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Abstract

Background Although anthracycline-based triplets are one
of the most widely used schedules to treat advanced gastric
cancer (AGC), the benefit of including epirubicin in these
therapeutic combinations remains unknown. This study
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aims to evaluate both the efficacy and tolerance of triplets
with epirubicin vs. doublets with platinum-fluoropyrim-
idine in a national AGC registry.

Methods Patients with AGC treated with polychemother-
apy without trastuzumab at 28 hospitals in Spain between
2008 and 2016 were included. The effect of anthracycline-
based triplets against doublets was evaluated by propensity
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score matching (PSM) and Cox proportional hazards (PH)
regression.

Result A total of 1002 patients were included (doublets,
n = 653; anthracycline-based triplets, n = 349). The
multivariable Cox PH regression failed to detect signifi-
cantly increased OS in favor of triplets with anthracyclines:
HR 0.90 (95% CI, 0.78-1.05), p = 0.20035. After PSM,
the sample contained 325 pairs with similar baseline
characteristics. This method was also unable to reveal an
increase in OS: 10.5 (95% CI, 9.7-12.3) vs. 9.9 (95% CI,
9.2-11.4) months, HR 0.91 (CI 95%, 0.76-1.083), and
(log-rank test, p = 0.226). Response rates (42.1 vs. 33.1%,
p = 0.12) and PFS (HR 0.95, CI 95%, 0.80-1.13, log-rank
test, p = 0.873) were not significantly higher with epiru-
bicin-based regimens. The triplets were associated with
greater grade 3—4 hematological toxicity, and increased
hospitalization due to toxicity by 68%. The addition of
epirubicin is viable, but 23.7% discontinued treatment
because of adverse effects or patient decision.

Conclusion Anthracyclines added to platinum-fluoropy-
rimidine doublets did not improve the response rate or
survival outcomes in patients with AGC but entailed
greater toxicity.

Keywords Anthracyclines - Epirubicin -
Triplets:doublets - Gastric cancer - Stomach

Introduction

Standard therapy for advanced gastric cancer (AGC) that
overexpresses or amplifies human epidermal growth factor
receptor-2 (HER?2) is the combination of trastuzumab with
cisplatin and fluoropyrimidines [1]. However, this pathway
is actived in only some 20% of the cases [2, 3]. There are
several treatment options for the remaining tumors (HER2
negative) that generally combine two or three cytostatics
[4], with objective response rates of 35—45% and median
overall survival (OS) rarely exceeding 12 months [5].
Epirubicin-containing triplets currently comprise one of
the most commonly used schedules, but whether associat-
ing this drug to the combination of platinum and fluo-
ropyrimidine can increase efficacy or activity is unknown
[4, 6]. The role of 5-fluorouracil—cisplatin-epirubicin (ECF)
in advanced disease was founded on a phase III trial that
showed greater activity and survival, but less
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myelosuppression, compared to the 5-fluorouracil, dox-
orubicin, and methotrexate (FAMTX) schedule [7]. Nev-
ertheless, the use of epirubicin as a single agent had
previously demonstrated modest activity in AGC [8], and
trials at the time were unable to confirm that adding
anthracyclines was synergistic or contributed to enhancing
the efficacy of 5-fluorouracil in monotherapy [9, 10].

Even at present, there are no phase III studies that
compare FP vs. ECF, that is, the same schedules with and
without anthracycline. The meta-analysis by Wagner et al.
suggested increased OS for schedules with epirubicin:
hazard ratio (HR) 0.77, [95% confidence interval (CI),
0.62-0.95], contributing to the more prevalent use of ECF
[11]. However, it is worth mentioning that the trial with the
greatest weight in this pooled measure included a com-
parison of two triplets, with and without epirubicin [12],
whereas the other two trials had a very small sample size
and hence did not allow for definitive conclusions to be
reached [13, 14]. As far as we know, only a randomized
phase II trial (n = 91) has subsequently compared ECX
against CX (cisplatin-capecitabine) regimens with pro-
gression-free survival as the primary endpoint, concluding
that both were equivalent; hence, CX can be a reasonable
standard chemotherapy [15].

