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patients with advanced oesophagogastric
adenocarcinoma receiving first-line
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study in the era of trastuzumab
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Background: To develop and validate a nomogram and web-based calculator to predict overall survival (OS) in Caucasian-
advanced oesophagogastric adenocarcinoma (AOA) patients undergoing first-line combination chemotherapy.

Methods: Nine hundred twenty-four AOA patients treated at 28 Spanish teaching hospitals from January 2008 to September 2014
were used as derivation cohort. The result of an adjusted-Cox proportional hazards regression was represented as a nomogram
and web-based calculator. The model was validated in 502 prospectively recruited patients treated between October 2014 and
December 2016. Harrell's c-index was used to evaluate discrimination.

Results: The nomogram includes seven predictors associated with OS: HER2-positive tumours treated with trastuzumab, Eastern
Cooperative Oncology Group performance status, number of metastatic sites, bone metastases, ascites, histological grade,
and neutrophil-to-lymphocyte ratio. Median OS was 5.8 (95% confidence interval (Cl), 4.5-6.6), 9.4 (95% Cl, 8.5-10.6), and
14 months (95% CI, 11.8-16) for high-, intermediate-, and low-risk groups, respectively (P<0.001), in the derivation set and 4.6
(95% Cl, 3.3-8.1), 12.7 (95% CI, 11.3-14.3), and 18.3 months (95% Cl, 14.6-24.2) for high-, intermediate-, and low-risk groups,
respectively (P<0.001), in the validation set. The nomogram is well-calibrated and reveals acceptable discriminatory capacity, with
optimism-corrected c-indices of 0.618 (95% Cl, 0.591-0.631) and 0.673 (95% Cl, 0.636-0.709) in derivation and validation groups,
respectively. The AGAMENON nomogram outperformed the Royal Marsden Hospital (c-index=0.583; P=0.00046) and Japan
Clinical Oncology Group prognostic indices (c-index=0.611; P=0.03351).

Conclusions: We developed and validated a straightforward model to predict survival in Caucasian AOA patients initiating first-
line polychemotherapy. This model can contribute to inform clinical decision-making and optimise clinical trial design.
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Although the incidence of advanced oesofagogastric adenocarci-
noma (AOA) has declined over the recent few years, it remains the
fifth most common malignancy worldwide and the third cause of
cancer-related death in both sexes (Ferlay et al, 2015). In general,
combination chemotherapy (CT) regimens based on a platinum
and fluoropyrimidine doublet with or without a third drug are the
mainstay of treatment, yielding response rates of 40-45%. None-
theless, they translate into only modest progression-free survival
(PFS) and overall survival (OS), which rarely exceed 7 and 12
months, respectively, in HER2-negative tumours (Wagner et al,
2006). Tumours overexpressing or amplifying HER2 constitute a
distinct subgroup, as adding trastuzumab to cisplatin and
fluoropyrimidines has shown a clear survival benefit (Bang et al,
2010).

Other molecular targeted therapies have also been investigated,
mostly with disappointing results (Ohtsu ef al, 2011; Waddell et al,
2013), highlighting the need for reliable biomarkers to predict
treatment effectiveness. Similarly, AOA’s unfavourable prognosis
and the current interest in precision medicine emphasise the
imperative for prognostic tools that can identify patients who
would derive little survival benefit from modern therapeutic
strategies and should therefore be actively recruited into clinical
trials evaluating alternative treatments. In recent years, two
prognostic indices to predict OS in patients with AOA receiving
first-line CT based on clinical and laboratory attributes have been
prospectively validated: the Royal Marsden Hospital prognostic
index (RMH-I; Chau et al, 2004) and the Japan Clinical Oncology
Group prognostic index (JCOG-I; Takahari et al, 2014). However,
both were developed prior to HER2 testing and front-line
trastuzumab for HER2-positive tumours became standard. More-
over, validations were carried out in the context of randomised
clinical trials, far from ideal for prognostic factor analysis, as
samples are conditioned by inclusion criteria and may not be
representative of the overall AOA population, with patients who
are usually older, suffer chronic comorbidities, or have a worse
performance status.

