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Abstract: This study aims to review the available literature on the volume-outcome relationship in
esophageal cancer. Given the controversies surrounding the treatment of gastro-esophageal junction (GEJ)
cancer this review focusses on these specific tumors. Literature shows that staging of esophageal cancer
should be performed by dedicated, specialized radiologists and endoscopists. This certainly applies to
GEJ tumors since slight staging differences have major treatment impact. Since early neoplastic signs are
subtle, state-of-the-art endoscopes and sufficient endoscopist and pathologist expertise are necessary for the
treatment of Barret’s dysplasia or early cancer. In addition, given the possible complications of endoscopic
resections, an expert center having surgical and endoscopic experience of treating complications is advisable.
Most literature focusses on the relationship between hospital resection volume and surgical postoperative
mortality and long-term survival. Several large meta-analyses show clear survival benefit and lower
postoperative mortality rates in high-volume hospitals. The included literature was however heterogeneous
with definitions of high-volume hospitals ranging from 2.33 to as much as 87 annual esophagectomies.
Hospital volume seems to positively affect total esophageal cancer related costs. Literature also suggests
centralization is necessary up to a certain threshold but not infinitely; a plateau might be reached in the
volume-outcome relationship at an annual hospital volume of 50 or 60. However, more evidence is necessary
to determine optimal cut-off values. Several studies suggest that much of the hospital volume benefit is
explained by higher surgeon volume in high-volume hospitals, but the extent remains a matter of debate.
Also, in the palliative setting a survival benefit of being treated in high-volume centers has been shown. The
results of this review underline the importance of centralization of all aspects of the multimodal treatment of
gastro-esophageal cancer. Especially for GEJ carcinomas highly specialized medical personnel is necessary.
However, given the heterogeneity of the volume-outcome literature, clear international volume thresholds
are difficult to establish.
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Introduction
Esophageal carcinoma is the seventh most common
and the sixth most lethal malignancy worldwide (1).
Curative treatment usually consists of neoadjuvant
chemoradiotherapy followed by esophagectomy, an invasive
procedure with considerable morbidity. Postoperative
complication rates of up to 65% have been reported
after esophageal cancer surgery in the Netherlands (2).
Numerous studies suggest that procedural, hospital and
surgeon volumes are important determinants of outcomes
after high-risk, low-incidence oncologic surgery like
esophagectomy (3-6). These studies led to the introduction
of surgical volume standards for esophageal cancer
in the Netherlands in 2011. According to the Dutch
guideline, the current hospital minimum is 20 esophageal
resections annually (7). Ongoing centralization for uppergastrointestinal cancer surgery in the Netherlands was
analyzed by the Dutch Upper gastrointestinal Cancer Audit
in 2014, showing that the number of low-volume hospitals
(<20 annual esophagectomies) decreased from 11 in 2011
to 2 in 2014 (Figure 1) (8). Worldwide, a similar trend
towards centralization is visible (9). A survey among upper
gastro-intestinal surgeons published in 2017 compared
the proportion of high-volume surgeons (>21 annual
esophagectomies) in 2014 with that in the previous survey of
2007 (10). Among the 478 respondents from 49 countries,
the proportion of high-volume surgeons rose from 45%
