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Purpose  The benefit of adjuvant chemotherapy following curative-intent surgery in pancreatic ductal adenocarcinoma (PDAC)  
patients who had received neoadjuvant FOLFIRINOX is unclear. This study aimed to assess the survival benefit of adjuvant chemo-
therapy in this patient population.
Materials and Methods  This retrospective study included 218 patients with localized non-metastatic PDAC who received neoadju-
vant FOLFIRINOX and underwent curative-intent surgery (R0 or R1) between January 2017 and December 2020. The association of 
adjuvant chemotherapy with disease-free survival (DFS) and overall survival (OS) was evaluated in overall patients and in the propen-
sity score matched (PSM) cohort. Subgroup analysis was conducted according to the pathology-proven lymph node status.
Results  Adjuvant chemotherapy was administered to 149 patients (68.3%). In the overall cohort, the adjuvant chemotherapy group 
had significantly improved DFS and OS compared to the observation group (DFS: median, 13.8 months [95% confidence interval (CI), 
11.0 to 19.1] vs. 8.2 months [95% CI, 6.5 to 12.0]; p < 0.001; and OS: median, 38.0 months [95% CI, 32.2 to not assessable] vs. 25.7 
months [95% CI, 18.3 to not assessable]; p=0.005). In the PSM cohort of 57 matched pairs of patients, DFS and OS were better in 
the adjuvant chemotherapy group than in the observation group (p < 0.001 and p=0.038, respectively). In the multivariate analysis, 
adjuvant chemotherapy was a significant favorable prognostic factor (vs. observation; DFS: hazard ratio [HR], 0.51 [95% CI, 0.36 to 
0.71; p < 0.001]; OS: HR, 0.45 [95% CI, 0.29 to 0.71; p < 0.001]).
Conclusion  Among PDAC patients who underwent surgery following neoadjuvant FOLFIRINOX, adjuvant chemotherapy may be  
associated with improved survival. Randomized studies should be conducted to validate this finding.
Key words  Pancreatic neoplasms, Adenocarcinoma, Adjuvant chemotherapy, Neoadjuvant therapy, FOLFIRINOX, Propensity score, 
Prognosis, Lymph nodes
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one of the 
most lethal malignancies with a 5-year survival rate of less 
than 10%. Only 20% of patients have surgically resectable 
disease at the time of diagnosis [1-3]. However, even after 
curative-intent resection, approximately 75% of patients  
develop recurrence within 2 years, and recurrence occurs 
more frequently in the absence of adjuvant chemotherapy 
[1].

For patients who undergo upfront surgery for localized 
PDAC, adjuvant chemotherapy is the standard of care [4]. 
Adjuvant modified FOLFIRINOX (fluorouracil, leucovorin, 

irinotecan and oxaliplatin) and gemcitabine plus capecit-
abine are the preferred chemotherapy regimens as adjuvant 
chemotherapy for patients with resected PDAC based on 
their improved survival outcomes compared to gemcitabine 
monotherapy in phase 3 trials [5-7].

Recently, neoadjuvant chemotherapy has been widely 
used for the management of patients with borderline resect-
able pancreatic cancer (BRPC) and locally advanced pancre-
atic cancer (LAPC) [8-13]. There is limited evidence to recom-
mend a specific neoadjuvant chemotherapy regimen because 
of the lack of prospective comparative trials. However, FOL-
FIRINOX has been widely used based on the better objec-
tive response rates and survival outcomes than gemcitabine 
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among patients with metastatic PDAC [14-16]. In meta-anal-
yses of FOLFIRINOX for BRPC and LAPC, conversion sur-
gery could be achieved in 67.8% of BRPC and 25.9% of LAPC 
patients [14,16].

While the number of patients who undergo surgery fol-
lowing neoadjuvant FOLFIRINOX is increasing, there is 
only limited data available to guide physicians as to whether 
adjuvant chemotherapy can improve the survival outcomes 
in this patient population [17,18]. Therefore, we conducted 
a retrospective analysis to investigate the survival benefit of 
adjuvant chemotherapy in patients with resected PDAC after 
neoadjuvant FOLFIRINOX.

Materials and Methods

1. Patients
Between January 2017 and December 2020, a total of 1,100 

patients who underwent surgery for the management of 
localized non-metastatic pancreatic cancer were identified 
from the database of Asan Medical Center, Seoul, Korea. 
Among them, 250 patients received at least 1 cycle of neoad-
juvant FOLFIRINOX before surgery. After the exclusion of 
patients with macroscopic residual disease (R2), histological 
types other than ductal adenocarcinoma and death within 2 
months after surgery, 218 patients with localized PDAC who 
received neoadjuvant FOLFIRINOX and underwent pancre-
atectomy were included in this analysis (S1 Fig.). This study 
was approved by the Institutional Review Board of the Asan 
Medical Center, Seoul, Korea (IRB approval number: 2021-
1282). This study followed the Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) report-
ing guideline.