With this background, we sought to develop and validate a
nomogram, and online calculator to predict OS for Caucasian
patients with advanced distal oesophagus, gastroesophageal junc-
tion (GEJ), or gastric adenocarcinoma undergoing first-line
combination CT in the era of trastuzumab.

PATIENTS AND METHODS

Study design and population. AGAMENON is a multicenter
study that compiles consecutive cases of AOA patients from 28
Spanish teaching hospitals. Descriptions of the design, data
collection, quality and eligibility criteria have been previously
reported (Carmona-Bayonas et al, 2016; Jiménez-Fonseca et al,
2017). Briefly, patients eligible for inclusion were adults (age >18
years) diagnosed with pathologically confirmed unresectable
locally advanced or metastatic adenocarcinoma of the distal
oesophagus, GEJ, and stomach who received at least one cycle of
polychemotherapy using two or more drugs as first-line treatment.
Patients for whom the information needed to complete the
database could not be obtained, patients participating in a
clinical trial in which no standard CT was used, those for
whom follow-up was <3 months (except individuals with early
demise during this period who had already been included), <6
months since completion of prior neoadjuvant or adjuvant
treatment, and other primary and synchronous metastatic
malignancy were excluded. The nomogram was derived in a
cohort of consecutive AOA patients treated between January
2008 and September 2014 (Custodio et al, 2016). Here, we have
validated our model in an independent cohort with similar

eligibility criteria prospectively recruited from October 2014 to
December 2016.

Variables. To elaborate the prognostic nomogram, we considered
29 routinely available baseline clinicopathological variables proven
to predict survival in at least one previous publication. The
analyses included: (1) patient-related variables such as age, gender,
Eastern Cooperative Oncology Group Performance Status (ECOG-
PS) scale, number of chronic comorbidities present prior to the
first cycle of CT according to the Charlson comorbidity index
(Charlson et al, 1994); haematological parameters including
haemoglobin, white cell count, neutrophil-to-lymphocyte ratio
(NLR), and platelet count; biochemical analytes including
bilirubin, albumin, alkaline phosphatase, lactate dehydrogenase,
and carcinoembryonic antigen (CEA); (2) tumour-dependent
characteristics, such as stage at first diagnosis, primary tumour
site, number of metastatic sites (organs involved), specific
metastases (liver, lung, distant lymph nodes, peritoneum, ascites
according to the European Association for the Study of the Liver
(EASL) clinical practice guidelines (European Association for the
Study of the Liver, 2010), bone), surgery of primary tumour,
peri-operative treatment in tumours diagnosed in non-metastatic
stages that subsequently recurred and the presence of serious,
acute, cancer-derived complications at advanced disease diagnosis,
such as intestinal obstruction, massive ascites, major bleeding,
thromboembolic disease, and liver, respiratory, or renal dysfunc-
tion; (3) histological features such as grade, Lauren classification,
presence of signet-ring cells, and HER?2 status. To represent HER2-
positive subtypes, we opted pragmatically to use the predictor
‘HER2-positive tumours treated with trastuzumab’, because in
modern series of metastatic gastric cancer, the effect of HER2
overexpression or amplification is expected to be coupled to the
use of anti-HER2 therapy. Laboratory variables were dichotomised
with the cutoff at the limit of its normal range at each institution
and had to be acquired within the 10 days preceding the first cycle
of CT according to the local protocols of the participating centres.
Primary tumour site was coded as oesophageal for Siewert I and II
distal oesophageal tumours, whereas the remaining tumour
locations were coded as gastric neoplasms. For the total number
of metastatic sites, each lymph node region was considered
independently. Unjustified missing values were not allowed, except
for histopathological variables not determined in the course of
ordinary care.

The primary endpoint was OS, which was estimated using the
Kaplan-Meier method and defined as the time elapsed from the
date of the first cycle of front-line CT to the date of death from any
cause.

