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ABSTRACT

Context Despite current management guidelines, patients with metastatic pancreatic cancer continue to undergo pancreatic
resection. Objective Our objective was to determine the incidence and outcomes of pancreatic resection in the setting of known
metastatic disease. Design Using the Los Angeles County Cancer Surveillance Program, patients with pancreatic adenocarcinoma
who underwent pancreatic resection with known M1 (AJCC stage IV) metastatic disease between the years 1988-2006 were
assessed. Setting Large population based database query. Patients Patients with biopsy proven M1 pancreatic adenocarcinoma.
Interventions Pancreatic resection, systemic chemotherapy, radiation therapy. Main outcome measure Overall survival. Results Of
8,549 patients with pancreatic adenocarcinoma from Cancer Surveillance Program, 54% (n=4,649) initially presented with M1
disease. Within this M1 cohort, 2% (n=92) of patients underwent pancreatic resection and formed our final study cohort; these
patients comprised 7% of the overall number of pancreatic resections performed for pancreatic adenocarcinoma during the study
period. Only 35% (n=32) of the study cohort received adjuvant chemotherapy; and 13% (n=12) received adjuvant radiotherapy.
Median survival for the study cohort was 6.3 months. Surgery provided no survival benefit over chemotherapy in patients with M1
disease and was associated with an 18% 30-day mortality. Conclusion A large number of patients from Los Angeles County have
undergone pancreatic resection despite the presence of known metastatic disease. Patient survival remains abysmal in this setting and
these results are likely a microcosm of the surgical management of metastatic pancreatic cancer in the USA. These results highlight
the necessary efforts to maintain appropriate standards of care in the management of pancreatic cancer.

INTRODUCTION resection has been uniformly discouraged in patients
Of the approximate 40,000 patients diagnosed in the presenting with metastases.
USA with pancreatic cancer in 2008, nearly 41% of Previous institutional series have evaluated the role of
these patients presented initially with metastatic pancreatic resection in the management of patients with
disease [1]. Unfortunately, the vast majority of all metastatic disease; and no survival benefit from
patients are expected to succumb to their disease with resection was reported [7, 8, 9]. Not surprisingly, many
poor median survival of 5-6 months [2]. For the governing bodies have maintained strict guidelines
fortunate few patients, surgical resection remains a discouraging the performance of pancreatic resection
adenocarcinoma. Specifically, curative-intent surgery Comprehensive Cancer Network (NCCN) and National
(i.e., pancreatectomy) has been reserved for patients Cancer Institute (NCI) treatment guidelines consider
duodenal bypass remains an appropriate option and is and recommend all patients be referred for systemic
reserved for symptomatic patients with locally therapy or enrollment in clinical trials [10, 11]. Despite
advanced, unresectable disease; but pancreatic such guidelines, the physicians in our tertiary referral
center have anecdotally observed major pancreatic
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participating in the Survival Epidemiology and End
Results (SEER) database and serves as a model for
population-based cancer registries. This cancer registry
has collected patient data from all facilities that
diagnose or treat cancer for residents of Los Angeles
County since 1972. In 1988, the registry became
unique to SEER by expanding its data collection to
include comprehensive cancer treatment information
including chemotherapy and radiotherapy information.
The CSP registry was queried to examine county-wide
pancreatic cancer outcomes.

Patient Population and Study Design

Patients (n=9,634) diagnosed with histologically
proven adenocarcinoma of the pancreas in Los Angeles
County during the time period of 1988-2006 were
identified from CSP. Patients less than 18 years of age
or with absent surgical or staging data were excluded to
yield the final study cohort of 8,549 patients. Patients
were then categorized by the presence (n=4,649) or
absence (n=3,900) of metastatic disease, which was
determined by pathologic staging. The final study
cohort was obtained after stratifying for patients who
underwent pancreatic resection in the setting of known
metastatic disease (n=92).

