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Abstract
Introduction Patients with metastatic pancreatic adenocarcinoma have traditionally been offered palliative chemotherapy alone,
and the role of surgery in these patients remains unknown.
Methods A bi-institutional retrospective review was performed for patients with metastatic pancreatic adenocarcinoma who
underwent resection of the primary tumor from 2008 to 2013. The primary outcomemeasured was postoperative overall survival.
Secondary outcomes included postoperative disease-free survival and overall survival from the time of diagnosis.
Results Twenty-three patients were identified who met the study criteria with a median follow-up of 30 months. Metastatic sites
included the liver (n = 16), the lung (n = 6), and the peritoneum (n = 2). Chemotherapy included FOLFIRINOX (n = 14) and
gemcitabine-based regimens (n = 9), with a median of 9 cycles (range 2–31) prior to surgical treatment. Median time from
diagnosis to surgery was 9.7 months (IQR 5.8–12.8). Median overall survival (OS) from surgery, disease-free survival, and
OS from diagnosis were 18.2 months (95 % CI 11.8–35.5), 8.6 months (95 % CI 5.2–16.8), and 34.1 months (95 % CI 22.5–
46.2), respectively. The 1- and 3-year OS from surgery were 72.7 % (95 % CI 49.1–86.7) and 21.5 % (95 % CI 4.3–47.2),
respectively.
Conclusion Resection of the primary tumor in patients with metastatic pancreatic adenocarcinoma may be considered in highly
selected patients with favorable imaging and CA 19-9 response following chemotherapy at high-volume centers providing
multidisciplinary care. These patients should be enrolled in prospective clinical trials or institutional registries to better quantify
the potential benefits of such a strategy.
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Introduction

Pancreatic cancer has climbed to the third leading cause of
cancer-related death while remaining just the 12th most com-
mon cancer in incidence.1 Only in 2010 did the national 1-
year overall survival from diagnosis eclipse 30 %. The poor
prognosis is secondary to a high rate of locally advanced and
distant metastatic disease at the time of diagnosis and charac-
teristic rapid progression. For those with distant metastases
from pancreatic ductal adenocarcinoma (PDAC) at diagnosis,
the median survival remains less than 1 year and survival
beyond even 2 years is rare.
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Within the past 5 years, two large-scale randomized con-
trolled trials have demonstrated a survival benefit with the use
of combination systemic chemotherapy regimens over
gemcitabine monotherapy in metastatic PDAC.2,3 In the face
of the dismal prognosis associated with PDAC, these regi-
mens have provided new optimism for patients who exhibit
a favorable biologic and radiologic response to treatment.

Improvement in systemic therapy combined with
metastasectomy has improved survival in other advanced dis-
eases such as colorectal cancer. Patients presenting with stage
IV disease in the form of resectable liver metastases now have
a 5-year overall survival (OS) of greater than 50% in the era of
multimodality therapy.4 Even in the face of unresectable dis-
tant metastases, resection of the primary tumor has demon-
strated a small survival benefit in colorectal cancer.5,6

However, to date surgical resection of metastatic disease has
not been applied to patients with PDAC largely due to the lack
of effective systemic chemotherapy and the high morbidity
rates associated with removal of the primary tumor.

We sought to investigate the outcomes of patients with
stage IV PDAC who underwent primary tumor resection with
or without metastasectomy following a favorable response to
systemic chemotherapy.

Materials and Methods

The study was designed as a retrospective review at two high-
volume pancreatic surgery centers, the University of
Pittsburgh Medical Center and the Johns Hopkins Hospital.
Both institutions utilize a multidisciplinary tumor board.
Criteria for patient selection for review included stage IV
biopsy-proven PDAC at presentation with synchronous me-
tastases detected on preoperative imaging. All patients includ-
ed received an initial course of systemic therapy at the discre-
tion of the treating medical oncologist without specified pro-
tocol. The site and number of metastases was recorded for
each patient. Performance status was determined according
to the Eastern Cooperative Oncology Group (ECOG) status.

