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Abstract
Background: Trastuzumab and chemotherapy is the standard first-line treatment in human 
epidermal growth factor receptor 2 (HER2)-positive advanced gastro-oesophageal cancer. 
The objective was to develop a predictive model for overall survival (OS) and progression-free 
survival (PFS) in patients treated with trastuzumab.
Methods: Patients with HER2-positive advanced gastro-oesophageal adenocarcinoma (AGA) 
from the Spanish Society of Medical Oncology (SEOM)-AGAMENON registry and treated 
first line with trastuzumab and chemotherapy between 2008 and 2021 were included. The 
model was externally validated in an independent series (The Christie NHS Foundation Trust, 
Manchester, UK).
Results: In all, 737 patients were recruited (AGAMENON-SEOM, n = 654; Manchester, n = 83). 
Median PFS and OS in the training cohort were 7.76 [95% confidence interval (CI), 7.13–8.25] 
and 14.0 months (95% CI, 13.0–14.9), respectively. Six covariates were significantly associated 
with OS: neutrophil-to-lymphocyte ratio, Eastern Cooperative Oncology Group performance 
status, Lauren subtype, HER2 expression, histological grade and tumour burden. The 
AGAMENON-HER2 model demonstrated adequate calibration and fair discriminatory ability 
with a c-index for corrected PFS/OS of 0.606 (95% CI, 0.578–0.636) and 0.623 (95% CI, 0.594–
0.655), respectively. In the validation cohort, the model is well calibrated, with a c-index of 
0.650 and 0.683 for PFS and OS, respectively.
Conclusion: The AGAMENON-HER2 prognostic tool stratifies HER2-positive AGA patients 
receiving trastuzumab and chemotherapy according to their estimated survival endpoints.
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Introduction
Globally, gastroesophageal cancer is the fourth 
most common cancer and represents 8.7% of all 
cancers. In 2020, there were an estimated 
1,700,000 new cases. Likewise, it is the second 
cause of cancer mortality, accounting for 13.2% 
with 1,312,869 estimated deaths in 2020.1 The 
Cancer Genome Atlas divides gastric cancer into 
four subtypes that may serve as a valuable adjunct 
to histopathology.2  Tumors with chromosomal 
instability are the most frequently ocurring sub-
type (50%), mainly in neoplasms located in the 
gastroesophageal junction (GEJ)/cardia, with 
intestinal histology, and the presence of various 
chromosomal abnormalities actionable by recep-
tor tyrosine kinase-directed therapies. 
Amplification or overexpression of human epi-
dermal growth factor receptor 2 (HER2) is one of 
the most frequent alterations (9–36%) and serves 
as a predictive biomarker.3,4 In 2010, the ToGA 
phase III randomised clinical trial (RCT) demon-
strated the benefit of adding an anti-HER2 anti-
body (trastuzumab) to a backbone of six cycles of 
cisplatin and fluoropyrimidine in HER2-positive 
(HER2+) for unresectable, recurrent or meta-
static gastro-oesophageal and gastric adenocarci-
noma.5 Patients receiving trastuzumab had 
increased overall survival (OS), 13.8 versus 
11.0 months [hazard ratio, 0.74, 95% confidence 
interval (CI), 0.60–0.91)], and delayed deteriora-
tion in quality of life.6 In an exploratory analysis, 
median OS reached 16 months in the subgroup 
with immunohistochemistry (IHC) 2+/fluores-
cence in situ hybridisation (FISH) + or IHC 
3+.5 Reassuringly, this has been confirmed in the 
real-world setting where rates of testing for HER2 
in gastric cancer patients have been shown to cor-
relate with improved OS.4 In the near future, it is 
likely that other HER2-directed therapies will be 
incorporated into the therapeutic arsenal (e.g. 
margetuximab, trastuzumab–deruxtecan).7–9 The 
addition of trastuzumab and chemotherapy to an 
immune checkpoint inhibitor, the anti-pro-
grammed cell death 1 (PD-1) antibody pembroli-
zumab, has shown favourable preliminary results 
in the phase III RCT Keynote 811.10

