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Purpose
Contrary to the extensive data accumulated regarding pancreatic carcinogenesis, the clinical and
molecular features characteristic of advanced stage (stage III and IV) disease are unknown. A
comprehensive study of pancreatic cancers from patients who have succumbed to their disease
has the potential to greatly expand our understanding of the most lethal stage of this disease and
identify novel areas for intervention.
Materials and Methods
Rapid autopsies were performed on 76 patients with documented pancreatic cancer. The
histologic features of end stage disease were determined and correlated to the stage at initial
diagnosis, patterns of failure (locally destructive v metastatic disease) and the status of the KRAS2,
TP53, and DPC4 genes.
Results
At autopsy, 30% of patients died with locally destructive pancreatic cancer, and 70% died with
widespread metastatic disease. These divergent patterns of failure found at autopsy (locally
destructive v metastatic) were unrelated to clinical stage at initial presentation, treatment history,
or histopathologic features. However, Dpc4 immunolabeling status of carcinoma tissues harvested at autopsy, a sensitive marker of DPC4 genetic status, was highly correlated with the
presence of widespread metastasis but not with locally destructive tumors (P ⫽ .007).
Conclusion
Pancreatic cancers are represented by distinct genetic subtypes with significantly different
patterns of failure. Determinations of DPC4 status at initial diagnosis may be of value in stratifying
patients into treatment regimens related to local control versus systemic therapy.
J Clin Oncol 27:1806-1813. © 2009 by American Society of Clinical Oncology

INTRODUCTION

This year in the United States, an estimated 37,680
patients will be diagnosed with pancreatic cancer,
and 34,290 patients will die of their disease.1 Three
major reasons account for these dismal statistics.
There are currently no known tumor markers that
can be used to screen for and detect early pancreatic
neoplasia. Thus, 80% of patients with pancreatic
cancer have advanced stage disease at diagnosis and
are not candidates for surgical intervention.2,3 A recent study indicated an alarming reluctance in the
medical community to proceed to potentially curative surgery in patients with early-stage pancreatic
cancer, despite numerous guidelines that support
pancreatectomy as the primary treatment modality
for localized disease, indicating the pervasiveness of
negative attitudes regarding the efficacy of resection
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and/or treatment for this disease.4 The treatment
options for pancreatic cancer are limited. Gemcitabine in combination with erlotinib is among the few
options for patients with advanced disease, though
the reported 1-year survival for this regimen is
only 23%.5
Most molecular studies of pancreatic cancer
have only utilized tissues collected from resection
specimens.6-10 Thus, contrary to the wealth of data
regarding early pancreatic carcinogenesis,11 advanced stage pancreatic cancers have not been studied. As a result, little is known about the mechanisms
responsible for cancer progression—the very processes ultimately responsible for the vast majority of
pancreatic cancer–related deaths.12,13 Mouse models have been utilized to study metastases,14,15 but
their relevance to the cognate human condition is
questionable. This is compounded by the fact that
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Table 1. Clinicopathologic Features of Patients at Initial Diagnosis
Clinical Stage
I-II (n ⫽ 22)
Characteristic
Sex
Male (n ⫽ 43)
Female (n ⫽ 33)
Mean (⫾ SD) age at presentation, years
Race (white:Hispanic)
Location
Head
Body
Tail
Not specified
Mean (⫾ SD) size, cm
Histology
Duct adenocarcinoma
Colloid (mucinous noncystic) carcinoma
Adenocarcinoma with signet ring features
Signet ring carcinoma
Adenosquamous carcinoma
Differentiation
Well
Moderate
Poor
Unknown
Lymph node status of resection specimen (stage I/II)
Positive
Negative
Unknown
Margin status of resection specimen (stage I/II)
Positive
Negative
Unknown
Adjuvant treatment (stage I/II)
Yes
No
Median disease-free survival, months (stage I/II)
Range
Treatment for recurrent/advanced stage disease
Yes
No
Median overall survival, months
Range

No.

III (n ⫽ 18)
%

8
14
64.7 ⫾ 11.8
21:1

36
64

No.

