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Abstract
Objective To determine the association between gastric cancer surgery case-volume and Textbook Outcome, a new com-
posite quality measurement.
Background Textbook Outcome included (a) negative resection margin, (b) greater than 15 lymph nodes sampled, (c) no 
severe complication, (d) no re-intervention, (e) no unplanned ICU admission, (f) length of stay of 21 days or less, (g) no 
30-day readmission and (h) no 30-day mortality following surgery.
Methods All patients undergoing gastrectomy for non-metastatic gastric adenocarcinoma registered in the Population Regis-
try of Esophageal and Stomach Tumours of Ontario between 2004 and 2015 were included. We used multivariable general-
ized estimating equation (GEE) logistic regression modelling to estimate the association between gastrectomy volume (sur-
geon and hospital annual volumes) and Textbook Outcome. Volumes were considered as continuous variables and quintiles.
Results Textbook Outcome was achieved in 378 of 1660 patients (22.8%). The quality metrics least often achieved were 
inadequate lymph node sampling and presence of severe complications, which occurred in 46.1% and 31.7% of patients, 
respectively. Accounting for covariates and clustering, neither surgeon volume nor hospital volume were significantly asso-
ciated with Textbook Outcome. However, hospital volume was associated with adequate lymphadenectomy and fewer 
unplanned ICU admissions.
Conclusions Higher case volume can impact certain measures of quality of care but may not address all care structures neces-
sary for ideal Textbook recovery. Future quality improvement strategies should consider using case-mix adjusted Textbook 
Outcome rates as a surgical quality metric.
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Introduction

Gastric cancer resections in North America often fall short 
of the standard of care. Population-based studies in the 
United States and Canada have reported positive resection 
margins in 6–11% of patients [1, 2], inadequate lymph node 
sampling in 60–71% [3–6], and post-operative mortality 
rates of 5% [3, 7].

Increased experience (volume) with gastric cancer sur-
gery at the hospital- [8–11] and surgeon-level [8, 9, 12] have 
both been associated with decreased operative mortality in 
multiple North American studies. However, death follow-
ing surgery is an imperfect measure of surgical quality and 
represents just one of many factors important to patients, 
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their families and their health care professionals. In 2017, 
a Dutch study combined 10 metrics to define high quality 
surgical care, henceforth entitled Textbook Outcome [13].

Achieving Textbook Outcome likely depends on expert 
decision-making, surgical technique and institutional pro-
cesses of care. We hypothesized that centers and surgeons 
with greater experience in gastric cancer surgery are more 
likely to achieve a Textbook Outcome. The present study 
leverages the clinical and pathologic data in the Population 
Registry of Esophageal and Stomach Tumours of Ontario 
(PRESTO) to determine the association between gastric 
cancer surgery case-volume and Textbook Outcome rates.

Methods

Study design and setting

This is a population-based retrospective cohort study using 
health administrative data and a province-wide chart review 
of pathology reports. Adults who underwent gastrectomy 
for non-metastatic gastric adenocarcinoma in Ontario were 
included. Ontario is Canada’s most populous province 
with over 14 million residents and a land mass greater than 
Texas and Arizona combined. In Ontario, all non-elective 
health services are funded through a universal and publicly 
administered health care system. Reporting is in accordance 
with the REporting of studies Conducted using Observa-
tional Routinely collected Data (RECORD) Statement [14] 
(Appendix 1).

Data sources and management

PRESTO is a population-based clinical-pathological data-
base of all adult patients with esophagogastric cancer 
(International Classification of Disease for Oncology 3rd 
edition (ICD-O-3) topography codes “C15 and C16”) of any 
histology, diagnosed and treated from 2002 onwards. It is 
derived from datasets linked using unique encoded identi-
fiers and analyzed at ICES. ICES is an independent, non-
profit research institute whose legal status under Ontario’s 
health information privacy law allows it to collect and ana-
lyze health care and demographic data, without consent, 
for health system evaluation and improvement. Tumor-spe-
cific information is available through the Esophagogastric 
Pathology Database which was populated by two physi-
cians abstracting available operative specimen pathology 
reports for patients within PRESTO. Patients were identi-
fied through the Ontario Cancer Registry which captures 
96% of incident cancer cases in Ontario [15, 16]. Patient 
demographics and vital status, cancer center treatment infor-
mation, inpatient hospitalization records, physician billing 
data, diagnostic codes and interventional codes are available 

at ICES for every resident covered by Ontario’s public health 
insurance plan.

Study cohort

This study included Ontario residents diagnosed with gastric 
adenocarcinoma undergoing curative-intent primary tumor 
resection between April 1, 2004 and March 31, 2015. Pri-
mary tumor site was defined according to gastric ICD-O-3 
topography code “C16”. ICD-O-3 morphological codes are 
included in Appendix 2. Curative-intent gastrectomy defini-
tion was based on the following rules: (a) patients must be 
electively admitted, (b) 0 days to 6 months following date of 
diagnosis, (c) first gastric resection and (d) no evidence of 
metastatic disease in the 6 months preceding surgery. Gas-
trectomies were identified using Canadian Classification of 
Intervention codes (Appendix 3). Patients with metastatic 
disease at time of surgery were identified using an algorithm 
validated in an Ontario gastric cancer cohort [17] and sup-
plemented by the Esophagogastric Pathology Database stage 
variable. Patients were excluded if their date of death errone-
ously preceded their diagnosis date, if they were under the 
age of 18 years or if their resected tumor specimen pathol-
ogy report was not available. Tumors at the gastroesopha-
geal junction are often managed as esophageal cancers and 
esophageal surgery has been regionalized in Ontario since 
2005. As such, we excluded patients with gastroesophageal 
junctional tumors undergoing esophagectomies as these 
would be overrepresented in high-volume hospitals.