2. Data collection and definitions
Patients’ characteristics including age, sex, and Eastern 

Cooperative Oncology Group (ECOG) performance status, 
pathological findings, and data related to treatment and sur-
vival were acquired from the electronic medical records. The 
cancer antigen (CA) 19-9 level was measured at the time of 
diagnosis, the tumor response evaluation, and pre-/post- 
operative periods within 1 and 6 weeks from surgery. Base-
line status of resectability at diagnosis was classified accor- 
ding to the National Comprehensive Cancer Network (NCCN) 
criteria [19].

Pathological findings included pathological tumor stage, 
node stage, resection margin status, lymphovascular inva-
sion or perineural invasion and were graded by the Ameri-
can Joint Committee on Cancer (AJCC), 8th edition [20]. R1 
resection was defined as microscopic evidence of a tumor 
within 1 mm of the resection margin. Pathologic response 

was graded according to the College of American Patholo-
gists (CAP) guideline [21].

FOLFIRINOX consisted of oxaliplatin (85 mg/m2 body 
surface area), irinotecan (150 or 180 mg/m2), leucovorin 
(400 mg/m2), and fluorouracil (2,400 mg/m2 over 46 hours) 
with or without a bolus of fluorouracil (400 mg/m2), every 2 
weeks, as described previously [5,15]. Adjuvant chemother-
apy was defined as at least 1 cycle of postoperative systemic 
chemotherapy. Postoperative chemoradiation was recom-
mended for R1 resected patients, and patients who received 
only postoperative chemoradiation were not considered to 
have received adjuvant chemotherapy. Disease-free survival 
(DFS) was defined as the interval between surgery and recur-
rence or death from any etiology, whichever occurred first, 
and overall survival (OS) was the interval between surgery 
and death from any etiology.

3. Statistical analysis
Categorical variables are presented as frequencies and 

proportions and continuous variables are presented as medi-
ans with interquartile ranges (IQRs). Survival was assessed  
using Kaplan-Meier survival curves and presented as  
median DFS and OS with corresponding 95% confidence  
intervals (CIs). Cox proportional hazards models were used 
for univariate and multivariate analyses and the outcomes 
are presented as the hazard ratio (HR) and 95% CI. The vari-
ables with p values < 0.2 in univariate analysis were included 
in the multivariate analysis.

Propensity score matching (PSM) was conducted to cre-
ate balanced cohorts, including variables of age, sex, ECOG 
performance score, tumor extent at the time of diagnosis, 
pathological T category, N category, resection margin status, 
number of cycles of neoadjuvant FOLFIRINOX and preop-
erative CA 19-9 level. Patients were matched based on the 
propensity scores using the 1:1 nearest-neighbor method. 
Standardized mean difference was adopted with a value < 
0.1 indicating a good balance. All analyses were performed 
using R statistical software ver. 4.1.1 (R Foundation for Statis-
tical Computing, Vienna, Austria).

Results

1. Patient characteristics
Among 218 patients with PDAC who underwent curative-

intent surgery following neoadjuvant FOLFIRINOX, adju-
vant chemotherapy was administered to 149 patients (68.3%). 
The patients’ baseline characteristics are summarized in  
Table 1. The number of cycles of neoadjuvant FOLFIRINOX 
was significantly higher in the observation group compared 
to the adjuvant chemotherapy group (median [IQR], 9 [7-10] 
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Table 1.  Baseline characteristics in unmatched and matched cohorts

		 Overall (unmatched) cohort		  Matched cohort

	
Observation

 	 Adjuvant		
Observation

 	 Adjuvant
	

(n=69)
	 chemotherapy 	 p-value	

(n=57)
	 chemotherapy 	 p-value

		  (n=149)			   (n=57)

