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Abstract
BACKGROUND
[bookmark: OLE_LINK9]New prognostic factors have been reported in patients with metastatic or recurrent gastric cancer (MRGC), necessitating modifications to the previous prognostic model.

AIM
[bookmark: OLE_LINK10]To develop a new model, MRGC patients who received fluoropyrimidines/platinum doublet chemotherapy between 2008 and 2015 were analyzed.

METHODS
[bookmark: OLE_LINK11]A total of 1883 patients was divided into a training set (n = 937) and an independent validation set (n = 946).

RESULTS
[bookmark: OLE_LINK12]Multivariate analysis showed that the following six factors were associated with poor overall survival (OS) in the training set: Eastern Cooperative Oncology Group performance score ≥ 2 and bone metastasis (2 points each), peritoneal metastasis, high alkaline phosphatase level, low albumin level, and high neutrophil-lymphocyte ratio (1 point each). A prognostic model was developed by stratifying patients into good (0-1 point), moderate (2-3 points), and poor (≥ 4 points) risk groups. In the validation set, the median OS of the three risk groups was 15.8, 10.1, and 5.7 mo, respectively, and those differences were significant (P < 0.001).

CONCLUSION
[bookmark: OLE_LINK13]We identified six factors readily measured in clinical practice that are predictive of poor prognosis in patients with MRGC. The new model is simpler than the old and more easily predicts OS.
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[bookmark: OLE_LINK8]Core Tip: A new prognostic model for patients with metastatic or recurrent gastric cancer was developed using six clinicopathological elements (poor Eastern Cooperative Oncology Group performance score, bone metastasis, peritoneal metastasis, high alkaline phosphatase level, low albumin level, and high neutrophil-lymphocyte ratio).


INTRODUCTION
[bookmark: OLE_LINK14]Gastric cancer is one of the most common causes of cancer-related mortality worldwide and the fifth-ranked cancer in terms of associated mortality in Korea[1,2]. When gastric cancer is diagnosed at an advanced stage or in recurrent status, systemic therapy is considered the primary treatment; however, its outcome often is unsatisfactory[1,3]. 
Many novel agents that inhibit several pathways, combination strategies, and strict patient selection criteria are being evaluated in clinical trials to improve patient response to systemic therapies and to achieve better clinical outcomes[4]. It is necessary to allocate evenly patients with similar clinical characteristics and expected survival times to derive reliable results from clinical trials. Therefore, many investigators have attempted to develop prognostic models to predict accurate overall survival (OS). Nonetheless, existing prognostic models have certain limitations, such as lack of validation[5] or enrolling patients who do not represent patients in real practice[6]. In addition, some patients were included regardless of type of chemotherapy (e.g., single, doublet, or triplet chemotherapy with/without trastuzumab)[7].
Systemic chemotherapy for metastatic or recurrent gastric cancer (MRGC) has undergone significant changes in terms of standard treatment. Although various kinds of drugs have been trialed for use as first-line chemotherapy[8], the fluoropyrimidines plus platinum combination doublet has become the standard of care[9]. Second-line chemotherapy has emerged as another standard treatment[10]. The use of immuno-oncology agents has been accepted as a standard of care during third-line treatment and is emerging as a standard of care in the first-line setting based on positive results[11,12]. Furthermore, the use of human epidermal growth factor receptor 2 (HER2)-targeted therapies in select patients has shown excellent therapeutic efficacy and prolonged survival[13,14]. Overall, patient prognosis varies according to type of treatment[9]. Therefore, prognostic factors should be investigated in each treatment group, particularly patients who receive fluoropyrimidine/platinum doublet chemotherapy, which is considered the standard first-line treatment for HER2-negative MRGC.
Early in the 2000s, we developed a prognostic model for MRGC[7]. That model used a scoring system with eight prognostic factors [Eastern Cooperative Oncology Group (ECOG) performance score (PS) ≥ 2, bone metastasis (2 points each), no gastrectomy, peritoneal metastasis, lung metastasis, alkaline phosphatase (ALP) > 120 IU/L, albumin < 3.3 g/dL, and total bilirubin > 1.2 mg/dL (1 point each)], and patients were divided into good (0-1 point), moderate (2-3 points), and poor (≥ 4 points) risk groups. However, those factors were identified when few active chemotherapeutic agents were available and no standard chemotherapy had been established. Furthermore, those eight factors might need to be reduced to enable easier prognostic model application in clinical practice. 
The neutrophil-lymphocyte ratio (NLR) is a representative blood marker of the systemic inflammatory response that reflects tumor progression, invasion, and metastasis in cancer patients[15]. The NLR is a relatively new prognostic factor that has been applied to several solid tumors[16]. Recent studies have demonstrated a close relationship between NLR status and poor prognosis in MRGC; even NLR changes during immuno-oncologic therapy can predict poor outcomes[17]. In addition, a recent meta-analysis reported that histologic type was a significant variable for OS in the first-line treatment setting[18].
Therefore, we modified our previous prognostic model by introducing NLR and histology using a cohort of MRGC patients who received first-line fluoropyrimidine/platinum doublet chemotherapy, and we validated our new model in a different cohort. 

