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ABSTRACT 
Background. The clinico-oncological outcomes of pre-
cursor epithelial subtypes of adenocarcinoma arising from 
intraductal papillary mucinous neoplasms (A-IPMN) are 
limited to small cohort studies. Differences in recurrence 
patterns and response to adjuvant chemotherapy between 
A-IPMN subtypes are unknown.
Methods. Clincopathological features, recurrence patterns 
and long-term outcomes of patients undergoing pancreatic 
resection (2010–2020) for A-IPMN were reported from 18 
academic pancreatic centres worldwide. Precursor epithelial 
subtype groups were compared using uni- and multivariate 
analysis.
Results. In total, 297 patients were included (median age, 
70 years; male, 78.9%), including 54 (18.2%) gastric, 111 
(37.3%) pancreatobiliary, 80 (26.9%) intestinal and 52 
(17.5%) mixed subtypes. Gastric, pancreaticobiliary and 
mixed subtypes had comparable clinicopathological fea-
tures, yet the outcomes were significantly less favourable 
than the intestinal subtype. The median time to recurrence 
in gastric, pancreatobiliary, intestinal and mixed subtypes 
were 32, 30, 61 and 33 months. Gastric and pancreatobil-
iary subtypes had worse overall recurrence (p = 0.048 and 
p = 0.049, respectively) compared with the intestinal sub-
type but gastric and pancreatobiliary subtypes had compa-
rable outcomes. Adjuvant chemotherapy was associated 
with improved survival in the pancreatobiliary subtype 
(p = 0.049) but not gastric (p = 0.992), intestinal (p = 0.852) 
or mixed subtypes (p = 0.723). In multivariate survival anal-
ysis, adjuvant chemotherapy was associated with a lower 
likelihood of death in pancreatobiliary subtype, albeit with 
borderline significance [hazard ratio (HR) 0.56; 95% confi-
dence interval (CI) 0.31–1.01; p = 0.058].
Conclusions. Gastric, pancreatobiliary and mixed subtypes 
have comparable recurrence and survival outcomes, which 
are inferior to the more indolent intestinal subtype. Pancrea-
tobiliary subtype may respond to adjuvant chemotherapy and 
further research is warranted to determine the most appropri-
ate adjuvant chemotherapy regimens for each subtype.

Keywords IPMN · Adjuvant chemotherapy · Epithelial 
subtypes · Recurrence · Survival · Pancreatobiliary · 
Gastric · Intestinal

Intraductal papillary mucinous neoplasms (IPMNs) are 
pancreatic precursor lesions for pancreatic adenocarcinoma; 

between 20% and 61% of IPMNs demonstrate malignant 
transformation in the surgical specimen.1–3 The precursor 
epithelial subtype of the IPMN (e.g. gastric, pancreatobil-
iary, intestinal and mixed) can indicate prognosis and likeli-
hood of invasive disease, but its prognostic value in those 
with invasive disease is less clear.4–7 Our study group previ-
ously reported that recurrence following pancreatic resec-
tion for adenocarcinoma arising from intraductal papillary 
mucinous neoplasms (A- IPMN) is frequent, with a quarter 
of patients recurring within 12 months.8 To the best of our 
knowledge, whether epithelial subtype determines recur-
rence rates or patterns of recurrence in A-IPMN have not 
been previously investigated.

Adjuvant chemotherapy is currently advised by the 
European guidelines on pancreatic cystic tumours for 
A-IPMN regardless of nodal status, and may have sur-
vival benefit in patients with A-IPMN and node posi-
tive disease.9,10 Evidence for adjuvant chemotherapy in 
A-IPMN precursor epithelial subtypes and whether or not 
subtype influences chemotherapy response have not been 
investigated.11–13

The aim of the present study was to report clinico-
pathological associations, recurrence patterns, response 
to adjuvant chemotherapy and overall survival of precursor 
epithelial subtypes in patients with A-IPMN.