Sex 
    Male	 39 (56.5)	 68 (45.6)	 0.177	 31 (54.4)	 30 (52.6)	 > 0.99
    Female	 30 (43.5)	 81 (54.4)		  26 (45.6)	 27 (47.4)	
Age (yr), median (IQR)	 64 (58-70)	 61 (56-67)	 0.066	 65 (57-70)	 66 (59-69)	 0.823
ECOG PS at surgery						    
    0-1	 65 (94.2)	 143 (96.0)	 0.729	 56 (98.2)	 56 (98.2)	 > 0.99
    ≥ 2 	 4 (5.8)	 6 (4.0)		  1 (1.8)	 1 (1.8)	
Charlson Comorbidity Index (CCI), 	 0.7 (0-3)	 0.7 (0-6)	 0.882	 0.6 (0-3)	 0.8 (0-6)	 0.499
  mean (range)
Charlson Age-Comorbidity Index (CACI), 	 2.6 (0-6)	 2.3 (0-8)	 0.167	 2.5 (0-6)	 2.6 (0-8)	 0.567
  mean (range)
Tumor extent at the diagnosis						    
    Resectable	 7 (10.1)	 15 (10.1)	 0.105	 6 (10.5)	 5 (8.8)	 0.915
    BRPC	 39 (56.5)	 103 (69.6)		  35 (61.4)	 37 (64.9)	
    LAPC	 23 (33.3)	 30 (20.3)		  16 (28.1)	 15 (26.3)	
Location of tumor						    
    Head	 44 (63.8)	 114 (76.5)	 0.162	 36 (63.2)	 38 (66.7)	 0.944
    Body	 12 (17.4)	 20 (13.4)		  10 (17.5)	 10 (17.5)	
    Tail	 12 (17.4)	 14 (9.4)		  10 (17.5)	 8 (14.0)	
    Multicentric	 1 (1.4)	 1 (0.7)		  1 (1.8)	 1 (1.8)	
Tumor differentiation						    
    Well 	 4 (5.8)	 20 (13.9)	 0.213	 4 (7.0)	 6 (10.7)	 0.674
    Moderate 	 60 (87.0)	 114 (79.2)		  50 (87.7)	 46 (82.1)	
    Poor	 5 (7.2)	 10 (6.9)		  3 (5.3)	 4 (7.1)	
Surgical type						    
    PPPD/PD	 47 (68.1)	 113 (75.8)	 0.480	 38 (66.7)	 37 (64.9)	 > 0.99
    Distal pancreatectomy	 18 (26.1)	 30 (20.1)		  16 (28.1)	 16 (28.1)	
    Total pancreatectomy	 4 (5.8)	 6 (4.0)		  3 (5.3)	 4 (7.0)	
Vascular resection						    
    Vein resection	 37 (53.6)	 63 (42.3)	 0.157	 31 (54.4)	 24 (42.1)	 0.261
    Artery resection	 10 (14.5)	 17 (11.4)	 0.673	 6 (10.5)	 9 (15.8)	 0.579
Pathological T category						    
    Pathologic CR	 0 (	  5 (3.4)	 0.410	 51 (89.5)	 50 (87.7)	 > 0.99
    ypT1-T2	 61 (88.4)	 128 (85.9)				  
    ypT3-T4	 8 (11.6)	 16 (10.7)		  6 (10.5)	 7 (12.3)	
Pathological N category						    
    ypN0	 40 (58.0)	 85 (57.0)	 0.991	 33 (57.9)	 31 (54.4)	 0.850
    ypN1	 23 (33.3)	 51 (34.2)		  24 (42.1)	 26 (45.6)	
    ypN2	 6 (8.7)	 13 (8.7)				  
Pathologic tumor stage						    
    Pathologic CR	 0 (	 5 (3.4)	 0.552	 0 (	 2 (3.5)	 0.494
    Stage IA/IB	 37 (53.6)	 72 (48.3)		  31 (54.4)	 26 (45.6)	
    Stage IIA/IIB	 24 (34.8)	 54 (36.2)		  19 (33.3)	 23 (40.4)	
    Stage III	 8 (11.6)	 18 (12.1)		  7 (12.3)	 6 (10.5)	
(Continued to the next page)
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vs. 7 [5-8]; p < 0.001). At the time of diagnosis, patients were 
classified into resectable pancreatic cancer (n=7, 10.1% and 
n=15, 10.1%), BRPC (n=39, 56.5% and n=103, 69.6%), and 
LAPC (n=23, 33.3% and n=30, 20.3%) according to the NCCN 
criteria in the observation group and the adjuvant chemo-
therapy group, respectively, and there was no statistical dif-
ference (p=0.105). There was no significant difference in any 
other characteristics, including the tumor location, surgical 
types, resection margin status, pathologic stage, or tumor  
response to FOLFIRINOX between the two groups.

In the adjuvant chemotherapy group, FOLFIRINOX 
(n=98, 65.8%) was administered most frequently followed by 
gemcitabine monotherapy (n=39, 26.2%) and gemcitabine-
capecitabine (n=4, 2.7%). The median duration of adjuvant 

chemotherapy was 2.5 months (95% CI, 2.3 to 3.0) in the 
adjuvant chemotherapy group. In the observation group, 
adjuvant chemotherapy was not administered because of 
the following reasons: sufficient preoperative exposure to 
FOLFIRINOX based on the number of cycles and pathologic 
response as determined by physicians (at least 8 cycles of 
preoperative FOLFIRINOX or near complete response (CAP 
grade 1) were considered as sufficient exposure although 
there are no globally established criteria yet) (n=23), medi-
cally not fit for adjuvant chemotherapy by a shared decision 
made by physicians and patients (n=35), patient’s wishes 
(n=6), and postoperative complications (n=3). Postoperative 
chemoradiotherapy was done in seven (10.1%) patients of 
the observation group and 11 (7.4%) patients of the adjuvant 

Table 1.  Continued

		 Overall (unmatched) cohort		  Matched cohort

	
Observation

 	 Adjuvant		
Observation

 	 Adjuvant
	

(n=69)
	 chemotherapy 	 p-value	

(n=57)
	 chemotherapy 	 p-value

		  (n=149)			   (n=57)