In this context of expanding therapeutic options, 
a predictive tool for the benefit of trastuzumab-
based regimens could be useful to select the most 
appropriate treatment for each patient, help 
understand the variation in prognosis of patients 
with HER2+ advanced gastro-oesophageal ade-
nocarcinoma (AGA), identify which patient sub-
groups have poorer OS expectations, and stratify 

patients in future clinical trials. Thus, multivari-
able models may complement validated biomark-
ers in the development of risk-based therapeutic 
strategies. However, despite the recognition that 
these neoplasms form an entity with particular 
clinical-biological and therapeutic characteris-
tics,11 specific models of HER2+ AGA are 
scarce.12–14 This limits the understanding of prog-
nostic heterogeneity, as models that do not con-
sider HER2 status perform worse.15,16 With this 
premise, we have used the AGAMENON-
Spanish Society of Medical Oncology (SEOM) 
registry (NCT04958720) to develop a predictive 
model of progression-free survival (PFS) and OS 
specific to patients with a HER2+ AGA who 
received trastuzumab as first-line therapy. The 
model has been externally validated in a cohort at 
the Christie Hospital in Manchester.

Method

Patients and study design
The model was designed in a training cohort that 
included patients from the AGAMENON 
oesophageal and gastric cancer registry managed 
by the SEOM in which 42 Spanish university hos-
pitals participate. The characteristics of this regis-
try, quality criteria, methods and data collection 
criteria have been described previously.17–20 To 
comprehend the representativeness of the data, 
Supplemental Annex Table 1 contains a descrip-
tion of all the centres that are participating in the 
registry.

Patients eligible for this study were adults (age 
⩾18 years), diagnosed with locally advanced or 
metastatic unresectable adenocarcinoma of the 
distal oesophagus, GEJ and stomach, HER2+ 
who received at least one cycle of chemotherapy 
and trastuzumab as first-line treatment. HER2 
status was studied locally at the centres and 
defined as IHC 3+ or IHC 2+/FISH+. Subjects 
who had completed perioperative or adjuvant sys-
temic treatment in the previous 6 months and 
those with HER2+ cancers that were not treated 
with first-line trastuzumab were excluded.

Data were collected from medical records or 
directly from the patient by medical oncologists 
experienced in treating AGA and trained to meet 
the requirements of the study via an online plat-
form. This tool includes real-time alerts to avoid 
inconsistencies, unjustified missing values and 
errors, and regular telephone and online 

Juana María Cano 
Medical Oncology 
Department, Hospital 
General Universitario de 
Ciudad Real, Ciudad Real, 
Spain

Ana Fernández Montes 
Medical Oncology 
Department, Complejo 
Hospitalario de Orense, 
Orense, Spain

Oriol Mirallas 
Medical Oncology 
Department, Hospital 
Universitario Vall 
d’Hebron, Vall Hebron 
Institute of Oncology 
(VHIO), Barcelona, Spain

Ismael Macias Declara 
Medical Oncology 
Department, Hospital 
Universitario Parc Tauli, 
Sabadell, Spain

Rosario Vidal Tocino 
Medical Oncology 
Department, Complejo 
Asistencial Universitario 
de Salamanca-IBSAL, 
Salamanca, Spain

Laura Visa 
Medical Oncology 
Department, Hospital 
Universitario El Mar, 
Barcelona, Spain

María Luisa Limón 
Medical Oncology 
Department, Hospital 
Universitario Virgen del 
Rocío, Sevilla, Spain

Paola Pimentel 
Medical Oncology 
Department, Hospital 
General Universitario 
Santa Lucía, Cartagena, 
Spain

Nieves Martínez Lago 
Medical Oncology 
Department, Complejo 
Hospitalario Universitario 
de A Coruña, A Coruña, 
Spain

Tamara Sauri 
Medical Oncology 
Department, Hospital 
Clinic, IDIBAPS, 
Barcelona, Spain

Marta Martín Richard 
Medical Oncology 
Department, Catalan 
Institute of Oncology, 
Barcelona, Spain

Monserrat Mangas 
Medical Oncology 
Department, Hospital 
Galdakao-Usansolo, 
Usansolo, Spain

Mireia Gil Raga 
Medical Oncology 
Department, Hospital 
General Universitario de 
Valencia, Valencia, Spain

Aitana Calvo 
Medical Oncology 
Department, Hospital 
Universitario Gregorio 
Marañón, Madrid, Spain

https://journals.sagepub.com/home/tam


P Jimenez-Fonseca, V Foy et al.

journals.sagepub.com/home/tam 3

monitoring is performed. Patient-reported out-
come measures were not collected.

Results were externally validated in a separate 
cohort from The Christie NHS Foundation Trust 
(Manchester, UK), which included consecutive 
patients who met the same eligibility criteria.