Despite all this, the doubts around choosing platinum
and fluoropyrimidine doublets or adding anthracyclines to
them to obtain a triplet remain unresolved. The questions
as to the additive effect of epirubicin in combination are
still open, given the difficulty extrapolating the data to
clinical practice entails, since real-world patients are often
older, frailer, and have more chronic comorbidities than
highly selected clinical trial populations. Registry-based
cohort studies can also address real-world safety concerns
by examining serious toxicities and risk-benefit ratios in
larger series of patients.

Because there is not a single phase III trial to assess the
still clinically relevant effect of adding anthracyclines, we
have undertaken this analysis in an attempt to examine the
efficacy and tolerance of triplets with anthracyclines versus
fluoropyrimidine and platinum doublets alone.

Patients and methods
Patient selection criteria

The patients are from the national AGAMENON study of
consecutive cases, in which 28 Spanish sites participated.
The study design, characteristics, method, and data quality
criteria have been extensively reported previously [3, 4].
Briefly, the eligibility criteria include adult patients
(> 18 years) with histologically confirmed, unresectable or
metastatic gastric, gastroesophageal junction (GEJ), or
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distal esophageal adenocarcinoma who received first-line
chemotherapy. Only those patients treated with two drugs
(a platinum and a fluoropyrimidine), or with 3 drugs when
the combination included a platinum, fluoropyrimidine,
and epirubicin were included.

The most relevant exclusion criteria were the absence of
at least 3 months of follow-up (except for patients who
died before 3 months), fewer than 6 months since com-
pleting some kind of eventual adjuvant or neoadjuvant
therapy, and the presence of other synchronous tumors.
Patients who received first-line trastuzumab were excluded.

Variables

Fifteen factors that could influence the selection of triplet
with anthracyclines vs. doublets with fluoropyrimidine and
platinum schedules were chosen: sex, age, hypoalbumine-
mia (albumin <3.5 g/dl), Eastern Cooperative Group Per-
formance Status (ECOG PS) scale >2, primary tumor site
(esophagus, gastroesophageal junction, stomach), >2
Charlson chronic comorbidities, chronic heart disease,
stage at diagnosis (unresectable, locally advanced vs.
metastatic), surgery for primary tumor, previous perioper-
ative treatment, presence of signet ring cells, Lauren
classification (diffuse vs. others), histological grade, Her2
status, site of metastases, and year of first-line therapy.
Tumor response was assessed by the local investigators by
means of an ex profeso reevaluation of the radiological
images or computed tomography taken approximately
every 3 months, as per the RECIST 1.1 criteria. Dose
intensity (DI) was defined as the amount of drug admin-
istered per unit of time, expressed as mg/m® weekly.
Cumulative dose was defined as the total dose and reported
as total mg/m” administered. Relative dose intensity (RDI)
was considered to be the DI administered with respect to
the planned dose intensity for each schedule (Supplemen-
tary Table 1 and 2). Overall survival (OS) was defined as
the time from treatment initiation to death from any cause;
progression-free survival (PFS) was defined as the time
from the beginning of chemotherapy until tumor progres-
sion or death from any cause, with censoring of patients
who are lost to follow-up.

Statistics

Univariate screening with the above-named variables was
performed. Those that were significantly associated with
OS (p < 0.10) were entered into a Cox proportional haz-
ards (PH) regression model for OS together with the
treatment schedule (with or without anthracycline, binary
coded). Second, we used propensity score matching (PSM),
a method that projects the probability of treatment selection

