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Abstract
Aim: Evidence for a positive volume– outcome relationship for rectal cancer surgery is 
unclear. This study aims to evaluate the volume– outcome relationship for rectal cancer 
surgery at hospital and surgeon level in the English National Health Service (NHS).
Method: All patients undergoing a rectal cancer resection in the English NHS between 
2015 and 2019 were included. Multilevel multivariable logistic regression was used to 
model relationships between outcomes and mean annual hospital and surgeon volumes 
(using a linear plus a quadratic term for volume) with adjustment for patient characteristics.
Results: A total of 13 858 patients treated in 166 hospitals were included. Six hospitals 
(3.6%) performed fewer than 10 rectal cancer resections per year, and 381 surgeons 
(45.0%) performed fewer than five such resections per year. Patients treated by high- 
volume surgeons had a reduced length of stay (p = 0.016). No statistically significant 
volume– outcome relationships were demonstrated for 90- day mortality, 30- day un-
planned readmission, unplanned return to theatre, stoma at 18 months following anterior 
resection, positive circumferential resection margin and 2- year all- cause mortality at ei-
ther hospital or surgeon level (p values > 0.05).
Conclusion: Almost half of colorectal surgeons in England do not meet national guide-
lines for rectal cancer surgeons to perform a minimum of five major resections annu-
ally. However, our results suggest that centralizing rectal cancer surgery with the main 
focus of increasing operative volume may have limited impact on NHS surgical outcomes. 
Therefore, quality improvement initiatives should address a wider range of evidence- 
based process measures, across the multidisciplinary care pathway, to enhance outcomes 
for patients with rectal cancer.
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INTRODUC TION

An increasing body of evidence has shown improved postopera-
tive and long- term oncological outcomes for hospitals and surgeons 
performing higher volumes of more complex surgical procedures 
including oesophagectomy, gastrectomy, pancreatectomy and he-
patectomy [1– 4]. As a result, many countries have adopted surgical 
specialization and provision of these surgical procedures in selected 
hospitals (a process sometimes referred to as ‘centralization’) in 
order to increase institutional case volumes [5, 6]. The provision of 
oesophago- gastric cancer services in England via a ‘hub- and- spoke’ 
model coincided with a reduction in postoperative mortality from 
7.4% to 2.5%, although this was not explained by increases in hospi-
tal volume alone [7].

Management of rectal cancer is becoming increasingly challeng-
ing due to the complexity of available treatment options and the 
need for multidisciplinary team (MDT) input to make decisions about 
neoadjuvant and adjuvant therapies, local excision, watch- and- wait 
strategies, offering organ preservation, surgical approach (including 
robotic access), surgical procedure (appropriateness of sphincter- 
sparing surgery weighed against poor functional outcomes), and the 
use of temporary stomas. However, there is conflicting evidence for 
a volume– outcome relationship for rectal cancer at both hospital 
and surgeon level [8– 10].

To date, there have been significant methodological limitations 
with studies evaluating the volume– outcome relationship for rectal 
cancer [11]. This includes grouping volumes into arbitrary catego-
ries, which leads to a reduction in the statistical power to detect a 
volume– outcome relationship. Categorizing of volumes also makes 
it more difficult to pool results because the volume thresholds used 
vary widely. The relevant outcomes, especially those important to 
patients, have not been evaluated adequately. There is significant 
heterogeneity in study populations (e.g. whether to include distal 
sigmoid colon cancer, patients with advanced stage disease, types 
of operations or emergency surgery) and patient characteristics in-
cluded in risk- adjustment models. In addition, retrospective analyses 
often use data from the 1990s and early 2000s, when laparoscopic 
surgery was not routinely used and outcomes, such as postoperative 
mortality, were generally worse [12, 13].

The lack of clear evidence on a volume– outcome relationship has 
resulted in variation in national guidelines on the recommendations 
for minimum annual volume of rectal cancer resections at an institu-
tional level (e.g. 10 in England, 20 in Germany and the Netherlands, 
and 21 in the United States) and per surgeon (e.g. 5 in England and 
10 in Germany) [14, 15].

This large national study aims to address this existing gap in evi-
dence for the volume– outcome relationship. We used contemporary 
linked national clinical datasets including all hospitals providing rec-
tal cancer surgery in the English National Health Service (NHS), with 
no exclusions, and case ascertainment beyond 95% of all diagnosed 
cases. Using these rich and complete data, we performed compre-
hensive risk adjustment and report an extensive panel of outcome 
measures, modelling volume as a continuous variable, and ensuring 

surgeon- level information is robust through cross- validation of in-
formation between data sources.

METHOD

Data sources

This study used data from the National Bowel Cancer Audit 
(NBOCA) [16], Hospital Episode Statistics (HES) [17], Radiotherapy 
Dataset (RTDS) [18], and Office for National Statistics (ONS) mortal-
ity data [19] linked at patient- level for patients with a primary diag-
nosis of rectal cancer in the English NHS [International Classification 
of Diseases, 10th edition (ICD- 10) code C20].

