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adjuvant therapy such as chemotherapy, radiotherapy,
or chemoradiotherapy was not adopted until tumor
recurrence was definitively diagnosed.

Statistical Analysis

The results are expressed as median values, with the
respective ranges indicated within square brackets.
The relationship between the postoperative morbidity
and the dichotomous variables was evaluated by chi-
square analysis or Fisher’s test, whichever was appro-
priate. The statistical significance of continuous vari-
ables was determined using the Mann-Whitney test.
Patient survival was calculated using the Kaplan-Me-
ier method, including deaths from all causes. Univar-
iate comparisons of the survival curves were performed
using the log-rank test. Multivariate regression anal-
ysis (backward elimination method) was performed
using the Cox proportional hazards model,”® and
variables associated with P < .10 were entered into
the final model. Results were considered significant
when the P values were less than .05. The statistical
analyses were performed using a statistical analysis
software package (SPSS 11.5, SPSS Inc. Chicago, IL).

RESULTS

The patients’ overall 1-, 3-, and S5-year survival
rates were 81.0%, 43.7%, and 33.4%, respectively. The
median survival was 28.4 (4.1-187.1) months, and the
median follow-up time was 25.2 (4.1-187.1) months.
Ninety-seven patients died of tumor recurrence, and
two patients died without evidence of tumor recur-
rence. The remaining 59 patients are currently alive;
12 have recurrence, and 47 have no sign of recurrence
at the time of writing.

The patient characteristics and preoperative vari-
ables are summarized in Table 1. The six clinico-
pathological variables were compared. Preoperative
biliary drainage was performed significantly more

FIG. 2. Representative case of hi-
lar bile duct cancer (A) and intra-
hepatic cholangiocarcinoma
involving the hepatic hilus (B) on
the slice section of resected speci-
men. Arrows indicate

tumor.

frequently in BDC patients (P < .001). Serum CA19-
9 levels were significantly higher in CCC patients
(P = .006). There were no significant differences in
other variables between BDC and CCC patients.
There were no in-hospital deaths in the BDC group,
but two patients with CCC died in hospital (CCC
mortality rate, 3.4%; overall mortality rate, 1.3%).
Eighty-three patients (52.5%) developed postopera-
tive morbidity. There were no statistically significant
differences in mortality or morbidity between the two
groups (Table 2).

The overall 1-, 3-, 5-year survival rates and median
survival time of BDC patients were 87.9%, 48.4%, 38.4
%, and 33.7 months, respectively. The overall 1-, 3-, 5-
year survival rates and median survival time of CCC
patients were 69.5%, 35.8%, 24.5 %, and 22.7 months,
respectively. There was a significant difference in the
overall survival between BDC and CCC patients
(P = .033) (Fig. 3). Figures 4A and 4B show the sur-
vival curves of BDC and CCC patients by UICC
staging. Significant differences were noted between
stages 1 and II (P = .0023), stages I and III
(P = .0453), and stages I and IV (P = .0006) in BDC
patients (Fig. 4A). Significant differences were also
noted between stages I and IV (P = .0039), stages II
andIV (P = .0112),and stagesIlTand IV (P = .0285)
in CCC patients (Fig. 4B). For any given stage, there
was no significant difference in survival between
BDC and CCC patients: stage 1 (P = .5016), II
(P = .3316), lI1 (P = .9584),and IV (P = .1387).

The surgical procedures and operative variables are
summarized in Table 2. Hepatopancreatoduodenec-
tomy (HPD)*® (P = .012), PVE (P = .005), and
right-sided hepatectomy (P = .033) were performed
significantly more frequently in BDC patients. There
were no other significant differences in the surgical
procedures or operative variables between the BDC
and CCC patients.

The 11 histopathological variables were compared
(Table 3). Well differentiated or papillary adenocar-
cinoma (P = .034) and positive proximal (P = .046)
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FIG. 3. The survival curves for hilar bile duct cancer (BDC) pa-
tients and intrahepatic cholangiocarcinoma involving the hepatic
hilus (CCC) patients. The overall 1-, 3-, 5-year survival rates, and
median survival time of BDC patients were 87.9%, 48.4%, 38.4 %,
and 33.7 months, respectively. The overall 1-, 3-, 5-year survival
rates, and median survival time of CCC patients were 69.5%,
35.8%, 24.5 %, and 22.7 months, respectively. There was a signif-
icant difference in the overall survival between BDC and CCC
patients (P = .0333).

or distal (P = .028) bile duct margins were signifi-
cantly more frequent in BDC patients. On the other
hand, resected major portal vein invasion (P = .001)
and moderate to severe venous invasion (P = .004)
were significantly more frequent in CCC patients.
There were no significant differences between BDC
and CCC patients in the remaining six histopathol-
ogical variables.

The 9 clinical and 11 histopathological risk factors
possibly related to survival in BDC patients were
analyzed by the log-rank test (Table 4). Male gender
(P = .040), preoperative biliary drainage (P = .005),
and an ICG R15 over 10% (P = .030) were significant
clinical risk factors in BDC patients. Histologic dif-
ferentiation (P = .010), depth of tumor invasion
(P = .005), lymph node involvement (P < .001),
resected major portal vein invasion (P = .009), ve-
nous invasion (P = .039), and nervous system inva-
sion (P = .004) were significant histopathological risk
factors in BDC patients.

The 8 clinical and 12 histopathological risk factors
possibly related to survival in CCC patients were
analyzed by the log-rank test (Table 5). Serum CA 19-9
(P = .006), CEA level (P = .002), and red blood cell
transfusion requirement (P < .001) were significant
clinical risk factors in CCC patients. Macroscopic tu-
mor type (P = .004), resected major portal vein
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FIG. 4 Survival curves. (A) BDC patients by UICC pathological
stage. Significant differences were noted between stages I and II
(P = .0023), stages I and III (P = .0453), and stages I and IV
(P = .0006). (B) The survival curves of CCC patients by UICC
pathological stage. Significant differences were noted between
stages I and IV (P = .0039), stages II and IV (P = .0112), and
stages III and IV (P = .0285).

invasion (P = .011), T-category (P = .001), lymph
node involvement (P = .016), lymphatic system
invasion (P = .014), venous invasion (P = .017),
nervous system invasion (P = .036), presence of
intrahepatic daughter nodules (P = .003), and cancer-
positive proximal bile duct margin (P = .003) were
significant histopathological risk factors in CCC pa-
tients.

Multivariate analysis using the Cox proportional
hazard model identified the curative resection with
cancer-free margin (R0) (P = .024, odds ratio 1.862),
the histologic type (well differentiated or papillary
adenocarcinoma) (P = .011, odds ratio 2.135), and the
absence of lymph node involvement (P < .001, odds
ratio 3.314) as independent factors that contributed to
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TABLE 3. Histopathological variables

Variable BDC (n = 99) CCC(n =59 P value
Histologic differentiation Well, papillary 36 (36%) 12 (20%) 034
T-category 1,2 40 (40) 26 (44)
Lymph node metastasis Present 47 (47) 36 (61)
Invasion of the resected major portal vein Present 26 (26) 31 (53) 001
Invasion of the lymphatic system Absent or slight 62 (63) 29 (49)
Invasion of the venous system Absent or slight 65 (66) 25 (42) .004
Invasion of the nervous system Absent or slight 32 (32) 18 (31)
Histological stage I, 11 79 (80) 12 (20) <.001
Proximal ductal margin Positive 29 (29) 9 (15) .046
Distal ductal margin Positive 17 (17) 3(9 028
Dissected periductal margin Positive 13 (13) 10 (17)
RO resection Achieved 58 (59) 43 (73)

Percentage are described in parentheses.

prolonged survival in BDC patients. On the other hand,
the absence of intrahepatic daughter nodules
(P < .001, odds ratio 2.318), preoperative serum CEA
level of 2.9 ng/mL or less (P = .005, odds ratio 2.606),
red blood cell transfusion requirement (P = .016, odds
ratio 2.614), absence or slight degree of lymphatic sys-
tem invasion (P < .001, odds ratio 4.577), and cancer-
negative proximal bile duct margin (P = .003, odds
ratio 7.398) were identified as independent factors that
contributed to prolonged survival in CCC patients
(Table 6).

