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Carbohydrate antigen 19-9 (CA19.9) is a Lewis blood group antigen that is expressed in 90 to 95% of the general population [START_REF] Ballehaninna | The clinical utility of serum CA 19-9 in the diagnosis, prognosis and management of pancreatic adenocarcinoma: An evidence based appraisal[END_REF][START_REF] Tempero | Relationship of carbohydrate antigen 19-9 and Lewis antigens in pancreatic cancer[END_REF] . CA19.9 is widely used in patients with pancreatic cancer [START_REF] Ballehaninna | The clinical utility of serum CA 19-9 in the diagnosis, prognosis and management of pancreatic adenocarcinoma: An evidence based appraisal[END_REF][START_REF] Katz | Serum CA 19-9 as a marker of resectability and survival in patients with potentially resectable pancreatic cancer treated with neoadjuvant chemoradiation[END_REF] because of its usefulness in determining prognosis and response to treatment [START_REF] Bauer | Carbohydrate antigen 19-9 is a prognostic and predictive biomarker in patients with advanced pancreatic cancer who receive gemcitabine-containing chemotherapy: a pooled analysis of 6 prospective trials[END_REF] . Indeed, it has been shown that the pretreatment CA19.9 level and its decrease during chemotherapy are associated with prognosis [START_REF] Maisey | CA19-9 as a prognostic factor in inoperable pancreatic cancer: the implication for clinical trials[END_REF][START_REF] Hammad | CA19-9 as a predictor of tumor response and survival in patients with advanced pancreatic cancer treated with gemcitabine based chemotherapy[END_REF][START_REF] Reni | Carbohydrate antigen 19-9 change during chemotherapy for advanced pancreatic adenocarcinoma[END_REF][START_REF] Hess | CA 19-9 tumour-marker response to chemotherapy in patients with advanced pancreatic cancer enrolled in a randomised controlled trial[END_REF][START_REF] Wasan | CA 19-9 as a biomarker in advanced pancreatic cancer patients randomised to gemcitabine plus axitinib or gemcitabine alone[END_REF] . Until now, several cut-off values of the CA19.9 decrease, ranging from 15% to 89%, have been reported; however, some studies did not identify a clinically relevant variation [START_REF] Maisey | CA19-9 as a prognostic factor in inoperable pancreatic cancer: the implication for clinical trials[END_REF][START_REF] Hammad | CA19-9 as a predictor of tumor response and survival in patients with advanced pancreatic cancer treated with gemcitabine based chemotherapy[END_REF][START_REF] Reni | Carbohydrate antigen 19-9 change during chemotherapy for advanced pancreatic adenocarcinoma[END_REF][START_REF] Hess | CA 19-9 tumour-marker response to chemotherapy in patients with advanced pancreatic cancer enrolled in a randomised controlled trial[END_REF][START_REF] Wasan | CA 19-9 as a biomarker in advanced pancreatic cancer patients randomised to gemcitabine plus axitinib or gemcitabine alone[END_REF][START_REF] Gogas | Are serial measurements of CA19-9 useful in predicting response to chemotherapy in patients with inoperable adenocarcinoma of the pancreas?[END_REF][START_REF] Stemmler | Are serial CA 19-9 kinetics helpful in predicting survival in patients with advanced or metastatic pancreatic cancer treated with gemcitabine and cisplatin?[END_REF][START_REF] Ziske | Prognostic value of CA 19-9 levels in patients with inoperable adenocarcinoma of the pancreas treated with gemcitabine[END_REF][START_REF] Ko | Serum CA19-9 response as a surrogate for clinical outcome in patients receiving fixed-dose rate gemcitabine for advanced pancreatic cancer[END_REF][START_REF] Halm | Decrease of CA 19-9 during chemotherapy with gemcitabine predicts survival time in patients with advanced pancreatic cancer[END_REF][START_REF] Ali | CA 19-9 and survival in advanced and unresectable pancreatic adenocarcinoma and cholangiocarcinoma[END_REF] . In an exploratory analysis of the MPACT trial, Chiorean et al. reported a significant correlation between a CA19.9 decrease ≥ 20%, or ≥ 60% or ≥ 90% at week 8 and OS in both chemotherapy regimens. The gain of survival increased for each CA19.9 level and was more frequent with gemcitabine/nab-paclitaxel compared to gemcitabine [START_REF] Chiorean | CA19-9 decrease at 8 weeks as a predictor of overall 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] . Similar results were found with folfirinox compared to gemcitabine, which also demonstrated a significant improvement of OS in patients with a CA19.9 decrease ≥ 20% at week 8 [START_REF] Robert | Retrospective Analysis of CA19-9 Decrease in Patients with Metastatic Pancreatic Carcinoma Treated with FOLFIRINOX or Gemcitabine in a Randomized Phase III Study (ACCORD11/PRODIGE4)[END_REF] . Moreover, CA19.9 measurements may also be of interest for monitoring treatment because it may be more sensitive than the treatment response according to the Response Evaluation Criteria in Solid Tumors (RECIST) in patients treated for pancreatic carcinoma [START_REF] Chiorean | CA19-9 decrease at 8 weeks as a predictor of overall 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] . Currently, although these results suggest that CA19.9 measurements may be a surrogate marker in pancreatic carcinoma, its usefulness remains unclear and no consensual cut-off value has been established.

