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Abstract Background: Consistent evidence on prognostic and predictive factors for

advanced oesophagogastric cancer is lacking. Therefore, we performed a systematic review

and meta-analysis.

Methods: We searched PubMed, Embase and the Cochrane Central Register of Controlled

Trials (CENTRAL) databases for phase II/III randomised controlled trials (RCTs) until

February 2017 on palliative systemic therapy for advanced oesophagogastric cancer that re-

ported prognos t i c or pred ic t ive fac tors for overa l l surv iva l (PROSPERO-

CRD42014015177). Prognostic factors were identified from multivariate regression analyses

in study reports. Factors were considered potentially clinically relevant if statistically signifi-

cant (P � 0.05) in multivariate analysis in �50% of the total number of patients in the pooled

sample of the RCTs and were reported with a pooled sample size of �600 patients in the first-

line or �300 patients in the beyond first-line setting. Predictive factors were identified from

time-to-event stratified treatment comparisons and deemed potentially clinically relevant if

the P-value for interaction between subgroups was �0.20 and the hazard ratio in one of the

subgroups was significant (P � 0.05).
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Results: Forty-six original RCTs were included (n Z 15,392 patients) reporting on first-line

(n Z 33) and beyond first-line therapy (n Z 13). Seventeen prognostic factors for overall sur-

vival in the first-line and four in the beyond first-line treatment setting were potentially clin-

ically relevant. Twenty-one predictive factors in first-line and nine in beyond first-line

treatment setting were potentially relevant regarding treatment efficacy.

Conclusions: The prognostic and predictive factors identified in this systematic review can be

used to characterise patients in clinical practice, be included in future trial designs, enrich

prognostic tools and generate hypotheses to be tested in future research to promote patient-

centred treatment.

ª 2018 Elsevier Ltd. All rights reserved.
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1. Introduction

Survival of patients with metastatic oesophagogastric

cancer varies greatly among patient subpopulations [1].

There is no international consensus on standard first-
line palliative treatment, but regimens usually consist

of a fluoropyrimidine (e.g., 5-fluorouracil, capecitabine,

S-1) and a platinum compound (e.g., cisplatin, oxali-

platin) [2e4]. Recently, targeted therapies such as

monoclonal antibodies and tyrosine kinase inhibitors

have been added as treatment options in both first- and

beyond first-line treatment [2e4].

Identifying which patients have a dismal prognosis
and which treatments they are most likely to benefit

from would enable personalised treatment strategies and

improve survival. Prognostic and predictive factors are

key in this process. Prognostic factors are patient and

tumour characteristics that can be used to estimate the

prognosis of a patient, independent of a specific treat-

ment regimen. Cohort studies or, preferably, well-con-

ducted randomised controlled trials (RCTs) are suitable
for evaluating the prognostic relevance of such

patient and tumour characteristics [5]. In contrast, pre-

dictive factors indicate which patient (sub)populations

may benefit more from a certain treatment over others

[6]. Predictive factors, therefore, imply a differential

treatment benefit that depends on the absence or pres-

ence of a particular patient or tumour characteristic.

Predictive factors can be evaluated with stratified ana-
lyses in an RCT including a control group [5]. If there is

evidence that a certain factor may have predictive value

for the efficacy of the experimental intervention over the

control treatment, the next step may be to repeat the

RCT but with a selected patient group.

The tumour-node-metastasis (TNM) classification is

an established combination of prognostic factors, which

uses the following tumour characteristics: tumour size
and invasion of surrounding structures, lymph node

metastases and distant metastases [7]. Besides the TNM

classification, other prognostic factors such as the per-

formance status and peritoneal metastasis are also
spitals Foundation from ClinicalKey.com by Elsevier on October 03, 2018.
. Copyright ©2018. Elsevier Inc. All rights reserved.
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recognised as clinically important and are, therefore,

used as stratification factors in RCTs. Many trials have

been performed in the last decades, reporting a variety

of statistically significant prognostic factors. Previously,

several gastric and oesophageal cancerespecific prog-

nostic models have been proposed [8e12]. A well-known

example is the Royal Marsden Hospital prognostic

index. However, these prognostic indices were based on
relatively small numbers of patients from a limited

number of studies, and the evidence of prognostic fac-

tors is inconsistent. As for predictive factors, human

epidermal growth factor receptor 2 (HER-2) status is

currently the only predictive factor in oesophagogastric

cancer that is used in clinical practice to select patients

for a specific (in this case, HER-2 targeted) therapy [13].

