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A B S T R A C T

Background and aim: Whether chemotherapy can improve the prognosis of invasive intraductal 
papillary-mucinous carcinoma (IPMC) still remains unclear. The aim of this study is to observe 
the difference in survival time of patients with invasive IPMC receiving or not receiving 
chemotherapy.
Methods: 117 patients with invasive IPMC were included in The Surveillance, Epidemiology, and 
End Results (SEER) database. These patients were subsequently divided into two subgroups ac
cording to whether they received chemotherapy or not: the non-chemotherapy group (patients 
who did not receivechemotherapy, N = 58), the chemotherapy group (patients who received 
chemotherapy, N = 59). The overall survival (OS) and cancer specific survival (CSS) of two 
treatment groups were evaluated.
Results: Before adjusting for pathology grade, the Kaplan-Meier analysis showed that the differ
ence of survival time is not significant between non-chemotherapy group and chemotherapy 
group (P > 0.05), but the land-mark analysis showed that short-term death risk of the chemo
therapy group is significantly lower than non-chemotherapy group (P < 0.05). After adjust the 
pathology grade, survival time of the chemotherapy group is significantly longer than non- 
chemotherapy group (P < 0.05). Univariate and multivariate Cox regression showed that 
chemotherapy was an independent prognostic protective factor for invasive IPMC (P < 0.05). 
Land-mark analysis showed that short-term death risk of the chemotherapy group is significantly 
lower than non-chemotherapy group in N1-N2 subgroup (P < 0.05).
Conclusion: Chemotherapy is an independent protective factor IPMC, especially reducing the risk 
of short-term death for IPMC patients with lymph node metastasis.
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1. Introduction

Intraductal papillary-mucinous neoplasms (IPMNs) are mucin-producing cystic lesion involving the main pancreatic duct or its 
collaterals. According to the origin site, IPMN can be divided into the side branch ducts (BD-IPMN), in the main duct (MD-IPMN), or in 
both (mixed type IPMN) [1]. With the increasing resolution of modern imaging devices, the diagnostic rate of intraductal mucinous 
cystic tumors (IPMN) is also increasing [1,2]. Although the National Comprehensive Cancer Network (NCCN) considers intraductal 
papillary-mucinous carcinoma (IPMC) as a subtype of PDAC [3], studies have shown that characteristics of IPMC distinct from colloid 
pancreatic ductal adenocarcinoma (cPDAC) [4].

For therapy, Most IPMNs are non-malignant lesions with a favorable prognosis after surgery treatment [4,6]. The malignancy rate 
of the main duct IPMNs (MD-IPMNs) was up to 70 % [7]. Moreover, IPMN is predominantly asymptomatic and has the potential to 
develop to IPMC make it a great challenge for world [5]. According to the spectrum of neoplastic transformation of IPMNs can be 
divided into low-grade dysplasia (LGD), high-grade dysplasia (HGD), and IPMC [8,9]. It is generally believed that IPMC has a better 
prognosis than conventional pancreatic ductal adenocarcinoma (PDAC), but this advantage seems to exist only in the absence of lymph 
node metastasis [10]. Surgery is the primary strategy for IPMC. Although surgery has greatly improved the prognosis of IPMC patients, 
the problems of tumor recurrence and poor prognosis persist [7]. Moreover, the rate of radical surgery is lower in IPMC patients [11]. 
Surgery combined with adjuvant chemoradiation is the standard treatment for pancreatic adenocarcinoma. The addition of chemo
radiotherapy can often improve the prognosis of pancreatic adenocarinoma [12]. In past studies, Fogliati et al. concluded that Neo
adjuvant therapy (NAT) did not differ between IPMC and cPDAC [4,13]. However, the low number of IPMC patients receiving NAT 
may be biased. Song et al. believed that patients with lymph node-negative invasive pancreatic cystic neoplasms (iPCN) who un
derwent surgery did not have clinical benefit from chemotherapy or radiotherapy [11]. But they did not analyze for IPMC and may 
introduce bias due to other iPCN subtypes. Therefore, whether chemotherapy can improve the prognosis of IPMC remains contro
versial, and randomized controlled experiments are difficult to implement due to the rarity of IPMC [7,14,15].