DISCUSSION

The clinical impact of differentiating between BDC
and CCC has not been clarified. In this setting, our
present study is the first large, single-center series that
has addressed the prognostic factors for BDC and CCC
separately. Nakeeb et al.2! evaluated the surgical out-
come of cholangiocarcinoma divided into three catego-
ries: intrahepatic, perihilar, and distal cholang
iocarcinoma. Their classification appears to be reason-
able with respect to the choice of surgical procedure:
hepatectomy for intrahepatic cholangiocarcinoma, he-
patobiliary resection for perihilar cholangiocarcinoma,
and the Whipple procedure for distal cholangiocarci-
noma. Although perihilar cholangiocarcinoma can be
divided into BDC and CCC based on the anatomical
origin of the tumor, a substantial number of reports have
described the surgical outcome of hilar cholangiocarci-
noma, which have likely included CCC patients. We
previously reported the safety and short-term outcome
of major hepatobiliary resection for perihilar cholangi-
ocarcinoma.'® In the present study, we performed a
prognostic analysis of perihilar cholangiocarcinoma
patients treated with major hepatobiliary resection to

delineate the characteristics of long-term survivors and
to assess the impact of differentiating between BDC and
CCC.

The overall survival of BDC patients was signifi-
cantly better than that of CCC patients (Fig. 1,
P = .033). This difference is potentially caused by a
different distribution of the pathological stages in this
study; CCC patients had a higher proportion of stage
I1I or IV disease (74.6%) than BDC patients (25.3%,
P < .001). In fact, there was no significant difference
in the overall survival between BDC and CCC pa-
tients with the same stage. However, the validity of
using the UICC staging system based on the TNM
classification of extrahepatic bile duct cancer for
BDC and liver cancer for CCC to compare the two
groups might be questioned. Many of the possible
risk factors that were analyzed are similar for both
BDC and CCC, though on univariate analysis, only a
few factors were significant predictors for both. On
multivanate. analysis, no significant independent
prognostic factors were common for both BDC and
CCC. Thus, BDC and CCC appear to show inde-
pendent biological behaviors. Therefore, differenti-
ating between BDC and CCC would have an impact
on our ability to predict postoperative survival based
on their independent prognostic factors.

BDC is typically associated with thickness or
irregularity of the bile duct wall with or without
involvement of adjacent liver parenchyma or portal
structures. CCC is frequently associated with tumor
bulk with or without invasion to Glisson’s capsule on
imaging studies; both BDC and CCC may show in-
traductal tumor extension.'” Tumor bulk might be
related to the higher CEA and CA19-9 levels seen in
CCC than in BDC. Nevertheless, precise preoperative
differentiation between BDC and CCC using various
diagnostic imaging studies or clinical manifestation is
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TABLE 4. Possible clinical and pathological risk factors for survival in BDC (univariate analysis)

Survival rate (%)

Factors No. of patients 3-year 5-year Median survival (months) P value
Overall 99 48.4 384 33.7
Age (median: 64 years)
<64 ’ 50 56.7 41.6 47.6
>64 49 . 39.6 35.6 293
Gender .040
Male 69 43.6 3t 30.1
Female 30 . 58.8 53.9 72.7
Biliary drainage .005
Not performed . 22 80.7 68.7 . 72.7
Performed 77 38.5 28.8 26.7 :
ICG R15 (normal range; <10%) .030
<10 ' 62 54.4 458 476
>10 37 38.2 26.4 26.5
CA19-9 (median: 101 U/mL)
<101 50 48.3 38.0 33.7
> 101 49 48.7 - 39.6 355
CEA (median: 2.5 ng/mL)
2.5 53 41.5 27.8 26.7
>2.5 46 55.8 51.9 66.4
With PD
Yes 10 41.1 41.1 32
No 89 49.1 38.3 35.5
With VR
Yes . 24 41.9 35.9 28.3
No 75 50.4 39.1 372
Red blood cell transfusion
Performed o34 39.2 314 283
Not performed . 65 54 43 44.3
Macroscopic type of the tumor '
Polypoid 9 63.5 47.6 45.5
Nodular or infiltrative 90 47.0 37.7 32.0
Histologic differentiation
Well or papillary 36 60.0 56.3 83.0 010
Others 63 42.0 25.9 26.5
Depth of tumor invasion ’
Mucosal, fibromuscle layer 8 100.0 100.0 N.A. .005
Subserosal or more 91 43.8 33.7 293
T category
1,2 ' 40 59.6 59.6 83.0
3,4 59 41.1 25.0 29.1
Lymph node involvement . <.001
Negative 52 67.3 58.4 75.2
Positive 47 217 15.9 23.1
Invasion of the resected portal vein : . .009
Absent 73 55.7 51.1 66.4
Present 26 30.8 132 235
Invasion of the lymphatic system
Absent or slight 62 54.4 46.6 45.5
Moderate to marked 37 38.8 25.9 293
Invasion of the venous system 039
Absent or slight 65 574 46.0 47.6
Moderate to marked 34 - 312 234 25.2
Invasion of the nervous system .004
Absent or slight 32 70.5 60.6 127.7
Moderate to marked 67 382 28.3 26.0
Proximal ductal margin
Negative 70 54.1 41.1 45.5
Positive 29 32,6 32.6 252
RO resection '
Achieved 58 572 444 455
Not achieved ’ 4] 35.1 30.1 29.9

ICGRIS indicates indocyanine green retention value at 15 minutes; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembrionic antigen;
PD, pancreatoduodenectomy; VR, vascular (hepatic artery, portal vein or inferior vena cava) resection and reconstruction; N.A., not
available.

Ann. Surg. Oncol. Vol. 15, No. 2, 2008



PROGNOSIS OF PERIHILAR CHOLANGIOCARCINOMA 597

TABLE 5. Possible clinical and pathological risk factors for survival in CCC (univariate analysis)

Survival rate (%)

