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Abstract 

Background Recurrence after resection is the main factor for poor survival. The relationship between clinicopatho‑
logical factors and recurrence after curative distal pancreatectomy for PDAC has rarely been reported separately.

Methods Patients with PDAC after left‑sided pancreatectomy between May 2015 and August 2021 were retrospec‑
tively identified.

Results One hundred forty‑one patients were included. Recurrence was observed in 97 patients (68.8%), while 44 
(31.2%) patients had no recurrence. The median RFS was 8.8 months. The median OS was 24.9 months. Local recur‑
rence was the predominant first detected recurrence site (n = 36, 37.1%), closely followed by liver recurrence (n = 35, 
36.1%). Multiple recurrences occurred in 16 (16.5%) patients, peritoneal recurrence in 6 (6.2%) patients, and lung 
recurrence in 4 (4.1%) patients. High CA19‑9 value after surgery, poor differentiation grade, and positive lymph nodes 
were found to be independently associated with recurrence. The patients receiving adjuvant chemotherapy had a 
decreased likelihood of recurrence. In the high CA19‑9 value cohort, the median PFS and OS of the patients with or 
without chemotherapy were 8.0 VS. 5.7 months and 15.6 VS. 13.8 months, respectively. In the normal CA19‑9 value 
cohort, there was no significant difference in PFS with or without chemotherapy (11.7 VS. 10.0 months, P = 0.147). 
However, OS was significantly longer in the patients with chemotherapy (26.4 VS. 13.8 months, P = 0.019).

Conclusions Tumor biologic characteristics, such as T stage, tumor differentiation and positive lymph nodes, affect‑
ing CA19‑9 value after surgery are associated with patterns and timing of recurrence. Adjuvant chemotherapy sig‑
nificantly reduced recurrence and improved survival. Chemotherapy is strongly recommended in patients with high 
CA199 after surgery.
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Introduction
Pancreatic ductal adenocarcinoma (PDAC) is an aggres-
sive malignancy with a low survival rate despite improved 
multimodality treatment. Radical resection and systemic 
therapy are the only chance to provide long-term sur-
vival [1, 2]; however, recurrence after resection exceeds 
70–80% and is the main factor for poor survival [3, 4]. 
Understanding the patterns and timing of disease recur-
rence can help guide improvements in therapy.

Several prior studies have reported on the patterns of 
recurrence following resection for PDAC and suggested 
that different sites of recurrence carry different sur-
vival rates [5–7]. Groot et  al. reported that local recur-
rence occurred in 23.7%, liver-only recurrence in 25.2%, 
local + distant in 18.5%, and multiple in 4.7%. Patients 
with multisite and liver recurrence had worse survival 
than those with local or pulmonary recurrence. Iden-
tifying the risk factors that can predict recurrence sites 
and timing of recurrence have potential clinical applica-
tions for prognostic stratification to determine whether 
to perform more aggressive therapy [8–10]. Increasing 
evidence has shown that PDAC at the head and tail dis-
plays different clinical presentations, treatment efficien-
cies and prognoses [11, 12]. A retrospective analysis of 
616 patients with PDAC who underwent surgical resec-
tion reported that patients undergoing distal pancrea-
tectomy for left-sided lesions had larger tumors (4.7 vs. 
3.1  cm, P < 0.0001) but fewer positive nodes (59% vs. 
73%, P = 0.03) and fewer poorly differentiated tumors 
(29% vs. 36%, P < 0.001) than those undergoing pancrea-
ticoduodenectomy for right-sided lesions [13]. Previous 
reports including patients who have had pancreatectomy 
for PDAC have not distinguished between lesions in the 
pancreatic head and tail. The relationship between clin-
icopathological factors and recurrence after curative dis-
tal pancreatectomy for PDAC has rarely been reported 
separately.

Therefore, this study aimed to establish the patterns 
of recurrence and timing of disease recurrence survival 
following left-sided pancreatectomy for PDAC. Fur-
thermore, perioperative risk factors for correlation with 
recurrence sites and time were identified.

