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Validated nomogram predicting 6-month survival in pancreatic cancer patients receiving first-line 5-fluorouracil, oxaliplatin and irinotecan
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Background: FOLFIRINOX is an option for fit patients with metastatic (MPC) and locally advanced unresectable (LAPC) pancreatic cancer. However, no criteria reliably identify patients with better outcome.

Patients and Methods:

We investigated putative prognostic factors among 137 MPC/LAPC patients treated with triplet chemotherapy. Association with 6-month survival status (primary endpoint) was assessed by multivariate logistic regression models. A nomogram predicting the risk of death at 6 months was built by assigning a numeric score to each identified variable, weighted on its level of association with survival. External validation was performed in an independent dataset of 206 patients.

Results: Four variables (performance status, liver metastases, baseline CA19.9 and neutrophil-to-lymphocyte ratio) were found associated with 6-month survival by multivariate analysis or had sufficient clinical plausibility to be included in the nomogram. Accuracy was confirmed in the validation cohort (C-index 0.762; 95%CI 0.713-0.825). After grouping all cases, four subsets with different outcomes were identified by none, 1, 2 or >2 poor prognostic features (P<0.0001).

Conclusion:

Our nomogram accurately predicts the risk of death in the first 6 months after initiation of FOLFIRINOX in MPC/LAPC patients. This tool could be useful to guide communication about prognosis and inform the design and interpretation of clinical trials.

Clinical Trial Registration:

The study is registered on ClinicalTrials.gov (NCT03590275).

MICROABSTRACT

FOLFIRINOX is an accepted standard in metastatic and locally advanced pancreatic cancer but long term prognosis is still poor. Indeed, no criteria reliably identify patients with limited, if any, chances of long-term benefit. We therefore developed and externally validated a prognostic nomogram predicting the risk of early death in pancreatic cancer patients treated with first-line triplet chemotherapy.

INTRODUCTION

Pancreatic cancer (PC) represents a major challenge, as it actually stands fourth among the leading causes of cancer death and is expected to rise up to become the second most lethal malignancy by 2030. [START_REF] Siegel | Cancer Statistics[END_REF][START_REF] Rahib | Projecting cancer incidence and deaths to 2030: the unexpected burden of thyroid, liver, and pancreas cancers in the United States[END_REF][START_REF] Ferlay | More deaths from pancreatic cancer than breast cancer in the EU by 2017[END_REF] Despite recent advances in systemic treatment, prognosis of patients with metastatic (MPC) or locally advanced, unresectable (LAPC) disease remains poor, with 5-year overall survival (OS) of less than 5%. [START_REF] Kamisawa | Pancreatic cancer[END_REF] Phase 3 trials established FOLFIRINOX (5-fluorouracil/leucovorin, oxaliplatin and irinotecan) and gemcitabine plus nabpaclitaxel (Gem-Nab) as current standards in the first-line treatment of fit patients with MPC. [START_REF] Conroy | FOLFIRINOX versus gemcitabine for metastatic pancreatic cancer[END_REF][START_REF] Hoff | Increased survival in pancreatic cancer with nabpaclitaxel plus gemcitabine[END_REF] Both regimens proved promising efficacy also in patients with LAPC. [START_REF] Suker | FOLFIRINOX for locally advanced pancreatic cancer: a systematic review and patient-level meta-analysis[END_REF][START_REF] Hammel | Phase II LAPACT trial of nab-paclitaxel (nab-P) plus gemcitabine (G) for patients with locally advanced pancreatic cancer (LAPC)[END_REF][START_REF] Marthey | FOLFIRINOX for locally advanced pancreatic adenocarcinoma: results of an AGEO multicenter prospective observational cohort[END_REF] In particular, FOLFIRINOX is now regarded as a suitable option in LAPC cases 10,[START_REF]A randomized phase III trial comparing Folfirinox to gemcitabine in locally advanced pancreatic carcinoma (NEOPAN)[END_REF] and has been recently established as the new reference also in the adjuvant setting. [START_REF] Conroy | FOLFIRINOX or gemcitabine as adjuvant therapy for pancreatic cancer[END_REF] Nonetheless, triplet chemotherapy is burdened by potentially severe adverse events (mainly digestive and haematological toxicities, with grade 3-4 neutropenia occurring in 46% of patients treated with FOLFIRINOX, including 5.4% febrile neutropenia), and median OS barely exceeds 11 months even in selected patients enrolled in randomized studies (i.e. performance status [PS] 0-1, bilirubin level <1.5 times the upper limit of normal and age ≤75 years). [START_REF] Conroy | FOLFIRINOX versus gemcitabine for metastatic pancreatic cancer[END_REF] In routine clinical practice, only about 25% of patients with MPC would be eligible for FOLFIRINOX. [START_REF] Peixoto | Eligibility of metastatic pancreatic cancer patients for first-line palliative intent nab-paclitaxel plus gemcitabine versus FOLFIRINOX[END_REF] Different strategies (comprehensively known as modified FOLFIRINOX) aiming at improving tolerability have been tested, and are mostly based on removing 5fluorouracil bolus and/or decreasing irinotecan dose, or on the upfront administration of growth factors support. [START_REF] Vivaldi | First-line treatment with FOLFOXIRI for advanced pancreatic cancer in clinical practice: Patients' outcome and analysis of prognostic factors[END_REF] This approach seems to reduce the rate of grade 3-4 gastrointestinal or hematologic events, with comparable results in terms of OS with the PRODIGE4-ACCORD11 trial. [START_REF] Vivaldi | First-line treatment with FOLFOXIRI for advanced pancreatic cancer in clinical practice: Patients' outcome and analysis of prognostic factors[END_REF][START_REF] Mahaseth | Modified FOLFIRINOX regimen with improved safety and maintained efficacy in pancreatic adenocarcinoma[END_REF] The Gem-Nab combination represents an accepted alternative option in first-line [START_REF] Hoff | Increased survival in pancreatic cancer with nabpaclitaxel plus gemcitabine[END_REF] .