Factors No. of patients 3-year 5-year Median survival (months) P value
Overall ) 59 35.8 24.5 22.7
Age (median, 66 years)
<66 33 29.2 25.1 221
>66 26 43.8 24.7 28.4
Gender
Male 37 376 28.2 215
Female 22 ) 34.1 21.9 24.7
Biliary drainage
Not performed 43 36.6 30.5 259
Performed 16 333 . 11.1 17.5
ICG R15 (normal range, £10%)
<10 43 36.7 30.1 32.1
>10 16 34.7 13 259
CA19-9 (median, 306 IU/mL) .006
<306 30 50.4 35 37
>306 29 21.1 14.1 14.8
CEA (median, 2.9 mg/dL) .002
<29 30 50.4 38.1 36.7 :
>2.9 ©29 20.6 10.3 14.8
With VR
Yes ) 21 37.1 14.9 23.1
No 38 34.9 279 22.1
Red blood cell transfusion <.00!
Performed 26 115 3.9 17.5
Not performed 33 584 459 549
Macroscopic type of the tumor ) .004
Mass-forming 44 25.8 12.3 17.5
Periductal or intraductal 15 6.6 56.5 N.A.
Serosal invasion :
Positive 7 214 0 7
Negative 52 376 27.6 23.1
Histologic differentiation
Well or papillary 12 41.7 313 25.9
Others 47 344 24.1 22.1
Invasion of resected major portal vein 011
Absent 29 49 38.5 31.7
Present 30 22.7 N.A. . 17.5
T category 001
1,2 : 26 553 47.4 54.9
3,4 33 20.2 N.A. 17.5
Lymph node involvement .016
Negative 23 . 50.6 375 374
Positive 36 26.8 17.9 17.5
Invasion of the lymphatic system 014
Absent or slight 29 52.6 338 36.7
Moderate to marked 30 19 19 16.6
Invasion of the venous system . .017
Absent or slight 25 45.4 40.3 311
Moderate to marked 34 289 0 16.6
Invasion of the nervous system .036
Absent or slight 18 60.2 40.1 54.9
Moderate to marked 41 25 16.7 21.5
Intrahepatic daughter nodule .003
Absent 42 44.4 313 31.1
Present 17 14.1 7.1 1.1
Proximal bile ductal margin .003
Negative 50 40.5 29.8 . 27.2
Positive 9 : 111 0 9.3
RO resection
Achieved 42 40.6 295 27.2
Not achieved 17 23.2 N.A. 21.5

ICGR15 indicates indocyanine green retention value at 15 minutes; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembrionic antigen;
VR, vascular (hepatic artery, portal vein or inferior vena cava) resection and reconstruction; N.A., not available.
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TABLE 6. Risk factors associated with postoperative survival in patients with perihilar cholangiocarcinoma (Cox Multivariate
Regression Analysis)

Variable B SE P value Odds ratio 95% CI
BDC patients

RO resection . 0.622 0.275 .024 1.862 1.085-3.194
Histologic differentiation (well, papillary versus others) 0.759 0.300 .011 2.135 1.186-3.844
Lymph node involvement 1.198 0.282 <.001 3.314 1.906-5.763
CCC patients

Intrahepatic daughter nodule 0.841 0.239 <.00t 2.318 1.450-3.705
Preoperative serum CEA level over 2.9 ng/mL 0.958 0.341 .005 2.606 1.337-5.080
Red blood celi transfusion requirement 0.961 0.399 016 2.614 1.195-5.719
Invasion of the lymphatic system 1.521 0.423 <.001 '4.577 1.997-10.494
Proximal bile duct margin 2.001 0.673 .003 7.398 1.976-27.688

P < 0.1 was set as the cut-off for variable elimination.

sometimes difficult. Actually, in 12 of 59 cases (20%)
finally diagnosed as CCC, 17 of 99 cases (17%) finally
diagnosed as BDC, it was not easy to discriminate
between CCC and BDC by the review of pathologist.
In our series, in approximately 20% of the cases it was
not easy to discriminate between BDC and CCC.
Hepatobiliary surgeons and pathologists should be
aware of the differences between BDC and CCC. In
addition, the examination of a greater number of
cases and the use of immunohistological or genetic
techniques may provide a better understanding of
these two conditions.??

With respect to the surgical procedures, HPD?® to
secure the distal bile duct margin was done signifi-
cantly more frequently in BDC patients. This differ-
ence implies that, among the BDC cases, there was
extenstve longitudinal extension along the extrahe-
patic bile duct, which may account for the signifi-
cantly higher cancer-positive rates of the proximal
and distal bile duct margins among the BDC patients.
The rate of portal vein resection and reconstruction
was comparable in the BDC and CCC patients. In
our protocol, the decision to perform a right- or left-
sided hepatectomy is made based on the predominant
location of the tumor. When the tumor involved the
right and left or proximal bile duct equally, right-
sided hepatectomy was the first choice; this situation
commonly occurs in BDC patients. Thus, a right-si-
ded hepatectomy and prior PVE were performed
significantly more frequently in BDC patients.

The bile duct margins must be clear of cancer to
achieve cure; many previous reports have suggested
that the presence of clear margins is an independent
prognostic factor,> %1321 which is consistent with
the results seen in our CCC patients. In BDC pa-
tients, the proportion of positive proximal bile duct
margin was 29%, and RO resection was achieved in
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59%. This figure is lower than the 70% or greater
cancer-negative surgical margins previously reported
in large series.>"">1213.23 The relatively high rate of
cancer-positive surgical margins in the present study
may be attributed to the strict diagnostic criteria used
for bile duct margins or due to institutional differ-
ences in the diagnostic criteria. Nevertheless, the
overall 5-year survival rate of 38.4% for BDC pa-
tients in our series is at least comparable to previous
reports.>>"%121323 Eyrther research is needed to
clarify the diagnostic accuracy of bile duct mar-
gins?*?% and the impact of positive bile duct margins
on survival 26’

Although the rates of red blood cell (RBC) trans-
fusion requirement in both CCC and BDC group
were comparable, CCC patients who underwent RBC
transfusion showed a significantly shorter survival
than those who did not undergo transfusion. On the
other hand, there was no significant survival differ-
ence in BDC patients in terms of RBC transfusion. In
patients with hepatocellular carcinoma (HCC), Ya-
mamoto et al.*® pointed out that perioperative RBC
transfusion promotes tumor recurrence after hepa-
tectomy. This may support that CCC, classified into
primary liver tumor as same as HCC, potentially has
a different character from BDC classified into bile
duct tumor.

In summary, the overall survival of BDC patients
was significantly better than that of CCC patients. On
univariate analysis, only a few of the statistically
significant clinicopathological factors were the same
in the two groups; on multivariate analysis, there
were no common significant predictive factors. Thus,
BDC and CCC appear to show different biological
behaviors. Differentiating between these two condi-
tions would have an impact on the ability to predict
postoperative survival,
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Abstract: Invasive intraductal papillary-mucinous carcinoma
(I-IPMC) is a heterogeneous entity with various postoperative
outcomes. The aim of this study is to characterize early-stage
I-IPMC with nonaggressive characteristics. One hundred and
four patients with intraductal papillary-mucinous neoplasm
(IPMN) were clinicopathologically investigated. The lesions
were classified into 53 noninvasive IPMNs (adenoma, border-
line, and noninvasive IPMC) and 51 I-IPMCs on the basis of
the WHO classification. I-IPMCs were divided further into
26 minimally invasive IPMCs (MI-IPMCs) and 25 invasive
carcinomas originating in IPMC (IC-IPMCs) by new diagnostic
criteria proposed in this study. We examined invasiveness of
I-IPMC on 4 patterns, and defined simple and practical
diagnostic criteria of minimal invasion for each invasive pattern.
The disease-specific survival rates after 3, 5, and 10 years were
100%, 100%, and 100% for both noninvasive IPMN and MI-
IPMC, and 51%, 38%, and 0% for IC-IPMC. The overall and
disease-specific survival rates for MI-IPMC were both signifi-
cantly better than those for IC-IPMC (P < 0.001), but there was
no significant difference between noninvasive IPMN and MI-
IPMC. Multivariate analysis showed that the factors indicative
of poor prognosis were a diagnosis of I-IPMC classified as IC-
IPMC and a high level of serum carbohydrate antigen 19-9. The
prognosis of IC-IPMC was not significantly different from that
of pancreatic ductal carcinoma in each of the corresponding
tumor-node-metastasis stages. These findings suggest that a
category of MI-IPMC provides more accurate and useful
information of the stage and the aggressiveness of I-IPMC.
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I ntraductal papillary-mucinous neoplasm (IPMN) of the
pancreas is a well-characterized clinical and pathologic
entity. IPMNs are characterized by intraductal prolifera-
tion of neoplastic mucinous cells, which usually form
papillae and lead to cystic dilation of the pancreatic ducts,
forming clinically and macroscopically detectable
masses.! Similarly to the well-defined adenoma-carcino-
ma sequence in colorectal cancer,’ IPMNs progress from
intraductal papillary-mucinous adenoma (IPMA) to
borderline IPMN, then to intraductal papillary-mucinous
carcinoma (IPMC), and eventually to invasive adenocar-
cinoma.>%1® According to the WHO classification,!31
IPMC is classified as either “noninvasive” or “invasive.”
It is reported that noninvasive IPMN shows a favorable
postoperative outcome in comparison with invasive
IPMC (I-IPMC), with 5-year survival rates ranging from
77% to 100%.46.16:20.22.24 With regard to the prognosis
of I-IPMC, there is a substantial variation in the 5-year
survival rates from 24% to 60% in previous
reports.»616:20.22-24 This may be due to heterogeneity of
I-IPMCs, including an invasive component of various
sizes and biologic behavior. Our hypothesis is that the
prognosis of I-IPMC can be substantially determined by
the degree and type of invasion, and thus I-IPMC can
be classified as either aggressive or nonaggressive by
categorization according to the extent and pattern of
invasion. Such a classification would be clinically relevant
for deciding whether surgery is indicated, for selecting the
most appropriate surgical procedure, and for prediction
of postoperative outcome.