Objectives and variables of interest
The objective was to develop and externally vali-
date a multivariable model to stratify patients 
with HER2+ AGA according to PFS/OS. 
Outcome variables were PFS and OS defined as 
the time in months between initiation of first-line 
chemotherapy and progression or death, respec-
tively, censoring subjects alive at last follow-up.

Candidate predictors were selected after an 
exhaustive literature search, and after consulta-
tion with experts from the participating centres. 
No data-driven method was used in the final 
selection of variables.21 All covariates had to be 
available at the start of treatment (e.g. the pri-
mary tumour surgery variable was only consid-
ered when subjects had been exposed before the 
start of first-line treatment). The covariates con-
sidered in this model were age, Eastern 
Cooperative Oncology Group performance status 
(ECOG PS; ⩾2 versus 0–1), primary tumour 
location (oesophagus, GEJ, stomach), HER2 
expression level (IHC 2+/FISH+ versus IHC 
3+), Lauren subtype (intestinal versus diffuse and 
mixed), signet ring cells, histological grade (1, 2, 

versus 3), overall tumour burden (stratified into 
four categories, Table 1), neutrophil-to-lympho-
cyte ratio (NLR; non-linear, continuous), albu-
min, carcinoembryonic antigen, CEA (non-linear, 
continuous), primary tumour surgery, chemo-
therapy regimen (anthracycline-based triplets, 
carboplatin–5-fluorouracil, carboplatin–capecit-
abine, cisplatin–5-fluorouracil, docetaxel-con-
taining regimens, 5-fluorouracil/oxaliplatin, 
capecitabine/oxaliplatin, capecitabine/cisplatin, 
others). Criteria to stratify the overall tumour 
burden (Table 1) have been used previously by 
our group.22 The OS analyses stratified by this 
variable on the entire cohort, as well as the 
Manchester series, suggest that these criteria are 
valid (Supplemental Annex Figure 1).

Statistics
Correlation of predictors with OS was assessed 
using Somers’ Dxy rank correlations. Missing 
data were imputed using predictive mean match-
ing.23 None of the predictors were found to have 
more than 20% missing data. Redundancy analy-
sis was performed with flexible parametric addi-
tive models to remove any covariates that could 
be predicted by the remaining variables.21 We 
used a log-normal accelerated failure time (AFT) 
model, as the aim was to model the mean time to 
PFS/OS.24 We tested the adequacy of the log-
normal parametric model by calculating the 
Kaplan–Meier estimate of the distribution of the 
residuals versus the theoretical gaussian. In AFT 
models, survival times are multiplied by a 

Table 1. Definitions of overall tumour burden.

Tumour burden Definition

Low •  1 single organ involved with 1 or 2 lesions or mild ascites/microscopic 
peritoneal dissemination with no other sites

Moderate • 1 single involved organ with 3–5 lesions
• 2 involved organs with <3 lesions per organ

High • 1 single organ involved with >5 lesions
• 3 or more involved organs

Very high • Baseline sum of total diameters >15 cm
• Moderate or severe ascites
• Diffuse peritoneal metastases with nodules >2–3 cm
• CNS metastases
• 3 or more bone metastases
• Liver tumour burden >50%

Mild ascites was defined as not clinically evident, diagnosed with CT or ultrasound.
CNS, central nervous system; CT, computed tomography.
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constant effect under this formulation so that the 
exponentiated coefficients, exp(β), are called time 
ratios (TRs). A TR of more than 1 for the covari-
ate implies that the covariate slows down or 
lengthens the time to the event, while a TR of less 
than 1 indicates that an event is more likely to 
occur earlier. Thus, the regression coefficient of a 
binary predictor equal to log(0.5) means that the 
median time to event is halved in its presence. CIs 
of 90%, 95% and 99% are reported. Time is 
expressed in months. Non-linear effects were 
modelled using restricted cubic splines. In terms 
of sample size, the number of predictors was cho-
sen so that there were at least 15 events per covar-
iate.21 To obtain a simplified, more convenient 
model, a version of fast backward elimination on 
factors was used, using a method based on 
Lawless and Singhal.25 The simplified model was 
represented as a nomogram and online calculator; 
calibration curves were plotted and discrimina-
tion was assessed using Harrell’s C-index, which 
takes into account right-censored data. In the 
derivation series, the c-index was corrected for 
bias by bootstrap. Using the linear predictor, the 
same measures of model performance were 
obtained in the validation cohort. Analyses were 
performed with R version 4.01,26 including the 
Hmisc and rms libraries.27,28