Materials and methods
Patients
Patients with left-sided pancreatic ductal adenocarci-
noma who underwent surgical resection at Zhejiang 
Provincial Peoples’ Hospital between May 2015 and 
August 2021 were retrospectively identified. All acquisi-
tion methods were approved by the Institutional Review 
Board. Patients with left-sided PDAC confirmed by post-
operative pathology were included. Patients with 90-day 
postoperative mortality, with vascular resection and with 

less than 12 months of follow-up in which neither recur-
rence nor death occurred were excluded. Follow-up was 
stopped in September 2022.

Characteristics and definitions
Demographic, clinicopathologic and treatment data were 
collected. Resectability and staging were evaluated using 
pancreatic computed tomography angiography (CTA) 
and were typically discussed in a multidisciplinary team 
(MDT). Patients with either locally advanced or border-
line resectable disease were preferentially referred for 
neoadjuvant therapy. Chemotherapy was recommended 
as routine therapy for patients with a performance status 
of 0–1 Eastern Cooperative Oncology Group (ECOG). 
Chemotherapy regimens and duration were left to the 
discretion of the oncologist in the MDT. After neoadju-
vant chemotherapy with at least stable disease (SD), the 
decision for operative exploration was at the pancreatic 
surgeon’s discretion in the MDT. Pathological data were 
classified using the 8th AJCC/UICC TNM staging system 
[14]. R1 margin status was defined as ≤ 1  mm from the 
edge of the specimen which was reported by two pathol-
ogists. A high carbohydrate antigen (CA) 19–9 value 
was > 37 U/L according to our hospital laboratory thresh-
old, and a normal CA19-9 value was ≤ 37 U/L.

After completion of all therapy, patient follow-up 
occurred by computed tomography (CT) every 3 months 
within the first 2 years and every 6 months if no recur-
rence was detected. Recurrence-free survival (RFS) 
was defined as the time between the date of operation 
to the date of recurrence and was the primary outcome 
measure. Overall survival (OS) was defined as the time 
between surgery and either the date of death or last 
follow-up. Recurrence was defined based on the imag-
ing findings. In most instances, a tissue biopsy was per-
formed to confirm the lesion if the biopsy was easy to 
perform with B ultrasound. Local recurrence was defined 
as recurrence in the stump of the pancreas or in the sur-
gical bed, such as soft tissue along the peripancreatic 
vasculature (the celiac or superior mesenteric artery). 
Distant recurrence was defined as metastasis to the liver, 
peritoneum and lung. Multiple recurrence was defined as 
local plus distant sites and multiple distant sites.

Statistical analysis
All statistical analyses were performed using SPSS 
v.22.0 and GraphPad Prism 8 software. Continuous 
variables were compared using Student’s t test or the 
Wilcoxon rank test for parametric or nonparametric 
distributions, respectively. Categorical variables were 
compared using the chi-square or Fisher’s exact test. 
Binary logistic regression was performed to evalu-
ate factors for recurrence. OS and RFS were assessed 
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using the Kaplan–Meier estimate method with corre-
sponding 95% confidence intervals (95% CI), and com-
parisons were conducted using the log-rank test. Only 
variables with p values less than 0.15 in the univariate 
analysis were included in the multivariate regression 
analysis to identify independent prognostic factors. 
P values less than 0.05 were considered statistically 
significant.

Results
Patient characteristics
A total of 141 patients were included and 2 patients was 
excluded for postoperative hemorrhage death within 
90-day. Because two patients had a pathological complete 
response, some data only had 139 values. The median 
age was 65 (IQR 38–88) years, and the mean BMI was 
22.15 ± 2.98 kg/m2. The mean tumor size was 3.5 (0.5–10) 
cm. The demographic, clinicopathological and treatment 
characteristics for the patients with and without recur-
rence are presented separately in Table 1.

Most patients had resectable tumors at diagnosis (127, 
90.1%). Fourteen (9.9%) patients received neoadjuvant 
chemotherapy (NACT), and the regimens included FOL-
FIRINOX (4 of 14, 28.6%) and gemcitabine-nab-pacli-
taxel (10 of 14, 71.4%). The median duration of NACT 
was 4.0 (IQR 2.1–6.0) months. Two patients had a patho-
logical complete response using FOLFIRINOX. Adjuvant 
therapy was administered in 82 (58.2%) patients. The 
most common regimens were gemcitabine-nab-pacli-
taxel (52 of 82, 63.4%), gemcitabine-5-flurouracil (16 of 
82, 19.5%), FOLFIRINOX (11 of 82, 13.4%), and single-
agent gemcitabine (3 of 82, 3.7%).