MATERIALS AND METHODS
[bookmark: OLE_LINK15]Patients and data collection
We previously reported trends in chemotherapy patterns and survival in MRGC patients during the 16 years from 2000-2015, separated into four-year intervals[9]. During the last two of those intervals (2008-2015), more than 60% of MRGC patients received doublet treatment, and more than 55% underwent second-/third-line anticancer therapies. We developed our new model from those recent cohorts. The Stomach Cancer Registry was examined to identify all patients who received first-line palliative chemotherapy for advanced gastric cancer at Asan Medical Center (Seoul, South Korea) between January 2008 and December 2015. Patients aged 18 years or older with histologically confirmed adenocarcinoma of the stomach who received at least one palliative chemotherapy cycle were included. Patients were excluded if they received treatment other than doublet chemotherapy (such as single, triplet, or doublet with trastuzumab) or a novel agent in clinical trials, if they had a history of other malignancies, if they started first-line chemotherapy at another hospital, or if they underwent R1 resection for microscopic residual tumors just before chemotherapy. Of the 2931 patients screened, 1883 met our criteria. Patients’ medical records, stored in a prospectively collected registry, were reviewed for demographic data, tumor characteristics, treatment types, treatment responses, and survival. Patients were followed until the date of death or cessation of follow-up in October 2018. The Institutional Review Board of Asan Medical Center approved the study protocol (2020-0574). Our analysis was a retrospective design using fully anonymized data, so the IRB waived the requirement for informed consent.

Statistical analysis
Model development and validation were based on a split-sample method according to time period. During the last four-year period (2012-2015), trastuzumab in HER2-positive MRGC had been accepted as a standard of care in Korea, and ramucirumab and immunotherapy had been introduced as second-/third-line anticancer therapies. Therefore, study participants were separated by treatment period and assigned to a training set (2012-2015; n = 937) or an independent validation set (2008-2011; n = 946). The prognostic model was developed using the training set. OS was measured from the date of first-line chemotherapy until death from any cause. Progression-free survival (PFS) was measured from the date of first-line chemotherapy until tumor progression or death from any cause other than the cancer. The Kaplan–Meier method was used to estimate OS and PFS. Laboratory variables were dichotomized, using the normal value for each as the cutoff point, and survival rates were compared using the log-rank test. NLR was defined as the neutrophil count divided by the lymphocyte count. The sensitivity and specificity values of NLR were evaluated in the training set using receiver operating characteristic (ROC) curve analysis [area under the ROC curve (AUC): 0.651; 95% confidence interval (CI): 0.60-0.71]. The optimal value of NLR was 3.11 (sensitivity: 41.2%; specificity: 83.1%) according to Youden's J statistic. We selected 3.0 as the cutoff value, which had sensitivity and specificity values of 42.6% and 80.9%, respectively, for all further analyses (Supplementary Figure 1). We developed a new prognostic model by adding and deleting variables from our previous model, analyzing those variables through univariate analyses, and performing multivariate analysis using a Cox proportional hazards regression model. A risk score based on the hazard ratio (HR) was developed from the final multivariate model and validated using the validation set. A nomogram to predict OS probability was established in the training set, and its calibration was accomplished by comparing the predicted and observed probabilities. The prediction accuracy of the old and new prognostic models was compared using Harrell’s C-index; an ROC curve analysis; and a decision curve analysis (DCA), which is a method for evaluating prognostic strategies that can visualize the clinical effectiveness of a prediction model[19]. A two-sided P value < 0.05 was considered statistically significant, and 95%CIs were calculated. All statistical analyses were performed using R language (R Core Team, R Foundation for Statistical Computing, Vienna, Austria) and the Statistical Package for the Social Sciences version 25.0 (IBM Corporation, Armonk, NY, United States).