The information was gathered and updated from medical
records or directly from the patient by medical oncologists
experienced in treating AOA and trained to comply with the
study requirements through a web-based platform (www.agame-
nonstudy.com). This tool includes real-time alerts to prevent
inconsistencies, unjustified missing values, and errors. An
independent researcher (MLSL) also carried out telephone
monitoring.

The study was approved by a multicenter Research Ethics
Committee. All patients still alive at the time of data collection
provided written signed informed consent.

Statistical considerations. The development of the prognostic
model started with a univariate assessment of the effect of each
clinicopathological parameter using a Cox proportional hazards
(PH) regression model. Variables univariately predictive of OS
(P<0.1) were entered into the multivariate Cox PH regression. We
dropped the presence of signet-ring cells and peritoneum
metastases after correlation analyses to avoid multicollinearity
with Lauren classification and ascites, respectively. When histo-
pathological variables presented missing values, we applied
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multiple imputation using predictive mean matching, as suggested
in the literature (Harrell, 2015). A final Cox PH model was selected
using a backward step-down procedure based on the Akaike
information criterion (AIC) as a stopping rule. The PH assumption
for each predictor was verified using the Schoenfeld residuals test
(see definition in Supplementary Table 1).

A nomogram is a graphic representation of the solution of an
equation that provides a reasonable approximation of the
probability of a particular outcome. On the basis of the coefficients
of the multivariable analysis, a nomogram to provide visualised
estimation of individual OS probability at 1 and 2 years was
formulated by R software. The same was carried out to develop an
online calculator: http://www.iricom.es/prognostictools/agamenon/
inicio.aspx.

To determine discrimination ability, we developed 1000 boot-
strap replications that were used as internal validation subsets to
estimate the bias-corrected concordance index (c-index). Calibra-
tion at 1-year was analysed by plotting observed vs predicted OS
probabilities at 1-year and with the Gronnesby-Borgan goodnest-
of-fit test (reported as the score test P-value). We stratified patients
further into three risk groups, according to prespecified cutoff
values of the predicted probability of 1-year OS (<25%, 25-50%,
>50%), and plotted the respective Kaplan-Meier survival curves.
The log-rank test was used to analyse survival functions. These
procedures were utilised in both the training and validation sets.
Based on previous research, a sample size of 502 patients with
>100 events per variable would be sufficient for this validation
analysis (Vergouwe et al, 2005). We also contrasted the
discriminatory ability of our model against the RMH-I and the
JCOG-I scales by examining c-indices in the validation cohort
(Kang et al, 2015). Finally, a sensitivity analysis according to HER2
status was carried out using the entire dataset.

All statistical assessments were two-sided and P-values <0.05
were deemed statistically significant. Statistical analyses were
performed using Stata 14 (Stata, College Station, TX, USA) and
R software, version 3.3.1 (http://www.r-project.org), including the
rms and compareC packages (Harrell et al, 2015; Kang et al, 2015).

RESULTS

Baseline characteristics. At the time of analysis (March 2017),
2147 patients were screened, 1426 of whom met eligibility criteria
(924 and 502 in the training and validation sets, respectively).
Figure 1 outlines the recruitment process. The main descriptive
statistics are presented in Table 1. There are virtually no differences
in baseline characteristics between the derivation and validation
sets. The most notable contrast is evidenced in the change in
treatment patterns over time, with more HER2 testing and
trastuzumab treatment, and less CT triplets in the validation series.

Outcomes. A total of 856 (92.6%) and 298 (59.3%) events were
recorded in the training and validation cohorts, respectively. Median
OS in the two groups was 9.8 (95% confidence interval (CI), 9.2
10.4) and 12.7 months (95% CI, 11.3-14), respectively. One- and
two-year survival was 40.4% (95% CI, 37.3-43.5%) and 15.7% (95%
CI, 13.3-20.4%) in the derivation set and 52.9% (95% CI, 48.3—
57.9%) and 25.4% (95% CI, 20.6-31.2%) in the validation cohort.

