
Vol.:(0123456789)1 3

Gastric Cancer (2019) 22:245–254 
https://doi.org/10.1007/s10120-018-0901-3

REVIEW ARTICLE

Neoadjuvant chemoradiotherapy or chemotherapy 
for gastroesophageal junction adenocarcinoma: A systematic review 
and meta-analysis

Fausto Petrelli1 · Michele Ghidini2 · Sandro Barni1 · Giovanni Sgroi3 · Rodolfo Passalacqua2 · Gianluca Tomasello2

Received: 30 September 2018 / Accepted: 20 November 2018 / Published online: 27 November 2018 
© The International Gastric Cancer Association and The Japanese Gastric Cancer Association 2018

Abstract
Objective The preferred neoadjuvant treatment for gastroesophageal junction (GEJ) adenocarcinoma is still matter of debate. 
We conducted a meta-analysis to assess the different impact of neoadjuvant combined chemotherapy and radiotherapy 
(CTRT) versus chemotherapy (CT) alone.
Methods A comprehensive search was performed in EMBASE, PubMed, and Cochrane Library databases from incep-
tion to 30th June 2018. Studies comparing survival of patients who underwent CTRT or CT alone before surgery for GEJ 
adenocarcinoma were included. Hazard ratio (HR) for overall survival (OS) was extracted, and a random-effects model was 
used for pooled analysis. Median OS, 5-year OS, complete pathologic response (pCR), locoregional and distant failure rates 
were also calculated.
Results 22 studies including 18,260 patients were considered for the final analysis. The pooled results demonstrated that 
combined CTRT do not significantly reduce the risk of death (HR 0.95, 95% CI 0.84–1.07; P = 0.41) but has a positive impact 
on the risk of relapse (HR 0.85, 95% CI 0.75–0.97; P = 0.01) compared to CT alone. Addition of RT to CT alone significantly 
increased the odds of pCR by 2.8 (95% CI 2.27–3.47; P < 0.001) and reduced the risk of locoregional failure (OR 0.6, 95% 
CI 0.39–0.91; P = 0.01) but not the risk of distant metastases (OR 0.81, 95% CI 0.59–1.11; P = 0.19).
Conclusions In this systematic review and meta-analysis comparing neoadjuvant CTRT with CT for adenocarcinoma of GEJ, 
we found no difference in terms of median OS, despite a higher pCR rate and a reduced risk of locoregional recurrences 
for the combined approach. Further studies, preferably large randomized clinical trials, are needed to confirm these results.
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Introduction

Epidemiology of gastroesophageal junction (GEJ) adenocar-
cinoma, which includes tumors originating in distal esopha-
gus and gastric cardia, is rapidly changing with an incidence 
constantly increasing in western countries [1]. Although 

frequently associated with poor results, surgery is the main-
stay of treatment for this malignancy. Therefore, over the 
last years multimodality [i.e., neoadjuvant (preoperative) 
and adjuvant (postoperative)] strategies aimed at improving 
survival in patients with apparently localized disease, have 
been extensively investigated.

Combined modality therapy involving preoperative 
chemotherapy (CT) and radiotherapy (RT) for patients with 
stages II and III esophageal, GEJ, and gastric cardia can-
cers is currently recommended and incorporated into treat-
ment guidelines from major international cancer societies, 
such as European Society of Medical Oncology (ESMO) 
and National Comprehensive Cancer Network (NCCN) [2, 
3]. However, the best form of multimodality therapy is not 
clearly established. Patients with GEJ adenocarcinoma are 
treated variably with neoadjuvant CT alone, perioperative 
CT or preoperative chemoradiotherapy (CTRT), depending 
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mostly on the preferences of the treating physician and on 
the different geographical area. Owing to the lack of tri-
als specifically focusing on the population of patients with 
GEJ tumors, defining the optimal multimodal approach is 
a very difficult task. Only one phase III trial—the German 
POET—randomized exclusively patients with GEJ adeno-
carcinoma to neoadjuvant CT vs CTRT in the attempt to 
evaluate the best preoperative approach [4]. Unfortunately, 
study was prematurely closed due to low accrual, showing 
a promising although not significant survival advantage for 
preoperative CTRT compared with preoperative CT.