on a scalar score as a basis on which to generate a rela-
tively balanced distribution of baseline variables for both
types of treatment [16]. Thus, ‘nearest neighbor matching
without replacement,’ ratio 1:1, and ‘caliper width’ of 0.20
were chosen to match the observations with or without
anthracyclines. To assess the pairing diagnostics, stan-
dardized differences of covariate values were used; <10%
indicated a negligible difference and special attention was
paid to assure that additional, unforeseen imbalances were
not generated in the process [16—18]. Subsequently, sur-
vival was estimated by the Kaplan-Meier method for the
samples paired using this procedure. Stratified (by PS
quintiles) log-rank tests were used to estimate the effect
size of anthracyclines [17]. If subjects’ true hazard ratio
(relative risk) with anthracycline-based triplets versus
doublets was 0.77, as in Wagner’s meta-analysis [5], 460
events would have to be observed to be able to reject the
null hypothesis that the survival functions of both groups
are similar, with a probability (power) of 0.80 and type I
error associated to this test of 0.05 [19]. All statistical
assessments were two-sided, and p values < 0.05 were
deemed significant. Statistical analyses were performed
using RStudio, including the ‘Matchlt’ and ‘survival’
packages [20-22].

Results
Patients

Between January 2008 and December 2016, 2169 patients
were registered, of whom 1002 were evaluable for this
analysis. Figure 1 illustrates the selection process. At the
time of analysis, 825 deaths (82.7%) had been recorded,
with a median OS of 10.4 months [95% confidence interval
(CD, 9.9-11.1]. The schedules used in first-line
chemotherapy are presented in Supplementary Tables 1
and 2. To summarize, a doublet with platinum-fluoropy-
rimidine was used in 653 (65.1%) and a triplet with
anthracyclines in 349 (34.8%) subjects; the most common
triplet was EOX in 283 patients (81% of the total of
anthracycline-based triplets), whereas the most frequently
used doublets were FOLFOX-6 in 177 (27.1%), CAPOX in
163 (24.9%), and XP in 150 (22.9%) patients. Table 1
shows the distribution of subjects’ baseline characteristics
stratified per treatment. The imbalance of certain variables
that were systematically associated with the use of triplets
with anthracyclines versus platinum-fluoropyrimidine
doublets is apparent, such as ECOG PS 0-1, absence of
chronic heart disease, <2 chronic comorbidities, locally
advanced, unresectable tumors, absence of liver metas-
tases, and diffuse or poorly differentiated tumors.

@ Springer
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Fig. 1 Flowchart of patients in
the registry

Patients assessed

for eligibility (n=2169)

v

— = Less than 6 months from perioperative therapy
(n=54)
= Declined to participate (n=30)
= Missing values (n=202)
= Clinical trial without chemotherapy (n=17)
= <3 months follow-up (n=171)
= Previous chemotherapy for advanced disease (n=38)
= Perioperative therapy within <6 months (n=54)
= Other advanced tumor (n=21)
Not eligible for this analysis (n=538)
= Therapy with trastuzumab (n=204)

Not meeting eligibility criteria for the registry (n=629) *

= Unfit for combination chemotherapy (n=495)
Monotherapy due to age (n=69)
Monotherapy due to comorbidities (n=21)
Monotherapy due to poor performance status (n=47)

= Did not receive any chemotherapy (n=306)

= Docetaxel or irinotecan regimens (n= 279)

= No survival data (n=55)

Analyzed (n=1002)

Pre- and post-PSM patient characteristics

In contrast, after implementing PSM, the study population
consisted of 650 subjects (325 treated with schedules based
on anthracyclines, evenly matched with another 325 treated
with platinum and fluoropyrimidines doublets). Of them, 542
deaths (83.3%) were recorded, with a median survival of
10.4 months (95% CI, 9.6-11.4). Supplementary Figs. 1
and 2 illustrate the distribution of propensity scores before
and after matching. Table 1 displays patients’ baseline

@ Springer

characteristics, with the standardized differences between
variables, before and after PSM. The PSM procedure is seen
to be effective in mitigating the standardized differences for
all baseline characteristics and did not generate any addi-
tional imbalances. In particular, it is worth mentioning that a
satisfactory balance was achieved of the differences between
variables, such as ECOG PS, Her2 status, location of
metastases, albumin, histological grade, or surgery for the
primary tumor, which also significantly influenced prognosis
in the Cox PH regression (see below).
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Table 1 Baseline characteristics of patients treated with triplets and doublets

