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Abstract
Background

It remains unclear which treatment is the most effective for previously treated patients with
advanced esophageal and esophagogastric junction (EGJ) cancer. We conducted a net-
work meta-analysis to address this important issue.

Methods

PubMed, Embase, Cochrane Library, and Web of Science databases were searched for relevant
phase Il and lll randomized controlled trials (RCTs). Overall survival (OS) was the primary out-
come of interest, which was reported as hazard ratio (HR) and 95% confidence intervals (Cls).

Results

Sixteen RCTs involving 3372 patients and evaluating 15 treatments were included in this
network meta-analysis. Ramucirumab+chemotherapy (CT) (HR = 0.52, 95% CI: 0.35-0.77)
and use of programmed death receptor 1 (PD-1) inhibitors, including camrelizumab (HR =
0.71, 95% CI: 0.57-0.88), sintilimab (HR = 0.70, 95% CI: 0.50—0.98), nivolumab (HR = 0.76,
95% CI: 0.62—-0.94), and pembrolizumab (HR = 0.84, 95% CI: 0.72—-0.98), conferred better
OS than CT; however, this OS benefit was not observed for PD-L1 inhibitor (avelumab) and
other target agents (trastuzumab, everolimus, gefitinib, and anlotinib). In subgroup analysis,
ramucirumab+CT and pembrolizumab showed significant improvement in OS, when com-
pared to CT, in esophageal/EGJ adenocarcinoma (AC) cases; moreover, all PD-1 inhibitors
had significant OS advantage over CT in treating esophageal squamous cell carcinoma
(SCC). Based on treatment ranking in terms of OS, ramucirumab+CT and camrelizumab
were ranked the best treatments for patients with AC and SCC, respectively.

Conclusions

Ramucirumab+CT and PD-1 inhibitors were superior to CT for previously treated cases of
advanced esophageal/EGJ cancer. Ramucirumab+CT seemed to be the most effective
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treatment in patients with esophageal/EGJ AC, while use of PD-1 inhibitors, especially cam-
relizumab, was likely to be the optimal treatment in patients with esophageal SCC.

Introduction

Esophageal cancer is characterized as an aggressive disease, and almost 50% of patients with
esophageal cancer are diagnosed at an advanced stage [1]. Esophageal cancer has two main his-
tological subtypes: esophageal adenocarcinoma (AC) and esophageal squamous cell carcinoma
(SCC). Esophageal SCC is more prevalent in the upper and middle third of the esophagus,
while AC usually arises from the distal third of the esophagus or the esophagogastric junction
(EG]J). Systemic chemotherapy (CT) plays an essential role in the treatment of patients with
advanced disease, in whom the median survival is only around 1 year [2]. In the attempts to
improve the survival of this population, researchers have been investigating the efficacy of vari-
ous target agents for a decade, such as those targeting epidermal growth factor receptor
(EGFR) [3], vascular endothelial growth factor receptor two (VEGFR2) [4, 5], tyrosine kinase
[6], HER2 gene [7, 8], and the mechanistic target of rapamycin (mTOR) pathway [9]. These
agents have shown different degrees of efficacy outcomes.

More recently, there has been increased interest in immune checkpoint inhibitors (ICIs)
for the treatment of advanced esophageal cancer [10-17]. Several phase III trials [12, 13, 15,
16] have demonstrated that, compared with CT, inhibitors of programmed death receptor 1
(PD-1) and its ligand, PD-L1, were associated with significant longer overall survival (OS) and
a manageable safety profile in previously treated patients with advanced esophageal cancer.

Due to the lack of head-to-head comparison trials, it remains unclear whether ICIs have
superior efficacies over targeted therapies; furthermore, the optimal regimen for previously
treated patients with advanced esophageal/EGJ cancer remains controversial. Thus, we per-
formed a network meta-analysis to assess the comparative efficacy and safety of different treat-
ments, attempting to identify the most effective treatment for this patient population.

Methods
Literature search strategy

We conducted this network meta-analysis in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (S1 Table) [18]. We system-
atically searched PubMed, Embase, Cochrane Library, Web of Science databases, and the
recent congresses of American Society of Clinical Oncology and European Society for Medical
Oncology for available studies before July 1, 2020. The search strategy is detailed in S2 Table.
Manual searching of reference lists of the relevant publications were also performed.

Inclusion and exclusion criteria

Studies were included if they met all of the following criteria: (1) phase II and III randomized
controlled trials (RCTs) in recurrent or metastatic esophageal/EG]J cancer patients whose dis-
ease has progressed during or after previous systemic treatment; (2) compared ICIs or targeted
therapies with CT, best supportive care (BSC), or placebo; (3) reported at least one of the fol-
lowing outcome data in each arm: OS, progression-free survival (PFS), objective response rate
(ORR), and serious adverse events (SAEs); and (4) published in English. RCTs enrolling
patients with both esophageal/EGJ cancer and gastric cancer were also included if they
described the results for esophageal/EG]J cancer separately.
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Data extraction

Two investigators independently extracted the following information from each trial: first
author or title of the RCT, study design, region, histological type, location, follow-up time,
number of patients, interventions, hazard ratios (HRs) and their 95% confidence intervals
(CIs) of PFS and OS, and odds ratios (ORs) and their 95% CIs of ORR and SAEs.

Quality assessment

Two investigators independently assessed the risk of bias of each study using Cochrane Collab-
oration’s tool [19], which includes the following five domains: sequence generation, allocation
concealment, blinding, incomplete data, and selective reporting. A RCT was finally classified
to have “low risk of bias” (all domains indicated as low risk), “high risk of bias” (one or more
domains indicated as high risk), or “unclear risk of bias” (more than three domains indicated
as unclear risk).

Statistical analysis

The statistical analyses were performed by two investigators (SL and TL). The primary out-
come was OS, while the secondary outcomes included PES, ORR, and SAEs. HRs or ORs and
their 95% ClIs were used as summary statistics. For direct comparisons, standard pairwise
meta-analysis was conducted using the Review Manager 5.3 (Cochrane Collaboration, Oxford,
UK). Heterogeneity was assessed using chi-square (x*) and I-square (I*) tests. A random-
effects model was used for data with P-value over 0.10 or I? over 50%, which indicated substan-
tial heterogeneity; otherwise, a fixed-effects model was used.