Results

Patients and treatments
A total of 737 patients treated between 2008 and 
2021 were consecutively enrolled – 654 from the 
training cohort of the AGAMENON-SEOM reg-
istry and 83 from the external validation subset. 
Baseline characteristics are illustrated in Table 2. 
Demographics and therapies are comparable in 
both cohorts, except for a higher percentage of 
GEJ adenocarcinomas in the Christie Hospital 
series (21% versus 53%), more tumours with very 
high tumour burden in the AGAMENON-SEOM 
cohort (41% versus 13%), and a more homogene-
ous treatment pattern with a predominance of 
ToGA regimens (cisplatin/capecitabine in 93%) 
in the Christie Hospital series versus a greater pre-
dilection for oxaliplatin-based doublets (n = 301, 
46%) in AGAMENON-SEOM.

Eighty-two percent (82%) of the subjects 
(538/654) in the derivation sample had synchro-
nous metastases since the time of diagnosis, 

whereas the rest had undergone surgery with 
curative intent and relapsed later on.

Outcomes
In the training cohort (AGAMENON-SEOM), 
580 progression events and 549 deaths were 
recorded after a median follow-up in living 
patients of 62.8 months (95% CI, 49.1–86.0). 
Median PFS was 7.7 months (95% CI, 7.1–8.2), 
and median OS was 14.0 months (95% CI, 13.0–
14.9). Survival data stratified by regimen are 
summarised in Supplemental Annex Table 2, 
with comparable results except for carboplatin-
based regimens. At the time of analysis, 93% 
(n = 609) had discontinued first-line treatment. 
Patients received a median of six cycles of plati-
num chemotherapy (range, 1–14), and eight 
cycles of a fluoropyrimidine. The median dura-
tion of trastuzumab treatment was 7.6 months 
(95% CI, 7.1–8.3).

In the Christie Hospital test cohort, 55/83 death 
events were detected, after a median follow-up in 
living subjects of 38.6 months (95% CI, 26.2–not 
reached). The median PFS was 8.1 months (95% 
CI, 7.1–11.3) and OS 12.8 months (95% CI, 
10.3–20.4). Patients received chemotherapy for a 
median of five cycles (range, 1–6), and trastu-
zumab therapy was maintained for a median of 
6.3 months (range, 1–74).

Development of predictive models for  
PFS and OS
AFT models to predict PFS and OS were fitted 
with all candidate covariates. The exponentiated 
coefficients (TRs) are shown in Figure 1 and 
Table 3. For continuous variables, the contrasts 
show interquartile effects. The full model with all 
coefficients is shown in Supplemental Annex 
Table 3.

The log-normal parametric survival time model 
adequately fitted the data to the most relevant 
prognostic factors (Supplemental Annex Figure 2). 
The PFS model has a bias-corrected c-index of 
0.606 (95% CI, 0.578–0.636) and is well calibrated 
(Figure 2(a)). The OS model has a bias-corrected 
c-index of 0.623 (95% CI, 0.594–0.655), and is 
well calibrated at various time points (Figure 2(c) 
and Supplemental Annex Figure 3). As these mod-
els are too complex for use in clinical practice, they 
were simplified using Lawless and Singhal’s factor 
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Table 2. Baseline characteristics.

AGAMENON-HER2 training cohort Christie hospital cohort

 N (%) N (%)

Age, median (range) 65 (22–87) 67 (27–85)

Sex, male 510 (77.9) 70 (84.3)

HER2+

 IHC 3+ 470 (71.8) 54 (65.0)

 IHC 2+ and FISH+ 184 (28.1) 29 (34.9)

ECOG PS

 0 158 (24.1) 25 (30.1)

 1 396 (60.5) 42 (50.6)

 2 91 (13.9) 15 (18.0)

 3 0 1 (1.2)

Lauren subtype

 Intestinal 393 (60.0) 59 (71.0)

 Diffuse 95 (14.5) 16 (19.2)

 Mixed 33 (5.0) –

 Not available 124 (18.9) 8 (9.6)

Signet-ring cells 85 (12.9) 5 (6.0)

Histological grade

 1 124 (18.9) –

 2 219 (33.4) 42 (50.60)

 3 164 (25.0) 28 (33.7)

 Not available 138 (21.1) 13 (15.6)

Surgery of primary tumour 116 (17.7) 9 (10.8)

Primary tumour site

 Oesophagus 88 (13.4) 21 (25.3)

