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ABSTRACT
Backgrounds. Due to a lack of randomized and large
studies, the optimal surgical approach for Siewert 2 gastroesophageal junctional (GEJ) adenocarcinoma remains
unknown. This population-based cohort study aimed to
compare survival between esophagectomy and total gastrectomy for the treatment of Siewert 2 GEJ
adenocarcinoma.
Methods. Data from the National Cancer Database
(NCDB) from 2010 to 2016 was used to identify patients
with non-metastatic Siewert 2 GEJ adenocarcinoma who
received either esophagectomy (n = 999) or total gastrectomy (n = 8595). Propensity score-matching (PSM) and
multivariable analyses were used to account for treatment
selection bias.
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Results. Comparison of the unmatched cohort’s baseline
demographics showed that the patients who received
esophagectomy were younger, had a lower burden of
medical comorbidities, and had fewer clinical positive
lymph nodes. The patients in the unmatched cohort who
received gastrectomy had a significantly shorter overall
survival than those who received esophagectomy (median,
47 vs. 68 months [p \ 0.001]; 5-year survival, 45 % vs. 53
%). After matching, gastrectomy was associated with significantly reduced survival compared with esophagectomy
(median, 51 vs. 68 months [p \ 0.001]; 5-year survival, 47
% vs. 53 %), which remained in the adjusted analyses
(hazard ratio [HR], 1.22; 95 % confidence interval [CI],
1.09–1.35; p \ 0.001).
Conclusions. In this large-scale population study with
propensity-matching
to
adjust
for
confounders,
esophagectomy was prognostically superior to gastrectomy
for the treatment of Siewert 2 GEJ adenocarcinoma despite
comparable lymph node harvest, length of stay, and 90-day
mortality. Adequately powered randomized controlled trials with robust surgical quality assurance are the next step
in evaluating the prognostic outcomes of these surgical
strategies for GEJ cancer.
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During the past decade, the distribution of esophageal
cancer has been changing, with gastroesophageal junctional (GEJ) cancers becoming more prevalent,1 and
multimodality therapy remains the cornerstone in the
management of esophagogastric cancers.2 Staging of GEJ
cancers is challenging due to the accuracy of clinical
staging methods, which provide an overall accuracy of
approximately 70 %.3
It is unclear whether esophagectomy or total gastrectomy is the optimal surgical approach for junctional
cancers. Transthoracic esophagectomy (TTE) provides the
benefit of a more extensive lymphadenectomy,4–6 which
improves staging and is likely to have an impact on survival. Furthermore, TTE is associated with lower rates of
R1 resections in proximal margins than gastrectomy,
although distal margins may be at risk.7,8 However, TTE is
associated with an increased incidence of pulmonary
complications.9,10 The ultimate goal of surgery is to
achieve a radical resection (R0) with adequate lymph node
dissection, accompanied with minimal mortality and morbidity as well as optimal postoperative quality of life (QoL)
with maximal survival.11
High-quality evidence on choice of surgery for Siewert
2 GEJ cancers is lacking. First, no randomized controlled
trials (RCTs) in this area have been performed, although
the ongoing CARDIA RCT, a multinational, prospective,
randomized, clinical trial comparing transthoracic
esophagectomy with transhiatal extended gastrectomy for
Siewert 2 GEJ adenocarcinoma,12 may help to provide
good-quality evidence on this topic. Second, two recent
systematic reviews reported no difference in 5-year survival between esophagectomy and gastrectomy for GEJ
cancers.13,14 Third, previous studies have not explored
lymph node involvement in patients with Siewert 2 GEJ
cancers. Therefore, the choice between esophagectomy and
gastrectomy for Siewert 2 GEJ cancers in the absence of
mediastinal lymph nodes remains unclear. However, the
ongoing TIGER study will provide further understanding in
this debate by establishing the pattern of lymph node
spread in esophageal cancer.15
Heterogeneity exists within published retrospective
studies because these studies often include distal esophageal and gastric cardia cancer.16 Furthermore, some studies
have excluded patients after neoadjuvant therapy, making
results difficult to interpret for patients with true GEJ
cancer in the current era of greater use of neoadjuvant
therapy. Therefore, the choice of esophagectomy or gastrectomy for GEJ cancers remains the subject of much
debate and in the absence of robust evidence is largely
driven by individual surgeon belief or preference.16,17
This study aimed to add further evidence to this debate
by performing a national population-based cohort study to
evaluate long-term survival outcomes for patients

