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Abstract

Background Advanced esophageal adenocarcinoma (EAC) is generally treated similarly to advanced gastroesophageal junc-
tion (GEJ-AC) and gastric (GAC) adenocarcinomas, although GAC clinical trials rarely include EAC. This work sought to
compare clinical characteristics and treatment outcomes of advanced EAC with those of GEJ-AC and GAC and examine
prognostic factors.

Patients and methods Participants comprised patients with advanced EAC, intestinal GEJ-AC, and GAC treated with
platin and fluoropyrimidine (plus trastuzumab when HER?2 status was positive). Overall and progression-free survival were
estimated using the Kaplan—-Meier method. Cox proportional hazards regression gauged the prognostic value of the AGA-
MENON model.

Results Between 2008 and 2019, 971 participants from the AGAMENON-SEOM registry were recruited at 35 centers. The
sample included 67.3% GAC, 13.3% GEJ-AC, and 19.4% EAC. Pulmonary metastases were most common in EAC and peri-
toneal metastases in GAC. Median PFS and OS were 7.7 (95% CI 7.3-8.0) and 13.9 months (12.9-14.7). There was no differ-
ence in PFS or OS between HER2— and HER2+ tumors from the three locations (p > 0.05). Five covariates were found to be
prognostic for the entire sample: ECOG-PS, histological grade, number of metastatic sites, NLR, and HER24 tumors treated
with trastuzumab. In EAC, the same variables were prognostic except for grade. The favorable prognosis for HER2+cancers
treated with trastuzumab was homogenous for all three subgroups (p =0.351) and, after adjusting for the remaining covari-
ates, no evidence supported primary tumor localization as a prognostic factor (p =0.331).

Conclusion Our study supports the hypothesis that EAC exhibits clinicopathological characteristics, prognostic factors, and
treatment outcomes comparable to intestinal GEJ-AC and GAC.

Keywords Esophageal adenocarcinoma - Chemotherapy - Gastric cancer - Gastroesophageal junction - Trastuzumab -
Survival - Prognosis - Advanced cancer - Lauren type - Erbb

Background

Advanced esophageal adenocarcinoma (EAC) is usually

treated in much the same way as gastroesophageal junc-
tion (GEJ-AC) and gastric adenocarcinoma (GAC). How-

D4 Felipe Alvarez-Manceiiido ever, the distinction for advanced EAC treatment in clinical
felipealvarezm@yahoo.es guidelines is based on very few specific randomized clini-
Extended author information available on the last page of the article cal trials (RCT) for this cancer subtype [1-4]. Most of the
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evidence available for the treatment of advanced EAC comes
from GAC RCT in which esophageal cancer patients are
included in an arbitrary, heterogeneous way. In first line,
most phase III GAC RCT that examined various chemo-
therapy schemes have included GEJ tumors and only the
REAL?2 study included 34.2% of EAC [5-10]. While the
phase III TOGA RCT, demonstrated the benefit of adding
trastuzumab to chemotherapy for cancers that overexpress
HER?2 (HER2+), only 20% of the study population had GEJ-
AC and 0 had EAC [11].

Therefore, we are treating individuals with EAC with no
real insight into the true impact these treatments have on
this disease. What does appear to be clear at present is that
squamous cell carcinoma of the esophagus differs biologi-
cally from EAC and that both histological subtypes respond
differently to immunotherapy and, probably, to chemother-
apy as well [1, 2, 12, 13]. Consequently, future esophageal
cancer RCTs should be designed to separate squamous-cell
carcinoma from adenocarcinoma histologies.

EAC arises from gland cells present in the lower third of
the esophagus when epithelial cells transform into a kind
of intestinal cell, a condition known as Barrett’s esopha-
gus [14]. The (TCGA) The Cancer Genome Atlas Research
Network classification system, has recognized molecular
features of EAC, which closely resemble those of chromo-
somal instable (CIN) gastric cancer, albeit with a gradient of
molecular alterations throughout the upper gastrointestinal
tract with as yet unknown clinical correlation and treatment
implications [14—18]. Furthermore, Lauren’s diffuse subtype
esophagogastric adenocarcinoma displays specific clinical,
histopathological, molecular, and therapeutic characteristics,
regardless of having been traditionally included indistinctly
with intestinal-type adenocarcinoma [15, 19, 20].