Survival and factors associated with recurrence
The median follow-up was 50.4 (95% CI 36.45–64.35) 
months. Recurrence was observed in 97 patients (68.8%), 
while 44 (31.2%) patients had no recurrence. The median 
RFS was 8.8 (95% CI 7.51–10.09) months. The median 
OS was 24.9 (95% CI 17.44–32.30) months. The median 
OS was 16.8 (95% CI 13.92–19.68) months in the recur-
rence cohort, and the median OS was not reached in the 
recurrence-free cohort.

Several prognostic clinicopathological factors were 
found to be independently associated with an increased 
likelihood of recurrence: high CA19-9 value after sur-
gery (HR 2.22, 95% CI 1.49–3.32, P = 0.000), poor differ-
entiation grade (HR 1.59, 95% CI 1.07–2.38, P = 0.023), 
and positive lymph nodes (HR 1.80, 95% CI 1.20–2.70, 
P = 0.005). The patients receiving adjuvant chemotherapy 
(HR 0.59, 95% CI 0.40–0.88, P = 0.010) had a decreased 
likelihood of recurrence. A subsequent multivariate 
analysis was further performed. High CA19-9 values 
after surgery (HR 2.16, 95% CI 1.44–3.14, P = 0.000) 

and positive lymph nodes (HR 1.69, 95% CI 1.12–2.53, 
P = 0.012) were independent poor predictive factors for 
recurrence. All data are shown in Table 2.

Table 1 Demographics, clinicopathological, and treatment 
characteristics of patients with or without recurrence

Variables All patients 
(N = 141)

Recurrence 
(N = 97)

No 
recurrence 
(N = 44)

Age(years)

 ≤ 74 116(82.3%) 79(81.4%) 37(84.1%)

  ≥ 75 25(17.7%) 18(18.6%) 7(15.9%)

Sex (%)

 Male 80(56.7%) 59(60.8%) 21(47.7%)

 Female 61(43.3%) 38(39.2%) 23(52.3%)

BMI (kg/m2)

  ≤ 18.4 10(7.1%) 6(6.2%) 4(9.1%)

  ≥ 18.5 131(92.9%) 91(93.8%) 40(90.9%)

Surgical Procedure

 RAMPS 67(47.5%) 43(44.3%) 24(54.5%)

 DP 74(52.5%) 54(55.7%) 20(45.5%)

Preoperative CA19‑9 (U/L)

  ≤ 37 32(22.7%) 19(19.6%) 13(29.5%)

  > 37 109(77.3%) 78(80.4%) 31(70.5%)

Postoperative CA19‑9 (U/L)

  ≤ 37 81(57.4%) 48(49.5%) 33(75%)

  > 37 60(42.6%) 49(50.5%) 11(25%)

T stage

  T1‑2 93(66.0%) 63(64.9%) 30(68.2%)

  T3‑4 48(34.0%) 34(35.1%) 14(31.8%)

N stage

  N0 91(64.5%) 55(56.7%) 36(81.8%)

  N1‑2 50(35.5%) 42(43.3%) 8(18.2%)

Tumor differentiation

 Well /moderate 71(51.1%) 46(47.4%) 25(59.5%)

 Poor 68(48.9%) 51(52.6%) 17(40.5%)

R‑status

 R1 6(4.3%) 4(4.1%) 2(4.8%)

 R0 133(95.7%) 93(95.9%) 40(95.2%)

Perineural invasion

 Yes 110(79.1%) 76(78.4%) 34(81.0%)

 No 29(20.9%) 21(21.6%) 8(19.0%)

Lymphovasular invasion

 Yes 51(36.7%) 37(38.1%) 14(33.3%)

 No 88(63.3%) 60(61.9%) 28(66.7%)

Neoadjuvant chemotherapy

 Yes 14(9.9%) 12(12.4%) 2(4.5%)

 No 127(90.1%) 85(87.6%) 42(95.5%)

Adjuvant chemotherapy

 Yes 82(58.2%) 51(52.6%) 31(70.5%)