IV (n ⫽ 36)
%

13
5
62.8 ⫾ 10.9
18:0

72
28

.05
.66
.80

86
4
4

4
11
7
0

18
50
32

0
1
2
15

6
11
83

0
5
8
23

14
22
64

14
6
2

64
27
9

—

—

—

—

6
14
2

27
64
9

—

—

—

—

13
9

59
41

—

—

—

—

—

—

—

—

16
2

89
11

28
8

78
22

82
18
24.0
8-23

89
6

61
39

19
1
1
0
1

18
4

16
1
0
1
0

P

77
4
18

14.0
1-36

61
33

22
14
60.2 ⫾ 12.7
34:2

%

17
1
4
0
3.4 ⫾ 1.6

4

11
6
0
1
4.0 ⫾ 1.5

No.

6

20
7
5
4
4.7 ⫾ 2.6

56
19
14
11

33
1
1
1
0

92
3
3
3

6

12.0
3-62

.07

.52
.87

.30ⴱ

6.0
1-30

.69

.09

Abbreviation: SD, standard deviation.
ⴱ
Only cases with known differentiation status were included.

unlike colorectal cancers in which liver metastases are commonly
resected for clinical benefit and thus available for medical research,16
the management of advanced pancreatic cancer often does not include
surgical resection of distant metastases.10 The ability to study advanced pancreatic cancers from humans has the potential to greatly
expand our understanding of the most lethal stage of this disease.
To address this critical issue, we established a rapid autopsy
program for patients with end stage gastrointestinal malignancies with
a focus on pancreatic cancer, called the Gastrointestinal Cancer Rapid
Medical Donation Program.17 We now present the clinical and pathologic features at autopsy of the first 76 patients with pancreatic cancer
who participated in this program with particular reference to the
histopathologic findings and genetic status in relation to patterns
of failure.
www.jco.org

MATERIALS AND METHODS
Complete Materials and Methods can be found in the Appendix (online only).

RESULTS

Clinicopathologic Characteristics of Patients
at Diagnosis
Seventy-six patients with documented infiltrating pancreatic carcinoma underwent rapid autopsy from the time period of 2003 to
2007 (Table 1). Forty-three patients (57%) were male, 73 patients
(96%) were white, and the mean age at diagnosis for all patients was
62.6 ⫾ 11.5 years. Twenty-two patients (29%) presented with stage
© 2009 by American Society of Clinical Oncology
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I/II disease, 18 patients (24%) presented with stage III disease, and 36
patients (47%) presented with stage IV disease. The most common
histology at diagnosis for these 76 patients was ductal (tubular) adenocarcinoma (89%).
All 22 patients who initially presented with stage I/II disease
underwent surgical resection of their primary infiltrating carcinoma.
Fourteen (64%) of these patients had lymph node metastases at the
time of surgery, and six patients (27%) had a positive surgical margin.
Thirteen (59%) of these 22 patients received adjuvant chemoradiotherapy. The median disease-free survival for these 22 patients was
14.0 months (range, 1 to 36 months), and the median overall postsurgical survival was 24.0 months (range, 8 to 23 months).
Among the 18 patients diagnosed with stage III (locally advanced) pancreatic cancer, 89% received first-line chemoradiotherapy
or chemotherapy. The median overall survival for these patients was
12.0 months (range, 3 to 62 months). By contrast, among the 36
patients who presented with stage IV (metastatic) disease, 28 (78%)
received chemotherapy and the median overall survival for these patients was only 6.0 months (range, 1 to 30 months).
Patterns of Failure at Autopsy
At autopsy, 20 (91%) of 22 patients who initially presented with
stage I/II disease and underwent surgical resection had gross evidence
of recurrent pancreatic cancer (Appendix Table A1, online only). One
of the two patients with no evidence of disease at autopsy completed
1808
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Fig 1. (A) Example of locally advanced
pancreatic cancer found at autopsy. The
carcinoma measured 10 cm in greatest
dimension and directly invaded the duodenum (d) and occluded the celiac artery
(ce). The ultimate cause of death in this
patient was bowel ischemia and peritonitis. (B) Example of a patient with limited
metastatic burden at autopsy (ⱕ 10). Similar to that described for the carcinomas in
(A), this patient also died of complications
of locally advanced carcinoma (ascending
cholangitis) even though at initial presentation limited metastatic disease was
present. (C) Example of a patient with
extensive metastatic burden at autopsy
(⬎ 1,000). The cause of death for this
patient was hepatic failure secondary to
massive tumor burden.

