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Abstract

Prior models have been developed to predict survival for patients with esophagogas-

tric cancer undergoing curative treatment or first-line chemotherapy (SOURCE

models). Comprehensive clinical prediction models for patients with esophagogastric

cancer who will receive second-line chemotherapy or best supportive care are cur-

rently lacking. The aim of our study was to develop and internally validate a new clin-

ical prediction model, called SOURCE beyond first-line, for survival of patients with

metastatic esophagogastric adenocarcinoma after failure of first-line palliative sys-

temic therapy. Patients with unresectable or metastatic esophageal or gastric adeno-

carcinoma (2015-2017) who received first-line systemic therapy (N = 1067) were

selected from the Netherlands Cancer Registry. Patient, tumor and treatment charac-

teristics at primary diagnosis and at progression of disease were used to develop the

model. A Cox proportional hazards regression model was developed through forward

and backward selection using Akaike's Information Criterion. The model was inter-

nally validated through 10-fold cross-validations to assess performance. Model dis-

crimination (C-index) and calibration (slope and intercept) were used to evaluate

performance of the complete and cross-validated models. The final model consisted

of 11 patient tumor and treatment characteristics. The C-index was 0.75 (0.73-0.78),

calibration slope 1.01 (1.00-1.01) and calibration intercept 0.01 (0.01-0.02). Internal

cross-validation of the model showed that the model performed adequately on

unseen data: C-index was 0.79 (0.77-0.82), calibration slope 0.93 (0.85-1.01) and cal-

ibration intercept 0.02 (�0.01 to 0.06). The SOURCE beyond first-line model pre-

dicted survival with fair discriminatory ability and good calibration.
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What's new?

Patients with metastatic esophagogastric cancer generally have poor survival. Here, the authors

present a model for predicting survival after failure of first-line palliative systemic treatment.

They collected data from 1067 patients in the Netherlands Cancer Registry who had unresect-

able or metastatic esophageal or gastric adenocarcinoma. Unlike existing models, this model

includes information about second-line chemotherapies and best supportive care, and was

developed on a large number of patients. The final model included 11 different characteristics

of the patient, tumor, and treatment, and could help patients and providers make informed deci-

sions about starting second-line therapies.

1 | INTRODUCTION

Survival of patients with metastatic esophagogastric cancer is poor.1,2

First-line palliative systemic treatment for patients with metastatic

esophagogastric cancer has the potential to extend survival, and to

improve or sustain quality of life.3-5 After failure of first-line sys-

temic treatment, patients have the option to continue with second-

line palliative systemic therapy or best-supportive care. Second-line

treatment with paclitaxel and ramucirumab is considered standard

of care for patients with esophagogastric adenocarcinoma.6-8 In

clinical practice, roughly a quarter of patients that received first-

line systemic therapy continue with second-line systemic therapy

and have a median overall survival (OS) of 5.4 months since start of

second-line treatment.9

The emergence of prediction models has enabled physicians to

improve communication of individualized information regarding life

expectancy and can aid in shared decision making.10 Recently, the

SOURCE and SOURCE-PANC prediction models for patients with cur-

able or incurable esophagogastric cancer and incurable pancreatic

cancer, respectively, have shown good predictive performances and

are important in informing patients about treatment outcomes.11-13

Currently, two prediction models exist for the survival after failure

of first-line systemic treatment for patients with gastric cancer.14,15

The first consisted of a prognostic model for patients with gastric can-

cer who received second-line chemotherapy.14 However, this model

lacks internal and external validation, and thus predictive performance

on novel data cannot be assessed. Furthermore, at the time of publica-

tion second-line therapy ramucirumab and paclitaxel was not available

and therefore not included in the model. Since second-line therapy with

ramucirumab and paclitaxel has improved survival in recent years, the

existing model has become less relevant for current clinical practice.8

The second prediction model did internally and externally validated the

model, but the model was trained on relatively small number of patients

and only included patients that received second-line chemotherapy.15

Patients that received best supportive care were not included. Finally,

both models were developed for patients with gastric cancer only, and

cannot be used for patients with esophageal cancer.

The aim of our study was to develop and internally validate a sur-

vival prediction model using nationwide population-based data of

patients with esophagogastric adenocarcinoma after failure of first-

line palliative systemic treatment for use in clinical practice with

patient, tumor and treatment characteristics.

