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Abstract. Intraductal papillary mucinous neoplasm (IPMN) 
has been associated with a high incidence of extrapancreatic 
malignancies (EPMs). However, it is controversial whether 
IPMN is prognostic for EPM. We aimed to help clarify the issue 
studying this association in patients with histologically proven 
IPMN. We reviewed 51 surgically resected IPMNs in Saitama 
Medical Center, Jichi Medical University between January 
1991 and June 2012. Mean follow-up was 63.7±47.8 months. 
The observed EPM incidence was compared with the expected 
incidence of cancer in Japan. Of the 51  IPMNs, 14  were 
malignant and the rest benign. Seventeen EPMs developed 
in 15 patients (29.4%), nine of which occurred prior to IPMN 
diagnosis. For all IPMNs, the standardized incidence ratio 
(SIR) was significantly increased for the six types of reported 
EPMs (SIR=2.18, CI=1.31-3.42, P=0.004). Benign IPMNs 
showed no association with EPMs (SIR=0.92, CI=0.43-1,76, 
P=0.87). In contrast, malignant IPMNs showed a higher 
association (SIR=3.83, CI=1.87-7.03, P=0.0009). However, 

the association was mostly due to the prior EPMs, as removal 
of metachronous EPMs had no significant effect (SIR=3.63, 
CI=1.59-7.17, P=0.005). Thus, only malignant IPMNs drive 
the significant association with prior EPMs, showing a near 
4-fold increased incidence compared to the general Japanese 
population. Histological characterization of IPMNs may offer 
clinical value for EPM patient management. We hypothesize 
that these observations may be explained if some patients with 
EPMs present a higher risk to develop IPMNs (and vice versa), 
possibly resulting from an uncharacterized multiple cancer 
predisposition condition.

Introduction

Recently, intraductal papillary mucinous neoplasm (IPMN) 
has gathered increased attention because of its favorable 
prognosis despite its association with pancreatic cancer (1-3). 
IPMN has been associated with extra pancreatic malignancies 
(EPMs). Since the first report (1), several studies described 
that between 17 and 48% of IPMN patients are diagnosed with 
EPM (4-9). In all these studies, the incidence of IPMN-related 
EPMs exceeded the expected rate of such malignancies in 
the general population. Consequently, it has been generally 
accepted that IPMN patients have an increased risk for EPMs. 
Two recent investigations, however, did not find any significant 
association between IPMNs and the subsequent development 
of EPMs, questioning whether IPMNs are actually a risk factor 
for EPM development (10,11).

Understanding the IPMN characteristics and the associ-
ated EPMs is important in order to administer appropriate 
treatment and to determine suitable follow-up plans for these 
patients. Our study was aimed to help clarify the clinical and 
pathological features of EPMs and their association with 
IPMNs in Japanese patients. We reviewed medical records 
of histologically proven IPMN from patients who underwent 
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pancreatic surgery and compared the observed with the 
expected frequency of EPMs in the Japanese population.

Materials and methods

Study population. Between January 1991 and June 2012, 
51 patients underwent surgical resection for IPMN at Saitama 
Medical Center, Jichi Medical University. Medical records 
were reviewed retrospectively for patient characteristics, 
perioperative clinical data, operative management, pathology 
examination results (12), and postoperative course. History of 
pre-existent or concurrent EPMs was investigated thoroughly. 
Follow-up information, including postoperative development 
of EPMs, was obtained by reviewing outpatient medical 
records. A positive family history was defined as a history of 
malignancy among one or more first-degree relatives. Mean 
follow-up was 63.7±47.8 months and mean patient age was 
68.0±7.2 years. 

Definition of EPM. In accordance with the International 
Agency for Research on Cancer (13), EPMs were defined as 
malignancies in an organ other than pancreas, not being an 
infiltration from another neoplasm, a relapse or a metastasis, 
regardless the time of occurrence. EPMs developing before 
or within a time span of ± 6 months from the time of IPMN 
resection were classified as pre-existent or concomitant, 
respectively. EPMs diagnosed 6 months after IPMN surgery 
were classified as metachronous. If a patient developed two 
or more EPM malignancies they were counted independently.

Calculation method of standard incidence ratio (SIR). SIR 
was calculated as the ratio of the observed to the expected 
number of patients developing EPMs (9). The expected number 
was determined using age-stratified and sex-specific data on 
the incidence of cancer in Japan, provided by the Center for 
Cancer Control and Information Services, National Cancer 
Center Japan (14). Age at the end of the follow-up period, or 
age at the time of diagnosis of EPM, was employed to deter-
mine the expected incidence for every patient.