to 54%. However, literature on centralization is not
unambiguous. Several authors investigating the relationship
between procedural volume and surgical outcomes found
contrasting results (11,12). A population-based study by
Gillison et al. found no association between improvement
in 30-day mortality, or long-term survival, and increasing
surgeon workload (11). In addition, most of the evidence
on centralization focuses on esophageal cancer in general.
Literature on the volume-outcome relationship for gastroesophageal junction (GEJ) carcinoma is scarce. The optimal
staging strategy and surgical treatment of GEJ tumors is
even more difficult to establish, as both esophagectomy and
gastrectomy is a viable treatment option (13,14). The eighth
edition of the TNM-classification classifies Siewert III
junction tumors as gastric cancer, therewith they reversed
an earlier change that classified Siewert III as esophageal
cancer (15-17). This controversy indicates that the staging
and treatment of junctional tumors should be diseaseand patient-tailored. Therefore, junctional tumors might
require more clinician experience or volume.
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In the scope of the controversies described above,
this study aims to review the available literature on
centralization policy for several aspects of multidisciplinary
GEJ cancer care.
Diagnostics
In the Netherlands, regional hospitals often perform
preoperative work-up before referral to an expert surgical
center. After referral, the imaging is re-evaluated in the
expert center, but not always repeated. In addition, falsenegative patients will not be referred to expert clinics.
Referral to an expert clinic might also be withheld from
patients with false-positive results for metastases (18). Little
evidence is available on the impact of staging in low-volume
or non-expert centers for GEJ cancer. However, some
studies investigated the volume-outcome relationship for
diagnostics for esophageal cancer in general. An Asian study
found inter-observer reliability was not associated with hospital
endoscopy volume or endoscopist experience (19). The study
included endoscopists from 7 Asian centers with a minimum
endoscopy experience of 5 years and a minimum of 1,000
endoscopies. After video-based training, inter-observer
reliability of assessment of location of the GEJ or grading
of suspected Barret’s esophagus was high, irrespective
of hospital endoscopy volume or endoscopist volume. A
Dutch study published in 2006 compared the quality of
preoperative metastases detection between 61 regional
centers of esophageal cancer diagnosis, and a specialized
referral center treating approximately 120 patients with
esophageal cancer annually (20). The specialized hospital
did not always repeat the imaging, but always re-evaluated
the results. The study included 1,088 patients of whom 41%
had a GEJ carcinoma, but no separate results for junction
tumors were reported. Overall, the sensitivity for detection
of regional lymph node metastases and distant metastases
by CT-scan was 26% and 44% in regional centers, and 52%
and 84% in the specialized hospital (P<0.01). The sensitivity
for detecting lymph node metastases by ultrasound of the
neck was also higher in the referral center (26% versus
84%). Specificity of imaging was comparable between
regional centers and the referral center. Combining all
diagnostic modalities, metastases missed in the referring
center were detected by the specialized center in 13%
of patients. This has impact on treatment planning. The
results of this study indicate that specialized, experienced
radiologists are of great importance. However, better CTscanners in specialized hospitals are also imperative (21).