Bayesian network meta-analyses were performed using a Markov Chain Monte Carlo simu-
lation technique in JAGS and GeMTC package in R (https://drugis.org/software/r-packages/
gemtc). As most direct evidence came from one trial, the fixed-effects consistency model was
employed [20]. For each outcome measure, three Markov chains were generated automatically
and run simultaneously. For each chain, 150000 sample iterations were generated with 100 000
burn-ins and a thinning interval of 10. The convergence of the model was assessed using the
traces plot and Brooks-Gelman-Rubin method [21]. Surface under the cumulative ranking
curve (SUCRA) method [22] was used to assess relative efficiency and safety rankings. A
SUCRA of one indicates that the treatment is certain to be the best and zero if the treatment is
certain to be the worst. The transitivity assumption was evaluated by comparing the distribu-
tion of potential effect modifiers (sample size, median age, and median follow-up time) across
treatment comparisons [23]. Global inconsistency was assessed by comparing the fit of consis-
tency and inconsistency models using deviance information criteria [24, 25]. Node-splitting
analysis was used to assess whether there was inconsistency between direct and indirect results
within the treatment loop [26], with P<0.05 indicating significant inconsistency. Sensitivity
analyses were conducted to evaluate the stability of results, omitting trials with sample size of
less than 50, or trials of phase II and phase II/III. In addition, we performed subgroup analyses
according to histologic type. Publication bias was examined using funnel plots [27].

Results
Literature search results and characteristics of included RCTs

We identified 1895 records from the initial literature search and retrieved and reviewed 143
potentially eligible reports in full text (Fig 1). The relevant references were also reviewed for
missed studies. Finally, 16 RCTs [3-17, 28, 29] were deemed eligible for inclusion with a total
of 3372 patients enrolled to receive 15 different treatments, including PD-1/L1 inhibitors
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Fig 1. Literature search and selection. RCTs, randomized control trials; EGJ, esophagogastric junction.

https://doi.org/10.1371/journal.pone.0252751.g001

(avelumab, camrelizumab, nivolumab, pembrolizumab, and sintilimab), target agents (anloti-
nib, everolimus, gefitinib, ramucirumab, ramucirumab+CT, trastuzumab, trastuzumab derux-
tecan [T-DXd]), CT, BSC, and placebo. The baseline characteristics of the included trials are
shown in Table 1. All studies were multinational trials, and a total of 12 studies (75%) were
phase III trials. The median sample size was 145 participants (range, 24-628). The median age
was 62 years (range, 59.1-65.5 years). The median follow-up time was 10.0 months (range,
6.7-20.7 months).

Assessment of included trial

The risk of bias for included RCT's was summarized in S1 Fig. Overall, the risk of bias across
studies was relatively low, with No RCTs rated with high risk of bias. Funnel plot analysis did
not indicate any evident risk of publication bias for OS and PFS (S2 Fig).

Conventional pairwise meta-analysis

Results of pairwise meta-analysis and individual RCTs are shown in Table 2. There were two
pairwise meta-analyses for OS, including CT vs BSC or placebo and pembrolizumab vs CT.
CT significantly improved OS (HR = 0.69, 95% CI: 0.51-0.92; I = 0%) when compared with
BSC or placebo. No significant difference in OS was observed between pembrolizumab and
CT (HR = 0.77, 95% CI: 0.54-1.10; I* = 67%).

Network meta-analysis

Fig 2 shows the network of eligible comparisons for OS and PFS. Network meta-analysis
included all treatments for OS, 12 treatments for PFS, 7 treatments for ORR, and 5 treatments
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Table 1. Characteristics of included trials.

Trial Design | Time Region Primary Treatment Sample |Meadian |Median Histologic
Range Endpoint | Details Size Age Follow-up | type
(years) (months)
COG/2014 [3] 111 2009-2011 | multicentre | OS Gefitinib 224 64.7 NR SCC+AC
BSC/Placebo 225 64.9
RAINBOW/2014 [4] 1 2010-2012 | multicentre | OS Ramucirumab+CT | 66 61 7.9 AC
CT 71 61
REGARD/2014 [5] 111 2009-2012 multicentre oS Ramucirumab 59 60 NR AC
BSC/Placebo 32 60
ALTER1102/2019 [6] 11 2016-2018 multicentre PFS Anlotinib 109 60.6 NR SCC
(China) BSC/Placebo 55 60.7
GATSBY/2017 [7] II/11T 2012-2013 multicentre oS Trastuzumab 77 62 17.5 AC
CT 33 62 154
DESTINY-Gastric01/2020 [8] 11 2017-2019 | multicentre ORR T-DXd 16 65 NR AC
CT 8 66
GRANITE-1/2013 [9] 111 2009-2010 | multicentre | OS Everolimus 118 62 14.3 AC
BSC/Placebo 69 62
ATTRACTION-2/2017 [10] 111 2014-2016 | multicentre | OS Nivolumab 30 62 8.87 AC
(Asia) BSC/Placebo 12 61 8.59
Gastric 300/2018 [11] 111 2015-2017 multicentre (oN Avelumab 63 59 10.6 AC
CT 48 61
KEYNOTE-061/2018 [12, 13] 111 2015-2016 | multicentre OS/PFS Pembrolizumab 62 64 7.9 AC
CT 73 62
KEYNOTE-181/2019 [14] 111 NR multicentre oS Pembrolizumab 314 63 20.8 SCC+AC
CT 314 62 20.6
Attraction-3/2019 [15] 111 2016-2017 | multicentre | OS Nivolumab 210 64 10.5 SCC
(Asia) CT 209 67 8.0
ESCORT/2019 [16] 1 2017-2018 | multicentre | OS Camrelizumab 228 60 8.3 SCC
(China) CT 220 60 6.2
ORIENT-2/2020 [17] 1I 2017-2018 | multicentre | OS Sintilimab 95 58.8 7.2 SCC
CT 95 59.4 6.2
COUGAR-02/2014 [28] 11 2008-2012 multicentre oS CT 45 65 12 AC
BSC/Placebo 47 66
TAGS/2018 [29] 111 2016-2018 multicentre oS CT 98 64 10.7 AC
BSC/Placebo 47 63