Therefore, we conducted this meta-analysis of pub-
lished trials to assess the different impact of neoadjuvant 
combined CT and RT versus CT alone in localized GEJ 
adenocarcinoma.

Materials and methods

Search strategy and inclusion criteria

We performed a systematic literature review of published 
articles, which compared survival outcome between 
patients receiving neoadjuvant CT only and those receiving 
CTRT for E/GEJ adenocarcinoma. We searched PubMed, 
EMBASE, and the Cochrane Library from inception to 
30th June 2018 using the following terms: (gastroesopha-
geal or esophageal or Siewert or esophagus) AND (radio-
chemotherapy or chemoradiation or chemoradiotherapy) 
and (neoadjuvant or preoperative) and (adenocarcinoma) 
and (chemotherapy).

The studies included in the meta-analysis met the follow-
ing inclusion criteria: (1) investigating patients who had a 
diagnosis of esophageal or GEJ adenocarcinoma in > 80% 
of included subjects, and (2) including both patients who 
underwent neoadjuvant CT and patients who underwent 
neoadjuvant CTRT. We excluded studies that (1) included 
patients whose main histology was squamous cell carcinoma 
in > 20% of patients, (2) did not provide sufficient data to 
acquire hazard ratio (HR) and its 95% confidence interval 
(CI) of combined CTRT for OS or did not provide data about 
other endpoints of interest.

Data extraction

Two authors independently extracted information from eligi-
ble studies using standardized forms. The following details 
were extracted: name of first author, publication year, coun-
try, and study design, overall number of patients, number 
of patients in CT and CTRT arms, median follow-up dura-
tion, histology, HR for OS and DFS, pCR rate, median OS, 
5 year OS, rates of locoregional and distant recurrences. Any 

discrepancies between the reviewers regarding the extraction 
of data were resolved by consensus.

Quality assessment

The risk of bias of retrospective studies was assessed using 
the Newcastle OttawaScale [5], including the following three 
factors: patient selection, comparability of the study groups, 
and assessment of outcomes. Studies with scores greater 
than or equal to 7 were considered as having a low risk of 
bias, scores of 4–6 as having a moderate risk of bias, and 
scores less than 4 as having a high risk of bias. We assessed 
that follow-up was adequate if the median or mean follow-up 
was in excess of 36 months.

Statistical analysis

The primary outcome was OS. Secondary endpoints were 
DFS, pCR, median OS, 5-year OS, rates of locoregional and 
distant recurrences. The HR for OS and DFS of patients 
undergoing combined CTRT was used for meta-analysis. 
First, we directly extracted HR as well as its 95% CI from the 
text. When data were only available in the figures we calcu-
lated HR and 95% CI using the methods of Tierney et al. In 
these cases, we read the Kaplan–Meier curves by Engauge 
Digitiser version 7.2 and extracted the survival data to cal-
culate HRs and its 95% CI according to Tierney et al. [6].

Pooled HR was calculated using the random-effects 
model via the inverse variance method and presented as 
forest plots. Heterogeneity among included studies was 
assessed using the Cochran Q test and the I2 index, signifi-
cant heterogeneity was denoted by a Cochran Q P value 
of less than 0.05 or an I2 index > 50%. We also performed 
subgroup analyses for OS as the included studies had three 
types of data sources (national database, institutional data 
or prospective studies), HRs were calculated in two methods 
(univariate or multivariate analysis), and race (Asiatic vs 
non Asiatic patients). We applied a funnel plot as well as the 
Egger egression test to assess the possibility of publication 
bias. The “fill and trim” method was used to further evalu-
ate the possible effect of publication bias on the pooled HR. 
All statistical analyses were performed using Revman ver-
sion 5.3 software and Comprehensive Metanalysis V3.exe 
software.