Development of the nomogram. After the univariate analyses
(Supplementary Table 2), multivariate survival analysis using Cox’s
regression model was fitted on the training subset. Seven covariates
correlated significantly with survival: Eastern Cooperative Oncol-
ogy Group Performance Status (ECOG-PS), histological grade,
number of metastatic sites, bone metastases, ascites, NLR, and
HER2-positive tumours treated with trastuzumab (Table 2). We
then devised a web-based calculator and prognostic nomogram to
estimate the probability of 1- and 2-year OS (Figure 2).

Schoenfeld’s global test, applied to verify the proportional
hazards assumption, is presented in Supplementary Figure 1.
The Gronnesby-Borgan score test demonstrated the model’s good
fit in the derivation subset (y*=6.639, P=0.15). The calibration
plot displayed excellent agreement between the observed and
expected probabilities of 1-year OS (Figure 3A). Across the 1000
bootstrap replications, the optimism-corrected c-index was 0.618
(95% CI, 0.591-0.631). Survival curves across prespecified cutoff
values of the predicted probability of 1-year OS are shown in
Figure 4A. Median OS was 5.8 months (95% CI, 4.5-6.6), 9.4
months (95% CI, 8.5-10.6), and 14 months (95% CI, 11.8-16) for
the high-, intermediate-, and low-risk groups, respectively (log-
rank P<0.001).

Validation of the nomogram. The nomogram’s performance was
then assessed in the prospective cohort (complete cases analysis,
n=412). A c-index of 0.673 (95% CI, 0.636-0.709) was observed.
The nomogram prediction for 1-year OS also appeared to be well-
calibrated in this subset (Gronnesby-Borgan score test: y* = 3.837,
P =0.428; Figure 3B). Kaplan—-Meier curves stratified on the basis
of 1-year survival predictions are presented in Figure 4B. Median
OS was 4.6 months (95% CI, 3.3-8.1), 12.7 months (95% CI,
11.3-14.3), and 18.3 months (95% CI, 14.6-24.2), for the high-,
intermediate-, and low-risk groups, respectively (log-rank
P<0.001).

Sensitivity analysis regarding the HER2 status. Sensitivity
analyses showed that the ability of our nomogram to discriminate
among prognostic categories in the entire dataset was seemingly
homogeneous for HER2-negative and positive tumours (c-index of
0.623 (95% CI, 0.601-0.645) and 0.675 (95% CI, 0.629-0.722),
respectively). Moreover, a simplified model with six predictors
(excluding HER2-positive tumours treated with trastuzumab) was
also well-calibrated in both HER2-negative and positive strata
(calibration graphs by HER2 status not shown).

Comparison of AGAMENON nomogram, RMH, and JCOG.
We also gauged the performance of the RMH-I and JCOG scores
to our validation dataset. Both prognostic models were applied to
those patients with available data for the seven parameters included
in our nomogram (n =412). Although they are less accurate than
the AGAMENON nomogram, both are able to discriminate
survival outcomes for the three proposed categories in the
validation subset (Supplementary Figures 2 and 3). The c-indices
were 0.583 (95% CI, 0.545-0.621) for RMH-I and 0.611 (95%, CI
0.573-0.648) for JCOG-I, with P=0.00046 when AGAMENON
and RMH-I were compared, P=0.03351 for AGAMENON vs
JCOG-I, and P=0.17881 for RMH-I against JCOG-I.

DISCUSSION

Several previous prognostic models based on clinicopathological
variables have predicted survival in AOA patients undergoing
palliative CT (Lee et al, 2007; Kim et al, 2008; Chau et al, 2009;
Hsieh et al, 2016; Kawakami et al, 2016; Takahari et al, 2017; Wang
et al, 2016). However, to the best of our knowledge, this is the first
report of a nomogram developed and prospectively validated in a
large series of Caucasian patients treated in the era of trastuzumab.
We have demonstrated the AGAMENON nomogram’s ability to
predict 1- and 2-year OS probability and its superior performance
vs the RMH-I (Chau et al, 2004) and the JCOG-I models (Takahari
et al, 2014).

