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Abstract
Background While surgical care by high-volume providers for esophago-gastric cancer (EGC) yields better outcomes, 
volume–outcome relationships are unknown for systemic therapy. We examined receipt of therapy and outcomes in the 
non-curative management of EGC based on medical oncology provider volume.
Methods We conducted a population based retrospective cohort study of non-curative EGC over 2005–2017 by linking 
administrative healthcare datasets. The volume of new EGC consultations per medical oncology provider per year was calcu-
lated and divided into quintiles. High-volume (HV) medical oncologists were defined as the 4–5th quintiles. Outcomes were 
receipt of chemotherapy and overall survival (OS). Multivariate logistic and Cox-proportional hazards regressions examined 
the association between management by HV medical oncologist, receipt of systemic therapy, and OS.
Results 7011 EGC patients with non-curative management consulted with medical oncology. 1-year OS was superior for 
HV medical oncologists (> 11 patients/year), with 28.4% (95% CI 26.7–30.2%) compared to 25.1% (95% CI 23.8–26.3%) for 
low volume (p < 0.001). After adjusting for age, sex, comorbidity burden, rurality, income quintile, and diagnosis year, HV 
medical oncologist was independently associated with higher odds of receiving chemotherapy (OR 1.13, 95% CI 1.01–1.26), 
and independently associated with superior OS (HR 0.89, 95% CI 0.84–0.93).
Conclusions Medical oncology provider volume was associated with variation in non-curative management and outcomes 
of EGC. Care by an HV medical oncologist was independently associated with higher odds of receiving chemotherapy and 
superior OS, after adjusting for case mix. This information is important to inform disease care pathways and care organiza-
tion; an increase in the number of HV medical oncologists may reduce variation and improve outcomes.
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Introduction

The new face of cancer care includes an increasing complex-
ity of cases and therapeutic options. As therapies improve, 
decision-making and care delivery get more challenging, 
such that clinical experience is becoming ever more crucial. 
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There is a large body of literature supporting the importance 
of clinical volume to obtain better short and long-term out-
comes for cancer surgery [1, 2]. These observations have led 
to institution and system-level policy changes to concentrate 
specialized cancer surgery services to high-volume settings 
with subsequent gains in outcomes [3-7].

Other aspects of cancer care, such as systemic therapy, 
may also benefit from high volume provision of care, but 
are rarely examined from the volume–outcome perspective. 
The few studies addressing the impact of clinical volume 
on quality of care and survival are mostly limited to hema-
tologic cancers, including multiple myeloma, chronic lym-
phoid leukemia, and lymphoma [8-12]. In 2001, the Institute 
of Medicine recommended that volume–outcome relation-
ships be examined for a wide range of cancers and for all 
therapies, medical and surgical [13]. Over 15 years later, 
the impact of clinical volume on care patterns and survival 
remains unascertained for systemic therapy in solid cancers.

Esophago-gastric cancers (EGC) are amongst the most 
lethal and debilitating malignancies worldwide [14]. The 
majority of patients with EGC present at advanced stages 
when curative therapy with resection or definitive chemora-
diation is no longer possible. The cornerstone of non-cura-
tive management of EGC is systemic therapy to improve 
symptom profile, delay progression, and prolong survival 
[15-20]. As therapies got more effective and yielded better 
outcomes, they also became more toxic, thereby increas-
ing the complexity of care with regard to both the decision 
to initiate treatment and the delivery of therapy that may 
be impacted by clinical experience. Furthermore, EGC 
potentially suffers from nihilism related to its traditionally 
guarded prognosis, which may influence the assessment 
of the risk–benefit profile of systemic therapy for medical 
oncologists with less experience. For these reasons, the non-
curative management of EGC may particularly benefit from 
clinical care by higher volume medical oncologists.

We conducted a population-based study to assess the 
association between medical oncology provider volume and 
receipt of therapy and survival in the non-curative manage-
ment of EGC. We hypothesized that there is variability in 
provision of care and outcomes, and that patients cared for 
by high-volume medical oncologists have better survival.