The concept of minimally invasive cancer was
originally introduced for uterine cervical cancer showing
very early invasion and a favorable prognosis.2® Mini-
mally invasive IPMC (MI-IPMC) has been categorized
within the classification of pancreatic carcinoma used by
the Japan Pancreatic Society (JPS) since 1993.12 In the
JPS classification, I-IPMC is classified into 2 categories:
MI-IPMC and invasive carcinoma originating in IPMC
(IC-IPMC), the latter being more advanced. A few
reports have indicated that MI-IPMC has a better
surgical outcome than IC-IPMC.'%?327 However, the
definition of “minimal invasion” has not been clear.
In the original JPS text, it is described only as “slight
invasion beyond the pancreatic duct wall.””!2

In this retrospective study, we evaluated the
invasiveness of I-IPMC by the examination of 4 invasive
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patterns, and tried to define simple and practical
diagnostic criteria of minimal invasion for each invasive
pattern. The clinical relevance of this subdivision was
then evaluated in terms of postoperative survival.

MATERIALS AND METHODS

Study Population

This study was approved by the Ethics Committee
of the National Cancer Center, Japan. Between January
1984 and December 2005, 111 patients underwent
pancreatic resection for IPMNs at the National Cancer
Center Hospital, Japan. There were no operation-related
deaths, and all patients underwent macroscopically
curative resection without any residual tumor. Seven
cases also had ductal carcinoma of the pancreas, which
was not directly associated with IPMNs. Excluding these
patients, 104 cases of IPMN were included in this study.
The patients comprised of 56 males and 48 females with
a median age of 66 (41 to 84) years. The operative
procedures included 12 pancreatoduodenectomies (PDs),
59 pylorus-preserving PDs (PPPDs), 24 distal pancrea-
tectomies, 3 total pancreatectomies, 5 partial pancreatec-
tomies, and 1 PPPD with distal pancreatectomy. These
procedures accounted for 18.9% of all pancreatectomies
(n = 551) performed at our institution for pancreatic
tumors during the same period.

Every patient was followed up in the outpatient
clinic every 1 to 3 months during the first postoperative
year, and every 6 to 12 months thereafter. No patient
dropped out during follow-up. Clinical or radiologic data
and follow-up information for every patient were
obtained from the medical records. The median follow-
up period after surgery was 37.2 (4.2 to 210) months for
all patients, 52.9 (4.2 to 171) months for noninvasive
IPMN, 43.4 (13.2 to 210) months for MI-IPMC; and 20.4
(7.1 to 87.7) months for IC-IPMC.

Pathologic Examination

All of the IPMNs were pathologically reexamined
and the diagnosis of IPMN was confirmed. Surgically
resected specimens were fixed in 10% formalin and cut into
serial 5-mm-thick slices, horizontally in the pancreas head,
and sagittally in the pancreas body and tail. All the
sections were stained with hematoxylin and eosin for
pathologic examination. If necessary, additional staining
for elastic fibers (elastica stain) was performed. After
histopathologic examination of all the sections, the lesion
was classified as IPMA, borderline IPMN, noninvasive
IPMC, or I-IPMC according to the WHO classifica-
tion.!315 The lesion was graded by the highest degree of
atypia. I-IPMCs were divided further into MI-IPMC or
IC-IPMC according to our proposed criteria (Table 1)
described later. We evaluated the invasiveness of I-IPMC,
and the 4 invasive patterns were examined: “infiltrative
growth,” “mucous rupture,” ‘“expansive growth,” and
“intra-abdominal rupture.” The criterion of minimal
invasion was proposed for each invasive pattern. I-IPMC
showing some features of minimal invasion without any
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features categorized in IC-IPMC was classified as MI-
IPMC. I-IPMC showing at least one invasive feature
beyond minimal invasion is classified as IC-IPMC. For
example, if an I-IPMC shows mucous rupture and
infiltrative growth of tubular adenocarcinoma with 6-mm
length of invasion, this tumor is diagnosed as IC-IPMC.

An infiltrative growth pattern, which is commonly
found in conventional invasive ductal carcinoma of the
pancreas, is considerably aggressive (Figs. 1A-D).
Among the 6 patients with IC-IPMC, in whom the depth
of infiltration of carcinoma cells ranged from 6 to 20 mm,
3 patients (including a patient with 6-mm-length infiltra-
tion of carcinoma cells) had recurrence in the liver or
peritoneal cavity, and died of the disease. This suggests
that infiltrative growth is strongly associated with a high
rate of recurrence and mortality, even if the size of
invasion is limited. On the other hand, none of the 17
patients with a maximum infiltration of 5mm or less had
recurrence except 2 patients, 1 of them had 2-mm-length
infiltration of tubular adenocarcinoma and the other had
2-mm-length infiltration of pure mucinous carcinoma.
Therefore, we adopted a threshold of 5mm as a
diagnostic criterion for minimal invasion in infiltrative
growth (Table 1). Lymphatic, venous, and neural inva-
sion are treated as a part of infiltration of cancer cells.
Invasion of 5mm or less is sometimes difficult to detect.
In such cases, elastica staining was helpful for differ-
entiating infiltrating carcinoma from intraductal spread-
ing of carcinoma (Figs. 1C, D).