AGAMENON uses readily available clinicopathological and
laboratory covariates. Of them, poor PS (Chau et al, 2004; Lee et al,
2007; Kim et al, 2008; Takahari et al, 2014; Kawakami et al, 2016),
the number of metastatic sites (Kim et al, 2008; Takahari et al,
2014; Wang et al, 2016), bone metastases (Lee et al, 2007; Kim et al,
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Patients assessed for eligibility (n=2147)

Derivation cohort

Validation cohort

(n=1373) (n=774)

Not meeting inclusion criteria Not meeting inclusion criteria
. Did not receive any chemotherapy . Did not receive any chemotherapy
(n=120) (n=62)
. Unfit for combination chemotherapy . Unfit for combination chemotherapy
(n=167) ' S (n=95)

Elderly (n=29) Elderly (n=17)

Comorbidities (n=32) Comorbidities (n=22)

Poor performance status (n=94) Poor performance status (n=50)

Patient refusal (n=5) Patient refusal (n=2)

Other (n=7) Other (n=4)
. < 6 months since adjuvant therapy . < 6 months since adjuvant therapy
(n=25) (n=18)
. Previous chemotherapy for advanced . Previous chemotherapy for advanced
disease (n=9) disease (n=5)
. Another advanced primary tumour . Another advanced primary tumour
(n=8) (n=2)
. Insufficient (<3 months) follow-up . Insufficient (<3 months) follow-up
(n=39) (n=61)
. Missing values (n=68) < — > . Missing values (n=9)
. Lost to follow-up (n=8) . Lost to follow-up (n=18)
. Declined to participate (n=5) . Declined to participate (n=2)

Eligible patients

(n=924)

Eligible patients

(n=502)

Figure 1. Flow diagram of the AGAMENON study.

2008) and peritoneal metastases (Chau et al, 2004; Kim et al, 2008),
or malignant ascites (Lee et al, 2007) as a surrogate for peritoneal
disease, are prognostic factors in common with some of the
previously reported prognostic tools. High NLR status, a well-
known biomarker of cancer-associated inflammation, has also
exhibited a significant negative prognostic effect in many advanced
malignancies, including large cohorts of gastric cancer patients
(Grenader et al, 2016; Ock et al, 2016), and has been included in
two recently published prognostic models in patients with
advanced disease (Hsieh et al, 2016; Wang et al, 2016). However,
the reader should be mindful that the effect of the NLR should be
interpreted with caution in patients with intercurrent infectious
processes, or in those undergoing corticosteroid therapy. On the
other hand, although increasing American Joint Committee on

Cancer (AJCC) histologic grade has been associated with
decreasing survival in some reports (Sun et al, 2014; Duma et al,
2016), it has not emerged as an independent prognostic factor in
any of the prognostic scales that have contemplated it in their
analyses. As for HER2 status, most previous prognostic models
were developed before HER2 testing and trastuzumab therapy
became standard and two most recent studies conducted in the era
of trastuzumab have not analysed its prognostic role (Hsich et al,
2016; Wang et al, 2016). A retrospective study published in
abstract form only (Kawakami et al, 2016) has derived and
retrospectively validated a prognostic nomogram in Japanese
metastatic gastric cancer patients starting first-line treatment that
includes the HER2 status as predictor regardless of trastuzumab
therapy. To our knowledge, AGAMENON is the only nomogram