In light of the afore and based on the AGAMENON-
SEOM registry, we have compared the clinical character-
istics and treatment outcomes of advanced EAC with those
of intestinal-type GEJ-AC and GAC. Our aim has been to
answer the question of whether we should consider EAC
as a distinct entity or if there are arguments that justify its
being integrated into the rest of non-diffuse esophagogastric
adenocarcinoma with respect to its therapeutic approach.

Methods
Patient selection criteria

Cases belong to the ambispective AGAMENON-SEOM reg-
istry to which 35 Spanish centers contribute. This registry
comprises adult patients (aged > 18 years) with pathologi-
cally confirmed, unresectable, or metastatic gastric, gastroe-
sophageal junction, or distal esophageal adenocarcinoma,
who received at least one cycle of polychemotherapy [20,

@ Springer

21]. Eligibility criteria for this analysis included unresect-
able or metastatic, EAC, Lauren’s intestinal GAC and GEJ-
AC who received first-line chemotherapy with a platin- and
fluoropyrimidine-based regimen, associated with trastu-
zumab in the case of HER2+ tumors. The most relevant
exclusion criteria were the absence of at least 3 months of
follow-up (except for patients who were deceased prior to
3 months), fewer than 6 months since completing some kind
of adjuvant or neoadjuvant therapy, and the presence of other
synchronous tumors. Individuals with diffuse subtype, signet
ring cells and Lauren mixed GEJ-AC or GAC were excluded
for this analysis. Furthermore, given that only patients with
HER2- gastric cancer tend to receive triple-drug schedule
with anthracyclines and taxanes in regular clinical practice,
these regimens were excluded from the analysis.

Variables

The data evaluated included basal demographic (age, sex),
clinical (Eastern Cooperative Oncology Group performance
status (ECOG-PS), comorbidities), tumor-related (stage,
number, and site of metastases, location (esophagus, EGJ,
stomach)), histopathological (histological grade, HER2 sta-
tus), and laboratory (albumin, alkaline phosphatase, biliru-
bin, LDH, CEA, neutrophil-lymphocyte ratio (NLR), hemo-
globin, platelets) variables.

The classification according to the location of the primary
tumor was locally assessed as routinely performed at each
center, and no centralized review was carried out. Regard-
less of the date of the cancer diagnosis, esophagogastric
adenocarcinoma was staged by the 8th TNM classification
that defines tumor site based on where its center is located,
instead of where its proximal edge is. Tumours were classi-
fied as GEJ-AC when the epicentre was within the proximal
2 cm of the cardias (Siewert types I/IT) and as GAC when
the epicentre was more than 2 cm distal from the GEJ [22].

The prognostic factors contemplated were those of the
AGAMENON nomogram; i.e., HER2+ tumors treated with
trastuzumab, ECOG-PS, number of metastatic sites, bone
metastases, ascites, histological grade, and neutrophil-to-
lymphocyte ratio (NLR) [21].

Overall survival (OS) and progression-free survival (PFS)
were defined from initiation of chemotherapy until demise,
progression, or loss to follow-up.

Statistics

Qualitative variables and use of chemotherapy regimens are
reported as percentages and were compared by means of
Chi-square test. Quantitative variables are reported in terms
of the mean and standard deviation or the median and confi-
dence interval (CI) and were compared using ANOVA.
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OS and PFS were estimated by the Kaplan—-Meier method
and compared using the log-rank test. Cox’s multivariate
proportional hazards regression with AGAMENON model
prognostic factors and tumor site as covariates were used
[21]. Likewise, first-order interaction between tumor site and
trastuzumab treatment effect was utilized in the regression
model. Multiple imputation predictive mean matching by
chained equations was chosen as the multiple imputation
method for missing values [23]. All statistical assessments
were two-sided and p values < 0.05 were deemed significant.
Statistical analyses were performed using Stata 16.1.

Results

Baseline characteristics according to primary tumor
site

At the time of this analysis (May 2020), the registry con-
tained 4052 patients with advanced esophagogastric can-
cer of which 971 met the selection criteria for this analysis
(Fig. 1); 31% were retrospective cases.