In sum, the current evidence of prognostic factors is
inconsistent, and evidence of predictive factors (other

than HER-2 status) in the palliative treatment of oeso-

phagogastric cancer is lacking. We, therefore, performed

a systematic review and meta-analysis to identify clini-

cally relevant prognostic and predictive factors for

overall survival (OS) in the palliative systemic treatment

of oesophagogastric cancer.
2. Methods

2.1. Literature search

The search protocol of a previous project registered in

PROSPERO with registration number

CRD42014015177 was used. Adopting the Preferred

Reporting Items for Systematic Reviews and Meta-

Analyses guidelines, we searched the databases

PubMed, Embase, the Cochrane Central Register of

Controlled Trials (CENTRAL) and meeting abstracts
from the American Society of Clinical Oncology and

European Society for Medical Oncology for RCTs up to

February 2017. Medical subject headings and text words

for oesophagogastric cancer and for each treatment

option were used (Supplementary Table 1). E.t.V. and

N.H.M. screened the titles, abstract and full texts of the

articles before January 2016, and J.J.v.K. and S.S.

screened the titles, abstracts and full texts of the update
search after January 2016. Disagreements were dis-

cussed with H.W.M.v.L. until consensus was reached.
2.2. Study selection and quality assessment

We included prospective phase II or III RCTs comparing

palliative systemic therapies for patients with pathologi-

cally proven metastatic, unresectable or recurrent

adenocarcinoma of the stomach, oesophagus or gastro-
esophageal junction. In addition, RCTs needed to report

on prognostic factors in multivariate regression analyses

and/or predictive subgroup analyses concerning OS. The

Cochrane risk of bias tool (version 5.1.0) was used to
Downloaded for Anonymous User (n/a) at West-Friesland and Waterland Hospi
For personal use only. No other uses without permission. C
assess the quality of the included studies and was per-

formed by two authors independently. Items were scored

as low, high or unknown risk of bias.

2.3. Data extraction and statistical analysis

Data extraction was independently conducted by

J.J.v.K., S.S., S.O.v.d.W. and M.L. A final check was
conducted by E.t.V. Prognostic factors for OS were

identified from multivariate Cox or logistic regression

analyses in the study reports. In absence of previously

established criteria, we adopted self-constructed criteria

to determine the potential clinical relevance of prog-

nostic and predictive factors for OS. For prognostic

factors, first a factor should be statistically significant

(P � 0.05) in a multivariate regression analysis in at least
one RCT and the pooled sample size of RCTs in which

the factor was statistically significant should be more

than 50% of the sample size of all RCTs reporting that

factor. Second, a factor should be reported in first-line

treatment RCTs including �600 patients or in beyond

first-line RCTs including �300 patients. For example, if

the factor ‘age’ was analysed in five first-line RCTs with

a total sample size of 1000 but only statistically signifi-
cant in two of five first-line RCTs with a pooled sample

size of 400 of 1000 (40%), then the factor was not

deemed clinically relevant.

Furthermore, as usually only statistically significant

hazard ratios (HRs) are reported, while non-significant

HRs are not; we extracted the available multivariate

HRs with 95% confidence intervals from Cox propor-

tional hazards regression analyses in the study reports
for exploratory reasons only. If possible, the reported

HRs were pooled with random-effects pairwise meta-

analysis using Review Manager, 5.3.

Predictive factors were identified from time-to-event

stratified treatment comparisons. To determine poten-

tially clinically relevant predictive factors, we adopted the

following self-constructed criteria: first, the P-value for

interaction between two or more specific subgroups
should be �0.20 and second, the HR in one of the sub-

groups should be significant (P � 0.05). We calculated P-

values for subgroup interaction and HRs with Review

Manager, 5.3, if study reports did not report them.

The funder of the study had no role in the study

design, data collection, data analysis, data

interpretation or writing of the report. The corresponding

author had full access to all data and had the final re-
sponsibility for the decision to submit for publication.