undergoing esophagectomy or gastrectomy using the
National Cancer Data Base (NCDB) for Siewert 2 GEJ.18,19
Propensity-matched analysis was used to address treatment
selection bias.
METHODS
Data Source
The National Cancer Database (NCDB) is a project
jointly sponsored by the Commission on Cancer (CoC) of
the American College of Surgeons and the American
Cancer Society.20,21 The NCDB gathers information from
approximately 1500 CoC-accredited hospitals and includes
more than 70 % of all newly diagnosed malignancies in the
United States. It contains specific details about patient
demographics (age, sex, race, insurance status), facility
type and location, tumor characteristics (size, grade, stage,
histology), treatment course (type of surgery, receipt of
chemotherapy, and radiation therapy), and outcomes (resection margins, lymph node status, length of stay, shortand long-term mortality).
Study Population
Inclusion Criteria The study enrolled any patients with a
non-metastatic Siewert 2 GEJ adenocarcinoma (Table S1)
clinically staged according to the International
Classification of Disease for Oncology, third edition
(ICD-O-3) who received esophagectomy or gastrectomy
between 2010 and 2016 in the de-identified NCDB.
Exclusion Criteria The exclusion criteria ruled out other
histology subtypes (e.g., squamous cell carcinoma,
mucinous tumors, neuroendocrine tumors, and other
histologies), patients who underwent endoscopic
resection, other concurrent cancer diagnoses, and patients
with metastatic and non-junctional esophageal cancer.
Study
Definition The
following
patient-level
characteristics provided by NCDB were analyzed: age
(18–35, 36–50, 51–65, 66–80, C81 years), race (white,
other), Charlson-Deyo comorbidity score,22 year of
diagnosis, insurance status (Medicare, Medicaid, private
insurance, no insurance), zip code-level education status
(\7 %, 7–12.9 %, 13–20.9 %, C21 %), zip code-level
median household income (\$48,000, $48,000–62,999,
C$63,000), and urban versus rural area of residence. The
zip code-level education status represents the proportion of
adults in the patient’s zip code who did not graduate from
high school and is categorized as equally proportioned
quartiles among all U.S. zip codes. Hospital-level
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characteristics were analyzed in terms of facility type
(academic, community, other), facility location (Midwest,
Northeast, South, West), and hospital distance (\12.5,
12.5–49.9, C50.0 miles). Finally, we analyzed the
following clinicopathologic characteristics: clinical T
(T0-1, T2, T3-4, Tx) and N (N0, N?, Nx) status, tumor
grade/differentiation (well/moderate, poor/anaplastic,
unknown), margin status (positive, negative, unknown),
and lymphovascular invasion (absent, present, unknown).
Selection of Siewert 2 Cancers The NCDB provides
location of cancers based on proximal and distal distance of
tumor edge from incisors. Therefore, cancers arising within
definitions of Siewert 2 cancers were included in the
current analysis.
Statistical Analysis
Categorical variables were compared using the chisquare test. Non-normally distributed data were analyzed
using the Mann-Whitney U test. Survival was estimated
using Kaplan-Meier survival curves and compared using
the log-rank test. Multivariable analyses used Cox proportional hazards models. The conditional probability of
receiving different treatment options (esophagectomy vs
gastrectomy), as indicated by the propensity score, was
estimated using a multivariable logistic regression model
including all the variables listed in Table S2. Next, balanced cohorts using nearest-neighbor propensity scorematching (PSM) without replacement (caliper width 0.1
standard deviation) were developed.23 Balance diagnostics
were performed using standardized mean differences, with
a value lower than 0.1 indicating good balance.23 The
overall survival (OS) of the matched patients who received
the aforementioned treatment options was evaluated. A
p value of lower than 0.05 was considered to be statistically
significant. Data analysis was performed using R Foundation Statistical software (R 3.2.2) with TableOne, ggplot2,
Hmisc, Matchit, and survival packages (R Foundation for
Statistical Computing, Vienna, Austria), as previously
reported.24