Characteristics Before PSM After PSM
Platinum-based Anthracycline-based D" Platinum-based Anthracycline-based D"
doublet n = 653 triplet n = 349 doublet n = 325 triplet n = 325
Male, female 202 (30.9%) 111 (31.8%) 1.9 101 (31.0%) 101 (31.0%) 0
Age, mean £+ SD 65.15 + 11.39 59.6 + 11.87 046  64.80 £ 11.83 59.53 £ 11.95 —0.44
Albumin, <3.5 g/dl 171 (26.1%) 93 (26.6%) 1.1 89 (27.3%) 86 (26.4%) -2.0
ECOG-PS >2 124 (18.9%) 22 (6.3%) —38.6 26 (8.0%) 22 (6.7%) —-4.9
>2 Chronic comorbidities 107 (16.3%) 27 (7.7%) —26.6 30 (9.2%) 27 (8.3%) -3.1
Chronic cardiopathy 98 (15.0%) 21 (6.0%) —29.6 17 (5.2%) 21 (6.4%) 5.13
Primary tumor site
Esophagus 44 (6.7%) 21 (6.1%) —24 16 (4.9%) 20 (6.1%) 52
Gastroesophageal 66 (10.1%) 36 (10.3%) 0.6 36 (11%) 34 (10.4%) -19
junction
Stomach 543 (83.2%) 292 (83.6%) 1.0 273 (84.0%) 281 (83.3%) —1.8
Stage at diagnosis, 634 (97.0%) 318 (91.1%) —25.1 309 (95.0%) 310 (95.3%) 1.3
metastatic
Surgery of the primary 450 (68.9%) 212 (60.7%) —17.2 207 (63.6%) 204 (62.7%) —1.8
tumor
Prior perioperative 65 (9.9%) 37 (10.6%) 2.3 35 (10.7%) 36 (11.0%) 0.9
treatment
Signet ring cells 209 (32.0%) 112 (32.0%) 0 115 (35.3%) 106 (32.6%) —6.7
Lauren classification, 253 (38.7%) 137 (39.2%) 15.0 136 (41.8%) 130 (40%) -3.6
diffuse
Histological grade
Gl 73 (11.2%) 14 (4.0%) 274 12 (3.6%) 14 (4.3%) 35
G2 206 (31.5%) 93 (26.6%) —10.8 92 (28.3%) 93 (28.6%) 0.6
G3 251 (38.4%) 167 (47.8%) 19.0 146 (44.9%) 149 (45.8%) 1.8
Not available 123 (18.8%) 75 (21.4%) 6.4 75 (23.0%) 69 (21.2%) —43
Her2 positive (3+, 2+ 20 (3.0%) 10 (2.8%) —-1.1 8 (2.4%) 9 (2.7%) 1.9
and FISH+)
Site of metastases
Liver 254 (38.8%) 102 (29.9%) —18.8 113 (34.7%) 99 (30.4%) -9.1
Peritoneum 292 (44.7%) 168 (48.1%) 6.8 153 (47.0%) 158 (48.6%) 32
Bone 65 (9.9%) 35 (10.0%) 0.3 35 (10.7%) 34 (10.4%) -0.9
Lung 55 (8.4%) 25 (7.1%) —4.8 19 (5.8%) 24 (7.3%) 6.0
Year of treatment, >2009 620 (94.9%) 313 (89.6%) —19.9 302 (92.9%) 296 (91.0%) —-6.9

Percentages were calculated with respect to the columns

PSM propensity score matching, CI confidence interval, Db standardized difference, ECOG-PS Eastern Cooperative Oncology Group Perfor-
mance Status scale, SD standard deviation, FISH fluorescence in situ hybridization

Effect of epirubicin-based triplets versus doublets
in the entire population

In the Cox PH regression model, after adjusting for other
prognostic covariates, subjects who received triplets with
epirubicin were not seen to exhibit significantly higher OS,
HR 0.90 (95% CI, 0.78-1.05), p = 0.20035, in comparison
with those treated with platinum-fluoropyrimidine (see
Table 2). Likewise, no difference was observed in PFS,
with HR 0.97 (95% CI 0.83-1.12), p = 0.708507 (Sup-
plementary Table 3). In the binary logistic regression

model, the use of anthracycline triplets was not associated
with a significant increase in response rate: odds ratio 1.39
(95% CI, 0.92-2.10), p = 0.11625, after adjusting for other
confounding variables (data not shown).