The primary tumor was located in the stomach in 67.3%
of the cases (n=654); in the GEJ in 13.3% (n=129), and
in the esophagus in 19.4% (n=188). Baseline character-
istics are displayed in Table 1. Being male was more com-
mon in all subtypes and sites, especially in EAC (93.6%),
which had the largest proportion of younger patients
(< 65 years, 61.7%). Performance status and comorbidities
were similar across individuals with cancers of all three
locations; similarly, the proportion of locally advanced

Fig. 1 Flowchart of patients for
this analysis Patients assessed (n=4052)

v

Not meeting eligibility criteria for the registry (n=1179) *
e Unfit for combination chemotherapy (n=445)
Monotherapy due to age (n=270)
Monotherapy due to comorbidities (n=34)
Monotherapy due to poor performance status (n=141)
¢ Did not receive any chemotherapy (n=477)
e Declined to participate (n=30)
e Clinical trial without chemotherapy (n=71)
e <3 months follow-up (n=51)
e Perioperative therapy within <6 months (n=77)
e Other advanced tumor (n=34)
*Categories were not mutually exclusive

Not eligible for this analysis (n=1902)

e Primary tumor site not available (n=40)

e Lauren's histological type not available (n=484)

e Lauren diffuse and mixed (n= 694)

e HER2 not available (n=36)

¢ HER2 positive not treated with trastuzumab (n=29)

e Docetaxel, antracyclin or irinotecan regimens (n=619)

v

Analyzed (n=971)
e Advanced esophageal

e Advanced gastric aden

e Advanced gastroesophageal junction adenocarcinoma (n=129)

adenocarcinoma (n=188)

ocarcinoma (n=654)
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unresectable disease, distribution of tumor grades, as
well as the number of metastatic sites were comparable.
Metastases were uniformly distributed except for pulmo-
nary metastases, more common in EAC (31.4%) and GEJ
(29.5%) than in GAC (15%), and peritoneal metastases,
more frequent in GAC (34.7%) than in EAC (11.2%) and
GEJ-AC (17.8%). Ascites was uncommon in EAC, eight
subjects had mild and one had moderate-severe ascites.
EGIJ-AC was associated with more HER2+ cancers (45%),
followed by EAC (33.5%) and GAC (30.1%). Biochemical
and CEA values were similar in all subgroups. Anemia
was present in more individuals with EAC (69.7%) at diag-
nosis than in those with EGJ-AC (36.4%) or GAC (57.6%).

Resection of the primary tumor was carried out in a
similar proportion of the sample (25-29%); likewise,
the use of chemotherapy regimens based on oxaliplatin
(61-67%) and on cisplatin (33-39%) was comparable to
treat cancers in all three locations.

Baseline characteristics according to localization
and first-line treatment

Table 1 shows the patient distribution by primary tumor
site and HER?2 status. There was little difference between
HER2+ and HER2— adenocarcinoma both overall and in
each of the locations. The exception is the higher percent-
age of individuals < 65 years (71.4%) in the HER2+ EAC
subgroup compared to 56.8% in HER2— EAC.

In all three primary locations, more grade 1 cancers
were HER2+ vs HER2— (27% vs 16.8% in EAC, 27.6% vs
18.3% in GEJ-AC and 28.9% vs 16% in GAC) and more
grade 3 tumors were HER2— vs HER2+ (27.2% vs 9.5%
in EAC, 19.7% vs 3.4% in GEJ-AC, and 28% vs 15.2% in
GACQ). For all three sites, the pulmonary spread was more
common in HER2+ vs HER2— adenocarcinomas (39.7%
vs 27.2% in EAC, 36.2% vs 23.9% in GEJ-AC, and 19.8%
vs 13.1% in GAC), whereas peritoneal extension was more
frequent in HER2— vs HER2+ (23.9% vs 10.3% in GEJ-
AC, and 36.8% vs 29.9% in GAC) except for EAC (8.8%
vs 15.9%).