 Stomach 421 (64.3) 18 (21.6)

 GEJ 136 (20.7) 44 (53.0)

Number of metastatic sites (organs 
involved), >2

194 (29.6) 30 (36.4)

Site of metastases

 Peritoneum 196 (29.9) 11 (13.2)

 Lung 153 (23.3) 21 (25.3)

 Liver 352 (53.8) 37 (44.5)

 Ascites 93 (14.2) 1 (1.2)

(Continued)
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TherapeuTic advances in 
Medical Oncology Volume 15

6 journals.sagepub.com/home/tam

AGAMENON-HER2 training cohort Christie hospital cohort

 N (%) N (%)

 Bone 61 (9.3) 10 (12.0)

 Non-regional lymph nodes 329 (50.3) 40 (48.1)

Liver tumour burden

 No 290 (44.3) 46 (55.4)

 <25% 168 (25.6) 25 (30.1)

 25–50% 98 (14.9) 10 (12.0)

 51–75% 64 (9.7) 2 (2.4)

 >75% 25 (3.8) –

Overall tumour burden

 Low 82 (12.5) 17 (20.4)

 Moderate 116 (17.7) 22 (26.5)

 High 190 (29.0) 33 (39.7)

 Very high 266 (40.6) 11 (13.2)

CEA, median (range) 9.5 (0–36001)  

Albumin

 Normal (>35 g/dL) 429 (65.5) 79 (95.1)

 30–35 g/dL 100 (15.2) 3 (3.6)

 <30 g/dL 54 (8.2) 1 (1.2)

 Not available 62 (9.4) –

NLR, median (range) 3.4 (0.1–29.3) 4.3 (1.2–42.2)

Chemotherapy regimens

 Anthracycline-based triplets 28 (4.2) 0

 Carboplatin–5-fluorouracil 32 (4.8) 0

 Carboplatin–capecitabine 0 5 (6.0)

 Cisplatin–5-fluorouracil 92 (14.0) 0

 Docetaxel-containing regimens 15 (2.2) 0

 FOLFOX 110 (16.8) 0

 Other 18 (2.7) 1 (1.2)

 CAPOX 191 (29.2) 0

 XP 168 (25.6) 77 (92.7)

Total 654 (100) 83 (100)

The criteria for overall tumour burden are specified in Table 1.
CAPOX, capecitabine/oxaliplatin; CEA, carcinoembryonic antigen; FOLFOX, 5-fluorouracil/oxaliplatin; GEJ, 
gastroesophageal junction; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; N, number of 
patients; NLR, neutrophil-to-lymphocyte ratio; XP, capecitabine/cisplatin.

Table 2. (Continued)

https://journals.sagepub.com/home/tam


P Jimenez-Fonseca, V Foy et al.

journals.sagepub.com/home/tam 7

(a)

(b)

Figure 1. Effect of AGAMENON-HER2 covariates on PFS (a) and OS (b).
Adjusted TRs are derived from a multivariable log-normal AFT model and represent its exponentiated coefficients (Table 3). Interpretation of the 
adjusted TRs: TR > 1 means that an increase in the value of the covariate is associated with longer survival. TR < 1 means that an increase in the 
value of the covariate is associated with shorter survival. The criteria for overall tumour burden are specified in Table 1.
AFT, accelerated failure time; CAPOX, capecitabine/oxaliplatin; CEA, carcinoembryonic antigen; CI, confidence interval; ECOG PS, Eastern 
Cooperative Oncology Group performance status; FISH, fluorescence in situ hybridisation; FOLFOX, 5-fluorouracil/oxaliplatin; GEJ, gastroesophageal 
junction; HER2, human epidermal growth factor receptor-2; IHC, immunohistochemistry; OS, overall survival; PFS, progression-free survival; TRs, 
time ratios; XP, capecitabine/cisplatin.
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Table 3. AFT models to predict survival-based endpoints.