National Bowel Cancer Audit

The NBOCA is a prospective mandatory database for all pa-
tients newly diagnosed with colorectal cancer in the English 
NHS. NBOCA case ascertainment is above 95% when compared 
with HES and National Cancer Registration and Analysis Service 
(NCRAS) ‘gold standard’ data [20]. Patients diagnosed within the 
private sector and undergoing major resection in an NHS hospi-
tal were included. Patients diagnosed and treated entirely in the 
private sector were not captured, but represent a small number 
of patients.

Data items from the NBOCA were used to determine sex, age, 
Eastern Cooperative Oncology Group (ECOG) performance status, 
pathological staging according to the TNM system, American Soci-
ety of Anesthesiologists (ASA) score, date of surgery, surgical pro-
cedure, surgical urgency (elective/scheduled or emergency/urgent), 
and surgical access.

Hospital Episode Statistics

The HES dataset is a national administrative dataset of all admis-
sions to English NHS hospitals [17]. HES provided information on the 
number of comorbidities according to the Royal College of Surgeons 
of England Comorbidity score [21], socioeconomic deprivation 

What does this paper add to the literature?

This study aims to overcome previous methodological 
limitations and provide current national evidence on the 
volume– outcome relationship (hospital and surgeon level) 
for rectal cancer surgery in the English NHS. No clear 
evidence for a volume– outcome relationship was demon-
strated at hospital or surgeon level across a wide range of 
outcome measures.
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reported as quintiles of the national distribution of the Index of Mul-
tiple Deprivation (IMD) [22], and ethnicity.

Radiotherapy Dataset

Radiotherapy information was obtained from linkage to the RTDS 
and included whether the patient received radiotherapy and 
whether this was short-  or long- course based on prior methodology 
using the number of fractionations and time between radiotherapy 
and surgery [23]. The study timeframe pre- dated the publication of 
data and subsequent impact on clinical practice for the use of total 
neoadjuvant therapy for rectal cancer.

Study population

Patients undergoing a major resection for rectal cancer, excluding 
those not treated, treated with nonoperative palliative intent, or 
treated with organ preservation intention (transanal techniques, 
local excisions or complete clinical responders on a watch- and- wait 
protocol) between 1 April 2015 and 31 March 2019 according to the 
NBOCA were identified (Figure 1). Procedures included were ante-
rior resection, abdominoperineal resection (APR), low Hartmann's 
procedure, panproctocolectomy, and pelvic exenteration.

Hospital- level volumes

Using previously developed methodology, mean annual hospital- 
level volumes were calculated from HES, in order to maximize the 
capture of procedures [24]. ‘Hospital’ refers to individual English 

NHS hospital sites performing rectal cancer surgery (multiple hospi-
tal sites can make up a NHS trust, the organizational unit within the 
English NHS). All 166 hospital sites performed rectal cancer surgery 
across all years of the included time frame.

Surgeon- level volumes

Similarly, using previously developed methodology, mean annual 
surgeon- level volumes were calculated [24]. This made use of 
NBOCA, HES and General Medical Council (GMC) data to maxi-
mize the capture of procedures and restrict surgeon- level analyses 
to active general surgeons. For records where there was a discrep-
ancy between NBOCA and HES on the responsible surgeon, the 
information recorded in NBOCA was deemed to be the most accu-
rate, because NBOCA data are used for the NHS Clinical Outcomes 
publication scheme (individual surgeon outcomes are published in 
the public domain) and therefore routinely scrutinized on an annual 
basis [25].

The mean annual volume was calculated as the number of rectal 
cancer procedures performed during the surgeon's active period di-
vided by the duration of the active period. The duration of the active 
period was defined as the number of financial years in which the 
surgeon had rectal cancer procedures recorded.

Outcomes

Ninety- day mortality

Patient records linked to ONS mortality data were used to ascertain 
patients who died within 90 days of their rectal cancer surgery.

F I G U R E  1  Flowchart for patients included in the study (CRM, circumferential resection margin; NBOCA, National Bowel Cancer Audit).
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Thirty- day unplanned readmission

HES records were used to identify any unplanned admission for any 
cause and to any English NHS hospital within 30 days of the date of 
discharge.

Thirty- day unplanned return to theatre

HES records were used to identify patients who returned to theatre 
following their primary rectal cancer surgery using a preexisting vali-
dated coding algorithm based on Office of Population Censuses and 
Surveys Classification of Surgical Operations and Procedures, 4th 
revision (OPCS- 4) codes [26].

