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ABSTRACT

BACKGROUND: Pancreatic ductal adenocarcinoma (PDAC) arising in
intraductal papillary mucinous neoplasms (IPMN) may represent a
different biologic entity than classic PDAC, and there is little evidence to
inform adjuvant treatment decisions. The purpose of this study was to
identify prognostic factors for PDAC arising in IPMN and determine the
benefit of postoperative adjuvant therapy.

METHODS: Forty-four patients without previous therapy who underwent
surgery for invasive PDAC arising in association with IPMN at our
institution were identified. Medical records were reviewed for clinical
and pathologic features, adjuvant therapy, and outcomes.

RESULTS: On univariate analysis, positive nodes (hazard rate [HR] 14,
95% confidence interval [CI] 4.2–44), CA 19-9 � 80 (HR 6.2, 95% CI
2.2–17), lymphovascular invasion (HR 4.7, 95% CI 1.5–15), perineural
invasion (HR 3.9, 95% CI 1.5–10), and positive margins (HR 3.1, 95% CI
1.2–8.0) were associated with inferior cancer-specific survival. Patients
with positive nodes who received adjuvant therapy had higher median
cancer-specific survival (20 months) than those who received no adju-
vant therapy (3.3 months).

CONCLUSIONS: Patients with PDAC arising in IPMN presented at an
earlier stage than is reported for classical PDAC. Adjuvant chemoradio-
therapy was associated with improved overall and cancer-specific
survival for patients with advanced disease. These hypothesis-generat-
ing results require validation in a larger prospective trial.
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Intraductal papillary mucinous neoplasm
(IPMN) of the pancreas is an increasingly

recognized clinicopathologic entity that is
characterized by mucin production, cystic
dilation of the pancreatic ducts, and intra-
ductal papillary growth.1 IPMN ranges in
atypia from benign adenoma to pancreatic
ductal adenocarcinoma (PDAC). PDAC
arising in the setting of an IPMN appears to
have a different natural history and molec-
ular pathogenesis than classic PDAC.1–5

Furthermore, the presence of invasive car-
cinoma distinguishes this entity from non-
invasive IPMN, which is felt to represent a
premalignant condition with an excellent prog-
nosis following surgical resection alone,6–9 with
5-year disease-specific survivals of up to

100%.7 In addition, adequate comparisons
of malignant IPMN and classic malignant
PDAC, controlling for stage, have not yet
been done. Consequently, neither the PDAC
literature nor the burgeoning data regarding
the treatment of noninvasive IPMN serve as
ideal guidance for the management of PDAC
arising in IPMN.

To better characterize this unique dis-
ease, we identified patients with PDAC aris-
ing in IPMN from a prospectively collected
database of patients treated with surgical
resection for IPMN at the Massachusetts
General Hospital between 1990 and 2005.
Medical records were reviewed for clinico-
pathologic features, treatment parameters,
and outcomes. Prognostic patient and

treatment factors were identified to assist in
treatment decisions for this increasingly
recognized lesion.

PATIENTS AND METHODS
Between 1990 and 2005, data related to
200 patients undergoing resection for
IPMN were prospectively recorded in a da-
tabase in the Department of Surgery at the
Massachusetts General Hospital. Tumors
were coded in the database according to
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World Health Organization criteria as intra-
ductal papillary mucinous adenoma, intra-
ductal papillary mucinous tumor with
moderate dysplasia or borderline, in situ
intraductal papillary mucinous carcinoma,
or infiltrating intraductal papillary mucinous
carcinoma.

Records of patients who underwent re-
section for infiltrating intraductal papillary
mucinous carcinomas were identified for
the purposes of this study. Patients with
prior surgery for pancreatic tumors and
those who received neoadjuvant or intraop-
erative therapy were excluded from analy-
sis. A retrospective review of clinical and
pathologic features, adjuvant therapy, and
outcome was conducted for the entire co-
hort.