Methods

Study design

Using data linked from prospectively maintained administra-
tive databases stored at ICES in Ontario, Canada, we con-
ducted a population-based cohort study. Under the Canada 
Health Act, the Ontario population benefits from universally 
accessible and publicly funded health care though Ontario 

Health Insurance Plan (OHIP) [21]. All residents of Ontario 
are eligible for OHIP after they have resided in the province 
for 3 months.

The study was approved by the Sunnybrook Health Sci-
ences Centre Research Ethics Board. It was conducted and 
reported following the REporting of studies Conducted 
using Observational Routinely collected Data (RECORD) 
statement [22].

Data sources

This study linked administrative data sets at ICES using 
unique Identification Key Number for each patient (IKN). 
The Ontario Cancer Registry (OCR) includes all patients 
with a cancer diagnosis (excluding non-melanoma skin can-
cer) in Ontario since 1964 [23]. The reliability of its data has 
previously been reported [21-23]. The Registered Persons 
Database (RPDB) contains vital status and demographic 
data on all individuals covered under OHIP [24]. Informa-
tion regarding health services is included in the Canadian 
Institute of Health Information Discharge Abstract Data-
base (CIHI-DAD) for acute inpatient hospitalizations, the 
National Ambulatory Care Reporting System for same-day 
surgery admissions, emergency room visits and oncology 
clinic visits, and the OHIP Claims Database for billing 
from health care providers, including physicians, groups, 
laboratories, and out-of-province providers [25]. The Cancer 
Activity Level Reporting (ALR) database is maintained by 
the OCR and includes chemotherapeutics and medications 
administered to cancer patients. These databases have been 
validated for a variety of diagnoses and services [25].

The data sets were linked using unique encoded identi-
fiers and analyzed at ICES. The research team’s analyst (YL) 
had complete access to all the data sets used in this study 
to create the study cohorts, proceed to linkage, and perform 
the analyses.

Study population and cohort

This study was conducted in all patients with a valid OHIP 
number diagnosed with EGC from January 1st, 2005 to 
March 31st, 2017. Patients with a new diagnosis of esopha-
geal or gastric adenocarcinoma or squamous cell carcinoma 
were identified in the OCR using International Classifica-
tion of Diseases for Oncology (ICD-O.3) codes, and we 
retained only patients who did not undergo a curative-intent 
esophagectomy or gastrectomy or did not receive curative-
intent chemoradiation therapy from 180 days prior to the 
date of diagnosis to the end of follow-up (Supplementary 
Table 1). Patients were excluded if they died before or on 
the date of diagnosis, had another cancer diagnosis in the 
5 years prior or at any time following EGC diagnosis, or 
were aged < 18 or > 99 years at the time of diagnosis. Of 
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those, patients were included in this provider-volume analy-
sis if they were seen by a medical oncologist between the 
date of diagnosis and the end of follow-up (date of death, last 
clinical encounter, or end of study as of March 31st, 2018), 
defined using OHIP claims. A physician submitting billings 
for chemotherapy administration codes (G381, G281, G339, 
G345, G359) at any time during the study period was clas-
sified as a medical oncologist [25].

Exposure

The main exposure of interest was the provider volume of 
the medical oncologist seeing each patient in the cohort. 
Provider volume was computed as the number of new non-
curative EGC consultations seen per medical oncologist per 
year over the study period. Each patient was assigned to one 
medical oncologist; if a patient saw more than one medi-
cal oncologist, the medical oncologist seen most often was 
assigned. Patients were divided into quintiles based on the 
provider volume of their medical oncologist to evaluate vari-
ability in outcomes across a continuum of provider volume. 
High volume was defined as the 4th and 5th quintiles (high-
est). Quintiles were chosen as a measure of high volume as 
suggested in the previous studies on surgical clinical volume 
[1, 2].

Outcomes measures

Receipt of chemotherapy was defined by identifying patients 
for whom at least two chemotherapy infusions were billed 
from the date of diagnosis to end of follow-up. The iden-
tification of chemotherapy administration using OHIP has 
previously been described and used, with 90% concordance 
between OHIP codes and patient medical records (Cancer 
Activity Level Reporting) [26-28]. Overall survival (OS) 
was measured from date of diagnosis to the date of death 
according to the RPDB. The end of follow-up was defined 
as the date of death, the date of last contact, or March 31, 
2017, offering an opportunity for a minimum of 12 month 
follow-up for all patients. Using population-based adminis-
trative healthcare databases, there was no loss to follow up 
in this cohort.

