range 15—33). Similarly, 98 hospitals were included for
the stage IV cohort, with a median annual volume of 22
(range 5—142, interquartile range 13—32).

The statistical power to detect an increase of 50%
compared to the overall national mean rate for different
reporting periods (1-, 3-, and S5-year) are presented in
supplementary Table 2. These power calculations
demonstrate that a 3-year reporting period achieves
approximately 70% power in the stage 11T and 99% power
in the stage IV cohort to detect a 50% increase compared
to the overall national rate. A 1-year reporting period
could have been chosen for the stage IV cohort but, for
consistency, the same reporting period was used for both.

3.3. Fairness

For risk-adjustment, the following case-mix factors were
identified within the literature and from clinical exper-
tise: age, sex, number of comorbidities, performance
status, tumour site, staging, and socioeconomic status
[5,28]. All of these case-mix factors are typically acces-
sible from routinely collected datasets. We found that
their completeness rate is high in the English NHS
(Tables 2a and 2b).

Tables 2a and 2b summarise for the stage III and
stage IV cohorts the results of the logistic regression
models that capture the associations between the case-
mix factors and risk of severe acute toxicity. In both
cohorts, severe acute toxicity was increased for female
sex, those with more than 2 comorbidities, and
advanced T- and N-stage disease. In the stage III cohort,
rectal cancer was associated with increased toxicity
whereas in the stage IV cohort it was associated with
reduced toxicity. In the stage IV cohort, rectal cancer
patients were significantly younger and fitter (according
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Table 2a

Patient and tumour characteristics and associated severe acute toxicity for patients with stage III disease.

Stage III (adjuvant) cohort (n = 8173)

Number (%) Severe acute Unadjusted odds Adjusted odds p value®
toxicity (%) ratio ratio” (95% CI)
Patient characteristics
Age (years) 0.010
<60 2369 (29) 566 (24) 1.0 1.0
60—69 2720 (33) 692 (25) 1.09 1.09 (0.96—1.24)
70—79 2631 (32) 721 (27) 1.20 1.14 (1.00—1.31)
>80 453 (6) 95 (21) 0.85 0.78 (0.61—1.01)
Sex <0.001
Male 4647 (57) 1072 (23) 1.0 1.0
Female 3526 (43) 1002 (28) 1.32 1.35 (1.22—1.49)
Socioeconomic status (IMDQ) 0.969
1 (most deprived) 1159 (14) 293 (25) 1.0 1.0
2 1460 (18) 374 (26) 1.02 1.02 (0.85—1.22)
3 1691 (21) 427 (25) 1.00 1.02 (0.85—1.21)
4 1958 (24) 489 (25) 0.98 1.01 (0.85—1.20)
5 (least deprived) 1896 (23) 489 (26) 1.03 1.05 (0.89—1.25)
Missing 9(0.1) — —
RCS Charlson score <0.001
0 4985 (61) 1181 (24) 1.0 1.0
1 2377 (29) 640 (27) 1.19 1.19 (1.07—1.34)
>2 811 (10) 253 (31) 1.46 1.48 (1.25—1.75)
Performance status 0.546
0 4925 (67) 1217 (25) 1.0 1.0
1 1946 (27) 526 (27) 1.12 1.06 (0.94—1.20)
>2 472 (6) 130 (28) 1.15 1.08 (0.87—1.36)
Missing 830 (10) — — —
Tumour characteristics
Site 0.004
Colon 6147 (75) 1540 (25) 1.0 1.0
Rectosigmoid 524 (6) 139 (27) 1.08 1.17 (0.95—1.44)
Rectum 1502 (18) 395 (26) 1.07 1.25 (1.09—1.44)
Pathological T-stage <0.001
Tl 215 (3) 50 (23) 1.0 1.0
T2 760 (9) 168 (22) 0.94 0.91 (0.63—1.30)
T3 4565 (56) 1083 (24) 1.03 1.00 (0.72—1.39)
T4 2631 (32) 773 (29) 1.37 1.34 (0.96—1.88)
Missing 2 (<0.1) — — —
Pathological N-stage 0.002
N1 5338 (65) 1280 (24) 1.0 1.0
N2 2835 (35) 794 (28) 1.23 1.18 (1.06—1.31)

# Adjustment for all other variables in the table.
® Wald test from multivariable model.

to performance status) than those patients with colon
cancer. In the stage IV cohort, poor performance status
was associated with increased toxicity but this associa-
tion was not statistically significant in the stage III
cohort.