Exposure

The main exposures in this study are hospital- and surgeon-
volumes. Patients undergoing elective gastrectomies for ade-
nocarcinomas 1 day to 6 months following diagnosis were 
identified through the hospital discharge abstract database 
intervention codes and were thus inherently linked to a hos-
pital. Surgeons were identified through linkage to the provin-
cial physician billing database using fee codes included in 
Appendix 4. To reduce any potential bias in penalizing low 
volume surgeons, we excluded physicians not identified as 
general surgeons, thoracic surgeons, cardiothoracic surgeons 
or vascular surgeons.

Volume was defined using the average yearly number of 
gastrectomy procedures performed in the 2 years prior to the 
date of the index procedure for each patient’s surgeon and 
hospital [18]. Compared to averaging the number of pro-
cedures over the years of study, this definition accounts for 
year-to-year variation and excludes procedures performed 
subsequent to the index procedure, which should not affect 
the quality of care provided during the index procedure 
admission [19]. Volumes were also considered as categori-
cal variables by ranking surgeons and hospitals in order of 
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increasing annual volumes and selecting cut-points that 
most closely sorted patients into five evenly sized groups 
(quintiles Q1–Q5), similar to previously published studies 
[9, 11, 18, 20]. This method avoids using arbitrary numbers 
from the literature which may not reflect the current state 
of care in this population. The unit of analysis in this study 
is the patient. In this regard, surgeon and hospital volumes 
are recorded for every patient, and specific surgeons and 
hospitals may have several different volumes (and volume 
quintiles) as these changed throughout the study period.

Outcomes

In this study, Textbook Outcome refers to a composite of 
eight quality metrics related to the oncologic resection, 
post-operative course and discharge of patients undergoing 
gastrectomy for cancer. These include (a) negative resection 
margins, (b) greater than 15 lymph nodes sampled, (c) no 
severe complications, (d) no re-interventions during index 
hospitalization, (e) no unplanned ICU admission, (f) length 
of stay (LOS) of 21 days or less, (g) no readmission to hospi-
tal in 30 days following discharge and (h) no mortality in the 
30 days following surgery. Elaborated definitions are avail-
able in Appendix 5. Each of these metrics must be met to 
achieve Textbook Outcome. This concept was first proposed 
by the Dutch Upper Gastrointestinal Cancer Audit group 
[13] and we have modified it to conform to this analysis 
and the data available through ICES. Intent of surgery was 
included in the original Dutch study’s definition but was felt 
to represent a significant selection bias in this study given 
that metastatic patients have less physiologic reserve, receive 
less extensive resections and are less likely to achieve Text-
book Outcome. Intra-operative complications could not be 
unambiguously differentiated from post-operative compli-
cations within our datasets, and thus these were combined.

Covariates

Age at diagnosis (years), sex (male, female) and tumor 
location (ICD-O-3 topography codes C16.0–16.9) were 
available through the Ontario Cancer Registry. Resource 
utilization bands (RUB 0–5) were used in this study as 
a measure of baseline risk of death; these are available 
through the Johns Hopkins Adjusted Clinical  Groups® 
System (Version 10.0.1) which is a validated predictor of 
1-year mortality and used for comorbidity adjustment [21]. 
Material deprivation (quintile 1–5), available through the 
census-based, geographically derived Ontario Marginali-
zation Index (ON-Marg) [22] was used as a measure of 
socioeconomic status and is based on income, quality of 
housing, educational attainment, and family structure char-
acteristics. Year of gastrectomy (2004–2015) was based 
on the date of the gastrectomy intervention code in the 

Canadian Classification of Health Intervention codes. His-
tology category (intestinal vs. non-intestinal) was based 
on the ICD-O-3 morphological codes available through 
the Ontario Cancer Registry and supplemented by the 
Esophagogastric Pathology Database when the patholo-
gist reported on findings of linitis plastica, diffuse and/or 
signet ring cell histology. Pathologic T and N stages were 
available through the esophagogastric pathology database.

Statistical analysis

Patient baseline demographics and tumor characteristics of 
the highest surgeon quintile (Q5) and the lowest surgeon 
volume quintile (Q1) were compared using standardized 
differences (SD). This was repeated using hospital volume 
quintiles.