Covariates

Age and sex were obtained from the RPDB. Rural living 
was determined with postal code of residence [29]. Income 
quintile was assessed with an ecologic measure based on the 
median income of a patient’s postal code of residence using 
national census data [30, 31]. The comorbidity burden was 
measured using the Elixhauser comorbidity index [32]. The 
index includes 31 comorbidities identified using ICD-9 and 10 
codes with a 2-year look-back window and was dichotomized 

with a cutoff of 4 for high comorbidity burden, as previously 
suggested [33].

Statistical analysis

Categorical variables were described as absolute number (n) 
and proportion (%), and continuous variables as means with 
standard deviation (SD) or median with inter-quartile range 
(IQR). Comparison testing between high and low-volume 
medical oncologists groups was undertaken with Chi-square 
test for categorical variables, and the Kruskal–Wallis or t test 
for continuous variables. Kaplan–Meier methods with com-
parison using the log-rank test were used for OS analysis [34].

The median proportion of patients receiving chemother-
apy, median number of chemotherapy cycles per patient, 
and median OS were evaluated across provider-volume 
quintiles to appreciate variability. To test significance of 
variation based on provider volume, the equality of variance 
was assessed across quintile group using the Brown–For-
sythe–Levene’s test to determine if more variation exists 
than would be expected by chance alone [35].

Multivariable regression models were constructed to 
assess the association between provider volume and out-
comes. Relevant demographic and clinical characteristics 
were identified a priori as potential confounders of the rela-
tionship between provider volume and outcomes. The vari-
ables were selected based on clinical relevance (markers of 
complexity of cancer care) and existing literature (known 
relationship with OS for EGC) [36, 37]. The most parsimoni-
ous set of covariates was selected. The following covariates 
were included: age (categorical), sex, comorbidity burden, 
income, rural living, time period of diagnosis (2005–2010 
vs. 2011–2017), and type of cancer (esophageal vs. gastric). 
Logistic regression was used for receipt of chemotherapy 
and Cox proportional hazards regression for OS, and results 
reported as odds ratio (OR) and hazard ratios (HR) with 95% 
confidence intervals (95% CI), respectively.

Considering the high-fatality of EGC, higher-risk patients 
may die before having the opportunity to see a high-volume 
medical oncologist or may not be well enough to seek care 
by a high-volume medical oncologist. We conducted a sensi-
tivity analysis by restricting the cohort to patients surviving 
a minimum of 30 days following the date of diagnosis.

Statistical significance was set at p ≤ 0.05. All analyses 
were conducted using SAS Enterprise Guide 6.1 (SAS Insti-
tute, Cary, NC, USA).

Results

A total of 7011 patients were identified with a new diagno-
sis of EGC, who did not undergo surgery, and had a medi-
cal oncology consultation (Supplementary Fig. 1). Median 
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follow-up was 6.3 (IQR 1.9–11.9) months. Overall, 30.7% 
(n = 2154) of patients received chemotherapy. The most 
common first-line regimens administered over the study 
period were cisplatinum monotherapy in 45.5% (n = 980), 
5-FU monotherapy in 28.7% (n = 619), and cisplatinum 
combination therapy in 19.1% (n = 411). Patients receiv-
ing chemotherapy had longer median survival than those 
who did not receive chemotherapy, with 9.4 (IQR 5.4–15.4) 
months compared to 3.8 (IQR 1.9–8.4) months (p < 0.001) 
(Supplementary Fig. 2).

The patient volume of the 361 identified medical oncolo-
gists ranged from 1 to 23 per year (Supplementary Table 2). 
The 4th provider-volume quintile cutoff was 11 patients/
year; therefore, high volume was defined as greater than or 
equal to 11 patients per year (Supplementary Table 3). With 
this definition, 36 (10.0%) medical oncologists were high 
volume (Fig. 1), and 2518 (35.9%) patients were cared for 
by high-volume medical oncologists. While numbers cannot 
be reported due to confidentiality and privacy guidelines for 
managing small cells (n < 6), no difference was observed 
in medical oncologists’ demographic, training, or practice 
characteristics, between high- and low-volume medical 
oncologists.