Variables TR for PFS (95% CI) TR for OS (95% CI)

CEA, 68 versus 3 0.93 (0.86–1.01) 0.96 (0.88–1.04)

NLR, 5.2 versus 2.1 0.80 (0.70–0.92) 0.73 (0.63–0.83)

ECOG PS, 0 versus 1 1.05 (0.88–1.24) 1.09 (0.92–1.30)

ECOG PS, 2 versus 0 0.65 (0.53–0.81) 0.59 (0.48–0.73)

Lauren subtype, diffuse versus intestinal 0.74 (0.57–0.97) 0.73 (0.57–0.94)

Lauren subtype, mixed versus intestinal 0.64 (0.45–0.90) 0.75 (0.52–1.08)

HER2, IHC +2/FISH+ versus IHC +3 0.83 (0.71–0.97) 0.85 (0.73–1.00)

Signet-ring cells 0.96 (0.75–1.25) 0.97 (0.75–1.25)

Surgery of the primary tumour 1.09 (0.90–1.32) 1.07 (0.88–1.29)

Location, GEJ versus stomach 0.83 (0.69–0.99) 0.85 (0.71–1.03)

Location, oesophagus versus stomach 0.77 (0.61–0.95) 0.82 (0.66–1.03)

Histological grade, 3 versus 2 0.90 (0.74–1.08) 0.87 (0.72–1.07)

Histological grade, 1 versus 2 1.19 (0.98–1.44) 1.29 (1.07–1.55)

Age, 72 versus 56 0.94 (0.84–1.05) 0.82 (0.69–1.02)

Tumour burden, low versus very high 1.58 (1.25–1.99) 1.69 (1.34–2.13)

Tumour burden, moderate versus very high 1.43 (1.16–1.76) 1.38 (1.12–1.70)

Tumour burden, high versus very high 1.08 (0.91–1.28) 1.11 (0.94–1.32)

Albumin 3–3.5 g/dL versus normal 0.92 (0.76–1.13) 0.93 (0.77–1.14)

Albumin <3 g/dL versus normal 0.83 (0.64–1.07) 0.89 (0.69–1.14)

Anthracycline-based regimens versus CAPOX 1.42 (0.99–2.05) 1.32 (0.92–1.90)

Carboplatin–5FU versus CAPOX 0.74 (0.52–1.04) 0.87 (0.61–1.22)

Cisplatin–5FU versus CAPOX 0.96 (0.76–1.21) 1.01 (0.80–1.27)

Docetaxel-containing regimens versus CAPOX 1.03 (0.64–1.67) 1.33 (0.83–2.13)

FOLFOX versus CAPOX 1.38 (1.10–1.71) 1.23 (0.99–1.53)

Others versus CAPOX 0.64 (0.41–1.00) 0.88 (0.56–1.37)

XP versus CAPOX 0.89 (0.73–1.08) 0.89 (0.73–1.08)

The criteria for overall tumour burden are specified in Table 1. Interpretation of adjusted TRs: TR > 1 means that an 
increase in the value of the covariate is associated with longer survival; TR < 1 means that an increase in the value of the 
covariate is associated with shorter survival. Adjusted TRs are derived from a multivariable log-normal AFT models and 
represent its exponentiated coefficients.
5FU, 5-fluorouracil; AFT, accelerated failure time; CAPOX, capecitabine/oxaliplatin; CEA, carcinoembryonic antigen; 
CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; FISH, fluorescence in situ 
hybridisation; FOLFOX, 5-fluorouracil/oxaliplatin; GEJ, gastroesophageal junction; IHC, immunohistochemistry; OS, overall 
survival; PFS, progression-free survival; TR, time ratio; XP, capecitabine/cisplatin.
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reduction algorithm. The simplified models con-
tain six predictors (ECOG PS, HER2 status, 
Lauren subtype, histological grade, overall tumour 
burden and NLR). These covariates have the high-
est correlation with OS in the Somers’ Dxy rank 
correlations so that omission of the remaining vari-
ables does not substantially affect the discrimina-
tion indices (Supplemental Annex Figure 4). The 
NLR showed a clear non-linear behaviour with 
worse prognosis at higher values, up to a value of 8 
(see Supplemental Annex Figure 5). None of the 

outliers (NLR > 8) were due to errors, steroid use 
or obvious infections. The discrimination indices in 
the simplified model (0.610 and 0.635 for PFS and 
OS, respectively) are comparable to those of the 
complete model. The simplified models for PFS 
and OS have been graphically represented as nom-
ograms (Figure 3(a) and (b)), and a web-based cal-
culator has been designed to access the predictions 
conveniently (https://www.prognostictools.es/her2/
inicio.aspx). The underlying equations are speci-
fied in Supplemental Annex Figure 6.