 No 59(41.8%) 46(47.4%) 13(29.5%)
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Local recurrence was the predominant first detected 
recurrence site (n = 36, 37.1%), which was closely fol-
lowed by liver recurrence (n = 35, 36.1%). Multiple 
recurrences occurred in 16 (16.5%) patients, peritoneal 
recurrence in 6 (6.2%) patients, and lung recurrence in 
4 (4.1%) patients. A pairwise comparison of the median 

RFS and OS between the specific site recurrence pat-
terns is shown in Fig.  1. Multiple recurrence had the 
shortest RFS (6.7  months, 95% CI 5.72–7.68), and pul-
monary recurrence had the longest RFS (12.4  months, 
95% CI 1.52–23.28). The median OS for the patients 
with local, liver recurrence, multiple recurrence and 

Table 2 Univariate and multivariate of predictive factors for recurrence

Variables Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Sex (Female / Male) 0.73 0.48–1.09 0.125 0.74 0.49–1.11 0.143

Age (≤ 74/ ≥ 75 years) 0.87 0.52–1.45 0.579

BMI (≤ 18.4/ ≥ 18.5 kg/m2) 0.78 0.34–1.78 0.555

Preoperative CA19‑9 (> 37/ ≤ 37U/L) 1.57 0.95–2.60 0.079 1.09 0.55–1.78 0.959

Postoperative CA19‑9 (> 37/ ≤ 37U/L) 2.22 1.49–3.32 0.000 2.16 1.44–3.14 0.000

LDPS / LRAMPS 1.23 0.82–1.84 0.309

T(T1‑2/T3‑4) 0.95 0.62–1.43 0.792

Positive lymph nodes (Yes / No) 1.80 1.20–2.70 0.005 1.69 1.12–2.53 0.012

R‑ status (R1 /R0) 1.34 0.49–3.64 0.671

Tumor differentiation (Poor/Well‑moderate) 1.59 1.07–2.38 0.023 1.21 0.79–1.86 0.379

Perineural invasion (Yes/No) 1.11 0.68–1.80 0.679

Lymphovasular invasion (Yes/No) 1.11 0.73–1.69 0.636

Adjuvant chemotherapy (Yes/No) 0.60 0.40–0.88 0.010 0.74 0.49–1.11 0.143

Fig. 1 A Recurrence‑free survival (RFS) of different recurrence sites. B Overall survival (OS) curves of different recurrence sites
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distant recurrence, and peritoneal recurrence exceeded 
12  months and did not differ significantly from each 
other. The patients with pulmonary recurrence had the 
longest OS (46.3 months, 95% CI 20.97–56.73).

Due to the sample size, analyses for identifying poten-
tial factors predicting patterns of recurrence were per-
formed in local-only and liver-only recurrence, as shown 
in Tables  3 and 4, respectively. A high CA19-9 value 
after surgery was the only independent poor predic-
tive factor for local recurrence (HR 2.24, 95% CI 1.12–
4.47, P = 0.023). High CA19-9 values after surgery (HR 
2.31, 95% CI 1.04–5.10, P = 0.039) and poor differentia-
tion grade (HR 2.36, 95% CI 1.05–5.34, P = 0.038) were 

statistically associated with liver recurrence. Adjuvant 
chemotherapy significantly reduced liver recurrence (HR 
0.42, 95% CI 0.19–0.91, P = 0.028).

The significance of the CA19‑9 value after surgery
A high CA19-9 value after surgery was found to be 
independently associated with an increased likelihood 
of recurrence. CA19-9 value after surgery in patients 
with recurrence was further analyzed as shown in 
Table  5. T stage and tumor differentiation were sta-
tistically correlated with the CA19-9 value after sur-
gery. The median RFS and OS of the patients with high 
CA19-9 value after surgery were significantly shorter 

Table 3 Univariate and multivariate of predictive factors for local recurrence

Variables Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Sex (Female / Male) 0.62 0.31–1.22 0.165