Ann Esophagus 2020;3:29 | http://dx.doi.org/10.21037/aoe-2020-geja-01

Annals of Esophagus, 2020

Page 3 of 10

>40 resections/hospital
30–39 resections/hospital
20–29 resection/hospital
<20 resections/hospital
100%

1
3

90%

4

5

5

5

1
1

5

2
2

80%
1
70%

7

3
4

6

60%

50%
34
9

40%

39

15
26

30%

16

9

11
20%

5

10%

2

2

2013

2014

0%
2011

2012

Hospitals performing esophageal resections for
esophageal carcinoma

2011

2012

2013

2014

Hospitals performing gastric resections for
gastric carcinoma

Figure 1 Bar chart showing ongoing centralization of upper-gastrointestinal surgery in the Netherlands, figure by the Dutch Institute for
Clinical Auditing (DICA) (8).

A different study by the same group concluded that
results of endoscopic ultrasonography (EUS) performed
by low-volume endoscopists (<50 EUS/year) compared
unfavorably with EUS performed in high-volume EUS
centers (22). This indicates that EUS should be centralized
and be performed by dedicated, specialized endoscopists to
optimize esophageal cancer staging. Another study, from
England, including junctional tumors (results not reported
separately) as well as esophageal and gastric cancer, found
patients from high-volume medical specialists underwent
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more diagnostic imaging compared to patients treated
by low-volume doctors (23). This led, after correction
for possible confounders, to significantly lower avoidable
surgery (open-close) rates for high-volume surgeons
indicating more adequate staging.
The results from the studies described above suggest
staging of esophageal carcinoma should be performed in
high-volume centers by dedicated, specialized radiologists
and endoscopists. This applies especially to GEJ tumors
since slight differences in staging (e.g., Siewert II versus
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Siewert III) might greatly impact treatment decisionmaking.
Endoscopic treatment of Barret’s esophagus or
early cancer
The Dutch guideline advocates centralization of endoscopic
treatment of Barret’s esophagus with dysplasia or early
cancer (24). The guideline specifies Barret’s expert centers
as centers in which: (I) a minimum of 10 patients with
dysplasia or early cancer are treated endoscopically by
one dedicated endoscopist per year; (II) all histological
preparations are assessed by a maximum of two dedicated
pathologists; (III) all Barret’s related carcinomas are
discussed in a multi-disciplinary team (MDT) including
upper gastro-intestinal surgeons and oncologists; (IV) stateof-the-art, high-resolution endoscopes are available, and (V)
facilities to treat complications (e.g., perforation or bleeding)
are available. The national guideline from the American
Gastroenterological Association (AGA) also sets the
annual minimum volume endoscopic treatments at 10 (25).
The British guideline, from the British Society of
Gastroenterology, advocates a volume standard of 15 yearly
endoscopic treatments (26). These recommendations are
based on a Dutch study published in 2012 and on a recent
Asian study (27,28). The Dutch study evaluated the results
of the first 120 endoscopic resections by 6 endoscopists after
a structured and intense hands-on training program. They
found perforation rates of 5% in the first 20 resections
performed by each endoscopist, which reflects the
complexity of the procedure. In addition, the peak of the
learning curve was not yet reached after 20 resections (27).
The second study included 430 patients undergoing radiofrequent ablation of their Barret’s esophagus. It found an
annual ablation volume of 10 or higher was associated with
a significantly lower recurrence rate compared to lowvolume hospitals (<3 annual ablations) (28).
Since early neoplastic signs are subtle, state of the art
endoscopes and sufficient endoscopist and pathologist
expertise are necessary. In addition, given the possible
complications of endoscopic resections, an expert center
having surgical and endoscopic experience in treating
complications is advisable. Therefore, concentrating
Barret’s esophagus and early cancer care in experienced
esophagectomy centers seems logical and efficient.
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Surgical treatment—hospital volume
Short and long-term surgical outcomes
There is much literature available on the association
between hospital volume and surgical outcomes after
esophagectomy. A meta-analysis including 16 high-quality
studies (multicenter studies reporting case-mix corrected
outcomes using multivariable logistic regression) found
significantly higher postoperative mortality rates (odds
ratio 2.30, 95% confidence interval: 1.89–2.80) in lowvolume hospitals (29). In addition, they found shorter longterm survival in low-volume hospitals. As this meta-analysis
pooled all high-volume and low-volume hospitals of the
included studies, the number of procedures performed
in high-volume hospitals differed. The definition of a
high-volume hospital ranged from 2.33 to as much as 87
annual esophagectomies. Another meta-analysis, including
13 studies, found that an annual hospital volume of 20
esophagectomies or higher was associated with lower
postoperative mortality rates compared to medium and
low-volume hospitals (11–20 and ≤10 esophagectomies
respectively) (5). They also found lower complication rates
and better long-term survival in high-volume hospitals.
A third meta-analysis endorsed these conclusions (30). In
this meta-analysis high-volume hospitals were defined as
hospitals performing 18 or more annual esophagectomies.
It concluded that 10 patients had to be referred from a
low-volume to a high-volume hospital to prevent one
postoperative death. This meta-analysis also found a
significant inverse relationship between hospital volume