Lymphovascular invasion
    Negative	 45 (65.2)	 87 (58.4)	 0.418	 36 (63.2)	 36 (63.2)	 > 0.99
    Positive	 24 (34.8)	 62 (41.6)		  21 (36.8)	 21 (36.8)	
Perineural invasion						    
    Negative	 25 (36.2)	 55 (36.9)	 > 0.99	 19 (33.3)	 25 (43.9)	 0.336
    Positive	 44 (63.8)	 94 (63.1)		  38 (66.7)	 32 (56.1)	
Resection margin status						    
    Resection margin negative	 58 (84.1)	 126 (84.6)	 > 0.99	 47 (82.5)	 46 (80.7)	 > 0.99
    Resection margin positive	 11 (15.9)	 23 (15.4)		  10 (17.5)	 11 (19.3)	
No. of cycles of neoadjuvant 	 9 (7-10)	 7 (5-8)	 < 0.001	 8 (7-10)	 8 (6-9)	 0.801
  FOLFIRINOX, median (IQR)
Best response to neoadjuvant FOLFIRINOX						    
    Partial response	 21 (33.3)	 47 (32.4)	 > 0.99	 15 (28.8)	 20 (35.1)	 0.623
    Stable disease	 42 (66.7)	 98 (67.6)		  37 (71.2)	 37 (64.9)	
Pathologic responsea)						    
    0-1	 9 (13.2)	 14 (9.9)	 0.619	 8 (14.3)	 5 (9.3)	 0.602
    ≥ 2	 59 (86.8)	 128 (90.1)		  48 (85.7)	 49 (90.7)	
Baseline CA 19-9 level						    
    WNL	 24 (42.1)	 38 (30.4)	 0.169	 19 (39.6)	 15 (33.3)	 0.682
    > UNL	 33 (57.9)	 87 (69.6)		  29 (60.4)	 30 (66.7)	
Preoperative CA 19-9 level						    
    WNL	 27 (51.9)	 68 (56.2)	 0.725	 21 (50.0)	 24 (55.8)	 0.749
    > UNL	 25 (48.1)	 53 (43.8)		  21 (50.0)	 19 (44.2)	
Postoperative CA 19-9 level						    
    WNL	 48 (80.0)	 126 (86.3)	 0.356	 38 (77.6)	 48 (85.7)	 0.407
    > UNL	 12 (20.0)	 20 (13.7)		  11 (22.4)	 8 (14.3)	

Values are presented as number (%) unless otherwise indicated. BRPC, borderline resectable pancreatic cancer; CA 19-9, cancer antigen 
19-9; CR, complete response; ECOG PS, Eastern Cooperative Oncology Group performance score; IQR, interquartile range; LAPC, locally 
advanced pancreatic cancer; PD, pancreaticoduodenectomy; PPPD, pylorus-preserving pancreaticoduodenectomy; UNL, upper normal 
limit; WNL, within normal limits. a)Pathologic response was graded according to the College of American Pathologists guideline.
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Fig. 1.  Survival outcomes according to adjuvant chemotherapy in the overall (unmatched) cohort. (A) Disease-free survival in overall 
patients. (B) Overall survival in overall patients. (C) Disease-free survival in patients with positive lymph nodes. (D) Overall survival in 
patients with positive lymph nodes. (E) Disease-free survival in patients with negative lymph nodes. (F) Overall survival in patients with 
negative lymph nodes. CI, confidence interval; NA, not assessable.
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Table 2.  Univariate and multivariate analysis for disease-free survival

Variable
	                               Univariate analysis		                             Multivariate analysis