Age (≤ 74/ ≥ 75 years) 1.36 0.52–3.54 0.526

BMI (≤ 18.4/ ≥ 18.5 kg/m2) 1.64 0.22–12.39 0.632

Preoperative CA19‑9 (> 37/ ≤ 37U/L) 1.41 0.58–3.44 0.443

Postoperative CA19‑9 (> 37/ ≤ 37U/L) 2.24 1.12–4.47 0.023 2.24 1.12–4.47 0.023

LDPS / LRAMPS 1.63 0.82–3.25 0.164

T(T1‑2/T3‑4) 0.86 0.43–1.74 0.679

Positive lymph nodes (Yes / No) 1.14 0.53–1.80 0.933

R‑ status (R1 /R0) 2.47 0.73–8.40 0.147 1.33 0.36–4.95 0.671

Tumor differentiation (Poor/Well‑moderate) 1.51 0.75–3.04 0.247

Perineural invasion (Yes/No) 1.47 0.56–3.38 0.432

Lymphovasular invasion (Yes/No) 0.65 0.33–1.29 0.220

Adjuvant chemotherapy (Yes/No) 0.59 0.30–1.17 0.130 0.67 0.33–1.34 0.253

Table 4 Univariate and multivariate of predictive factors for liver recurrence

Variables Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Sex (Female / Male) 0.96 0.46–2.20 0.919

Age (≤ 74/ ≥ 75 years) 0.84 0.34–2.06 0.694

BMI (≤ 18.4/ ≥ 18.5 kg/m2) 0.58 0.14–2.45 0.459

Preoperative CA19‑9 (> 37/ ≤ 37U/L) 1.45 0.50–4.19 0.496

Postoperative CA19‑9 (> 37/ ≤ 37U/L) 2.33 1.11–4.89 0.025 2.31 1.04–5.10 0.039

LDPS / LRAMPS 0.40 0.19–0.87 0.220

T(T1‑2/T3‑4) 0.86 0.40–1.84 0.692

Positive lymph nodes (Yes / No) 1.34 0.61–2.94 0.473

R‑ status (R1 /R0) 1.91 0.13–1.89 0.239

Tumor differentiation (Poor/Well‑moderate) 2.95 1.33–6.54 0.008 2.36 1.05–5.34 0.038

Perineural invasion (Yes/No) 2.15 0.91–5.07 0.179

Lymphovasular invasion (Yes/No) 1.01 0.47–2.40 0.877

Adjuvant chemotherapy (Yes/No) 0.47 0.23–0.99 0.048 0.42 0.19–0.91 0.028
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than those of the patients with normal CA19-9 value. 
In the high CA19-9 value cohort, the median PFS 
(P = 0.041) and OS (P = 0.048) of the patients with or 
without chemotherapy were 8.0 (95% CI 4.87–11.13) 
vs. 5.7 (95% CI 4.10–7.10) months and 15.6 (95% CI 
14.11–17.10) vs. 13.8 (95% CI 11.30–15.30) months, 
respectively (Fig. 2 A, B). In the normal CA19-9 value 
cohort, there was no significant difference in PFS in 
the patients with or without chemotherapy (11.7 (95% 
CI 4.93–18.41) vs. 10.0 (95% CI 8.25–11.75  months, 
P = 0.147). However, OS was significantly longer 
in the patients with chemotherapy (26.4 (95% CI 
20.92–31.95) vs. 13.8 (95% CI 13.14–14.46) months, 
P = 0.019) (Fig. 2 C, D).

Discussion
Several prior clinical studies have reported recur-
rence following pancreatectomy for PDAC regardless 
of adjuvant chemotherapy. The recurrence rate dif-
fered between the included clinical studies and ranged 
from 54.7% to 91.1% [4, 6, 15]. Prognostic factors for 
PDAC after surgical resection are established, includ-
ing resection margin [16], tumor markers [17, 18], 
tumor differentiation [9], and chemotherapy [9, 19]. 
However, recurrence after curative distal pancreatec-
tomy for PDAC has rarely been reported separately. 
This report presents a single large institutional study of 
patterns and timing of recurrence following left-sided 
pancreatectomy for PDAC in the same multidiscipli-
nary team (MDT). In this cohort, 97 (68.8%) patients 

Table 5 Clinicopathological and treatment characteristics associated with CA19‑9 value after surgery

Variables High CA19‑9(N = 49) Normal CA19‑9 (N = 48) P value

Age(years) 0.319

  ≤ 74 38(77.6%) 41(85.4%)

  ≥ 75 11(22.4%) 7(14.6%)

Sex (%) 0.184

 Male 33(67.3%) 26(54.2%)