The aim of this retrospective study was to identify the most relevant cut-off value of the CA19.9 decrease associated with disease progression and to perform a validation in an independent cohort of patients treated for advanced pancreatic carcinoma.

Patients and Methods

Eligible patients

Patients treated in two different centers form January 2003 to December 2013 were eligible for this study, which was approved by the institutional review board. All patients were diagnosed with a proven histological or cytological pancreatic adenocarcinoma (PA) and had a locally advanced disease (LAD) or metastatic disease (MD), were naïve of chemotherapy, received at least two cycles of a first-line chemotherapy using a gemcitabine based-regimen or folfirinox protocol and had a CA19.9 level above the normal value at baseline. Patients who were first treated with radiochemotherapy were excluded. All common baseline clinical, biological and tumor characteristics were collected, including the presence of a biliary drainage, either by endoscopic or surgery procedures, before the start of treatment.

Chemotherapy regimens

Gemcitabine-based regimens consisted of gemcitabine alone at 1000 mg/m 2 at J1, J8, and J15 every 4 weeks or were associated either with capecitabine at 650 mg/m 2 twice daily on days 1 to 14 every 3 weeks or with oxaliplatin at 100 mg/m 2 every 2 weeks. The folfirinox regimen consisted of oxaliplatin 85 mg/m 2 , irinotecan 180 mg/m 2 , leucovorin 400 mg/m 2 , 5fluorouracil 400 mg/m 2 bolus and 2400 mg/m 2 continuously for 46 hours every 2 weeks.

CA19.9 and bilirubin measurements

Each patient's CA19-9 and bilirubin levels were assessed in the same laboratory and the upper limit of the normal value were 37 UI/ml and 17 µmol/L for CA19.9 and bilirubin, respectively. The CA19.9 levels as well as liver tests were analyzed at the baseline (i.e., pretreatment) and time of CT scan evaluation (i.e., at 8 or 12 weeks). In patients who underwent biliary drainage, only values after procedure were considered.