Results

We found 1222 eligible studies including 762 duplicates in 
the initial search. Figure 1 outlines the selection process 
flow. A total of 22 studies were selected for the meta-anal-
ysis. There were four analysis using large national data-
bases, three randomized studies and 15 mono-institutional 
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retrospective studies [7–28]. The characteristics of included 
studies are presented in Table 1. 18 studies were retrospec-
tive analyses and overall research quality was moderate as 
assessed by the Newcastle-Ottawa Scale (mean 6.2); 18,260 
patients were included, 14,709 patients received neoadjuvant 
CTRT, whereas 3551 patients received CT alone. Regimens 
used for preoperative CT were mostly cisplatin + 5-Fluoro-
uracil (5-FU) based; conversely, in CTRT arm the main regi-
mens were cisplatin and 5-FU or platinum-taxanes based 
(CROSS-like schedule). Radiotherapy doses were conven-
tional, and ranged from 40 to 50 Gy in most studies. Five 
publications did not report data about neoadjuvant therapies. 
All studies included patients with localized (stages I–II) or 
locally advanced (stage III) distal EC (median 54%) or GEJ 
(median 42%) adenocarcinoma. Median follow-up was 47 
months.

Comparison of CTRT and CT: meta‑analysis of OS 
and DFS

The pooled HR and 95% CI by comparing CTRT vs CT 
alone was 0.95 (95% CI 0.84–1.07; P = 0.41) in n = 18 stud-
ies, demonstrating that the risk of death was similar with 
combined modalities compared to systemic therapy alone. 
There was a moderate heterogeneity in the OS result, with 
I2 = 48% and P = 0.01 (Fig. 2). Conversely, DFS was bet-
ter with CTRT as compared with CT (HR 0.85, 95% CI 
0.75–0.97; P = 0.01) in n = 12 studies with data available 
(Fig. 3).
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Pooled median OS and 5‑year OS

Pooled median OS were 34.4 months (95% CI 31.7–37.2) 
and 32.1 months (95% CI 27.8–36.8) in CTRT and CT 
arms, respectively. Pooled 5-year OS rates were 38.7% 
(95% CI 36.5–41%) and 39% (95% CI 34.5–43.7%) in 
CTRT and CT arms, respectively.

pCR rates

Rates of pCR (defined as ypT0N0 stage after neoadjuvant 
therapy and surgery) was available in n = 17 studies. Odds 
ratio of pCR was 2.8 in favor of CTRT (95% CI 2.27–3.47; 
P < 0.001).

Fig. 2  Overall survival with neoadjuvant chemoradiotherapy vs chemotherapy in gastroesophageal junction

Fig. 3  Disease-free survival with neoadjuvant chemoradiotherapy vs chemotherapy in gastroesophageal junction
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Locoregional and distant failure rates

Compared to CT alone neoadjuvant CTRT improved 
locoregional recurrences rate (OR 0.6, 95% CI 0.39–0.91; 
P = 0.01) but not distant metastases rate (OR 0.81, 95% CI 
0.59–1.11; P = 0.19).

Subgroup analysis

Subgroup analysis by data sources showed that patients from 
national database, from mono-institutional data and from 
randomized studies had similar OS for CTRT and CT; HR 
and 95% CI were 1.09 (0.97–1.23) in large national data-
bases, 0.89 (0.73–1.08) in mono-institutional setting, and 
0.85 (0.62.1.18) for randomized studies.

Subgroup analysis by HR calculation method indicated 
that the effect of combined CTRT would be similar when 
HR was adjusted for known variables and when HR was 
calculated in an unadjusted way HR and 95% CI were 1.09 
(0.92–1.29) with no significant evidence of heterogene-
ity (I2 = 24%, P = 0.27) in adjusted subgroup, and 0.93 
(0.8–1.08) with heterogeneity (I2 = 44%, P = 0.04) in unad-
justed subgroup.

Only n = 1 study included Asian population: after exclud-
ing those data HR remained not significant and similar to the 
main analysis (HR 0.98, 95% CI 0.88–1.1; P = 0.76).

To further explore potential sources of heterogeneity we 
performed a sensitivity analysis of retrospective vs prospec-
tive studies separately. The effect size was similar with HR 
1 (95% CI 0.89–1.13; P = 0.99) for retrospective and HR 0.8 
(95% CI 0.56–1.14; P = 0.22) for prospective studies, with a 
test for interaction not significant (P = 0.24).