Stoma at 18 months following anterior resection

This was defined as the proportion of patients who still had a stoma 
18 months after an anterior resection for rectal cancer. The vast ma-
jority of stomas formed during an anterior resection are temporary 
and are expected to be reversed. Within the English NHS, this is a 
reported national outcome measure which is considered reflective 
of the quality of complex decision- making, postoperative complica-
tions such as anastomotic leak and progression of disease, as well as 
differences in the prioritization of stoma reversals and associated 
pathways.

OPCS- 4 codes within HES records (G753 or H154) were 
used to identify patients undergoing reversal procedures. Pa-
tients needed to have at least 18 months follow- up after their 
rectal cancer surgery to be included within this analysis (this 
includes patients undergoing major resection until 30 Septem-
ber 2018).

Positive circumferential resection margin

NBOCA records provided information on circumferential resection 
margin (CRM) status, which reflects a key determinant of the quality 
of rectal cancer surgery. A positive CRM is defined as a resection 
margin which is less than 1 mm from the tumour (R1) or where visible 
tumour remains in situ (R2).

Length of stay

HES records were used to calculate the length of inpatient stay 
from the date of rectal cancer surgery. A binary outcome was 
generated based on whether the hospital stay was greater than 
14 days in order to try to capture those patients with a signifi-
cant delay in postoperative recovery, probably due to immediate 
complications.

Two- year all- cause mortality rate

NBOCA and HES records linked to ONS mortality records were 
used to identify patients who died within 2 years of the date of 
rectal cancer surgery from any cause. Follow- up time was cen-
sored at 16 April 2020 or 2 years, whichever was earliest. Approxi-
mately two- thirds of patients were recorded in ONS as dying from 
colorectal cancer.

Statistical analysis

Patient, tumour and treatment characteristics were compared using 
chi- square tests according to tertiles of mean annual hospital and 
surgeon volumes.

Multilevel multivariable logistic regression was used to model a 
continuous relationship between each binary outcome and hospital 
and surgeon volumes, using a linear plus a quadratic term for volume. 
A random intercept at hospital or surgeon level was used to account 
for clustering. For each outcome a global Wald test was used to eval-
uate the statistical significance of the linear and quadratic terms for 
volume together.

Several sensitivity analyses were performed. This included mod-
elling volume as a categorical variable (according to tertiles and quin-
tiles) and also estimating models one- by- one excluding emergency 
patients, those having pelvic exenteration, and those having robotic 
surgery.

Risk adjustment was undertaken for age, sex, socioeconomic 
status according to the index of multiple deprivation quintiles, 
Royal College of Surgeons Charlson comorbidity score, ECOG per-
formance status, ASA grade, surgical urgency (emergency/urgent 
versus elective/scheduled), surgical procedure (pelvic exenteration 
versus other procedure), pathological TNM staging and radiotherapy 
use (long- course, short- course or none). The choice of risk factors 
included was guided by the National Institute for Health and Care 
Excellence's review of evidence, as well as reflecting patient case 
mix and complexity of the case rather than choices made about the 
surgical approach and procedure [11].

To avoid ‘over- fitting’ and allow a wide range of plausibly shaped 
relationships to be modelled (most likely linear or monotonic rela-
tionships with a greater or lesser degree of curvature), we decided 
a priori to model a linear plus quadratic relationship [27]. The ade-
quacy of a linear plus quadratic relationship between volume and 
each binary outcome was assessed by superimposing the fitted line 
onto a graph of the predicted risk- adjusted outcome with 95% confi-
dence intervals, in six equally sized categories of volume, setting the 
value of all other covariates to the mean value. Patients with missing 
data on outcomes (CRM status and length of stay) were excluded 
from the analyses (Figure 1).

Of the 13 858 patients included in the analysis, 3249 (23%) had 
missing data for at least one of the data items included in the risk- 
adjustment models. Of these 3249 patients, 1918 (59%) had only 
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one data item missing. Missing data were assumed to be missing at 
random based on assessment of the characteristics of those patients 
with and without missing data.

Missing values for risk- adjustment variables were imputed with 
multiple imputation using chained equations, creating 20 datasets 
and using Rubin's rules to combine the estimated odds ratios across 
the datasets [28]. The imputation model used logistic regression for 
binary variables and multinomial regression for categorical variables 
with more than two categories. The imputation model included all 
variables within the analysis model (including all outcome variables) 
and any additional variables thought to predict ‘missingness’.

All statistical analyses were undertaken using Stata version 15.

RESULTS

Hospital-  and surgeon- level volumes

A total of 13 858 patients undergoing rectal cancer surgery at 166 
English NHS hospital sites between 1 April 2015 and 31 March 2019 
were included in the hospital volume analyses, and 13 841 patients 
were included in the surgeon analyses with 846 active general sur-
geons. Seventeen patients were excluded because the responsible 
surgeon could not be identified.