PATIENTS AND METHODS

Study Characteristics

Patients who had undergone pancreatic resection 
between 2010 and December 2020 for A-IPMNs with an 
available precursor subtype were retrospectively identified 
from 18 academic pancreatic cancer centres in Europe, 
Asia, Australia and New Zealand. The methodology has 
previously been published by our research group where 
we investigated the impact of treatment of recurrence on 
survival.8 The presence of A-IPMN were identified ret-
rospectively on the basis of histopathological specimens 
following resection. The institutional review board of each 
participating institution approved the study prior to initia-
tion and was conducted according to the Declaration of 
Helsinki. The Research Electronic Data Capture (RED-
CAP) system was used to store anonymized information 
that was then maintained by the Newcastle Joint Research 
Office. Informed patient consent was not required given 
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the retrospective nature of the study. The Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) recommendations were followed and adhered 
to as best as possible.

Preoperative Work‑up and Surgical Indications

Endoscopic ultrasound (EUS) and either aspiration or 
biopsy with cytological or biochemical analyses were per-
formed at the discretion of the participating institution. The 
type of surgical procedure [e.g. Whipples, pylorus preserv-
ing pancreatoduodenectomy (PPPD), distal pancreatectomy 
with splenectomy (DPS), distal pancreatectomy without 
splenectomy (DPNS) and total pancreatectomy (TP)] and 
the decision to administer adjuvant chemotherapy was at 
the discretion of each participating institution on the basis 
of the location, degree and extent of the tumour.14 In cases of 
borderline-resectable disease, a portal or superior mesenteric 
vein resection was performed if infiltration was suspected. 
Patients with metastatic disease or locally advanced disease 
were excluded.

Histopathological Diagnosis

A-IPMNs were defined using the criteria outlined in the 
current World Health Organization (WHO) 2019 classifica-
tion—that is unequivocal invasive growth of a malignancy 
arising from IPMNs.15 Intra-ductal oncolytic papillary neo-
plasms (IOPNs) were previously considered a epithelial 
subtype of IPMNs, as per the 2010 WHO classification; 
however, under the fifth edition of the WHO classification 
of tumours published in 2019, IOPNs have been considered 
a distinct and separate entity to IPMNs. This update is pri-
marily based on morphological and genetic differences, and 
as such invasive IOPN were excluded (n = 20).15–17

Cases where a synchronous pancreatic ductal adenocar-
cinoma (PDAC) was identified but clearly developed away 
from an IPMN (PDAC with concomitant IPMN), were 
excluded. The invasive component of the IPMN tumours 
were classified as either ductal or colloid on the basis of the 
criteria described in the WHO 2019 system: colloid carcino-
mas were defined as adenocarcinomas in which ≥ 80% of the 
neoplastic epithelium are suspended in extracellular mucin 
pools.15,16,18 All tumours were staged according to American 
Joint Committee on Cancer (AJCC) Staging System, eighth 
editiion.18

The precursor epithelial type of each lesion was deter-
mined using WHO 2019 criteria.15 In cases where the under-
lying precursor epithelial lesion or subtype were not reported 
in the original reporting, the pathology slides were reviewed 
again to report these findings. Where IPMNs had more than 
one epithelial subtype the epithelial subtypes were reported, 
and these patients were grouped as ‘mixed A-IPMN’. 

Margins were assessed using a structured/synoptic format, 
and for the purposes of determination of the R status, R1 
margins were based on a cut-off distance from the tumour to 
the resection margin of < 1 mm.18 The IPMN duct-type was 
classified on pathology as main duct, branch duct or mixed 
type, according to the consensus guidelines.14,18

Statistical Analyses

The clinicopathological features of A-IPMNs were com-
pared with Chi-squared and Fischer’s exact test for binary 
variables. Non-parametric continuous variables were com-
pared with the Mann–Whitney U test.