3. Findings

3.1. Description of the included studies

A total of 5765 unique titles were retrieved through the

database search, of which 191 references remained after

title and abstract screening. After full-text assessment,
tals Foundation from ClinicalKey.com by Elsevier on October 03, 2018.
opyright ©2018. Elsevier Inc. All rights reserved.
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134 references were excluded and 57 references were

found eligible. Two references were additionally retrieved

from the conference search (Fig. 1). In total, 59 references

[8,13e70] on 46 original RCTs [13, 25e56, 58e70] were

included. From the 46 original RCTs (n Z 15,392 pa-

tients), 33 investigated first-line therapy [13, 25e56] and

thirteen investigated beyond first-line therapy [58e70].

Thirteen of the 59 references [8,14e24,57] were secondary
reports of the original RCTs that contained data on

prognostic or predictive factors.

3.2. Risk of bias

Of the 46 original RCTs, 33 (72%) RCTs were rated as

low risk of bias (Supplementary Fig. 1). The number of

RCTs that were rated as unclear risk of bias on one

item, on two items or on three items were four (9%),

seven (15%) and two (4%), respectively. No major dif-

ferences in study design were observed (Supplementary
Table 2).

3.3. Prognostic factors

A total of 50 factors were investigated in multivariate

regression analyses in the first-line setting and twelve
References for full-text assessment
n = 191

References derived from Medline, EMBASE and CENTRAL
until February 2017

n = 7888

Unique references for screening based on title and abstract
n = 5765

References eligible for syst

Total original studies: n = 

First-line treatment
- Original studies:  n = 33
- Secondary reports from ori
Beyond first-line treatmen
- Original studies: n = 13
- Secondary reports from ori

Excluded after detailed assessment: n = 134
- Original studies without prognostic or predictive 
factors: n = 112
- Outdated preliminary results: n = 11
- Study described two simultaneously conducted 
single arm studies: n = 3
- Retrospective studies: n = 2
- Not randomised: n = 3
- Protocol: n = 3

Excluded based on title and abstract 
n = 5574

Removed duplicates
n = 2123

Fig. 1. Flowchart of included studies. Using PRISMA guidelines, a flowc

and predictive factors. CENTRAL, Cochrane Central Register of C

ESMO, European Society for Medical Oncology; PRISMA, Preferred

Downloaded for Anonymous User (n/a) at West-Friesland and Waterland Ho
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factors in the beyond first-line setting. From these fac-

tors, seventeen first-line factors and four beyond first-line

factors met the criteria for potential clinical relevance.

The factors with clinically relevant prognostic value in

the first-line setting were the following: performance

status, peritoneal metastasis, alkaline phosphatase, pri-

mary tumour resection, liver metastasis, disease status

(locally advanced versus metastatic and unresectable
versus recurrent), histology (Lauren classification), pri-

mary tumour location (oesophagus versus stomach), the

number of metastatic sites, white blood cell count,

health-related quality of life (European Organisation for

Research and Treatment of Cancer-Quality of Life

Questionnaire Core 30 Global Health Status, Physical

Functioning and Role Functioning scales), neutrophil-to-

lymphocyte ratio (NLR), lactate dehydrogenase, aspar-
tate aminotransferase, C-reactive protein and tumour

size (Fig. 2; Table 1). In beyond first-line treatment, the

following factors met the criteria for clinical relevance:

age, performance status, disease status (locally advanced

or metastatic) and time-to-progression on first-line ther-

apy (Fig. 2; Table 1). More details of the results of our

selection strategy for clinically relevant prognostic factors

are shown in Supplementary Fig. 2A. As the number of
studies reporting an HR for a certain factor was only a
ematic review: n = 59

46

ginal studies: n = 12
t

ginal studies: n = 1

Additional studies identified from 
conference meetings

n = 2

References derived from ASCO (n = 1491) 
and ESMO (n = 357) until February 2017

Total n = 1848

Excluded based on title and abstract 
n = 1846

hart of our literature search used in the identification of prognostic

ontrolled Trials; ASCO, American Society of Clinical Oncology;

Reporting Items for Systematic Reviews and Meta-Analyses.

spitals Foundation from ClinicalKey.com by Elsevier on October 03, 2018.
. Copyright ©2018. Elsevier Inc. All rights reserved.
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Liver metastasis*
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Peritoneal metastasis*
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Performance status*

Significant

Non-significant
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147 (1)
147 (1)
147 (1)
147 (1)
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776 (3)

Number of patients (number of studies)