At hospital level, the median annual number of procedures 
was 26 [interquartile range (IQR) 19– 36, range 1– 74]. Six hospitals 
(3.6%) performed fewer than 10 resections per year and 43 hospi-
tals (25.9%) performed fewer than 20 resections per year. At sur-
geon level, the median annual number of procedures was 5 (IQR 3– 7, 
range 1– 31). Seventy five surgeons (8.9%) performed only one re-
section, 381 (45.0%) performed fewer than five resections and 756 
(89.3%) performed fewer than 10 resections per year.

High- volume surgeons were more likely to work in high- volume 
hospitals (p < 0.001), although 13% (33/256) of high- volume surgeons 
worked in the lowest- volume hospitals and 34% (91/268) of low- 
volume surgeons worked in the highest- volume hospitals (Table S1).

Patient characteristics according to hospital-  and 
surgeon- level volumes

Both high- volume hospitals and high- volume surgeons were less 
likely than low- volume hospitals and low- volume surgeons to 
treat ethnic minority groups and more likely to treat affluent pa-
tients (Table 1). High- volume hospitals were less likely to perform 
sphincter- sparing procedures and more likely to perform robotic 
surgery. High- volume surgeons were more likely to perform elective 
surgery, sphincter- sparing procedures and robotic surgery. Pelvic 
exenterations were uncommon but tended to be performed by high- 
volume surgeons in high- volume hospitals.

Although statistically significant, many of the other observed 
differences in characteristics at hospital and surgeon level are un-
likely to be clinically significant.

Outcomes

Considering all 13 858 included patients, we found that 253 (1.8%) 
died within 90 days of their rectal cancer resection, 1920 (13.9%) 
had an unplanned 30- day readmission, 1595 (11.5%) had a 30- day 
unplanned return to theatre, and 1303 (9.4%) died within 2 years 
from any cause.

Of the 5710 patients who underwent an anterior resection 
with a stoma and had sufficient follow- up, 2051 (35.9%) still had 
a stoma at 18 months. Of the 11 519 patients with CRM informa-
tion, 1021 (8.9%) had positive margins. Of the 13 822 patients with 
length of stay information, 2941 (21.3%) had a stay of longer than 
14 days.

Volume– outcome relationship

After risk- adjustment, the linear– quadratic relationship between 
volume and outcome was a good fit to the data for each outcome 
(Figures 2 and 3). With risk adjustment there was no statistically sig-
nificant volume– outcome relationship at hospital level for the linear 
and quadratic terms for any outcomes including 90- day mortality 
(p = 0.655), 30- day unplanned readmission (p = 0.387), unplanned 
return to theatre (p = 0.861), stoma at 18 months following ante-
rior resection (p = 0.956), positive CRM (p = 0.507), length of stay 
(p = 0.796) and 2- year all- cause mortality rate (p = 0.137; Figure 2, 
Table S2).

High- volume surgeons had a significantly shorter risk- adjusted 
length of stay than low- volume surgeons (p = 0.016; Figure 3). 
There was no statistically significant risk- adjusted volume– 
outcome relationship at surgeon level for any other outcomes 
including 90- day mortality (p = 0.579), 30- day unplanned readmis-
sion (p = 0.243), unplanned return to theatre (p = 0.215), stoma at 
18 months following anterior resection (p = 0.285), positive CRM 
(p = 0.578) and 2- year all- cause mortality rate (p = 0.535; Figure 3, 
Table S2).

Sensitivity analyses performed to model volume as a categorical 
variable (tertiles and quintiles) did not significantly change the re-
sults (Table S3). Similarly, sensitivity analyses modelling outcomes 
excluding emergency patients, those having pelvic exenterations 
and those having robotic procedures did not significantly change the 
results (Table S4).

DISCUSSION

This large national study explores the relationship between hospi-
tal and surgeon rectal cancer resection volumes and a comprehen-
sive set of outcome measures available from routinely collected 
data within the English NHS. It demonstrates that almost half of 
surgeons do not meet the recently recommended national quality 
standard of carrying out at least five major rectal cancer resections 
per year [14]. Within this study, a volume– outcome relationship 
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TA B L E  1  Characteristics according to tertiles of hospital-  and surgeon- level mean annual volumes.