Recurrence patterns, including locoregional and systemic 
recurrence, were reported for each subtype, and median time 
to recurrence was determined using Kaplan–Meier (KM) 
analysis. The logrank test was used to compare between sub-
groups. All statistical analyses were performed in R studio, 
2022.02.1 using the ‘survival’ package.

For each precursor epithelial subtype, the impact of adju-
vant chemotherapy on overall recurrence and survival were 
assessed using the logrank test. Cox proportional hazards 
models (CPHMs) were also used to determine the effect of 
adjuvant chemotherapy on recurrence and survival for each 
precursor subtype after accounting for high-risk clinico-
pathological features: Charlson comorbidity index (CCI), 
AJCC stage, differentiation, perineural invasion, lymphovas-
cular invasion and R1 resection. In CPHMs the dummy vari-
ables included low CCI, AJCC 1a/1b/2a, well/moderately 
differentiated, R0 resection and no peri-neural/lymphovas-
cular invasion. Low CCI was considered any value below the 
median for the cohort. The effect of adjuvant chemotherapy 
type [e.g. gemcitabine (GEM), gemcitabine-capecitabine 
(GEM-CAP) and FOLFIRINOX (FFX)] on outcome was 
determined using for each subgroup.

RESULTS

In total, 297 patients were included (median age, 70 
years; male, 78.9%) including 54 (18.2%) gastric, 111 
(37.3%) pancreatobiliary, 80 (26.9%) intestinal and 52 
(17.5%) mixed subtypes (Table 1). The 52 mixed lesions 
included 32 (61.5%) lesions with gastric subtype, 17 (32.7%) 
intestinal subtype and 43 (82.7%) pancreatobiliary subtype. 
There were five (9.6%) patients with an associated IOPN, 
without oncocytic invasion. The cohort was followed up for 
a median of 6 years and 5 months for recurrence and survival 
outcomes.
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Clinicopathological Features

The clinicopathological characteristics (Table 1) and 
both operative and histopathological details (Table 2) of 
the precursor epithelial subtypes are reported. There were 
no statistically significant differences in clinicopathologi-
cal, operative or histopathological features between mixed, 
gastric or pancreatobiliary subtypes.

In comparison with intestinal subtype, gastric sub-
types had a preponderance towards female sex (53.7% 
versus 36.2%; p = 0.045), branch duct location (24.1% 
versus 5.0%; p = 0.009) and PPPD (24.1% versus 11.3% 
p = 0.045).

Gastric subtypes also had higher rates of ductal inva-
sion (90.7% versus 52.5%; p < 0.001), poor differentiation 
(p = 0.006), positive lymph nodes (p = 0.004) and rates of 
AJCC stage 2b (51.9% versus 31.3%; p = 0.017).

Compared with intestinal subtype, pancreatobiliary sub-
type were more likely to arise from a branch duct (5.0% 
versus 18.9%; p = 0.005), have ductal invasion (89.2% 
versus 52.5%; p < 0.001), lymphovascular invasion (57.7% 
versus 41.3%; p = 0.025), lymph node involvement (49.5% 
versus 32.5%, p = 0.019) and be of AJCC Stage 2b (50.5% 
versus 31.3%; p = 0.008).

Mixed precursor epithelial subtype had a higher rate 
of mixed-duct location (44.2% versus 13.8%; p < 0.001), 
ductal invasion (80.8% versus 52.5%; p = 0.001) and rates 
of poor differentiation (36.5% versus 16.3%; p = 0.008) 
compared with intestinal subtype.

Recurrence Outcomes

The median time to recurrence in gastric, pancreatobil-
iary, intestinal and mixed subtypes was 32, 30, 61 and 33 
months, respectively (Table 3, Fig. 1). Gastric, pancreato-
biliary and mixed subtype had comparable overall recur-
rence rates (logrank, p = 0.813), but each were inferior to 
intestinal subtype (logrank test, p = 0.048, p = 0.049 and 
p = 0.082, respectively). 