As for treatment, oxaliplatin outweighed cisplatin and
capecitabine predominated over 5-FU, particularly in
GAC. Oxaliplatin-based schemes were more frequently
used to treat HER2— cancers, while cisplatin-based
regimens were more common for HER2+ tumors irre-
spective of location. Chemotherapy schemes are sum-
marized in Appendix Table 3. In all GAC and GEJ-AC

and in HER2— EAC, the most widely used strategies were
capecitabine and oxaliplatin (CAPOX) and 5-FU and
oxaliplatin (FOLFOX), whereas in HER2+ EAC, capecit-
abine and cisplatin were prescribed more often, followed
by CAPOX.

Effect of tumor site on first-line systemic treatment
efficacy

With a median follow-up of 44.9 months, 771 patients
(79.4%) had died. Median PFS and OS were 7.7 (95% CI
7.3-8.0) and 13.9 months (95% CI 12.9-14.7), respectively.
In HER2—- tumors, PFS was comparable across the three
groups with medians of 6.9 (95% CI 6.2-8.3), 6.9 (4.9-7.8),
and 6.9 months (6.4-7.6) for EAC, EGJ-AC, and GAC,
respectively (p=0.125). Likewise, in HER2 + tumors, PFS
was comparable, with medians of 8.5 (95% CI 6.8-11.2),
9.0 (8.0-11.0), and 8.9 months (7.9-10.2) for EAC, EGJ-
AC, and GAC, respectively (p=0.874). Figure 2 illustrates
Kaplan—Meier PFS curves.

This study did not detect conclusive statistical evi-
dence of dissimilar OS for these three locations. Thus, in
HER2- cancers, median OS was 13.4 (95% CI 11.1-15.7),
10.7 (9.7-12.5), and 12.3 months (11.5-13.9) for EAC, GEJ-
AC, and GAC, respectively (log-rank test, p=0.190). In
HER?2 + cancers, median OS was 15.4 (95% CI, 11.7-19.8),
19.5 (16-28.3), and 16.4 months (14.3-20.4) for EAC, EGJ-
AC, and GAC, respectively (p =0.474). Figure 3 displays
Kaplan—Meier OS curves.

Prognostic factors for overall survival

Cox’s regression model for OS can be seen in Table 2. For
the entire sample, five covariates of the AGAMENON nom-
ogram were significantly associated with survival: ECOG-
PS, number of metastatic sites, histological grade, NLR,
and HER2+ tumors treated with trastuzumab. The favorable
prognosis for HER2+ cancers treated with trastuzumab is
homogenous across all three tumor sites with hazard ratio
(HR) of 0.68 (95% CI 0.48-0.97), 0.47 (0.31-0.71), and 0.64
(0.53-0.78) for esophagus, GEJ, and stomach, respectively
(p interaction =0.351). After adjusting for the other covari-
ates, there was no evidence that tumor localization was a
prognostic factor (p=0.331). In the specific case of EAC,
estimates are uncertain due to the low numbers in some
subgroups. Even so, the prognostic factors for EAC were
ECOG-PS, number of metastatic sites, NLR, ascites, and
HER2+ tumors treated with trastuzumab.
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Discussion

This analysis based on cases from the AGAMENON-SEOM
registry supports EAC is a similar entity to GEJ-AC and
intestinal-type GAC that benefits comparably from platin-
fluoropyrimidine-based chemotherapy schemes, associating
trastuzumab in HER2+ cancers. PFS and OS medians for
the series of 7.7 months (95% CI 7.3-8.0) and 13.9 months
(12.9-14.7), respectively, are conditioned by the exclusion
of Lauren diffuse-type adenocarcinomas, which are specific
to gastric cancer and are associated with worse prognosis,
as well as responding differently to chemotherapy. Given
that diffuse adenocarcinoma is a different entity, it has not
been factored into this analysis [15, 19, 20, 24]. Likewise,
the exclusion of diffuse subtype cancers determines a high
percentage of HER2+ neoplasms in this series: 45%, 33.5%,
and 30.1% in GEJ-AC, EAC, and GAC, respectively, versus
15-20% in most reported studies that fail to differentiate by
Lauren subtype [15, 25].

In this entire sample, the AGAMENON nomogram
variables [21], initially developed for intestinal and diffuse
tumors, that maintained their prognostic value were: ECOG-
PS, histological grade, number of metastatic sites, NLR, and
trastuzumab-treated HER2 + tumors. Even after excluding
diffuse cancers with greater disposition toward peritoneal
extension, moderate-severe ascites appears to determine a
worse prognosis, HR 1.46 (95% CI 0.98-2.19, p=0.065) as
reported in earlier studies [26-28].