adjuvant chemoradiotherapy but died at 15 months of other causes.
The second patient completed chemoradiotherapy to the pancreatic
bed for a local recurrence 34 months after surgery and died 13 months
later of other causes (overall survival, 47 months). Of the remaining 20
patients who underwent surgical resection and who had gross disease
at autopsy, three (15%) had recurrent carcinoma within the pancreatic bed only, four (20%) had metastatic disease only, and the remaining 13 patients (65%) had both locally recurrent carcinoma and
metastatic disease. Five (83%) of the six patients with a positive surgical margin recurred locally.
Fifty-four patients did not have their cancer surgically resected
corresponding to the 18 patients initially diagnosed with stage III and
the 36 patients initially diagnosed with stage IV pancreatic cancer.
Thirteen (72%) of 18 patients initially diagnosed with stage III disease
had evidence of metastatic disease at autopsy in addition to the locally
advanced primary carcinoma, and the other five (28%) of these 18
patients did not have metastases at autopsy. Thirty-five (97%) of 36
patients diagnosed with stage IV pancreatic cancer had metastatic
disease at autopsy. In one patient, peritoneal metastases were documented at the time of an attempted pancreaticoduodenectomy, yet no
evidence of peritoneal disease was found at autopsy.
Overall, 65 (88%) of the 74 patients with disease at autopsy
had documented metastatic disease. The extent of metastatic disease
burden among these 65 patients varied dramatically, ranging from 1 to
10 documented metastases to more than 1,000 (Fig 1). This broad
JOURNAL OF CLINICAL ONCOLOGY
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Table 2. Relationship of Metastatic Burden at Autopsy to Clinicopathologic Features
None
(n ⫽ 9)

1 to 10
(n ⫽ 13)

11 to 99
(n ⫽ 26)

100s to 1,000s
(n ⫽ 26)

62.0 ⫾ 15.0
4:5

66.3 ⫾ 8.5
10:3

61.3 ⫾ 9.4
17:9

62.0 ⫾ 13.1
11:15

Characteristic
Mean (⫾ SD) age, years
Male:female
Smoking history
Never
Former
Current
Unknown
Stage at diagnosis
I-II
III
IV
Tumor location
Head/body
Tail
Not specified
Mean (⫾ SD) tumor size, cm
(stage III/IV carcinomas only)
Tumor differentiation
Well
Moderate
Poor
Anaplastic
Histology
Duct adenocarcinoma
Colloid (mucinous noncystic)
carcinoma
Adenosquamous carcinoma
Signet ring carcinoma
Anaplastic carcinoma
Treatment
None
Chemoradiation
Chemotherapy
Median overall survival, months
Range

P
.61
.12

4
2
3
0

44
22
33

3
7
1
2

23
54
8
15

10
11
4
1

38
42
15
4

12
7
3
4

46
27
12
15

.37

3
5
1

33
55
11

3
5
5

23
38
38

8
4
14

31
15
54

6
4
16

23
15
62

.09

7
1
1
5.3 ⫾ 2.8

77
11
11

12
1
0
6.9 ⫾ 3.8

92
8

20
3
3
5.5 ⫾ 1.7

77
12
12

21
4
1
6.0 ⫾ 3.0

81
15
4

.80

.58

0
3
6
0

33
66

1
8
4
0

8
62
31

0
9
16
1

35
62
4

0
6
18
2

23
69
8

7
1

77
11

11
1

85
8

22
2

85
8

22
1

85
4

1
0
0

11

1
0
0

8

0
1
1

4
4

0
1
2

4
8

2
6
1

22
66
11

4
7
2

31
54
15

2
8
16

8
31
62

3
7
16

12
27
62

17.0
3-53

10.0
1-48

11
1-62

.19

.76

⬍ .02

8
2-27

.69

Abbreviation: SD, standard deviation.