A multivariable generalized estimating equation (GEE) 
logistic model was specified to characterize the associa-
tion between surgeon volume (continuous distribution) 
and Textbook Outcome as the odds ratio of achieving 
Textbook Outcome with increasing surgeon volume. The 
model accounted for clustering by surgeon and adjusted 
for patient-level confounders. Covariates were selected a 
priori as potential confounders based on clinical grounds. 
These covariates were assessed for statistical collinearity 
using a variation inflation factor cut-off of four. This was 
repeated with hospital volume (continuous distribution). 
To estimate the association between surgeon and hospital 
volumes and Textbook Outcome, both volume variables 
were subsequently included in the model. Naïve model 
(non-GEE) calibration and discrimination were assessed 
using the Hosmer and Lemeshow Goodness-of-Fit test 
(satisfactory fit if p > 0.05) and the “c” statistic, respec-
tively [23].

For ease of interpretation, this was repeated using sur-
geon volume quintiles (Surgeon Q5 vs. Q1) and hospi-
tal volume quintiles (Hospital Q5 vs. Q1). Correlation 
between surgeon and hospital volumes as continuous 
variables was determined using the Spearman Correlation 
Coefficient (significant if p < 0.05). Correlation between 
surgeon and hospital volumes as categorical quintiles 
was determined using the polychoric correlation coeffi-
cient (significant if p < 0.05). To elucidate the associa-
tions between surgeon volume quintiles, hospital volume 
quintiles and the Textbook Outcome metrics themselves, 
identical models were fitted with both volume quintile 
variables and covariates for each TO metric independently. 
Statistical analyses were performed using SAS v9.4 (SAS 
Institute Inc., Cary, NC, USA). All tests were two-sided 
with p values of < 0.05 considered statistically significant 
and standardized differences greater than 10% considered 
clinically meaningful.
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Missing data

A substantial amount of the data used in this study are avail-
able through validated health administrative databases [24, 
25] where missing data is quite rare (majority < 1%) [26]. 
However, many gastrectomy patients were missing pathol-
ogy reports necessary for assessing margin status, lymph 
node sampling and stage. As such, a mixed effects multivari-
able logistic regression accounting for clustering by hospi-
tal was used to determine whether gastrectomy volume and 
TO were associated with pathology report missingness. All 
available covariates included in the primary analysis model 
were included in the missing pathology data model.

Ethical approval

The use of data in this project was authorized under Sec-
tion 45 of Ontario’s Personal Health Information Protection 
Act. This study was approved by the research ethics board of 
Sunnybrook Health Sciences Centre and underwent privacy 
review at ICES.

Results

Study cohort

There were 2911 patients diagnosed with gastric adeno-
carcinoma who underwent an eligible resection during the 
study period. Of these, 2151 (74%) had a pathology report 
available for review and these patients were included in the 
study. Compared to the those excluded based on missing 
pathology report, those with pathology reports were slightly 
older (mean age 67.9 vs. 65.9, standardized difference (SD) 

16%) and were more contemporary (median year of gastrec-
tomy 2010 vs. 2008, SD 35%), but were otherwise similar 
in sex, socioeconomic status, baseline health status, and 
tumor location (with the exception of tumor location “Gas-
tric NOS” which was less common in the included patients, 
potentially due to improved tumor location capture in more 
recent years). Pathology report missingness was significantly 
associated with hospital volume, such that patients at low-
est volume hospitals were twice as likely to be missing a 
pathology report than those at the highest volume hospitals 
(Hospital Q1 vs. Q5—a OR 2.10 [1.42–3.10], p < 0.001). 
However, missingness was not associated with surgeon 
volume, severe complications, reinterventions, unplanned 
ICU admissions, prolonged LOS, 30-day readmissions or 
30-day mortality. As such, missingness of pathology reports 
was not deemed a confounder in this analysis. Patients with 
metastatic disease (n = 259) and those with gastroesophageal 
junctional tumors (n = 150) were excluded. Of the remaining 
1742 eligible patients, 1707 (98%) were successfully linked 
to a surgeon using the physician billing database. Finally, 
following exclusion of patients with missing baseline demo-
graphic or tumor characteristic data (3%), a study cohort of 
1660 patients was available for analysis (Appendix 6).

Textbook outcome

Textbook Outcome was achieved in 378 of 1660 patients 
(22.8%). The quality metrics least often achieved were inad-
equate lymph node sampling and presence of severe com-
plications, which occurred in 46.1% and 31.7% of patients, 
respectively. The distribution of each quality metric and their 
effect on the TO rate are presented in Fig. 1. The propor-
tion achieving Textbook Outcome varied significantly by 
year of surgery and displayed a significant and positive trend 

Fig. 1  Proportion and cumu-
lative incidence of patients 
achieving each quality metric 
and textbook outcome
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(Cochran-Armitage Trend test, p < 0.001); it was 20.3% in 
2004 and 29.3% in 2015 (Appendix 7). On adjusted GEE 
logistic regression, each subsequent year from 2004 to 
2015 was independently associated with an 8% increase 
in the odds of achieving Textbook Outcome (aOR 1.08 
[1.03–1.13], p = 0.001); patients undergoing gastrectomy 
in 2015 were 88% more likely to achieve it than patients 
in 2004.