p \ 0.001), had a CDCC score of 2 or higher (2 % vs 1 %;
p = 0.039), had clinical N2/N3 disease (10 % vs. 7 %; p \
0.001), and were less likely to have received neoadjuvant
therapy (60 % vs 68 %; p \ 0.001) or minimally invasive
surgery (25 % vs. 33 %; p \ 0.001).
Allocation to Esophagectomy
In the unmatched cohort, multivariable logistic regressions analysis showed that the patients receiving
gastrectomy were likely from community centers, to be
male patients, to have a higher medical income, and to
have advanced clinical T and N stage disease, and were
less likely to have undergone neoadjuvant therapy or
minimal access surgery (Table S3). During the study period, the rate of esophagectomy increased from 6 % in 2010
to 12 % in 2016 (Fig. 1). To account for this treatment
selection bias, propensity score-matching was performed
using the variables presented in Table S2. This resulted in
well-balanced cohorts in terms of patient, tumor, and
hospital demographics (Table 1). Standardized mean differences were calculated for each variable and ranged
between 0.01 and 0.05, indicating a good balance.
Pathologic and Postoperative Outcomes
In the matched cohorts, the patients who received
esophagectomy had lower rates of pathologic T3/4 tumors
(25 % vs. 38 %; p \ 0.001) and N2/3 tumors (10 % vs.
18 %; p \ 0.001) than the patients who received gastrectomy (Table 2). The patients who received esophagectomy
had significantly higher margin-negative resections (94 %
vs. 91 %; p = 0.001) and absence of lymphovascular
invasion (57 % vs. 55 %; p \ 0.001) than those who
received gastrectomy. However, the rates of lymph node
harvest were similar between the two groups (median, 14
vs. 15; p = 0.3). Also, no significant differences were
observed in the length of stay (median, 9 vs. 9 days; p =
0.4), 30-day readmission (8 % vs. 8 %; p = 0.7), 30-day
mortality (2 % vs. 2 %; p = 0.8), or 90-day mortality (5 %
vs. 5 %; p = 0.4).

RESULTS

Survival Analyses

Baseline Demographics

In the unmatched cohort, the patients who received
gastrectomy had significantly poor survival than those who
received esophagectomy (median, 47 vs. 69 months; hazard ratio [HR], 1.19; 95 % confidence interval [CI],
1.07–1.31; p = 0.001; Fig. 2A; Table 3). In the matched
cohort, gastrectomy resulted in a significantly shorter survival than esophagectomy (median, 51 vs. 68 months; HR,
1.22; 95 % CI, 1.09–1.35; p \ 0.001; Fig. 2B; Table 1).
The corresponding 5-year survival rate was 53 % for

In this cohort, 9594 patients had GEJ adenocarcinoma,
999 (10 %) of whom received esophagectomy. The baseline demographics of the unmatched and matched cohorts
are presented in Table 1. The median age of the entire
cohort was 65 years (range, 18–90 years). The patients
receiving gastrectomy were older (i.e., C80.4 % vs 2 %;
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TABLE 1 Baseline characteristics of patients with gastroesophageal junction adenocarcinoma in unmatched and matched cohorts
Unmatched cohort

Facility type

Facility location

Esophagectomy
(n = 999) n (%)

Gastrectomy
(n = 8595) n (%)

p Value

Esophagectomy
(n = 999) n (%)

Gastrectomy
(n = 3868) n (%)

p Value

Community

295 (29.5)

3104 (36.1)

\0.001

295 (29.5)

1175 (30.4)

0.6

Integrated

118 (11.8)

1371 (16.0)

586 (58.7)

2205 (57.0)

Academic
Northeast

586 (58.7)
246 (24.6)

4120 (47.9)
1986 (23.1)

118 (11.8)
246 (24.6)

488 (12.6)
954 (24.7)

Midwest

325 (32.5)

2159 (25.1)

325 (32.5)

1229 (31.8)

South

265 (26.5)

3127 (36.4)

265 (26.5)

1044 (27.0)

West

163 (16.3)

1323 (15.4)

163 (16.3)

641 (16.6)

423 (42.3)

4080 (47.5)

423 (42.3)

1651 (42.7)

12.5–49.9

327 (32.7)

2897 (33.7)

327 (32.7)

1292 (33.4)

C50

249 (24.9)

1618 (18.8)

2010–2011

224 (22.4)

2518 (29.3)

2012–2013

313 (31.3)

2014–2015

143 (14.3)

2016–2017

Hospital distance (miles) \12.5

Year of diagnosis

Age at diagnosis (years)

Sex
Race
CDCC score

Insurance status

Education level

Medical income

Residence

AJCC clinical T stage

Matched cohort

\0.001

\0.001

249 (24.9)

925 (23.9)

224 (22.4)

883 (22.8)

2316 (26.9)

313 (31.3)

1193 (30.8)

1317 (15.3)

143 (14.3)

559 (14.5)

319 (31.9)

2444 (28.4)

319 (31.9)

1233 (31.9)

18–35

4 (0.4)

91 (1.1)

4 (0.4)

22 (0.6)

36–50

82 (8.2)

778 (9.1)

82 (8.2)

341 (8.8)

51–65

494 (49.4)

3547 (41.3)

494 (49.4)

1849 (47.8)

66–80
80?