 Female 16(32.7%) 22(45.8%)

BMI (kg/m2) 0.414

  ≤ 18.4 4(8.2%) 2(4.2%)

  ≥ 18.5 45(91.8%) 46(95.8%)

Surgical procedure

 RAMPS 25(51%) 18(37.5%) 0.180

 DP 24(29%) 30(62.5%)

T stage

  T1‑2 27(55.1%) 36(75%) 0.040

  T3‑4 22(44.9%) 12(25%)

N stage

  N0 25(51%) 30(62.5%) 0.254

  N1‑2 24(29%) 18(37.5%)

Tumor differentiation

 Well /moderate 18(36.7%) 29(60.4%) 0.020

 Poor 31(63.3%) 19(39.6%)

R‑status 0.316

 R1 3 (6.1%) 1(2.1%)

 R0 46(93.9%) 46(97.9%)

Perineural invasion 0.075

 Yes 42(85.7%) 34(70.8%)

 No 7(14.3%) 14(29.2%)

Lymphovasular invasion 0.334

 Yes 21(42.9%) 16(33.3%)

 No 28(57.1%) 32(66.7%)

PFS (months) 6.8 (95%CI 5.04–8.56) 12.6 (95%CI 10.52–14.68) 0.002

OS (months) 15.2 (95%CI 13.22–17.25) 22.9 (95%CI 16.41–29.38) 0.003
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had recurrence after resection, and the median RFS was 
8.8  months. The recurrence rate and median RFS are 
similar to previous larger sample size studies of pan-
createctomy for PDAC [8], despite different biological 
behaviors between the head and tail.

In this current cohort, the most common site was 
local recurrence (37.1%), followed by liver recurrence 
(36.1%), multiple recurrence (16.5%), peritoneal recur-
rence (6.2%), and pulmonary recurrence (4.1%). The RFS 
for local recurrence (median 9.3 months) and liver recur-
rence (8  months) are comparable, which was similar to 
a report by Sperti et  al., which presented RFS for local 
recurrence (median 9.5  months) and liver recurrence 
(9.0 months) [20]. A recurrence analysis of the ESPAC-4 
randomized adjuvant chemotherapy trial showed that 
local recurrence occurred at a median of 11.63 months, 
which was significantly different from distant recurrence 
with a median of 9.49 months. Furthermore, the median 
overall survival of patients with distant-only recurrence 

(23.03  months) or local recurrence with distant recur-
rence (23.82 months) was not significantly different from 
that of patients with only local recurrence (24.83 months) 
[21]. In our study, the OS of liver recurrence 
(17.9 months) was not significantly different from that of 
local recurrence (19.7 months). In addition, patients with 
multiple recurrences had the shortest RFS (6.9  months) 
and OS (13.4 months). Patients with lung recurrence had 
the longest RFS (12.4  months) and OS (46.3  months). 
The RFS and OS of patients with peritoneal recurrence 
were 9.35 months and 13.2 months, respectively. Recur-
rence location and timing showed great variation due to 
heterogeneous biological behavior and can reflect tumor 
aggressiveness. Multiple recurrences occur early and 
have a poor prognosis. Local recurrence can be recog-
nized early due to the symptoms but with an uninspiring 
survival, which may be because symptomatic recurrence 
is associated with aggressive tumor biology [4]. Perito-
neal recurrence, which is sensitive to expensive positron 

Fig. 2 A Recurrence‑free survival (RFS) of patients with or without chemotherapy in high CA19‑9 value after surgery cohort. B Overall survival (OS) 
curves of patients with or without chemotherapy in high CA19‑9 value after surgery cohort. C Recurrence‑free survival (RFS) of patients with or 
without chemotherapy in normal CA19‑9 value after surgery cohort. D Overall survival (OS) curves of patients with or without chemotherapy in 
normal CA19‑9 value after surgery cohort
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emission tomography-computed tomography (PET-
CT), cannot be detected earlier by cross-sectional com-
puted tomography imaging [22]. Several reports have 
demonstrated that lung recurrence has a better PFS and 
prognosis due to slower growth and less aggressiveness 
[8]. Daishi et  al. reported that the lung metastasis rate 
was 7.5%; furthermore, the median RFS and OS were 
18.2  months and 86.4  months, respectively. In addition, 
they found that lung metastasis had a high proportion of 
PDAC of the body and tail and a high frequency of arte-
rial invasion because of spreading through the portosys-
temic shunt to extra-abdominal organs [23].