Fig. 2. Prognostic factors for overall survival. The full set of factors that have been included in a multivariate regression analysis in at least

one RCT. *The factors that met the criteria for clinical relevance. GEJ, gastroesophageal junction; VEGF, vascular endothelial growth

factor; EGFR, epidermal growth factor receptor; HER2, human epidermal growth factor receptor 2; BSA, bovine serum albumin; AC,

adenocarcinoma; SCC, squamous cell carcinoma; QoL, quality of life; TS, thymidylate synthase; ERCC1, excision repair cross-com-

plementing group 1; DPD, dihydropyrimidine dehydrogenase; OPT, orotate phosphoribosyltransferase; TP, thymidine phosphorylase;

SPARC, secreted protein acidic and rich in cysteine.
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fraction of the total number of studies reporting the

factor (Fig. 2), the HRs are shown in Supplementary

Table 3 for exploratory purposes only.

3.4. Predictive factors

Stratified treatment comparisons in RCTs were per-

formed for 46 predictive factors in the first-line setting

and 26 in the beyond first-line setting. From these fac-
tors, 21 in first-line and nine in beyond first-line RCTs

met the criteria for potentially clinically relevant pre-

dictive value for survival benefit of certain treatment

regimens. Table 2 shows the subgroups with significant
Downloaded for Anonymous User (n/a) at West-Friesland and Waterland Hospi
For personal use only. No other uses without permission. C
HRs for specific treatment comparisons. The following

21 factors in the first-line treatment setting met the

criteria for potential clinical relevance: age, performance

status, disease status (unresectable versus recurrent and

locally advanced versus metastatic), measurable disease,

histology (according to Lauren), clinical nodal stage,

number of metastatic sites, number of metastatic lesions,

metastasis in liver, peritoneum, lymph nodes or lung,
presence of primary tumour, primary tumour location,

geographic region and specific biomarkers related to

anti-HER2, anti-MET, anti-EGFR and antiangiogenic

therapies. For specific beyond first-line treatment regi-

mens, the following nine predictive factors were
tals Foundation from ClinicalKey.com by Elsevier on October 03, 2018.
opyright ©2018. Elsevier Inc. All rights reserved.



Table 1
Prognostic factors for overall survival.

First-line treatment setting Subgroup

Performance status ECOG 0 versus 1e2, 0e1 versus 2, 0e1 versus 2e3,

0 versus 1, 0 versus 1 versus 2

KPS 100e90 versus 80e60
Peritoneal metastasis Absent versus present

Alkaline phosphatase Continuous (lower is better survival),

<ULN versus �ULN, <100 U/L versus �100U/L

Surgery of primary tumour Yes versus no

Liver metastasis Absent versus present

Disease status Locally advanced versus metastatic

Histology Intestinal type versus diffuse type (Lauren classification)

Tumour location Oesophagus versus stomach

Number of metastatic sites 0e1 versus �2

Disease status Recurrent versus unresectable at diagnosis

White blood cell count <Median versus >median

Quality of Life EORTC QLQ-C30

Global Health Status subscale Continuous (higher score is better survival)

Physical Functioning subscale Continuous (higher score is better survival)

Role Functioning subscale Continuous (higher score is better survival)

Neutrophil-to-lymphocyte ratio >3 versus �3

Lactate dehydrogenase <ULN versus �ULN

Aspartate aminotransferase <ULN versus �ULN

C-reactive protein <ULN versus �ULN

Tumour size <76.5 mm versus �76.5 mm

Beyond first-line treatment setting Subgroup

Age Continuous (lower age is better survival)

Performance status 0e1 versus 2

Disease status Locally advanced versus metastatic

Time-to-progression on first-line treatment Within 3e6 months after completion versus during

treatment versus within 3 months after completion

ECOG, Eastern Cooperative Oncology Group; KPS, Karnofsky Performance Status; EORTC, European Organisation for Research and Treat-

ment of Cancer; QLQ-C30, Quality of Life Questionnaire Core 30; ULN, upper limit of normal.

*Median not specified.

This table gives an overview of all prognostic factors that met the criteria of clinical relevance. The patient subgroups with the better survival were

stated as first and indicated in bold. Subgroups with worse survival were stated as second.
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identified as potentially clinically relevant: performance

status, measurable disease, tumour histology (according

to Lauren), number of metastatic sites, sex, primary

tumour location, geographic region, objective response

to first-line therapy and time-to-progression on first-line

therapy. More details on the results of the selection

strategy for potential clinically relevant predictive fac-

tors are shown in Supplementary Fig. 2B. The full
overview including the opposite subgroups within each

study in which no significant difference between treat-

ments were found is shown in Supplementary Table 4.