variation was not related to clinical stage at diagnosis, nor was it related
to any other clinical or pathologic features of these patients’ disease
(Table 2). There was a trend toward increased metastatic burden with
stage IV disease, but this was not statistically significant. A significant
relationship was found among metastatic disease burden and mode of
treatment regimen, but this likely reflects the differential usage of
chemoradiotherapy in stage III versus stage IV disease. Review of the
distribution of metastases indicated that the liver was the most common site of metastasis (52 patients; 80%), followed by the peritoneum
(31 patients; 48%) and lungs (29 patients; 45%; Fig 2). Fifty-seven
(88%) of 65 patients with metastases had metastatic disease in one to
three organ sites, most commonly the liver alone or in combination
with peritoneal and/or lung metastases, and eight patients (12%) had
metastatic disease in four or more organ sites. Although the liver was
the most frequent site of metastasis, 13 (20%) of 65 patients had
documented metastatic disease that spared the liver. In these patients,
the most frequent sites of metastasis were the lungs and/or peritoneum (11 patients), although in another two patients the adrenal
glands or abdominal lymph nodes were the sole sites of metastasis.
Eight patients (12%) had bone metastases although in these patients
other sites were also affected.
www.jco.org

Pathologic Features of Advanced Stage
Pancreatic Cancers
Histologic examination of harvested tissues confirmed the diagnosis of infiltrating carcinoma in all 74 patients with disease at autopsy. In 65 (88%) of these 74 patients, pathologic examination
indicated the presence of infiltrating ductal (tubular) adenocarcinoma, in three (4%) of 74 patients adenosquamous carcinoma was
present, in two (3%) of 74 patients signet ring carcinoma was found,
and one (1%) of 74 patients had a colloid (mucinous noncystic)
adenocarcinoma. In 71 of these patients, the pathologic diagnoses at
initial presentation were concordant with the diagnosis at autopsy.
However, in the remaining three of 74 patients, microscopic examination of harvested tissues indicated the presence of undifferentiated
(anaplastic) carcinoma (defined as ⱖ 30% undifferentiated features),
suggesting dedifferentiation of these three carcinomas with disease
progression. This observed frequency of undifferentiated carcinoma
was significantly greater than that reported previously in a large surgical series of patients with stage I/II disease3 (9 of 1,423 patients with
stage I/II disease [0.006%] v 3 of 74 patients with advanced disease
[4%]; P ⫽ .018). Representative samples of the undifferentiated carcinoma in these three patients were immunolabeled with E-cadherin,
© 2009 by American Society of Clinical Oncology
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Fig 2. (A) Frequency of metastatic involvement by pancreatic cancer to various
organ sites. The liver is the most common site of metastatic spread, followed by
the peritoneum and lung. (B) Total number of target organs involved by
metastatic disease. The majority of patients had metastatic disease limited to
three or fewer organ sites, although in a subset of patients four or more target
organs were affected. LN, lymph node.