SEER is a clinical database that collects cancer incidence, prevalence, and survival data from the US Cancer Registry, which covers 
approximately 34.6 % of the US population [16]. Therefore, this study conducted the analysis of the effect of chemotherapy on the 
prognosis of invasion IPMC patients using the SEER database.

2. Materials and methods

2.1. Data collection

We downloaded the invasive IPMC (ICD-O-3 8453/3) data from the SEER database from 2000 to 2020 using SEER*Stat version 
8.4.0 and screened out the IPMC subjects for this study by the following exclusion criteria (Fig. 1): (1) Characteristic data (race, gender, 
marital status and income) were not clear; (2) Stage of tumor was unspecified; (3) Treatment modalities (primary tumor resection, 
surgery of distant metastasis, chemotherapy and radiotherapy)were not specific; (4) The sites of metastasis were unclear. And the 
inclusion criteria were: Complete patient characteristics, treatment modalities, and survival data were available.

We enrolled information on age, race, gender, pancreatic site, pathologic grade, T stage, N stage, TNM stage, treatment modalities, 
metastasis status, marital status, income and survival data. Then these patients were divided into two groups: non-chemotherapy (N =

Fig. 1. Flowchart of the study participants.
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58) and chemotherapy group (N = 59).

2.2. Statistical analysis

Statistical analyses of this study were performed exclusively using R language 4.1.1, including rms, survival, ggplot2 and surv
miner. P < 0.05 was regarded as statistically significant. The Kaplan-Meier curve was used to estimate the survival time in different 
groups, and the log-rank test was used to analyze the differences between the curves. Univariate and multivariate Cox regression were 
used to screen for independent prognostic factors for IPMC. We included factors with P < 0.10 in the univariate Cox regression in the 
multivariate Cox regression, and factors with P < 0.05 in the multivariate Cox regression were indicated as independent prognostic 
factors. Land-mark Analysis was used to observe short- and long-term mortality risk or to reduce time bias.

3. Results

3.1. Baseline information

A total of 117 patients with IPMC were included in our study (Table 1), of which 58 (49.6 %) were in the non-chemotherapy group 
and 59 (50.4 %) in the chemotherapy group. In the included population, 87.2 % were elderly patients with IPMC. There was a totally 
statistical difference in N stage (P < 0.05).

Table 1 
The baseline information for IPMC patients.

Charateristics Non-Chemotherapy group (N = 58) Chenotherapy group (N = 59) χ2 P

Age ​ ​ 0.058 0.810
≤60 7 (12.1 %) 8 (13.6 %) ​ ​
>60 51 (87.9 %) 51 (86.4 %) ​ ​

Gender ​ ​ 0.687 0.407
Female 30 (51.7 %) 26 (44.1 %) ​ ​
Male 28 (48.3 %) 33 (55.9 %) ​ ​

Race ​ ​ Fisher exact test 0.480
White 49 (84.5 %) 50 (84.7 %) ​ ​
Black 2 (3.4 %) 0 (0.0 %) ​ ​
Other 7 (12.1 %) 9 (15.3 %) ​ ​

Site ​ ​ 2.180 0.336
Head 25 (43.1 %) 30 (50.8 %) ​ ​
Body and tail 12 (20.7 %) 15 (25.5 %) ​ ​
Other 21 (36.2 %) 14 (23.7 %) ​ ​

Grade ​ ​ 1.424 0.232
G1-G2 24 (41.4 %) 31 (52.5 %) ​ ​
G3-G4 5 (8.6 %) 13 (22.0 %) ​ ​