Effect of adding epirubicin using the PSM-matched
sample

After obtaining an approximately balanced distribution of

baseline variables, no increase in survival was detected:
10.5 (95% CI, 9.7-12.3) vs. 9.9 (95% CI, 9.2—-11.4) months

@ Springer
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Table 2 Cox PH regression for

overall survival in eligible Covariate B Hazard ratio (HR)  95% CI of HR p value
patients (n = 1002) ECOG-PS >2 047451  1.60723 13206-1.9561  2.2-06
>2 Chronic comorbidities 0.10621 1.11205 0.9070-1.3634 0.30701
No primary tumor surgery 0.40946 1.50600° 1.2944-1.7522 1.2e-07
Locally advanced tumors —0.00133  0.99867 0.7106-1.4035 0.99390
Albumin, <3.5 g/dl 0.26745 1.30663 1.1159-1.5300 0.00089
Lauren classification, diffuse 0.00447 1.00448 0.8672-1.1634 0.95248
Her?2 status, 3+ vs. others —0.50658  0.60256 0.3757-0.9663 0.03555
Histological grade, grade 1 vs. others —0.30889  0.73426 0.5666-0.9516 0.01953
Site of metastases
Peritoneum 0.14050  1.15085 0.9959-1.3299 0.05687
Bone 0.64371 1.90354 1.5234—-2.3785  1.5e-08
Anthracycline-based triplet —0.09719  0.90738 0.7820-1.0529 0.20035

Schoenfeld’s global test, applied to verify the proportional hazards assumption (3> = 18.8, p = 0.06348)

PH proportional hazards, OS overall survival, CI confidence interval, ECOG-PS Eastern Cooperative
Oncology Group Performance Status scale

Fig. 2 Kaplan-Meier overall

) \ ( ) 100%
survival curves in subjects with
platin-fluoropyrimidine doublets <
or anthracycline-based triplets, °.
after PSM (n = 650). Median 2 7%
overall survival, 10.5 (95% CI, <
9.7-12.3) vs. 9.9 (95% CI, S
9.2-11.4) months (stratified log- 2 50%
rank test, p = 0.226), in patients _g
who received triplets with =

. . >
epirubicin versus doublets, N o506{ =+ PIUFI, 9.9 (95% Cl, 9.2-11.4) months
f)e;%ecltlggeéy)» EIR ?9_1 (c1 12?%’ + E/PI/FI, 10.5 (95% Cl, 9.7-12.3) months o

76-1. . Pl platinum,
fluoropyrimidine, E epirubicin, :j? anlk(t(éls? 50/:060222-1.083)
PSM propensity score matching, 0% 9 P
OS overall survival 0 120 240 360 480 600 720
Time (days)
- 32 261 185 127 79 52 33
- 32 282 200 128 86 50 36
0 120 240 360 480 600 720

in patients who received triplets with epirubicin versus
doublets, respectively, HR 0.91 (CI 95%, 0.76-1.083),
stratified log-rank test, p = 0.226. The post-PSM Kaplan-
Meier OS curves are shown in Fig. 2. Likewise, following
PSM, no difference in PFS is noticed in favor of triplets
containing anthracycline: 6.6 (95% CI, 5.9-7.1) vs. 6.1
(95% CI, 5.6-6.8) months, HR 0.95 (CI 95%, 0.80-1.13),
stratified log-rank test, p = 0.873. The use of second lines
of treatment is also similar for doublets and triplets with
anthracyclines, 51.0 and 56.0%, p = 0.208, respectively.
Resection of metastases was performed in 6.1 versus 7.0%
for doublets in contrast to triplets, p = 0.752. With respect
to 3-month tumor response as per RECIST 1.1, a non-
significant increase was found in the rate of objective

@ Springer

Numbers at risk

responses with anthracycline-containing triplets as opposed
to doublets: 42.1 vs. 33.1%, p = 0.125. Likewise, disease
control rates (complete response, partial response, and
stable disease) exhibited no statistically significant inter-
group differences: 64.1 vs. 62.1%, respectively, p = 0.724.