2 | METHODS

2.1 | Data collection

This manuscript is written according to the Transparent Reporting of a

Multivariable Prediction model for Individual Prognosis or Diagnosis

(TRIPOD) statement. Patients with synchronous metastatic adenocarci-

noma (2015-2017) of the esophagus (C15.0-C15.9), gastroesophageal

junction (GEJ)/cardia (C16.0) or stomach (C16.1-C16.9) and patients with

a metachronous metastatic disease initially treated with curative intent

(2015-2016) for a nonmetastatic esophageal, GEJ/cardia or gastric ade-

nocarcinoma, who received first-line palliative systemic treatment in the

Netherlands were selected from the Netherlands Cancer Registry (NCR).

The NCR is a nationwide based registry that covers the total Dutch popu-

lation of more than 17 million people. The NCR is linked to the pathology

archive in the Netherlands (PALGA), which contains information from all

newly diagnosed malignancies. Trained data managers routinely extract

patient and treatment information from electronic medical records.

Follow-up information on tumor and treatment characteristics

(including metachronous metastatic disease) was collected in the sec-

ond half of 2019, with the exception of two hospitals due to logistical

constraints. Data on vital status were obtained through annual linkage

to the Dutch Personal Records Database and updated until February

2021. Metachronous metastatic disease was defined as diagnosis of

metastases at least 5 days after end of treatment with curative intent

for primary nonmetastatic disease for patients diagnosed in 2015 to

2016. Treatment with curative intent was defined as endoscopic

resection, surgical resection or definitive chemoradiotherapy (chemo-

therapy with concurrent radiotherapy consisting of ≥28 fractions or

total radiation dose of ≥50 Gy). For patients who developed meta-

chronous metastases within 6 months after end of neoadjuvant

chemotherapy, the neoadjuvant chemotherapy was considered as

first-line systemic therapy. First-line palliative systemic therapy was

defined as all chemotherapy or targeted agents that started within 3 days

of each other, as described in more detail in a previous publication.16

Second-line treatment was considered when a new agent of a different

drug group was started that was not administered in first-line.9 Patients

with first-line treatment failure for other reasons than disease progres-

sion were excluded. Furthermore, patients were also excluded if patients

first-line therapy despite progression or if a restart of the first-line was

initiated after disease progression A comprehensive overview of included

patients is available in Supplementary Figure 1.

KUIJPER ET AL. 1203
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2.2 | Model development and validation

Characteristics of patients included in our study were summarized

with mean and standard deviation (SD) for continuous variables, fre-

quencies for categorical variables, and median for overall survival esti-

mates. An initial variable selection was performed to select predictors

that were available for at least 50% of patients. After the selection, all

variables that were available at primary diagnosis and at progression

after the first-line treatment were used for the modeling procedure.

Potential predictors included patient, tumor and treatment character-

istics. Type of treatment (including best supportive care) after first-

line systemic therapy was a mandatory variable and was forced to be

in the model, since the model's primary aim is predicting treatment

effects.

Next, a multivariable Cox proportional hazard model was fitted.

Through back- and forward variable selection, the final set of predic-

tors was determined and fitted as the final model. Predictor selection

was performed based on Akaike's Information Criterion (AIC). Multiple

imputations by chained equations (MICE) with 10 iterations was used

to handle missing data,17 with the exception of cN-stage, cT-stage,

differentiation grade and HER2-status. These variables could not be

TABLE 1 Patient, disease and treatment characteristics at
progression of disease after failure of first-line

All patients

(N = 1067)

Median survival (95% CI), months 3.55 (3.29-3.84)

Variables at primary diagnosis

Sex

Male 835 (78.3%)

Female 232 (21.7%)

cT

1 2 (0.2%)

1A 2 (0.2%)

1B 1 (0.1%)

2 386 (36.2%)

3 355 (33.3%)

4A 36 (3.4%)

4B 48 (4.5%)

X 237 (22.2%)

cN

0 205 (19.2%)

1 359 (33.6%)

2 359 (33.6%)

3 91 (8.5%)

X 53 (5.0%)

Primary tumor location

Esophagus 563 (52.8%)

Stomach 317 (29.7%)

GE-junction/cardia 187 (17.5%)