Characteristics of included patients are presented in 
Table 1. Patients cared for by high-volume medical oncolo-
gists were more likely to be of younger age, of male sex, 
and be diagnosed in more recent years. No difference was 
observed between groups regarding rural residence and 
income quintile.

The median proportion of patients receiving chemother-
apy varied across quintiles of provider volume, ranging from 

47.1% in the 1st quintile to 51.4% in the 4th quintile (high 
volume). The narrower IQR with increasing provider-vol-
ume quintiles indicated reduction in variation with increas-
ing provider volume (Fig. 2). The Brown–Forsythe–Lev-
ene test showed significant differences in variance across 
quintiles (p < 0.01). Patients treated by medical oncologists 
in the higher volume quintile received more chemotherapy 
cycles, with median 5 (IQR 1–13) for 1st quintile, 6 (IQR 
2–15) for 2nd quintile, 6 (IQR 2–15) for 3rd quintile, 8 (IQR 
3–17.5) for 4th quintile, and 7 (IQR 3–18) for 5th quintile 
(Brown–Forsythe–Levene p < 0.001). After adjusting for 
age, sex, comorbidity burden, income, rural residence, and 
time period of diagnosis, care by a high-volume medical 
oncologist, there was associated with higher odds of receiv-
ing chemotherapy (OR 1.13, 95% CI 1.01–1.26).

Median survival also varied across quintiles of provider 
volume, with superior survival in the 4th and 5th quintiles 
(7.1 and 7.0 months, respectively) compared to the 1st–3rd 
quintiles (6.2–6.6 months) (Fig. 3). Evaluation of IQRs 
shows reduced ranges in higher quintiles. However, the 
Brown–Forsythe–Levene test did not reach statistical signifi-
cance (p = 0.16). OS was superior for patients seeing high-
volume medical oncologists, with 1-year OS of 28.4% (95% 
CI 26.7–30.2%) compared to 25.1% (95% CI 23.8–26.3%) 
for low volume (Fig. 4) (p < 0.001). After adjusting for age, 
sex, comorbidity burden, income, rural residence, and time 
period of diagnosis, receipt of care by a high-volume medi-
cal oncologist was independently associated with superior 
OS (HR 0.89, 95% CI 0.84–0.93).

When restricting the analysis to patients who survived 
a minimum of 30 days following diagnosis (n = 6605), 

Fig. 1  Distribution of medical 
oncologists by provider volume 
(patients/year) (n = 361 medical 
oncologists)
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Table 1  Characteristics of 
patients with non-curative 
management of esophago-
gastric cancer, stratified by 
receipt of care by low- and high-
volume medical oncologists

Values are n (%) representing column percentages

Variable Low-volume medical oncolo-
gists (<11 patients/year)
n = 4493

High-volume medical oncolo-
gists (>11 patients/year)
n = 2518

p value

Cancer type
 Esophageal 1423 (31.7%) 997 (39.6%) < 0.001
 Gastric 3070 (68.3%) 1521 (60.4%)

Age (years old)
 < 60 1187 (26.4%) 794 (31.5%) < 0.001
 61–70 1156 (25.7%) 699 (27.8%)
 71–80 1213 (27.0%) 643 (25.5%)
 > 81 937 (20.9%) 382 (15.2%)

Female sex 1496 (33.3%) 689 (27.4%) < 0.001
High comorbidity burden 

(Elixhauser index > 4)
480 (10.7%) 246 (9.8%) 0.23

Rural residence 592 (13.2%) 326 (12.9%) 0.89
Income quintile
 1st (lowest) 946 (21.1%) 509 (20.2%) 0.16
 2nd 993 (22.1%) 521 (20.7%)
 3rd 908 (20.2%) 526 (20.9%)
 4th 869 (19.3%) 499 (19.8%)
 5th (highest) 777 (17.3%) 463 (18.4%)

Time period of diagnosis
 2005–2011 2190 (48.7%) 1113 (44.2%) < 0.001
 2012–2017 2303 (51.3%) 1405 (55.8%)

Fig. 2  Median proportion of 
patients receiving chemotherapy 
stratified by provider-volume 
quintiles (patients/year). Median 
is at the orange line. Boxes rep-
resent inter-quartile range, and 
vertical lines represent range
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care by high-volume medical oncologists was not inde-
pendently associated with receipt of chemotherapy (OR 
1.06, 95% CI 0.95–1.19). However, high-volume medical 
oncologists remained independently associated with supe-
rior OS (HR 0.92, 95% CI 0.87–0.97).