Notably, nothing evinced an interaction of tumor site
with HER?2 subtype or with the remaining covariates. This
is especially pertinent because, at present, there are no
EAC-specific RCT and it is underrepresented in GAC RCT.
Additionally, the effect of adding trastuzumab to chemo-
therapy for HER2+ EAC is uncertain, as these tumors were
not included in the TOGA study [16]. Several phase III RCT
with chemotherapy and targeted drugs (bevacizumab, pani-
tumumab, cetuximab, rilotumumab, onartuzumab, trastu-
zumab and pertuzumab) included GAC and GEJ-AC, but
not EAC [29-34]. All these studies were negative. Only two
phase III RCT compared chemotherapy alone against chem-
otherapy plus a targeted drug in esophagogastric adenocar-
cinoma. The REAL-3 study with panitumumab (38% EAC)
and TRIO-013/LOGiC with lapatinib (5% EAC) were both
negative and no site-based subgroup analyses are available
[35, 36].

Meanwhile, although inroads into the understanding of
the biology of esophagogastric cancer have been made,
translation into clinical guidelines or an RCT remains incon-
sistent. While the 8th and latest TNM classification groups
cancer of the esophagus and GEJ (Siewert I and II) as a
joint entity [22], clinical guidelines combine epidermoid and
adenocarcinoma of the esophagus, and GEJ-AC and GAC
[1-4]. Esophageal cancer guidelines include advanced EAC
treatment recommendations based on results of advanced
GAC RCT with more restricted options due to the lower
grade of evidence in this localization [2]. As such, it would
seem more logical to group EAC with advanced GAC in
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clinical recommendations and develop others for advanced
epidermoid carcinoma of the esophagus.

Advances in molecular knowledge will presumably guide
us toward a more dynamic, specific treatment aimed at ade-
nocarcinoma of each of these three primary tumor locations

12 ' 24 ' 36 ' 48
Time (months)

36 21 18 10 6 6 4
4 25 18 14 8 6 5
119 80 54 35 27 22 14

[14-18, 37]. At a molecular level, chromosomal instability
subtype (CIN) is the most common in esophagogastric ade-
nocarcinoma, especially in the West and in adenocarcinomas
of the esophagus (100%, CIN), GEJ (74.6-100%, CIN), and
proximal stomach (74.6%, CIN) [14].
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Table 2 Cox’s multivariate analysis

Cox’s multivariate analysis HR 95% CIHR p value

Complete cohort

ECOG-PS 0.012%*
0 Ref
1 1.10 0.93-1.31 0.273
>2 1.50 1.15-1.96  0.003**
Metastatic sites, >3 1.51 1.28-1.77 0.000%%**
Bone metastases 1.20 0.92-1.57 0.168
Ascites 0.173
No Ref
Mild 1.07 0.83-1.37 0.612
Moderate to severe 1.46 0.98-2.19 0.065
Grade, 2-3 1.32 1.08-1.61  0.006%**
NLR 0.0007%**
<4 Ref
4-79 1.29 1.09-1.53  0.003**
>8 1.66 1.25-2.19  0.000%%**
HER?2 + treated with trastuzumab 0.000%%**
No Ref
Yes
EAC 0.68 0.48-097  0.033*
GEJ-AC 0.47 0.31-0.71  0.000%**
GAC 0.64 0.53-0.78  0.000%**
Tumor location 0.331
EAC Ref
GEJ-AC 1.11 0.80-1.55 0.526
GAC 091 0.73-1.15 0432
Esophageal adenocarcinoma
ECOG-PS 0.047*
0 Ref
1 146 0.99-2.17 0.059
>2 2.12  1.10-4.07 0.025*
Metastatic sites, >3 1.71 1.16-2.52 0.007%**
Bone metastases 1.33 0.78-2.27  0.301
Ascites 0.006%**
No Ref
Mild 1.97 0.90-4.32 0.091
Moderate to severe 21.73 2.46-192.1 0.006**
Grade, 2-3 1.20 0.74-1.95 0.460
NLR 0.002%%*
<4 Ref
4-79 1.80 1.19-2.73  0.005**
>8 2.66 1.18-596 0.018*
HER?2 +treated with trastuzumab ~ 0.66 0.45-0.98  0.039*