(a) (b)

(c) (d)

Figure 2. Calibration curves in the training cohort for PFS and OS. The term ‘predicted’ means the probability 
of PFS/OS at fixed points of time, whereas observed refers to the Kaplan–Meier survival estimate stratified by 
intervals. (a) 6-month PFS in the AGAMENON-SEOM cohort. (b) 6-Month PFS in the Christie Hospital cohort. 
(c) 12-month OS in the AGAMENON-SEOM cohort. (d) 12-month OS in the Christie Hospital cohort.
OS, overall survival; PFS, progression-free survival.

https://journals.sagepub.com/home/tam
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External validation
The AGAMENON-HER2 nomograms were vali-
dated in an independent series. In this external 
validation cohort, the models retained adequate 
calibration (Figure 2(b) and (d) shows the calibra-
tion plots for the PFS and OS predictor models, 

respectively). The models allow for adequate dis-
crimination with a c-index of 0.650 and 0.683 for 
PFS and OS, respectively. In the testing cohort, 
the NLR variable shows the same non-linear trend 
seen in the training cohort (Supplemental Annex 
Table 4).

(a)

(b)

Figure 3. AGAMENON-HER2 nomograms for PFS (a) and OS (b).
ECOG PS, Eastern Cooperative Oncology Group performance status; FISH, fluorescence in situ hybridisation; HER2, human 
epidermal growth factor receptor 2; IHC, immunohistochemistry; OS, overall survival; PFS, progression-free survival.
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Discussion
This study describes the development and exter-
nal validation of a model predictive of survival-
based endpoints in individuals with AGA treated 
with trastuzumab-based therapy. This tool was 
needed because of the significant variation in out-
comes seen in AGA patients treated with HER2-
directed therapy.13 To our knowledge, the 
AGAMENON-HER2 model is the first tool 
developed to make individualised predictions and 
stratify subjects with AGA treated with HER2-
targeted therapies and chemotherapy. The model 
has been externally validated in a sample of con-
secutive patients, achieving adequate calibration 
and discrimination capacity. The resulting mod-
els assign an estimate of PFS and OS based on the 
additive effect of key clinicopathological variables 
in these patients.

All the covariates used are known, and feature in 
other models for prognosis in HER2-negative 
AGA.13 The contribution of NLR is known in 
AGA29 and other advanced malignancies, reflect-
ing the presence of a systemic proinflammatory 
state.30,31 It should be noted that the effect on 
survival-based endpoints is non-linear, with a 
threshold between 6 and 8, beyond which succes-
sive increases are not associated with worse prog-
nosis. The non-linear association with various 
endpoints has been described in oncology and 
non-oncology patients in various settings,19,32,33 
but does not occur in all studies.30 The impact of 
tumour histology on prognosis is another aspect 
to consider. Most HER2+ AGA usually have a 
well or moderately differentiated intestinal histo-
logical subtype.11 However, about 19% of 
HER2+ neoplasms in our series (both 
AGAMENON-SEOM and Christie hospital) 
have a diffuse histological component. The pres-
ence of diffuse histology and poor differentiation 
of HER2+ AGA, although infrequent, has been 
documented and consistently associated with a 
worse prognosis.34 As there are no definitive crite-
ria for classification our model does not consider 
intratumoural heterogeneity of HER2 expression 
a known prognostic factor and incorporation of 
this in future developments would be impor-
tant.35,36 In our series, IHC 2+/FISH+ tumours 
had worse PFS/OS, in line with the rest of the 
literature.37–40 A novel variable in our model is the 
incorporation of overall tumour burden. In the 
absence of pre-established criteria, we resorted to 
a classification previously defined by our group.22 
The observed results from our current and previ-
ous studies, including the capacity to stratify the 

participants in the Manchester series, suggest that 
these criteria are valid.