Gastric subtype (median time to recurrence 34 months) 
had significantly higher rates of systemic recurrence than 
intestinal subtype (median time to recurrence, undefined; 
logrank, p = 0.032). There were no significant differences 
in rates of locoregional recurrence between subgroups. 
Table 4 reports the recurrence patterns for each precursor 
epithelial subtype.

TABLE 1  Pre-operative characteristics of IPMN by epithelial precursor

Pre-operative characteristics All (n = 297) IPMN epithelial precursor subtype

Gastric (n = 54) Pancreatic (n = 111) Intestinal (n = 80) Mixed (n = 52)

Median age (years) 70 68 70 68 72
Male (%) 239 (80.4) 25 (46.3) 64 (57.7) 51 (63.8) 28 (53.8)
Charlson comorbidity index, median (range) 4 4 5 4 5
Surveillance (%) 54 (18.2) 10 (18.5) 19 (17.1) 16 (20.0) 9 (17.3)
Borderline resectable (%) 16 (5.4) 2 (3.7) 6 (5.4) 4 (5.0) 4 (7.7)
Ca19-9 (U/ml) (%) Median 41 24.5 87 32 38.5

High 87 (32.2) 12/32 (37.5) 37/61 (60.7) 25/58 (43.1) 19/36 (52.8)
EUS (%) Total 198 (66.9) 34 (63.0) 64 (57.7) 60 (75.0) 40 (76.9)

Malignancy on needle 
biopsy

51/110 (46.4) 8/18 (44.4) 18/36 (50.0) 10/16 (62.5) 15/22 (68.2)

EUS aspiration (%) Malignant 32/96 (33.3) 4/15 (26.7) 12/30 (40.0) 11/40 (27.5) 5/19 (26.3)
Median CEA (ng/ml) 31 15 547 4.4 751
Aspiration mucin 39/57 (68.4) 7/9 (77.8) 11/17 (64.7) 17/24 (70.8) 4/7 (57.1)
Aspiration amylase 18/57 (31.6) 2/9 (22.2) 6/17 (35.3) 7/24 (29.2) 3/7 (42.9)

Duct type (%) Main duct 183 (61.6) 33 (61.1) 63 (56.8) 62 (77.5) 25 (48.1)
Branch 41 (13.8) 13 (24.1) 21 (18.9) 4 (5.0) 3 (5.8)
Mixed 68 (22.9) 7 (13.0) 27 (24.3) 11 (13.75) 23 (44.2)

Location (%) Head 186 (62.6) 33 (61.1) 69 (62.1) 53 (66.25) 31 (59.6)
Body 28 (9.4) 4 (7.4) 8 (7.2) 11 (13.75) 5 (9.6)
Tail 45 (15.2) 11 (20.4) 20 (18.0) 9 (11.25) 5 (9.6)
Diffuse 37 (12.5) 6 (11.1) 13 (11.7) 7 (8.75) 11 (21.2)
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Of those who developed ductal or colloid carcinoma, 
there was no difference in overall, systemic or locoregional 
recurrence between precursor subtypes (p > 0.05).

Survival Outcomes

The median length of survival for gastric, pancreatobil-
iary, intestinal and mixed subtypes was 41, 43, 50 and 31 
months, respectively. There was no significant difference in 
survival between precursor subtypes in the overall cohort or 
in ductal or colloid carcinoma subgroups.

Impact of Adjuvant Chemotherapy

Adjuvant chemotherapy did not reduce the recurrence 
rate in any precursor epithelial subtype (gastric, logrannk, 

p = 0.134; pancreatobiliary, p = 0.442; intestinal, p = 0.546; 
mixed, p = 0.613), this was also demonstrated in multivari-
ate CPHMs (p = 0.914; p = 0.385; p = 0.381; p = 0.551, 
respectively)

Adjuvant chemotherapy improved overall survival 
in pancreatobiliary subtype (p = 0.049) but not in gas-
tric (p = 0.992), intestinal (p = 0.852) or mixed subtype 
(p = 0.723; Fig. 2). In multivariate analysis, adjuvant 
chemotherapy was positively associated with improved 
overall survival in pancreatobiliary, albeit with borderline 
significance (p = 0.058; Supplementary Figs. 1–4).