a reliable marker of undifferentiated carcinoma,18 and all showed
complete loss of E-cadherin expression (histology score ⫽ 0; Fig 3).
In light of the increased frequency of undifferentiated carcinoma
features, all disease of the 71 patients with ductal adenocarcinoma,
adenosquamous or colloid (mucinous noncystic) carcinoma were
re-evaluated for undifferentiated features, and an additional nine carcinomas were identified with focal undifferentiated components that
accounted for 1% to 10% of the neoplastic burden in these patients. In
these nine patients, the undifferentiated component was again
E-cadherin negative, whereas the differentiated components showed
strong positive membranous labeling that was indistinguishable from
labeling seen in carcinomas without an undifferentiated component
(histology score 227.0 ⫾ 64.4 v 211.0 ⫾ 79.6; P ⫽ not significant; Fig
3). Overall, the frequency of undifferentiated morphology (any proportion) in advanced cancers was 12 (16%) of 74 patients. The presence of undifferentiated morphology was not correlated with any
clinicopathologic parameters analyzed, including stage at diagnosis
and extent of disease at autopsy (Appendix Table A2).
Molecular Features of Advanced-Stage
Pancreatic Cancers
Genomic DNA was microdissected from representative sections
of primary and/or metastatic cancer tissues and the sequence of the
1810
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KRAS2 and TP53 genes was determined (Table 3). Activating mutations in the KRAS2 gene were identified in 56 (95%) of 59 patient’s
carcinomas analyzed. The most common KRAS2 gene mutation was
G12D in 31 (55%) of 56 carcinomas, followed by G12V in 16 (29%) of
56 carcinomas. Inactivating mutations in the TP53 gene were identified in 46 (79%) of 58 patient’s carcinomas analyzed, of which 24
(52%) were missense mutations, eight (17%) were nonsense mutations, and 10 (22%) were frameshift mutations. We also determined
the genetic status of DPC4 by determining Dpc4 immunolabeling
patterns, a strong marker of DPC4 genetic status.19,20 Of 65 carcinomas analyzed, 41 showed loss of Dpc4 immunolabeling indicating
rates of inactivation of 63% in advanced disease. Overall, the prevalence of KRAS2, TP53, and DPC4 genetic alterations found are in
keeping with previous reports for these three genes in primary infiltrating pancreatic cancers.21,22 KRAS2 and TP53 genetic status and
Dpc4 immunolabeling patterns were then correlated with metastatic
burden, and a striking relationship was found. For example, only two
(22%) of nine locally advanced carcinomas with no documented
metastatic disease at autopsy showed Dpc4 loss, whereas 16 (78%) of
22 carcinomas with 100s to 1,000s of metastases showed Dpc4 loss
(P ⫽ .032; Appendix Fig A1). This association was even more significant when analyzed with respect to pattern of failure (locally destructive v metastatic, P ⫽ .007). A significant relationship among TP53
genetic status was also observed with respect to pattern of failure
(P ⫽ .037), although this relationship was less robust than found for
Dpc4. Dpc4 labeling and TP53 mutation status was concordant
among the matched primary and metastatic carcinoma samples in all
patients analyzed.
In consideration of the relationship of Dpc4 immunolabeling
status and metastatic burden, we determined the Dpc4 immunolabeling status of the resected pancreatic cancers for 19 of 22 patients who
underwent surgical resection at the time of initial diagnosis. Nine
(47%) of 19 patients showed loss of Dpc4 immunolabeling of the
resected primary carcinoma, and all nine patients metastatic disease at
autopsy also showed Dpc4 loss. By contrast, among the 10 patients
with intact Dpc4 labeling of their resected primary carcinoma, five
patients recurrent disease at autopsy also showed intact Dpc4 labeling,
three showed Dpc4 loss, and two patients had no evidence of disease
at autopsy.
DISCUSSION