Despite being associated with an overall similar incidence of hematologic toxicities compared to FOLFIRINOX (grade 3-4 neutropenia: 38%; febrile neutropenia: 3%), Gem-Nab results in a higher rate of grade 3 or more peripheral neuropathy (17% vs. 9%) and a lower rate of severe diarrhoea (6% vs. 12.7%) [START_REF] Conroy | FOLFIRINOX versus gemcitabine for metastatic pancreatic cancer[END_REF][START_REF] Hoff | Increased survival in pancreatic cancer with nabpaclitaxel plus gemcitabine[END_REF] and is therefore generally regarded as a suitable option for a greater percentage of MPC patients in everyday practice. [START_REF] Peixoto | Eligibility of metastatic pancreatic cancer patients for first-line palliative intent nab-paclitaxel plus gemcitabine versus FOLFIRINOX[END_REF] With the intent to improve risk stratification and patient selection for routine clinical decision making and future trials, several authors investigated clinical and laboratory factors putatively linked with patient outcome. [START_REF] Tabernero | Prognostic factors of survival in a randomized phase III trial (MPACT) of weekly nab-paclitaxel plus gemcitabine versus gemcitabine alone in patients with metastatic pancreatic cancer[END_REF][START_REF] Vernerey | Prognostic nomogram and score to predict overall survival in locally advanced untreated pancreatic cancer (PROLAP)[END_REF] Goldstein and colleagues recently queried the MPACT study dataset, identified several variables associated with OS and developed a nomogram able to predict patient survival probability at different time points when treated with gemcitabine with or without nabpaclitaxel. [START_REF] Goldstein | Relative contribution of baseline variables in a nomogram to predict survival in patients treated with nab-paclitaxel plus gemcitabine or gemcitabine alone for metastatic pancreatic cancer[END_REF] Predictive algorithms are recently gaining momentum in clinical practice: among them, nomograms are the most frequently used tools thanks to their accuracy and ease of use. [START_REF] Shariat | Can nomograms be superior to other prediction tools[END_REF] Previous studies with modified FOLFIRINOX reported that liver metastases, PS and neutrophil-to-lymphocyte ratio (NLR) are independently associated with OS. [START_REF] Vivaldi | First-line treatment with FOLFOXIRI for advanced pancreatic cancer in clinical practice: Patients' outcome and analysis of prognostic factors[END_REF] However, no tool is available to predict single patient prognosis with the triplet regimen.