No precursor epithelial subtype had a superior survival 
response (gastric, p = 0.845; pancreatobiliary, p = 0.214; 
intestinal, p = 0.378, mixed, p = 0.302) or reduction in 
overall recurrence (gastric, p = 0.841; pancreatobiliary, 
p = 0.642; intestinal, p = 0.800, mixed, p = 0.601) with 

TABLE 2  Operative and histopathological features by epithelial subtype

Variables All (n = 297) IPMN precursor epithelial subtype

Gastric (n = 54) Pancreatic (n = 111) Intestinal (n = 80) Mixed
(n = 52)

Operation (%)
 Whipples 104 (35.0) 19 (35.2) 40 (36.0) 36 (45.0) 9 (17.3)
 PPPD 54 (182.) 13 (24.1) 18 (16.2) 9 (11.25) 14 (26.9)
 DPS 53 (17.8) 14 (25.9) 21 (18.9) 12 (15.0) 6 (11.5)
 DPNS 8 (2.7) 0 (0.0) 4 (3.6) 1 (1.25) 3 (5.8)
 TP 78 (26.3) 8 (14.8) 28 (25.2) 22 (27.5) 20 (38.5)

Neoadjuvant chemotherapy (%) 17 (5.7) 3 (5.6) 4 (3.6) 7 (8.75) 3 (5.8)
Multivisceral resection (%) 44 (14.8) 7 (13.0) 16 (14.4) 12 (15.0) 9 (17.3)
Cyst size, median (IQR) mm (%) 30 30 31 35 30
 Differentiation (%)
  Well 35 (11.8) 8 (14.8) 15 (13.5) 10 (12.5) 2 (3.8)
  Moderately 170 (57.2) 25 (46.3) 67 (60.4) 50 (62.5) 28 (53.8)
  Poor 79 (26.6) 20 (37.0) 27 (24.3) 13 (16.25) 19 (36.5)

 Invasive components (%)
  Ductal 237 (79.8) 49 (90.7) 99 (89.2) 42 (52.5) 42 (80.8)
  Colloid 47 (15.8) 5 (9.3) 7 (6.3) 28 (35.0) 7 (13.5)

Lymphovascular invasion (%) 152 (51.2) 28 (51.9) 64 (57.7) 33 (41.25) 27 (51.9)
Perineural invasion (%) 179 (60.2) 28 (51.9) 65 (58.6) 38 (47.5) 28 (53.8)
R1 (%) 124 (41.8) 21 (38.9) 47 (42.3) 33 (41.25) 23 (44.2)
N1 or N2 (%) 136 (45.7) 31 (57.4) 55 (49.5) 26 (32.5) 24 (46.2)
AJCC stage (%)
 1a 51 (17.2) 7 (12.9) 14 (12.6) 14 (17.5) 16 (30.8)
 1b 38 (12.8) 6 (11.1) 12 (10.8) 15 (18.75) 5 (9.6)
 2a 48 (16.2) 5 (9.3) 19 (17.1) 19 (23.75) 5 (9.6)
 2b 132 (44.4) 28 (51.9) 56 (50.5) 25 (31.25) 23 (44.2)
 3 28 (2.7) 8 (14.8) 10 (9.0) 7 (8.75) 3 (5.8)

Clavien–Dindo grade (%)
 CD 2 83 (27.9) 15 (27.8) 33 (29.7) 18 (22.5) 17 (32.7)
 CD ≥ 3 51 (17.2) 11 (20.4) 16 (14.4) 20 (25.0) 4 (7.8)
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any particular chemotherapy regimen (GEM, GEM-CAP, 
FFX, other).