Gastrectomy volumes

The number of patients, surgeons, hospitals, volume cut 
points and median volumes for each volume-patient group 
are presented in Table 1. There were 355 surgeons operat-
ing at 69 hospitals. The highest and lowest volume quintile 
surgeons performed 3.5–9.5 and 0 gastrectomies per year, 
respectively. The highest and lowest volume quintile hos-
pitals performed 12–22 and 0–2 gastrectomies per year, 
respectively. Surgeons performed a median of one case per 
year, and hospitals performed a median of 6.5 cases per year. 
The highest volume surgeons, or those in the top quintile, 
performed a median of 4.5 cases annually. The highest vol-
ume hospitals performed a median of 14.5 cases annually. 
Patients were more likely to undergo surgery by the lowest 
volume surgeons if they went to the lowest volume hospitals 
than if they went to the highest volume hospitals (38.5% vs. 

12.4%). Baseline characteristics and statistical comparisons 
using standardized differences between patients treated by 
the highest compared to the lowest volume surgeons (sur-
geon Q5 vs. Q1) and between those treated at the highest 
compared to the lowest volumes hospitals (hospital Q5 vs. 
Q1) are presented in Tables 2 and 3. Patients in the high-
est surgeon and hospital quintile groups were treated more 
recently and were more likely to have proximal tumors (gas-
tric cardia or fundus). Patients treated at the highest vol-
ume hospitals were more comorbid (elevated RUB) and of 
lower socioeconomic status (elevated material deprivation 
quintile).  

Textbook outcome rates across gastrectomy 
volumes

Achieving Textbook Outcome was rare across all surgeons 
(median rate 0%, interquartile range (IQR) 0–33%) and all 
hospitals (median rate 17%, IQR 0–28%). Textbook Out-
come was achieved in a similar proportion of the patients 
treated by the highest volume surgeons compared to the 
lowest volume surgeons (Surgeon Q5 24.0% vs. Q1 20.8%, 
SD 8%) (Table 4). Adequate lymph node sampling and 
absence of severe complications metrics were superior 
in the highest volume surgeon group, but this was coun-
teracted by the higher reintervention rate in this group. 

Table 1  Surgeon and hospital volume quintiles

Caption: Patients included in the study cohort were divided into five approximately equally-sized patient groups based on their surgeon’s annual 
volume (surgeon volume quintiles Q1–Q5) and their hospital’s annual volume (hospital volume quintiles Q1–Q5)
IQR interquartile range
a Hospital Quartiles 1 and 2 are combined to avoid publication of cells with less than 6 patients, as per ICES’ Re-identification risk assessment 
procedure policy

Surgeon volume quintiles Q1 Q2 Q3 Q4 Q5

Number of patients 356 296 368 319 321
Number of surgeons 277 194 154 85 36
Annual volume cut points 0 0.5 1.0–1.5 2.0–3.0 3.5–9.5
Annual volume, median (IQR) 0 (0) 0.5 (0.5) 1 (1.0–1.5) 2.5 (2.0–3.0) 4.5 (4.0–6.0)
Number of hospitals 67 52 47 39 24
Hospital volume quintiles, n (%)
 Q1 137 (38.5%) 68 (23.0%) 50 (13.6%) 78a (24.4%) 28a (8.7%)
 Q2 82 (23.0%) 85 (28.7%) 107 (29.1%)
 Q3 41 (11.5%) 48 (16.2%) 81 (22.0%) 67 (21.0%) 71 (22.1%)
 Q4 52 (14.6%) 49 (16.6%) 81 (22.0%) 100 (31.4%) 111 (34.6%)
 Q5 44 (12.4%) 46 (15.5%) 49 (13.3%) 74 (23.2%) 111 (34.6%)

Hospital volume quintiles Q1 Q2 Q3 Q4 Q5

Number of patients 259 376 308 393 324
Number of Hospitals 64 42 31 22 12
Annual volume cut points 0–2.0 2.5–5.0 5.5–7.5 8.0–11.5 12.0–22.0
Annual volume, median (IQR) 1.0 (0.5–1.5) 4.0 (3.0–4.5) 6.5 (6.0–7.0) 9.5 (8.5–10.5) 14.5 (12.5–16.5)
Number of surgeons 147 164 122 110 79
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Textbook Outcome was achieved in a higher proportion 
of the patients treated at the highest volume hospitals 
compared to the lowest volume hospitals (Hospital Q5 
23.5% vs. Q1 16.2%, SD 18%) (Table 5). This difference 

was driven by the adequate lymph node sampling rate, 
the lower rate of unplanned ICU admissions and lower 
rates of 30-day mortality. The reintervention rate remained 
higher in this highest volume hospital group. 

Table 2  Comparison of baseline 
characteristics for patients 
treated by the highest vs. lowest 
volume surgeons (surgeon 
volume quintile 5 vs. 1)

Bold values indicate standardized Difference of 10% or greater considered clinically meaningful
SD standardized differences, IQR interquartile range

Characteristic Surgeon volume Q1 Surgeon volume Q5 SD (%)

Age groups, n (%)
 < 50 32 (9.0) 29 (9.0%) 0
 50–59 44 (12.4%) 54 (16.8%) 13
 60–69 94 (26.4%) 67 (20.9%) 13
 70–79 121 (34.0%) 114 (35.5%) 3
 > 80 65 (18.3%) 57 (17.8%) 1