As different treatment options are available and no head-to-head comparison has been conducted so far, discussing the relative benefits and risks of FOLFIRINOX and Gem-Nab with patients is challenging. Based on these considerations, we aimed at developing and validating a simple nomogram able to predict 6-month survival probability in MPC and LAPC patients treated with first-line triplet chemotherapy (FOLFIRINOX, as per classic or modified schedule).

MATERIALS AND METHODS

Patient selection and data collection

The developing set (DS) was constituted by consecutive MPC and LAPC patients treated at a single Institution (Azienda Ospedaliero-Universitaria Pisana, Pisa, Italy) from January 2008 to December 2014 and discussed by dedicated multidisciplinary team dealing with pancreatic malignancies. Eligible patients were identified as follows: age >18 years; cytologically or histologically confirmed pancreatic carcinoma; non resectable, stage III or IV disease according to the American Joint Committee on Cancer (AJCC) staging system; access to clinical data collected before beginning of first-line chemotherapy; availability of laboratory information before treatment initiation, objective tumour response evaluation and survival data. The FOLFOXIRI schedule used in Pisa represents an alternative to standard FOLFIRINOX, derived from the experience in colorectal cancer [START_REF] Masi | Randomized trial of two induction chemotherapy regimens in metastatic colorectal cancer: an updated analysis[END_REF] with apparently super imposable efficacy compared with FOLFIRINOX in MPC/LAPC: details about the modified regimen have been described elsewhere. [START_REF] Vivaldi | First-line treatment with FOLFOXIRI for advanced pancreatic cancer in clinical practice: Patients' outcome and analysis of prognostic factors[END_REF] The putative predictors investigated were the following: age; gender; Eastern Cooperative Group (ECOG) PS (0 vs. 1); AJCC stage (III vs. IV); tumour location (head vs. body-tail); prior surgery of primary tumour (yes vs. no); previous adjuvant chemotherapy (yes vs. no); presence of biliary drainage (yes vs. no); number of disease sites; presence (yes vs. no) of metastases at specific sites, such as liver, lung, peritoneal or bone; neutrophil, lymphocyte and platelet counts, as well as NLR and platelet-to-lymphocyte ratio (PLR) before the first cycle of treatment; pre-treatment lactate dehydrogenase (LDH), carcinoembryonic antigen (CEA) and carbohydrate antigen 19.9 (CA19.9) serum levels. Age, number of disease sites and laboratory parameters were recorded and analyzed as continuous variables.

The external validation cohort involved MPC/LAPC patients treated at different Italian and French Institutions from January 2011 to June 2017. Inclusion criteria for the validating set (VS) were the same used in the DS, as were the variables collected for analysis. All patients included in the VS received FOLFIRINOX as per PRODIGE4-ACCORD11 schedule. [START_REF] Conroy | FOLFIRINOX versus gemcitabine for metastatic pancreatic cancer[END_REF] The analyses included in this study were performed in accordance with the Declaration of Helsinki and were approved by the Ethics Committee of the Coordinating Centre (Azienda Ospedaliero-Universitaria Pisana, Pisa, Italy). Written informed consent from the patients for research use of data was obtained before the investigation. The protocol is registered on ClinicalTrials.gov (NCT03590275).

Statistical analyses

An early death binary variable indicating 6-month survival status was calculated from survival times, with values "1" if an event of death occurred in the first 180 days and 0 otherwise. Association of different covariates with 6-month survival status was evaluated by building univariate unconditional logistic regressions, modelling each variable with 6-month survival status. Wald test was used to assess statistical significance, defined as a two-tailed P-value <0.05. Considering the high variability of CA19.9, this covariate was logarithmically transformed before the analyses. Statistically significant covariates were used to developed different multivariate logistic regression models. Forward and backward methods were used.

Wald test was used to assess the significance of each covariate in the multivariate model.