Tumor location, histology, staging and differentiation
were coded according to the International
Classification of Diseases (ICD) for Oncology [13].
Topography codes for pancreatic cancer included ICD
site codes C25.0-C25.9 and were classified as head
(C25.0), body (C25.1), tail (C25.2), and other or not
otherwise  specified  (C25.3-25.9). Pancreatic
adenocarcinoma histology codes included mucinous
adenocarcinoma, adenocarcinoma with metaplasia,
intraductal carcinoma, clear cell adenocarcinoma,
papillary adenocarcinoma, granular cell (mixed cell)
adenocarcinoma,  tubular  adenocarcinoma, and
adenocarcinoma not otherwise specified. The site
specific surgical codes included: partial
pancreatectomy (with and without duodenectomy),
total pancreatectomy (with and without subtotal
gastrectomy  with duodenectomy), extended
pancreatectomy and pancreatectomy not otherwise
specified. The CSP does not provide site specific
surgical codes for metastatectomy, making data on the
incidence and extent of such procedures unavailable for
analysis. Prior to 2004, staging data was reported by
CSP as local, regional or distant; from 2004, AJCC
staging was available. Patients staged by CSP as either
distant or M1 were considered metastatic; and patients
with local, regional or MO disease were considered
non-metastatic. Receipt of chemo- and radio-therapies
was categorized as positive or negative.

ETHICS
City of Hope and State of California institutional

review boards’ approval was obtained for query of the
CSP database.

STATISTICS

The principal prognostic factor of interest was
pancreatic resection. Extent of disease was categorized
as metastatic (M1) or non-metastatic (local or
regional). Differences in these clinical and pathologic
factors were compared by Student’s t-test for
continuous variables, Pearson chi-square test for
nominal categorical variables, liner-by-linear chi-
square test for ordinal categorical variables, and
Fisher’s exact test for dichotomous variables. We
performed an analysis to determine whether pancreatic
resection impacted survival in patients with M1
disease. The primary outcome of interest was overall
survival. Survival was calculated in months from the
date of pancreatic cancer diagnosis until the date of
death. Patients were censored at the last follow-up date
(i.e., April 13" 2008) or the date the patient was last

Table 1. Characteristics of patients with pancreatic adenocarcinoma
in the Los Angeles County Cancer Surveillance Program (CSP).

Factors All patients MO patients M1 patients
(n=8,549) (n=3,900) (n=4,649)

Age: years; meantSD  68.0+11.7 68.2+11.6 67.8+11.8

(range) (21-100) (21-100) (23-99)

Sex:

- Male 4,236 (49.5%) 1,896 (48.6%) 2,340 (50.3%)

- Female 4,313 (50.5%) 2,004 (51.4%) 2,309 (49.7%)
Grade:

-1 564 (6.6%) 345 (8.8%) 219 (4.7%)
-1 1,953 (22.8%) 1,224 (31.4%) 729 (15.7%)
-1 2,059 (24.1%) 980 (25.1%) 1,079 (23.2%)
-1V 80 (0.9%) 35 (0.9%) 45 (1.0%)
- Unknown 3,893 (45.5%) 1,316 (33.7%) 2,577 (55.4%)
Lymph node

metastasis:

-No 2,405 (28.1%) 1,415 (36.3%) 990 (21.3%)
- Yes 1,728 (20.2%) 1,041 (26.7%) 687 (14.8%)
- Unknown 4,416 (51.7%) 1,444 (37.0%) 2,972 (63.9%)
Chemotherapy:

-No? 5,039 (58.9%) 2,282 (58.5%) 2,757 (59.3%)
- Yes 3,189 (37.3%) 1,473 (37.8%) 1,716 (36.9%)
- Unknown 321 (3.8%) 145 (3.7%) 176 (3.8%)
Radiation:

-No 7,277 (85.1%) 2,952 (75.7%) 4,325 (93.0%)
- Yes® 1,267 (14.8%) 947 (24.3%) 320 (6.9%)
- Unknown 5 (0.1%) 1 (0.0%) 4 (0.1%)

Tumor location:

- Head 4,647 (54.4%) 2,789 (71.5%) 1,858 (40.0%)
- Body 798 (9.3%) 303 (7.8%) 495 (10.6%)
- Tail 821(9.6%) 149 (3.8%) 672 (14.5%)

