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Understanding the risk of recurrence after resection of intraductal
papillary mucinous neoplasm-associated adenocarcinoma:
insights from a large multicenter study
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Pancreatic ductal adenocarcinoma (PDAC) accounts for
over 90% of pancreatic cancers and is the seventh leading
cause of cancer deaths worldwide (1). Considered one
of the most aggressive cancers, PDAC is associated with
nonspecific symptoms and often presents with widespread
metastasis at the time of diagnosis, with an average 5-year
survival rate of less than 10% (2). It has both genetic and
environmental risk factors and can arise from several
precursor lesions, primarily pancreatic intraepithelial
neoplasia (PanIN) and, to a lesser extent, intraductal
papillary mucinous neoplasms (IPMNs) and mucinous
cystic neoplasms. As the predominant form of pancreatic
cancer, PDAC poses challenges due to its complex
pathology, and understanding of its pathogenesis is critical
for management.

PanlIN lesions are microscopic and progress through a
series of genetic and epigenetic alterations. This progression
begins with the onset of columnar mucinous epithelium in
stage I (PanIN-1) and advances through increasing cellular

atypia and mitotic figures in PanIN-2, ultimately leading
to high-grade PanIN-3. PanIN-3 can then transform into
PDAC, resulting in invasion of the ductal epithelium (3,4).

IPMN is a significant, though less common precursor
to PDAC, accounting for approximately 10% of cases (5).
Certain variants, such as the pancreatobiliary subtype, are
associated with a higher risk of progression to carcinoma.
The pathway from IPMN to carcinoma is thought to
involve different genetic mutations than those seen in
the PanIN pathway. IPMN-derived PDAC generally
has a better prognosis compared to conventional PDAC,
particularly for the oncocytic and colloid variants.
Additionally, IPMN lesions tend to be larger on imaging,
making them easier to detect and monitor than PanIN
lesions (3,6).

To deepen our understanding of PDAC recurrence and
its connection to IPMN, Lucocq et 4/. conducted a pivotal
study that addresses these critical gaps. In their study, the
authors noted that earlier research had reported a significant
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recurrence rate (32-43%) following pancreatic resection for
PDAC in IPMNs (7). However, the patterns of recurrence
and associated risk factors for PDAC originating from
IPMN remain largely unclear. Additionally, the influence
of interventions such as surgery or chemotherapy on
recurrence and long-term survival is not well understood.
To bridge these knowledge gaps, the investigators set out
to identify key predictors of recurrence, explore recurrence
patterns, and assess optimal treatment strategies in a large
multicenter cohort of patients who had undergone surgical
resection for PDAC arising from IPMN. This retrospective
multicenter study represents the largest cohort to date for
this objective.

A total of 459 patients who underwent surgical
resection of IPMN-derived PDAC without neoadjuvant
therapy were included. Most patients (57.1%) underwent
pancreatoduodenectomy, as most tumors were in the
pancreatic head (63.6%). Most PDAC lesions originated
from main duct IPMN (57.9%) and mixed duct
IPMN (21.6%), with 31.6% of all lesions arising from
pancreatobiliary epithelium. Additionally, 59.9% of patients
in the cohort received adjuvant chemotherapy.

Detailed recurrence patterns were tracked as part of this
study. Overall, 45.5% of patients experienced recurrence,
with a median time to recurrence of 32.8 months. Nearly
a quarter developed recurrence within the first year. These
rates appear to be slightly lower than previously reported
values (8,9), although those studies were not limited to
PDAC with an IPMN precursor (which tend to have
better outcomes) and involved different initial treatment
modalities. The most common sites of recurrence were
the liver, lungs, and locoregional areas. Increased rates of
recurrence were associated with moderate differentiation
[hazard ratio (HR) =1.87; P=0.012], poor differentiation
(HR =3.29; P<0.001), multi-visceral resection (HR =1.54;
P=0.032), perineural invasion (HR =1.63; P=0.016), large
carcinoma size (HR =1.49; P=0.021), and lymph node
spread (HR =1.90; P<0.001).

After multivariable adjustment, no reduction in
recurrence risks was associated with adjuvant chemotherapy
for initial lesions. This finding contrasts with prior
literature, which suggests a survival benefit when
certain adjuvant chemotherapy regimens (e.g., modified
FOLFIRNOX) are used in some populations (10).
However, Lucocq er 4l. do not provide specific details on
the types of adjuvant chemotherapy used in their study
population, which adds some challenges to making direct
comparisons. Both single- and multi-site recurrences were
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analyzed. Interestingly, no significant difference in median
survival was found between recurrence sites in the liver,
lungs, peritoneum, or locoregional areas. Moreover, the
presence of single- or multiple-site recurrence did not result
in a statistically significant difference in survival duration.
These findings highlight the rapid progression of PDAC
regardless of the location and extent at which it is found.