RESULTS
[bookmark: OLE_LINK16]Patient baseline characteristics
A total of 1883 patients received palliative doublet chemotherapy as first-line treatment for MRGC between 2008 and 2015. Overall, 1746 patients (92.7%) died, and the median survival time was 11.9 mo (95%CI: 11.3-12.5). The median follow-up duration of the 137 surviving patients was 54.6 mo (interquartile range: 35.7-84.3 mo). When we compared patient characteristics between training and validation sets, proportion of men, histology findings, and occurrence of liver metastasis differed significantly between the two groups (Table 1).

Development of a new prognostic model and nomogram
In the training set of 937 patients, 848 (90.5%) died. Univariate analyses for OS were performed for NLR (≥ 3 vs < 3), histologic type (poorly differentiated/signet-ring cell/undifferentiated vs well or moderately differentiated), and the eight factors in the previous model. A high NLR was statistically significant in the training set, but poor histology, no prior gastrectomy, lung metastases, and high total bilirubin were not. Multivariate analysis confirmed that six factors were significantly associated with poor OS (Table 2): Poor ECOG PS, peritoneal metastasis, bone metastasis, high ALP level, low albumin level, and high NLR. Risk scores were assigned based on HRs from the final multivariate model, with two points awarded for HR > 1.5 and one point awarded for HR < 1.5. Based on the resulting scores, patients were assigned to three risk categories: good (0-1 point), moderate (2-3 points), and poor (≥ 4 points). The C-index for the new model was 0.657 (95%CI: 0.637-0.677). In addition, we built a nomogram using those six factors to establish a more convenient and accurate method for survival prediction and used calibration plots to verify it (Figure 1). 

Validation and comparison of survival prediction with the previous model
We validated the new model using a separate validation set of 946 patients (2008-2011). Among them, 898 patients (94.9%) died. The proportions of patients classified into each risk category were similar. The observed OS and PFS curves in patients in each risk category showed significant differences in both the training and validation sets (P < 0.001, log-rank test) (Table 3 and Figure 2). The old prognostic model using eight factors also had significantly different OS and PFS outcomes in each risk category. When we compared the OS predictions of the new and old models using the validation set, the C-indexes of the two models were similar [0.638 (95%CI: 0.618-0.658) and 0.635 (95%CI: 0.615-0.655), respectively]. DCA and ROC curve analyses were performed to compare the prediction accuracies of each of the six prognostic factors and the old and new models. The DCA curve showed that the old and new models both had stronger predictive accuracy than the individual prognostic factors, and the performance of the two models was similar (Figure 3). The ROC curve analysis also showed that the two models had similar AUCs at one year [0.598 (95%CI: 0.581-0.617) and 0.600 (95%CI: 0.582-0.620), respectively]. Interestingly, NLR had the largest AUC at one year (0.567; 95%CI: 0.552-0.582) among the six prognostic factors. Although the explanatory power of the two models did not differ, the new model uses two fewer factors and might be more feasible for use in clinical trials or real practice.

Risk group reclassification in the new model
When we compared how the new and old models assigned the patients in the validation set to risk groups, we found that most patients were classified similarly (Supplementary Table 1). However, 35% of the moderate risk group in the old model (15% of the total patients) was reclassified into the good risk group in the new model, and the median predicted OS of those patients increased to 14.1 mo from 10.6 mo (Supplementary Figure 2).