Sex, n (%)
 Female 123 (34.6%) 107 (33.3%) 3
 Male 233 (65.4%) 214 (66.7%) 3

Resource utilization band, n (%)
 0–2 17 (4.8%) 11 (3.4%) 7
 3 166 (46.6%) 156 (48.6%) 4
 4 109 (30.6%) 88 (27.4%) 7
 5 64 (18.0%) 66 (20.6%) 7

Material deprivation quintile, n (%)
 1 54 (15.2%) 49 (15.3%) 0
 2 65 (18.3%) 54 (16.8%) 4
 3 70 (19.7%) 61 (19.0%) 2
 4 81 (22.8%) 74 (23.1%) 1
 5 86 (24.2%) 83 (25.9%) 4

Year of gastrectomy, median (IQR) 2009 (2007–2012) 2010 (2008–2013) 34
Tumor location, n (%)
 Cardia, NOS 24 (6.7%) 41 (12.8%) 20
 Fundus 8 (2.2%) 20 (6.2%) 20
 Body 50 (14.0%) 47 (14.6%) 2
 Antrum 155 (43.5%) 106 (33.0%) 22
 Pylorus 18 (5.1%) 9 (2.8%) 12
 Lesser curvature, NOS 53 (14.9%) 45 (14.0%) 2
 Greater curvature, NOS 14 (3.9%) 10 (3.1%) 4
 Overlapping lesion 7 (2.0%) 8 (2.5%) 4
 NOS 27 (7.6%) 35 (10.9%) 11

Histology category, n (%)
 Intestinal 227 (63.8%) 203 (63.2%) 1
 Non-intestinal 129 (36.2%) 118 (36.8%) 1

T-stage, n (%)
 T0-1 86 (24.2%) 90 (28.0%) 9
 T2 66 (18.5%) 47 (14.6%) 10
 T3 101 (28.4%) 94 (29.3%) 2
 T4a 92 (25.8%) 78 (24.3%) 4
 T4b 11 (3.1%) 12 (3.7%) 4

Node involvement, n (%)
 N0 143 (40.2%) 129 (40.2%) 0
 N + 213 (59.8%) 192 (59.8%) 0
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On unadjusted logistic regression, surgeon volume as 
a continuous variable (p = 0.20) and hospital volume as 
a continuous variable (p = 0.09) were not associated with 
Textbook Outcome. When surgeon (p = 0.46) and hospital 

(p = 0.19) volumes were both included together as continu-
ous variables in the model, neither was associated with Text-
book Outcome. Given the marked heterogeneity in the sur-
geon and hospital volume quintile groups and potential for 

Table 3  Comparison of baseline 
characteristics for patients 
treated at the highest vs. lowest 
volume hospitals (hospital 
volume quintile 5 vs. 1)

Bold values indicate standardized difference of 10% or greater considered clinically meaningful
SD standardized differences, IQR interquartile range
*Cardia and Fundus combined to avoid publication of small cells (< 6) according to privacy policy

Characteristic Hospital volume Q1 Hospital volume Q5 SD (%)

Age groups, n (%)
 < 50 16 (6.2%) 31 (9.6%) 13
 50–59 35 (13.5%) 53 (16.4) 8
 60–69 70 (27.0%) 78 (24.1%) 7
 70–79 86 (33.2%) 104 (32.1%) 2
 > 80 52 (20.1%) 58 (17.9%) 6

Sex, n (%)
 Female 99 (38.2%) 101 (31.2%) 15
 Male 160 (61.8%) 223 (68.8%) 15

Resource utilization band, n (%)
 0–2 8 (3.1%) 17 (5.2%) 11
 3 125 (48.3%) 152 (46.9%) 3
 4 87 (33.6%) 84 (25.9%) 17
 5 39 (15.1%) 71 (21.9%) 18

Material deprivation quintile, n (%)
 1 49 (18.9%) 46 (14.2%) 13
 2 54 (20.8%) 50 (15.4%) 14
 3 53 (20.5%) 64 (19.8%) 2
 4 50 (19.3%) 76 (23.5%) 10
 5 53 (20.5%) 88 (27.2%) 16

Year of gastrectomy, median (IQR) 2008 (2005–2012) 2010 (2008–2012) 50
Tumor location, n (%)
 Cardia/fundus* 19 (7.3%) 65 (20.1%) 25
 Body 32 (12.4%) 40 (12.3%) 0
 Antrum 104 (40.2%) 115 (35.5%) 10
 Pylorus 12 (4.6%) 9 (2.8%) 10
 Lesser curvature, NOS 40 (15.4%) 52 (16.0%) 2
 Greater curvature, NOS 15 (5.8%) 16 (4.9%) 4
 Overlapping lesion 10 (3.9%) 9 (2.8%) 6
 NOS 27 (10.4%) 18 (5.6%) 18

Histology category, n (%)
 Intestinal 161 (62.2%) 199 (61.4%) 2
 Non-intestinal 98 (37.8%) 125 (38.6%) 2

T-stage, n (%)
 T0-1 65 (25.1%) 71 (21.9%) 8
 T2 44 (17.0%) 56 (17.3%) 1
 T3 71 (27.4%) 107 (33.0%) 12
 T4a 62 (23.9%) 79 (24.4%) 1
 T4b 17 (6.6%) 11 (3.4%) 15