IPMN is characterized by its prominent mucus
secretion into the lumen, in some cases, into the space
between epithelial cells and basement membrane due to
inverted cellular polarity, which subsequently causes
disruption of the pancreatic duct wall and spilling of
mucus into the interstitial space.!"” This is referred to
mucous rupture (Fig. 2) and is diagnosed as minimal
invasion if mucous lakes are not associated with muci-
nous carcinoma showing infiltrative growth (Table 1).
Mucous rupture was observed only in the vicinity of the
pancreatic ductal system, although the location was not
confined to the pancreas. We considered mucus lakes near
noninvasive IPMC as mucous rupture regardless of the
presence of viable cancer cells within it, because viable
cancer cells may be present floating in the mucus lake.
When viable cancer cells floating in mucus lake are
apparently present and are scant (there is very small
number of cancer cells or their clusters floating in only the
limited mucus lakes. The representative' feature was
shown in Fig. 2D), this situation is called as “mucous
rupture with cellular component.” This subcategory
includes a kind of pure mucinous carcinoma (alternatively
colloid carcinoma)! showing a very low cellularity, and
nonmucinous cancer cells which are simply detached from
the duct wall and are floating in mucus lake. Mucous
rupture without floating cancer cells represented the
suspected lesion of mucous rupture with cellular compo-
nent. When there are many cancer cells (more than
“scant” level) floating in mucus lake, it is judged as
infiltrative growth of mucinous carcinoma (Figs. 2E, F).
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FIGURE 1. Histopathologic features of “infiltrative growth f conventional
invasive ductal carcinoma of the pancreas. The arrows indicate the depth of infiltration of invasive carcinoma. If the depth is less
than 5 mm, it is regarded as minimal invasion (A), and if the depth is more than 5 mm it is regarded as IC-IPMC (B). C and D,
Elastica stain (D) helps to discriminate infiltrative growth-from intraductal spread of carcinoma. The former lacks a positively
stained sheath of elastic fibers (black) around the pancreatic duct. Hematoxylin and eosin stain (C).
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FIGURE 2. Histopathologic features of “mucous rupture” and “infiltrative growth” of mucinous carcinoma in I-IPMC. A to D,
"Mucous rupture’ pattern. Part of the pancreatic duct is disrupted and mucus leakage is evident. Variable sizes of mucus lakes
without viable cancer cells floating are observed (A-C). A small duct covered by elastic fibers (C right column; elastica stain) is
broken and the mucus leaks to form mucus lake (C). A small number of cancer cells (arrow) are floating in mucus lakes, which is
described as “‘mucous rupture with cellular component.” We could not observe any floating cancer cells in mucus lakes other than
this cluster of cancer cells (arrow) in the entire lesion of the I-IPMC (D). E to H, “Infiltrative growth’” of mucinous carcinoma. Many
cancer cells floating in mucus lakes (E, C) or infiltrating features of mucinous carcinoma (F, H) are categorized as “infiltrative
growth” of mucinous carcinoma. G and H, High-power view of (E) and (F), respectively.

© 2008 Lippincott Williams & Wilkins 247
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FIGURE 3. Histopathologic features of “expansive growth” in I-IPMC. The pancreatic duct is markedly dilated to a cystlike shape
(A, B). Fresh cut view (A) and formalin-fixed cut surface (B) of cystic I-IPMCs. Cystically dilated pancreatic duct is filled with clear
mucus and many papillary projections are seen on the inner surface (A). The SPV is compressed (B-D) and its thickened wall is
eroded by an enlarged cystic IPMC (arrows) in hematoxylin and eosin stain (C) and elastica stain (D). A fistula has been formed
between cystic I-IPMC (dotted line) and duodenum (E).
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All of the 24 patients with mucous rupture MI-IPMC
survived after surgery.

Expansive growth of ductectatic or cystic IPMN is
another characteristic feature of IPMN (Fig. 3). In
addition to mucous rupture, an increase of intraductal
pressure by hypersecretion of mucus causes marked cystic
dilatation of the duct, which continues to grow expan-
sively into extrapancreatic tissue. In some cases, cystic
IPMC eventually forms a fistula with surrounding
digestive organs (Fig. 3E) or erodes the wall of major
blood vessels [portal vein, splenic vein (SPV), superior
mesenteric vein (SMV), or splenic artery] (Figs. 3C-E).
Such growth and spread are rather passive in contrast to
the infiltrative growth that occurs in active invasion and
this feature was not associated with poor prognosis,
similarly to mucous rupture. IPMC showing expansive
growth with loss of the basement membrane of the
pancreatic duct in the IPMC is diagnosed as MI-IPMC. If
I-IPMC grows expansively, even if it ruptures into the
bowel, or even if it erodes a major vessel wall unless
cancer cells enter the lumen of the major vessel, it is still
regarded as minimal invasion (Table 1). If I-IPMC has
this type of growth as predominance, it is corresponded to
a kind of pure mucinous carcinoma associated with
IPMC.

Although we have not yet experienced intra-
abdominal rupture of IPMC, a few cases have been
reported.'® As intra-abdominal rupture was followed by
peritoneal dissemination in these reported cases, this type
should be distinguished from ordinary IPMN and
managed separately as ruptured IPMN.

IC-IPMC was defined as a lesion consisting of
IPMN and invasive carcinoma with the predominance of
the IPMN component.'? Such invasive carcinoma exceeds
the minimal invasion proposed in Table 1, and shows a
continuous transition between invasive carcinoma and
intraductal IPMC. In this study, we added new group of
cases to the original IC-IPMC category, which had
invasive carcinoma apparently originated from IPMN
but predominant over the IPMN component. We wanted
to compare the prognosis between IC-IPMC and
conventional invasive ductal carcinoma of the pancreas
in the matched tumor-node-metastasis (TNM) stages.!!

Statistical Analysis

Comparisons of qualitative variables were per-
formed using the %2 test or Fisher exact test. One-way
analysis of variance was used to compare the means of
3 or more groups. The postoperative overall and disease-
specific survival rates were calculated by the Kaplan-
Meier method. Univariate analysis was performed for
prognostic factors using the log-rank test. The factors
found to be predictive by univariate analysis were
subjected to multivariate analysis using the Cox propor-
tional hazards model. Differences at P <0.05 were
considered statistically significant. Statistical analyses
were performed with SPSS 11.0J software (SPSS Inc,
Chicago, IL).

© 2008 Lippincott Williams & Wilkins

.~ RESULTS

Histopathologic Evaluation of I-IPMC

One hundred and four IPMNs were classified into
27 IPMAs, 11 borderline IPMNs, 15 noninvasive IPMCs,
and 51 I-IPMCs according to the WHO classification. 1315
None of them had an ovarianlike stroma, and all the
lesions showed communication with the pancreatic ductal
system. I-IPMCs were further divided into 26 MI-IPMCs
and 25 IC-IPMCs according to our criteria (Table 1)
based on the histopathologic pattern of invasion.

To evaluate the aggressive characteristics of
I-IPMC, we examined the invasiveness of I-IPMC. The
invasiveness was categorized into 4 patterns: infiltrative
growth, mucous rupture, expansive growth, and intra-
abdominal rupture (see Materials and Methods). The
criterion of minimal invasion was proposed for each
corresponding pattern (Table 1), and the representative
features are shown in Figures 1 to 3.