DISCUSSION
[bookmark: OLE_LINK17]This study evaluated several clinicopathological factors associated with the prognosis of patients with MRGC. We developed a new prognostic model using six clinicopathological elements with a nomogram in a training set and validated its appropriateness using C-index, DCA, and ROC curve analyses in a different cohort. The six factors were poor ECOG PS, bone metastasis, peritoneal metastasis, high ALP level, low albumin level, and high NLR. Combining those factors into a simple prognostic model enabled MRGC patients to be classified into three risk groups. Our old and new models showed similar prediction performance in the validation set; however, the new model is simpler and easier to apply than the old because it uses two fewer factors.

Doublet first-line chemotherapy as a standard of care
Previous prognostic models were developed based on heterogeneous treatment groups, but first-line fluoropyrimidine/platinum doublet chemotherapy has become a standard of care. Although 5-fluorouracil (5-FU) is one of the cytotoxic agents most commonly used for MRGC, randomized phase III studies have demonstrated that the oral fluoropyrimidines capecitabine[20] and S-1[21] are just as effective. Therefore, oral fluoropyrimidines (capecitabine or S-1) could be used instead of 5-FU in therapeutic combination with platinum compounds. Also, oxaliplatin-based regimens were suggested to be noninferior to cisplatin-based regimens in terms of OS in the REAL-2 study[22]. Further randomized trials have suggested that oxaliplatin is as effective for prolonging survival and generally better tolerated than cisplatin[23]. Cisplatin-free regimens in combination with oral fluoropyrimidine could offer more convenience by preventing hyperhydration, central catheterization, and hospitalization. On the other hand, triplet chemotherapy, which includes taxane to maximize efficacy, carries a limited survival benefit and increases the risk of grade 3/4 toxicities[24]. Patients treated with a single agent, either fluoropyrimidine or taxane, were considered to be intolerant of combination chemotherapy or to have recurrent disease resistant to prior adjuvant chemotherapy with fluoropyrimidine ± platinum; therefore, those patients receive less frequent subsequent chemotherapy, resulting in poor prognosis[9]. Prognostic factor analyses should be performed in patients receiving the same treatment course because the prognosis varies according to first-line chemotherapy regimen.

NLR as a new prognostic factor
High NLR status, a well-known biomarker of cancer-associated inflammation, has shown a significant correlation with poor prognosis in many solid tumors[16]. NLR can be considered a surrogate of the balance between activation of the protumor inflammatory pathway and antitumor immune function. 
Neutrophilia increases the number of inflammatory markers, including proangiogenic factors such as vascular endothelial growth factor, growth factors such as interleukin-8, proteases such as tissue inhibitors of metalloproteinase, and antiapoptotic markers such as nuclear factor kappa B, that support tumor growth and progression[25]. Lymphopenia represents a significant decline in the cell-mediated immune system, which is demonstrated by marked decrease in T4 helper and T8 suppressor lymphocytes. Although no exact NLR cutoff point has been defined, we chose an NLR cutoff value of 3.0 based on our ROC curve analysis. The patients in the validation set who had high NLRs had significantly worse OS and PFS (median: 8.4 and 4.8 mo) than those with low NLRs (14.4 and 6.9 mo; P < 0.001) (Supplementary Figure 3). NLR status might be a key factor in predicting the survival outcomes of MRGC patients because it is a surrogate of immune status and is convenient, inexpensive, and reproducible in practice. It also might help clinicians discern when to expect a response to further chemotherapy and immunotherapy in patients with MRGC[26].

Prior gastrectomy as an unneeded prognostic factor 
Gastrectomy in this study refers to upfront gastrectomy performed before first-line chemotherapy or prior gastrectomy before recurrence. Several retrospective studies have reported that primary tumor resection in advanced gastric cancer could lessen the tumor burden, or so-called resected metastatic status, and result in a survival benefit[27]. However, most of those studies included patients treated in the early 2000s, when active chemotherapeutic agents were limited, and sequential chemotherapy was not established. Also, most included patients underwent both upfront gastrectomy and conversion surgery after palliative chemotherapy. In a recent prospective randomized study (the REGATTA trial), incurable gastrectomy before chemotherapy failed to show a survival benefit, and so it is no longer recommended[28]. A retrospective comparison study between an initially metastatic group and a recurrent metastatic group reported that prior gastrectomy did not affect prognosis[29]. Because our old model was developed from a cohort treated in the early 2000s, prior gastrectomy might have been a significant favorable prognostic factor. In this study, however, patients in the training set received chemotherapy between 2012 and 2015, when many more active chemotherapeutic agents were available. Therefore, prior gastrectomy would not be expected to significantly affect the prognosis of those patients.