Global fit was evaluated with Nagelkerke's R 2 , Somer's D and model log-likelihood ratio chisquare. Collinearity was addressed using t-test, Mann-Whitney, Fisher's exact test, ANOVA, linear regressions and Variance Inflation Factors (VIF), depending on the nature of the covariates and their characteristics (binary, categorical or continuous). The same tests were also used to assess differences in clinical characteristics between patients included in the VS and DS. Decision regarding inclusion of a specific variable into the final model was addressed taking into consideration their statistical significance, the percentage of models in which it remained significant, the global fit of the model and the clinical plausibility of covariates.

Predicted probabilities were tested against the observed probabilities in the VS. Somer's D, C-index, Spiegelhalter Z-test and Brier score were used to evaluate the discrimination of the model. 95% confidence intervals (95%CIs) of the C-index were calculated with bootstrap.

Calibration plot was assessed visually. Survival analyses were performed using the Kaplan-Meier method with log-rank test and by building Cox regression models. Median follow-up times were calculated with reverse Kaplan-Meier method.

Response rate (RR) was evaluated according to RECIST v.1.1 criteria. Progression-free survival (PFS) was defined as time from start of FOLFIRINOX to clinical or radiological progression or death from any cause, whichever occurred first, or until the date of the last follow-up, at which point data were censored. OS was defined as time from start of FOLFIRINOX to death from any cause. Survival data were censored at the last follow-up.

ROC curves were used to assess the best cut-off values for categorization of continuous variables. Packages "Survival" and "rms" of R were used for all the analyses.

RESULTS

Patient characteristics and treatment outcome

Characteristics of the patients in the DS and VS are presented in Table 1. A total of 343 patients were analyzed, with 137 and 206 cases included in the DS and the VS, respectively. More patients in the VS had an ECOG PS of 1 compared to the DS (54.9% vs. 32.8%; P<0.001). NLR was also significantly higher among the patients in the VS (median, 3.2 vs.

2.3; P<0.001).

No significant differences in number and location of metastases, basal CA19.9 serum level or other known prognostic factors were observed (all P-values >0.1).

Median follow-up was 30 months for the DS and 35 months for the VS. Outcomes achieved in the two cohorts were similar. RR was 38.6% and 31.4%, while median PFS was 8.0 (95%CI 6.7-9.2) and 7.2 (95%CI 5.6-8.2) months in the DS and VS, respectively. Median OS was 11.6 (95%CI 10.5-13.9) months in the DS and 10.5 (95%CI 9.2-12.1) months in the VS. Death events were observed in the majority of patients, with only 8.8% and 9.7% of patients censored for OS in the DS and VS, respectively. Notably, there were no censored observations in the first 180 days.

Prognostic nomogram: development

All the collected variables were analyzed for association with 6-month survival (Table 2).

Four out of the considered variables were selected in the final multivariable model: ECOG PS, pre-treatment NLR, liver metastases and basal serum CA19.9 (Table 3). Collinearity analyses revealed a slight correlation between CA19.9 and presence of liver metastases and between ECOG PS and NLR. However VIF was always lower than 2, so we decided to keep the model without further modifications. On the contrary, pre-treatment PLR, number of sites involved and disease stage, although significant or borderline significant at univariate analysis, were not retained due to an excessive amount of collinearity with NLR and liver metastases. Global fit was evaluated with Nagelkerke's R 2 , Somer's D and Area Under the Curve (AUC). The model showed a good global fit with a Nagelkerke's R2 of 0.283, Somer's D of 0.592, C-index of 0.796 and a highly significant log-likelihood (P<0.0001). The resulting nomogram is showed in Figure 1.

Prognostic nomogram: validation

Probabilities predicted by the nomogram were tested against those observed in the VS.

The nomogram discriminative ability was satisfying with a Somer's D of 0.524, corresponding to a C-index of 0.762 (95%CI 0.713-0.825). Brier score resulted 0.16 and the Spiegelhalter Ztest was not significant (P=0.087). Visual inspection of the calibration plot showed a good overlap between predicted and observed probabilities, even if there was a slight underestimation for patients at very high risk of early death (Figure 2).