Node involvement, n (%)
 N0 143 (55.2%) 188 (58.0%) 6
 N + 116 (44.8%) 136 (42.0%) 6



398 J. Levy et al.

1 3

clustering by surgeon, a multivariable generalized estimat-
ing equation (GEE) logistic model was fitted to patient age, 
sex, RUB, deprivation quintile, year of gastrectomy, tumor 
location, histology category and T and N stage. Continuous 
surgeon volumes (p = 0.41) and continuous hospital volumes 
(p = 0.24) were not significantly associated with Textbook 
Outcome. Continuous volumes were moderately correlated 
(Spearman Correlation Coefficient 41%, p < 0.001) and not 
collinear (VIF = 1.19). When both were included together, 
neither surgeon (p = 0.67) nor hospital (p = 0.33) volume 
as continuous variables, was associated with Textbook 
Outcome.

Quintile volumes were moderately correlated (Polychoric 
Correlation Coefficient 45%, p < 0.001) and not collinear 
(VIF = 1.26). Compared to the lowest volume surgeons, 
patients treated by the highest volume surgeons had simi-
lar outcomes (Surgeon Q5 vs. Q1—aOR 1.18 [0.78–1.78], 
p = 0.42). Compared to the lowest volume hospitals, patients 
treated at the highest volume hospitals were 45% more likely 

to achieve Textbook Outcome, however this difference was 
not statistically significant (Hospital Q5 vs. Q1—aOR 1.45 
[0.93–2.29], p = 0.10). When both quintile volumes were 
included in the model, neither surgeon volume quintile 
(Surgeon Q5 vs. Q1—aOR 1.05 [0.68–1.62], p = 0.82) nor 
hospital volume quintile (Hospital Q5 vs. Q1—aOR 1.37 
[0.84–2.22], p = 0.21) was associated with Textbook Out-
come (Appendix 8).

Textbook outcome rates across combined 
gastrectomy volumes

Using GEE logistic regression adjusted for covariates and 
clustering by surgeon, the association of both surgeon and 
hospital volume quintiles with each Textbook Outcome met-
ric was estimated (Table 6). Compared to the lowest volume 
hospitals, patients treated at the highest volume hospitals 
were 92% more likely to have adequate lymphadenectomy 
(Hospital Q5 vs. Q1—aOR 1.92 [1.24–2.97], p = 0.003) and 

Table 4  Comparison of 
textbook outcome and metrics 
for patients treated by the 
highest vs. lowest volume 
surgeons (surgeon volume 
quintile 5 vs. 1)

Bold values indicate standardized difference of 10% or greater considered clinically meaningful
SD standardized differences, IQR interquartile range

Characteristic Surgeon volume Q1 Surgeon volume Q5 SD (%)

Textbook outcome 20.8% 24.0% 8
Negative margins 89.6% 88.5% 4
Greater than 15 LN Sampled 45.5% 62.0% 34
Number of nodes sampled, median (IQR) 14 (8–20) 19 (13–29) 53
No severe complication 69.1% 74.1% 11
No reintervention 93.3% 88.5% 17
No unplanned ICU admission 75.0% 71.0% 9
Length of stay 21 days or Less 88.5% 89.7% 4
Length of stay (days), median (IQR) 9 (7–13) 9 (7–13) 9
No 30-day readmission 83.4% 82.6% 2
No 30-day mortality 96.6% 95.3% 7

Table 5  Comparison of 
textbook outcome and metrics 
for patients treated at the 
highest vs. lowest volume 
hospitals (hospital volume 
quintile 5 vs. 1)

Bold values indicate standardized difference of 10% or greater considered clinically meaningful
SD standardized differences, IQR interquartile range

Characteristic Hospital volume Q1 Hospital volume Q5 SD (%)

Textbook outcome 16.2% 23.5% 18
Negative margins 84.9% 84.9% 0
Greater than 15 LN sampled 38.2% 62.0% 49
Number of nodes sampled, median (IQR) 13 (8–20) 18 (13–25) 59
No severe complication 67.2% 69.4% 5
No reintervention 91.5% 86.7% 15
No unplanned ICU admission 66.8% 80.2% 31
Length of stay 21 days or less 88.0% 88.0% 0
Length of stay (Days), median (IQR) 9 (7–13) 9 (7–12) 11
No 30-day readmission 83.8% 80.2% 9
No 30-day mortality 93.4% 96.9% 16
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323% more likely to avoid an unplanned ICU admission 
(Hospital Q5 vs. Q1—aOR 3.23 [1.97–5.31], p < 0.001). 
Surgeon and hospital volume quintiles were not significantly 
associated with any of the other metrics.

Discussion

This study provides evidence that measuring Textbook Out-
come is feasible and informative. Cancer surgery quality is 
multidimensional and generating population data on Text-
book Outcome provides a comprehensive overview of the 
current state of surgical management of gastric cancer. Gas-
trectomies are an invasive procedure with important rates of 
post-operative complications and mortality. Patients benefit 
most when the procedure is safe and effective at reducing 
the risk of local recurrence.