Statistical Analysis
The Kaplan-Meier estimator, Cox propor-
tional hazards model, and competing risks
method were used to analyze the data and
determine prognostic factors for overall sur-

vival and cancer-specific survival. Cancer-
specific death was defined as a death oc-
curring in the setting of recurrent cancer.
The source documentation for date and
cause of death were drawn from treating
physicians’ medical record and confirmed
via communication with treating physi-
cians’ office or patients’ families. For can-
cer-specific survival, death due to causes
other than cancer represented a competing
event. The equality of survivor functions
was tested using the log-rank test. Two-
sided P values less than .05 were consid-
ered statistically significant.

RESULTS

Patient Characteristics
Between 1990 and 2005, 200 patients un-
derwent resection for IPMN at our institution.
Of these, 151 (75.5%) had noninvasive dis-
ease, and 49 (24.5%) had an invasive com-
ponent. Five patients were excluded from the
analysis; 4 patients received preoperative ra-

diation, and 1 patient had prior pancreatic

surgery. Of the remaining 44 patients, 27

(61%) of these patients had resection alone.

and 17 (39%) had adjuvant concurrent

chemoradiotherapy (CRT).

CRT consisted of 37.8–60.4 Gy (me-
dian 50.4 Gy) given concurrently with infu-
sional 5-fluorouracil (5-FU) in 11 (65%),
bolus 5-FU in 4 (24%), capecitabine in 1
(6%), and 5-FU/gemcitabine in 1 (6%).
Five patients in the CRT group also re-
ceived 4–6 additional months of adjuvant
chemotherapy (3 with 5-FU and 2 with
gemcitabine), while 1 patient who did not
receive adjuvant CRT received single-agent
gemcitabine.

Median follow-up for all patients was 19
months (range 1–145) and 26 months for
survivors (range 4–145). Median age was
72 years (range 37–84). Patient factors as
analyzed by treatment cohort are shown in
Table 1. Almost half of the patients (21/44)
had stage I disease, and 30/44 (68%) pa-
tients had node-negative disease. Eleven

Table 1. Patient characteristics by treatment cohort (P value from Fisher’s exact test)

Adjuvant chemoradiotherapy Surgery alone Total P

Sex Male 8 15 23 .76
Female 9 12 21

Ethnicity White 17 23 40 .17
Nonwhite 0 4 4

Stage I 4 17 21 .035
II a 4 5 9
II b 8 5 13
III 1 0 1

Nodal disease � 9 5 14 .024
� 8 22 30

Margins Positive 6 5 11 .29
Negative 11 22 33

CA 19-9 � 80 7 10 17 1.0
� 80 10 17 27

IPMN type Main duct 5 9 14 .39
Side branch 1 5 6
Both 11 11 22
Uncertain 0 2 2

Lymphovascular invasion Present 6 6 12 .49
Absent 11 21 32

Perineural invasion Present 9 10 19 .36
Absent 8 17 25

Surgery Total pancreatectomy 4 6 10 1.0
Partial pancreatectomy 13 21 34

Adjuvant chemotherapy Yes 5 1 6 .025
No 12 26 38

Abbreviation: IPMN � intraductal papillary mucinous neoplasm.
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patients had positive margins with invasive
adenocarcinoma (pancreatic transection, 6
patients; bile duct, 2 patients; uncinate, 2
patients, and pancreatic transection and
retroperitoneal, 1 patient). No patient had
an R2 resection.

Prognostic Factors
The results of univariate Cox regression
analysis for overall and cancer-specific sur-
vival are shown in Table 2. Elevated CA
19-9, higher stage, presence of nodal dis-
ease, lymphovascular invasion (LVI), and
perineural invasion (PNI) were associated
with decreased cancer-specific and overall
survival. Patients with positive nodes had
significantly shorter cancer-specific (18
months vs. not reached) and overall sur-
vival (16 months vs. 78 months) than those
with node-negative disease. Overall and
cancer-specific survival curves stratified by
the factors significant on the univariate Cox
analysis are shown in Figures 1 and 2,
respectively.