T ​ ​ 1.776 0.183
T1-T2 38 (65.5 %) 35 (59.3 %) ​ ​
T3-T4 13 (22.4 %) 21 (35.6 %) ​ ​

N ​ ​ 22.265 <0.001
N0 46 (79.4 %) 26 (44.1 %) ​ ​
N1-N2 6 (10.3 %) 31 (52.5 %) ​ ​

Stage ​ ​ 0.146 0.703
I-II 45 (77.6 %) 44 (74.6 %) ​ ​
III-IV 13 (22.4 %) 15 (25.4 %) ​ ​

PTR ​ ​ 3.921 0.077
No 19 (32.8 %) 10 (16.9 %) ​ ​
Yes 39 (67.2 %) 49 (83.1 %) ​ ​

Radiotherapy ​ ​ 3.001 0.083
No 55 (94.8 %) 49 (83.1 %) ​ ​
Yes 3 (5.2 %) 10 (16.9 %) ​ ​

Liver metastasis ​ ​ Fisher exact test 0.490
No 53 (91.4 %) 56 (94.9 %) ​ ​
Yes 5 (8.6 %) 3 (5.1 %) ​ ​

Other metastasis (except for liver) ​ ​ 2.604 0.707
No 50 (86.2 %) 56 (94.9 %) ​ ​
Yes 8 (13.8 %) 3 (5.1 %) ​ ​

Income ​ ​ Fisher exact test 0.321
≤54,999 4 (6.9 %) 4 (6.9 %) ​ ​
55,000–74,999 22 (37.9 %) 15 (25.3 %) ​ ​
>74,999 32 (55.2 %) 40 (67.8 %) ​ ​

Marital_status ​ ​ 0.414 0.520
No 24 (41.4 %) 21 (35.6 %) ​ ​
Yes 34 (58.6 %) 38 (64.4 %) ​ ​
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3.2. Survival analysis for all invasive IPMC patients

By Kaplan-Meier analysis, we observed the difference in prognosis between non-chemotherapy group and chemotherapy group. 
The results showed that the difference of survival time (OS or CSS) was not significant between non-chemotherapy group and 
chemotherapy group (P > 0.05, Fig. 2A and B). However, we could observe a change in the slope of Kaplan-Meier curve at 8 months. 
Thus, we set 8 months as the landmark to perform landmark analysis. The results of landmark analysis showed that the risk of death in 
the chemotherapy group significantly reduce comparing to the non-chemotherapy group during the short-term (P < 0.05, Fig. 2C and 
D).

3.3. Screening the independent risk factors

Due to the heterogeneity of data between non-chemotherapy group and chemotherapy group, we screened for independent 
prognostic risk factors that could affect the survival time of patients, aiming to identify features of different distributional charac
teristics that could significantly affect the prognosis of patients. Therefore, after excluding samples with missing data, we performed a 
univariate and multivariate Cox regression analysis. The univariate results showed that male (vs. female, OS: 0.46[0.20–1.04], P =
0.061; CSS: 0.45[0.19–1.06], P = 0.069), G1-G2 (vs. G3-G4, OS: 2.10[0.93–4.74], P = 0.074; CSS: 2.18[0.92–5.17], P = 0.077), T1-T2 
(vs. T3-T4, OS: 2.11[0.97–4.57], P = 0.059; CSS: 2.41[1.06–5.50], P = 0.036), N0 (vs. N1-N2, OS: 2.38[1.05–5.40], P = 0.038; CSS: 
2.61[1.09–6.27], P = 0.032), stage I-II (vs. stage III-IV, OS: 4.19[1.72–10.26], P = 0.002; CSS: 4.50[1.80–11.23], P = 0.001), primary 

Fig. 2. The survival analysis for IPMC patients A: Kaplan-Meier analysis for OS of IPMC patients; B: Kaplan-Meier analysis for CSS of IPMC 
patients; C: Landmark analysis for OS of IPMC patients; D: Landmark analysis for CSS of IPMC patients.
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tumore resection (PTR) yes (vs. no, OS: 0.07[0.02–0.26], P < 0.001; CSS: 0.07[0.02–0.26], P < 0.001), chemotherapy yes (vs. no, OS: 
0.41[0.18–0.89], P = 0.025; CSS: 0.42[0.18–0.96], P = 0.039), liver metastasis yes (vs. no, OS: 5.23[1.54–17.78], P = 0.008; CSS: 5.60 
[1.63–19.25], P = 0.006), other metastasis yes (vs. no, OS: 4.94[1.45–16.82], P = 0.011; CSS: 5.26[1.53–18.12], P = 0.008) are 