Statistical analysis. Categorical variables were compared 
using Fisher's exact test. Continuous variables were compared 
using t-test or Wilcoxon-Mann-Whitney test. Deviation from 
normality was determined by Shapiro's test. Kaplan-Meier 
model with log-rank test was used to assess differences in 
survival. Differences were considered statistically significant 
at P<0.05. Statistical analyses were performed using the R 
environment for statistical computing and the OpenEpi statis-
tical calculator (15,16).

Ethics statement. In this retrospective study, the clinical infor-
mation on patients from the Saitama Medical Center, Jichi 
Medical University was anonymized. The study was approved 
by the Research Ethics Committee, complying with the ethical 
guidelines of the Declaration of Helsinki (17).

Results

Fourteen of 51 patients had invasive carcinomas of malignant 
IPMN (malignant IPMNs) and 37 had mild to high grade 

dysplasias derived from IPMN (benign IPMN). Survival rates 
of IPMN patients at 5 years after surgery were 74.3% overall, 
86.5% for benign, and 49.0% for malignant IPMN (P=0.005; 
log-rank test comparing benign vs. malignant IPMN). During 
postoperative follow-up of 51  IPMN patients that under-
went surgical resection, 7 patients died of malignant IPMN, 
5 patients died of non-malignant diseases, and other 2 died 
of uncertain cause. Seventeen EPMs presented in 15 of the 
51 IPMN patients (29.4%, Table I). The most frequent EPM 
was colorectal cancer (6 cancers in 6 patients, 40%), followed 
by stomach cancer (4 cancers in 4 patients, 26.7%). Among 
the 17 EPMs, 9 were pre-existent, diagnosed 15 to 348 months 
(mean, 140.7 months) before the surgery for IPMN, 3 EPMs 
were diagnosed concurrently, and 5 were diagnosed 12  to 
139 months (mean, 51.7) after surgery (Table I). One patient 
had developed both stomach and colon cancer synchronously 
48 months before the surgery for IPMN. Another patient had 
previously developed bilateral breast cancer, 20 years before 
surgery for IPMN. One patient did not develop EPM but an 
invasive ductal pancreatic cancer (PDAC) 26 months after 
IPMN resection.

Comparison of clinicopathological features of IPMN 
patients with and without EPM revealed no statistically 
significant differences in age, gender, follow-up, family 
history of malignancy, history of cigarette smoking or alcohol 
consumption, type of IPMNs (branch, mix or main duct type), 
or survival (Table II).

SIR were calculated for 50 IPMN patients, after excluding 
the patient that developed PDAC during follow-up. The inci-
dence of gastrointestinal EPMs (esophageal, gastric, hepatic, 
gallbladder, bile duct and colorectal malignancies) was 
also significantly higher (SIR=2.11, CI=1.14-3.58, P=0.02). 
Considering together the six types of EPM found in these 
patients, i.e., colorectal, gastric, lung, breast, hepatic and 
renal cancer, the incidence was also significantly higher than 
expected (SIR=2.18, CI=1.31-3.42, P=0.004). The SIR for 
EPMs occurring in all organs was elevated but did not reach 
significance (SIR=1.44, CI=0.87-2.21, P=0.15) (Table III).

No statistically significant increase in EPM incidence was 
found for patients with benign IPMN (Table III). In contrast, 
the EPM incidence in malignant IPMN patients was elevated 
in colon, stomach, breast, lung, liver and kidney when consid-
ered individually (SIR between 2.3 and 12.3; data not shown), 
albeit it did not reach statistical significance for any of them. 
The incidence of gastrointestinal EPMs was significantly 

Table I. EPMs in patients with IPMN.

	 Pre-
Organ	 existent	 Synchronous	 Metachronous	 Total

Colorectal cancer	 4	 2	 0	 6
Stomach cancer	 2	 1	 1	 4
Lung cancer	 0	 0	 2	 2
Breast cancer	 2	 0	 0	 2
Hepatic cancer	 0	 0	 2	 2
Renal cancer	 1	 0	 0	 1
Total	 9	 3	 5	 17
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elevated (SIR=3.0, CI=1.10-6.66, P=0.035) as well as for all 
six reported EPMs (SIR=3.83, CI=1.87-7.03, P=0.0009). The 
incidence for EPMs considering all organs was also signifi-
cantly elevated compared with that of the general Japanese 
population (SIR=2.53, CI 1.23-4.64, P=0.015)  (Table  III). 
The associations remained significant after excluding IPMN 
patients with metachronous EPMs (Table III).