Discussion

In this novel population-based analysis of systemic therapy 
delivery for non-curative EGC, we observed significant vari-
ation in receipt of therapy with increasing medical oncolo-
gists’ provider volume. Within this variation, we identified 
a clinically relevant cutoff to define high-volume medical 
oncologists, which is associated with 13% higher odds of 

Fig. 3  Median overall survival 
(months) stratified by provider-
volume quintiles (patients/year). 
Median is at the orange line. 
Boxes represent inter-quartile 
range, and vertical lines repre-
sent range

Fig. 4  Overall survival stratified 
by receipt of care by low- and 
high-volume medical oncolo-
gists (Kaplan–Meier methods)
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receiving systemic therapy and superior OS after, when 
adjusting for case-mix.

The current analysis is an important addition to the lit-
erature, as it provides the first assessment of the relationship 
between provider volume, therapy, and survival in a solid 
cancer, EGC. The magnitude of the OS benefit with high-
volume medical oncologists is similar than that observed 
for high-volume cancer surgery [1]. Prior studies of volume 
outcome for systemic therapy are limited to hematologic 
cancers and outlined increasing OS with increasing patient 
volume at the institution and population levels [8, 10-12]. 
One study used the mean number of patients per medical 
oncologists as a covariate to examine the odds of early ter-
mination of adjuvant therapy for colorectal cancer, but did 
not assess the association with patient selection for ther-
apy or survival [38]. Thus, volume–outcome relationships 
between high compared to low-volume medical oncologists 
had not been comprehensively addressed for solid cancers 
previously, likely owing to the difficulty to access good 
quality data on systemic therapy that is often delivered in 
private or semi-private outpatient centres, as highlighted by 
the Institute of Medicine [13]. We herein leveraged unique 
comprehensive and complete healthcare data for an entire 
population to overcome this limitation and address an impor-
tant clinical question.

With a high-fatality disease such as EGC, any gain in sur-
vival can be significant for patients [14]. Systemic therapy 
is recommended for unresectable advanced or metastatic 
EGC with ECOG of 2 or better [15-17, 19, 20, 39]. Access 
to systemic therapy is thus critical in optimizing outcomes 
for non-curative EGC. While the absolute difference in 
receipt of therapy between low- and high-volume medical 
oncologists may not appear large, the significant variation in 
delivery of therapy across provider-volume quintile points 
to disparities in care. This translates to a survival difference 
depending on whether patients consult with a low- or a high-
volume medical oncologist. The magnitude of the survival 
benefit seems clinically important; the HR is comparable to 
that observed for systemic therapies that are now standard 
of care [15, 20, 40]. It is acknowledged that non-receipt of 
therapy may be acceptable if not medically feasible or not 
aligned with patients’ preferences. Although this analysis 
could not decipher the factors underlying the decision to 
treat or not, we adjusted for patient-level characteristics that 
could affect this decision. In addition, there can be biases in 
referrals, whereby more motivated patients may seek high-
volume medical oncologists, or be referred from a low-
volume to a high-volume medical oncologist, which could 
not be addressed in the current study. Even after restricting 
the analysis to 30-day survivors, the OS benefit for care by 
high-volume medical oncologists persisted. Nevertheless, 
the observed variation and differences in outcomes indicate 
disparities in EGC care that should be addressed so that all 

patients are offered the same opportunities for care. Though 
provider volume is only one of multiple factors underlying 
variation in care and outcomes, and the surgical cancer care 
experience suggests that favoring high-volume care can opti-
mize therapy delivery and outcomes [41].

The most important component of variation in healthcare 
has been cited as “unwarranted variation”, which refers to 
the proportion of variation that cannot be explained by dif-
ferences in the patient population, but rather by the qual-
ity, appropriateness, and efficiency of care [42]. During the 
study period, medical oncologists had equal access to drugs 
under the universal healthcare coverage. Case mix also plays 
a role in observed variation, but does not account for all of 
it. Indeed, decision-making and physician preferences are 
known to lead to care variation, owing mostly to misinter-
pretation or misapplication of evidence and clinical infor-
mation [43, 44]. The clinical assessment of prognosis for a 
high-fatality malignancy and the perception of a regimen’s 
risk–benefit could impact the use of systemic therapy for 
EGC and be affected by clinical experience and provider 
volume.