A further aim of this study was to establish clinico-
pathological features correlated with the timing and pat-
terns of recurrence. High CA19-9 value after surgery, 
poor differentiation grade and positive lymph nodes were 
found to be independently associated with an increased 
likelihood of recurrence in general. A high CA19-9 value 
after surgery was the only independent poor predictive 
factor for local recurrence. Furthermore, a high CA19-9 
value after surgery and poor differentiation grade were 
statistically associated with liver recurrence. Kolbeins-
son et al. suggest that patients with poorly differentiated 
tumors are over 4 times more likely to experience recur-
rence in the liver [9]. Groot et al. found that poor tumor 
differentiation was associated with the development of 
multiple recurrences and hepatic recurrence [8].

In our study, a high CA19-9 value after surgery was found 
to be an important factor associated with recurrence both 
in general and at the site, among many statistically signifi-
cant factors. The median RFS and OS of patients with high 
CA19-9 values after surgery were significantly shorter than 
those of patients with normal CA19-9 values. Currently, 
CA19-9 is the most widely used serum biomarker for the 
diagnosis and prognosis of PDAC. Many studies have inves-
tigated the role of CA19-9 in the prediction of postresection 
outcomes [22]. A meta-analysis demonstrated that elevated 
CA19-9 (> 305 KU/L) levels were independently associated 
with poor OS (HR: 1.72 (1.31–2.26)) and early recurrence 
(HR: 1.74 (1.06–2.86)) in PDAC patients [24]. Maggino et al. 
reported that preoperative tumor size < 20  mm and nor-
mal post-treatment CA19-9 were associated with longer 
RFS following post-neoadjuvant pancreatectomy in initially 
resectable and borderline resectable PDAC [17]. On further 
analysis of the current cohort, T stage and tumor differen-
tiation were statistically correlated with the CA19-9 value 
after surgery. These tumor-associated biological character-
istics, which affect the CA19-9 value after surgery, are also 
risk factors for recurrence. Because inherent factors cannot 
be altered, other methods, such as treatment methods, have 
been explored to improve survival.

A prior study reported that chemotherapy (HR 0.75, 
95% CI 0.57–0.97, P = 0.027) and chemoradiotherapy (HR 

0.73, 95% CI 0.61–0.89, P = 0.001) significantly reduce 
the likelihood of recurrence in general [8]. A recent study 
showed similar results, identifying that receipt of 6 or 
more cycles of chemotherapy as part of first-line ther-
apy correlated with improved survival [9]. A propensity 
score-matched SEER database analysis revealed chemo-
therapy as a protective prognostic factor for survival [25]. 
The current study showed that adjuvant chemotherapy 
significantly reduced recurrence and improved survival. 
Liver recurrence was reduced after adjuvant chemo-
therapy, which may be explained by the fact that PDAC is 
considered a systemic disease, and additional chemother-
apy is often recommended to prolong OS after resection. 
Patients with high CA199 values after surgery should be 
considered the most suitable candidates for chemother-
apy to prolong PFS and OS. In addition, chemotherapy 
improved the survival of patients with normal CA199 
values after surgery.

Several limitations in this study need to be addressed. 
First, patients receive multimodal therapy during a long 
follow-up period. Therefore, the chemotherapy regimens 
and cycles are diverse and can be lacking. Second, treat-
ments after recurrence are lacking, which affects overall 
survival, so an analysis of clinicopathological features 
correlated with OS was not performed.

Conclusions
This study provides the timing and pattern of recurrence 
after distal pancreatectomy for left-sided PDAC. Fur-
thermore, clinicopathological features were identified to 
predict RFS of general and different sites. Tumor biologic 
characteristics such as T stage, tumor differentiation and 
positive lymph nodes affecting CA19-9 value after surgery 
are associated with patterns and timing of recurrence. 
Adjuvant chemotherapy significantly reduced recurrence 
and improved survival. Furthermore, chemotherapy is 
strongly recommended in patients with high CA199 after 
surgery. These findings are highly suggestive of biological 
heterogeneity among individuals with PDAC.
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