Discussion

The main novel finding of our study is that EPMs were 
more frequent in malignant (7/14, 50.0%) than in benign 
(8/36, 21.6%) IPMN patients. Benign IPMN patients did not 
exhibit statistically significant higher incidence of EPM for 
any specific target organ, or when all the target organs were 
considered together. However, when considering malignant 
IPMN patients, the overall incidence of EPM in the reported 
target organs was significantly higher than in the refer-
ence Japanese population. This was also the case for EPMs 
affecting the gastrointestinal tract, and when considering 
EPM in any target organ (Table III). Precise histological char-
acterization of IPMNs, for instance by endoscopy brushing 

biopsies, may offer clinical benefits to better assess the poten-
tial EPM incidence in IPMN patients, and thus improving 
patient management.

We are aware of some limitations of our study that will 
require further verification. The number of patients recruited 
was limited because of the low incidence of this type of 
lesions and because we purposely selected patients that 
underwent surgery to have a reliable histological classification 
of the IPMN. Also, in this retrospective study information 
of prior cancer history may have been missed or not clearly 
documented. But if that were the case, we would be underesti-
mating, rather than overestimating, the incidence of EPMs in 
IPMN patients.

Two recent reports suggested IPMN is not a risk factor for 
developing EPMs (10,11). Both were prospective studies in 
which patients with pre-existing or concomitant EPMs were 
excluded. In our view, their data convincingly indicate that the 
non-invasive detection of IPMN in cancer-naive individuals is 
not predictive of future development of EPMs. Nevertheless, 
our data and other previous studies show a clear association 
between IPMN and EPM (1,4-9). To exclude patients with 
concomitant (synchronous) EPMs may have important 

Table II. Clinicopathological features of IPMN patients with and without EPMs.

	 With EPM (n=15; 29.4%)	 Without EPM (n=36; 70.6%)	 P-valuea

Age (years), mean ± SD 
  At operation	 69.3±6.8	 66.8±7.3	 0.25b

  At end of follow-up	 73.9±7.2	 72.7±7.0	 0.59b

Gender (male/female), no.	 8/7	 21/15	 0.77

Follow-up (months) mean ± SD	   54.8±38.9	   67.4±51.2	 0.47c

Family history of cancer, no. (%)	 7 (46.7)	 14 (38.9)	 0.76

Smoking, no. (%)	 9 (60.0)	 21 (58.3)	 1

Alcohol, no. (%)	 9 (60.0)	 19 (52.8)	 0.76

Type of IPMN, no. (%)			   0.95
  Main duct	 6 (40.0)	 14 (38.9)
  Branch duct	 5 (33.3)	 14 (38.9)
  Mixed	 4 (26.7)	   7 (19.4)
  Not classified	 0 (0.00)	 1 (2.8)

Location of IPMN lesion, no. (%)e			   0.16
  Proximal 	 10 (66.7)	 29 (80.6)
  Distal 	   4 (26.7)	   4 (11.1)
  Total pancreas	 0 (0.0)	 3 (8.3)
  Unknown	 1 (6.7)	 0 (0.0)

IPMN histology, no. (%)			   0.083
  Mild to high grade dysplasia 	 8 (53.3)	 29 (81.6)
  Invasive carcinoma 	 7 (46.7)	   7 (19.4)

Survival ratio (years) (%)			   0.93d

  5	   (77.0)	 (73.5)
  10	   (66.0)	 (62.9)

Values in parentheses are percentages. aFisher's exact test, except bStudent's t-test, cMann-Whitney U test and dlog-rank test. eProximal, head or head 
and body lesions; distal, body and/or tail lesions.
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repercussions in the estimation of the IPMN association 
with EPM. For instance, in the study if Kawakubo et al of 
the 642 IPMN patients with follow-up, 66 with concomitant 
EPMs (10.3%) and 101 with pre-existent EPM (15.7%) were 
excluded from the prospective analysis. If the 66 concomitant-
EPM patients were not excluded, assuming that their age and 
gender distribution were not significantly different from the 
475 included in the prospective analysis, the SIR for EPM 
would have increased from the reported 0.94 (CI 0.67-1.29) to 
2.23 (CI 1.83-2.69, P<0.001).