High volume in itself does not produce good or bad 
outcome,s but is rather a surrogate measure for other factors 
such as clinical experience, processes of care, team organi-
zation, patient support, or access to clinical trials [45, 46]. 
Establishing disparities in the receipt of therapy and out-
comes was the first step towards improving organization of 
cancer care based on clinical volume for medical therapy. 
We focused on a provider-level volume metric to make the 
results actionable within institutions. Moreover, we com-
bined esophageal and gastric adenocarcinoma and squamous 
carcinoma, as these diseases are often treated by similar 
medical oncologists, such that we could provide a pragmatic 
approach to provider volume from a disease-site perspective. 
Further work is now required to determine what is different 
about high-volume medical oncologists. Such understanding 
will help create a system that leverages the benefits of care 
by high-volume medical oncologists to enhance patient out-
comes. Focusing on high-volume medical oncologists can be 
compatible with care close to home that is valued by patients 
[47, 48]: reducing the overall number of medical oncologists 
for EGC would increase the number of high-volume medical 
oncologists that can then be established across a jurisdic-
tion. Disease specialization within institutions can also lead 
to increased volume while maintaining geographic access. 
This approach has been shown to yield better outcomes for 
hematologic cancers [12, 49].

There are some study limitations. Due to the retrospective 
and administrative natures of the work, the data used were 
not collected specifically to answer the research question. 
As a result, we lacked some information regarding disease 
characteristics, such as extent and volume of tumor, that 
can impact decision making. The definition of high volume 
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relied on quintile. The 4th and 5th quintiles were combined 
based on reduced variation in outcomes in those quintiles 
and the number of providers meeting this yearly patient 
volume. The latter was to ensure that the results would be 
clinically meaningful and more easily translatable to clini-
cal practice; if too few providers met the volume criteria, 
the findings would be more difficult to implement. Other 
strategies have been used to define high volume [45]. The 
exact number defined herein may not perform the same in 
other jurisdictions. The absolute cutoff may differ depend-
ing on the health system and practice setting, especially in 
jurisdictions with higher incidence and clinical volume of 
EGC; however, the observations regarding a high-volume 
practice concept remain valid. Finally, this study was con-
ducted within the Canadian universally accessible and 
funded healthcare system, which can impact generalizability 
to other systems. However, prior work has shown that the 
attitudes of medical oncologists regarding the delivery of 
systemic therapy does not differ between private and public 
systems, despite differences in accessing and funding drugs 
[50]. Furthermore, the literature on surgical volume outcome 
has yielded similar conclusions in various health systems 
across Canada, the USA and Europe, supporting the gener-
alizability of such findings [3, 4, 6, 7].

The true population-based design of this study is a 
strength that allowed an assessment of all patients with EGC 
with continuous data collection within a universal healthcare 
system, where insurance status does not confound access to 
and receipt of care. This analysis relies on similar method-
ology used to establish the benefits of high-volume surgi-
cal care using routinely collected administrative data [1, 2]. 
It has shown a plausible volume–outcome relationship in 
provision of systemic therapy for the non-curative manage-
ment of EGC, and clinically significant survival differences 
associated with high-volume care provision, thus meeting 
two criteria outlined by the Institute of Medicine for the 
implementation of health policies on clinical volumes [13].

Conclusion

This large population-based analysis identified significant 
variation in receipt of therapy and OS based on provider 
volume in the non-curative management of EGC. Care by a 
high-volume medical oncologist was independently associ-
ated with increased odds of receiving systemic therapy and 
superior OS, after adjusting for case mix. This novel infor-
mation is important to support the design of care pathways 
that minimize variation and enhance efficiency of care, and 
improve outcomes. Future work is warranted to identify con-
sistent volume–outcome relationships for systemic therapy, 

consider institutional and system-level interventions to 
facilitate care delivery by high-volume medical oncologists.
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