397 (39.7)
22 (2.2)

3788 (44.1)
377 (4.4)

397 (39.7)
22 (2.2)

1564 (40.4)
92 (2.4)

Male

878 (87.9)

6964 (81.0)

878 (87.9)

3402 (88.0)

Female

121 (12.1)

1631 (19.0)

121 (12.1)

466 (12.0)

White

971 (97.2)

7847 (91.3)

971 (97.2)

3735 (96.6)

Other

28 (2.8)

748 (8.7)

28 (2.8)

133 (3.4)

0

665 (66.6)

5877 (68.4)

665 (66.6)

2566 (66.3)

1–2

320 (32.0)

2514 (29.2)

320 (32.0)

1243 (32.1)

2?

14 (1.4)

204 (2.4)

Medicare

454 (46.5)

4141 (49.0)

Medicaid

50 (5.1)

Private

455 (46.6)

Uninsured

\0.001

\0.001

\0.001
\0.001
0.039

14 (1.4)

59 (1.5)

454 (45.4)

1755 (45.4)

470 (5.6)

50 (5.0)

217 (5.6)

3517 (41.6)

455 (45.5)

1721 (44.5)

17 (1.7)

321 (3.8)

40 (4.0)

175 (4.5)

[21 %

210 (21.0)

1925 (22.4)

210 (21.0)

809 (20.9)

13–20.9 %

227 (22.7)

1949 (22.7)

227 (22.7)

892 (23.1)

0.001

0.6

7–12.9 %

320 (32.0)

2780 (32.3)

320 (32.0)

1219 (31.5)

\7 %
B$47,999

242 (24.2)
356 (35.6)

1941 (22.6)
2928 (34.1)

242 (24.2)
356 (35.6)

948 (24.5)
1337 (34.6)

$48,000–62,999

254 (25.4)

2178 (25.3)

254 (25.4)

1001 (25.9)

$63,000?

389 (38.9)

3489 (40.6)

389 (38.9)

1530 (39.6)

737 (73.8)

2874 (74.3)

80 (8.0)

301 (7.8)

Metro

737 (73.8)

6777 (78.8)

Urban

182 (18.2)

1313 (15.3)

Rural

80 (8.0)

505 (5.9)

cT1

238 (23.8)

1618 (18.8)

cT2

236 (23.6)

cT3

0.5

0.001

182 (18.2)

693 (17.9)

238 (23.8)

909 (23.5)

1418 (16.5)

236 (23.6)

875 (22.6)

461 (46.1)

3634 (42.3)

461 (46.1)

1833 (47.4)

cT4

6 (0.6)

188 (2.2)

6 (0.6)

22 (0.6)

cTx

58 (5.8)

1737 (20.2)

58 (5.8)

229 (5.9)

\0.001

1.0

0.8

1.0

0.8

1.0
0.4
1.0

0.8

1.0

0.8

0.9

1.0
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TABLE 1 continued
Unmatched cohort

AJCC clinical N stage

Neoadjuvant therapy
Surgical approach

Matched cohort

Esophagectomy
(n = 999) n (%)

Gastrectomy
(n = 8595) n (%)

p Value

Esophagectomy
(n = 999) n (%)

Gastrectomy
(n = 3868) n (%)

p Value

cN0

553 (55.4)

4416 (51.4)

\0.001

553 (55.4)

2142 (55.4)

0.8

cN1

349 (34.9)

2511 (29.2)

349 (34.9)

1314 (34.0)

cN2
cN3

59 (5.9)
11 (1.1)

705 (8.2)
144 (1.7)

59 (5.9)
11 (1.1)

254 (6.6)
37 (1.0)

cNx

27 (2.7)

819 (9.5)

27 (2.7)

121 (3.1)

None

320 (32.0)

3423 (39.8)

320 (32.0)

1269 (32.8)

NCRT/NAC

679 (68.0)

5172 (60.2)

679 (68.0)