- Other/not otherwise

specified

Surgical resection:

2,283 (26.7%) 659 (16.9%) 1,624 (34.9%)

-No 7,275 (85.1%) 2,718 (69.7%) 4,557 (98.0%)
- Yes 1,274 (14.9%) 1,182 (30.3%) 92 (2.0%)
Tumor size:

cm; meantSD 4.6£3.2 4.3+3.0 5.0£3.3
(range) ¢ (0.0-80.0) (0.0-80.0) (0.0-72.0)

2 Includes contraindicated, recommended but not given, and refused

® Includes beam, implants, isotopes, combination, radiation, and not
otherwise specified

¢ Other tumor sites include pancreatic duct (Santorini or Wirsung)
and overlapping lesion of pancreas

¢ Tumor size was reported as 0.0 cm in select patients with non-
resected disease
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Table 2. Characteristics of patients with metastatic (M1) pancreatic
adenocarcinoma in the Los Angeles County Cancer Surveillance
Program (CSP).

Factors Not resected  Resected P
(n=4,557) (n=92) value

Age: years; meantSD 67.8£11.8 64.7+11.1 0.014°¢

(range) (25-99) (23-88)

Sex: 1.000f

- Male 2,294 (50.3%) 46 (50.0%)

- Female 2,263 (49.7%) 46 (50.0%)

Grade: 0.849°¢

(2,072 cases with available data)

-1 213 (10.7%) 6 (7.9%)
-1 699 (35.0%) 30 (39.5%)
-1 1,041 (52.2%) 38 (50.0%)

-1V 43 (2.2%) 2 (2.6%)

Unknown 2,561 16

Lymph node metastasis: 0.003 '
(1,677 cases with available data)

- No 960 (59.8%) 30 (41.7%)

- Yes 645 (40.2%) 42 (58.3%)
Unknown 2,952 20
Chemotherapy: 0.661f
(4,471 cases with available data)

-No? 2,699 (61.6%) 57 (64.0%)

- Yes 1,683 (38.4%) 32 (36.0%)
Unknown 175 3

Radiation: 0.035f
(4,474 cases with available data)

- No 4,082 (93.2%) 80 (87.0%)

- Yes”® 300 (6.8%) 12 (13.0%)
Unknown 175 0

Tumor location: <0.001"
- Head 1,815 (39.8%) 43 (46.7%)

- Body 489 (10.7%) 6 (6.5%)

- Tail 645 (14.2%) 27 (29.3%)

- Other °/not otherwise specified 1,608 (35.3%) 16 (17.4%)

Tumor size: cm; mean+SD 5.0£3.3 49+25 0.810°
(range) (0.0-75.0)  (1.0-15.0)

% includes contraindicated, recommended but not given, and refused

® includes beam, implants, isotopes, combination, radiation, and not
otherwise specified

¢ other tumor sites include pancreatic duct (Santorini or Wirsung) and
overlapping lesion of pancreas

¢ Tumor size was reported as 0.0 cm in select patients with non-
resected disease

¢ Student’s t-test

" Fisher’s exact test

9 Liner-by-linear chi-square test

" Pearson chi-square test

known to be alive. Median survival was estimated
using the Kaplan-Meier method [14], with comparisons
made by Wilcoxon log-rank test. P-values were two-
sided and values less than 0.05 were considered to be
statistically significant. We utilized SPSS version 12
(SPSS Inc., Chicago, IL) for our statistical analyses.

RESULTS

Patients with Pancreatic Adenocarcinoma in Los
Angeles County

The characteristics of the 8,549 patients with
pancreatic adenocarcinoma in Los Angeles County are
presented in Table 1. Only 14.9% of these patients
(n=1,274) underwent surgical resection in the
management of their pancreatic cancer. This rate of
surgery in Los Angeles County is consistent with

national trends [6]. From the initial cohort (n=8,549),
4,649 patients (54.4%) presented with M1 disease.
Two-percent (n=92) of patients with M1 disease
underwent pancreatic resection, which comprises 7.2%
of the 1,274 pancreatic resections performed for the
initial cohort. Of these 92 patients, metastatic disease
was determined preoperatively or intraoperatively, and
confirmed by pathologic examination. Delivery of
chemotherapy in conjunction with surgery was similar
regardless of M status (entire cohort: 3,189, 37.3%; MO
cohort: 1473, 37.8%; M1 cohort: 1,716, 36.9%;
P=0.716).