	 HR (95% CI)	 p-value	 HR (95% CI)	 p-value

Sex 
    Female	 Reference		  -	
    Male	 1.14 (0.83-1.57)	 0.419	 -	 -
Age (yr)				  
    < 65	 Reference		  -	
    ≥ 65	 0.99 (0.72-1.38)	 0.967	 -	 -
ECOG PS				  
    0-1	 Reference		  Reference	
    ≥ 2 	 1.63 (0.79-3.33)	 0.183	 1.70 (0.80-3.59)	 0.168
Tumor extent at diagnosis				  
    Resectable	 Reference		  -	
    BRPC	 0.93 (0.53-1.64)	 0.812	 -	 -
    LAPC	 0.99 (0.54-1.84)	 0.981	 -	 -
Location				  
    Head	 Reference		  -	
    Body	 1.08 (0.68-1.72)	 0.732	 -	 -
    Tail	 1.41 (0.89-2.23)	 0.145	 -	 -
    Multicenteric	 0.80 (0.11-5.72)	 0.821	 -	 -
Tumor differentiation				  
    Well 	 Reference		  Reference	
    Moderate	 1.82 (1.01-3.30)	 0.047	 1.21 (0.65-2.23)	 0.545
    Poor 	 1.91 (0.82-4.42)	 0.133	 1.32 (0.55-3.14)	 0.532
Surgical type				  
    PPPD/PD	 Reference		  -	
    Distal pancreatectomy	 1.18 (0.81-1.71)	 0.381	 -	 -
    Total pancreatectomy	 1.00 (0.44-2.28)	 0.995	 -	 -
Vein resection	 1.27 (0.92-1.75)	 0.145	 1.07 (0.77-1.48)	 0.698
Artery resection	 1.06 (0.65-1.71)	 0.824	 -	 -
Pathological T category				  
    ypT0-2	 Reference		  -	
    ypT3/4	 1.35 (0.82-2.20)	 0.239	 -	 -
Pathological N category				  
    ypN0	 Reference		  Reference	
    ypN1/2	 1.56 (1.13-2.16)	 0.007	 1.23 (0.87-1.74)	 0.239
Lymphovascular invasion	 1.70 (1.23-2.35)	 0.001	 1.55 (1.09-2.21)	 0.016
Perineural invasion	 1.34 (0.95-1.88)	 0.098	 1.15 (0.80-1.66)	 0.449
Status of surgical margins				  
    Resection margin negative	 Reference		  Reference	
    Resection margin positive	 1.52 (1.00-2.30)	 0.051	 1.42 (0.91-2.20)	 0.120
No. of cycles of neoadjuvant FOLFIRINOX				  
    < 6 cycles	 Reference		  -	
    ≥ 6 cycles	 1.17 (0.79-1.72)	 0.435	 -	 -
Best response to neoadjuvant FOLFIRINOX				  
    Partial response	 Reference		  -	
    Stable disease	 1.16 (0.81-1.65)	 0.417	 -	 -
Pathologic response				  
    0-1	 Reference		  Reference	
    ≥ 2	 2.13 (1.12-4.06)	 0.022	 1.28 (0.65-2.54)	 0.476
(Continued to the next page)
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chemotherapy group (p=0.480).
PSM was performed and 57 matched pairs of patients were 

generated. The absolute values of the standardized differ-
ence of the matched variables were all < 10% (S2 Table). The 
baseline characteristics of the patients in the matched cohort 
are also summarized in Table 1.

2. Survival outcomes of the overall cohort
With a median follow-up duration of 26.6 months (95% CI, 

24.8 to 29.9), patients in the adjuvant chemotherapy group 
showed significantly better survival outcomes compared to 
those in the observation group, with a median DFS of 13.8 
months (95% CI, 11.0 to 19.1) vs. 8.2 months (95% CI, 6.5 
to 12.0), respectively (p < 0.001); and a median OS of 38.0 
months (95% CI, 32.2 to not assessable [NA]) vs. 25.7 months 
(95% CI, 18.3 to NA), respectively (p=0.005) (Fig. 1A and B).

In the subgroup analysis according to the lymph node 
status, adjuvant chemotherapy was significantly associated 
with a better DFS and OS than observation in patients with 
negative lymph nodes (ypN0; p=0.002 and p=0.020, respec-
tively) (Fig. 1C and D), and showed a marginal relationship 
for better DFS and OS in those with positive lymph nodes 
(ypN+; p=0.058 and p=0.058, respectively) (Fig. 1E and F).

In the adjuvant chemotherapy group, there was no sig-
nificant difference in the survival outcomes between the pa-
tients with adjuvant gemcitabine-based chemotherapy and 
FOLFIRINOX with a median DFS of 10.7 months (95% CI, 
8.8 to 20.6) vs. 17.2 months (95% CI, 12.0 to 23.1) (p=0.565); 
and a median OS of 35.0 months (95% CI, 30.1 to NA) vs. 
38.0 months (95% CI, 32.7 to NA) (p=0.393) (S3 Fig.). Among 
the patients who received adjuvant FOLFIRINOX, there 
was no significant difference in survival outcomes between 
patients who received less than 12 cycles of perioperative 

FOLFIRINOX and those who received more than 12 cycles 
(< 12 cycles [n=43] vs. ≥ 12 cycles [n=54]; DFS: median, 14.6 
months [95% CI, 10.5 to NA] vs. 17.4 months [95% CI, 10.9 to 
NA]; p=0.393; OS: median, not reached [95% CI, 38.0 to NA] 
vs. 36.6 months [95% CI, 29.5 to NA]; p=0.992) (S4 Fig.).

In the observation group, there was no statistically signifi-
cant difference in survival outcomes according to the reasons 
for not receiving adjuvant chemotherapy, however, patients 
with medically unfit conditions showed a tendency for the 
worst prognosis. (sufficient preoperative exposure to FOL-
FIRINOX vs. medically unfit conditions and patient’s wishes 
vs. postoperative complications; DFS: median, 13.2 months 
[95% CI, 10.2 to 22.0] vs. 4.7 months [95% CI, 3.8 to 10.3] vs. 
19.7 months [95% CI, 19.4 to NA]; p=0.257; OS: median, not 
reached [95% CI, 23.5 to NA] vs. 19.6 months [95% CI, 14.8 to 
NA] vs. 31.0 months [95% CI, 31.0 to NA]; p=0.193) (S5 Fig.).