Understanding how different treatment modalities
affect recurrence is essential for optimizing management
strategies, and this study evaluates that aspect. Of the
209 patients who experienced recurrence, 109 received
additional treatment (e.g., chemotherapy, surgery,
radiation therapy, or a combination thereof). Patients
who received treatment for recurrence showed significant
improvements in survival duration, with those experiencing
local recurrence having a median survival of 31.1 months
compared to 18 months for those without treatment. For
systemic recurrence, the median survival was 26.9 months
for treated patients vs. 14.2 months for untreated patients.
In the entire cohort, additional treatment of recurrence
approximately doubled the length of median survival to
27 months, compared to 14.6 months without further
treatment. No statistically significant differences in survival
were observed among the various treatment modalities,
although chemotherapy appeared to offer the greatest
benefit.

The implications of the study extend beyond recurrence
patterns, as it also sheds light on overall survival (OS) and
disease-free survival (DFS) rates. The OS and DFS rates for
the cohort stood at 49.5% and 41.6%, respectively, after a
median follow-up period of 63.5 months. The 5-year OS for
those who experienced recurrence was 19.2%, compared to
73.0% for those without recurrence, while the 5-year DFS
was 40.3%. Factors linked to death or recurrence included
larger tumor size, poor cellular differentiation, perineural
invasion, lymph node involvement, and R1 resection
margins. Poor cellular differentiation was also associated
with early recurrence. This study found preoperative
carbohydrate antigen 19-9 (CA19-9) to be insignificant
for prognosis. These findings largely align with existing
knowledge regarding prognostic factors for recurrence (9,11).
However, previous studies have also commented on the
prognostic value of preoperative diabetes and supported the
utility of marked elevated CA19-9 (>175.8 U/mL) (11). This
study sets a comparatively lower threshold of 37.0 U/mL
for designating CA19-9 elevation; as a result, it is difficult
to assess whether a tier-based analysis would have revealed
statistically significant CA19-9 predictive value. Treatment
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of recurrence, particularly with chemotherapy, was associated
with improved OS (67.8 vs. 39.3 months).

Twenty patients developed a second tumor recurrence
after initial treatment, and among them, 10 received
additional treatment, primarily chemotherapy. In this
scenario, no significant difference was found between the
treatment and control groups. However, this statistical
conclusion may be influenced by the small cohort size of
patients with a second recurrence, which raises questions
about its clinical relevance.

The findings from this comprehensive multicenter
study highlight the complexities associated with recurrence
patterns, emphasizing the multifactorial nature of PDAC
and the necessity for tailored therapeutic strategies. One
promising advancement is the increased use of minimally
invasive pancreatectomy (MIP), performed using
laparoscopic or robotic techniques. Recent studies have
indicated that MIP leads to reduced recovery time, shorter
hospital stays, and longer DFS compared to open pancreatic
resection (12,13). Another innovative technique, endoscopic
ultrasound with radiofrequency ablation (EUS-RFA), has
been shown to stimulate an anti-tumor immune response
within the local microenvironment, promoting tumor
regression while maintaining a favorable side effect profile
(14,15). This approach could be considered alongside
existing chemo- or radiotherapy for the treatment of
recurrence, though further studies are needed to establish
its efficacy in this context.

The study’s limitations include its retrospective nature
and the potential for selection bias. Additionally, as
mentioned elsewhere, the lack of adjuvant chemotherapy
identification and stratified CA19-9 analysis limits
comparison with prior studies. However, the large sample
size provides robust data on recurrence patterns and
treatment outcomes, offering valuable insights for the
clinical management of IPMN-derived PDAC.

In summary, this study represents one of the largest
investigations into the predictors and recurrence patterns
following the resection of invasive IPMN-derived
adenocarcinoma. It confirms many established risk factors
for recurrence and, notably for the first time, shows that
treating recurrence—regardless of the treatment modality—
significantly improves survival. This finding underscores
the need for a universal protocol for recurrence surveillance
after PDAC resection. While the study did not find a clear
survival advantage for adjuvant chemotherapy following the
initial resection of invasive IPMN, it did reveal a significant
survival benefit associated with treating recurrence
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compared to no treatment, making recurrence management
a viable consideration. However, given other studies that
suggest potential benefits from adjuvant chemotherapy
and the limited comparisons in this research, further
investigation is essential to evaluate the advantages of
adjuvant chemotherapy and refine strategies for managing
recurrent disease.
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