2599 (67.2)

670 (67.1)

2699 (69.8)

329 (32.9)

1169 (30.2)

Open

670 (67.1)

6491 (75.5)

Minimally
Invasive

329 (32.9)

2104 (24.5)

\0.001
\0.001

0.7
0.1

CDCC, Charlson-Deyo comorbidity; AJCC, American Joint Committee on Cancer; NCRT, neoadjuvant chemoradiotherapy; NAC, neoadjuvant
chemotherapy

FIG. 1 Trends in
esophagectomy and
gastrectomy for
gastroesophageal junction
adenocarcinoma.
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2011

2012

2013

Esophagectomy

esophagectomy and 47 % for gastrectomy (p \ 0.001). A
sensitivity Cox regression analysis performed to account
for pathologic tumor stage confirmed similar findings of a
shorter survival with gastrectomy than with esophagectomy
(HR, 1.13; 95 % CI, 1.01–1.26; p = 0.033; Table S4).
DISCUSSION
This national population-based cohort study from the
United States demonstrated that patients who received
esophagectomy had a significantly longer survival than
those who underwent gastrectomy for Siewert 2 GEJ adenocarcinoma. The rates of margin-negative resections were
significantly higher with esophagectomy than with gastrectomy. However, postoperative morbidity and mortality
and lymph node harvest results did not differ significantly

2014

2015

2016

Gastrectomy

between these two approaches. These findings provide
clinical data contributing to clinical decision-making by
suggesting that esophagectomy is superior to total gastrectomy for patients with GEJ cancer.
To date, the evidence supporting either esophagectomy
or total gastrectomy for GEJ adenocarcinoma remains
heterogeneous and limited. First, no RCTs comparing
esophagectomy and gastrectomy for Siewert 2 GEJ adenocarcinoma exist. One RCT of patients with type 2 or 3
GEJ adenocarcinoma comparing left thoracoabdominal
(n = 85) and transhiatal (n = 82) approaches found no
significant difference in 5-year survival (38 % vs. 52 %),
although the left thoracoabdominal approach had higher
morbidity.25 However, this study may have been underpowered to detect a statistically significant difference
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TABLE 2 Pathologic, oncologic, and surgical outcomes for patients with gastroesophageal junction adenocarcinoma in unmatched and matched
cohorts
Unmatched cohort

Tumor grade

AJCC pathologic T stage

AJCC pathologic N stage

AJCC pathologic overall
stage

Matched cohort

Esophagectomy
(n = 999) n (%)

Gastrectomy
(n = 8595) n (%)

Well

69 (6.9)

626 (7.3)

Moderate

402 (40.2)

3363 (39.1)

Poor

412 (41.2)

3660 (42.6)

Anaplastic

116 (11.6)

946 (11.0)

pT0

164 (16.4)

818 (9.5)

pT1

376 (37.6)

pT2
pT3

p Value
0.8

300 (7.8)

402 (40.2)

1534 (39.7)

412 (41.2)

1588 (41.1)
446 (11.5)
438 (11.3)

2195 (25.5)

376 (37.6)

1089 (28.2)

121 (12.1)

1321 (15.4)

121 (12.1)

605 (15.6)

249 (24.9)

3278 (38.1)

249 (24.9)

1398 (36.1)

pT4

1 (0.1)

333 (3.9)

1 (0.1)

86 (2.2)

pTx

88 (8.8)

650 (7.6)

88 (8.8)

252 (6.5)

pN0

638 (63.9)

4518 (52.6)

638 (63.9)

2202 (56.9)

pN1

179 (17.9)

1647 (19.2)

179 (17.9)

728 (18.8)

pN2

75 (7.5)

1110 (12.9)

75 (7.5)

463 (12.0)

pN3
pNx

27 (2.7)
80 (8.0)

693 (8.1)
627 (7.3)

27 (2.7)
80 (8.0)

235 (6.1)
240 (6.2)

Stage 0

230 (23.0)

1327 (15.4)

230 (23.0)

624 (16.1)

Stage I

389 (38.9)

2631 (30.6)

389 (38.9)

1289 (33.3)

Stage II

99 (9.9)

1187 (13.8)

99 (9.9)

529 (13.7)

281 (28.1)

1426 (36.9)

\0.001

\0.001

281 (28.1)

3450 (40.1)

Median (IQR)

14.0 (13.0)

14.0 (13.0)

0.6

Margin status

Positive

58 (5.8)