Comparison of Treatment Strategies for Patients
with M1 Disease

We compared the clinical and pathologic
characteristics of patients with M1 disease who
underwent surgical resection with patients who were
medically treated without surgical resection (Table 2).
Treatment was unknown in 175 patients (3.8%) of the
non-resection cohort. Out of the 4,382 non-resected
patients, 2,606 patients (59.5%) were treated
supportively without chemotherapy or radiation, and
1,683 patients (38.4%) received chemotherapy without
surgical resection. Radiation therapy was delivered to a
small minority of patients (n=300, 6.8%) in the non-
resection cohort either with (n=207) or without (n=93)
chemotherapy.

Patients who underwent pancreatic resection compared
to no resection were significantly younger (64.7 vs.
67.8 years, respectively; P=0.014) and more likely to
receive radiation therapy (13.0% vs. 6.8%,
respectively; P=0.035). In addition, tumor location was
more frequently in the pancreatic tail for patients who
underwent pancreatic resection (29.3% vs. 14.2%,
respectively; P<0.001). There was no significant
difference in gender, tumor grade or tumor size
between the two groups.

Survival of the M1 Cohort According to Therapy

Median survival for the entire M1 cohort was 2.6
months. Median survival in M1 patients not receiving
chemotherapy or surgical resection (n=2,606) was 1.6
months. As seen in Figure 1, when stratified by
treatment, median survival was 4.9 months for patients
who received chemotherapy alone (n=1,683) versus 6.3
months for patients who underwent pancreatic
resection with or without the addition of chemotherapy
(n=92) (P<0.001). However, the median survival for
surgical resection alone (n=57) was similar to the
outcomes observed with chemotherapy alone (4.7 vs.
4.9 months, respectively; P=0.095, Figure 2). A small
number of surgical resection patients (n=32) received
additional chemotherapy and their median survival was
9.0 months. The addition of radiotherapy to surgical
patients (plus/minus adjuvant chemotherapy: 12 out of
92 patients) did not impact survival (median survival:
6.1 vs. 6.3 months, respectively; P=0.742).

Because we were unable to compare performance
status using the CSP, we evaluated 30-day mortality as
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Figure 1. Survival analysis of M1 patients with pancreatic
adenocarcinoma who received chemotherapy alone (n=1,683) as
compared to patients who underwent pancreatic resection with or
without the addition of chemotherapy (n=92). (MS: median survival).

a surrogate for treatment tolerance and level of
function. In patients who underwent neither surgery
nor chemotherapy, 30-day mortality was 34.1%
(921/2,699) while in the chemotherapy alone cohort the
30-day mortality was 5.8% (98/1,683; P<0.001).
Interestingly, in the surgery cohort, 30-day mortality of
the surgery alone and surgery with chemotherapy
cohorts was 17.5% (10/57) and 0% (0/32), respectively
(P=0.012).

DISCUSSION

Given the dismal prognosis of patients with metastatic
pancreatic adenocarcinoma, aggressive attempts to
eradicate disease have been reported [7, 8, 9]. Here, we
identified 4,649 CSP patients who presented with
metastatic pancreatic cancer during our study period.
median survival of this cohort was a mere 2.6 months
with, and only 37% of patients received systemic
chemotherapy. The surprisingly low utilization of
systemic chemotherapy in M1 patients with pancreatic
adenocarcinoma is consistent with national trends. In
an evaluation of the National Cancer Database over a
10-year period, Sener et al. reported a 23% incidence
in chemotherapy administration among patients with
metastatic pancreatic adenocarcinoma [15]. These
treatment patterns highlight the prevailing nihilism
towards patients with this disease and the typical poor
performance status of patients with advanced
pancreatic adenocarcinoma. The apparent increase in
chemotherapy delivery in our patient population as
compared to the National Cancer Database likely
represents changes in chemotherapeutic options over
the two study periods. In Sener et al.’s study, 100,313
patients spanning all stages of pancreatic
adenocarcinoma were evaluated from 1985 to 1995