Treatment Effect

Chemoradiotherapy
For the entire cohort, there was no statisti-
cally significant difference in overall or can-
cer-specific survival between the patients
who received adjuvant CRT and those who

did not receive adjuvant CRT. However,
patients treated with adjuvant chemoradio-
therapy were more likely to be higher stage
(p � .035) and have positive nodes (p �

.024). When patients were stratified ac-
cording to their nodal disease, the progno-
sis for patients with positive nodes was
significantly better after adjuvant CRT (for
cancer-specific survival, hazard ratio [HR]
0.10, 95% confidence interval [CI] 0.018–
0.59; for overall survival, HR 0.13, 95% CI
0.029–0.56). The median cancer-specific
survival for the node-positive group that
received adjuvant therapy (n � 9) was 20
months; those who did not receive adjuvant
therapy (n � 5) had a median cancer-
specific survival of 3.3 months, suggesting
some patients did not receive adjuvant
therapy because of disease progression.

DISCUSSION
Much of the IPMN literature has sought to
outline the natural history of the disease
and determine prognostic factors for recur-
rence or distant metastasis.4,6–13 Overall
survival is worse for malignant disease than
for adenoma6–9,13 and worse for invasive
tumors when compared to in situ disease.8

Nodal metastases,6,8 vascular invasion,6

and positive margins4 have also been asso-
ciated with worse outcome. In addition to
assessing prognostic factors associated

with a carcinoma arising within an IPMN,
this series addresses the use of adjuvant
therapy in these patients.

PDAC arising within an IPMN appears
to have a different prognosis compared
with PDAC arising from pancreatic intraepi-
thelial neoplasia (PanIN). Unfortunately,
there are little data available to address the
role for adjuvant therapy in patients with
PDAC arising in IPMN. Further confound-
ing treatment decisions is the fact that an
adequate stage-by-stage evaluation of inva-
sive IPMN and classical PDAC has not yet
been done. For this reason, treatment de-
cisions frequently extrapolate from the
PDAC literature where three randomized
control trials have produced conflicting re-
sults.

The GITSG and EORTC trials showed or
suggested a benefit to adjuvant therapy for
pancreatic adenocarcinoma, while ESPAC-1
suggested a discrepant effect of chemoradio-
therapy and chemotherapy.14–17 CONKO
showed a benefit to adjuvant gemcitabine
chemotherapy without the use of radiother-
apy.18 Growing evidence suggests, how-
ever, that IPMN is associated with mark-
edly different genetic alterations than
pancreatic adenocarcinoma and therefore
may represent a biologically distinct en-
tity.2,3,5,10 Thus, the extensive clinical expe-
rience with pancreatic adenocarcinoma

Table 2. Hazard ratios, 95% confidence intervals (CI), and P values for univariate analysis for clinical and treatment factors related to
overall and cancer-specific survival�

Clinical covariates

Overall survival Cancer-specific survival

Hazard
ratio 95% CI P

Hazard
ratio 95% CI P

Positive nodes 5.5 2.3 13 � .0001 14 4.2 44 � .0001

Lymphovascular invasion 3.7 1.5 9.3 .004 4.7 1.5 15 .007

Perineural invasion 2.4 1.1 5.3 .026 3.9 1.5 10 .006

CA 19-9 � 80 4.6 2.0 11 � .001 6.2 2.2 17 .001

Adjuvant therapy

Negative nodes 0.79 0.24 2.7 .7 2.1 0.35 .4

Positive nodes 0.13 0.029 0.56 .006 0.10 0.018 0.59 .01

Total pancreatectomy (vs. partial) 2.1 0.9 4.8 .07 1.2 0.4 3.8 .7

Main duct IPMN (vs. others) 0.9 0.4 2.0 .8 0.9 0.3 2.4 .8

Age 1.0 0.99 1.1 .1 1.04 0.99 1.09 .1

Male sex 0.6 0.3 1.4 .2 0.7 0.3 1.7 .4

Positive margin 1.8 0.8 4.2 .1 3.1 1.2 8.0 .02

�All patients treated received chemoradiotherapy; 5 of 17 also received an additional 4–6 months of chemotherapy.Abbreviation: IPMN � intraductal papillary
mucinous neoplasm.
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may imperfectly guide the management of
patients with PDAC arising in IPMN.