Seventeen among 26 patients with MI-IPMC
showed infiltrative growth pattern (Fig. 1). Histologic
types of the infiltrating cancer cells were tubular
adenocarcinoma in 7 patients, mixed tubular adenocarci-
noma and mucinous carcinoma in 2 patients, pure
mucinous carcinoma in 5 patients, and papillary adeno-
carcinoma in 3 patients. The average depth of infiltration
was 1.5mm (range from <1 to 5mm). None of the 17
patients with a maximum infiltration of 5mm or less had
recurrence with exception of 2 patients, one of them had
2-mm-length infiltration of tubular adenocarcinoma and
the other had 2-mm-length infiltration of pure mucinous
carcinoma,

The most of the patients with MI-IPMC had
mucous rupture and 6 patients had MI-IPMC with
mucous rupture as predominant invasive pattern
(Fig. 2). Two of them were subcategorized as mucous
rupture with cellular component. None of these 6 patients
had recurrence. ’

Expansive growth (Fig. 3) was often observed in
cystically growing tumors and 4 patients with MI-IPMC
mentioned below showed expansive growth as predomi-
nance. In 2 patients with I-IPMC, a fistula was formed
between the IPMN and the duodenum. No cancer cells
infiltrating the duodenal wall were detected in either case
by histologic examination (Fig. 3E). It was suspected that
the fistulas were formed by rupture of the expansively
growing IPMN into the adjacent duodenum. The lesion
was classified as MI-IPMC (expansive growth) in 1
patient, but the other patient had definite invasive
cancer in the pancreas tail distant from the fistula,
and was therefore diagnosed as having IC-IPMC.
Whereas the former patient had no recurrence 107
months after surgery, the latter patient developed local
lymph node (LN) metastasis 6 months after surgery
and died of the disease. In the other 3 patients with
expansive growth of MI-IPMC, the IPMN had grown
deeply into the retropancreatic tissue, compressing the
wall of the SPV or SMV. In one of them, the tunica
media of the SPV was involved without a fistula
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TABLE 2. Comparison of Invasive Lesion Between MI-IPMC
and IC-IPMC

MI-IPMC IC-IPMC
(n = 26) (n = 25) P*
Growth pattern
Infiltrative growth 17 25
Mucous rupture or 10% 0
expansive
growth as predominance
Vessel or neural invasion 4 25 < 0.001
Lymphatic invasion 0 23 < 0.001
Venous invasion 2 24 < 0.001
Intrapancreatic neural 2 22 < 0.001
invasion
Extrapancreatic involvement 4 23 < 0.001
Serosa 0 4 0.051
Retropancreatic tissue 3t 21 < 0.001
Duodenum 11 8 0.002
Extrahepatic bile duct 3 0.110
Portal venous system 1t 8 0.011
Arterial system 0 1 0.490
Extrapancreatic nerve 0 4 0.051
plexus
Invasion to surgical margin 0 4 0.051
Metastasis 0 17 < 0.001
Local LN 0 17 < 0.001
Distant organs 0 4§ 0.051
TNM stage < 0.001
1A 22 1
1B 0 0
ITIA 4 7
11B 0 13
111 0 0
v 0 4§
Histology of infiltrative
growth
Pap 3 2
Tubl 7 5
Tub2 0 8
Tub +Muc 2 7
Tub3 0 1
Muc 5 1
AS 0 1

Statistically significant value is in bold characters.

* P value was calculated by %2 or Fisher exact test.

16 patients showed mucous rupture (2 of them showed mucous rupture with
cellular component) and 4 patients showed expansive growth (one of them showed
infiltrative growth as well).

$Due to expansive growth.

§One patient with liver metastasis, 3 patients with para-aortic LN metastasis.

AS indicates adenosquamous carcinoma; Muc, mucinous carcinoma; Pap,
papillary adenocarcinoma; Tubl, well-differentiated tubular adenocarcinoma;
Tub2, moderately differentiated tubular adenocarcinoma; Tub3, poorly differ-
entiated tubular adenocarcinoma.

between tumor and SPV (Figs. 3C-E). These 3 patients
did not have postoperative recurrence at 28, 52, and 96
months after surgery, respectively. We thought mucous
rupture and expansive growth is dormant invasion,
considering its nonaggressive nature, which is character-
istic to IPMN.

Comparison of the pathologic characteristics and
TNM staging'! between invasive lesions of MI-IPMCs
and IC-IPMCs are summarized in Table 2. Vessel or
neural invasion and extrapancreatic involvement were
much more common in IC-IPMC than in MI-IPMC. No
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LN metastasis was observed in patients with MI-IPMC,
whereas 17 patients (68%) with IC-IPMC showed LN
metastasis. With regard to the histology of the invasive
component of the IC-IPMC, most of the patients had
tubular adenocarcinoma and only 1 patient had pure
mucinous carcinoma. Among 26 patients with MI-IPMC,
9 had tubular adenocarcinoma and 11 had pure mucinous
carcinoma.

Prognostic Significance of the Classification
of I-IPMC

The median survival period for the 104 patients was
142 months, and the 3, 5, and 10-year overall survival
rates were 86%, 78%, and 59%, respectively. There was
no statistically significant difference in overall survival
among patients with IPMA, borderline IPMN, and
noninvasive IPMC (P = 0.54). Therefore, they were
integrated into noninvasive IPMN for subsequent analy-
sis. The survival rates 3, 5, and 10 years after surgery were
95%, 92%, and 70% for noninvasive IPMN, 95%, 79%,
and 79% for MI-IPMC, and 51%, 38%, and 0% for IC-
IPMC (Fig. 4A). The disease-specific survival rates after
3, 5, and 10 years were 100%, 100%, and 100% for
noninvasive IPMN, 100%, 100%, and 100% for MI-
IPMC, and 51%, 38%, and 0% for IC-IPMC (Fig. 4B).
Overall and disease-specific survival for MI-IPMC was
significantly better than for IC-IPMC (P <0.001),
whereas there was no significant difference in overall
survival between noninvasive IPMN and MI-IPMC
(P = 0.66). :

Overall survival was compared between I-IPMC
and conventional invasive ductal carcinoma of the
pancreas during the same period (Figs. 5A-D). The
stages of IC-IPMCs were assessed on the basis of size and
spread of invasive carcinoma in the lesion, using the
International Union against Cancer (UICC) TNM
classification,’! and classified as stage IA, IB, and IIA,
stage IIB, and stage III and IV. Between IC-IPMC and
conventional invasive ductal carcinoma of the pancreas at
each corresponding TNM stage, there was no statistically
significant difference in survival rate, though IC-IPMC
had a tendency to show a favorable outcome.

Prognostic Factors in I-IPMCs

Clinicopathologic factors possibly affecting the post-
operative outcome of I-IPMCs were studied (Table 3). The
following variables were significantly related to unfavor-
able prognosis: presence of jaundice, cancer cells present at
the surgical margin except the pancreatic margin, presence
of major vascular invasion [portal vein, SMV, SPV, or
splenic artery], presence of lymphatic invasion, presence of
venous invasion, presence of intrapancreatic neural inva-
sion, presence of LN metastasis, presence of para-aortic
LN metastasis, CA19-9 >300U/mL, size of invasive
cancer >2cm, histopathologic diagnosis of IC-IPMC
(vs. MI-IPMC), and tubular adenocarcinoma. as histologic
type of invasive cancer in I-IPMC. Multivariate analysis
(backward elimination method) showed that a histopatho-
logic diagnosis of I-IPMC classified as IC-IPMC and
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FIGURE 4. Kaplan-Meier survival curves of the 104 patients with IPMNs. A, Overall survival of patients with MI-IPMC was
significantly better than that of patients with IC-IPMC (P<0.001), whereas no significant difference was found between patients
with noninvasive IPMN and those with MI-IPMC (P=0.66). B, Disease-specific survival of patients with MI-IPMC was significantly
better than that of patients with IC-IPMC (P<0.001), with no disease-related death among 26 patients with MI-IPMC during a

median follow-up period of 43.4 (13.2 to 210) months.

CA19-9 >300U/mL were significant prognostic factors
(Table 4).