[15]. Our study period of 1988-2006 is likely more
representative of the current national treatment patterns
for chemotherapy delivery. Prior to 1997,
fluoropyrimidine based therapies were the standard of
care for patient with M1 pancreatic adenocarcinoma,
despite marginal improvements in survival over
supportive therapy. In 1997, Burris et al. reported a
randomized controlled trial of 126 patients with
advanced pancreatic adenocarcinoma randomized to
bolus 5-FU versus gemcitabine and established
superiority of gemcitabine over 5-FU in terms of
clinical benefit response and progression free survival
with a marginal improvement in overall survival [16].
Unfortunately, despite numerous studies which have
attempted to improve upon the results of gemcitabine
monotherapy for advanced pancreatic adenocarcinoma
using either cytotoxic combination therapy or the
addition of biologic therapy, the 5.65 month median
survival with gemcitabine monotherapy in Burris’s
report has not been improved [17, 18, 19, 20, 21, 22,
23, 24, 25, 26]. This is consistent with the 4.9 month
median  survival of M1 patients receiving
chemotherapy alone in our report.

In contrast to systemic agents, pancreatic resection has
an established role in the treatment of localized
pancreatic cancer and provides the only chance of cure
[27, 28, 29, 30] Due to refinements in surgical
technique and postoperative care over the past 20
years, pancreatectomy can be performed with
acceptable morbidity and minimal mortality [4, 5, 30].
The arguable rationale behind proposing pancreatic
resection for patients with metastatic disease may
include the improved perioperative outcomes following
pancreatic surgery and the continuing frustration with
failures of systemic therapy. A growing international
experience of metastatectomy for non-colorectal

10w Treatment
== == Chemaotherapy only (MS=4.9 mos)

Survival

Time in Months

Figure 2. Comparison of survival in M1 pancreatic adenocarcinoma
patients who received either chemotherapy alone (n=1,683) or
surgical resection alone (n=57). (MS: median survival).
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gastrointestinal malignancies, as well as, the apparent
success of palliative pancreaticoduodenectomy in the
presence of gross residual disease [31], have also been
cited as rationale for pancreatectomy with known
metastatic pancreatic adenocarcinoma [7, 8, 9].

We have reviewed the published reports of pancreatic
resection in the setting of metastatic pancreatic
adenocarcinoma. Takada et al. [7] described their
series of 11 patients with limited metastatic hepatic
disease who underwent simultaneous hepatic resection
with pancreaticoduodenectomy and compared them to
a matched cohort who did not undergo aggressive
therapy. They observed no difference in survival
between the two groups (median survival 6 vs. 4
months, respectively, P NS). In a similar case-
controlled study, Gleisner et al. [8] identified 22
patients who underwent pancreatic resection and
concomitant hepatic metastatectomy for metastatic
periampullary cancer. The median survival of this
cohort was 6.9 months. Finally, Shrikhande et al. [9]
reported their series of 29 patients with metastatic
pancreatic adenocarcinoma to either liver, peritoneum,
or the aortocaval node basin who underwent pancreatic
resection and metastastectomy. Overall survival was
13.8 and 15.8 months in the surgery only and surgery
plus adjuvant chemotherapy groups, respectively.
These results, however, remain an outlier and are
significantly longer than any report evaluating potential
therapies for metastatic pancreatic cancer.

Here, we identified 92 patients with metastatic
pancreatic adenocarcinoma from the heterogeneous
Los Angeles County population who underwent
pancreatic resection in the management of their
disease. This is the largest series of patients reported to
have undergone resection in the presence of metastatic
pancreatic adenocarcinoma. In our series, the outcomes
following surgical resection (median survival 6.3
months) are consistent with the survival data reported
from trials investigating systemic chemotherapy in
patients with metastatic pancreatic cancer [16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26].