Following this analysis, we included age, sex, RCS
Charlson comorbidity score, performance status,
tumour site, T-stage, and N-stage in the logistic regres-
sion models used to adjust for case-mix factors when
assessing between-hospital variation in rates of severe
acute toxicity. Due to the debate around its appropri-
ateness in case-mix adjustment, and the fact it was not
associated with increased toxicity, socioeconomic status
was included in the model as a sensitivity analysis.

There was no evidence of a lack of calibration for
either the stage III cohort (p = 0.711) or the stage IV

cohort (p = 0.952), according to the Hosmer—Lemeshow
test. The C-statistic of discrimination was 0.58 (95% CI:
0.57 to 0.59) for the stage III cohort and 0.64 (95% CI:
0.62 to 0.66) for the stage IV cohort.

3.4. Variation between hospitals

The unadjusted rates of severe acute toxicity after
adjuvant SACT in stage III CRC patients varied
considerably between the 97 included hospitals, ranging
from 11% to 47% with ten hospitals outside the 95%-
funnel limits, including one outside the 99.8%-funnel
limits (Fig. 1A). Adjusting for case-mix factors had little
effect on the variation in severe acute toxicity rates.
Adjusted severe acute toxicity rates ranged from 11% to
49% with the same outlying hospitals (Fig. 1B). This
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Table 2b

Patient and tumour characteristics and associated severe acute toxicity for patients with stage IV disease.

Stage IV (metastatic) cohort (n = 7683)

Number (%) Severe acute Unadjusted odds Adjusted odds p value®
toxicity (%) ratio ratio®(95% CI)
Patient characteristics
Age (years) 0.026
<60 2630 (34) 1249 (47) 1.0 1.0
60—69 2331 (30) 1073 (46) 0.94 0.92 (0.82—1.03)
70—79 2189 (28) 1071 (49) 1.06 0.96 (0.85—1.09)
>80 533 (7) 232 (44) 0.85 0.74 (0.61—0.90)
Sex 0.017
Male 4640 (60) 2111 (46) 1.0 1.0
Female 3043 (40) 1514 (50) 1.19 1.12 (1.02—1.23)
Socioeconomic status (IMDQ)
1 (most deprived) 1206 (16) 615 (51) 1.0 1.0 0.069
2 1399 (18) 683 (49) 0.92 0.93 (0.80—1.09)
3 1602 (21) 727 (45) 0.80 0.82 (0.71-0.96)
4 1732 (23) 803 (46) 0.83 0.86 (0.74—0.96)
5 (least deprived) 1732 (23) 793 (46) 0.81 0.83 (0.72—0.97)
Missing 12 (0.2) - -
RCS Charlson score
0 4674 (62) 2146 (46) 1.0 1.0 0.021
1 2076 (28) 998 (48) 1.09 1.07 (0.97—1.19)
>2 759 (10) 395 (52) 1.29 1.24 (1.06—1.45)
Missing 174 (2) — - —
Performance status
0 3730 (54) 1616 (43) 1.0 1.0 <0.001
1 2255 (33) 1135 (50) 1.32 1.31 (1.18—1.46)
>2 902 (13) 500 (55) 1.65 1.61 (1.38—1.87)
Missing 796 (10) — - —
Tumour characteristics
Site <0.001
Colon 4929 (64) 2505 (51) 1.0 1.0
Rectosigmoid 510 (7) 235 (46) 0.83 0.83 (0.69—1.00)
Rectum 2244 (29) 885 (39) 0.63 0.65 (0.58—0.72)
Pre-treatment T-stage 0.004
Tl 14 (0.2) 6 (43) 1.0 1.0
T2 369 (6) 157 (43) 1.04 0.96 (0.34—2.74)
T3 3619 (54) 1566 (43) 1.07 0.97 (0.34—2.72)
T4 2699 (40) 1372 (51) 1.43 1.17 (0.42-3.31)
Missing 982 (13) — - —
Pre-treatment N-stage 0.001
NO 1186 (18) 516 (44) 1.0 1.0
N1 2935 (44) 1319 (45) 1.07 1.09 (0.96—1.25)
N2 2610 (39) 1274 (49) 1.26 1.30 (1.12—1.50)
Missing 952 (12) — - —

% Adjustment for all other variables in the table.
°® Wald test from multivariable model.

corresponded to one hospital being 3SD above, five
hospitals being 2SD above, and four hospitals being
2SD below, the national mean toxicity rate. A sensitivity
analysis including socioeconomic status in the risk-
adjustment did not change the outlying hospitals (re-
sults not presented).