Fig. 3. Cox analysis for IPMC patients A: Univariate Cox analysis for OS of IPMC patitens; B: Univariate Cox analysis for CSS of IPMC patients; C: 
Multivariate Cox analysis for OS of IPMC patients; D: Multivariate Cox analysis for CSS of IPMC patients.
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prognostic factors (Fig. 3A–C). Subsequently, we included these prognostic factors into multivariate Cox analysis, which showed that 
N0 (vs. N1-N2, OS: 3.16[1.04–9.61], P = 0.042; CSS: 3.68[1.11–12.24], P = 0.034), stage I-II (vs. stage III-IV, OS:5.55[1.46–21.07], P 
= 0.012; CSS: 6.36[1.57–25.74], P = 0.009), PTR yes (vs. no, OS: 0.03[0.00–0.25], P = 0.001; CSS: 0.02[0.00–0.20], P = 0.001), 
chemotherapy yes (vs. no, OS: 0.18[0.07–0.48], P = 0.001, CSS: 0.18[0.06–0.51], P = 0.001) were the independent prognostic factors 
(Fig. 3B–D). The results showed that the prognosis of patients who received chemotherapy was significantly better than that of patients 
who did not receive chemotherapy.

3.4. Kaplan-Meier analysis after adjusting pathological grade

According to the results of Cox analysis and pairwise comparative χ2 test, we found that N stage was a non-independent prognostic 
factor (Fig. 3A). Unknown pathologic grading may bias the results. Thus, we performed Kaplan-Meier analysis after adjusting for 
pathological grading to eliminate the samples with unknown pathological grade. The results of Kaplan-Meier analysis showed that the 
prognostic of chemotherapy group was better than non-chemotherapy group (P < 0.05, Fig. 4A and B).

3.5. Subgroup analysis

According to the results of Cox analysis and pairwise comparative χ2 test, we found that N stage was an independent prognostic 
factor (Fig. 3) and physicians seem to prefer patients with lymphatic metastasis for chemotherapy. Previous studies have shown that 
IPMC patients with lymph node metastasis have a significantly worse prognosis than IPMC patients without lymph node metastasis, 
and their survival rate is close to that of PDAC patients [10]. Therefore, we performed Kaplan-Meier analysis for different N stage. The 
results showed that patients who received chemotherapy had a better prognosis than those who did not receive chemotherapy, but 
statistical differences was not significant (P > 0.05, Fig. 5A–D).

To further investigate the effect of chemotherapy on the short-term and long-term risk of death, we performed the landmark 
analysis (the landmark was set at 12 month) for patients with lymph node metastases. We found that the short-term risk of death was 
lower in the chemotherapy group than in the non-chemotherapy group (Fig. 5E and F).

4. Discussion

IPMC is an uncommon subtype of PDAC that evolved primarily from IPMN. IPMC has been reported to account for approximately 
10 % of the resected pancreatic cancers of ductal origin [17]. As with conventional PDAC, abdominal pain, weight loss, and jaundice 
are the most common symptoms [17]. However, the difference between the carcinogenic effect of IPMC and PDAC may result in 
different sensitivities to chemotherapy [7]. The need for adjuvant chemotherapy for IPMC remains controversial. The European Study 
Group on Pancreatic Cystic Neoplasms recommended adjuvant chemotherapy for IPMC [18]. However, the revised Fukuoka consensus 
guidelines do not recommend adjuvant chemotherapy for patients with IPMC [19]. Therefore, an analysis of whether chemotherapy 
can improve the outcome of IPMC patients is warranted. Although several studies have explored the efficacy of adjuvant therapy on 
IPMC in the past, the number of IPMC patients receiving chemotherapy is small due to the controversial nature of chemotherapy. Most 
studies combined chemotherapy and other adjuvant therapies as a whole object in the IPMN population for analysis. Marchegiani et al. 
compared the survival of 19 patients with surgical plus chemotherapy and surgery alone, and showed that adjuvant therapy could 