The results of the univariate and multivariate analyses for 
DFS and OS are summarized in Tables 2 and 3. In the mul-
tivariate analysis, adjuvant chemotherapy was significantly 
associated with better DFS (HR, 0.51 [95% CI, 0.36 to 0.71]; 
p < 0.001) and OS (HR, 0.45 [95% CI, 0.29 to 0.71]; p < 0.001). 
In addition, elevated preoperative CA 19-9 levels were sig-
nificantly associated with worse DFS (HR, 1.93 [95% CI, 1.36 
to 2.73]; p < 0.001) and OS (HR, 2.05 [95% CI, 1.32 to 3.17]; 
p=0.001). The presence of lymphovascular invasion was sig-
nificantly associated with a worse DFS (HR, 1.55 [95% CI, 
1.09 to 2.21]; p=0.016) and a positive resection margin was 
associated with a worse OS (HR, 1.73 [95% CI, 1.00 to 2.97]; 
p=0.048).

3. Survival outcomes of the PSM cohort
In the PSM cohort, DFS and OS were significantly better 

in the adjuvant chemotherapy group than in the observation 

Table 2.  Continued

Variable
	                               Univariate analysis		                             Multivariate analysis

	 HR (95% CI)	 p-value	 HR (95% CI)	 p-value

Adjuvant chemotherapy
    No	 Reference		  Reference	
    Yes 	 0.56 (0.40-0.78)	 < 0.001	 0.51 (0.36-0.71)	 < 0.001
Adjuvant regimen				  
    No	 Reference		  -	
    Gemcitabine-based	 0.59 (0.38-0.93)	 0.023	 -	 -
    FOLFIRINOX	 0.54 (0.38-0.78)	 0.001	 -	 -
CA-19-9 (preoperative)				  
    Within normal range	 Reference		  Reference	
    Elevated	 1.91 (1.38-2.65)	 < 0.001	 1.93 (1.36-2.73)	 < 0.001

BRPC, borderline resectable pancreatic cancer; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance 
score; FOLFIRINOX, fluorouracil, leucovorin, irinotecan and oxaliplatin; HR, hazard ratio; LAPC, locally advanced pancreatic cancer; PD, 
pancreaticoduodenectomy; PPPD, pylorus-preserving pancreaticoduodenectomy.
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Table 3.  Univariate and multivariate analysis for overall survival

Variable
	                               Univariate analysis		                             Multivariate analysis

	 HR (95% CI)	 p-value	 HR (95% CI)	 p-value

Sex 				  
    Female	 Reference		  -	
    Male	 1.22 (0.80-1.85)	 0.362	 -	 -
Age (yr)				  
    < 65	 Reference		  -	
    ≥ 65	 1.20 (0.79-1.83)	 0.399	 -	 -
ECOG PS				  
    0-1	 Reference		  -	
    ≥ 2 	 1.70 (0.74-3.90)	 0.212	 -	 -
Tumor extent at diagnosis				  
    Resectable	 Reference		  -	
    BRPC	 0.54 (0.29-1.01)	 0.053	 0.57 (0.29-1.10)	 0.095
    LAPC	 0.47 (0.23-0.97)	 0.041	 0.42 (0.20-0.88)	 0.021
Location				  
    Head	 Reference		  -	
    Body	 1.09 (0.59-2.02)	 0.792	 -	 -
    Tail	 1.46 (0.83-2.56)	 0.193	 -	 -
    Multicenteric	   1.43 (0.20-10.35)	 0.722	 -	 -
Tumor differentiation				  
    Well 	 Reference			 
    Moderate	 1.74 (0.80-3.78)	 0.162	 1.02 (0.45-2.32)	 0.956
    Poor 	 2.70 (0.98-7.47)	 0.055	 1.94 (0.65-5.82)	 0.238
Surgical type				  
    PPPD/PD	 Reference		  -	
    Distal pancreatectomy	 1.23 (0.77-1.98)	 0.385	 -	 -
    Total pancreatectomy	 1.31 (0.48-3.62)	 0.601	 -	 -
Vein resection	 1.09 (0.72-1.66)	 0.676	 -	 -
Artery resection	 0.96 (0.51-1.81)	 0.906	 -	 -
Pathological T category				  
    ypT0-2	 Reference		  Reference	
    ypT3/4	 1.90 (1.05-3.43)	 0.034	 1.58 (0.84-2.98)	 0.159
Pathological N category				  
    ypN0	 Reference		  Reference	
    ypN1/2	 1.74 (1.15-2.65)	 0.009	 1.34 (0.84-2.13)	 0.223
Lymphovascular invasion	 1.62 (1.06-2.46)	 0.026	 1.46 (0.91-2.34)	 0.121
Perineural invasion	 1.52 (0.97-2.38)	 0.068	 1.31 (0.81-2.12)	 0.268
Status of surgical margins				  
    Resection margin negative	 Reference		  Reference	
    Resection margin positive	 1.77 (1.06-2.95)	 0.028	 1.73 (1.00-2.97)	 0.048
No. of cycles of neoadjuvant FOLFIRINOX				  
    < 6 cycles	 Reference		  -	
    ≥ 6 cycles	 1.19 (0.70-2.03)	 0.524	 -	 -
Best response to neoadjuvant FOLFIRINOX				  
    Partial response	 Reference		  -	
    Stable disease	 0.92 (0.59-1.45)	 0.715	 -	 -
Pathologic response				  
    0-1	 Reference		  Reference	
    ≥ 2	 1.83 (0.84-3.97)	 0.128	 1.06 (0.47-2.41)	 0.889
(Continued to the next page)
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group; a median DFS of 13.8 months (95% CI, 10.7 to 23.1) vs. 
7.8 months (95% CI, 4.7 to 11.5), respectively (HR, 0.51 [95% 
CI, 0.33 to 0.79]; p=0.003) and a median OS of 31.5 months 
(95% CI, 26.1 to NA) vs. 23.5 months (95% CI, 17.4 to NA), 
respectively (HR, 0.57 [95% CI, 0.33 to 0.98]; p=0.040) (Fig. 
2A and B).