4. Discussion

We identified all prognostic and predictive factors for

first-line and beyond first-line treatment described in

phase II/III RCTs published up to February 2017.

4.1. Prognostic factors for OS of oesophagogastric cancer

In the past years, several prognostic indices have been

developed for patients with previously untreated
Downloaded for Anonymous User (n/a) at West-Friesland and Waterland Ho
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advanced oesophagogastric cancer [11,71]. An example

is the Royal Marsden Hospital prognostic index that is

based on data of three RCTs [8] and was validated in the

REAL-2 RCT population [24]. This prognostic index

includes four factors: performance status, liver metas-

tases, peritoneal metastases and alkaline phosphatase,

which are confirmed to be clinically relevant in the

current systematic review [8]. Other prognostic models
incorporate a variety of prognostic factors to predict

survival, e.g., bone metastasis, albumin, ascites and

haemoglobin [9e12]. However, these factors are not

confirmed by our analysis. The usefulness of these fac-

tors may, therefore, be questioned.

As our review includes evidence from all RCTs in

advanced oesophagogastric cancer, we were able to

identify more factors with prognostic value in the first-
line treatment setting as compared with the prognostic

models that have been previously reported. For

example, the disease status (locally advanced versus

metastatic or unresectable versus recurrent), primary

tumour location (oesophagus versus stomach), tumour

histology (diffuse versus intestinal), several health-
spitals Foundation from ClinicalKey.com by Elsevier on October 03, 2018.
. Copyright ©2018. Elsevier Inc. All rights reserved.



Table 2
Clinically relevant predictive factors for specific treatment comparisons.

Factor First-line Beyond first-line

Experimental versus

Comparator

HR (95% CI) N Experimental versus

Comparator

HR (95% CI) N

Sex

Male sex (versus female) Ramucirumab >

BSC

0.68 (0.50e0.92) 355

Age

Age <65 (versus �65) S-1 þ Cis > S-1 0.75 (0.61e0.92) 298

Age <60 (versus �60) Lapatinib þ Cap þ Ox >

Cap þ Ox

0.69 (0.51e0.94) 487

PS (ECOG)

1e2 (versus 0) S-1 þ Iri > S-1 0.61 (0.40e0.94) 315 Ramucirumab >

PCB

0.68 (0.51e0.92) 355

1 (versus 0) S-1 þ Cis > 5-FU þ Cis 0.71 (0.70e0.94) 1390

S-1 þ Ox þ Lv > S-1 þ Cis 0.34 (0.12e0.96) 95

Disease status

Unresectable (versus recurrent) S-1 > 5-FU 0.75 (0.60e0.94) 468

S-1 þ Ox þ Lv > S-1 þ Cis 0.51 (0.31e0.83) 95

Locally advanced (versus

metastatic)

Nimotuzumab þ Cis þ S-1

< Cis þ S-1

6.01 (1.78e20.23) 62

Clinical node stage N0-1 (versus

N2-3)

Gastrectomy þ S-1 þ Cis <

S-1 þ Cis

1.79 (1.14e2.83) 175

Measurable disease

Measurable disease: no (versus yes) S-1 þ Cis > S-1 0.54 (0.35e0.83) 298 DTX/Iri þ BSC >

BSC

0.36 (0.20e0.67) 202

S-1 þ DTX > S-1 0.65 (0.46e0.91) 635

Measurable disease: yes (versus no) Cis þ Iri > 5-FU 0.73 (0.58e0.89) 470 Ramucirumab þ
PTX > PTX þ PCB

0.75 (0.62e0.91) 665

Trastuzumab þ Cis þ 5-

FU/Cap > Cis þ 5-FU/Cap

0.66 (0.53e0.82) 584

Histology

Intestinal histology (versus diffuse) Iri þ Cis > Iri 0.57 (0.35e0.92) 162

Diffuse histology (versus intestinal,

mixed and unknown)

Cetuximab þ Cis þ Cap <

Cis þ Cap

1.44 (1.01e2.03) 883

Diffuse histology (versus intestinal) Cis þ Iri > 5-FU 0.70 (0.45e0.94) 470 Ramucirumab >

PCB

0.56 (0.37e0.86) 355

Prior therapy

Prior objective response (versus no

prior response)