The unadjusted rates of severe acute toxicity after
SACT for stage IV CRC also varied considerably be-
tween the included 98 English NHS hospitals, ranging
from 26% to 65% with 12 hospitals outside the 95%-
funnel limits (Fig. 2A). Adjusting for case-mix factors
had little effect on the variation in severe acute toxicity
rates (25%—67%) and outlying hospitals, with 13

hospitals outside the 95%-funnel limits (Figure 2B). This
corresponded to six hospitals being 2SD above, and
seven hospitals being 2SD below, the national mean
toxicity rate. A sensitivity analysis including socioeco-
nomic status in the risk-adjustment generated two new
outlying hospitals (results not presented).

Across both cohorts, 22 different hospitals were
identified as having rates of severe acute toxicity more
than 2SD from the national mean toxicity rate (only 1
hospital had rates more than 2SD for both cohorts). The
Pearson correlation coefficient comparing the adjuvant
and metastatic rates of toxicity for each hospital was 0.2
(p = 0.090).
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Fig. 1. Funnel plot showing a) unadjusted and b) adjusted rates of severe acute toxicity by English NHS hospital for patients receiving

SACT for stage III colorectal cancer.

4. Discussion

This study demonstrates how diagnostic coding in hos-
pital administrative data can be used to derive a
hospital-level performance indicator of SACT toxicity
across hospitals treating CRC patients. We used a pre-
viously validated coding framework based on a pre-

defined set of specific ICD-10 codes and found consid-
erable variation in severe acute toxicity rates between
hospitals in both the adjuvant and metastatic setting.
We found that hospital rates of severe acute toxicity
requiring an overnight hospital admission (equivalent to
at least grade 3 CTCAE) varied between 11% and 49%
in stage III patients receiving adjuvant chemotherapy,
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Fig. 2. Funnel plots showing a) unadjusted and b) adjusted rates of severe acute toxicity by English NHS hospital for patients receiving
SACT for stage IV colorectal cancer.

and were even higher for stage IV patients with rates This hospital performance indicator will be used as
varying between 25% and 67%. We identified 22  part of a publicly reported outlier program in the United
potentially outlying hospitals, even after adjustment for ~ Kingdom (UK) from 2022. Within the national outlier
important case-mix factors. process, hospitals are grouped as ‘alerts’ (greater or less
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than 2SD above the national mean) or ‘alarms’ (greater
or less than 3SD above the national mean) [29]. ‘Alarm’
hospitals are contacted to acknowledge the potential
outlier status and start by corroborating data
completeness and quality [30]. Once the data is verified,
hospitals are expected to formulate a formal response
and action plan to understand which factors might be
driving unwarranted variation (Fig. 3) [6,27,31]. ‘Alert’
hospitals are monitored and become potential outliers if
they are identified as such in consecutive years. The
outlier process is entirely publicly reported. Further
work to establish best practice is required and might
involve, for example, evaluating survival outcomes in
outlying hospitals to evaluate the impact of differential
toxicity rates.

These results show that this performance indicator
can be used to further explore unwarranted variation in

§o
'e“?
S
£
'3
S

toxicity rates, as well as triggering and guiding initiatives
to improve the quality of SACT delivery on a national
scale. As the performance indicator is derived from
administrative diagnostic coding, the risk of information
bias or clinical data manipulation is reduced. The linked
datasets included patient and tumour characteristics
that allowed the development of a case-mix adjustment
model with good calibration and adequate discrimina-
tory power.

The use of ICD-10 codes in the coding framework
makes it internationally applicable as it can be applied in
different health systems that use ICD-10 codes within
their hospital administrative data. In addition,

whilst this study has focused on CRC, the coding
framework can be applied across different tumour types
and regimens,
immunotherapy.

including targeted therapies and

%
3
%
3
E

Fig. 3. Quality improvement conceptual framework highlighting potential areas within the SACT care pathway that may represent sources

of variation in care.
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4.1. Differences in hospital-level severe acute SACT
toxicity

The higher rates of toxicity in patients with advanced
disease has been previously observed [32]. This is likely
due to differences in baseline characteristics, for
example, poorer performance status in those with stage
IV disease, and the wider range of SACT drugs used
within this cohort. Fig. 3 also considers the points along
the SACT care pathway that may contribute to the
between-hospital variation in toxicity rates.