Statistical analysis

The primary objective was to determine the best cut-off value of the CA19.9 decrease for predicting progressive disease in patients treated at the first center (training set) and to validate this threshold in patients treated at the second center (validation set). In the training set, a receiver operating curve (ROC) analysis of the CA19.9 percent decrease was analyzed in patients with progressive disease (PD) compared to patients with control disease (response and stable disease) during the CT scan evaluation. The area under the curve (AUC), sensitivity (Se), specificity (Sp), positive predictive value (VPP), and negative predictive value (VPN) of the CA19.9 decrease were calculated in the training set and were evaluated in the validation set. The response to chemotherapy was based on the CT scan according to the RECIST 1.1 criteria, and patients were considered to have a response (partial or complete), be stable or have PD [START_REF] Eisenhauer | New response evaluation criteria in solid tumours: revised RECIST guideline (version 1.1)[END_REF] . If the CT scan could not be performed due to the degradation of their general condition, the patient was considered to be PD. Progression-free survival (PFS) and OS were defined as the time from chemotherapy initiation to PD and to death from any cause, respectively. Survival curves were calculated using the Kaplan-Meier method and compared using the log-rank test. Multivariate analysis of OS was calculated with the Cox model, including age, gender, WHO performance status, stage, tumor location, biliary drainage, chemotherapy regimen, pretreatment CA19.9 (below or above the median value) and the cutoff of the CA19.9 decrease identified by ROC curve analysis in the training set. The analyses were performed with STATVIEW software (StatVIEW statistical software, SAS institute Inc., Cary, NC, USA).

Results

Clinical pretreatment and CA19.9 characteristics

A total of 422 patients (189 patients in Center 1 and 233 in Center 2) were diagnosed with advanced pancreatic cancer during the study period (Fig. 1). Of them, 188 patients were eligible and included in the study, 95 and 93 in the training and validation sets, respectively. The two groups were not different according to age, gender, disease stage, mean number of metastasis sites, type of chemotherapy regimens and response, PFS and OS (Table 1).

The median baseline level of CA19.9 was 1,798 UI/ml (range 37-270,000) in the entire population and 2,391 UI/ml and 1,390 UI/ml in the training and validation sets, respectively. The baseline CA19.9 level was not affected by the bilirubin level and was not significantly different in patients with bilirubin ≤ or > 17 µmol/L (i.e. ≤ or > the upper limit of the normal value) (Supplementary Table 1). In addition, bilirubin and CA19.9 levels were not significantly different between the training and validation cohorts. Data on the CA19.9 and bilirubin levels according to both cohorts, after biliary drainage and the tumor location (head versus other) are indicated in Supplementary Table 1 to 3.

Changes in the CA 19-9 levels during chemotherapy

The CA19.9 levels decreased in 71 (74.7%) and 60 (64.5%) patients from centers 1 and 2, respectively. In these patients, the median reduction from baseline to weeks 8-12 was 72.5% in the training set and 54% in the validation set. In the training set, the ROC curves showed that a ≤ 15% reduction of CA 19.9 was the best predictor of progression, with an AUC = 0.78 (95% CI: 0.68 -0.88; p < 0.0001) (Fig. 2A). This cut-off was associated with Se = 68% (IC 95%: 51-81), Sp = 90% (IC 95%: 79-96), PPV = 79% and NPV = 83% (Fig. 2B). There was no correlation between a ≤ 15% CA19.9 reduction and the patient characteristics in the training set. In this population, the median PFS and OS were significantly increased in patients with a > 15% reduction of CA 19.9 at 8.3 months versus 3.2 months (p < 0.0001) and 13.8 months versus 7.2 months (p < 0.0001), respectively.