A better understanding of the cellular and molecular features of advanced disease will afford new opportunities for investigation, therapeutic intervention and clinical management of patients afflicted with
pancreatic cancer. We now provide compelling evidence that advanced pancreatic cancer is not one disease, but instead is composed of
distinct morphologic and genetic subtypes with significantly different
patterns of metastasis. We acknowledge that our findings are based on
a biased population in that they were predominantly white and male
compared with the average population, and additional studies will be
required using a more representative patient population to verify these
findings. Nonetheless, they provide novel insight into the mechanisms
of pancreatic cancer metastasis.
There are three clinical implications of these findings. First, contrary to common belief, not all patients with pancreatic cancer die of
widespread metastatic disease. Twelve percent of patients had no
JOURNAL OF CLINICAL ONCOLOGY
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evidence of metastasis, and this finding was not unique to patients
who underwent treatment, nor was it specific to patients initially
diagnosed at an early stage. This finding parallels other studies of
disease burden at autopsy in pancreatic cancer patients in which 8% to
15% of patients died with locally advanced carcinoma and without
metastatic disease, even in the absence of any treatment.23,24 Moreover, among the 88% of patients with metastasis at autopsy, a broad
range of metastatic burden was seen that ranged from few metastases
(1 to 10) to extensive and widespread metastatic disease (100s to
1,000s), and again this finding did not relate to clinicopathologic
features of these patients at initial diagnosis or their treatment history.
Overall, in the patients with locally advanced pancreatic cancer in
association with no metastases or a limited metastatic disease burden
(1 to 10 metastases), the causes of death were often related to complications of locally destructive growth. By contrast, in patients with a
primary carcinoma that was relatively confined to the pancreas but
with a significant metastatic disease burden (100s to 1,000s of metastases) death was more commonly related to organ failure and cawww.jco.org

*

Fig 3. Examples of high grade pancreatic
cancer identified at rapid autopsy. (A) Diffusely infiltrative signet ring carcinoma.
The single cells contain a prominent mucin vacuole that displaces the nucleus to
the cell periphery. Note the lack of a
desmoplastic response as is typically seen
for conventional infiltrating pancreatic cancer. Signet ring carcinoma was present at
initial presentation of this patient. (B) Undifferentiated anaplastic carcinoma. The
cells show marked nuclear enlargement
and pleomorphism with complete loss of
cellular adhesion. This patient underwent
surgical resection of a moderately differentiated duct (tubular) adenocarcinoma
and completed adjuvant chemoradiotherapy but recurred 21 months postresection
with undifferentiated carcinoma. (C) Pancreatic carcinoma showing both differentiated (right side) and undifferentiated
(left side) morphologies. Similar to the
patient described for (B), this patient
also underwent surgical resection of a
moderate to poorly differentiated duct
(tubular) adenocarcinoma but recurred 4
months postresection. The overall survival for this patient was 23 months. (D)
E-cadherin labeling of the carcinoma
shown in (C) indicates the loss of
E-cadherin expression in the undifferentiated carcinoma, in striking contrast to
the moderately differentiated carcinoma
present in the same section. (E) Small
focus of anaplastic carcinoma (indicated
by arrowheads) in an otherwise moderately differentiated adenocarcinoma. An
asterisk indicates a focus of moderately
differentiated carcinoma present in the
same section. (F) E-cadherin labeling of
this same region indicates loss of
E-cadherin expression in this small focus
of undifferentiated carcinoma (⬇1% of
the cancer volume), whereas E-cadherin
expression is retained in the moderately
differentiated component.

chexia, an observation that has been previously reported.23-25 In one of
the few studies to stringently evaluate causes of death related to pancreatic cancer, Nakahashi et al25 found that the number of patients
with extensive metastatic disease leading to hepatic dysfunction and
death was relatively small, and the presence of isolated hepatic metastases were often clinically insignificant in comparison to the complications that arose from locally destructive growth of the primary
carcinoma. Thus, it is important to note that isolated metastases at
initial diagnosis are not a harbinger of widespread metastatic disease,
nor do they always pose the greatest threat to patient survival compared to that of the primary tumor or other factors such as cachexia.
The second clinical implication of our findings is that the
genetic status of a pancreatic carcinoma can be used to predict
widespread metastatic failure. For example, locally advanced carcinomas from patients with no documented metastatic disease uncommonly showed loss of Dpc4 expression (22%) as compared with
carcinomas from patients with extensive metastatic burden (100s to
1,000s) in which the rates of Dpc4 loss approached 75%. A similar
© 2009 by American Society of Clinical Oncology
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Table 3. Relationship of Genetic Features to Patterns of Failure in Advanced Stage Pancreatic Cancer
Locally Destructive
0

Locally Confined
1-10

Metastatic Burden by Gene
for Primary Carcinoma

No.

%

KRAS2 (n ⫽ 59)

6/7

86

TP53 (n ⫽ 58)

6/6

DPC4 (n ⫽ 65)

2/9

No.