Hospital- level volume Surgeon- level volume

Low volume 
(<22; 60 
hospitals), n 
(%) (N = 2701)

Mid volume 
(22– 31; 51 
hospitals), n 
(%) (N = 4066)

High volume 
(32–74;55
hospitals), n 
(%) (N = 7091) p- value

Low volume 
(1– 3; 268 
surgeons), n 
(%) (N = 1414)

Mid volume 
(4– 6; 322 
surgeons), n 
(%) (N = 4747)

High volume 
(>6, 256 
surgeons), n 
(%) (N = 7680) p- value

Age (years)

<50 225 (8.3) 273 (6.7) 515 (7.3) 0.021* 98 (6.9) 354 (7.5) 558 (7.3) 0.265

50– 59 512 (19.0) 726 (17.9) 1265 (17.8) 237 (16.8) 831 (17.5) 1432 (18.6)

60– 74 1259 (46.6) 2091 (51.4) 3528 (49.8) 740 (52.3) 2380 (50.1) 3753 (48.9)

75– 84 622 (23.0) 857 (21.1) 1574 (22.2) 291 (20.6) 1048 (22.1) 1710 (22.3)

≥85 83 (3.1) 119 (2.9) 209 (2.9) 48 (3.4) 134 (2.8) 227 (3.0)

Sex

Male 1787 (66.2) 2639 (64.9) 4599 (64.9) 0.452 948 (67.0) 3041 (64.1) 5026 (65.4) 0.082

Female 914 (33.8) 1427 (35.1) 2492 (35.1) 466 (33.0) 1706 (35.9) 2654 (34.6)

Ethnicity

White 2383 (92.1) 3709 (95.8) 6418 (95.8) <0.001* 1253 (92.2) 4328 (95.3) 6913 (95.5) <0.001*

Other 205 (7.9) 161 (4.2) 280 (4.2) 106 (7.8) 214 (4.7) 326 (4.5)

Missing 113 (4.2) 196 (4.8) 393 (5.5) 55 (3.9) 205 (4.3) 441 (5.7)

IMDQ

1 (most deprived) 411 (15.2) 697 (17.2) 977 (13.8) <0.001* 241 (17.1) 771 (16.3) 1069 (13.9) <0.001*

2 543 (20.1) 725 (17.9) 1164 (16.4) 262 (18.5) 861 (18.2) 1304 (17.0)

3 603 (22.4) 856 (21.1) 1501 (21.2) 298 (21.1) 1016 (21.4) 1644 (21.5)

4 601 (22.3) 913 (22.5) 1631 (23.0) 326 (23.1) 1028 (21.7) 1788 (23.3)

5 (least deprived) 539 (20.0) 864 (21.3) 1806 (25.5) 286 (20.2) 1061 (22.4) 1859 (24.3)

Missing 4 (0.1) 11 (0.3) 12 (0.2) 1 (0.1) 10 (0.2) 16 (0.2)

RCS Charlson score

0 1543 (57.1) 2366 (58.2) 4243 (59.8) 0.004* 805 (56.9) 2771 (58.4) 4570 (59.5) 0.357

1 829 (30.7) 1132 (27.8) 1948 (27.5) 416 (29.4) 1365 (28.8) 2122 (27.6)

≥2 329 (12.2) 568 (14.0) 900 (12.7) 193 (13.6) 611 (12.9) 988 (12.9)

Performance status

0 1550 (60.6) 2370 (65.2) 3884 (64.9) <0.001* 804 (62.5) 2635 (62.6) 4362 (65.4) 0.002*

1 732 (28.6) 1026 (28.2) 1608 (26.9) 350 (27.2) 1229 (29.2) 1779 (26.7)

≥2 276 (10.8) 237 (6.5) 495 (8.3) 133 (10.3) 343 (8.2) 529 (7.9)

Missing 143 (5.3) 433 (10.6) 1104 (15.6) 127 (9.0) 540 (11.4) 1010 (13.2)

ASA grade

1 405 (15.7) 597 (15.5) 1004 (14.9) 0.04* 209 (15.5) 708 (15.6) 1087 (15.0) 0.893

2 1524 (59.0) 2408 (62.3) 4128 (61.3) 816 (60.5) 2768 (60.8) 4468 (61.5)

≥3 652 (25.3) 859 (22.2) 1606 (23.8) 323 (24.0) 1074 (23.6) 1713 (23.6)

Missing 120 (4.4) 202 (5.0) 353 (5.0)

Surgical access

Open 580 (21.6) 1058 (26.1) 1952 (27.6) <0.001* 430 (30.6) 1500 (31.7) 1646 (21.5) <0.001

Laparoscopic 2052 (76.3) 2758 (68.0) 4654 (65.8) 959 (68.2) 3110 (65.7) 5392 (70.4)

Robotic 56 (2.1) 238 (5.9) 463 (6.5) 18 (1.3) 122 (2.6) 617 (8.1)

Missing 13 (0.5) 12 (0.3) 22 (0.3)

Surgical urgency

Elective/scheduled 2582 (95.8) 3858 (95.3) 6894 (97.6) <0.001* 1307 (92.7) 4574 (96.6) 7447 (97.4) <0.001*

Emergency/urgent 113 (4.2) 191 (4.7) 173 (2.5) 103 (7.3) 161 (3.4) 202 (2.6)

Missing 6 (0.2) 17 (0.4) 24 (0.3) 4 (0.3) 12 (0.3) 31 (0.4)
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was demonstrated for reduced length of stay for high- volume 
surgeons. However, we did not demonstrate a volume– outcome 
relationship for any of the other outcomes (including postopera-
tive mortality, complications and resection margins) at hospital or 
surgeon level.