CA 19-9 level in validation set

In the validation set, the ≤ 15% reduction of CA19.9 was associated with Se = 76%, Sp = 83%, PPV = 71% and NPV = 86% for predicting progression (Fig. 2C). A ≤ 15% CA19.9 reduction was significantly correlated with age (49% versus 19%, for patients with age ≤ 65 years and >65 years, respectively, p = 0.004). A > 15% reduction of CA19.9 was also associated with a significant improvement of PFS (8.3 versus 3.1 months, p < 0.0001) and OS (14 versus 7.2 months, p < 0.0001) (Fig. 3A and3B). In the subgroup of patients with stable disease on the first CT scan evaluation (n = 51, 54.8%), the presence of a > 15% reduction of CA19.9 was also associated with a significant increase in PFS (9.4 versus 5 months, p = 0.001) and OS (13.8 versus 8.9 months, p = 0.007) (Fig. 3C and3D). In multivariate analysis, a > 15% reduction of CA19.9 (HR 0.25, 95% CI:0.14-0.44, p < 0.0001) and the pretreatment CA19.9 value (below the median) (HR 0.52, 95% CI:0.30-0.89, p = 0.02) were identified as factors that were independently associated with OS (Table 2).

Discussion

Our results showed that a > 15% reduction of CA19.9 from the baseline to first CT-scan evaluation was a predictor of improved survival in patients treated with chemotherapy for advanced pancreatic carcinoma. Indeed, based on the training and validation sets, we observed that this decrease was associated with a significant improvement of both PFS and OS and was also an independent factor for survival. To our knowledge, this is the first study to determine and validate the CA19.9 decrease cut-off using training and validation sets.

We found that a > 15% reduction of CA19.9 was a strong discriminant prognostic marker associated with a doubling time of both PFS and OS at 8.3 versus 3.1 months and 14 versus 7.2 months, respectively. Interestingly, there was a similar proportion of patients presenting a > 15% reduction of CA19.9 in the two cohorts, 69.5% and 62.4% in the training and validation sets, respectively. To our knowledge, only a small study based on 35 patients reported that a > 15% reduction of CA19.9 may be an interesting prognostic marker in advanced pancreatic carcinoma [START_REF] Gogas | Are serial measurements of CA19-9 useful in predicting response to chemotherapy in patients with inoperable adenocarcinoma of the pancreas?[END_REF] .

The impact of CA19.9 variations were recently retrospectively investigated in a subgroup of patients from a randomized trial evaluating gemcitabine alone or in combination with nab-paclitaxel in first-line metastatic pancreatic carcinoma [START_REF] Chiorean | CA19-9 decrease at 8 weeks as a predictor of overall 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] . In this study, any reduction of CA19.9 using predefined cut-offs of ≥ 20%, ≥ 60% and ≥ 90% were associated with improved outcomes in both arms but had a larger benefit for the gemcitabine-nab-paclitaxel combination. Interestingly, the ≥ 20% reduction gave similar results to our study. Indeed, this decrease occurred in 74% of all patients and was associated with PFS at 7.7 and 5.7 months and OS at 13.2 and 9.4 months in the gemcitabine-nabpaclitaxel and gemicitabine arms, respectively. Given that the higher cut-offs at ≥ 60% and ≥ 90% showed no survival advantages in the previous study and that our design included a validation set, these findings support that both > 15% and ≥ 20% CA19.9 reductions are likely to be the most relevant variations to evaluate the effect of chemotherapy regimens early in advanced pancreatic carcinoma. In this context, it will be interesting to further evaluate the discriminant effect of the >15% reduction in CA19.9 according to the type of chemotherapy, including folfirinox and gemcitabine based-regimens.

Our results also showed that CA19.9 variations may be a surrogate marker of chemotherapy efficacy in the subgroup of patients with a stable disease upon CT-scan evaluation. Indeed, among patients considered by investigators as having stable disease in the validation set (n = 51, 54.8%), a > 15% reduction was associated with a significant improvement of PFS (median 9.4 versus 5 months, p = 0.001) and OS (median 13.8 versus 8.9 months, p = 0.007).

These results were similar to those previously reported and support that a CA19.9 decrease may be a more sensitive early predictor of survival than the RECIST criteria in this particular subgroup.