www.bjcancer.com | DOI:10.1038/bjc.2017.122

1529


http://www.bjcancer.com

BRITISH JOURNAL OF CANCER Nomogram for advanced oesophagogastric cancer

Table 1. Baseline characteristics in AGAMENON study coh

| Derivation cohort (N=924) | | Validation cohort (N=502) P-value
Baseline characteristics N ‘ % N ‘ %
Age (years), median (range) 62.61 (20-89) 61.82 (21-86) 0.141
Male gender 637 68.9 359 71.5 0.283
ECOG-PS
0 198 21.4 114 22.7 0.149
1 580 62.8 328 65.3
=2 146 15.8 60 12
Tumour stage at diagnosis
Locally advanced unresectable 207 22.4 111 221 0.991
Metastatic tumour at onset 717 77.6 391 77.9
Primary tumour site
Oesophagus 54 5.8 43 8.6 0.069
GEJ 95 10.3 60 12
Stomach 775 83.9 399 79.4
Histological grade
1 97 10.5 61 12.2 0.287
2-3 635 68.7 351 69.9
Not available 192 20.8 90 17.9
Lauren classification
Intestinal 454 491 246 49 0.696
Diffuse 297 32.1 173 345
Mixed 49 5.3 25 5
Not available/not classified 124 134 58 11.5
Her2 overexpression
No 0+, 1+, 2+, and FISH —) 599 64.8 343 68.3 0.001
Yes (24 and FISH+) 98 10.6 37 7.4
Yes (3+) 50 5.4 64 12.7
Not available 177 19.2 58 11.6
Serious cancer-derived complications 108 1.7 65 12.9 0.468
Number of metastases sites
1-2 611 66.1 356 70.9 0.057
=3 313 33.9 146 29.1
Metastases sites
Liver 359 38.9 177 35.3 0.201
Lung 117 12.7 66 13.1 0.810
Non-regional lymph nodes 451 48.8 246 49 0.945
Peritoneum 418 45.2 219 43.6 0.489
Ascites 233 25.2 118 235 0.481
Bone 89 9.6 55 11 0.448
Neutrophil-lymphocyte ratio >4 332 35.9 154 30.7 0.054
Albumin <LLN 229 24.8 122 243 0.950
Bilirubin >ULN 54 5.8 24 4.8 0.668
Alkaline phosphatase >ULN 277 30 159 31.7 0.108
Lactate dehydrogenase >ULN 271 29.3 128 255 0.258
Primary tumour resected 309 33.4 164 32.7 0.788
First-line treatment
Doublet 583 63.1 364 72.5 <0.001
Triplet 341 36.9 138 27.5
Chemotherapy regimens
Oxaliplatin-based 288 31.2 197 39.2 <0.001
Anthracycline-based 234 253 100 19.9
Cisplatin-based 191 20.7 109 21.7
Docetaxel-based 147 15.9 49 9.8
Irinotecan-based 18 1.9 8 1.6
Other 46 5 39 7.8
First-line trastuzumab 123 13.3 88 17.5 0.030
RMH-I
Low-risk 145 15.7 100 19.9 0.080
Moderate-risk 692 74.9 344 68.5
High-risk 73 7.9 40 8
Not available® 14 1.5 18 3.6
JCOG-I
Low-risk 159 17.2 101 20.1 0.069
Moderate-risk 654 70.8 319 63.5
High-risk 97 10.5 64 12.8
Not available® 14 1.5 18 3.6
Abbreviations: ECOG-PS = Eastern Cooperative Oncology Group performance status; GEJ = gastroesophageal junction; JCOG-I=Japan Clinical Oncology Group prognostic index;
LLN = lower limit of normal; N=number; RMH-I=Royal Marsden Hospital prognostic index; ULN = upper limit of normal.
#The RMH-I and JCOG- were not calculated in 14 (1.5%) and 18 (3.6%) patients in the derivation and validation series, respectively, because of alkaline phosphatase missing data.
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Table 2. Stratified Cox proportional hazards model for overall survival (OS) (N=924)