Abbreviations: OS, overall survival; PFS, progression-free survival; ORR, objective response rate; AC, adenocarcinoma; SCC, squamous cell carcinoma; T-DXd,

Trastuzumab deruxtecan; CT, chemotherapy; BSC, best supportive care; NR, not reported.

https://doi.org/10.1371/journal.pone.0252751.t1001

for SAEs. Results of the network meta-analysis are presented in Table 3. In terms of OS

(Table 3A), ramucirumab+CT, camrelizumab, sintilimab, nivolumab, and pembrolizumab
were more effective than CT (HR = 0.52, 95% CI: 0.35-0.77; HR = 0.71, 95% CI: 0.57-0.88;
HR = 0.70, 95% CI: 0.50-0.98; HR = 0.76, 95% CI: 0.62-0.94; and HR = 0.84, 95% CI: 0.72—
0.98), geﬁtinib (HR =0.39, 95% CI: 0.23-0.66; HR = 0.53, 95% CI: 0.36-0.79; HR = 0.52, 95%
CI: 0.33-0.84; HR = 0.57, 95% CI: 0.39-0.84; and HR = 0.63, 95% CI: 0.43-0.91), anlotinib
(HR =0.30, 95% CI: 0.16-0.55; HR = 0.40, 95% CI: 0.24-0.68; HR = 0.40, 95% CI: 0.22-0.72;
HR = 0.43, 95% CI: 0.26-0.73; and HR = 0.48, 95% CI: 0.29-0.80); ramucirumab+CT, camreli-
zumab, sintilimab, and nivolumab were also more effective than everolimus (HR = 0.42, 95%
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Table 2. Results of single trial and direct comparison meta-analysis.

Treatment

Pembrolizumab vs CT

CT vs BSC/Placebo
Gefitinib vs BSC/Placebo
Ramucirumab +CT vs CT
Ramucirumab vs BSC/Placebo
Anlotinib vs BSC/Placebo
Trastuzumab vs CT
Everolimus vs BSC/Placebo
Nivolumab vs BSC/Placebo
Avelumab vs CT
Nivolumab vs CT
Camrelizumab vs CT
Sintilimab vs CT

T-DXd vs CT

Study

(12, 13]
28, 29]
(3]

[4]

(5]

(6]

(7]

(9]

[10]
[11]
[14]
[15]
[17]

(8]

os
HR(95%CI)
0.77(0.54-1.10)
0.69(0.51-0.92)
0.90(0.74-1.09)
0.52(0.35-0.78)
0.76(0.47-1.21)
1.18(0.79-1.75)
1.18(0.70-2.01)
0.84(0.61-1.16)
0.44(0.20-0.97)
0.86(0.56-1.33)
0.77(0.62-0.96)
0.71(0.57-0.87)
0.70(0.50-0.97)
0.68(0.21-2.15)

PFS
HR(95%CI)
0.82(0.66-1.02)
0.60(0.41-0.88)
0.80(0.66-0.96)
0.39(0.26-0.59)
0.39(0.23-0.65)
0.46(0.32-0.66)
NR

NR

NR
1.22(0.78-1.91)
1.08(0.87-1.34)
0.69(0.56-0.86)
1.00(0.77-1.39)
NR

ORR
OR(95%CI)
4.22(1.73-10.32)
NR
6.17(0.74-51.63)
NR

NR
2.12(0.43-10.34)
NR

NR

NR
1.54(0.14-17.51)
0.87(0.51-1.49)
3.72(1.98-6.99)
2.14(0.77-5.97)
9.00(0.85-94.90)

SAEs Heterogeneity I (OS)
OR(95%CI)
0.32(0.22-0.46) 67%
NR 0%
NR

NR

NR

NR

NR

NR

NR

NR

0.13(0.08-0.20)
0.37(0.24-0.56)
0.39(0.20-0.77)

NR

Abbreviations: OS, overall survival; PFS, progression-free survival; ORR, objective response rate; SAEs, serious adverse events; HR, hazard ratio; CI, confidence interval;

OR, odds ratio; T-DXd, trastuzumab deruxtecan; CT, chemotherapy; BSC, best supportive care; NR, not reported.

https://doi.org/10.1371/journal.pone.0252751.t1002

CI: 0.23-0.75; HR = 0.57, 95% CI: 0.35-0.91; HR = 0.56, 95% CI: 0.33-0.96; and HR = 0.61,
95% CI: 0.38-0.97); ramucirumab+CT was also more effective than pembrolizumab
(HR = 0.62, 95% CI: 0.40-0.95), ramucirumab (HR = 0.46, 95% CI: 0.23-0.91), and trastuzu-
mab (HR = 0.44, 95% CI: 0.23-0.86).
With regard to PFS (Table 3B), ramucirumab+CT showed significant advantage over all
PD-1/L1 inhibitors, including camrelizumab (HR = 0.56, 95% CI: 0.35-0.89), pembrolizumab
(HR =0.47, 95% CI: 0.30-0.75), sintilimab (HR = 0.39, 95% CI: 0.23-0.65), nivolumab
(HR =0.36, 95% CI: 0.23-0.57), and avelumab (HR = 0.32, 95% CI: 0.17-0.59); ramucirumab
+CT was also more effective than other targeted therapies (except ramucirumab) and CT.
Camrelizumab showed significant advantage over other PD-1/L1 inhibitors, including sintili-
mab (HR = 0.69, 95% CI: 0.48-0.99), nivolumab (HR = 0.64, 95% CI: 0.47-0.87), and avelu-
mab (HR = 0.57, 95% CI: 0.35-0.93), except pembrolizumab; camrelizumab was also superior
to CT and gefitinib.