Advantages of the new prognostic model
The new model described herein has several advantages. First, it was derived by analyzing a homogeneous population treated with recent doublet first-line chemotherapy. Second, prognostic factors such as bone metastasis, which are difficult to obtain from electronic medical records, were evaluated based on clinical data sourced from a prospectively collected registry. Third, we validated our new model in a separate cohort of about 1000 patients and found that its performance was as good in the validation set as it was in the training set.

Limitations of this study
Our study also has several limitations. First, despite a large number of patients, the generalizability of this study is limited by its single-center, retrospective design and the single ethnicity of its population. Second, our new prognostic model does not apply to patients who received treatment other than doublet chemotherapy, such as single, triplet, or doublet with trastuzumab. Third, this study does not include other critical factors that affect treatment or prognosis, such as molecular biomarkers.

CONCLUSION
[bookmark: OLE_LINK18]In conclusion, we identified six factors readily measured in clinical practice and predictive of poor prognosis in patients with MRGC. Our new prognostic model uses a scoring system that incorporates those six factors and could be used to classify patients into three groups with significantly different survival outcomes. This model performed well with a validation set and could help to predict life expectancy, guide treatment plans, analyze the findings of clinical studies, and support the design of future clinical trials.

ARTICLE HIGHLIGHTS
Research background
[bookmark: OLE_LINK19]Since systemic chemotherapy for metastatic or recurrent gastric cancer (MRGC) has become standardized, prognostic factors for MRGC patients should be investigated in patients who receive fluoropyrimidine/platinum doublet chemotherapy, which is considered the standard first-line treatment for human epidermal growth factor receptor 2-negative MRGC.

Research motivation
[bookmark: OLE_LINK20]The neutrophil-lymphocyte ratio (NLR) is a representative blood marker of the systemic inflammatory response that reflects tumor progression, invasion, and metastasis in cancer patients. This is a relatively new prognostic factor in MRGC, and its change was reported to predict poor outcomes during immuno-oncologic therapy.

Research objectives
[bookmark: OLE_LINK21]We modified our previous prognostic model by introducing NLR and histology using a cohort of MRGC patients, and we validated our new model in a different cohort. 

Research methods
[bookmark: OLE_LINK22]Model development and validation were based on a split-sample method according to time period. Patients were separated by treatment period and assigned to a training set (2012-2015; n = 937) or an independent validation set (2008-2011; n = 946). The prognostic model was developed using the training set. 

Research results
[bookmark: OLE_LINK23]Multivariate analysis confirmed that six factors were significantly associated with poor overall survival as follow: poor performance, peritoneal metastasis, bone metastasis, high alkaline phosphatase level, low albumin level, and high NLR. The observed overall survival and progression-free survival curves in patients in each risk category showed significant differences in both the training and validation sets (P < 0.001, log-rank test).

Research conclusions
[bookmark: OLE_LINK24]We identified six factors readily measured in clinical practice and predictive of poor prognosis in patients with MRGC. Our new prognostic model uses a scoring system that incorporates those six factors and could be used to classify patients into three groups with significantly different survival outcomes.

Research perspectives
[bookmark: OLE_LINK25]Our model could help to predict life expectancy, guide treatment plans, analyze the findings of clinical studies, and support the design of future clinical trials in MRGC patients.
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Figure 1 The nomogram using six factors to predict survival rates in the training set. A: The nomogram was applied by summing the scores projected onto the corresponding scale for each factor. The total number of scores projected onto the bottom scale represents the probability of one-, two-, and three-year overall survival; B: The calibration plots of the nomogram, where the X-axis represents the survival rate predicted by the nomogram, and the Y-axis represents the actual survival rate calculated by a Kaplan–Meier analysis. ALP: Alkaline phosphatase; NLR: Neutrophil-lymphocyte ratio; ECOG PS: Eastern Cooperative Oncology Group performance score.
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Figure 2 Overall survival and progression-free survival curves according to the new prognostic model. A: In the training set; B: In the validation set; C: According to the old prognostic model in the validation set.