Covariate Estimate s.e. HR 95% ClI P-value
HER2-positive treated tumour —0.2931 0.0995 0.7459 0.6137-0.9065 0.0032
Gender, female 0.0409 0.0759 1.0141 0.8977-1.2088 0.5902
Lauren 0.2032
Intestinal — — Ref. Ref. —
Diffuse 0.1454 0.0841 1.1565 0.9807-1.3637 0.0838
Mixed 0.1295 0.1536 1.1382 0.8423-1.5381 0.3990
ECOG-PS <0.0001
0 — — Ref. Ref. —
1 0.1639 0.0880 1.1780 0.9914-1.3998 0.0624
=2 0.7536 0.1173 2.1246 1.6882-2.6738 <0.0001
Bone metastases 0.2727 0.1198 1.3135 1.0386-1.6611 0.0228
Number of metastatic sites >3 0.2387 0.0762 1.2695 1.0934-1.4741 0.0017
Ascites 0.013
No — — Ref. Ref. —
Mild 0.1690 0.0968 1.1841 0.9794-1.4315 0.0806
Moderate-severe 0.3300 0.1247 1.3909 1.0893-1.7760 0.0081
Grade G2-G3 0.2363 0.1194 1.2665 1.0022-1.6005 0.0478
NLR 0.032
<4 — — Ref. Ref. —
4-7.9 0.1895 0.0783 1.2086 1.0366-1.4091 0.0155
=8 0.3783 0.1362 1.4598 1.1177-1.9064 0.0055
Serious complications 0.0178 0.1099 1.0179 0.7794-1.3294 0.8714
Chronic comorbidities >2 0.1090 0.0989 1.1151 0.9186-1.3537 0.2704
Locally advanced unresectable —0.2039 0.1681 0.8155 0.5866-1.1338 0.2253

error (of estimate).

Abbreviations: Cl = confidence interval; ECOG-PS = Eastern Cooperative Oncology Group Performance Status; NLR = neutrophil-to-lymphocyte ratio; Ref=reference value; s.e. = standard

0 10 20 30 40 50 60 70 80 90 100
POIntS L 1 1 1 1 1 1 1 1
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HER2+ treated T -
Yes
1
ECOG PS , ! ,
0 =2
Yes
Bone metastases T .
No
Metastatic sites —
<3
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Ascites T . 1
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G2-3
Grade T ]
G1
4-7.9
NLR ratio T . 1
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1—year survival T T T T T T 1
0.75 0.7 0.6 0.5 0.4 0.3 0.2 0.1
2—year survival T T T T 1
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Figure 2. The AGAMENON nomogram. ECOG-PS = Eastern Cooperative Oncology Group Performance Status; NLR = neutrophil-to-lymphocyte

ratio.
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Figure 3. Calibration plots. Plots of the internal validation results in the
training subset (N=924) (A) and in the validation (prospective) dataset
(complete case analysis, N=412) (B). In the validation cohort the
effective sample size was N=412 because complete case analysis was
applied.

able to appraise the additive effect of HER2-positive tumours
treated with trastuzumab together with other predictors in
Caucasian AOA patients undergoing first-line CT, confirming
that it increases survival in this population. Moreover, the model
proved to be robust for both HER2-positive and negative tumours.

The two most commonly used prognostic indices developed on
the foundation of large databases are the RMH-I and JCOG-I for
Caucasian and Asian populations, respectively (Chau et al, 2004;
Takahari et al, 2014). Both models were derived and externally
validated using data from patients enroled in multicenter phase III

clinical trials, which selection criteria tend to be restrictive,
resulting in outcomes that may be not easily extrapolated to all
patient groups. When we applied RMH-I and JCOG-I to our
validation cohort, both models’ predictive performance was worse
than that of the AGAMENON nomogram, probably because they
fail to consider the effect of key variables in AOC (e.g., the HER2
status) and because their discriminatory ability is a function of the
populations in which they were developed. Despite this, median OS
for each risk category after applying the AGAMENON nomogram,
RMH-I, or JCOG-I was better in our dataset than OS reported in
the original studies.