There were some limitations to our study. First, despite a design based on training and validation sets, the analysis was retrospective, and a pre-planned analysis of the CA19.9 decrease in a further prospective study is needed to confirm these findings. Moreover, a small part of patients with bilirubin levels > the upper limit of the normal value (i.e. 17 µmol/L) were included (15.8% and 9.7% in the training and validation cohorts, respectively) without significant impact on the results. There was no significant difference for mean CA19.9 level in patients with bilirubin ≤ or > 17 µmol/L. Finally, several parameters were not comparable between the two cohorts, more patients had a WHO performance status ≤ 1, a location in the body and less biliary drainage in the validation set. Based on the results of the multivariate analysis, only CA19.9 was identified as an independent factor of survival, whereas no significant impact was found for the other remaining variables. Finally, CA19.9 was the only available circulating marker used for analysis. Because of the emergence of liquid biopsy with circulating DNA and circulating tumor cell detection, it will interesting to evaluate the usefulness of serial measurements of CA19.9 concomitant with these new makers [START_REF] Cheng | Analysis of ctDNA to predict prognosis and monitor treatment responses in metastatic pancreatic cancer patients[END_REF][START_REF] Pietrasz | Plasma Circulating Tumor DNA in Pancreatic Cancer Patients Is a Prognostic Marker[END_REF][START_REF] Sefrioui | Diagnostic value of CA19.9, circulating tumour DNA and circulating tumour cells in patients with solid pancreatic tumours[END_REF][START_REF] Del Re | Early changes in plasma DNA levels of mutant KRAS as a sensitive marker of response to chemotherapy in pancreatic cancer[END_REF] .

In conclusion, a CA 19-9 decrease > 15% is a predictor of favourable outcome in patients treated for advanced pancreatic carcinoma. In addition to the standard evaluation, our results support that the CA19-9 decrease could be used for decision making. Further studies are warranted to determine its usefulness according to chemotherapy regimens and also with regard to other circulating markers. 
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Table 1 .

 1 Characteristics of patients from the training set and the validation set.

	CT, chemotherapy.

≤ 17 µmol/L 80 (84.2) 84 (90.3) 0.27 > 17 µmol/L 15 (15.8) 9 (9.7)

  

	CA19.9			
	Median baseline (range)	2391 (37-226302)	1390 (37-270000)	0.15
	>15% decrease	66 (69.5)	58 (62.4)	0.36
	≤15% decrease	29 (30.5)	35 (37.6)	
	Progression free survival (median, months)	6.3	5.6	0.93
	Overall survival (median, months)	12	10.7	0.43

Table 2 .

 2 Univariate and multivariate analysis of overall survival in the validation set.

			Univariate analysis	Multivariate analysis
			p	HR (95% CI)	p	HR (95% CI)
	Sex	Male	0.7	1.09 (0.70-1.69)	0.47	1..20 (0.73-1.95)
		Female				
	Age	≤ 65	0.71	1.09 (0.70-1.70)	0.44	0.81 (0.47-1.39)
		> 65				
	Tumor location	Head Other	0.15	0.73 (0.47-1.13)	0.84	1.06 (0.60-1.86)
	Biliary drainage	No Yes	0.13	1.46 (0.90-2.37)	0.81	1.08 (0.57-2.05)
	Disease stage	Locally advanced Metastatic	0.23	0.76 (0.48-1.19)	0.91	0.97 (0.55-1.7)
	PS	≤ 1	0.10	0.52 (0.24-1.13)	0.43	0.68 (0.26-1.78)
		2				
	CT regimens	FOLFIRINOX	0.37	1.25 (0.76-2.05)	0.63	0.86 (0.47-1.59)
		Gemcitabine-				
		based regimens				
	CA19.9 at baseline	≤ median > median	0.01	0.57 (0.36-0.89)	0.02	0.52 (0.31-0.89)
	CA19.9 variation	>15% decrease ≤15% decrease	< 0.0001 0.31 (0.19-0.49) < 0.0001 0.25 (0.14-0.44)
	CI,					

confidence interval; CT, chemotherapy; HR, hazard ratio PS, performance status.
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