Ramucirumab

Ramucirumab+CT

Pembrolizumab

T-DXd

Sintilimab

Trastuzumab

BSC/Placebo

Camrelizumab'

cr

Anlotinib

Avelumab

Ramucirumab

Ramucirumab+CT

Pembrolizumab

Sintilimab

Camrelizumab

BSC/Placebo

Gefitinib

Anlotinib

Nivolumab

cT

Fig 2. Network of eligible comparisons for the network meta-analysis. a, overall survival; b, progression-free
survival. T-DXd, trastuzumab deruxtecan; CT, chemotherapy; BSC, best supportive care.

https://doi.org/10.1371/journal.pone.0252751.9002
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Regarding ORR (Table 3C), T-DXd, pembrolizumab, and camrelizumab were better than
CT (OR =12.76, 95% CI: 1.36-387.1; OR = 4.38, 95% CI: 1.85-11.66; and OR = 3.79, 95% CI:
2.06-7.34) and nivolumab (OR = 14.83, 95% CI: 1.49-461.57; OR = 5.04, 95% CI: 1.83-15.32;
and OR =4.36, 95% CI: 1.94-10.17).

In terms of SAEs (Table 3D), nivolumab was safer than pembrolizumab (OR = 0.40, 95%
CI: 0.22-0.72), camrelizumab (OR = 0.36, 95% CI: 0.19-0.66), and sintilimab (OR = 0.33, 95%
CI: 0.15-0.74). All PD-1 inhibitors were safer than CT. Since most of the data for treatments
with target agents were extracted from esophageal/EGJ cancer subgroups of studies involving
participants with both esophageal/EGJ cancer and gastric cancer in which safety profiles were
not reported, we failed to obtain enough data for their SAEs. Thus, comparative safety compar-
isons between target agents, PD-1/L1 inhibitors, and CT could not be performed.

Results of the treatment ranking based on SUCRA are presented in Table 4, with ranking
curves shown in S3 Fig. In terms of OS, ramucirumab+CT was ranked the most effective treat-
ment (0.95), followed by camrelizumab (0.79), sintilimab (0.79), nivolumab (0.72), and T-DXd
(0.70). With regard to PFS, ramucirumab+CT (0.99) and camrelizumab (0.79) were ranked
the best and the second-best treatments, respectively, followed by ramucirumab (0.78), anloti-
nib (0.67), and pembrolizumab (0.65). As for ORR, T-DXd (0.89) was ranked the best treat-
ment, followed by pembrolizumab (0.73), camrelizumab (0.68), sintilimab (0.48), and
avelumab (0.43). In terms of SAEs, nivolumab (1.00) was the least toxic treatment, followed by
pembrolizumab (0.59), camrelizumab (0.47), sintilimab (0.43), and CT (0.00).

Transitivity, inconsistency, and sensitivity analysis

Assessment of transitivity indicated that the sample size, median age, and median follow-up
time across treatments were relatively similar (S4 Fig). The fit of the consistency model was
similar to that of the inconsistency model regarding all outcomes (S3 Table). There was one
independent closed loop in the network for OS: nivolumab-CT-BSC/placebo. Analysis of
inconsistency in OS showed that the indirect results were similar to the direct results (S5 Fig).

Sensitivity analysis omitting sample size less than 50 [8, 10], or phase II and phase II/III tri-
als [6-8, 17] that did not affect the main results for OS (S4 Table).

Subgroup analysis

In the subgroup analysis of esophageal/EGJ AC (11 trials with 1102 patients receiving 10 treat-
ments) (Table 5A), ramucirumab+CT showed significant OS advantage over CT (HR = 0.52,
95% CI: 0.35-0.77), ramucirumab (HR = 0.47, 95% CI: 0.24-0.94), trastuzumab (HR = 0.44,
95% CI: 0.23-0.86), and everolimus (HR = 0.43, 95% CI: 0.24-0.77); pembrolizumab signifi-
cantly improved OS when compared to CT (HR = 0.64, 95% CI: 0.45-0.91) and everolimus
(HR =0.52, 95% CI: 0.30-0.92). In terms of PFS, ramucirumab+CT was more effective than
CT (HR =0.39, 95% CI: 0.26-0.59), avelumab (HR = 0.32, 95% CI: 0.17-0.59), gefitinib

(HR =0.29, 95% CI: 0.16-0.53); ramucirumab was superior to gefitinib (HR = 0.48, 95% CI:
0.27-0.84). Based on treatment ranking (Table 4 and S3 Fig), ramucirumab+CT was ranked
the most effective treatment (0.89) in terms of OS, followed by pembrolizumab (0.78) and
nivolumab (0.74); ramucirumab+CT (0.98) was still the best treatment in terms of PFS, fol-
lowed by ramucirumab (0.79) and CT (0.56).

In subgroup analysis of esophageal SCC (4 trials with 1458 patients receiving 5 treatments)
(Table 5B), treatment with PD-1 inhibitors, including camrelizumab (HR = 0.71, 95% CI:
0.57-0.88), sintilimab (HR = 0.70, 95% CI: 0.50-0.98), nivolumab (HR = 0.77, 95% CI: 0.62-
0.96), and pembrolizumab (HR = 0.78, 95% CI: 0.63-0.97), showed significant OS advantage
over CT. Camrelizumab and pembrolizumab also significantly improved PFS when compared
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to CT (HR = 0.69, 95% CI: 0.56-0.85; and HR = 0.79, 95% CI: 0.63-0.99); camrelizumab also
had significant PFS advantage over nivolumab (HR = 0.64, 95% CI: 0.47-0.87). According to
treatment ranking (Table 4 and S3 Fig), camrelizumab was ranked the most effective treatment
(0.73) in terms of OS, followed by sintilimab (0.73) and nivolumab (0.53); camrelizumab

(0.94) remained the best treatment in terms of PFES, followed by pembrolizumab (0.78) and
sintilimab (0.32).

Discussion

To the best of our knowledge, this is the first network meta-analysis that assessed the compara-
tive efficacy of major treatments for previously treated patients with advanced esophageal/EG]J
cancer. Our network meta-analysis showed that ramucirumab + CT and PD-1 inhibitors
(camrelizumab, sintilimab, nivolumab, and pembrolizumab) conferred better OS than CT,
while an OS benefit was not observed for PD-L1 inhibitor (avelumab) and other target agents
(trastuzumab, everolimus, gefitinib, and anlotinib).