DISCUSSION

To the best of our knowledge, the present study is the 
largest to date reporting clinicopathological features, recur-
rence patterns and survival outcomes of A-IPMN subtypes 
and the first study to compare the response to adjuvant 
chemotherapy in different epithelial subtypes. Key differ-
ences in clinicopathological features were reported which 
help explain the inferior outcomes in gastric, pancreatobil-
iary and mixed subtypes compared with intestinal subtype. 
Gastric, pancreatobiliary and mixed subtypes were found 
to have comparable clinicopathological features and long-
term recurrence and survival outcomes (median follow-up 
6 years, 5 months). Pancreatobiliary subtype was found to 
have a superior survival with adjuvant chemotherapy.

Previous studies have investigated the types of precur-
sor subtypes amongst A-IPMNs.19 Kim et al. found that 
the majority of A-IPMN were of pancreatobiliary subtype 

and similarly, Kang et al. found that proportions of inva-
sive IPMN were highest in pancreatobiliary subtypes 
(57.9%).4,20 This contrasts with gastric subtypes which 
according to Nakata et al. are malignant in 14.1%. The 
metanalysis performed by Koh et al. found that gastric 
subtype was associated with a lower likelihood of tumour 
invasion compared with other subtypes.21 Similarly, the 
present data finds gastric and pancreatobiliary subtype in 
18.4% and 37.4% of A-IPMNs, respectively, but demon-
strates comparable rates of clinicopathological character-
istics (e.g. differentiation and lymph node involvement) 
between the two subtypes.

Previous studies have demonstrated that non-intestinal 
IPMN subtypes were positively associated with lymphatic 
invasion and tubular invasion (p < 0.05) compared with 
intestinal subtypes.22,23 This is consistent with the present 
findings, where both gastric and pancreatobiliary subtypes 
were positively associated with ductal carcinomas and 
lymph node involvement. In addition, gastric and pancrea-
tobiliary subtypes are more advanced tumours at resection 
as per the AJCC stage and are more likely to originate from 

TABLE 3  Outcomes by epithelial subtype

Outcome variable All (n = 297) IPMN precursor epithelial subtype

Gastric (n = 54) Pancreatic (n = 111) Intestinal (n = 80) Mixed (n = 52)

Adjuvant chemotherapy (%)
 Any 184 (61.9) 28 (51.8) 66 (59.5) 46 (57.5) 34 (65.4)
 Gem 101 (34.0) 11 (20.4) 41 (36.9) 24 (30.0) 18 (34.6)
 Gem-Cap 49 (16.5) 8 (14.8) 14 (12.6) 12 (15.0) 12 (23.1)
 FFX 19 (6.4) 6 (11.1) 4 (3.6) 7 (8.75) 2 (3.8)
 Other 15 (5.1) 3 (5.6) 7 (6.3) 0 (0.0) 2 (3.8)

Recurrence (%)
 All 130 (43.8 26 (48.1) 53 (47.7) 26 (32.5) 25 (48.1)
 Locoregional 55 (18.5) 12 (22.2) 24 (21.6) 10 (12.5) 6 (11.5)
 Systemic 108 (36.4) 22 (40.7) 39 (35.1) 20 (25.0) 21 (40.4)

Recurrence rate (%)
 1 year 56/295 (19.0) 12/54 (22.2) 25/110 (22.7) 8/80 (10.0) 11/51 (21.6)
 2 year 103/281 (36.7) 22/53 (41.5) 43/104 (41.3) 17/75 (22.7) 21/49 (42.9)
 5 year 125/190 (65.8) 25/33 (75.8) 51/76 (67.1) 25/52 (48.1) 24/29 (82.8)
 10 year 29/53 (54.7) 6/13 (46.2) 10/18 (55.6) 10/17 (58.8) 3/5 (60.0)