Instead, the use of triplets with anthracyclines was
associated with greater overall and grade 3-4 toxicity
compared to platinum-fluoropyrimidine doublets, particu-
larly more grade 3—4 anemia, neutropenia, febrile neu-
tropenia (104 vs. 6.5%), and toxicity-related
hospitalization [31 vs. 18.4%, odds ratio (OR) of 1.86,
(95% CI, 1.27-2.73), p = 0.0007] (Table 3). These
admissions took place after a median of 2 months of
treatment in both groups. G-CSF prophylaxis was used in
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Table 3 Adverse events

recorded after propensity score Toxicity Platinum-based doublet Anthracycline-based triplet
matching (n = 650) Total (%) Grade 34 (%) Total (%) Grade 34 (%)

Anemia 57.1 4.6 65.7 7.7
Neutropenia 43.7 18.9 57.0 32.0

Febrile neutropenia 5.5 8.6

Thrombocytopenia 232 1.8 234 3.0

Emesis 40.0 2.7 38.2 49
Diarrhea 36.0 4.0 432 5.5
Stomatitis 28.5 2.4 33.0 2.7
Fatigue 69.8 6.8 66.9 5.5
Hand-foot syndrome 26.0 0.3 27.1 3.0
Neuropathy 524 34 66.0 4.0
Alopecia 9.3 61.7

Increased aspartate aminotransferase 10.5 0.3 16.3 0.9
Hyperbilirubinemia 74 2.1 8.0 1.5

Renal toxicity 59 0.3 6.7 0.6
Cardiotoxicity 0.9 0.6 1.7 0

Venous thromboembolic disease 114 4.0 11.1 6.7
Toxicity-related hospital admission 18.4 31.0

Death due to toxicity 0.6 0.3

23.6% of anthracycline-containing triplets vs. 12.9% of
doublets (p = 0.0005).

Doses used in triplets with anthracyclines
or doublets in the PSM-matched sample

Regarding the capacity to maintain the planned epirubicin
dosing schedules in triplets, as well as the effect of adding
this drug to the dose of platinum administered, there were
essentially no differences in treatment duration, number of
cycles or dose density, with the exception of a slight decrease
in RDI of cisplatin of up to 77% for the XP schedule. The data
do not support the hypothesis that the lack of incremental
benefit from epirubicin-based triplets is due to the rapid
reconversion in doublets or lowering of cytotoxic dosages,
although in approximately one in four cases, the reason for
discontinuing anthracycline was the emergence of toxicity
deemed unacceptable or the patients’ withdrawal. On the
other hand, the most common causes leading to suspending
epirubicin were the detection of tumor progression or com-
pletion of therapy because the maximum number of planned
cycles had been administered (Table 4).

Discussion
In this article, we have analyzed the incremental effect of

adding epirubicin to platinum-fluoropyrimidine doublets
using the data from an observational study of AGC. After

generating a subset of patients with an approximately
homogeneous distribution of baseline characteristics, the
anthracycline-containing triplets were not more efficacious
in terms of objective response compared to doublets, and
no significant differences in PFS or OS between groups
were detected. In contrast, the use of anthracycline-con-
taining triplets was associated with greater toxicity, which
presumably impacts quality of life and healthcare resource
use.

These results are certainly different from the conclu-
sions of the meta-analysis by Wagner et al., who had
previously reported a benefit in terms of OS associated
with the use of anthracyclines-containing schedules, with a
HR of 0.77 (95% CI, 0.62 to 0.95) [11]. However, the
results of this meta-analysis were based on three small,
unequally designed trials, with comparators that are hardly
commensurate to modern clinical practice. Furthermore,
they were unable to directly respond to the question
regarding the incremental effect of epirubicin and took
place in a context of a striking increase in toxicity [12—14].
These outcomes from randomized controlled trials (RCTs)
failed to resolve doubts as to the applicability of ‘intensi-
fied’ therapies in the real-world conditions of clinical
practice of our study in which patients are often elderly,
with impaired performance status, and a high percentage of
whom suffer chronic comorbidities [23]. The paucity of
data from appropriately designed RCTs with a suit-
able sample size is the main reason why this issue con-
tinues to be relevant even today, projecting itself in our
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Table 4 Doses of oxaliplatin, cisplatin, and epirubicin in frequent regimens (after PSM)