Limitations and strengths

The main limitation of this study is that, although national high- 
quality data were used, the data were not captured for the pur-
pose of evaluating a volume– outcome relationship. However, 
case ascertainment is high and validation of surgeon information 
was undertaken using two data sources with 92% agreement 
on surgeon- level information, and further verification through 
checks against the GMC register of medical practitioners within 
the United Kingdom [24]. The datasets only capture the ‘respon-
sible’ senior surgeon and this may not always be the surgeon who 

carried out the actual procedure, which may attenuate our find-
ings (e.g. a surgeon in training performing a procedure under su-
pervision by a consultant).

Also, it was not possible to capture the full complexity of each 
procedure from the available data. Distance of the tumour from the 
anal verge and body mass index are captured but are currently too 
poorly completed within the available national datasets to be in-
cluded in any risk- adjustment analysis. A previous study found that 
high- volume surgeons tended to remove lower tumours that require 
more complex surgery, which would lead to an underestimation of 
the volume– outcome relationship [29]. However, for the 6947 pa-
tients (50.1%) for whom this information was available in our study 
there was little association between volume and tumour height. It 
therefore seems unlikely that risk adjustment for tumour height 
would have significantly altered the findings.

There are some other measures that would have been important 
to adjust for, but these were either poorly completed or not cap-
tured within the available data. These include histological features 

Hospital- level volume Surgeon- level volume

Low volume 
(<22; 60 
hospitals), n 
(%) (N = 2701)

Mid volume 
(22– 31; 51 
hospitals), n 
(%) (N = 4066)

High volume 
(32–74;55
hospitals), n 
(%) (N = 7091) p- value

Low volume 
(1– 3; 268 
surgeons), n 
(%) (N = 1414)

Mid volume 
(4– 6; 322 
surgeons), n 
(%) (N = 4747)

High volume 
(>6, 256 
surgeons), n 
(%) (N = 7680) p- value

Surgical procedure

Anterior resection 1759 (65.1) 2554 (62.8) 4468 (63.0) <0.001* 883 (62.4) 2977 (62.7) 4917 (64.0) <0.001*

APR 629 (23.3) 1038 (25.5) 1778 (25.1) 315 (22.3) 1202 (25.3) 1925 (25.1)

Hartmann's 279 (10.3) 402 (9.9) 663 (9.3) 181 (12.8) 490 (10.3) 664 (8.6)

Pelvic exenteration 4 (0.1) 22 (0.5) 88 (1.2) 8 (0.6) 16 (0.3) 90 (1.2)

Panproctocolectomy 30 (1.1) 50 (1.2) 94 (1.3) 27 (1.9) 62 (1.3) 84 (1.1)

Pathological T- stage

T1 320 (12.7) 465 (12.3) 914 (14.0) 0.211 140 (10.8) 582 (13.1) 976 (13.8) 0.05

T2 715 (28.5) 1130 (29.8) 1866 (28.5) 361 (27.7) 1308 (29.4) 2038 (28.8)

T3 1278 (50.9) 1910 (50.4) 3259 (49.8) 689 (53.0) 2213 (49.8) 3543 (50.0)

T4 200 (8.0) 282 (7.4) 502 (7.7) 111 (8.5) 340 (7.7) 526 (7.4)

Missing 188 (7.0) 279 (6.9) 550 (7.8) 113 (8.0) 304 (6.4) 597 (7.8)

Pathological N- stage

N0 1592 (63.7) 2407 (63.4) 4168 (63.7) 0.231 825 (63.5) 2818 (63.5) 4515 (63.7) 0.002*

N1 657 (26.3) 942 (24.8) 1632 (25.0) 335 (25.8) 1120 (25.3) 1773 (25.0)

N2 251 (10.0) 445 (11.7) 741 (11.3) 139 (10.7) 497 (11.2) 799 (11.3)

Missing 201 (7.4) 272 (6.7) 550 (7.8) 115 (8.1) 312 (6.6) 593 (7.7)

Pathological M- stage

M0 2344 (95.5) 3612 (96.4) 6041 (96.1) 0.151 1198 (94.6) 4160 (95.9) 6628 (96.5) 0.002*

M1 111 (4.5) 133 (3.6) 242 (3.9) 69 (5.4) 179 (4.1) 237 (3.5)

Missing 246 (9.1) 321 (7.9) 808 (11.4) 147 (10.4) 408 (8.6) 815 (10.6)

Radiotherapy

No radiotherapy 1750 (64.8) 2670 (65.7) 4752 (67.0) 0.013* 957 (67.7) 3097 (65.2) 5105 (66.5) <0.001*

Long course 710 (26.3) 1081 (26.6) 1849 (26.1) 338 (23.9) 1246 (26.2) 2053 (26.7)

Short course 241 (8.9) 315 (7.7) 490 (6.9) 119 (8.4) 404 (8.5) 522 (6.8)

Abbreviations: APR, abdominoperineal resection; ASA, American Society of Anesthesologists; IMDQ, index of multiple deprivation quintiles; RCS, 
Royal College of Surgeons.
*Statistically significant p- value <0.05.