Publication bias

Publication bias was assessed using the funnel plot with 
Egger regression test. Evidence of publication bias was 

identified in our meta-analysis for OS [P Begg’s = 0.02 
(Fig. 4); Egger test, P = 0.01]. In addition, the “fill and trim” 
method identified five hypothetical studies as source of bias. 
The recalculated overall result continued to display a not 
significant OS different between CT and CTRT (HR 1.06, 
95% CI 0.93–1.22).

Discussion

Treatment of esophageal adenocarcinoma in particular 
adenocarcinoma of GEJ is a dilemma for surgeons and 
oncologists. It is usually associated with increased recur-
rences and reduced pCR, albeit similar 5-year OS when 
treated with neoadjuvant CTRT compared with squamous 
histotype. Neoadjuvant CTRT is currently recommended fol-
lowing the publication of CROSS study where, compared 
to surgery alone and in medically fit patients, it ameliorated 
OS and DFS in both histologic subtypes. However, study 
results were strongly driven by the remarkable percentage 
of patients with squamous cell carcinoma (23%). When con-
sidering the population of patients with adenocarcinoma, 
benefits only approached the significance [29]. With these 
recommendations in mind, preoperative CT is still consid-
ered an appropriate treatment before surgery by major guide-
lines. Therefore, we evaluated whether neoadjuvant CTRT 
compared to CT could improve outcome in localized/locally 
advanced adenocarcinoma of distal esophagus or GEJ. As 
expected, we found that despite a reduction in locoregional 
relapses and an increase in the odds of pCR by 2.8 fold, 
CTRT was not associated with a significant improvement in 
OS and 5-year OS compared to neoadjuvant CT. Conversely, 
probably due to better control of locoregional disease, DFS 
was slightly better with CTRT. Even if these results were 
associated with some heterogeneity and evidence of publi-
cation bias, mainly due to their non randomized nature, we 
found through a sensitivity analysis that both retrospective 

Fig. 4  Funnel plot of publica-
tion bias for overall survival 
analysis (random effect model)
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and prospective trials were associated with a similar OS for 
CTRT and CT.

Several are the hypothetical reasons for explaining these 
similar outcomes for the two arms. First, the addition of 
weekly or reduced doses of CT as radiosensitizing agents 
concurrently to RT, may not be able to prevent distant 
relapses compared to full doses of systemic multiagent 
neoadjuvant CT (e.g., MAGIC-like ECF or FLOT-like 
schemes). In fact, despite a better outcome associated with 
CTRT in CROSS study, 39% of patients in the combination 
arm recurred distantly [30]. Second, although the addition 
of RT to CT leads to an improved locoregional control of the 
disease due to a better rate of pCR and nodal downstaging, 
complete disappearance of cancer cells from primary tumor 
and lymph-nodes is not demonstrated to represent a surro-
gate for OS [31]. Third, despite the treatment intensification, 
a significant proportion of patients treated with neoadjuvant 
CTRT in the end do not receive further treatment after sur-
gery, frequently due to poor post-surgical recovery, com-
plications, or treatment-related deaths. In the neoadjuvant 
CT arm, despite most patients received older perioperative 
treatments (e.g., cisplatin + 5FU, ECF or FOLFOX-like), 
some further cycles were likely administered after surgery 
as adjuvant therapy and this may have provided an additional 
benefit on final outcome. Finally, it is nowadays accepted 
that centralization of esophageal cancer surgery in high-
volume institutions is associated with 70% fewer mortality 
[32]. Therefore, in different trials, the surgical complica-
tions, the skills of surgeons and the characteristics of institu-
tions where patients included were treated, may have con-
tributed to alter the final outcomes. Additionally, although 
esophagectomy represents he standard treatment for Siewert 
I tumors, there is now general heterogeneity about surgical 
modalities and lymph-node dissection, with an incidence of 
minimally invasive resections progressively rising in major 
cancer centers [33].

The role of radiotherapy in GEJ adenocarcinoma is still 
debated. The optimal timing and delivery is a matter of 
controversy. A recent SEER analysis comparing outcome 
of subjects with Siewert II disease that received neoadju-
vant vs adjuvant RT was published. SEER data showed that 
adjuvant RT was associated with a survival benefit as com-
pared to neoadjuvant RT for the treatment of Siewert type 
II GEJ cancer [34]. Many nodal groups (in particular in the 
abdomen) are associated with a significant risk (15–20%) 
of microscopic involvement [35], and these at-risk basins 
are usually not covered by neoadjuvant CTRT plans. In our 
review details of RT fields are mostly not presented and a 
formal analysis was not made.