EAC esophageal adenocarcinoma, GEJ-AC gastroesophageal junc-
tion adenocarcinoma, GAC gastric adenocarcinoma, HR Hazard ratio,
95% CI 95% confidence interval, ECOG-PS Eastern Cooperative
Oncology Group Performance Status. NLR neutrophil-lymphocyte
ratio, ref reference

Exponentiated coefficients *p <0.05, **p <0.01, ***¥p <0.001

@ Springer

This work has the following limitations. Firstly, it is an
ambispective sample with 31% retrospective cases. Secondly,
the sample was restricted to Lauren intestinal GEJ-AC and
GAC and confirmed their similarity to EAC, although we
cannot extrapolate the data to diffuse subtype AC. Thirdly,
although AGAMENON-SEOM registry derived an extensive
series, since esophagogastric adenocarcinoma located in the
GE]J and esophagus are uncommon, as are HER2+ adenocar-
cinoma, the proportion of cases with HER2+ GEJ-AC and
EAC is scant, which could compromise the accuracy of the
measurements in these cancers. Nevertheless, to the best of
our knowledge, this is the first study to compare the results
of first-line treatment of cancers of the stomach, GEJ, and
esophagus with RWD from a single population. Finally, the
reader must be mindful that only dual-agent chemotherapy
was administered; consequently, the introduction of addi-
tional agents to these schemes may influence the results.
Also, the cohort does not contain any HER2+ cases that
were not treated with trastuzumab; hence, what has been
appraised is the prognostic effect of this variable.

The results of our analysis endorse a similar treatment
approach in EAC, intestinal GAC, and GEJ-AC, as well as
their inclusion in RCT of intestinal esophagogastric adeno-
carcinoma as a whole, albeit a basic requirement would be
the exclusion of diffuse subtypes or stratification by Lauren
type. This study also supports the recommendation of first-
line treatment with fluoropyrimidine and platin for advanced
EAC and the association of trastuzumab in HER2+EAC.

In conclusion, our study supports the hypothesis that
EAC exhibits clinicopathological characteristics, prognos-
tic factors, and treatment outcomes comparable to intestinal
GEJ-AC and GAC. Consequently, we believe it is important
that future RCT combine esophagogastric adenocarcinomas
and contemplate stratification by Lauren type.

Appendix

See Table 3.



Is advanced esophageal adenocarcinoma a distinct entity from intestinal subtype gastric cancer?...

Table 3 First-line chemotherapy regimens

CT regimen Location

EAC EAC GAC GAC GEJ-AC GEJ-AC Total (N=971)

HER2(-) HER2(+) HER2(-) HER2(+) HER2(-) HER2(+)

(N=125) (N=63) (N=457) (N=197) (N=T1) (N=58)
XP 26 (20.80) 25 (39.68) 93(20.35) 72 (36.55) 13 (18.31) 12 (20.69) 241 (24.82)
CAPOX 54 (43.20) 17 (26.98) 239 (52.3) 73 (37.06) 33 (46.48) 18 (31.04) 434 (44.70)
FP 15 (12) 8 (12.7) 29 (6.35) 23 (11.67) 9 (12.67) 13 (22.41) 97 (9.99)
FOLFOX 30 (24) 13 (20.64) 90 (19.69) 28 (14.21) 15 (21.13) 14 (24.14) 190 (19.57)
Other: cisplatin and tegafur 0 0 1(0.22) 0 0 0 1(0.10)
Other: oxaliplatin and tegafur 0 0 5(1.09) 1(0.51) 1(1.41) 1(1.72) 8 (0.82)

CAPOX capecitabine, oxaliplatin, CT chemotherapy, EAC esophageal adenocarcinoma, FOLFOX 5-fluorouracil (FU), leucovorin and oxaliplatin,
FP FU and cisplatin, GAC gastric adenocarcinoma, GEJ-AC gastroesophageal junction adenocarcinoma, HER— HER2 negative, HER2+ HER2
positive cancers treated with trastuzumab, XP capecitabine and cisplatin
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