995 (11.6)

Negative

941 (94.2)

7600 (88.4)

Absent

573 (57.4)

4574 (53.2)

Present

146 (14.6)

2104 (24.5)

Length of stay

Unknown
Median (IQR)

280 (28.0)
9.0 (7.0)

1917 (22.3)
9.0 (7.0)

30-Day mortality

No

977 (97.8)

8333 (97.0)

Yes

22 (2.2)

262 (3.0)

No

953 (95.4)

8037 (93.5)

Yes

46 (4.6)

558 (6.5)

30-Day readmission

69 (6.9)

116 (11.6)

Stage III

90-Day mortality

Gastrectomy
(n = 3868) n (%)

164 (16.4)

\0.001

Regional nodes examined

Lymphovascular Invasion

Esophagectomy
(n = 999) n (%)

p Value
0.8

\0.001

\0.001

\0.001

14.0 (13.0)

15.0 (12.0)

0.3

\0.001

58 (5.8)

358 (9.3)

0.001

941 (94.2)

3510 (90.7)

\0.001

573 (57.4)

2137 (55.2)

146 (14.6)

844 (21.8)

0.7

280 (28.0)
9.0 (7.0)

887 (22.9)
9.0 (7.0)

0.4

0.2

977 (97.8)

3774 (97.6)

0.8

22 (2.2)

94 (2.4)

0.024
0.8

953 (95.4)

3663 (94.7)

46 (4.6)

205 (5.3)

No

917 (92.0)

7934 (92.5)

919 (92.0)

3565 (92.2)

Yes unplanned

14 (1.4)

107 (1.2)

14 (1.4)

42 (1.1)

Yes - planned

66 (6.6)

539 (6.3)

66 (6.6)

261 (6.7)

\0.001

0.4
0.7

AJCC, American Joint Committee on Cancer

between the two approaches. The ongoing CARDIA RCT
may help to provide high-quality evidence for Siewert 2
tumors.
Second, two published systematic reviews13,14 reported
comparable 5-year survival rates between esophagectomy
(30–42 %) and gastrectomy (18–38 %) for GEJ, with
acceptable rates for R0 resections and lymph node harvest.

Early reports from Siewert et al. in the first decade of this
century reported no significant difference between
esophagectomy and extended total gastrectomy for Siewert
2 GEJ adenocarcinoma.26,27 A recent Dutch Upper Gastrointestinal Cancer Audit (DUCA) study demonstrated
similar 3-year overall survival rates for esophagectomy and
gastrectomy (36 % vs. 28 %). Notably, 90 % of the patients
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(a)

(b)

FIG. 2 Overall survival after esophagectomy and gastrectomy for
patients with Siewert 2 gastroesophageal junction adenocarcinoma in
(A) unmatched and (B) matched cohorts.
TABLE 3 Overall survival
after esophagectomy and
gastrectomy for patients with
Siewert 2 gastroesophageal
junction adenocarcinoma in
unmatched and matched cohorts

in the DUCA study underwent esophagectomy across different Siewert type GEJ cancers. Another study from
Koeter et al.16 demonstrated that the choice of surgical
approach (i.e., esophagectomy or gastrectomy) did not
improve 5-year overall survival (36 % vs 33 %), but that
administration of neoadjuvant therapy remained prognostic
in adjusted outcomes.16 These previous studies, however,
had a high-degree of heterogeneity due to (1) no reporting
of neoadjuvant therapy administration, (2) inclusion of
distal esophageal (type 1) or cardia/gastric (type 3) cancers
and thus no focused analyses of type 2 GEJ adenocarcinomas, (3) selection bias between patients who received
esophagectomy or gastrectomy, which may reflect either
institutional policies (i.e., thoracic surgeons likely performing esophagectomy vs general or abdominal surgeons
performing gastrectomy) or patient fitness (i.e., patients
with borderline fitness who may have received an extended
gastrectomy), and (4) variability in reporting of long-term
survival, rendering the comparison with our results
difficult.
One of the fundamental questions regarding GEJ tumors
is the extent of lymphadenectomy required to achieve the
best oncologic outcome.5,6 For patients whose staging
suggests definite mediastinal nodes, understandably, an
esophagectomy with two-field lymphadenectomy is likely
to confer the greatest survival advantage.28 However, for
patients whose lymph node metastases may not be apparent
during clinical staging, further disease behavior and the
spread of micrometastases, which may contribute to disease recurrence, are difficult to predict. It may be that a
more extensive lymphadenectomy including mediastinal
nodes provides an advantage even for type 3 tumors, which
generally are regarded as gastric in origin. Therefore, this
has been a matter of debate from previously published
retrospective studies that may affect decision-making
between esophagectomy or total gastrectomy.29–33 A recent
prospective study from Japan investigated the incidence of
lymph node metastases in each lymph node station in
patients with a GEJ tumor. This study demonstrated a rate
of lymph node metastases higher than 10 % in stations 1, 2,
3, 7, 9, and 11p, and in at least one of the lower mediastinal