and short and long-term survival for gastrectomy. Another
study using data from the CRITICS (ChemoRadiotherapy
after Induction chemotherapy In Cancer of the Stomach)
trial included 494 patients (31). It concluded better
overall survival and disease-free survival in high-volume
gastrectomy hospitals (>21 annual gastrectomies).
Better long-term survival in high-volume hospitals
might be related to more extensive oncological resections
in these centers. Several studies found better lymph node
yield in high-volume hospitals for both esophagectomy and
gastrectomy (32-35). The percentage of patients with >15
examined lymph nodes after esophagectomy ranged from
29% to 47% in low-volume hospitals and from 44% to 76%
in high-volume hospitals. For gastrectomy, a Dutch study
analyzing data from the CRITICS found significantly more
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accurate lymph node dissection in high-volume hospitals
(31 or more annual gastrectomies). Another reason for
the better long-term survival for both esophagectomy
and gastrectomy in high-volume hospitals might be the
reported higher radicality rates (36-38). Another hypothesis
is that lower postoperative mortality rates or better longterm survival after esophagectomy in high-volume hospitals
is due to less “failure to rescue”. High-volume hospitals
are more able to quickly recognize and effectively manage
postoperative morbidity (39-41). In these studies, failure to
rescue rates ranged from 20% to 30% in the lowest-volume
hospitals whereas this ranged from 12% to 13% in the
highest-volume hospitals.
Several studies use composite annual hospital volumes
rather than annual esophagectomy volume (42-44). A wellconducted Dutch study including 4,837 gastric cancer
patients found association between annual complex uppergastrointestinal surgery (esophagectomy, gastrectomy, and
pancreatic surgery) and postoperative mortality (42). Highvolume hospitals performed 40 or more complex uppergastrointestinal resections annually. Another interesting
finding was that elderly (75 years and older) benefitted
the most from surgery in high-volume centers suggesting
referral to high-volume centers is especially necessary for
vulnerable patients. An English study by Coupland et al.
also used composite volume-standards (annual numbers of
esophagectomies and gastrectomies). Hospitals performing
more than 80 surgeries were considered high-volume. After
correction for confounders they found lower short-term
mortality rates and better 1-year overall survival in highvolume centers (43).
How far should centralization go?
The Leapfrog Group was one of the first movements
to establish volume standards in surgery (45). They
suggested an esophagectomy volume standard of 7
annual esophagectomies. Another study including 1,634
esophagectomy patients tried to verify the Leapfrog volume
standards (46). They did not find a strong relationship
between the Leapfrog threshold and postoperative
mortality. However, they did find a threshold of 22 annual
esophagectomies to be a predictor of postoperative
mortality. Another well-conducted Dutch study using data
from the National Cancer Registry (NCR) tried to define a
meaningful cutoff point for annual esophagectomy hospital
volume (47). It included 10,025 patients with esophageal
or GEJ cancer undergoing resection. The authors found
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rising hospital volume was associated with lower 6-month
mortality rates. However, the hazard ratios of 6-month
mortality reached a plateau when hospital volume exceeded
60 esophagectomies per year. A similar trend was seen for
2-year overall survival: this was significantly better in highvolume hospitals compared to lower-volume hospitals
but reached a plateau at 50 annual resections. The results
of these studies suggest centralization is necessary up to
a certain threshold but not infinitely. This conclusion is
endorsed by a third study that found postoperative mortality
rates fell in line with increasing hospital volume, but rose
again once the annual volume exceeded 100 cases (48).
Costs and centralization
Several authors investigated the relationship between
hospital volume and hospital costs in patients undergoing
esophageal cancer surgery. One study conducted in the
United States included 1,561 patients treated for esophageal
cancer from 1990 through 1994 (49). It found higher total
hospital costs in high-volume hospitals (>30 operations in
5 years) compared to low-volume hospitals (1–5 operations
in 5 years). However, significantly more patients were
discharged home in high-volume hospitals whereas patients
were more often discharged to intermediate-care facilities
after resection in low-volume centers. This has a significant
economic impact, which the study did not quantify. A study
by Swisher et al. including 340 esophagectomy patients
found contradictory results (50). After correction for
confounders hospital costs in high-volume hospitals (>5
annual esophagectomies) were significantly lower. This
difference might be attributed to the lower complication
rates and shorter length of hospital stay Swisher et al. found
in high-volume hospitals. Another American study found
comparable hospital costs in high and low-volume hospitals
(<6 or >6 annual esophagectomies, respectively) (51). Next
to lower mortality rates in high-volume hospitals they
found shorter length of hospital stay and shorter length
of intensive care unit (ICU) admission in high-volume
hospitals. This did however not result in lower hospital
costs. In addition, they found more home discharge in highvolume hospitals, but they did not report on its economic
impact.
Literature focusing on GEJ tumors
The studies discussed earlier did not report separate
results for GEJ carcinomas. A spin-off study from the