Tumor differentiation

Well 21 (2.0%)

Moderate 256 (24.0%)

Poorly 417 (39.1%)

Unknown 373 (35.0%)

Variables at progression of disease

Age

Mean (SD) 63.38 (10.00)

Albumin (g/L)

Mean (SD) 35.43 (7.13)

Missing (N) 390

LDH (U/L)

Mean (SD) 412.04 (695.25)

Missing (N) 162

Neutrophile count (�109/L)

Mean (SD) 5.76 (3.786)

Missing (N) 384

HER2 status

Negative 678 (63.5%)

Positive 192 (18.0%)

Unknown 197 (18.5%)

TABLE 1 (Continued)

All patients

(N = 1067)

WHO performance status

0 116 (10.9%)

1 310 (29.1%)

2 110 (10.3%)

>2 97 (9.1%)

Missing (N) 431 (40.5%)

Duration first line therapy (mo)

Mean (SD) 8.80 (8.223)

Type of metastatic disease

Metachronous metastases 185 (17.3%)

Synchronous metastases 882 (82.7%)

Number of metastatic sites

Mean (SD) 2.57 (1.39)

First-line therapy

Monotherapy 51 (4.8%)

Doublet therapy 627 (58.8%)

Triplet therapy 212 (19.9%)

Trastuzumab-containing regimen 164 (15.4%)

Nontrastuzumab targeted therapy-

containing regimen

13 (1.2%)

Type of second-line treatment

Paclitaxel and ramucirumab 232 (21.7%)

Monochemotherapy 114 (10.7%)

Doublet or triplet chemotherapy 81 (7.6%)

Best supportive care 640 (60.0%)

1204 KUIJPER ET AL.
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assumed to be missing at random and the fact that they are missing

was likely to have predictive information. We therefore included a

separate category “unknown” in these variables, which was attributed

to patients whose data was missing on that variable.

The predictive performance of the final model was evaluated with

the concordance index (C-index), calibration slope and calibration

intercept. The C-index is a measure for model discrimination and

ranges from 0.5 (random chance) to 1.0 (perfect discrimination).18 C-

indices of 0.60 to 0.69 are typically interpreted as poor discrimination,

0.70 to 0.79 fair discrimination, 0.80 to 0.89 good discrimination and

0.90 to 1.0 excellent discrimination.19 The calibration slope and inter-

cept refer to the accordance between predicted and observed survival

outcomes.20 For each prediction, we calculated the partial chi-squared

statistic minus the predictor degree of freedom which quantified the

relative importance of each variable.21 Higher values correspond with

higher relative variable importance.

To assess model performance on unseen data, 10-fold cross-

validation was performed.20 With this method, the data is randomly

shuffled and split into 10 equal parts called folds. The model was then

trained in nine folds and tested in the remaining fold. This process is

repeated 10 times so that every patient is included in the train and

test fold at least once. The C-index, calibration slope and intercept

across cross-validations were evaluated with a meta-analysis to obtain

pooled performance estimates similarly to previously published

SOURCE and SOURCE-PANC models.11,12

3 | RESULTS

3.1 | Predictors

We identified 1067 patients with metastatic esophagogastric adenocarci-

noma with failure on first-line palliative systemic treatment (Table 1).

Median OS of all patients since progression was 3.6 (95% CI: 3.2-3.8)

months (Table 1; Supplementary Figure 2). After back and forward pre-

dictor selection, the final model contained 11 patient tumor and treat-

ment characteristics (Table 2). A significant predictor at primary diagnosis

was cN-stage. Although tumor differentiation grade remained in the final

model, its hazard ratios were not significant compared to the reference.

Significant predictors after progression on first line systemic therapy

were WHO performance status, albumin (g/L), lactate dehydrogenase

(LDH) (U/L), neutrophils count (109/L), human epidermal growth factor

receptor 2 (HER2) status, duration of first-line systemic therapy (months),

type of metastatic disease (synchronous or metachronous), number of

metastatic sites and type of treatment after failure of first-line therapy

(including best supportive care).

At primary diagnosis, cN1 and cN2 were associated with higher

OS compared to cN0. At progression, poorer WHO performance sta-

tus, higher LDH concentrations, higher neutrophils count, a higher

number of metastatic sites was associated with lower OS. Patients

with HER2 positive tumors, higher albumin concentrations, synchro-

nous metastatic disease, and a longer duration of first-line therapy

were associated with higher OS.