Textbook Outcome was achieved in 22.8% of the study 
cohort, lower than the proportion of 32.1% reported in 
the original Dutch study [13]. This was not unexpected, 
given the regionalization of gastric surgery in the Neth-
erlands since 2012, and no formal gastric cancer region-
alization strategy in Ontario. The quality metric that had 
the most negative impact in both studies was the adequacy 
of lymph node harvest, which occurred in only 53.9% of 
Canadian and 57.1% of Dutch patients. Where the results 
of this study differed most from the Dutch study was the 
proportion of patients with severe complications (31.7% 
vs. 11.7%) and unplanned admissions to the ICU (27.8% 
vs. 9%). Patients undergoing gastrectomy at the high-
est volume hospitals were greater than three times more 
likely to avoid an unplanned ICU admission than those 
treated at the lowest volume hospitals. Despite decreased 
ICU admissions, complication rates were the same across 
these hospital groups. These results substantiate a previous 
volume study, which found that hospitals in the highest 

volume quintile (> 11 annual gastrectomy cases) had supe-
rior rescue rates, but similar complication rates [27].

While Textbook Outcome was not associated with 
either surgeon or hospital volumes, we did find that in 
addition to decreasing unplanned ICU admissions, the 
highest volume hospitals had improved adequate lymphad-
enectomy rates. When hospital volume was accounted for 
in the model, surgeon volume was no longer associated 
with adequate lymphadenectomy rates. Highest volume 
hospitals resected a median of 18 nodes, and at least 16 
nodes in 62%. Lowest volume hospitals resected a median 
of 13 nodes, and at least 16 nodes in 38%. This may speak 
to the multidisciplinary nature of lymph node harvest 
that is not uniquely dependent on surgeon ability, but a 
collaboration between surgeons and pathologists. This 
is a very important finding, given the evidence from the 
colorectal cancer literature that specimen processing [28] 
and collaborative educational-programs for surgeons and 
pathologists [29] can significantly increase lymph node 
harvest in oncologic resections. These types of programs 
may represent yet another institutional policy that may 
greatly benefit not only patients with gastric cancer, but 
nearly all solid tumor malignancies with staging dependent 
on lymph node status.

The evidence supporting increased surgeon and hospital 
volumes stems from multiple North American studies that 
have shown decreased gastrectomy associated mortality with 
increased center experience (hospital volume) [8–11, 30] 
and surgeon experience (surgeon volume) [8, 9]. However, 
these correlations have not been consistently shown at the 
hospital [31, 32] or surgeon-level [12]. In addition to the 
association with post-operative morality, one US state-wide 
analysis found that greater hospital-volume was also associ-
ated with decreased length of stay and cost in gastric cancer 
surgery [32], while a National Cancer Database analysis 
found that higher-volume hospitals examined more lymph 

Table 6  Association between surgeon and hospital volume quintiles and textbook outcome metrics (adjusted odds ratios and 95% CI)

95% CI 95% confidence intervals
Multivariable generalized estimating equation logistic model adjusted for surgeon and hospital volume quintiles, covariates and clustering by 
surgeon

Characteristic Surgeon volume Q1 Surgeon volume Q5 p value Hospital volume Q1 Hospital volume Q5 p value

Textbook outcomes Reference 1.05 (0.68–1.62) 0.82 Reference 1.37 (0.84–2.22) 0.21
Negative margins Reference 0.96 (0.48–1.93) 0.92 Reference 0.98 (0.55–1.73) 0.94
Greater than 15 LN sampled Reference 1.33 (0.84–2.10) 0.22 Reference 1.92 (1.24–2.97) 0.003
No severe complication Reference 1.38 (0.82–2.32) 0.22 Reference 1.11 (0.70–1.76) 0.65
No reintervention Reference 0.72 (0.37–1.40) 0.33 Reference 0.71 (0.36–1.42) 0.33
No unplanned ICU admission Reference 0.66 (0.39–1.12) 0.13 Reference 3.23 (1.97–5.31) < 0.001
Length of stay 21 days or less Reference 1.18 (0.69–2.03) 0.54 Reference 0.91 (0.50–1.67) 0.76
No 30-day readmission Reference 0.94 (0.58–1.52) 0.79 Reference 0.85 (0.52–1.37) 0.50
No 30-day mortality Reference 0.96 (0.64–1.45) 0.86 Reference 0.73 (0.46–1.17) 0.19
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nodes [33]. The latter is corroborated by the results of the 
present study.

Textbook Outcome rates increased significantly during 
the study period; patients undergoing gastrectomy in 2015 
were 88% more likely to achieve it than patients in 2004. 
Despite identifying a natural regionalization of gastrecto-
mies over the study period—the median years of gastrecto-
mies performed by the highest and lowest volume surgeons 
were 2010 and 2009, and the median years of gastrectomies 
performed at the highest and lowest volume hospitals were 
2010 and 2008—this time-dependent improvement in TO 
rates was independent of gastrectomy volume. In Ontario, 
there has been government-backed regionalization policies 
for thoracic surgery since 2005 and hepatopancreatobil-
iary surgery since 2006 [34, 35]. The association between 
regionalization of related complex cancer surgeries and the 
increase in Textbook Outcome rates in gastric cancer over 
time is speculative, but there is evidence of non-specific 
surgical volumes and improved outcomes in lung, esopha-
geal, colorectal resections and repair of aortic aneurysms in 
Ontario [36].