TA B L E  1  (Continued)
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(e.g. lymphovascular invasion, tumour budding and differentiation), 
genomics (e.g. microsatellite instability status), preoperative MRI re-
sults, which would have allowed an assessment of the appropriate-
ness of neoadjuvant therapy, and details about the MDT (e.g. nature, 
composition and frequency of meetings).

Finally, some of the measures used (e.g. unplanned return to the-
atre) are more difficult to define within routinely collected data or 
are surrogate markers. For example, 2- year all- cause mortality was 
used due to restricted follow- up and because locoregional recur-
rence is not captured in routine data sources, and it may not neces-
sarily reflect longer- term disease- free or overall survival outcomes 
[30]. Ideally, more oncological outcomes would have been evaluated 
including, for example, high- quality TME surgery and lymph node 
yield.

There are several strengths of this study. First, contrary to 
most of the other studies in this area, volume was modelled as a 
continuous variable to overcome the limitations associated with 
arbitrary cut- offs, which make the interpretation and pooling of 
results across studies problematic [31]. Second, multilevel model-
ling was used to account for the clustering of outcomes in hospi-
tals and surgeons. Ideally, we wanted to simultaneously account 
for the clustering of patients within surgeons, and the clustering 
of surgeons within hospitals, but the results did not converge 
with multiply imputed data. Fourth, comprehensive risk adjust-
ment was undertaken in line with national recommendations [32].  
Finally, contemporary data are reflective of the current practice 
(e.g. minimal access surgery) [11].

Interpretation of findings

Reduced length of stay for high- volume surgeons has been found 
previously, although some of these earlier studies also included 
colon cancer patients [12, 33]. This finding may be explained by 
high- volume surgeons having increased access to laparoscopic and 
robotic techniques which are associated with a faster recovery 
[34]. This interpretation is supported by the loss of statistical sig-
nificance when surgical access was added to the risk- adjustment 
model (results not shown). High- volume surgeons may be more 
likely to engage with Enhanced Recovery After Surgery (ERAS) 
programmes [5].

To date, the evidence for a volume– outcome relationship in rectal 
cancer surgery has been conflicting, although studies demonstrat-
ing a relationship always suggest better outcomes in high- volume 
hospitals and surgeons. Studies showing a relationship between 
high hospital and surgeon volumes and overall survival, CRM rates, 
perioperative complications, local recurrence, permanent stoma rate 

and perioperative mortality have been identified, although there are 
equal numbers of studies that fail to provide statistically significant 
evidence of a relationship [11, 31].

There are several explanations why we did not demonstrate 
a volume– outcome relationship. Although we performed exten-
sive risk- adjustment, it is probable that we have not fully adjusted 
for the complexity of surgery or patient selection and there is re-
sidual confounding. It is possible that high- volume hospitals and 
surgeons are operating on more complex cases due to preexisting 
referral pathways [14]. These same high- volume providers may 
practise less risk averse behaviour due to their experience, as well 
as accepting referrals for patients with higher baseline morbidity 
requiring specialist expertise in the perioperative phase (e.g. pa-
tients requiring access to renal dialysis). These factors have the 
potential to dilute any volume– outcome relationship that may be 
observed.

Within the United States, the Leapfrog Group have made an 
annual minimum recommendation of six rectal cancer resections 
per surgeon [35]. In this study, 70% of surgeons do not meet 
this threshold and there is no clear evidence of centralization of 
high- volume surgeons within high- volume hospitals. It may be 
that surgeon volumes are too low to see an association between 
volume and outcomes. It is also difficult to measure the quality 
of shared decision- making and patient selection within the MDT 
setting from the routinely collected national datasets. For exam-
ple, whether appropriate decisions have been made regarding 
suitability for oncological therapies, or watch- and- wait strategies 
[36]. Some available outcomes are more likely to be affected by 
the overall MDT recommendations, rather than the individual sur-
geon's performance; 2- year all- cause mortality rate is a good ex-
ample, with variation in adjuvant chemotherapy potentially being 
a contributory factor [37].

Some of the analyses are likely to be underpowered due to low 
event rates, particularly the surgeon- level analyses. Although our 
national study has not demonstrated a volume– outcome associa-
tion, it may be that a study including an even larger group of patients 
would provide evidence of a relationship. Collecting specific data on 
outcomes and key performance indicators (e.g. unplanned return to 
theatre) may help to identify a volume– outcome association. In addi-
tion, we are not currently able to capture patient- reported measures 
such as bowel, urinary and sexual function, which are critical mea-
sures for survivorship [38].