[image: ]
Figure 3 Decision curve analysis curves and time-dependent receiver operating characteristic curves for the nomogram in the validation set. A: The calculated net benefit (Y-axis) corresponds to the threshold probability of survival on the X-axis; B: The time-dependent receiver operating characteristic curve assesses the accuracy of the nomogram. ALP: Alkaline phosphatase; NLR: Neutrophil-lymphocyte ratio; ECOG PS: Eastern Cooperative Oncology Group performance score.

Table 1 Patient characteristics during first-line doublet chemotherapy according to treatment period
	Clinical characteristics
	Training set (2012-2015), n = 937
	Validation set (2008-2011), n = 946
	P value

	Sex, male, n (%)
	583 (62.2)
	637 (67.3)
	0.020

	Age
	
	
	

	Median, range
	56 (19-91)
	57 (20-85)
	0.785

	≥ 65 yr, n (%)
	257 (27.4)
	259 (27.4)
	0.981

	ECOG PS, n (%)
	
	
	

	0/1
	799 (85.6)
	817 (86.6)
	0.531

	2/3
	134 (14.4)
	126 (13.4)
	

	Prior gastrectomy performed
	389 (41.5)
	412 (43.6)
	0.372

	Histology, n (%)
	
	
	

	WD/MD
	212 (22.6)
	256 (27.1)
	< 0.001

	PD/SRC/undifferentiated
	691 (73.7)
	590 (62.4)
	

	Unclassified
	34 (3.6)
	100 (10.6)
	

	Status, n (%)
	
	
	

	Recurrent
	318 (33.9)
	334 (35.3)
	0.533

	Initial metastatic
	619 (66.1)
	612 (64.7)
	

	Metastasis No., 2 or more
	385 (41.5)
	363 (38.9)
	0.249

	Peritoneal metastasis
	518 (55.6)
	524 (55.9)
	0.902

	Liver metastasis
	160 (17.2)
	226 (24.1)
	< 0.001

	Lung metastasis
	45 (4.9)
	43 (4.6)
	0.795

	PALN metastasis
	346 (37.3)
	352 (37.5)
	0.942

	Bone metastasis
	93 (10.0)
	70 (7.5)
	0.051

	ALP > 120 IU/L, n (%)
	201 (21.5)
	197 (21.2)
	0.868

	Albumin < 3.3 g/dL, n (%)
	279 (29.8)
	249 (26.8)
	0.150

	Total bilirubin > 1.2 mg/dL, n (%)
	62 (6.6)
	77 (8.3)
	0.177

	NLR ≥ 3, n (%)
	381 (40.7)
	375 (40.3)
	0.881


ECOG PS: Eastern Cooperative Oncology Group performance status; WD: Well differentiated; MD: Moderately differentiated; PD: Poorly differentiated; SRC: Signet ring cell; PALN: Para-aortic lymph node; ALP: Alkaline phosphatase; NLR: Neutrophil-lymphocyte ratio.
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Table 2 Comparison between the old model and new model developed from the training set
	Factors
	Old model
	Univariate analysis
	Multivariate analysis
	New model

	
	Score
	HR
	P value
	HR
	P value
	Score

	Poor PS
	2
	1.983
	< 0.001
	2.005
	< 0.001
	2

	No gastrectomy
	1
	1.046
	0.542
	-
	-
	-

	Peritoneal metastasis
	1
	1.355
	< 0.001
	1.355
	< 0.001
	1

	Bone metastasis
	2
	1.605
	< 0.001
	1.651
	< 0.001
	2

	Lung metastasis
	1
	1.249
	0.188
	-
	-
	-

	High ALP
	1
	1.435
	< 0.001
	1.406
	< 0.001
	1

	Low albumin
	1
	1.410
	< 0.001
	1.447
	< 0.001
	1

	High total bilirubin
	1
	0.965
	0.806
	-
	-
	-

	High NLR
	-
	1.445
	< 0.001
	1.461
	< 0.001
	1

	Poor histology
	-
	1.104
	0.253
	-
	-
	-


HR: Hazard ratio; poor PS: Performance status 2/3; high ALP: Alkaline phosphatase > 120 IU/L; low albumin: Albumin < 3.3 g/dL; high NLR: Neutrophil-lymphocyte ratio ≥ 3.
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Table 3 Survival outcomes of first-line doublet regimens in the training and validation sets according to the new prognostic model 
	Risk group
	Good risk, 0-1 point(s)
	Moderate risk, 2-3 points
	Poor risk, ≥ 4 points
	P value