Fig. 4. Kaplan-Meier analysis for IPMC patients after adjusted pathological grade A: Kaplan-Meier analysis for OS of IPMC patients after 
adjusted pathological grade; B: Kaplan-Meier analysis for CSS of IPMC patients after adjusted pathological grade.
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improve the prognosis of patients with lymph node metastasis [20]. However, the number of patients with adjuvant chemotherapy was 
small, and the number of patients who received concurrent radiation in the adjuvant chemotherapy group was significantly more than 
the surgery-only group, which may result in bias. Although the study by McMillan et al. included a sufficiently large number of IPMC 
patients receiving adjuvant therapy, the study treated chemotherapy and other adjuvant therapies as a whole subject, which did not 
allow for a better observation of the efficacy of chemotherapy [21]. The study by Duconseil et al. mainly compared cPDAC and IPMC, 
and did not have a detailed description of the baseline data of IPMC, which may introduce bias [22].

In this study, we used patients receiving chemotherapy and no chemotherapy as the main contrast objects to observe the efficacy of 
chemotherapy in IPMC. A total of 58 patients without chemotherapy and 59 patients receiving chemotherapy were included in this 
study. We found that IPMC mostly occurred in older patients, which is similar to previous reports [23,24]. Furthermore, we observed 

Fig. 5. The survival analysis for IPMC patitens in different stage N subgroup A: Kaplan-Meier analysis for OS of IPMC patients with N0; B: 
Kaplan-Meier analysis for CSS of IPMC patients with N0; C: Kaplan-Meier analysis for OS of IPMC patients with N1-N2; D: Kaplan-Meier analysis for 
CSS of IPMC patients with N1-N2; E: Landmark analysis for OS of IPMC patients with N1-N2; F: Landmark analysis for CSS of IPMC patients with 
N1-N2.
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differences N stage between the two groups. Similarly, the study of Alexander et al. found a higher rate of lymph node positivity in 
patients receiving chemoradiotherapy [25]. In the study of Marchegiani et al., the proportion of lymph node metastases treated with 
surgical plus chemotherapy was up to 62.3 %, which was significantly higher than 38.6 % in the surgical group [20]. McMillan et al. 
also showed a higher proportion of lymph node metastases in the adjuvant treatment group [21], Above study suggests that clinicians 
may prefer to choose IPMC with lymph node metastasis for chemotherapy. Unlike Baine et al. and Sachs et al., our results do not 
support the association of marital status and family income with the prognosis of IPMC [26–29]. Therefore, the marital status and 
family income were included in the analysis of this study. However, differences in marital status and income between 
non-chemotherapy group and chemotherapy group were not observed in our study. To compare the prognosis of the 
non-chemotherapy group and chemotherapy groups, we performed Kaplan-Meier analysis and landmark analysis. Kaplan-Meier 
analysis showed no significant difference in survival time between non-chemotherapy group and chemotherapy group (P > 0.05). 
This seems to be similar to the conclusions obtained in Turrini et al [30]. Nevertheless, in our landmark-analysis, we observed a 
significantly lower risk of short-term mortality in chemotherapy group than non-chemotherapy (P < 0.05). To make a more intuitive 
judgment of the efficacy of chemotherapy on IPMC, univariate and multivariate Cox regression was performed. We found that for OS 
and CSS, chemotherapy was an independent protective factor independent of N stage, TNM stage, and PTR. This is consistent with the 
Cox regression results of adjuvant therapy in node-positive patients [25]. In the study of McMillan et al., the adjuvant therapy can 
improved the OS with AJCC TNM stage II or III/IV, positive lymph node status, positive margins, and poorly differentiated tumors 
[21]. Caponi et al. found that disease-free survival was longer in patients receiving adjuvant chemotherapy with gemcitabine, which is 
consistent with our conclusions [31]. However, The study of Rodrigues et al. found that adjunctive therapy do not prolong survival 
time for IPMC patients (was associated with a worse prognosis even in the N0 subgroup) [32]. This may be related to the higher T stage, 
N stage and more perineural, lymphovascular invasion of adjunctive therapy group in the study of Rodrigues et al. The N0 and N1-N2 
component ratios, which are independent risk factors for IPMC, were different between the non-chemotherapy and chemotherapy 
groups. Previous studies reported that the survival of IPMC patients with lymph node metastasis was significantly shorter than that of 
IPMC patients without lymph node metastasis [10]. Thus, we set N0 and N1-N2 subgroups to analyze the efficacy of chemotherapy. 
Kaplan-Meier showed that the differences in OS and CSS between non-chemotherapy group and chemotherapy group for IPMC patients 
with stage N1-N2 was not significant (P < 0.05). But the landmark analysis showed that chemotherapy can reduce the short-term death 
risk of IPMC patients with stage N1-N2, which has the same conclusion shared with most of the studies on adjuvant therapy [21,31,33,
34]. In a previous study, Mungo et al. compared 267 patients receiving adjuvant therapy with 225 patients without adjuvant therapy 
and found that adjuvant therapy improved the prognosis of patients in N1 stage, but had no significant impact on the prognosis of 
patients in N0 stage [33]. Besides, the study of McMillan et al. believed that adjuvant therapy can improve IPMC patients with 
lymphoma metastasis, but not in IPMC patients without lymphoma metastasis [21]. This is in agreement with our results. However, 
these studies combined chemotherapy and radiotherapy as adjuvant therapy and could not intuitively observe the efficacy of 
chemotherapy. Although the prognosis of chemotherapy group was better than non-chemotherapy in the N0 subgroup, there was no 
statistical difference between the two groups (P > 0.05). Due to the good prognosis of N0 stage patients, longer-term follow-up data 
were not available in the SEER database, leading to the inability of landmark analysis to observe short-term and long-term outcomes. 
Therefore, we judged that chemotherapy was an independent protective factor IPMC, especially reducing the short-term risk of death 
in IPMC patients with lymph node metastasis.