The gastrectomy cases included in the volume calcula-
tion are restricted to gastrectomies performed in the elec-
tive setting, subsequent to a diagnosis of gastric adenocar-
cinoma and within 6 months of this diagnosis. In the low 
incidence region of North America, a high-volume surgeon 
has been previously defined as one performing greater than 
3 resections annually [9, 12], whereas a high volume center 
has been defined according to a cut-off between 15 and 35 
annual cases [8–11, 30, 31, 37]. A recent international and 
multidisciplinary expert panel [38] has provided consensus 
guidelines on the processes of care for gastric cancer, and 
has deemed it necessary for practicing surgeons to be trained 
in gastric cancer surgery and appropriate for them to perform 
greater than 6 cases annually at centers with case volumes 
greater than 15 annually. As such, the volumes of the high-
est volume surgeons and hospitals reported in this study are 
in line with previous studies performed in North America 
and recent consensus guidelines. Furthermore, D2 lymphad-
enectomies are complex procedures, with a learning curve as 
high as 15–100 cases before a plateau is reached and varies 
according to what parameters are measured [39, 40]. Given 
the current volume patterns in Ontario, it would take the 
highest volume surgeons many years to achieve competency, 
whereas surgeons performing less than two annual cases 
(Surgeon Volume Quintile 1–3) may never attain this goal.

Centralization of a rare procedure is important for spe-
cialists to achieve sufficient experience to develop and 
maintain their expertise, for advancing medical knowledge 
through research and allows for mobilizing human resources 
and physical structures necessary for achieving high quality 
surgery [41], for example through standardized clinical path-
ways and availability of ICU and interventional radiology 

physicians. It is our opinion that centralization of gastric 
cancer surgery should happen, but that simply concentrating 
the number of cases per hospital or surgeon is not enough. 
What is of equal importance is the need to improve care 
when regionalizing. The volume-outcome relationship is 
akin to “practice makes perfect”, when in fact “perfect prac-
tice makes perfect” may be more appropriate [41]. Future 
policies should be more aligned to meeting quality metrics 
than an absolute volume. Textbook Outcome and other out-
come metrics could be used to identify surgeons with excel-
lent gastric cancer surgery outcomes to serve as mentors, to 
participate in the centralization of gastric cancer care, and as 
a means to identify areas requiring improvements for all sur-
geons and the processes of care available to them. Surgico-
pathologic quality (margins and lymph nodes) in this study 
was poor and represents a combined responsibility between 
surgeons and pathologists [28, 29]. Intraoperative frozen 
section margin is highly accurate [42], but requires the pres-
ence of a timely and efficient pathology review. Achieving 
adequate lymph node numbers depend on adequate resec-
tion in addition to specimen processing and evaluation. D2 
lymphadenectomy [38, 43, 44] is recommended by several 
guidelines, but true uptake in our study and several other 
North American population studies remains low based on 
lymph node count [3–6]. In low volume countries, special-
ized fellowship training, D2 gastrectomy courses [45], or 
international observerships could be utilized to improve out-
comes, and the use of Textbook Outcome and its metrics as 
a means of objective and actionable feedback can be lever-
aged to continue improving outcomes after centralization. 
Regrettably, providing metrics to surgeons and hospitals will 
only be meaningful to those with an adequate volume, thus 
reinforcing the need to centralize rare procedures [46].

This study is a large, population-based analysis 
designed to capture all patients who underwent a poten-
tially curative gastrectomy for gastric adenocarcinoma 
in Ontario. The strengths of this study are based on its 
stringent methods, expansive data linkage and granular 
pathology data. Compared to institutional-series and 
clinical trials, the findings in this study are more widely 
generalizable and represent Ontario’s real-world experi-
ence with gastric cancer surgery. Extensive collabora-
tion with our provincial cancer registry and a significant 
investment in pathology report extraction has allowed 
for a unique opportunity to leverage pathology specimen 
data to measure surgical quality outcomes and account 
for cancer-specific confounders. Unfortunately, 26% of 
eligible patients were lacking a pathology report, despite 
significant attempts to acquire them. We used statistical 
modelling to determine that missingness of a pathology 
report was not a confounder in the gastrectomy volume 
and Textbook Outcome relationship. A second limitation 
to this study was the inability to conclusively determine 
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the intent of surgery for the study cohort. The study period 
ended one year prior to the release of REGATTA trial 
results [47]. This trial failed to show a survival advantage 
and highlighted the negative impact of gastrectomy in the 
setting of non-curable gastric cancer. Thus, it is possible 
that some gastrectomies performed during the study period 
were non-curative, in which case function would be prior-
itized over oncologic targets including margin status and 
extent of lymphadenectomy. We attempted to mitigate this 
risk in several ways; we excluded all patients with emer-
gency admissions, previous gastrectomies, gastrectomies 
occurring more than 6 months following diagnosis and 
those identified with metastatic disease in their surgical 
pathology reports or by validated metastatic algorithm.

Higher case volume can impact certain measures of 
quality of care but may not address all care structures nec-
essary for ideal textbook recovery. Future quality improve-
ment strategies should consider using case-mix adjusted 
Textbook Outcome rates as a surgical quality metric.
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