Survival analysis based on prognostic factors

As an ancillary analysis, we performed a categorization of the variables included in the model to assess if they could be used to stratify patients into different risk groups. In order to do that, we combined the patients in the TS and VS and designed 4 different risk categories on the basis of the number of poor prognostic features present, i.e. ECOG PS 1, presence of liver metastases, log(CA19.9) and NLR above a threshold value. ROC curves were developed for the continuous variables log(CA19.9) and NLR, and returned an AUC of 0.641 and 0.676, respectively. We therefore set a threshold of 6.75 for log(CA19.9) (which corresponds to a basal value of 845 U/mL), obtaining a sensitivity of 0.64 and a specificity of 0.62. For NLR, the threshold was set at 2.46, with a sensitivity of 0.78 and a specificity of 0.52. Median OS significantly differed among the four subgroups identified, ranging from 7.2 (95%CI 5.6-8.7) months, through 10.8 (95%CI 9.4-12.9) and 13.9 (95%CI 12.5-16.6) months and up to 18.3 (95%CI 14.5-23.5) months for patients with >2, 2, 1 and 0 risk factors, respectively (P<0.0001 for overall comparison) (Figure 3).

DISCUSSION

Life expectancy of unresectable PC patients treated with first-line chemotherapy remains poor despite the recent introduction of more active chemotherapy regimens. [START_REF] Kamisawa | Pancreatic cancer[END_REF][START_REF] Conroy | FOLFIRINOX versus gemcitabine for metastatic pancreatic cancer[END_REF][START_REF] Hoff | Increased survival in pancreatic cancer with nabpaclitaxel plus gemcitabine[END_REF] In light of the toxicity profile of an intensive triplet schedule such as classic or modified FOLFIRINOX, the ability to anticipate single patient prognosis is of high value. Indeed, it allows discussing the benefit-to-risk ratio of this regimen and taking a more informative decision about different firstline therapeutic options. Recently, authoritative experts advocate the need for alternative measures to understand and communicate the impact of treatment on OS. [START_REF] Saad | Understanding and communicating measures of treatment effect on survival: can we do better?[END_REF] Moreover, literature evidence demonstrates that discussion about prognosis during clinical encounters strengthens the patient-oncologist relationship, [START_REF] Fenton | Impact of prognostic discussions on the patient-physician relationship: prospective cohort study[END_REF] prompting the need for validated and easyto-use instruments to clearly communicate risks at defined time points during the course of the disease. Similar instruments have been recently proposed for second-line therapy in MPC, [START_REF] Vienot | Overall survival prediction and usefulness of secondline chemotherapy in advanced pancreatic adenocarcinoma[END_REF] but are currently lacking for the triplet chemotherapy regimen used in the first-line setting. Moreover, in case of clinical trials, prognostic nomograms could be useful tools for a better stratification of the enrolled patients and interpretation of the results in different subgroups. [START_REF] Mariotto | Cancer survival: an overview of measures, uses, and interpretation[END_REF] Our study identified easily available and measurable parameters as major determinants of prognosis in this population, such as ECOG PS, NLR, liver metastases and CA19.9 levels, making the nomogram accessible in the routine clinical setting. A large body of literature supports the prognostic importance of these variables in PC patients treated with gemcitabine-based chemotherapy, particularly for what regards PS and CA19.9 values. [START_REF] Reni | Selecting patients for resection after primary chemotherapy for non-metastatic pancreatic adenocarcinoma[END_REF][START_REF] Kou | Prognostic model for survival based on readily available pretreatment factors in patients with advanced pancreatic cancer receiving palliative chemotherapy[END_REF] Nonetheless, to the best of our knowledge, this is the first attempt to include them in a validated model able to predict early deaths of MPC/LAPC patients treated with a more modern regimen such as FOLFIRINOX. Of interest, stratifying patients for the presence of each single determinant identified different populations with distinct survival outcomes. In particular, in the most favourable risk subgroup (i.e. no poor prognostic features present) median OS was almost three-times longer than that observed for the worst-risk category (i.e. >2 poor prognostic features present), making the information retrieved by the nomogram useful for both practice and research. Currently, validated predictive biomarkers are lacking in this setting, [START_REF] Caparello | FOLFIRINOX and translational studies: towards personalized therapy in pancreatic cancer[END_REF] and prognostic stratification is thus essential to discuss alternative treatment options in single cases. Therefore, our nomogram could represent a suitable tool for the identification of different patient subgroups and prompts research on the biological basis explaining the influence of these clinical variables on survival outcome.