The AGAMENON nomogram has several strengths. It was
constructed within the framework of a large cohort of Caucasian
AOA patients with a wide variety of variables available at diagnosis.
The seven parameters included in our scale are confirmed prognostic
factors that reflect the general status of the patient and disease, thereby
providing clinically relevant information and accordingly enhancing
the relevance of the tool developed. The model is statistically robust
and respects pertinent quality criteria proposed for prognostic scores,
such as a well-defined cohort of patients, a comprehensive evaluation
of all well-established prognostic variables, reliable outcome measures,
few patients lost to follow-up, and data available for the vast majority
(Maltoni ef al, 2005). Some imbalances are seen regarding clinical
features, CT schedules, HER2 testing, and trastuzumab therapy, as
well as survival between the derivation and validation subsets as a
reflection of recent epidemiological trends and the changes in patient
interventions over time (Jiménez-Fonseca et al, 2017). Moreover, as it
usually happens in other similar registries, there were some
biochemical variables in the prospective series with a small proportion
of missing data: alkaline phosphatase (3.58%), lactate dehydrogenase
(14.74%), bilirubin (0.60%), albumin (8.76%) and carcinoembryonic
antigen (13.34%). However, it should be emphasised about this point
that our nomogram’s ability to predict survival in the two series,
despite these differences, reinforces the robustness of our findings and
their applicability to other populations. A key aspect to consider is the
different length of follow-up in the derivation series compared to the
prospective validation cohort, which continued the patient recruit-
ment at the time of analysis. Nevertheless, it does not seemingly affect
the assessment of the discriminative capacity of the nomogram,
insofar as the number of events necessary to validate this prognostic
model has already been reached in the prospective series. Similarly, it
also has no impact on the nomogram predictions, which are derived
exclusively from mature data from the derivation cohort.

Several points should be taken into account when considering
the generalisability of the model. First, although explanatory
covariables appear to be appropriate in different contexts, one must
always be mindful of the possibility of uncommon factors which
could significantly affect the prognosis in a minority of patients, as
well as those that might eventually develop during the course of the
disease, as only baseline variables have been contemplated. In
addition, an important point to clarify is that the prognostic
categories of this nomogram were not used in the study to
influence medical decision-making. Second, prognostic variables
have been categorised or dichotomised according to previously
published criteria and after proving a significant effect in the
univariate analysis. However, it is obvious that it could be
detrimental to the accuracy of outcome prediction. Third, although
using the prognostic model is superior to decisions based on
clinical experience and significantly improves the results of
previous studies, we must bear in mind that its discriminatory
capacity is restricted (c-index of 0.673 in the validation cohort),
which is common in this kind of series with relatively uniform
survival. These data reveal the intrinsic complexity of developing
prognostic models within the context of AOA, where events are
often stochastic and unpredictable and tend to cluster around the
median survival time. Moreover, the validity of this nomogram has
been verified only in a series of patients in which the HER2 testing
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Figure 4. Kaplan-Meier survival curves. Overall survival curves according to the AGAMENON nomogram in the training subset (N=924) (A) and in
the validation subset (complete case analysis, N=412) (B). In the validation subset the effective sample size was N=412 because complete case
analysis was applied. Survival curves were stratified by the predicted survival probability at 12 months. Log-rank test, P<0.0001.

positivity involved the use of anti-HER2 therapy. Despite this, it is
worth noting that our model is well-calibrated and accurately
predicts individual outcomes in both cohorts. Finally, the proposed
nomogram requires external validation by means of prospectively
collected data from independent cohorts of AOA patients under-
going first-line CT. In addition, in the era of molecular
characterisation of gastric cancer, molecular subtypes associated
with clinical phenotypes and different clinical outcomes have been
delineated, thereby laying the groundwork for improved ther-
apeutic strategies through the development of personalised

medicine (Cristescu et al, 2015). Molecular markers other than
HER2 that predict survival can therefore underpin clinical
methods, such as this nomogram, to generate combined molecular
and clinical models that refine individual risk prediction. However,
to better understand the real impact of these complex and
sophisticated molecular classifications it is increasingly important
to determine the extent to which they provide additional
discrimination ability over the information obtained through
clinical scores, which are much easier to obtain and composed of
routinely accessible factors.
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In conclusion, we have developed and validated a new
nomogram and a web-based calculator to predict OS in Caucasian
AOA patients undergoing first-line combination CT in the era of
trastuzumab. This prognostic tool can assist clinicians in day-to-
day decision-making, such as risk stratification, individualised
therapy or active treatment limitation determinations, as well as to
prospectively categorise patients in forthcoming clinical trials.
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