Outlying rates of severe acute toxicity may reflect
differences in the assessment and selection of patients
regarding fitness or appropriateness of treatment. For
example, patients with a high risk of severe acute
toxicity might be identified through comprehensive risk-
stratification and discussion within the multidisciplinary
team, and there may be differential access to specialist
geriatrician and prehabilitation services [33—35]. In
addition, patient choice is an important and complex
aspect of the decision-making process to consider, with
both patient-related factors (e.g. social, cognitive, and
psychological issues) and clinician-related factors
(e.g. communication and clinician biases) influencing
whether SACT is given, as well as what choice of SACT.
Patients should be appropriately counselled and con-
sented for SACT treatments by a sufficiently experi-
enced clinician, including the potential short- and long-
term side-effects.

Furthermore, unwarranted variation in rates of
toxicity may represent under- or over-treatment of
patients, as well as inappropriate regimen use and
dosing, inadequate or outdated protocols, insufficient
monitoring, or failure to recognise and address early
signs of toxicity. Despite clear national guidelines in the
UK regarding which SACT drugs are approved for
which indication [36—41], we recognise that different
providers may have variability in prescribing practices
beyond this. For example, even current national
guidelines do not offer guidance between the use of
FOLFOX, CAPOX, or single agent fluoropyrimidine
[21].

In addition, the IDEA collaborative results were
published during the study period and surveys have
highlighted ongoing variation in clinical practice with
regards to the choice and duration of combination
adjuvant chemotherapy with shifts towards 3 months of
treatment for low-risk disease, particularly in the UK
[42,43]. For the metastatic cohort, there may be varia-
tion in which providers participate in clinical trials.
However, adjusting for choice or duration of regimen
which are under the control of the provider was deemed
inappropriate given that this could represent poor clin-
ical practice.

Finally, the available infrastructure and clinical
pathways within hospitals may play a role, for example,

variability in access to acute oncology services, emer-
gency services, and the availability of specialist on-site
advice out of hours, as well as more generalised dis-
parities in clinical expertise, availability, and training
[44]. For example, acute oncology services have been
shown to improve outcomes, although substantial vari-
ation remains in whether hospitals have access to these
services [45]. Acute oncology services may increase
planned admissions. Although the vast majority (91%)
of admissions for toxicity included in this study were
unplanned, this would be an important area to further
investigate for potential outliers.

Only one hospital was identified as a low outlier for
both cohorts of patients. When comparing both cohorts,
there was evidence of a weak association between the
rates of toxicity in the adjuvant and metastatic cohorts
within each hospital. However, we would not necessarily
expect these to align as the two cohorts are very different
as evidenced by their mean toxicity rates. First, this may
reflect the reduced fitness of patients in the stage IV
cohort, and more complex care pathways they under-
take, which mean that potential poor treatment, patient
selection, and deficient supportive care, are more likely
to be exposed. Second, there are differences in care
pathways between the two cohorts which might account
for differences in toxicity rates within the same provider.
For example, the administration and monitoring of
adjuvant chemotherapy may be nurse-led in contrast to
chemotherapy given for metastatic disease. Third,
patient-clinician communication, decision-making, and
patient choice are likely to be more complex and
nuanced within the metastatic setting which may also
influence toxicity rates.

4.2. Strengths and limitations

The strengths of this study include ensuring that the
performance indicator meets a pre-defined set of essen-
tial criteria (‘validity’, ‘statistical power’, and ‘fairness’
as detailed in the Methods) [46]. The validity of the in-
dicator was demonstrated in an earlier study comparing
toxicity across SACT regimens [§8]. Although within this
study we have reported the overall incidence of severe
toxicity after SACT at each hospital, we are also able to
detail specific individual toxicities according using our
indicator (e.g. neutropenic sepsis, diarrhoea, and line
complications — see Table 1). This is hugely important
for providing detailed feedback to hospitals to facilitate
quality improvement.

In addition, routinely available national clinical
cancer data linked to SACT data and hospital admin-
istrative data provided over 95% case ascertainment
across all English NHS hospitals with good recording of
comorbidities, performance status, staging, and detailed
SACT information. This also allowed the capture of all
hospital admissions, regardless of whether the hospital
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provided chemotherapy, and we assigned the toxicity to
the hospital delivering the chemotherapy [47].