Treatment for recurrence (%)
 Any 85 (28.6) 10 (18.5) 28 (25.2) 16 (20.0) 20 (38.5)
 Chemo 61 (20.5) 9 (16.7) 26 (23.4) 10 (12.5) 9 (17.3)
 Radio 16 (5.4) 0 (0.0) 2 (1.8) 7 (8.75) 6 11.5)
 Surgery 6 (2.0) 1 (1.9) 2 (1.8) 2 (2.5) 1 (.9)

Secondary recurrence (%) 17 (5.7) 4 (7.4) 8 (7.2) 2 (2.5) 2 (3.8)
Death rate (%)
 1 year 47/295 (15.9) 11/54 (20.3) 19/110 (17.3) 13/80 (16.3) 4/51 (7.8)
 2 year 90/281 (32.0) 20/53 (37.7) 35/104 (33.7) 19/75 (25.3) 16/49 (32.7)
 5 year 137/190 (72.1) 26/33 (78.7) 49/76 (64.5) 35/52 (67.3) 27/29 (93.1)
 10 year 36/53 (67.9) 7/13 (53.8) 11/18 (61.1) 12/17 (70.6) 4/5 (80.0)
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a branch duct. The association between mixed subtype and 
both higher rates of poor differentiation and ductal invasion 
was also demonstrated.

Nakata et al. found that intestinal subtype A-IPMNs have 
superior survival compared with non-intestinal subtype 
A-IPMNs.23 Sadakari et al. report a 0% 5-year survival rate 

in non-intestinal subtypes across their 30-patient cohort, and 
Yamada et al. report a lower 5-year survival in non-intes-
tinal compared with intestinal-type (52.7% versus 89.7%; 
p = 0.030; n = 56).22,24 The present results confirm low 
5-year survival rates in both gastric (21.3%) and pancrea-
tobiliary (35.4%) subtypes, with the advantage of a larger 
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FIG. 1  Kaplan–Meier curve for A-IPMN precursor epithelial subtypes illustrating rates of (A) recurrence, (B) overall survival, (C) locoregional 
recurrence and (D) systemic recurrence

TABLE 4  Site of recurrence in 
A-IPMNs

Site of recurrence IPMN Precursor Epithelium

Gastric (n = 54) Pancreatobiliary 
(n = 111)

Intestinal (n = 80) Mixed (n = 52)

Locoregional (%) 12 (22.2) 24 (21.6) 10 (12.5) 6 (11.5)
Liver (%) 10 (18.5) 15 (13.5) 6 (7.5) 10 (19.2)
Lung (%) 5 (9.3) 19 (17.1) 5 (6.3) 7 (13.5)
Peritoneal (%) 9 (16.7) 8 (7.2) 9 (11.3) 5 (9.6)
Other (%) 5 (9.3) 7 (6.3) 3 (3.8) 4 (7.7)
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cohort. Whilst it is evident that intestinal subtypes have 
superior outcomes compared with other subtypes, less well 
investigated is the relationship between gastric, pancreatobil-
iary and mixed subtypes. Our findings demonstrate similar 
long term recurrence rates and survival outcomes between 
gastric, pancreatobiliary and mixed subtypes.

It is well established that both the epithelial subtype of 
the precursor lesion determines the invasive component.5,25 
The metanalysis performed by Koh et al. find that intestinal 
subtype had the greatest propensity for colloid carcinoma.21 
Interestingly, the present results find that not all A-IPMNs 
derived from intestinal subtypes will have a colloid car-
cinoma and a small yet unexpected proportion of gastric 
(6.3%) and pancreatobiliary (9.3%) subtypes developed an 
associated colloid carcinoma.