In the subgroup analysis according to the lymph node sta-
tus, the median DFS and OS were statistically better in the 
adjuvant chemotherapy group than in the observation group 
for patients with positive lymph nodes (ypN+; p=0.027 and 
p=0.049, respectively) (Fig. 2C and D). For patients with 
negative lymph nodes, the adjuvant chemotherapy group 
showed significantly better DFS and a tendency for a better 
OS compared to the observation group (ypN0; p=0.024 and 
p=0.160, respectively) (Fig. 2E and F).

Discussion

This retrospective study assessed the clinical implica-
tions of adjuvant chemotherapy among 218 patients who 
underwent curative-intent surgery after neoadjuvant FOL-
FIRINOX for localized PDAC. In the current study, patients 
who received adjuvant chemotherapy showed significantly 
better DFS (median, 13.8 months vs. 8.2 months; p < 0.001) 
and OS (median, 38.0 months vs. 25.7 months; p=0.005) com-
pared with those who did not. Its benefit remained signifi-
cant after PSM (DFS: median, 13.8 months vs. 7.8 months; p 
< 0.001; OS: median, 31.5 months vs. 23.5 months; p=0.038). 
Furthermore, the trends for the benefit of adjuvant chemo-
therapy in terms of DFS and OS were consistent regardless 
of the status of the lymph nodes.

There are no high-level data supporting the use of adju- 
vant chemotherapy among patients who underwent pan-
createctomy after neoadjuvant chemotherapy. Several ret-
rospective analyses have yielded conflicting results, par-
ticularly in the subgroup that benefited from adjuvant 
chemotherapy [17,18,22-25]. Some studies have suggested 
that postoperative chemotherapy was significantly associ-
ated with improved survival for patients with a lower lymph 
node burden [22,23], whereas one study reported a survival 
benefit for patients with lymph node positive disease [24]. 
These early studies, however, included various drugs as neo-
adjuvant chemotherapy, and a large proportion of patients 
received only chemoradiation as preoperative treatment 
[22-24]. A retrospective cohort study using the US National 
Cancer database showed that adjuvant chemotherapy was 
associated with a longer survival only in patients with a 
lymph node ratio (LNR) between 0.01 and 0.149, not in node-
negative patients or those with a LNR greater than 0.15 [25], 
and a recent nationwide retrospective study by Kamarajah 
et al. [17] found that adjuvant chemotherapy was associated 
with a survival benefit in patients with ypN0 and ypN1, but 
not ypN2. These studies are also limited because of the inclu-
sion of various neoadjuvant chemotherapeutic regimens and 
treatment modalities. Considering that the efficacy of mod-
ern-era multiagent chemotherapy regimens such as FOL-
FIRINOX or gemcitabine plus nab-paclitaxel has been much 
improved compared to old-fashioned treatments for patients 
with PDAC, the study population should be homogeneous 
in terms of neoadjuvant therapy to avoid potential bias.