This, and the good calibration of the risk-adjustment
model, meant that toxicity rates between hospitals could
be adjusted for important case-mix factors known to
influence toxicity, enhancing the fairness of hospital-
specific reporting [48]. There is a debate surrounding the
complexities of the inclusion of deprivation in risk-
adjustment, with varying practice between different
reporting programmes [49]. A sensitivity analysis
showed minor changes in results for the stage IV cohort
which need to be considered. Finally, an overview of
potentially actionable areas has been identified as a
starting point for targeted local quality improvement
(Fig. 3).

The first limitation of this study is the reliance on
ICD-10 diagnostic codes in hospital administrative data.
However, these diagnostic codes in HES have been
shown to be accurate compared to clinical notes, thereby
supporting its use for healthcare performance assess-
ment and research [50]. In addition, we used two inde-
pendent data sources to capture information about the
use of SACT. Our previous validation work has shown
excellent agreement between the two data sources
(SACT and HES data) [20]. Second, there is a possibility
that some of the variation between hospitals is due to
chance alone. However, we would only expect five
hospitals to lie more than two standard deviations from
the national mean by chance.

Third, the coding framework is best suited for
studying differences between groups of patients
(e.g. those treated in different hospitals or receiving
different SACT regimens) rather than estimating abso-
lute rates of toxicity which may be over-estimated.
However, to limit the likelihood of overestimation we
restricted the indicator to only those diagnoses likely to
reflect SACT toxicity and to the precise time period of
chemotherapy administration (excluding any post-
operative period in a small proportion of patients). In
addition, previous studies have suggested the vast ma-
jority of hospital admissions during SACT treatment are
SACT-related [7].

Finally, other studies have demonstrated that mental
health status, nutritional status, and laboratory values
(e.g. blood tests) were also important predictors for
SACT toxicity in older patients [48,51]. However, this
information is not routinely included in hospital
administrative data and so could not be included as part
of the risk-adjustment. As a result, a certain level of
‘residual confounding’ will need to be accepted, irre-
spective of which patient groups are being compared.

4.3. Implications

There are several implications of using this performance
indicator for a national assessment of the delivery of

SACT. First, our study shows that the performance in-
dicator can be used to compare SACT toxicity between
hospitals [27]. In the English NHS, similar hospital-level
reporting is already routinely available for patients who
had surgery or radiotherapy for prostate, bowel, and
oesophageal cancer as part of a programme of national
clinical audits [9,52,53]. Outcome reporting programmes
are also being established internationally [54].

Second, the performance indicator allows ongoing
monitoring of severe acute toxicity events within hos-
pitals which will inform continuous local quality
improvement processes. Evidence has shown that qual-
ity improvement initiatives are more likely to produce
positive effects if continuous monitoring and feedback is
undertaken [27,28]. As per previous work, the indicator
allows specific individual toxicities to be described in
detail which can further inform quality improvement
processes [8].

Third, an improved understanding of the risks of
SACT will inform the counselling of patients and
strengthen the process of ‘shared decision making’ in
day-to-day practice, particularly for novel SACT drugs.

In addition to supporting direct patient care, public
reporting of severe acute toxicity rates can also provide
transparency around best practice through benchmarking
to guide patients in making informed choices about the
hospital in which they will receive their SACT treatment
[55,56]. This avoids the reliance on surrogate markers of
care quality (e.g. presence of robotic surgery), and further
stimulates quality improvement through competitive
mechanisms or regulation by reducing information asym-
metry regarding care quality [57—59]. This transparency
can also guide investments, with outcomes considered as
part of pay-for-performance schemes in order to support
greater value in care delivery [60].

Finally, the coding framework developed to identify
severe acute toxicity was designed to be broad in order
to make it applicable to all types of SACT, including
traditional cytotoxic chemotherapy, immunotherapy,
and targeted agents [8]. This means that the perfor-
mance indicator can be used in a wide range of clinical
settings and expanded across most cancer types,
following appropriate validation.

5. Conclusion

We have evaluated the use of a national performance
indicator derived from linked clinical and hospital
administrative datasets to assess hospital variation in
severe acute toxicity rates for hospitals providing SACT
for CRC patients in order to stimulate and support
quality improvement. This approach can be applied
across different cancer types and in many different
countries where similar regional or national clinical and
administrative hospital datasets are available.
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