It should be noted that esophageal AC and SCC are generally considered to be two
completely different diseases, with different molecular profiles, with distal esophageal AC
showing almost the same molecular profile as junction AC [30]. In the RAINBOW trial [4],
the addition of ramucirumab to CT significantly increased OS (HR = 0.52, 95% CI: 0.35-0.78)
in patients with advanced EGJ AC. However, this regimen has not been tested in patients with
SCC yet. More recently, several phase III trials have assessed the efficacy of PD-1/L1 inhibitors
as second-line therapy in advanced esophageal or EGJ AC, but with inconsistent results. For
example, pembrolizumab did not significantly improved OS, relative to CT, for patients with
advanced EGJ AC in KEYNOTE-181 trial [14], but showed a positive result in KEYNOTE-061
study [12, 13]. Based on treatment ranking in terms of both OS and PES in our network meta-
analysis, ramucirumab + CT was ranked the best treatment in patients with esophageal or EG]J
AC; PD-1/L1 inhibitors (pembrolizumab, nivolumab, and avelumab) were less effective than
ramucirumab + CT. Conversely, PD-1 inhibitors, including camrelizumab [16], pembrolizu-
mab [14], nivolumab [15], and sintilimab [17], have shown consistently significant longer OS
than CT in previously treated patients with advanced esophageal SCC. In our network meta-
analysis, despite the fact that no significant difference in OS was observed between these PD-1
inhibitors, camrelizumab was ranked the most effective treatment, either in OS or in PFS.
These findings will be helpful for physicians to select more suitable therapy strategy in patients
with different histological types.

Although PD-1 inhibitors have shown promising results in treatment of advanced esoph-
ageal SCC, they were likely to be more effective in patients with high PD-L1 levels. In the KEY-
NOTE-181 [14], pembrolizumab significantly improved OS vs CT as second-line therapy only
for SCC patients with PD-L1 CPS >10. In ATTRACTION-3 [15], and ESCORT trials [16],
despite nivolumab and camrelizumab showing OS advantage over CT, regardless of PD-L1
expression, patients with a high PD-L1 expression (CPS>10 or PD-L1>1) benefited more
from PD-1 inhibitors. Predictive role of PD-L1 expression was also evaluated in patients with
advanced esophageal/EG] AC, but with inconsistent results. ATTRACTION-2 [10] and JAVE-
LIN Gastric 300 [11] trials did not show a strong link between efficacy of nivolumab/avelumab
and tumor PD-L1 level; meanwhile, long-term analysis of KEYNOTE-061 trial found that sec-
ond-line pembrolizumab prolonged OS only among patients with PD-L1-positive esophageal/
EGJ AC [12, 13]. Thus, PD-L1 expression, when used as a predictive biomarker for esoph-
ageal/EGJ AC, needs further evaluation.

Recently, the use of PD-1/L1 inhibitors, in combination with CT or CTLA-4 inhibitors, has
demonstrated survival advantage over monotherapy in several tumors [31-34]. However,
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these combinations have never been assessed in advanced esophageal cancer. In the present
meta-analysis, PD-1/L1 inhibitors, including nivolumab and avelumab, did not show a signifi-
cant OS advantage over any of the treatments (except BSC/placebo) in patients with esoph-
ageal/EGJ AC; pembrolizumab significantly improved OS when compared to CT and some
target agents, but with lesser efficacy than ramucirumab+CT. For esophageal SCC, although
each PD-1 inhibitor monotherapy was superior to CT in individual trials, the difference was
not significant for patients with low PD-L1 expression. Thus, there is a need for large phase III
trials to assess whether PD-1/L1 inhibitors + CT could significantly improve survival when
compared to monotherapy, especially for patients with advanced esophageal/EGJ AC and
those with low PD-L1 expression.

Based on current findings, ramucirumab+CT and camrelizumab appeared to be the best
second-line treatment for patients with esophageal/EGJ AC and esophageal SCC, respectively.
However, this network meta-analysis has some limitations. First, the meta-analysis was con-
ducted based on the results reported from trials rather than individual patient data, and on
indirect comparisons instead of direct comparisons. In addition, PD-1 inhibitors are likely
more effective for patients with SCC and tumors with high PD-L1 expression. For those with
negative or low PD-L1 level tumors, whether PD-1 inhibitors are still superior to other treat-
ments remain uncertain. Since all studies of targeted therapies did not report the PD-L1
expression level of the patients, we could not further assess the comparative efficacy according
to PD-L1 expression status. Moreover, SAEs data for ramucirumab + CT was not provided in
individual trials, and thus, we could not investigate the comparative safety profile of this treat-
ment. All the limitations mentioned above do not allow us to reach a definitive conclusion
about which was the best treatment, and our findings should be interpreted with caution. Sec-
ond, different CT regimens and schedules used in individual trials were grouped together,
which might lead to heterogeneity. Third, some of the newer data were extracted from recent
conference abstracts [6, 8, 14, 17]. This could lead to a selection bias because more survival
data might be reported in the full publication. Finally, most of the data for target agents were
extracted from esophageal/EGJ cancer subgroups of studies involving participants with both
esophageal/EGJ cancer and gastric cancer, which may result in bias.

Conclusions

Ramucirumab+CT and PD-1 inhibitors were superior to CT for previously treated advanced
esophageal/EGJ cancer. Ramucirumab+CT seemed to be the most effective treatment in
patients with esophageal/EGJ AC; moreover, PD-1 inhibitors, especially camrelizumab, were
likely to be the optimal selection of treatments in patients with esophageal SCC. Future head-
to-head comparison trials are needed to confirm these findings. There is also a need for phase
III trials focusing on PD-1/L1 inhibitor-based combination therapy and treatment strategies in
esophageal cancer patients with negative or low PD-L1 level tumors.

Supporting information

S1 Fig. Assessment of risk of bias. a: Methodological quality graph: authors’ judgment about
each methodological quality item presented as percentages across all included studies; b: Meth-
odological quality summary: authors’ judgment about each methodological quality item for
each included study, “+” low risk of bias; “?” unclear risk of bias; “-” high risk of bias.