Our study was based on a homogeneous study population 
as we included only patients who underwent neoadjuvant 
FOLFIRINOX followed by surgical resection. The only other 

Table 3.  Continued

Variable
	                               Univariate analysis		                             Multivariate analysis

	 HR (95% CI)	 p-value	 HR (95% CI)	 p-value

Adjuvant chemotherapy
    No	 Reference		  Reference	
    Yes 	 0.54 (0.35-0.83)	 0.005	 0.45 (0.29-0.71)	 < 0.001
Adjuvant regimen				  
    No	 Reference		  -	
    Gemcitabine-based	 0.65 (0.37-1.12)	 0.121	 -	 -
    FOLFIRINOX	 0.48 (0.29-0.79)	 0.004	 -	 -
CA 19-9 (preoperative)				  
    Within normal range	 Reference		  Reference	
    Elevated	 2.13 (1.41-3.24)	 < 0.001	 2.05 (1.32-3.17)	 0.001

BRPC, borderline resectable pancreatic cancer; CA 19-9, cancer antigen 19-9; CI, confidence interval; ECOG PS, Eastern Cooperative  
Oncology Group performance score; FOLFIRINOX, fluorouracil, leucovorin, irinotecan and oxaliplatin; HR, hazard ratio; LAPC, locally 
advanced pancreatic cancer; PD, pancreaticoduodenectomy; PPPD, pylorus-preserving pancreaticoduodenectomy.
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Fig. 2.  Survival outcomes according to adjuvant chemotherapy in the matched cohort. (A) Disease-free survival in overall patients. (B) 
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study that has assessed the role of adjuvant chemotherapy 
following FOLFIRINOX and surgery was recently published 
by the European-African Hepato-Pancreato-Biliary Asso-
ciation [18]. This cohort study included 520 patients who  
underwent surgical resection after neoadjuvant FOL-
FIRINOX and showed that adjuvant chemotherapy was 
associated with improved survival only in the lymph node 
positive subgroup [18]. In contrast, our findings showed that 
adjuvant chemotherapy was associated with better survival 
outcomes compared to observation in the overall patient 
population and its benefit seems to include both lymph node 
positive and negative groups. As there were differences in 
the use of adjuvant chemotherapy (FOLFIRINOX 65.8% in 
the current study vs. 19.8% in the prior international study 
and gemcitabine-based chemotherapy [28.9% vs. 58.6%]), 
this might be a potential reason for discrepancies in the out-
comes between these studies.

There is no established data about the regimen or the  
duration (cycles) of adjuvant chemotherapy following neo-
adjuvant FOLFIRINOX based on the heterogeneity of neoad-
juvant and adjuvant chemotherapeutic regimens and cycles 
of previous studies. Despite a trend toward better survival 
for adjuvant FOLFIRINOX in this study (gemcitabine-based 
vs. FOLFIRINOX; median DFS, 10.7 months vs. 17.2 months, 
p=0.565; median OS, 35.0 months vs. 38.0 months, p=0.393), 
it was not statistically significant and still difficult to sug-
gest a specific regimen based on this data due to the small 
number of samples in each group. In addition, recent data 
have shown that sequential treatment with two different 
chemotherapy regimens may be more effective for patients 
with metastatic pancreatic cancer [26,27]. It may suggest that 
changing the regimen of adjuvant chemotherapy may be the 
one of potential therapeutic strategies for certain subgroup 
of patients (e.g., clinically or pathologically insufficient  
responsive groups). In terms of the implications of duration 
or number of cycles of adjuvant chemotherapy, it is also dif-
ficult to draw conclusive recommendations based solely on 
the current analysis due to the limitations of its retrospective 
nature. Further prospective investigations are warranted to 
define the optimal regimens or number of cycles of postop-
erative chemotherapy in patients with resected PDAC after 
neoadjuvant FOLFIRINOX.

In the multivariate analysis, adjuvant chemotherapy  
remained significant for better DFS and OS. In addition, an 
elevated preoperative CA 19-9 level was significantly corre-
lated with a worse DFS and OS, which was consistent with 
the results of previous studies [28-31]. Although the number 
of chemotherapy cycles, tumor size, or pathologic response 
to neoadjuvant therapy have been suggested as prognostic 
factors in previous studies [28,30,32], these were not signifi-
cantly associated with DFS and OS in the current study.

Our study has limitations. This was a non-randomized, 
retrospective study, susceptible to bias. Although PSM 
was applied to minimize the selection biases, this may not  
totally exclude the potential biases. Furthermore, patients 
who could not recover from surgery may be included in the 
observation group and the inferior survival outcomes in the 
observation group might be attributable to the undertreat-
ment caused by poor general condition following surgery. 
In addition, as the median number of cycles of neoadjuvant 
FOLFIRINOX was significantly higher in the observation 
group than the adjuvant chemotherapy group, the patients 
in the adjuvant chemotherapy group might have favorable 
tumor biology for earlier conversion to the surgery compared 
to those in the observation group, and this might impact on 
the clinical outcomes between the two groups.

In PDAC patients who underwent surgery following neo-
adjuvant FOLFIRINOX, adjuvant chemotherapy may be  
associated with improved survival outcomes. Its benefit is 
not affected by the lymph node status. These findings sug-
gest that adjuvant chemotherapy could be considered in all 
patients who have completed neoadjuvant chemotherapy 
and curative-intent surgery, whenever patients are medically 
fit for chemotherapy. Prospective, large-scale, multinational, 
multicenter randomized studies are necessary to confirm our 
findings.
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