In our study, there were a number of
factors that were found to be prognostic for
overall and cancer-specific survival. Higher
stage, nodal involvement, elevated CA
19-9, LVI, and PNI were all associated with
higher risk of death from cancer. Overall,
patients with PDAC arising in IPMN in our
series presented at an earlier stage than
those with classic PDAC, likely reflecting
the natural history of the premalignant le-
sion, which may grow to a large size and
become readily apparent on radiography
prior to dissemination. This presentation at
earlier stage was also shown in a series
from Johns Hopkins University, with 64%
of patients presenting with stage II disease
and only one of 70 patients presenting with
stage III disease.19

Patients receiving adjuvant CRT or che-
motherapy were more likely to have nodal
involvement and higher stage disease and,

therefore, a worse prognosis. On univariate
analysis, adjuvant therapy was not associ-
ated with improved survival, perhaps be-
cause of the excellent 5-year survival for
patients with node-negative disease. Of the
patients with positive nodes, the cohort that
received adjuvant therapy had a 16.5-
month median cancer-specific survival ad-
vantage. While the contribution of selection
bias and small numbers complicate inter-
pretation, this result is intriguing.

Our findings of an association of adju-
vant radiation with poorer prognostic fac-
tors as well as the benefit of adjuvant CRT
in patients with high-risk disease was also
shown in the Johns Hopkins series.19 In
that series, Swartz et al showed that for
patients with positive margins or node pos-
itive disease, adjuvant CRT was associated
with improved survival. However, as in our
series, patients who received adjuvant
treatment exhibited a significant selection
bias, with more stage II–III disease or node

positive disease.19 It is likely that this selec-
tion bias in the both series led to the finding
of no significant benefit to adjuvant CRT in
the overall cohorts.

If the patients who did not receive ad-
juvant therapy were “sicker” or more likely
to die, they still required a rapid recurrence
of disease to be counted as a cancer-spe-
cific death with a median survival of 3.3
months. Indeed, rapid disease progression
is the most likely reason that these patients
did not receive adjuvant therapy. However,
it is impossible to draw any conclusions
with only 14 node-positive patients. It is still
striking, though, that the node positive pa-
tients who received adjuvant therapy had
almost a 2-year median survival. Whether
the favorable median survival is due to
therapy, a favorable genotype, or a combi-
nation is unclear. Clearly, any definitive
conclusions regarding the role of adjuvant
therapy are limited by the small numbers
and retrospective nature of this study. Fur-

Figure 1. Overall survival of patients segregated by nodal status (upper left), elevated CA 19-9 (upper right), lymphovascular invasion (bottom left), and perineural invasion
(bottom right). LVI � lymphovascular invasion; PNI � perineural invasion.
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thermore, in any retrospective study, selec-
tion bias can play a significant role in show-
ing benefit for an intervention.

PDAC arising in IPMN appears to rep-
resent a distinct neoplastic progression to
pancreatic adenocarcinoma compared to
PanIN. Our series suggests that patients
with PDAC arising in IPMN present with
earlier stage disease (30% with node-pos-
itive disease) than in classic PDAC series,
for which �70% of resected patients have
node-positive disease.14,16–18 Node-nega-
tive patients in the current series had an
excellent cancer-specific and overall sur-
vival, while patients with more advanced
stage disease had a much poorer progno-
sis, consistent with classic PDAC. Adjuvant
therapy for patients with positive nodes
may provide overall and cancer-specific
survival benefits in patients with PDAC aris-
ing in IPMN. Future studies of pancreatic
cancer should focus on clarifying the prog-
nosis of invasive IPMN and PDAC in a

stage-by-stage analysis, as well as further
prognostic stratification by histologic sub-
type and genotyping.
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