Our review has some intrinsic limitation and could have 
introduced some evidence of publication bias. First, the use 
of a meta-analysis for observational studies is controversial, 
and heterogeneity of study designs, disease characteristics 

and patient populations may have affected the pooled esti-
mation. Although randomized controlled trials provide the 
most reliable evidence, such studies are currently lacking 
for GEJ, and a meta-analysis of observational or non ran-
domized studies might be appropriate to assess treatment 
efficacy for such a disease. Second, most studies were retro-
spective in their nature, so a potential imbalance in patients 
characteristics (performance status and comorbidities) was 
likely, with more fit patients that potentially received and 
completed more aggressive treatment (e.g., CTRT). This 
could be the main reason for the publication bias we found 
in OS analysis. Follow-up also differs among studies with 
potential imbalance in long-term results. However, we have 
tried to screen for studies with potential bias, and the method 
of “fill and trim” calculated that publication bias does not 
materially alter the final result. Furthermore, we performed 
a subgroup analysis for retrospective vs randomized studies 
achieving similar results. Third, since treatment schedules 
(concomitant agents, type and doses of RT) used date back 
more than 10 years, results may be inferior compared to the 
current standards. Therefore, the administration of modern 
regimens (e.g., taxane-based) that recently emerged as the 
preferred treatment, could have eventually improved the 
results of CT arm in terms of DFS and distant recurrences. 
Fourth, about 50% of papers do not report data on the dura-
tion of follow-up or have a median observation time of no 
more than 2 years, potentially biasing long-term outcome. 
Finally, the included studies presented a mixture of distal 
esophagus and GEJ carcinomas, different histology subclas-
sification (Lauren vs intestinal type disease) and stages, so a 
formal recommendation cannot be generalized.

However, this is the first systematic analysis attempting to 
evaluate the most appropriate treatment for GEJ adenocar-
cinoma, a disease whom incidence is globally raising. We 
included more than 18,000 patients from 22 studies compar-
ing the short and long-term outcomes of subjects treated 
with neoadjuvant CT or CTRT and found similar OS and 
5-year survival rates. As expected, a benefit in terms of pCR 
and locoregional control in favor of CTRT was evident.

In a recent network meta-analysis exploring the best 
neoadjuvant strategy in operable GE cancer, periopera-
tive cisplatin/5FU, perioperative ECF/ECX, perioperative 
FLOT, and preoperative CROSS-like regimen, significantly 
improved survival compared to surgery alone. Among them, 
perioperative FLOT resulted the most effective neoadjuvant 
treatment for the disease [36]. In the randomized FLOT4-
AIO study by Al Batran and colleagues, in particular, the 
population with GEJ (Siewert I) disease attained the best 
results in terms of both OS and PFS with FLOT-schedule 
compared to ECX-ECF regimens [37]. Another systematic 
review of 6 randomized studies comparing neoadjuvant 
CTRT and CT and including both adenocarcinoma and 
squamous cell cancers found better 3- and 5-year OS for 
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CTRT, but an analysis splitted for adenocarcinoma was not 
presented [38]. Authors only reported data on R0 resec-
tions and pCR that favored CTRT vs CT in adenocarcinoma 
population.

In conclusion, we demonstrated that both CTRT and CT 
are associated with similar survival rates when preceded sur-
gery in GEJ or distal esophageal adenocarcinoma. Despite 
CTRT shows higher pCR and a better locoregional control 
than CT alone, it is not associated with an improved out-
come nor reduce the risk of distant metastases. However, 
both treatment modalities are justified for these patients 
according to current guidelines. Patient preferences, medi-
cal conditions, disease characteristics (uncertainty about R0 
resection chance), medical confidence with treatment man-
agement and related toxicities should also be considered. 
When defining treatment plan, modern CT combinations 
such as CROSS-like and FLOT regimens should reasonably 
be preferred.

This article is a meta-analysis and does not contain any 
studies with human or animal subjects performed by any of 
the authors.
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