3.2 | Model performance

The final model had a C-index of 0.75 (0.73-0.78), calibration slope of

1.01 (1.00-1.01) and calibration intercept of 0.01 (0.01-0.02)

(Figure 1). 10-Fold cross-validation showed similar point estimates, C-

TABLE 2 Hazard ratios (HR) of overall survival and 95%
confidence intervals of predictors in the model

HR (95% CI) P-value

Variables at primary diagnosis

cN

0 Reference

1 0.75 (0.63-0.90) .002

2 0.81 (0.68-0.97) .022

3 1.05 (0.81-1.36) .734

X 1.06 (0.78-1.45) .703

Tumor differentiation grade

Well Reference

Moderate 1.19 (0.76-1.88) .449

Poorly 1.41 (0.90-2.21) .129

Unknown 1.16 (0.74-1.82) .520

Variables at progression of the

disease

WHO performance status?

0 Reference

1 1.33 (1.11-1.59) .002

2 1.38 (1.10-1.73) .006

>2 3.06 (2.41-3.87) <.001

Albumin (g/L) 0.99 (0.98-1.00) .014

LDH (U/L) 1.0002 (1.0001-1.0003) <.001

Neutrophils count (109/L) 1.04 (1.02-1.06) <.001

HER2 status

Negative Reference

Positive 0.80 (0.67-0.94) .008

Unknown 0.96 (0.82-1.14) .650

Duration first-line systemic

therapy (months)

0.96 (0.95-0.97) <.001

Type of metastatic disease

Metachronous Reference

Synchronous 0.65 (0.53-0.81) <.001

Number of metastatic sites

after first-line therapy

1.21 (1.16-1.26) <.001

Treatment after first-line

therapy

Paclitaxel and

Ramucirumab

Reference

Monochemotherapy 1.23 (0.97-1.54) .082

Doublet or triplet

chemotherapy

1.21 (0.93-1.56) .149

Best supportive care 2.65 (2.24-3.14) <.001

KUIJPER ET AL. 1205
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index of 0.79 (0.77-0.82), calibration slope 0.93 (0.85-1.01) and cali-

bration intercept of 0.02 (�0.01 to 0.06) (Figure 1). In the final model,

the type of treatment after first-line systemic therapy was the most

predictive for survival, followed by the number of metastatic sites and

duration of the first-line therapy (Figure 2).

A nomogram of the model predicting 6 month and 1-year survival

is available in Supplementary Figure 3. Predictions can be made by

adding the points of each variable, and finding the corresponding

probability to the total amount of points.

4 | DISCUSSION

Our study developed the first population-based prediction model

for survival of patients with metastatic esophagogastric adenocar-

cinoma after failure of first-line palliative systemic therapy. The

model showed fair discrimination (0.75) and good accordance

between predicted and observed overall survival. This indicates

that the SOURCE beyond first-line model can be valuable for

shared decision making between patient and physician when
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(B) Cross−validations

F IGURE 1 Calibration plot of
complete model and cross-validations.
This shows the accordance between the
observed survival and the predicted
survival of the final model (A) and across
10-fold cross-validations (B). The colored
lines represent 10 different validation
folds on which the trained model was
tested. Perfect values are a slope of 1 and

an intercept of 0

Type of treatment after first−line therapy

Numer of metastatic sites after first−line therapy

Duration first−line systemic therapy (months)

WHO performance status

LDH (U/L)

Type of metastatic disease

Neutrophile count (×109/L)

cN (at diagnosis)

Albumin (g/L)

Differentiation grade

HER2 status

0 40 80 120 160

Variable importance (Chi−squared − df)

F IGURE 2 Relative variable
importance. Variables with higher values
correspond with a larger relative
importance in predicting survival in the
final Cox-regression model. Relatively,
type of treatment after first-line systemic
therapy had the most predictive
capability. df, degrees of freedom;
LDH, lactate dehydrogenase;
WHO, World Health Organization
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considering second-line palliative systemic therapy or best-

supportive care.