Ann Esophagus 2020;3:29 | http://dx.doi.org/10.21037/aoe-2020-geja-01

Page 6 of 10

Japanese randomized controlled trial JCOG9502 included
only GEJ carcinomas and investigated the volumeoutcome relationship (52). The JCOG9502 included 157
patients from 21 hospitals and randomized between total
gastrectomy via a left thoracoabdominal approach and a
transhiatal abdominal approach (53). The authors found
higher hospital volume was associated with less intraoperative blood loss. They found no association between
hospital volume and the number of dissected lymph nodes,
operative time, number of patients with postoperative
complications, and overall survival rate. However, the
annual gastrectomy volume in all the included hospitals
could be considered high, since it ranged from 44 to 511.
A German study included 544 patients with GEJ tumors
in 108 hospitals (54). Hospitals with a case-load of 11–20
junction tumors in 3 years were associated with significantly
higher neoadjuvant treatment rates compared to the other
volume groups (<11 and >20). They did not report on
the association of postoperative outcomes with hospital
volume. In addition, they reported only on GEJ carcinoma
volume, not on total esophagectomy or gastrectomy volume.
Therefore, the proportion of patients undergoing treatment
in high-volume hospitals was low. A third, Scottish, study
also reported separate outcomes for GEJ tumors (55).
It included 206 patients with junction tumors. The
postoperative mortality rate in high-volume hospitals
(>35 annual resections) was 0% whereas this was 8.1%
in lower-volume hospitals (<35). However, they found
no association between hospital volume and long-term
survival. In a Dutch study including 555 patients 82.2%
had a GEJ or distal esophageal carcinoma (36). It found
patients in high-volume hospitals (>10 annual resections)
had more comorbidities. Despite these differences in patient
population, high-volume hospitals had lower postoperative
mortality rates (6.3% versus 2.9%). In addition, high-volume
hospitals had significantly less postoperative (surgical)
complications and a significantly shorter hospital stay
(median of 22 days in low-volume hospitals versus 14 days in
high-volume hospitals). No association was found between
volume and long-term survival.
The results of these studies on GEJ tumors are not
unambiguously in favor of centralization. However, most
studies found some positive effect of hospital volume on
surgical outcomes. No inferior outcomes for high-volume
hospitals were reported. In addition, no literature is
available on the association of failure to rescue and hospital
volume in GEJ carcinomas even though this might be a key
element in the volume-outcome relationship.
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Surgical treatment—surgeon volume
Although literature on surgeon volume is not as abundant as
literature on hospital volume, several authors investigated the
association between surgeon volume and surgical outcomes
after esophagectomy. As early as 1997 the surgeon volumeoutcome relationship was investigated (56). A total of 74
esophagectomy patients from the Hamilton Regional Cancer
Center in Ontario, Canada, were included. Esophagectomy
was performed by 20 different surgeons of whom 3 were
high-volume surgeons (>6 annual esophagectomies). Highvolume surgeons had lower postoperative morbidity rates
(0% versus 22%) and lower anastomotic leakage rates
(7% versus 22%). A more recent study by Sundelöf et al.
included 232 patients (including 118 cardia carcinomas) and
investigated the surgeon volume-outcome relationship (57).
In their study, a high-volume surgeon performed a minimum
of 10 annual esophagectomies. They found better longterm survival after surgery by a high-volume surgeon. They
also found non-significant trends towards better short-term
surgical outcomes in high-volume surgeons. In addition,
they showed large correlation between surgeon and
hospital volume. A 2016 population-based study in England
sought a minimum surgeon volume for optimum operative
mortality (58). After proper statistical correction for surgeon
experience, hospital type, and patient-related confounders,
higher surgeon volume was a significant predictor of lower
postoperative mortality. The risk-adjusted mortality rate for