Variables included in the nomogram were either confirmed as independent prognostic determinants at multivariate analysis or retained due to the robust evidence of their prognostic value from available literature. Notably, tumour stage has been already demonstrated as a prognostic determinant in previous studies. [START_REF] Kamisawa | Pancreatic cancer[END_REF][START_REF] Suker | FOLFIRINOX for locally advanced pancreatic cancer: a systematic review and patient-level meta-analysis[END_REF] However, significance was not formally demonstrated in our datasets (P=0.067 at univariate analysis). This could be possibly due to the relatively low number of LAPC cases in our study, as well as the potential presence of other poor prognostic features in the LAPC cohort. We then decided not to retain it in the final nomogram. This decision was also supported by the evidence of high collinearity between disease stage and presence of liver metastases, as previously described.

Three out of four factors included in our nomogram were also included in the nomogram developed from the MPACT database (comprising PS, NLR, liver metastases, serum albumin, sum of the largest lesions, analgesic use and treatment arm), [START_REF] Goldstein | Relative contribution of baseline variables in a nomogram to predict survival in patients treated with nab-paclitaxel plus gemcitabine or gemcitabine alone for metastatic pancreatic cancer[END_REF] further underlining the external validity of our work. Notably, the relative contribution of CA19.9 to the performance of the MPACT nomogram when added to PS, NLR, liver lesions and serum albumin was limited.

On the contrary, in our study CA19.9 was the strongest predictor of OS among the analysed variables. This is in line with previous literature, which convincingly established this serum tumour marker as a main confirmed determinant of patient outcome in this population. [START_REF] Vernerey | Prognostic nomogram and score to predict overall survival in locally advanced untreated pancreatic cancer (PROLAP)[END_REF][START_REF] Reni | Selecting patients for resection after primary chemotherapy for non-metastatic pancreatic adenocarcinoma[END_REF][START_REF] Kou | Prognostic model for survival based on readily available pretreatment factors in patients with advanced pancreatic cancer receiving palliative chemotherapy[END_REF] Moreover, some limitations of the MPACT nomogram make it of relatively low immediate utility in routine practice. The lack of external validation, the few points assigned to several variables (such as analgesic use and treatment arm) and the inclusion of highly selected patients from a registrative phase 3 trial might prevent the applicability of these results to other populations and/or other treatment regimens. On the other hand, in light of the partly overlapping factors included in the two nomograms and the easy-of-use of our prognostic variables, it could be of interest to test the performance of this FOLFIRINOX nomogram among patients treated with other regimens, namely Gem-Nab. In this regard, a recently published study confirmed the role of PS, NLR and CA19.9 in a prognostic nomogram developed from a retrospective series of 210 patients treated with first-line Gem-Nab. [START_REF] Fernández | Prognostic factors for survival with nab-paclitaxel plus gemcitabine in metastatic pancreatic cancer in real-life practice: the ANICE-PaC study[END_REF] When planning the study design, we decided to build an instrument specifically addressing the risk of early death instead of general OS. This decision was taken in light of the risks of toxicity associated with FOLFIRINOX and other potential issues impacting on patient daily life, such as the need to implant a central venous catheter for prolonged infusions. Indeed, it is of little doubt that FOLFIRINOX (whichever the schedule used) remains a challenging treatment option, ideally to be used in patients able to experience the greatest benefit in terms of OS while sparing those who are likely to get little or no advantage due to very short OS probability. The choice of the 6-month period as primary outcome measure was based on the results of the PRODIGE4-ACCORD11 trial, which reported a median PFS of 6.4 months and a median OS of 11.1 months in the experimental arm. [START_REF] Conroy | FOLFIRINOX versus gemcitabine for metastatic pancreatic cancer[END_REF] In our opinion, the probability of experiencing early death in the first 6 months after treatment initiation (i.e. less than the median PFS expected with FOLFIRINOX) can be considered an acceptable criterion to discuss with the patient treatment options alternative to triplet chemotherapy.