In contrast with our study, in the above two studies most 
patients did not undergo surgery for IPMN and thereby 
histological diagnosis was not determined. In general, 
IPMN patients receive surgery if they show some symptoms 
suggesting the presence of malignant IPMN according to stan-
dardized criteria (12). It is therefore probable that the majority 
of the non-operated patients included in these two studies had 
benign rather than malignant IPMN. Our results may explain 
the absence of association in these studies of the overall sample 
of IPMNs (the benign majority masking the contribution of the 
malignant minority) with EPMs.

Malignant IPMN patients frequently develop invasive 
ductal pancreatic cancer. Even when excluding these patients, 
the prognosis of malignant IPMN patients is worse than those 
with benign IPMN. Malignant IPMN patients may die before 
developing EPMs, thus reducing the number of metachronous 
EPMs observed in this group. Nevertheless, the associa-
tion of malignant IPMNs with EPMs was mostly due to the 
pre‑existent EPMs because there was no statistically signifi-
cant increase in EPM incidence after excluding these patients 
regardless of the IPMN histological classification. Conversely, 

in malignant IPMN patients, the incidence of EPM in any 
target organ was still significantly higher than that in the 
reference Japanese population after metachronous EPMs were 
excluded (Table III).

We therefore, interpret these results as indicative that 
IPMNs, and especially malignant IPMNs, rather than 
predicting the future development of metachronous neoplasms, 
reflect a prior susceptibility or higher risk for the development 
of neoplastic disease. This is in line with the observation that 
second, independent cancers occur at higher rates in patients 
who have survived a primary cancer than in a cancer-naive 
population (18,19). Previous reports suggested some common 
genetic or epigenetic risk factors in patients with IPMN and 
EPMs, such as field carcinogenesis, KRAS, TP53, and MUC2 
mutations (1,8,20-22), but the cause of frequent development 
of EPMs in patients with IPMN (or vice-versa) is unknown.

The increased prevalence of EPMs in malignant IPMN 
patients suggests the involvement of systemic/germline carci-
nogenic mechanisms or common environmental risk factors in 
these patients, as already indicated by the multistage character 
of the transformation of benign into malignant IPMN (23,24). 
In other words, these patients may have been subjected to the 
effect of a cancer-risk factor, genetic/epigenetic alteration or 
environmental, that predisposed them to develop EPM as well 
as favored the malignant transformation of IPMN. Because the 
age of these patients is well above the age of known hereditary 
cancer syndromes, the clustering of these multiple neoplasms 
does not seem to be due to underlying genetic defects with high 
penetrance, typical of hereditary cancer syndromes, but rather 
to uncharacterized cancer predisposition pathological condi-
tion of low penetrance and possibly relative good prognosis.

Table III. Standardized incidence ratio of EPM in IPMN patients.

	 Observed	 Expected	 SIR	 P-value	 95% CI

All IPMN (n=50)
Total EPMs reporteda	 17	 7.80	 2.18	 0.004	 1.31-3.42
Gastrointestinalb	 12	 5.70	 2.11	 0.02	 1.14-3.58
All organsc	 17	 11.81	 1.44	 0.15	 0.87-2.21

Benign IPMN (n=36)
Total EPMs reporteda	 8	 5.46	 1.47	 0.29	 0.68-2.78
Gastrointestinalb	 7	 4.04	 1.74	 0.17	 0.76-3.43
All organsc	 8	 8.25	 0.97	 0.98	 0.45-1.84

Malignant IPMN (n=14)
Total EPMs reporteda	 9	 2.35	 3.83	 0.0009	 1.87-7.03
Gastrointestinalb	 5	 1.66	 3.00	 0.035	 1.10-6.66
All organsc	 9	 3.56	 2.53	 0.015	 1.23-4.64

Malignant IPMN excluding metachronous EPMs (n=12)
Total EPMs reporteda	 7	 1.93	 3.63	 0.005	 1.59-7.17
Gastrointestinalb	 4	 1.35	 2.96	 0.06	 0.94-7.15
All organsc	 7	 2.91	 2.41	 0.04	 1.05-4.76

aTotal reported EPMs, colorectal, gastric, lung, breast, liver and renal EPMs. bConsidering all gastrointestinal malignancies except pancreatic, esopha-
geal, gastric, liver, gallbladder, bile duct and colorectal EPMs. cReported incidence for malignancies at all organs. SIR, standardized incidence ratio. 
Confidence intervals (CI) and P-values were calculated using the Mid-P method. In bold, P-values <0.05
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