Postoperative Recurrence of IPMNs

Postoperative recurrence was observed in 15
patients exclusively among those with I-IPMC (Table 5).
Two patients with MI-IPMC suffered recurrence of MI-
IPMC and invasive cancer in the remnant pancreas 36 and
48 months after surgery, respectively. At initial surgery,
both patients had undergone PPPD for IPMNs in the
pancreas head with negative surgical margins. The former
underwent completion pancreatectomy in a second opera-
tion, and pathologic examination revealed another MI-
IPMC in the remnant pancreas distant from the site of
pancreato-jejunostomy. In the latter patient, recurrence of
invasive ductal carcinoma was also found distant from the
pancreato-jejunostomy, and additional partial resection of
the remnant pancreas was performed. Both patients are
currently doing well with no evidence of recurrence 8 and
20 months after the second operation, respectively. The
-remaining 13 recurrences were observed in patients with
IC-IPMC. The site of recurrence was local (remnant
pancreas) in 2 patients, LN in 2 patients, the lung in 1
patient, the liver in 4 patients, and peritoneal dissemination
in 4 patients (Table 5). The time interval between surgery
and recurrence was less than 20 months in all cases, with
an especially short duration of 6.15 £ 0.82 months for
patients with peritoneal dissemination.
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Analysis of the Pancreatic Surgical Margin
Intraoperative frozen section analysis of the pan-
creas margin was performed in 96 patients, and 17
patients needed additional pancreatic resection owing to
the confirmed or suspected presence of cancer cells at the
pancreatic surgical margin (Table 5). Additional resection
was performed more frequently in patients with MI-
IPMC and IC-IPMC than in those with noninvasive
IPMN, regardless of IPMN size (P = 0.007). The final
pancreatic margin status was negative in 75 patients,
positive for IPMA in 25, borderline IPMN in 2,
noninvasive IPMC in 1, and invasive carcinoma in 1.

DISCUSSION

Many groups have investigated the malignant
potential of IPMNs,*6:16.20.22-24 a1 the recent consensus
is that its aggressiveness is dependent on the presence of
invasive cancer, the extent of cancer invasion, and the
biologic characteristics of the cancer cells.2:3:8:10,14,15
However, no sufficient pathologic and presurgical staging
system has yet been established for evaluating the
malignant potential of I-IPMC. In this study, we
examined 104 IPMNs surgically resected at the same
hospital and proposed histopathologic criteria for classi-
fication of I-IPMC. I-IPMC shows heterogeneous fea-
tures, which reflect the presence of heterogeneous cancer
types with different biologic behaviors. Therefore, the
criteria of MI-IPMC should differ in accordance with
each histopathologic pattern of invasion. Our proposed
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FIGURE 5. Kaplan-Meier survival curves of the 25 patients with IC-IPMC and the 288 patients with invasive ductal carcinoma of
the pancreas. Comparison of overall survival of the patients with 1C-IPMC and that of patients with conventional invasive ductal
carcinoma at all stages (A), and in stage IA, IB, and IIA (B), stage IIB (C), and stage il and IV (D). Although the patients with
IC-IPMC tended to have a better outcome than those with conventional invasive ductal carcinoma at each corresponding stage,

the difference was not statistically significant.

criteria of invasiveness were successful in categorizing
IPMCs in our series into noninvasive IPMC, MI-IPMC,
and IC-IPMC. Patients with IC-IPMC had a significantly
worse outcome than those with MI-IPMC. However,
there was no difference in postoperative outcome between
patients with MI-IPMC and those with noninvasive
IPMC. This is the first report to propose practical criteria
for MI-IPMC that can separate early-stage nonaggressive
1-IPMC from total I-TIPMC. Discrimination between
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MI-IPMC and IC-IPMC can provide important informa-
tion for predicting the postoperative outcome of patients
with IPMNs and also for deciding additional clinical
management. :

When IC-IPMCs were staged according to the size
and spread of an invasive carcinoma component, the
survival curve showed a similar decline to that of
conventional invasive ductal carcinomas of the corre-
sponding TNM stage, suggesting that it is the invasive
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TABLE 3. Prognositic Factors of I-IPMCs in Univariate Analysis

TABLE 3. (continued)

Survival Rate

Survival Rate

—_— P - P

Variables n ly 3y Sy (Log-rank Test) Variables [ 1y 3y Sy (Log-rank Test)

Sex 0.262 Size of invasive lesion (mm) 0.001
M 27 963 804 804 <20 32 9.9 887 751
F 24 917 704 415 >20 19 895 487 324

Age (y) 0.082 Pathologic diagnosis < 0.001
<70 33 1000 806 726 MI-IPMC 26 1000 947 786
>70 18 833 673 462 1C-IPMC 25 880 506 38.0

Tumor location 0.937 Histology of invasive cancer in
Ph included 33 939 724 608 1-IPMC
Ph excluded 18 944 840 672 Tubular 29  89.7 618 54.1 0.065

Tumor distribution 0.821 adenocarcinoma§

Confined in 1 segment 35 914 757 632 Pure mucinous 12 1000 1000 57.1
Diffuse (> 2 segments) 16 100.0 76.6 63.8 carcinoma

PV resection 0.471 Tubular 29 89.7 618 54.1 0.010
+ 5 80.0 533 533 adenocarcinoma$
- 46 957 78.0 63.0 Nontubular 22 1000 944 716

Chief complaint* 0.225 adenocarcinoma
+. 28 929 656 492 Pure mucinous 121000 1000 S57.1 0.162
- 23 95.6 90.0 81.0 . carcinoma

Jaundice 0.011 Nonpure mucinous 39 923 686 629
+ 6 83.3 278 0.0 carcinoma
- 45 956 807 66.2 Past history of another cancer 0.316

1IPMN type : 0.571 in other organs :

MPD or mixed 40 97.5 76.2 59.0 + 10 90.0 720 540
BD 11 81.8 7.7 727 - 41 95.1 798 63.3

MPD diameter 0.422 TNM stage
<8mm 31 903 754 522 MI-IPMC 26 1000 947 78.6
>8mm 20 1000 75.6 756 Stages IA, IB, and 1A 8§ 875 700 700 0.040

Additional resection of , 0.864 Stage 1IB 13 846 S64 00 042
pancreast : Stages I1l and 1V 4 1000 250 250 0.82
+ 14 929 637 63.7
- 37 946 784 603 Statistically significant value is in bold characters.

Surgical margin (except < 0.001 *Diabetes n}ellitus exacerbatioq and ja!.mdice included. o .
for pancreas margin)} ﬂ?ue to existence of neoplastic cells in pancreas margin in frozen section
+or & 4 750 00 00 analysis. o .

{Presence of invasive carcinoma cells in the stroma.
- 47 95.7 844 69.1 §Mixed tubular adenocarcinoma and mucinous carcinoma were included.

Major vascular invasion 0.009 BD indicates branch duct; MPD, main pancreatic duct; Ph, pancreatic head;
(SMV, SPV, PV, or SPA) PV, portal vein,

+ 10 90.0 48.2 0.0
- - 41 9s5.1 820 71.2

Lymphatic invasion < 0.001
+ 3 870 447 224 carcinoma rather than IPMN itself that determines the

v - 28 1000 955 8.7 . prognosis.
enous invasion .006 . . .