(DOC)

$2 Fig. Comparison-adjusted funnel plots of publication bias. a, overall survival; b, progres-
sion-free survival. T-DXd, trastuzumab deruxtecan; CT, chemotherapy; BSC, best supportive

PLOS ONE | https://doi.org/10.1371/journal.pone.0252751  June 4, 2021 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252751.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252751.s002
https://doi.org/10.1371/journal.pone.0252751

PLOS ONE

Comparative efficacy of treatments for previously treated patients with advanced esophageal cancer

care.
(DOC)

S3 Fig. Treatment ranking curves based on SUCRA. OS, overall survival; PFS, progression-
free survival; ORR, objective response rate; SAE, serious adverse event; SUCRA, surface under
the cumulative ranking; T-DXd, trastuzumab deruxtecan; CT, chemotherapy; BSC, best sup-
portive care.

(DOC)

S4 Fig. Assessment of transitivity among included trials. a, sample size; b, median age; c,
median follow up time. T-DXd, trastuzumab deruxtecan; CT, chemotherapy; BSC, best sup-
portive care.

(DOC)

S5 Fig. Inconsistency evaluation by node-splitting analysis for overall survival. CT, chemo-
therapy; BSC, best supportive care.
(DOC)

S1 Table. PRISMA checKklist.
(DOC)

S2 Table. Search strategy.
(DOC)

$3 Table. Comparisons of the fit of consistency and inconsistency models.
(DOC)

$4 Table. Results of sensitivity analysis.
(DOC)

Author Contributions

Conceptualization: Jun Dang.

Data curation: Shuiyu Lin, Tingting Liu.

Formal analysis: Jun Chen, Guang Li, Jun Dang.

Methodology: Shuiyu Lin, Tingting Liu.

Software: Shuiyu Lin, Tingting Liu, Jun Chen.

Writing - original draft: Shuiyu Lin, Tingting Liu, Jun Chen, Guang Li.

Writing - review & editing: Jun Dang.

References

1.  Howlader N, Noone AM, Krapcho M, Miller D, Brest A, Yu M, et al. SEER Cancer Statistics Review,
1975-2016, National Cancer Institute. April 2019. [https:/seer.cancer.gov/csr/1975_2016/].

2. van Rossum PSN, Mohammad NH, Vleggaar FP, van Hillegersberg R. Treatment for unresectable or
metastatic oesophageal cancer: current evidence and trends. Nat Rev Gastroenterol Hepatol. 2018; 15
(4):235-249. https://doi.org/10.1038/nrgastro.2017.162 PMID: 29235549

3. Dutton SJ, Ferry DR, Blazeby JM, Abbas H, Dahle-Smith A, Mansoor W, et al. Gefitinib for oesophageal
cancer progressing after chemotherapy (COG): a phase 3, multicentre, double-blind, placebo-controlled
randomised trial. Lancet Oncol. 2014; 15(8):894—904. https://doi.org/10.1016/S1470-2045(14)70024-5
PMID: 24950987

4. Wilke H, Muro K, Van Cutsem E, Oh SC, Bodoky G, Shimada Y, et al. Ramucirumab plus paclitaxel ver-
sus placebo plus paclitaxel in patients with previously treated advanced gastric or gastro-oesophageal

PLOS ONE | https://doi.org/10.1371/journal.pone.0252751  June 4, 2021 13/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252751.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252751.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252751.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252751.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252751.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252751.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252751.s009
https://seer.cancer.gov/csr/1975_2016/
https://doi.org/10.1038/nrgastro.2017.162
http://www.ncbi.nlm.nih.gov/pubmed/29235549
https://doi.org/10.1016/S1470-2045%2814%2970024-5
http://www.ncbi.nlm.nih.gov/pubmed/24950987
https://doi.org/10.1371/journal.pone.0252751

PLOS ONE

Comparative efficacy of treatments for previously treated patients with advanced esophageal cancer

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

junction adenocarcinoma (RAINBOW): a double-blind, randomised phase 3 trial. Lancet Oncol. 2014;
15(11):1224-1235. https://doi.org/10.1016/S1470-2045(14)70420-6 PMID: 25240821

Fuchs CS, Tomasek J, Yong CJ, Dumitru F, Passalacqua R, Goswami C, et al. Ramucirumab mono-
therapy for previously treated advanced gastric or gastro-oesophageal junction adenocarcinoma
(REGARD): an international, randomised, multicentre, placebo-controlled, phase 3 trial. Lancet. 2014;
383(9911):31-39. https://doi.org/10.1016/S0140-6736(13)61719-5 PMID: 24094768

Huang J, Xiao JX, Fang WT, Lu P, Fan QX, Shu YQ, et al. Anlotinib in chemotherapy-refractory meta-
static esophageal squamous cell carcinoma (ESCC): A randomized, double-blind, multicenter phase Il
trial. J Clin Oncol. 2019; 37(Suppl.4): abstract 95.

Thuss-Patience PC, Shah MA, Ohtsu A, Van Cutsem E, Ajani JA, Castro H, et al. Trastuzumab emtan-
sine versus taxane use for previously treated HER2-positive locally advanced or metastatic gastric or
gastro-oesophageal junction adenocarcinoma (GATSBY): an international randomised, open-label,
adaptive, phase 2/3 study. Lancet Oncol. 2017; 18(5):640—-653. https://doi.org/10.1016/S1470-2045
(17)30111-0 PMID: 28343975

Shitara K, Bang YJ, Iwasa S, Sugimoto N, Ryu M-H, Sakai D, et al. Trastuzumab Deruxtecan in Previ-
ously Treated HER2-Positive Gastric Cancer. N Engl J Med. 2020; 382(25):2419-2430. https://doi.org/
10.1056/NEJM0a2004413 PMID: 32469182

Ohtsu A, Ajani JA, Bai YX, Bang YJ, Chung HC, Pan HM, et al. Everolimus for previously treated
advanced gastric cancer: results of the randomized, double-blind, phase Ill GRANITE-1 study. J Clin
Oncol. 2013; 31(31):3935-3943. https://doi.org/10.1200/JC0O.2012.48.3552 PMID: 24043745

Kang YK, Boku N, Satoh T, Ryu MH, Chao Y, Kato K, et al. Nivolumab in patients with advanced gastric
or gastro-oesophageal junction cancer refractory to, or intolerant of, at least two previous chemotherapy
regimens (ONO-4538-12, ATTRACTION-2): a randomised, double-blind, placebo-controlled, phase 3
trial. Lancet. 2017; 390(10111):2461-2471. https://doi.org/10.1016/S0140-6736(17)31827-5 PMID:
28993052