Doses for Oxaliplatin Cisplatin Epirubicin
EOX FOLFOX6 CAPOX XP FP3w ECX EOX/ECF/ECX/EOF
Number of cycles (median, range) 6 (1-13) 8 (1-16) 5 (1-15) 5(1-9) 6 (1-6) 6 (1-12) 6 (1-12)
Median of treatment duration (weeks) 19 19 17 17 18 19 18
Mean cumulative dose (mg/mz) 678 638 657 365 338 331 245
Mean dose/cycle (mg/m?/cycle) 123 80 121 71 71 60 48
Mean dose intensity (mg/m?/week) 38 35 37 22 20 18 15
Mean, dose density 87% 84% 86% 77% 80% 90% 88%
Reason for withdrawal
Toxicity 15.3% 25.0% 23.7% 11.8% 13.0% 17.4% 20.6%
Progression 39.2% 28.0% 46.1% 51.5% 30.4% 34.8% 33.6%
Planned treatment completed 34.3% 23.0% 17.1% 27.9% 43.5% 17.4% 34.5%
Patient refusal 1.1% 5.0% 2.6% 1.5% 0 17.4% 3.1%
Other 7.5% 16.0% 6.6% 4.4% 4.3% 13% 7.7%
Change to the ToGA regimen 0 0 1.3% 0 0 0 0
Not available 2.6% 3.0% 2.6% 2.9% 8.7% 0 0.6%

PSM propensity score matching; EOX epirubicin, oxaliplatin, capecitabine; FOLFOX6 fluorouracil, oxaliplatin; XP capecitabine, cisplatin;
CAPOX capecitabine, oxaliplatin; DCX docetaxel, cisplatin, capecitabine; DCF docetaxel, cisplatin, fluorouracil; DOF docetaxel, oxaliplatin,

fluorouracil; DOX docetaxel, oxaliplatin, capecitabine

activity daily, debates, and research, which justifies con-
ducting the analysis we present here [15].

In contrast, data from our study confirm those of a small
randomized phase II study that compared the efficacy and
safety of ECX vs. CX, basically with the same PFS and
response rate that we report here [15]. However, we have
found substantial differences in tolerance in our series with
a higher rate of neutropenia, emesis and toxicity-related
hospital admissions with anthracycline-based triplets.

In addition, our results are compatible with the indirect
comparisons of a network meta-analysis recently reported
by other authors who did not detect incremental benefits in
OS and PFS for anthracycline-containing triplets compared
to doublets based on fluoropyrimidines [6]. It is interesting
to emphasize that the REAL-2 phase III clinical trial that
led to the generalization of EOX in AGC confirmed the
non-inferiority hypothesis for oxaliplatin and capecitabine
versus cisplatin and fluorouracil; however, the study was
not designed to appraise the value of adding epirubicin,
since the four treatment arms included anthracycline [24].
The role of adding anthracyclines to platinum and fluo-
ropyrimidine-based schedules is even more controversial if
we consider that docetaxel-containing triplets have
demonstrated their superiority to doublets not containing
docetaxel in a multicenter, phase III study [25] and have
achieved an increase in responses and a trend toward
greater survival rates in a meta-analysis that included 12
RCTs [26]. Likewise, triplets with docetaxel have dis-
played a trend toward superiority over triplets with
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anthracyclines (NCT02445209) [27]. The conclusions of
our study also differ to a certain extent from an earlier
analysis presented by our own group, in which greater OS
was observed in favor of the use of three-drug vs. two-drug
schedules in general: HR, 0.77; 95% CI, 0.65-0.92; strat-
ified log-rank test, p = 0.004. However, at that time,
approximately one-third of the schedules were based on the
addition of docetaxel as the third drug; consequently, the
analysis could not be considered optimized to evaluate
specifically the use of anthracyclines [28].