Surgery type
Unmatched cohort

Median survival Months (IQR)

HR (95 % CI)

p Value

Esophagectomy

68.1 (59.9–79.0)

Reference

0.001

Gastrectomy
Matched cohort

46.6 (44.4–48.8)

1.19 (1.07–1.31)

Esophagectomy

68.1 (59.9–79.0)

Reference

Gastrectomy

51.1 (47.5–56.2)

1.22 (1.09–1.35)

HR, hazard ratio; CI, confidence interval

\0.001

S. K. Kamarajah et al.

lymph node stations. Furthermore, subtotal esophagectomy
with dissection of lymph nodes in the upper mediastinal
station should be considered if esophageal involvement
exceeds 4 cm, and lymph nodes lower mediastinal station
should be dissected if esophageal involvement exceeds 2
cm.34 Although, the absolute lymph node harvest in the
current study was similar between esophagectomy and
gastrectomy, detailed information on lymph node metastasis location, extent of lymphadenectomy, and quality of
radical resection is not reported in the NCDB, limiting a
detailed analysis of these factors. The lymph nodes and
tissue left inside the patient after lymphadenectomy are
potentially more important that what is assessed in the
pathologic specimen. This has been the Achilles heel of
previous cancer resection studies assessing the prognostic
impact of lymphadenectomy or surgical approach. Future
studies, both observational cohort studies and randomized
controlled trials, must seek to address this, with pictures or
videos at the end of the lymphadenectomy providing an
accurate measurement of intraoperative findings as well as
a measure of quality of surgery and lymphadenectomy.35
This study had important limitations. First, a clear
treatment selection bias existed between the patients
receiving esophagectomy and those receiving gastrectomy,
with surgeon preference often an unmeasured but crucial
driving factor. This could have been due either to institutional policy (e.g., thoracic units favoring esophagectomy
and abdominal units favoring gastrectomy) or to selection
of patients with borderline fitness or cardiorespiratory
disease for abdominal rather than thoracoabdominal
resections. This study used propensity score-matching to
adjust for several important variables, but additional relevant information that could affect treatment choice may
have been missed. For example, patient comorbidities are
recorded in the Charlson-Deyo score, but detailed data on
specific comorbidities and overall functional status are not
available in the dataset, a limitation shared by most
national datasets. Second, and importantly, granular data
regarding staging methods are not available in the NCDB.
Hence, this study could not evaluate the proportion of
patients staged with endoscopic ultrasound (EUS), laparoscopy, or positron emission tomography (PET) alone
before esophagectomy or gastrectomy. As such, the study
had a risk of misclassification between junctional tumors.
Third, the NCDB does not distinguish whether longitudinal
(proximal and distal) or circumferential margins were
involved nor the type of gastrectomy (i.e., total or extended
total), prohibiting ability to assess their relative importance.36 Fourth, classification of Siewert GEJ tumors in any
national dataset is extremely challenging, and validation of
this previously has been almost impossible. However, the
current analysis attempted to justify methodology based on
available data in the NCDB. Finally, this study was unable

to capture data on long-term complications such as anastomotic strictures, recurrence (i.e., local or regional), and
patient quality of life after esophagectomy and gastrectomy. For some patients, quality of life may be an
important consideration when weighing their decision as to
which treatment is best for them,37–39 warranting a stronger
focus on this area in future studies investigating this topic.
In conclusion, a large-scale population study with
propensity-matching to adjust for known confounders
demonstrated that esophagectomy was prognostically
superior to gastrectomy for the treatment of Siewert 2 GEJ
adenocarcinoma despite comparable lymph node harvest,
length of stay, and 90-day mortality. Adequately powered
randomized controlled trials with robust surgical quality
assurance are the next step to evaluate the prognostic
outcomes of these surgical strategies for GEJ cancer.
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