The strengths of this study are: (1)This study is based on SEER database, which provides sufficient samples for rare diseases. (2) This 
study compared the effects of different treatment modalities on patient prognosis by Kaplan-Meier analysis, Cox regression analysis 
and landmark analysis. (3) This study reduced the bias caused by the uneven distribution of etiologic characteristics between the non- 
chemotherapy and chemotherapy groups by subgroup analysis. (4) The efficacy of chemotherapy on IPMC alone was studied with 
chemotherapy as the only observation.

However, there are some imperfections in this study: (1) This experiment may bring bias to retrospective studies. (2) We were 
unable to obtain detailed information about treatment regimens (whether the patients had received immunotherapy, the sequence 
between chemotherapy and splenectomy, and the specific chemotherapy regimen remains unknown). (3) Based on the information 
provided in the SEER database, we cannot distinguish between the subtypes of IPMC, namely tubular and colloid. However, There have 
been reports indicating that the lymph node involvement is an important biological surrogate that could guide patient selection for 
adjuvant therapy [35]. (4) Since IPMC patients with N0 had a significantly longer survival time than patients with N1-N2 and the SEER 
database has a shorter follow-up period for IPMC patients with N0, we were unable to observe short-term and long-term outcomes by 
landmark analysis. (5) Due to the rarity of the disease, only a relatively small number of IPMC patients with N0 stage were included in 
this study. More multicenter comparative studies are still needed for further validation.

In conclusion, we demonstrated that the efficacy of chemotherapy in patients with IPMC through the SEER database. We observed 
that chemotherapy was an independent protective factor for IPMC patients and showed a significant improvement in short-term 
outcomes for N1-N2 patients. However, long-term follow-up with large sample sizes is still needed for the efficacy of chemotherapy 
in N0 patients.
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