Bang YJ, Ruiz EY, Van Cutsem E, Lee KW, Wyrwicz L, Schenker M, et al. Phase lll, randomised trial of
avelumab versus physician’s choice of chemotherapy as third-line treatment of patients with advanced
gastric or gastro-oesophageal junction cancer: primary analysis of JAVELIN Gastric 300. Ann Oncol.
2018; 29(10):2052—-2060. https://doi.org/10.1093/annonc/mdy264 PMID: 30052729

Shitara K, Ozgiiroglu M, Bang YJ, Di Bartolomeo M, Mandala M, Ryu MH, et al. Pembrolizumab versus
paclitaxel for previously treated, advanced gastric or gastro-oesophageal junction cancer (KEYNOTE-
061): a randomised, open-label, controlled, phase 3 trial. Lancet. 2018; 392(10142):123-133. https://
doi.org/10.1016/S0140-6736(18)31257-1 PMID: 29880231

Fuchs C.S, Ozgiiroglu M, Bang YJ, Di Bartolomeo M, Mandala M, Ryu MH, et al. Pembrolizumab ver-
sus paclitaxel for patient with previously treated PD-L1—positive advanced gastric or gastroesophageal
junction cancer: Update from the phase Il KEYNOTE-061 trial. J Clin Oncol. 2020; 38(Suppl.15):
abstract 4503.

Kojima T, Muro K, Francois E, Hsu CH, Moriwaki T, Kim SB, et al. Pembrolizumab versus chemother-
apy as second-line therapy for advanced esophageal cancer: Phase 3 KEYNOTE-181 study. J Clin
Oncol. 2019; 37(Suppl.4): abstract 4010.

Kato K, Cho BC, Takahashi M, Okada M, Lin CY, Chin K, et al. Nivolumab versus chemotherapy in
patients with advanced oesophageal squamous cell carcinoma refractory or intolerant to previous che-
motherapy (ATTRACTION-3): a multicentre, randomised, open-label, phase 3 trial. Lancet Oncol.
2019; 20(11):1506-1517. https://doi.org/10.1016/S1470-2045(19)30626-6 PMID: 31582355

Huang J, XuJM, Chen Y, Zhuang W, Zhang YP, Chen ZD, et al. Camrelizumab Versus Investigator’s
Choice of Chemotherapy as Second-Line Therapy for Advanced or Metastatic Oesophageal Squamous
Cell Carcinoma (ESCORT): A Multicentre, Randomised, Open-Label, Phase 3 Study. Lancet Oncol.
2020; 21(6):832—-842. https://doi.org/10.1016/S1470-2045(20)30110-8 PMID: 32416073

Xu JM, Fan QX, Sha YQ, Wu ZJ, Cui TJ, Gu KS, et al. Sintilimab in patients with advanced esophageal
squamous cell carcinoma refractory to previous chemotherapy: A randomized, open-label phase Il trial
(ORIENT-2). J Clin Oncol. 2020; 38(Suppl.15): abstract 4511.

Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement. Int J Surg. 2010; 8(5):336—341. https://doi.org/10.
1016/j.ijsu.2010.02.007 PMID: 20171303

Higgins JP, Altman DG, Getzsche PC, Jiini P, Moher D, Oxman AD, et al. The Cochrane Collabora-
tion’s tool for assessing risk of bias in randomized trials. BMJ. 2011; 343:d5928. https://doi.org/10.1136/
bmj.d5928 PMID: 22008217

Zhao'Y, Liu J, Cai X, Pan Z, Liu J, Yin W, et al. Efficacy and safety of first line treatments for patients
with advanced epidermal growth factor receptor mutated, non-small cell lung cancer: systematic review
and network meta-analysis. BMJ. 2019; 367:15460. https://doi.org/10.1136/bm|.I5460 PMID: 31591158

PLOS ONE | https://doi.org/10.1371/journal.pone.0252751  June 4, 2021 14/15


https://doi.org/10.1016/S1470-2045%2814%2970420-6
http://www.ncbi.nlm.nih.gov/pubmed/25240821
https://doi.org/10.1016/S0140-6736%2813%2961719-5
http://www.ncbi.nlm.nih.gov/pubmed/24094768
https://doi.org/10.1016/S1470-2045%2817%2930111-0
https://doi.org/10.1016/S1470-2045%2817%2930111-0
http://www.ncbi.nlm.nih.gov/pubmed/28343975
https://doi.org/10.1056/NEJMoa2004413
https://doi.org/10.1056/NEJMoa2004413
http://www.ncbi.nlm.nih.gov/pubmed/32469182
https://doi.org/10.1200/JCO.2012.48.3552
http://www.ncbi.nlm.nih.gov/pubmed/24043745
https://doi.org/10.1016/S0140-6736%2817%2931827-5
http://www.ncbi.nlm.nih.gov/pubmed/28993052
https://doi.org/10.1093/annonc/mdy264
http://www.ncbi.nlm.nih.gov/pubmed/30052729
https://doi.org/10.1016/S0140-6736%2818%2931257-1
https://doi.org/10.1016/S0140-6736%2818%2931257-1
http://www.ncbi.nlm.nih.gov/pubmed/29880231
https://doi.org/10.1016/S1470-2045%2819%2930626-6
http://www.ncbi.nlm.nih.gov/pubmed/31582355
https://doi.org/10.1016/S1470-2045%2820%2930110-8
http://www.ncbi.nlm.nih.gov/pubmed/32416073
https://doi.org/10.1016/j.ijsu.2010.02.007
https://doi.org/10.1016/j.ijsu.2010.02.007
http://www.ncbi.nlm.nih.gov/pubmed/20171303
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/pubmed/22008217
https://doi.org/10.1136/bmj.l5460
http://www.ncbi.nlm.nih.gov/pubmed/31591158
https://doi.org/10.1371/journal.pone.0252751

PLOS ONE

Comparative efficacy of treatments for previously treated patients with advanced esophageal cancer

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Brooks S, Gelman A. General methods for monitoring convergence of iterative simulations. J Comput
Graph Stat. 1998; 7:434—455.