DTX/Iri þ BSC >

BSC

0.48 (0.30e0.77) 202

TTP on first-line therapy �6

months (versus <6 months)

Ramucirumab þ
PTX > PTX þ PCB

0.62 (0.42e0.90) 665

TTP on first-line therapy within 3

months (versus during

treatment)

DTX/Iri > BSC 0.70 (0.49e0.99) 410

TTP on first-line therapy within 3

e6 months (versus during

treatment)

DTX/Iri > BSC 0.39 (0.26e0.59) 410

Metastatic sites

Number of metastatic sites

>1 (versus 1) Panitumumab þ EOX <

EOX

1.79 (1.20e2.68) 494

>2 (versus 1e2) Trastuzumab þ Cis þ 5-

FU/Cap > Cis þ 5-FU/Cap

0.57 (0.43e0.77) 583

�2 (versus 0e1) PTX > Iri 1.64 (1.08e2.49) 219

>4 metastatic lesions (versus 1e4

metastatic lesions)

Trastuzumab þ Cis þ 5-

FU/Cap > Cis þ 5-FU/Cap

0.64 (0.49e0.84) 583

Liver metastasis: yes (versus no) S-1 þ Ox þ Lv > S-1 þ Cis 0.31 (0.14e0.67) 95

Lymph node metastasis: no (versus

yes)

S-1 þ DTX > S-1 0.68 (0.51e0.92) 635

Peritoneal metastasis: yes (versus

no)

S-1 þ Cis > S-1 0.52 (0.33e0.82) 298

Peritoneal metastasis: no (versus

yes)

Cis þ Iri > 5-FU 0.70 (0.56e0.91) 470

Visceral (lung or liver) metastasis:

yes (versus no)

Trastuzumab þ Cis þ 5-

FU/Cap > Cis þ 5-FU/Cap

0.65 (0.49e0.85) 584
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Table 2 (continued )

Factor First-line Beyond first-line

Experimental versus

Comparator

HR (95% CI) N Experimental versus

Comparator

HR (95% CI) N

Primary tumour

Primary tumour present (versus

not present)

Nimotuzumab þ Cis þ S-1

< Cis þ S-1

2.31 (1.12e4.76) 62

GEJ (versus stomach) Ramucirumab þ
PTX > PTX þ PCB

0.52 (0.35e0.78) 665

Upper third stomach (versus lower

middle third)

Gastrectomy þ S-1 þ Cis <

S-1 þ Cis

2.23 (1.14e4.37) 175

Geographic region

Asia (versus North America versus

rest of the world)

Lapatinib þ Cap þ Ox >

Cap þ Ox

0.68 (0.48e0.96) 487

Rest of the world (versus Asia and

Western countries)

Ramucirumab >

PCB

0.46 (0.27e0.81) 355

Non-East Asia (versus East Asia) Ramucirumab þ
PTX > PTX þ PCB

0.73 (0.59e0.91) 665

China (versus Japan)* Lapatinib þ PTX >

PTX

0.62 (0.39e0.98) 261

Biomarkers

KRAS wild type (versus mutation) Panitumumab þ EOX <

EOX

1.50 (1.03e2.18) 174

HER2 IHC2þ/FISHþ or IHC3þ
(versus IHC 0e1/FISHþ)

Trastuzumab þ Cis þ 5-

FU/Cap > Cis þ 5-FU/Cap

0.65 (0.51e0.83) 577

VEGF-A �111 ng/L (versus <111

ng/L)

Bevacizumab þ Cis þ 5-

FU/Cap > Cis þ 5-FU/Cap

0.72 (0.57e0.93) 712

Neuropilin-1 H-score <80 (versus

H-score �80)

Bevacizumab þ Cis þ 5-

FU/Cap > Cis þ 5-FU/Cap

0.75 (0.59e0.97) 679

High VEGF þ low Ang-2 (versus

low VEGF þ low Ang-2)

Bevacizumab þ Cis þ 5-

FU/Cap > Cis þ 5-FU/Cap

0.64 (0.42e0.97) 319

25% MET expression positive

(versus negative)

Rilotumumab þ ECX >

ECX

0.46 (0.24e0.87) 91

50% MET expression positive

(versus negative)