Finally, these results might simply reflect a true lack of volume– 
outcome relationship. We might expect to see a volume– outcome 
relationship for rectal cancer surgery as it represents complex on-
cological surgery for which volume– outcome relationships are ev-
ident in other specialities [7]. However, one study demonstrated 

F I G U R E  2  Linear– quadratic graphs showing the risk- adjusted volume– outcome relationship at hospital level for: (A) 90- day mortality; 
(B) 30- day unplanned readmission; (C) 30- day unplanned return to theatre; (D) stoma at 18 months following anterior resection; (E) positive 
circumferential resection margin; (F) prolonged length of stay (>14 days); and (G) 2- year all- cause mortality. The y- axis is plotted on a risk 
scale for all graphs.
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wide variation in elective colorectal surgery outcomes in the English 
NHS, even amongst the very highest- volume surgeons (e.g. mor-
tality rates ranging from 0% to 7.7%) [12]. Additional studies have 
also  demonstrated variation in outcomes across the whole volume 
 spectrum [39, 40].

It may be that adherence to a range of evidence- based process 
measures, such as those defined within the United States in the 
National Accreditation Program for Rectal Cancer (NAPRC), is the 
real determinant in improving standards and therefore outcomes, 
rather than volume per se [41]. The NAPRC promotes standards but 
does not recommend minimum surgical volumes. Similarly in the UK, 
national guidelines recommend, for example, offering neoadjuvant 
therapy to patients with Stage II/III rectal cancer [14].

Implications

Volume- based policies are guided by assumptions that increased 
patient volumes enable greater specialization of all healthcare pro-
fessionals contributing to the patient's care, and greater experi-
ence and expertise: the ‘practice makes perfect’ hypothesis [42]. 
However, the current study shows no evidence for a volume– 
outcome relationship and suggests that the centralization of rec-
tal cancer services is likely to be more effective if it is based on 
factors that are known to improve quality rather than on operative 
volumes alone. As demonstrated previously, operative volume ap-
pears to be an imperfect proxy for the quality of rectal cancer 
care [35].

A recent study from Ireland, including patients undergoing cura-
tive major resection for Stage I– III rectal cancer, showed temporal 
improvements following centralization [43]. It focused on survival 
outcomes and process measures (e.g. choice of surgical procedure 
and use of neoadjuvant and adjuvant therapies). Although it can be 
assumed that operative volumes increased as a result of the cen-
tralization, there was no quantification or direct exploration of the 
volume– outcome relationship. The study hypothesized that ‘better 
surgery’ (defined as TME quality, R0 resection rate and high nodal 
yield), ‘expert specialist input’ within specialist MDTs and the ‘defini-
tion and monitoring of key performance indicators’ may have led to 
improvements [43]. This supports our findings that factors beyond 
operative volume alone need to be considered in order to improve 
rectal cancer outcomes.

Similarly, a study evaluating the centralization of oesophago- 
gastric cancer services in the UK found temporal improvements 
in postoperative mortality but was unable to attribute this to 
increases in operative volume alone [7]. It hypothesized that 
improvements in medical care (e.g. oncological treatments and 

staging) and increases in cancer- related operative training oppor-
tunities may contribute.

The potential benefits of centralization include: better institu-
tional structure, more streamlined care processes, more frequent 
use of protocols supporting decision- making, wider availability 
of advanced and innovative surgical techniques (e.g. liver resec-
tions [44] and hyperthermic intraperitoneal chemotherapy), greater 
use of active salvage in the event of postoperative complications, 
improved training opportunities and increased efficiency due to op-
timization of resource utilization.

The main disadvantages include additional travel distances for 
patients [45], and capacity problems. A recent health services plan-
ning model has demonstrated the potential impacts of five different 
centralization scenarios for rectal cancer services and might facili-
tate more informed discussions [46].

CONCLUSIONS

This study has provided additional evidence regarding the volume– 
outcome relationship in rectal cancer surgery within the English 
NHS. We found that a substantial number of surgeons are not cur-
rently performing the national recommended annual volume of rec-
tal cancer resections. However, apart from a reduced length of stay 
for higher- volume surgeons, we were not able to demonstrate sig-
nificant volume– outcome relationships within this study at hospital 
or surgeon level.

Given that current evidence is lacking for increasing operative 
volume in isolation, all essential aspects of high- quality care should 
be balanced in the event of centralization of multidisciplinary rectal 
cancer services. A wide range of evidence- based process measures 
across the whole care pathway, including those important to pa-
tients, should be evaluated to enhance rectal cancer surgery out-
comes and ensure that patients are appropriately directed.
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