Chaimani A, Higgins JP, Mavridis D, Spyridonos P, Salanti G. Graphical tools for network meta-analysis
in STATA. PLoS One. 2013; 8(10):e76654. https://doi.org/10.1371/journal.pone.0076654 PMID:
24098547

Salanti G. Indirect and mixed-treatment comparison, network, or multiple treatments meta-analysis:
many names, many benefits, many concerns for the next generation evidence synthesis tool. Res
Synth Methods. 2012; 3(2):80-97. https://doi.org/10.1002/jrsm.1037 PMID: 26062083

Dias S, Welton NJ, Caldwell DM, Ades AE. Checking consistency in mixed treatment comparison meta-
analysis. Stat Med. 2010; 29(7-8):932—944. https://doi.org/10.1002/sim.3767 PMID: 20213715

Dias S, Welton NJ, Sutton AJ, Caldwell DM, Lu G, Ades AE. NICE DSU technical support document 4:
inconsistency in networks of evidence based on randomised controlled trials. 2011; updated April 2014.
NICE Decision Support Unit, 2014. http://nicedsu.org.uk/ (accessed 22 August 2017).

van Valkenhoef G, Dias S, Ades AE, Welton NJ. Automated generation of node-splitting models for
assessment of inconsistency in network meta-analysis. Res Synth Methods. 2016; 7(1):80-93. https://
doi.org/10.1002/jrsm.1167 PMID: 26461181

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical
test. BMJ. 1997; 315:629-634. https://doi.org/10.1136/bm|.315.7109.629 PMID: 9310563

Ford HE, Marshall A, Bridgewater JA, Janowitz T, Coxon FY, Wadsley J, et al. Docetaxel versus active
symptom control for refractory oesophagogastric adenocarcinoma (COUGAR-02): an open-label,
phase 3 randomised controlled trial. Lancet Oncol. 2014; 15(1):78-86. https://doi.org/10.1016/S1470-
2045(13)70549-7 PMID: 24332238

Shitara K, Doi T, Dvorkin M, Mansoor W, Arkenau HT, Prokharau A, et al. Trifluridine/tipiracil versus pla-
cebo in patients with heavily pretreated metastatic gastric cancer (TAGS): a randomised, double-blind,
placebo-controlled, phase 3 trial. Lancet Oncol. 2018; 19(11):1437-1448. https://doi.org/10.1016/
S1470-2045(18)30739-3 PMID: 30355453

Cancer Genome Atlas Research Network. Integrated genomic characterization of oesophageal carci-
noma. Nature. 2017; 541(7636):169-175. https://doi.org/10.1038/nature20805 PMID: 28052061

Dafni U, Tsourti Z, Vervita K, Peters S. Immune checkpoint inhibitors, alone or in combination with che-
motherapy, as first-line treatment for advanced non-small cell lung cancer. A systematic review and net-
work meta-analysis. Lung Cancer. 2019; 134:127-140. https://doi.org/10.1016/j.lungcan.2019.05.029
PMID: 31319971

Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey CL, Lao CD, et al. Combined Nivolumab and
Ipilimumab or Monotherapy in Untreated Melanoma. N Engl J Med. 2015; 373(1):23-34. https://doi.org/
10.1056/NEJMoa 1504030 PMID: 26027431

Hodi FS, Chiarion-Sileni V, Gonzalez R, Grob JJ, Rutkowski P, Cowey CL, et al. Nivolumab plus ipilimu-
mab or nivolumab alone versus ipilimumab alone in advanced melanoma (CheckMate 067): 4-year out-
comes of a multicentre, randomised, phase 3 trial. Lancet Oncol. 2018; 19(11):1480—1492. https://doi.
org/10.1016/S1470-2045(18)30700-9 PMID: 30361170

Sharma P, Siefker-Radtke A, de Braud F, Basso U, Calvo E, Bono P, et al. Nivolumab Alone and With
Ipilimumab in Previously Treated Metastatic Urothelial Carcinoma: CheckMate 032 Nivolumab 1 mg/kg
Plus Ipilimumab 3 mg/kg Expansion Cohort Results. J Clin Oncol. 2019; 37(19):1608—-1616. https://doi.
org/10.1200/JC0.19.00538 PMID: 31100038

PLOS ONE | https://doi.org/10.1371/journal.pone.0252751  June 4, 2021 15/15


https://doi.org/10.1371/journal.pone.0076654
http://www.ncbi.nlm.nih.gov/pubmed/24098547
https://doi.org/10.1002/jrsm.1037
http://www.ncbi.nlm.nih.gov/pubmed/26062083
https://doi.org/10.1002/sim.3767
http://www.ncbi.nlm.nih.gov/pubmed/20213715
http://nicedsu.org.uk/
https://doi.org/10.1002/jrsm.1167
https://doi.org/10.1002/jrsm.1167
http://www.ncbi.nlm.nih.gov/pubmed/26461181
https://doi.org/10.1136/bmj.315.7109.629
http://www.ncbi.nlm.nih.gov/pubmed/9310563
https://doi.org/10.1016/S1470-2045%2813%2970549-7
https://doi.org/10.1016/S1470-2045%2813%2970549-7
http://www.ncbi.nlm.nih.gov/pubmed/24332238
https://doi.org/10.1016/S1470-2045%2818%2930739-3
https://doi.org/10.1016/S1470-2045%2818%2930739-3
http://www.ncbi.nlm.nih.gov/pubmed/30355453
https://doi.org/10.1038/nature20805
http://www.ncbi.nlm.nih.gov/pubmed/28052061
https://doi.org/10.1016/j.lungcan.2019.05.029
http://www.ncbi.nlm.nih.gov/pubmed/31319971
https://doi.org/10.1056/NEJMoa1504030
https://doi.org/10.1056/NEJMoa1504030
http://www.ncbi.nlm.nih.gov/pubmed/26027431
https://doi.org/10.1016/S1470-2045%2818%2930700-9
https://doi.org/10.1016/S1470-2045%2818%2930700-9
http://www.ncbi.nlm.nih.gov/pubmed/30361170
https://doi.org/10.1200/JCO.19.00538
https://doi.org/10.1200/JCO.19.00538
http://www.ncbi.nlm.nih.gov/pubmed/31100038
https://doi.org/10.1371/journal.pone.0252751