The main criticism of our study relies in its retrospective design and non-exhaustive nature of data collection about other potentially prognostic parameters. However, patient characteristics were generally well balanced in the DS and VS. Furthermore, when treatment activity and efficacy were investigated, no difference was reported in terms of RR, PFS and OS between the two cohorts (and so between FOLFIRINOX and FOLFOXIRI) and results were comparable with literature data. As discussed, we did not evaluate the outcome of the different risk categories with other treatment options. Therefore, it should be kept in mind that our study was not designed to validate the developed nomogram as a predictive tool to anticipate the benefit from a specific regimen (i.e. FOLFIRINOX) when compared to other options (such as Gem-Nab, single-agent chemotherapy or supportive care only). The 

CLINICAL PRACTICE POINTS

• Despite recent advances, prognosis of patients with metastatic and locally advanced pancreatic cancer remains poor.

• FOLFIRINOX and gemcitabine plus nab-paclitaxel are both standards in the first-line treatment of fit patients and no head-to-head comparison has been conducted so far.

• Toxicities of triplet chemotherapy may be relevant and many patients derive limited benefit from intensive treatment: indeed, no tool is currently available to individualize the therapeutic approach in single cases.

• We therefore developed (from a single Institution experience) and validated (by external collection of cases from Italian and French referral centres) a simple nomogram able to predict 6-month survival probability in pancreatic cancer patients receiving first-line FOLFIRINOX (as per classic or modified schedule).

• Easily available, reproducible and cheap clinical and laboratory parameters confirmed their prognostic value in this population and were finally included in the model: performance status, neutrophil-to-lymphocyte ratio, liver metastases and CA19.9 levels before treatment.

• The presence of these variables also stratified our series into four risk categories with significantly different survival outcome.

• Our nomogram can be immediately implemented in clinical practice in order to improve communication about prognosis with pancreatic cancer patients.

• Moreover, this tool could be of help in clinical research, as it demonstrated to improve patient stratification.

• Validation of the nomogram in series treated with other treatment regimens such as gemcitabine plus nab-paclitaxel is warranted. iv) baseline CA19.9 >845 U/mL (see text for details).

  information retrieved from the nomogram is a more detailed prognostic assessment of the single cases, and FOLFIRINOX (or modified schedules) remains a valid option for fit MPC/LAPC patients. CONCLUSION To conclude, it is possible to accurately predict the risk of death in the first 6 months after starting FOLFIRINOX for MPC/LAPC by few easily available, reproducible and cheap clinical and laboratory parameters. Our nomogram as well as different risk categories allow immediate prognostic stratification and provide an easy-to-interpret tool for both clinicians and patients. This instrument could facilitate patient-physician communication in clinical practice and improve prognostic stratification in clinical research. Validation of this tool for other treatment regimens such as Gem-Nab is warranted.

Figure 1 .

 1 Figure 1. Nomogram predicting the risk of death at 6 months after initiation of FOLFIRINOX.

Figure 2 .

 2 Figure 2. Calibration plot for external validation of the nomogram.

Figure 3 .

 3 Figure 3. Survival curves for different risk categories.

  

  

  

Table 1 . Patient characteristics

 1 

		Developing set		Validating set		
		(N=137)		(N=206)		
		N	%	N	%	P-value
	Gender					
	Male	66	48.2	116	56.3	0.152
	Female	71	51.8	90	43.7	
	Age (years)					
	Median	60		62		0.564
	Range	33-75		41-78		
	ECOG PS					
	0	92	67.2	93	45.1	<0.001
	1	45	32.8	113	54.9	
	Tumour site					
	Head	74	54	119	57.5	0.579
	Body-tail	63	46	88	42.5	
	TNM stage					
	III	56	40.9	75	36.4	0.428
	IV	81	59.1	131	63.6	

Abbreviations: CT, chemotherapy; ECOG PS, Eastern Cooperative Oncology Group performance status; IQR, interquartile range; N, number; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.

Table 2 . Results of the univariate models

 2 

	OR	95%CI	P-value

Table 3 . Results of the multivariable model N of patients N of events

 3 

	OR	95%CI	P-value

Abbreviations: CA19.9, carbohydrate antigen 19.9; ECOG PS, Eastern Cooperative Oncology Group performance status; N, number; NLR, neutrophil-to-lymphocyte ratio; OR, odds ratio; 95%CI, 95% confidence interval.
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