11/11
17/18; 94%
100
6/11
12/17; 71%
22
5/11
7/20; 35%

relationship has been found in patients with colon cancer.26 While
these findings do not establish that Dpc4 plays a direct role in metastatic ability, an intriguing study by Michor et al27 who applied mathematical modeling to the dynamics of metastasis suppressor gene
inactivation found, at a constant rate of cancer cell dissemination, a
striking similarity among bi-allelic advantageous mutations in a primary carcinoma and the expected number of metastatic foci (none
to ⬎ 1,000) that paralleled the metastatic burden seen in this cohort of
patients. While more studies are needed to clarify the role of DPC4 and
other molecular features of pancreatic cancers in relation to patterns
of failure (locally destructive v distant metastasis), our observations do
indicate that fundamental molecular differences exist in a primary
pancreatic carcinoma that underlies aggressive behavior or may influence response to treatment.28,29-31 Our findings may also clarify previous findings correlating DPC4 status in surgically resected primary
pancreatic cancers with patient outcome. Since loss of Dpc4 immunolabeling reflects an increased likelihood of the patient developing
widespread metastasis, it should not be surprising that surgical series
have reported a poorer survival in patients with pancreatic cancers
with DPC4 inactivation.32,33 Thus, it may be conceivable that patients
with DPC4 positive carcinomas would receive a greater clinical benefit
from intensive local control by chemoradiotherapy compared to patients with DPC4 negative carcinomas in which systemic chemotherapy alone may be more appropriate.
The third clinical implication of our findings is that advanced pancreatic cancers more commonly have high grade histologic features
than those reported for early-stage disease, a finding also reported
by Kamisawa et al.24 This finding is reminiscent of epithelialmesenchymal transition (EMT), a feature well described in a variety of
human tumors and in mouse models of pancreatic carcinoma.34,35
High grade features were not correlated with stage at initial diagnosis
nor any other clinicopathologic features, and suggest additional events
occur in primary carcinomas that lead to dedifferentiation. EMT in
pancreatic cancer has been suggested to be mediated by transforming
growth factor-␤ signaling through the PI3K/PTEN pathway.29,31,36
Although functional Dpc4 does not appear necessary for TGF-␤mediated EMT,29 in mouse models of pancreatic cancer functional
Dpc4 has been associated with an undifferentiated phenotype.34 However, four of seven patients’ carcinomas with anaplastic morphology
in this study had loss of Dpc4 immunolabeling, in support of claims
that Dpc4 is not specifically required for this phenomenon.
In summary, we now show that information gathered from a
rapid autopsy approach has value in identifying novel areas for
investigation into pancreatic cancer biology and therapy. These
1812
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11-99

100s-1,000s

%

No.

%

100

19/21

90

54

16/21

45

17/24

No.

20/20
39/41; 95%
76
18/20
34/41; 83%
71
16/22
33/46; 72%

%

P

100

.283
.672
.083
.037
.032
.007

90
73

data also suggest that advanced pancreatic cancer may be composed of distinct morphologic and genetic subtypes with different
patterns of metastasis. Clinical trials that take into account molecular features such as Dpc4 status of pancreatic cancers may have a
role in stratifying patients for different treatment regimens. For
example, based on the recent observation that cyclophosphamide
given in association with a pancreatic cancer vaccine enhances
T-cell responses in pancreatic cancer patients,37 we have an open
pancreas cancer study in the neoadjuvant/adjuvant setting using
our granulocyte macrophage colony-stimulating factor allogeneic
whole cell vaccine in combination with immune modulating doses
of Cytoxan and chemoradiotherapy. Immunolabeling will be performed on all resected specimens to determine Dpc4 loss versus
retention of protein expression. Should we find a relationship of
Dpc4 status and treatment outcome, it is conceivable that a
follow-up study could use this information to stratify patients to
either chemoradiotherapy when an intact DPC4 gene is found
versus systemic chemotherapy alone in the event of DPC4 loss.
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