high-volume surgeons (>12 annual esophagectomies) was
2.96% whereas this was 5.19% for low-volume surgeons
(<8 annual esophagectomies). Using CUSUM-analyses
no reliable estimation of the optimal surgeon volume
could be made. In addition, the study found clear overlap
between surgeon and hospital volume. For gastrectomy,
similar positive surgeon volume-outcome trends have been
described (58).
Several studies found contrasting results. For example,
the previously discussed JCOG9502 trial, including only
junction tumors, found no association between overall
survival and surgeon volume (52). It only found a nonsignificant trend towards a higher number of dissected
lymph nodes in surgery by high-volume surgeons.
In addition, a study by Gillison et al. including 1,125
patients in England found no association between longterm survival and postoperative mortality and surgeon
volume (high-volume surgeons of 12 or more annual
resections versus low-volume surgeons of 4 or less annual
esophagectomies) (11).
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Volume aspect in palliative cancer treatment
To our knowledge three studies reported on esophagectomy
hospital volume in the palliative setting. The addition of
trastuzumab to systemic therapy in metastasized gastroesophageal adenocarcinomas with HER2 overexpression
leads to prolonged overall survival and better quality of life
(59,60). Therefore, a nationwide cohort study investigated
the relationship between HER2 testing and hospital
volume (61). This study included 2,846 patients of whom
19.1% had GEJ carcinomas. The authors divided hospitals
into four volume categories, based on the total number of
patients treated with gastro-esophageal cancer in 2015 and
2016 (<13, 13–31, 32–76, and >76). High-volume hospitals
tested significantly more often for HER2 overexpression
than low-volume hospitals (88% versus 68%; P<0.001). In
addition, after dichotomizing hospital volume around the
national median, overall survival was significantly better in
high-volume hospitals compared to low-volume hospitals.
This conclusion is supported by another nationwide
Dutch cohort study that also found a survival advantage of
higher hospital surgical and hospital treatment volume in
metastatic esophageal cancer patients after propensity score
matching (62). They found a median survival difference of
10 weeks and 6 weeks respectively between high and lowvolume surgical and treatment hospitals. The authors claim
high-volume centers have the appropriate, well-developed
infrastructure that is necessary for the complex treatment
of metastatic esophageal cancer. Similar conclusions were
drawn by a third study (63). It included 1,433 stage IV
gastric cancer patients of whom 27% had GEJ tumors.
High-volume specialist consultation was associated with a
significant survival benefit.
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a meaningful hospital volume threshold (47). There is even
heterogeneity in literature on which surgical procedures
should be included in hospital volume; only the surgical
procedure of interest or a more composite surgical volume?
The role of surgeon volume is also not unequivocal. In
order to reach international consensus, literature should be
standardized. A similar initiative from the Esophagectomy
Complications Consensus Group (ECCG) standardized
data collection on complications after esophagectomy in
order to facilitate international comparative studies (64).
Pre-set volume standards would also significantly reduce
confirmation bias in which researchers adjust volume cut-offs
in order to find statistically significant results.
In conclusion, this review of literature underlines the
importance of centralization of all aspects of the multimodal
treatment of gastro-esophageal cancer. Literature showing
better outcomes in high-volume hospitals is available for
all aspects of the gastro-esophageal cancer treatment,
from diagnostics to palliative treatment. Especially for
GEJ carcinomas highly-specialized medical personnel
is necessary, given the difficulties and controversies
surrounding its treatment. Clear international volume
thresholds are however difficult to establish since literature
on the volume-outcome relationship is heterogeneous.
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