Regarding the external validity of our nomogram, 
there are several key points to consider. First, the 
use of alternative regimens to the ToGA trial is 
common in this and other contemporary series, 
which may subtly modify the survival results of 
HER2-directed therapy.19,41 To our knowledge, 
the contribution of the chemotherapy backbone 
has not been evaluated in any comparative 
research. However, this impact is not expected to 
be relevant in a recommended setting of using 
platinum- and fluoropyrimidine-based chemo-
therapy combinations, as is the case in more than 
95% of patients in our cohorts. Second, the opti-
mal duration of chemotherapy and maintenance 
with trastuzumab-associated fluoropyrimidine, a 
strategy used in patients in this series, remain 
uncertain.42 In the ToGA trial, chemotherapy 
was administered for six cycles, with trastuzumab 
maintained thereafter until progression.5 In phase 
II clinical trials not stratified by HER2-status, 
there appears to be no substantial difference 
between stop & go or maintenance strategies.43,44 
However, a previous analysis of the AGAMENON-
SEOM registry suggested that maintenance with 
fluoropyrimidines and trastuzumab might be use-
ful when the chemotherapy backbone was 
FOLFOX.19,42 Third, although the ToGA trial 
did not include them, the benefit of anti-HER2 
therapies has been extrapolated to distal oesopha-
geal adenocarcinoma and is supported by retro-
spective data analyses.45,46 As a real-world 
prospective data collection, our database incorpo-
rates the diversity seen in clinical practice sup-
porting the validity of our nomogram in a broad 
range of settings. This is confirmed by the similar 
performance of our model in the AGAMENON 
cohort and the Christie NHS Foundation Trust 
validation cohort despite the diversity in tumour 
subtypes and chemotherapy regimen. Fourth, 
given that the model was developed on a sample 
of Western patients, its external validation in 
broader populations (e.g. Asian) must be con-
firmed. Indeed, the results observed here are in 
line with the findings of trials conducted in our 
setting,47 although discreetly lower than those 
reported in other studies performed in predomi-
nantly Asian countries.41

Our study has several limitations, the most obvi-
ous being its retrospective nature, with the obvi-
ous risk of bias. Although the data have been 
reviewed and are consistent across two 
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independent series, they do not entirely exclude 
the possibility of systematic errors. Recent studies 
have demonstrated the existence of remarkable 
molecular heterogeneity within HER2-positive 
tumours, which could substantially influence the 
outcome of HER2-targeting therapies.48–55 The 
introduction of new HER2-targeted therapies may 
influence the prognosis of these patients. The 
development of future HER2-testing strategies 
(i.e. next-generation sequencing, liquid biopsy) 
could affect the applicability of the nomogram. 
While the model captures the most general predic-
tors, it is necessary to be aware of infrequent risk 
factors that could have a decisive influence on the 
evolution of some patients. In particular, the crite-
ria for classifying the overall tumour burden are 
empirical and need further validation, although a 
sensitivity analysis suggests that the classification 
method is promising. Moreover, the model has 
been established with a sample of patients treated 
with trastuzumab and chemotherapy, so its valid-
ity should be confirmed with the addition of PD-1 
targeting drugs and/or new anti-HER2 thera-
pies.7–9,56 This model captures a mix of covariates 
associated with general functional status, proin-
flammatory levels, histopathological diversity and 
tumour burden, so we believe it will continue to 
be useful as regimens for HER2-positive AGA 
evolve. While other tumour inflammatory signa-
ture-related parameters, as well as immune-related 
prognostic biomarkers (e.g. programmed cell 
death ligand 1 pathway, tumour infiltrating lym-
phocytes, interleukins) have demonstrated an 
emerging prognostic role, these determinations 
are not yet available for most of the cases included 
in this registry. Regardless, it may prove difficult 
to uncouple the possible prognostic effect of these 
biomarkers from the use of immunotherapy in the 
future.57 The c-index of this model (0.650), while 
relatively low, is deemed acceptable within the 
context of a well-calibrated model that accurately 
predicts the probability of failure at specific time 
points.58 Although the data have been validated in 
an independent series, the reader must bear in 
mind the uncertainty in a relatively small sample 
when estimating performance indices. Finally, the 
reader should be aware that our analysis does not 
provide insight into the per se benefit of trastu-
zumab-based chemotherapy, although the model 
is able to identify subgroups with poor survival 
expectations, which should be a priority in clinical 
research for a more personalised approach. As for 
applicability, this model can in no way be used to 
choose treatment strategies in first line other than 
the ones used in the derivation series, with all 

participants receiving trastuzumab and 
polychemotherapy.

In conclusion, the AGAMENON-SEOM-HER2 
evidence-based prognostic tool is able to predict 
survival-based endpoints in patients with HER2+ 
AGA receiving trastuzumab-based treatment. 
This nomogram may be useful when stratifying 
patients with HER2+ AGA in future trials. 
Furthermore, evidence-based knowledge about 
prognosis could be useful as part of the discussion 
that entails decision-making in daily clinical prac-
tice during the course of anti-HER2 therapy 
(conversations with the patient about initiating 
drugs, assessing a clinical trial, multidisciplinary 
committee deliberations regarding locoregional 
therapies, how long to administer the therapy, 
response evaluation timing, ICU management in 
individuals having a better prognosis, etc.).
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