Mino-Kenudson M et al. concluded in 61 invasive IPMNs 
that gastric subtypes were associated with a worse prognosis 

because of their association with the more aggressive ductal 
carcinoma.25 Kang et al. also found that the prognostic value 
of precursor epithelial subtype was removed after accounting 
for other relevant clinicopathological variables.4 In the pre-
sent study, when investigating ductal and colloid carcinomas 
individually, the precursor epithelial subtype did not influ-
ence recurrence or survival in the present study. Intestinal 
subtypes that developed ductal carcinoma also had worse 
survival than their colloid carcinoma counterparts. This sug-
gests that once malignant, A-IPMN outcome is more closely 
associated with the invasive component rather than the pre-
cursor epithelial subtypes.

The Fukuoka consensus statement and the American Col-
lege of Gastroenterologists Clinical Guidelines make no rec-
ommendations on the role of adjuvant chemotherapy.10,26–28 
The recently updated Kyoto guidelines report that the role 
of adjuvant chemotherapy in resectable disease is unknown 
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FIG. 2  Overall survival with and without adjuvant chemotherapy in (A) gastric, (B) pancreatobiliary, (C) intestinal and (D) mixed precursor 
epithelial subtype
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owing to a lack of high-quality evidence.29 The data that 
supports adjuvant chemotherapy regimens in pancreatic can-
cer are derived from patients with PDAC.30–32 The studies 
that demonstrate improved outcomes with adjuvant chemo-
therapy in A-IPMNs are small cohort studies and results are 
conflicting.11–13,33 The impact of precursor epithelial subtype 
on response to adjuvant chemotherapy has not been investi-
gated, to the best of our knowledge.

The present study finds an improved survival in patients 
with pancreatobiliary subtype who receive adjuvant chem-
otherapy. Importantly, this analysis was consistent once 
adjusting for established high-risk characteristics (e.g. R1 
resection differentiation, lymph node status) to account for 
selection bias.11,12,28,34,35 Interestingly, no improvement in 
recurrence was observed but this could be secondary to dif-
fering follow-up protocols between institutions and undi-
agnosed recurrence. It is feasible that the heterogeneous 
immunohistochemical and morphological nature of A-IPMN 
precursor epithelial subtypes influences the impact of adju-
vant chemotherapy.13,36 In ampullary adenocarcinoma, 
despite inferior prognosis, pancreatobiliary subtype has 
also demonstrated superior response to gemcitabine-based 
adjuvant chemotherapy regimens compared with intestinal 
subtypes. Similarities in molecular phenotypes and muta-
tional status between pancreatobiliary subtype of ampullary 
adenocarcinoma, pancreatobiliary A-IPMNs and PDAC may 
explain the superior response to adjuvant chemotherapy in 
these subgroups.37–40 Further research should investigate this 
finding to determine the most appropriate adjuvant chemo-
therapy regimens for each subtype.

Although this is the largest study to date that investi-
gates precursor epithelial subtype in invasive patients, the 
sample size was a limitation. A significant proportion of 
patients had pancreatobiliary subtype with fewer patients 
with gastric and intestinal subtype. A further limitation is the 
potential for modest interobserver agreement rate between 
even expert histopathologists in typing intraductal precursor 
lesions. A-IPMNs are relatively rare, making it difficult for 
histopathologists to gain substantial exposure and experi-
ence with this entity. Accurate morphological distinction 
between IPMN subtypes may represent a challenge to histo-
pathologists, especially if immunohistochemical panels for 
subtyping these lesions are not available.

In conclusion, the present study reports clinicopathologi-
cal features, recurrence and survival outcomes, as well as 
response to adjuvant chemotherapy in precursor epithelial 
subtypes. Key differences in clinicopathological features 
were reported which explain the inferior outcomes in gastric, 
pancreatobiliary and mixed subtypes compared with intestinal 
subtype. Gastric and pancreatobiliary subtypes were found to 
have inferior outcomes likely explained by their association 
with ductal carcinoma. Pancreatobiliary subtype was found to 
have improved survival with adjuvant chemotherapy.
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