Rilotumumab þ ECX >

ECX

0.38 (0.16e0.88) 91

5-FU, 5-fluorouracil; Ang, angiopoietin; BSC, best supportive care, Cap, capecitabine; Cis, cisplatin; DTX, docetaxel; ECX, epirubicin, cisplatin,

capecitabine; ECOG, Eastern Cooperative Oncology Group; EOX, epirubicin, oxaliplatin, capecitabine; FISH, fluorescence in situ hybridisation;

HER2, human epidermal growth factor receptor 2; GEJ, gastroesophageal junction; HR, hazard ratio; IHC, immunohistochemistry; Iri, irino-

tecan; KRAS, kirsten rat sarcoma; Lv, leucovorin; MET, mesenchymaleepithelial transition; Ox, oxaliplatin; N, sample-size; PCB, placebo; PS,

performance status; PTX, paclitaxel; TTP, time-to-progression; VEGF, vascular endothelial growth factor.

*Results from this study were given for China and Japan only, and all patients in this study were HER2 positive, defined as IHC3þ or in situ

hybridization positive, regardless of IHC score.

For clinically relevant predictive factors in first-line and beyond first-line palliative treatment, the P-value for subgroup interaction between two or

more specific subgroups was �0.20, and the HR in one of the subgroups was significant (P � 0.05). The > or < indicates which specific treatment

showed a significant survival benefit over the other treatment in the particular patient subgroup.
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related quality of life domains and laboratory factors

were additionally found in the current systematic review.

Also, for patients receiving beyond first-line treatment,

little evidence regarding prognostic factors is available

in the literature. Therefore, the current systematic re-

view offers a more robust overview of factors with po-

tential clinical value for this patient population.

Besides demographic and tumour characteristics, the
prognostic value of laboratory factors is becoming more

recognised. For example, the NLR is a relatively new

prognostic factor that has previously been identified in

other solid malignancies [72,73]. In addition, the NLR

was included in one of the previous prognostic models

on oesophagogastric cancer [9] and by two large well-
Downloaded for Anonymous User (n/a) at West-Friesland and Waterland Ho
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conducted RCTs included in this review. Therefore, the

NLR may be regarded a valuable prognostic marker in

oesophagogastric cancer.

The prognostic factors that we identified can be used

by clinicians to better characterise their patients and

therefore support clinical decision-making. For future

trial design, the current findings can be used to

prespecify factors to include in statistical analyses, for
example, to control for confounding when estimating

conditional treatment effects, or to choose evidence-

based stratification factors.

An important next step would be to validate the

factors that were found to be clinically relevant in large

cohort studies, e.g., the Prospective Observational
spitals Foundation from ClinicalKey.com by Elsevier on October 03, 2018.
. Copyright ©2018. Elsevier Inc. All rights reserved.
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Cohort study of Oesophageal-gastric cancer Pa-

tients [74]. Subsequently, a comprehensive prognostic

index can be developed.

4.2. Predictive factors for treatment efficacy in

oesophagogastric cancer

We identified a variety of predictive factors, which

included both regular patient and tumour characteris-

tics and biomarkers. Ideally, potential predictive factors

should be further tested in a new RCT, including pa-

tients from the predictive subgroup only. A good

example of testing the treatment effect on the predictive
subgroup for a regular patient and tumour character-

istic based on previous evidence is tumour histology in

the FLAGS and DIGEST trials, both also included in

the current review. Subgroup analysis within the

FLAGS trial showed that patients with a diffuse his-

tology had an increased survival rate with S-1 plus

cisplatin over 5-fluorouracil (5-FU) plus cisplatin,

whereas there was no difference in efficacy between the
two arms in the intestinal histology subgroup [55].

Subsequently, this hypothesis was tested in the

DIGEST trial, comparing the same treatment strategies

but now in patients with diffuse histology tumours only

[75]. As there was no survival benefit from S-1 plus

cisplatin over 5-FU plus cisplatin, the hypothesis was

not confirmed, but clearly, those negative findings are

also valuable evidence.
For biomarkers, the predictive value of HER2

expression for trastuzumab treatment is the prime

example of the relevance of such an approach. An

important subanalysis within the ToGA trial indicated

that trastuzumab plus chemotherapy is more effective

compared with chemotherapy alone in patients with

HER2 positivity defined as IHC3þ or IHC2þ and gene

amplification by in situ hybridisation (ISHþ) but not in
patients with just ISHþ and IHC1þ/0 expression [13].