The most pertinent comparison in this series is between
patients who underwent pancreatic resection in the
presence of metastatic disease and patients who
received systemic chemotherapy alone for their
metastatic disease. These two cohorts likely represent a
patient population with relatively comparable
performance status. When these two groups were
compared, surgical resection provided improved
survival for a period of 5 weeks. When one considers
the prolonged recovery from pancreatic resection
necessary to tolerate subsequent chemotherapy coupled
with the significant perioperative mortality associated
with pancreatic resection, this survival difference,
while statistically significant, becomes clinically
irrelevant. The 30-day mortality of 18% in the surgery
alone cohort emphasizes the challenges associated with
proposing aggressive surgical therapy in the setting of
metastatic ~ pancreatic  adenocarcinoma.  Patients
receiving both chemotherapy and surgery had a 4-

month increase in survival over those treated with
chemotherapy alone, along with no 30-day mortalities.
These 32 patients likely represent a highly selected
population with low volume metastatic disease and
outstanding performance status. However, it must be
noted that 57 patients were unable to receive
chemotherapy in addition to pancreatic resection.
Unfortunately, we were unable to determine what
factors contributed to the failure to receive
chemotherapy in this cohort. Considering the morbidity
associated with pancreatic resection and the high
perioperative mortality in this cohort, we suspect that
postoperative morbidity limited subsequent treatment
options. When the 57 patients who underwent surgery
alone were compared to those receiving chemotherapy
alone, no survival benefit existed with neither cohort
having a median survival greater than 5 months.

We acknowledge inherent limitations in our current
database investigation. For example, we were not able
to determine the site or extent of metastatic disease, nor
were we able to specifically identify the surgical
approach (if any) taken towards the metastatic disease.
Furthermore, we cannot specify whether the diagnosis
of metastatic disease was known preoperatively or
determined intraoperatively or if metastatectomy was
performed in conjunction with pancreatic resection. It
is likely that patients undergoing surgery for metastatic
pancreatic adenocarcinoma had more limited disease
and better performance status than those treated with
systemic therapy or supportive care alone.

We were unable to quantify the performance status of
our cohorts. It is expected that only patients with
optimal performance status were offered pancreatic
resection, and this limits the relevance of direct
comparison between the surgical cohort and the other
cohorts. While we evaluated 30-day mortality as a
surrogate of performance status and treatment
tolerance, early mortality is only one of several
parameters necessary to quantify performance status
and can be affected by extent of disease as well.
Nevertheless, the clinical importance of performance
status in patients with M1 pancreatic adenocarcinoma
cannot be overstated. In a meta-analysis evaluating the
efficacy of gemcitabine combination regimens for
patients with advanced pancreatic adenocarcinoma,
Heinemann et al. not only verified that performance
status is one of the most important determinants of
survival, but also showed that performance status
determined which patients would benefit from more
aggressive chemotherapeutic regimens [24]. We should
expect that the survival advantage of a surgical cohort
with M1 disease relies as heavily on individual
performance status as extent of disease. These
limitations in selection bias give further credence to the
conclusion that a modest 5-week survival advantage in
the surgical cohort, while statistically significant, is
likely the result of selection bias.

Our study results are also noteworthy in that a large
number of patients received no form of therapy,
resulting in a median survival of 1.6 months. Current
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systemic chemotherapy, while providing a marginal
improvement in median survival, has been shown to
have palliative benefit in patients with metastatic
pancreatic cancer [16]. Given the potential implications
of not receiving systemic therapy for metastatic disease
because of disabling complications from pancreatic
surgery coupled with the perioperative mortality
associated with pancreatectomy in the setting of
metastatic pancreatic adenocarcinoma, the decision to
offer surgical resection must be approached with
considerable caution. It is certain that progress in the
treatment of metastatic pancreatic cancer has been slow
over the past few decades, but we cannot advocate the
continued performance of aggressive, experimental
strategies outside the confines of a clinical trial that
bear no impact on this highly lethal disease. Our
findings validate both the NCCN and NCI treatment
guidelines for metastatic pancreatic cancer and suggest
that clinician education remains critical in the proper
management  of patients  with pancreatic
adenocarcinoma.
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