	Training set (2012-2015)
	
	
	
	

	No. of patients
	449 (48.8%)
	319 (34.7%)
	152 (16.5%)
	

	Hazard ratio (95%CI)
	Reference
	1.628 (1.40-1.90)
	4.013 (3.30-4.88)
	< 0.001

	Median OS, mo (95%CI)
	15.9 (14.5-17.4)
	10.6 (9.3-11.9)
	4.7 (4.0-5.5)
	< 0.001

	Median PFS, mo (95%CI)
	8.3 (7.4-9.1)
	5.9 (5.1-6.6)
	2.4 (1.8-2.9)
	< 0.001

	Survival rate (%)
	
	
	
	

	At 6 mo
	90.0% (87.2-92.8)
	74.0% (69.2-78.8)
	37.5% (29.8-45.2)
	

	At 12 mo
	63.2% (58.7-67.7)
	44.0% (38.6-49.4)
	16.1% (10.3-21.9)
	

	At 18 mo
	42.9% (38.3-47.5)
	23.4% (18.8-28.0)
	6.3% (2.4-10.2)
	

	At 24 mo
	31.2% (26.9-35.5)
	16.4% (12.3-20.5)
	2.8% (0.2-5.4)
	

	Validation set (2008-2011)
	
	
	
	

	No. of patients
	474 (52.0%)
	291 (31.9%)
	147 (16.1%)
	

	Hazard ratio (95%CI)
	Reference
	1.634 (1.41-1.90)
	2.963 (2.45-3.59)
	< 0.001

	Median OS, mo (95%CI)
	15.8 (14.8-16.9)
	10.1 (8.7-11.5)
	5.7 (4.7-6.6)
	< 0.001

	Median PFS, mo (95%CI)
	7.0 (6.3-7.7)
	5.6 (5.1-6.1)
	3.2 (2.5-3.9)
	< 0.001

	Survival rate (%)
	
	
	
	

	At 6 mo
	88.6% (85.7-91.5)
	72.2% (67.1-77.3)
	47.6% (39.6-55.7)
	

	At 12 mo
	64.3% (60.0-68.6)
	42.3% (36.6-48.0)
	17.0% (10.9-23.1)
	

	At 18 mo
	40.1% (35.7-44.5)
	22.0% (17.2-26.8)
	6.1% (2.2-10.0)
	

	At 24 mo
	25.9% (22.0-29.8)
	13.1% (9.2-17.0)
	4.8% (1.3-8.3)
	

	Validation set (2008-2011) according to old model
	
	
	
	

	No. of patients
	393 (41.7%)
	390 (41.4%)
	160 (16.9%)
	

	Hazard ratio (95%CI)
	Reference
	1.493 (1.29-1.73)
	3.281 (2.71-3.98)
	< 0.001

	Median OS, mo (95%CI)
	16.2 (15.3-17.1)
	10.7 (9.5-12.0)
	5.5 (4.5-6.5)
	< 0.001

	Median PFS, mo (95%CI)
	7.1 (6.3-7.9)
	5.6 (5.1-6.2)
	3.3 (2.5-4.0)
	< 0.001

	Survival rate (%)
	
	
	
	

	At 6 mo
	90.3% (87.4-93.2)
	75.8% (71.5-80.1)
	47.5% (39.8-55.2)
	

	At 12 mo
	68.2% (63.6-72.8)
	45.5% (40.6-50.4)
	16.3% (10.6-22.0)
	

	At 18 mo
	41.3% (36.4-46.2)
	26.5% (22.1-30.9)
	5.6% (2.0-9.2)
	

	At 24 mo
	27.4% (23.0-31.8)
	17.0% (13.3-20.7)
	3.1% (0.4-5.8)
	



OS: Overall survival; PFS: Progression-free survival; CI: Confidence interval.
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