+ 26 885 S35 428 In our series, none of the patients with MI-IPMCs
- 25 100.0 944 780 showed LN metastasis, whereas the patients with

Intrapancreatic neural <0.001 IC-IPMC:s had a high rate (68%) of LN metastasis. This
mvasion 4 8BS 527 395 finding implies that complete resection of a lesion without
- 27 1000 944 784 LN dissection may be sufficient for the treatment of

Local LN metastasis <0.001 MI-IPMC, wheréas radical pancreatectomy with LN
+ 18 889 47 235 dissection is indicated for IC-IPMC. In this context,
- 33 970 889 764 . P . :

Para-aortic LN metastasis <0.001 preoperative distinction between MI-IPMCs and IC-
¥ 3 1000 00 00 IPMC:s is clinically very important.

- 48 938 323 674

CEA (ng/mL) 0.455
fss ?2 §§j§ §§jj 2‘;3 TABLE 4. Multivariate Analysis of Effects of Clinicopathologic

CA19-9 (UjmL) <0.001 Factors on Postoperative Survival of I-IPMC
<300 40 975 845 798 Hazard  95% Confidence
> 300 11 81.8 409 0.0 Ratio Interval P*

IPMN size (mm) 0.552
<40 15 933 702 439 IC-IPMC (vs. MI-IPMC) 7.1 1.9-26.5 <0.001
> 40 36 944 782 722 CA19-9 >300 (U/mL) 44 1.4-13.8 0.010

IPMN size (mm) 0.762 *P value was calculated by Cox hazards model (backward elimination
<70 33 909 748 60.0 method).
>70 18 100.0 77.0 66.0
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TABLE 5. Pancreatic Margin Status and the Recurrence of IPMNs After Surgery

IPMA or Borderline Noninvasive IPMC MI-IPMC IC-IPMC Total
IPMN (n = 38) (n=15) (n = 26) (n=25 (n = 104) P

Additional pancreas resection* 3 0 5 9 17 0.0071
Final margin status 0.071

Negative 26 10 20 (2) 19 (11) 75

IPMA 12 S 3(1)3 25

Borderline IPMN 0 1} 1 1 2

Noninvasive IPMC . 0 0 0 1 1

Invasive cancer 0 0 0 1 (1§ 1
Recurrence

MI-IPMC (in the remnant pancreas) 0 0 1 0 1

Invasive cancer (in the remnant pancreas) 0 0 1 0 1

Local recurrence of invasive cancer 0 0 0 2 2

Local LN 0 0 0 2 2

Distant metastasis (lung or liver) 0 0 0 5 5

Peritoneal dissemination 0 0 0 4 4

Total 0 0 2 13 15

*Due to the presence of neoplastic cells in the pancreatic surgical margin in the frozen section analysis.

t+Comparison between noninvasive IPMN and I-IPMC.
fLiver metastasis.

§Local recurrence, numbers in the parentheses denotes the number of patients who developed recurrence after the operation.

Another significant finding was a predominantly
high recurrence rate among patients with IC-IPMC
(52%), compared with 2.5% for patients with noninvasive
IPMN or MI-IPMC. In the latter group, recurrence was
observed in the remnant pancreas distant from the cut
end, suggesting that IPMC occurred multifocally.
Although this recurrence rate is not as high as that
reported previously,* careful follow-up seems to be
necessary after surgery, especially in patients with
IC-IPMCs.

Our criteria are not contradictory to the previous
studies, in which the postoperative outcome of I-IPMC
with pure mucinous carcinoma (colloid carcinoma) was
better than that of patients with I-IPMC with tubular
adenocarcinoma in the invasive lesion.!?* Tubular
adenocarcinoma shows active infiltrative growth similar
to conventional pancreatic ductal adenocarcinoma, sug-
gesting that it rapidly grows and progresses into advanced
cancer. In fact, tubular adenocarcinoma occurred at a
higher rate in IC-IPMC than in MI-IPMC, and was an
unfavorable prognostic factor (P = 0.010; Table 3). It has
been reported that mucinous carcinoma associated with
IPMN or mucinous cystic tumor has a better outcome
than conventional ductal carcinoma. According to
Adsay’s criteria (a carcinoma with more than 80% of
mucinous carcinoma is defined as pure mucinous
carcinoma),! 12 I-IPMCs were diagnosed as pure
mucinous carcinoma associated with IPMC in our series,
which contained 11 MI-IPMC (5 with infiltrative growth
of pure mucinous carcinoma, 2 with predominantly
mucous rupture with cellular component, and 4 with
expansive growth) .and 1 IC-JPMC. Among these 12
patients with pure mucinous carcinoma associated with
IPMC, 1 patient with MI-IPMC with infiltrative growth
and 1 patient with IC-IPMC had recurrence of the
carcinoma. Although 12 patients had the recurrent
cancers and 10 of them died among 29 patients of
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I-IPMCs with tubular adenocarcinoma (8 in MI-IPMC
and 21 in IC-IPMC). Patients with pure mucinous
carcinoma as histologic type of invasive cancer tended
to have better prognosis than patients with tubular
adenocarcinoma as invasive cancer (P = 0.065; Table 3).
Our study also suggested that some mucinous carcinoma
has aggressive behavior. The prognosis of mucinous
carcinoma in the other organs such as colon, has been
reported to be worse than the ordinary adenocarcinoma,
especially worse for mucinous carcinoma with rich
cellular component.!”?! In ductal carcinoma of the
pancreas, mixed mucinous carcinoma with other histolo-
gic types of carcinoma (usually tubular adenocarcinoma)
shows bad prognosis comparable with the other types of
conventional ductal adenocarcinoma.’>'* In this situation,
it is desired that a diagnostic criterion is established to
distinguish aggressive and nonaggressive mucinous carci-
noma correctly. In this study, addition to the classifica-
tion of tubular adenocarcinoma of the I-IPMC into
aggressive and nonaggressive state, we also classified
mucinous carcinoma relevant to clinical behavior based
on the invasiveness and cellularity. Compared with
mucous rupture, more aggressive mucinous carcinoma
shows massive invasion with much more cancer
cells floating and proliferating in mucus lakes, and is
often accompanied by partial invasion of tubular
adenocarcinoma.

Lymphatic, venous, and intrapancreatic neural
invasion were frequently observed in IC-IPMC (Table 2)
and were significant prognostic factors in I-IPMC
(Table 3). In this study, we tried to select early-stage I-
IPMC with nonaggressive characters from I-IPMCs with
such worse prognostic factors. We successfully selected it
by categorizing the infiltrating depth of cancer cells,
which included lymphatic, venous, and/or neural inva-
sion. Indeed, all the patients with MI-IPMC having vessel
or neural invasion within 5-mm length from IPMC duct

© 2008 Lippincott Williams & Wilkins



Minimally Invasive IPMC

Am | Surg Pathol » Volume 32, Number 2, February 2008

showed good postoperative outcome. In addition, lym-
phatic, venous, and intrapancreatic neural invasion were
not significant variables: for the prognosis in multivariate
analysis (Table 4).

The present results suggest that IC-IPMC (not MI-
IPMC) should be currently paid attention as I-IPMC with
aggressive characteristics. In this situation, preoperative
detection of IC-IPMC can be beneficial for selecting the
most ideal operative procedure, especially on considering
additional LN dissection. We are now investigating
possible criteria for classifying these cancers preopera-
tively, and our findings suggest that it may be feasible
to use radiologic data for this purpose. Multidetector
row computed tomography was found to be useful to
distinguish’ IC-IPMC from MI-IPMC and noninvasive
IPMNs with more than 80% sensitivity and 100%
specificity in the study using 123 patients with IPMNs
(manuscript in preparation). .

In future, we would like to test our criteria using
another large series of samples or in a prospective study,
to obtain more watertight pathologic criteria for classi-
fication of I-IPMC.
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