The predictive performance of the prediction model was fairly

similar to the previously developed SOURCE models for esophagogas-

tric cancer where the C-indexes ranged from 0.73 to 0.78, and calibra-

tion estimates were alike.11,12 In line with the previous SOURCE

model for patients with metastatic esophagogastric cancer, WHO per-

formance status, albumin, LDH, HER2 status, cN stage and number of

metastatic sites were predictive for overall survival. In the final

SOURCE beyond-first line model, poorer WHO performance status, a

larger number of metastatic sites and higher LDH concentrations were

predictive of lower OS. Higher albumin concentrations, positive

HER2-status, cN1 and cN2 compared to cN0 were predictive of

higher OS. Unlike previous SOURCE models for esophagogastric can-

cer, patient characteristics such as age, sex and body mass index were

not predictive for survival after failure of first-line systemic therapy

due to progression.11 Since survival of these patients is generally poor

(median survival of around 4 months in our study), variables that

reflect patients' fitness may be more predictive than general patient

characteristics.22

Novel predictor variables included the neutrophils count, dura-

tion of the first-line systemic therapy and whether a patient had

synchronous or metachronous metastatic disease. Higher neutro-

phils count were predictive for lower OS, which is consistent with

earlier findings.23,24 It is suggested that increased numbers of neu-

trophils can reduce anticancer activity and increase tumor

growth.25-27 Furthermore, longer first-line therapy was predictive

for higher OS, which showed that patients that respond well to

first-line chemotherapy have a better OS. Synchronous metastases

were predictive for higher OS compared to patients with meta-

chronous metastases. Finally, compared to paclitaxel and ramuciru-

mab best supportive care was predictive of a lower

OS. Monochemotherapy and doublet or triplet chemotherapy were

not predictive of a different OS compared to the reference treat-

ment paclitaxel and ramucirumab.

Furthermore, although WHO performance status after failure

of the first-line due to progression was predictive for survival, it

was not the most predictive variable as this was the type of treat-

ment after first-line therapy. Performance status should be

accounted for in the decision to start or forgo second-line treat-

ment, however our results show that variability of survival among

patients cannot be solely accounted for by patients' performance

status.28,29 It should be noted, that 40% of performance status

scores were missing.

The robustness and generalizability of the models was assessed

and tested with an internal-external 10-fold cross validation scheme.

With this method it can be assessed how the model performs on data

that was not used for training the model. In development of prior

SOURCE models, a temporal cross-validation scheme was employed

which mimics real-world practice of testing the model on a new sam-

ple of patients.11 However, follow-up of patients diagnosed between

2015 and 2017 was obtained in 2019. Hence, the follow-up time for

patients diagnosed in 2017 was shorter compared to patients

diagnosed in 2015. Survival estimates from these cohorts may there-

fore be different. To counter this potential source of bias, we created

the folds using a random patient sample rather than consecutive

cohorts of patients. Additionally, missing data of continuous variables

were handled through multiple imputation with chained equations

(MICE), which reduces bias due to missing data and is preferred over

complete case analysis.30 Missing differentiation grade, cN, cT, and

HER2-status variables were handled by including “unknown” as a sep-

arate category. The combination of missing indicators with multiple

imputation has been found to be a valid method to handle missing

data that are not missing at random.31 This is also useful in clinical

practice since not all variables can always be known for some

patients.

Our study has several limitations. First, this prediction model is

only developed using population-based data from the Netherlands

which could affect the generalizability to other populations of patient

with esophagogastric cancer. Second, health related quality of life is

an important prognostic factor for survival in patients with metastatic

esophagogastric cancer, but was not available to use in our study.32

A strength of our study is that the prediction model was devel-

oped on data from the population-based Netherlands cancer registry

which is directly linked to the national pathology archive. Additionally,

steps were taken to increase the robustness and generalizability of

the results. Finally, this is the first model predicting survival for

patients with esophagogastric cancer after failure of first-line treat-

ment due to progression which includes paclitaxel and ramucirumab

as second-line therapy and can be used as a treatment decision aid.

5 | CONCLUSION

Our study presented a prediction model for patients with esophago-

gastric adenocarcinoma that receive second-line systemic therapy or

best-supportive care after failure of the first-line due to progression.

The SOURCE beyond first-line model predicted survival with fair dis-

criminatory ability and good calibration. In the future this model will

be integrated in an online decision support tool to be used in clinical

practice.
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