The uncertainty as to the real effect of anthracyclines
might have negatively affected the development of new
targeted drugs for AGC insofar as some research groups
have assumed that epirubicin-based triplets (e.g., EOX or
ECX) were both the scaffolding on which to add new
molecules in phase III trials, as well as the standard com-
parator [29, 30]. Thus, prior to scaling the risk-benefit of
these kinds of triplets, the RILOMET-1 and REAL-3 trials
already investigated the use of experimental quadruple
therapies with the addition of monoclonal antibodies
against MET and epidermal growth factor receptor
(EGFR). This may have undermined the development of
these targeted therapies, in part because the schedules were
too toxic for patients [29, 30]. In this regard, our analysis
reveals that triplets with anthracyclines are viable in clin-
ical practice, with high RDIs (>85% with respect to the
planned dose) for the three components of the schedule.
Nevertheless, close to one-fourth of the patients in our
study discontinued treatment because of toxicity or because
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of their own decision, and, more importantly, the likelihood
of patients’ being hospitalized early because of grade 3—4
grade toxicity increased from 18.4 to 31.0%.

This study has several study limitations inherent to
evaluating effects in clinical practice studies. First, PSM is
presumably capable of balancing an important part of the
asymmetries in the baseline covariates, which results from
the systematic selection of treatments in nonrandomized
series. Thus, projecting the effect of numerous covariates
on a scalar ‘propensity score’ entails the risk of generating
unforeseen imbalances in the resulting sample. Despite the
matching techniques used, it cannot be ruled out that some
predictors such as performance status that simultaneously
affect OS and triplet selection continue to behave as
residual confounding factors. Second, the concept of
‘doublet’ or ‘triplet” with or without epirubicin has covered
several schedules. Insofar as it is doubtful that all schedules
are truly equivalent in terms of efficacy or safety, the
analysis must be contemplated as a perspective to be
confirmed, ideally in RCTs. Third, most of the analyses we
present are based on retrospective data with the limitations
in accuracy inherent in studies of this kind, despite the fact
that the main endpoint (OS), as well as the type of treat-
ment and other measures, can be considered reliably col-
lected, robust data. The reader must also be mindful that
the effect size used for sample size determination derives
from the results of a meta-analysis and therefore may not
be optimal in a cohort with real-world data.

With all the afore-mentioned exceptions and in the
absence of RCTs that improve the information presented
herein, these results are of interest and can potentially be
clinically applicable, in addition to generating hypotheses.
Our data confirm the perception that, at least for most
patients, the platinum-fluoropyrimidine doublet should be
considered the initial standard treatment for AGC. The
oncologists who participated in this study appear to have
opted for the use of anthracycline-containing triplets vs.
doublets in the case of patients with apparently more
aggressive tumors (G3 or diffuse), perhaps with the justi-
fication of potentially greater efficacy in terms of response.
However, the study does not evince any indication that
benefitted in any noticeable way in clinical practice.

It is also doubtful that the use of triplets with anthra-
cyclines should therefore be reserved for those special
situations in which maximizing the possibility of objective
tumor response could conceivably translate as a relevant
clinical benefit (e.g., to alleviate a symptomatic patient or
for surgery in a patient for whom resection is initially
doubtful). While these circumstances are obviously con-
ceivable, it is possible that the best choice in cases such as
these might be a triplet containing docetaxel and not nec-
essarily epirubicin [25-27].

In conclusion, the results of this study reveal that adding
epirubicin to a combination of two drugs containing a
platinum and fluoropyrimidine does not enhance the
response rate, overall survival, progression-free survival, or
clinical benefit. Furthermore, the epirubicin-containing
triplet schedules used in our study incremented toxicity, the
number of hospitalizations, burden of care for the teams,
and, possibly, healthcare expenditure. Though this study
presents the scientific limitations previously expounded,
the data endorse the use of platinum- and fluoropyrimidine-
containing doublets in everyday clinical practice, except
for special cases. Properly designed phase III trials with
enough patients to draw conclusions with a greater level of
evidence are needed. Nonetheless, we believe that those
projects are quite unviable in western countries.
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