Therefore, trastuzumab is the treatment of choice for

HER2-positive disease defined as IHC3þ or IHC2 and

fluorescence in situ hybridisation positive in most

countries [4]. The same strategy illustrated, however,

that MET expression could eventually not be used as a

predictive factor for MET inhibitors. Initial subanalysis

of a phase II trial generated the hypothesis that the
MET inhibitor rilotumumab would be effective in MET-

positive patients [46]. However, this hypothesis was not

confirmed as the subsequent phase III RILOMET-1

trial with solely MET-positive patients was stopped

prematurely because of inferior survival in the

rilotumumab arm compared with the control arm [76].

These findings correspond with the results of the phase

II YO28252 study [77] and the phase III METGastric
study [78], in which the MET inhibitor onartuzumab

added to chemotherapy also failed to improve clinical

outcomes compared with chemotherapy alone in an

MET-positive population.
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In addition, we identified some other patient charac-

teristics that showed predictive value for common treat-

ment regimens, meriting attention. First, although

fluoropyrimidine-based regimens with capecitabine, 5-

FU and S-1 may be equally effective, there is some evi-

dence in the current review that S-1 may have survival

benefit over 5-FU in certain subgroups (e.g., patients with

Eastern Cooperative Oncology Group >0 or unresect-
able disease rather than recurrent disease). For platinum-

based regimens, oxaliplatin has been associated with

prolonged survival compared with cisplatin in several

subgroups. This finding is in line with previous reports,

indicating that oxaliplatin may be slightly more effective

and less toxic compared with cisplatin [2,4,52,79e82].

Our systematic review underscores the difficulties of

extrapolating findings from one population to another.
Geographic region as a predictive factor may confound

the outcomes of a trial. In multinational trials, region

should, therefore, be considered as a stratification factor

and should be included in stratified subgroup analyses

to assess its influence on treatment efficacy.

4.3. Strengths and limitations

This review has limitations. First, because HRs for

prognostic factors tend to be reported predominantly

for statistically significant factors only, pooling of these

results leads to bias. Second, as no formal criteria to

determine clinical relevance are available, we devised the
criteria used in this study ourselves. One could argue the

arbitrariness of the criterion to include the cut-off P-

value for interaction of 0.20 as it may have led to chance

findings. However, stricter cut-off criteriadfor example

a P-value for subgroup interaction of 0.05 instead of

0.2dmight have excluded valuable evidence from trials

with smaller sample sizes. Third, most evidence for

predictive factors is based on single RCT, and the results
are difficult to translate into clinical practice. This evi-

dence can, however, be used to generate hypotheses and

guide further research like in the aforementioned ex-

amples of the FLAGS [55] and DIGEST [75] trials.

The major strength is that we were able to identify

more factors in the RCTs than all previously generated

prognostic models, which were mostly based on non-

randomised patient cohorts. The factors identified in
this systematic review are based on a large number of

randomised patients, consistent over different studies,

and therefore, the results are more robust. In this sys-

tematic review, we only included RCTs and did not

consider cohort studies to identify prognostic and pre-

dictive factors. As for predictive factors, randomisation

is essential for identification of these factors, whereas

cohort studies are undermined with confounding factors
for this purpose [83]. Also, using RCTs to identify

prognostic factors has advantages over using cohort

studies. Most importantly, RCTs usually have a more

strict prespecified protocol of which patient population
tals Foundation from ClinicalKey.com by Elsevier on October 03, 2018.
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to include, which baseline characteristics to obtain from

the population and which treatment regimens to use.

Cohort studies might not always have a prespecified

protocol, which may lead to missing data on baseline

characteristics and treatment types. In RCTs, usually

the type of treatment is included as a separate factor in

multivariate analysis to control for its effect when

identifying independent prognostic factors in RCTs. In
addition, the majority of RCTs were conducted in

multiple healthcare institutions, whereas in many cohort

studies, the cohort is drawn from only one institution.

5. Conclusion

In conclusion, we identified prognostic and predictive
factors studied in phase II and III RCTs on the pallia-

tive treatment of oesophagogastric cancer. The evidence

for prognostic factors can be used to better characterise

patients and may indicate which factors to include in

prognostic models. Also, evidence could be used to

indicate which factors to include in future trial designs

and analyses, e.g., as a stratification variable. The evi-

dence for predictive factors may generate hypotheses to
be tested in future research and can eventually promote

patient-centred treatment.
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