Cancer antigen 19-9 (CA19-9) levels at diagnosis and fol-
lowing systemic therapy were reviewed and stratified by
>50 % reduction and >90 % reduction. Radiologic response
was measured by the modified RECIST criteria.7 Surgical
outcomes of interest included R0 resection rate and short-
term morbidity which was graded by the Clavien-Dindo
classification.8

The primary outcome measure was OS from the time of
surgery. Secondary outcomes included DFS and OS from the
time of diagnosis. Kaplan-Meier analyses were performed.
Survival between groupswas compared by chemotherapy reg-
imen and CA19-9 response with cutoff of 90% decrease using
the log-rank test. A p value of <0.05 was considered
significant.

Results

Patient Population

During the study period, there were 1147 patients with stage
IV PDAC treated at the two institutions. Of these patients, 23
(2.0 %) underwent surgical resection of the primary tumor
with or without metastasectomy after favorable response to
chemotherapy. Patient demographics are listed in Table 1.
The ECOG performance status was 0 in 78.2 % and 1 in the
remainder of the cohort. The obesity rate was 21.7 %, and
mean preoperative albumin was 3.9 ± 0.4.

Disease Presentation

The characteristics of disease at diagnosis are listed in Table 1.
Tumors were predominantly located in the head of the pan-
creas and were resectable. Twelve of fifteen patients (80 %)
with pancreatic head lesions received pre-treatment biliary
stents. The sites of metastases were the liver (65.2 %), the lung
(21.7 %), the peritoneum (8.7 %), and both the liver and lung
in one patient (4.3 %). Thirteen (56.5 %) patients had two or
fewer metastatic lesions, four (17.4 %) had 3–4 lesions, and
six (26.1 %) had ≥5 lesions. The median CA19-9 at diagnosis
was 464 U/mL (IQR 133–2498). CA19-9 was elevated in 18/
20 (90 %) patients who had a baseline level available from the
time of diagnosis.

Systemic Treatment and Response

The FOLFIRINOX regimen was used for induction therapy in
14 (60.9 %), and gemcitabine-based regimens were used in 9
(39.1 %). Six of the nine patients (66.9 %) received
gemcitabine as monotherapy initially. Four patients (28.6 %)

Table 1 Demographics and presentation characteristics

Variable N (%)

Age (mean ± SD) 57.5 ± 9.0

Gender (%male) 14 (60.9)

BMI 26.0 ± 5.1

ECOG status 0 18 (78.3)

1 5 (21.7)

Primary tumor location Head 15 (65.2)

Body/tail 8 (34.8)

Resectability of primary Resectable 14 (60.9)

Borderline 5 (21.7)

Locally advanced 4 (17.4)

Metastatic site Liver 16 (69.6)

Lung 6 (26.1)

Peritoneum 2 (8.7)

ECOG Eastern Cooperative Oncology Group
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converted from FOLFIRINOX to gemcitabine-based regi-
mens, and two (22.2 %) converted from gemcitabine-based
regimens to FOLFIRINOX. The median number of cycles of
preoperative chemotherapy received for all patients was 9
(IQR 6–12). The median number of cycles in the
FOLFIRINOX group was 6 (range 3–25) with the four con-
verters receiving an additional 4–12 cycles of gemcitabine-
based regimens. The median number of cycles in the
gemcitabine monotherapy group was 5 (range 2–14) with
two converters receiving an additional 8 and 18 cycles of
FOLFIRINOX, respectively. The three patients on
gemcitabine dual-therapy regimens received 6, 12, and 14
preoperative cycles.

The CA19-9 level decreased by >50 % in 17/18 (94.4 %)
and by >90 % in 11/18 (61.1 %). The median percentage
decrease of CA19-9 level was 92.1 % (IQR 70.5–98.6 %).
The overall radiologic response included complete response
in 1 (4.3%), partial response in 10 (43.5 %), and stable disease
in 12 (52.2 %) according to the modified RECISTcriteria. For
metastatic lesions only, complete response was observed in 8
patients (34.8 %) including 2 patients with peritoneal metas-
tases. For patients with lung metastases, 4/6 (66.7 %) demon-
strated partial response and 2/6 (33.3 %) had stable disease.

Surgical Treatment

The median time from diagnosis to surgical treatment was
9.7 months (IQR 5.8–12.8). Operative procedure included
pancreaticoduodenectomy in the majority (65.2 %) and distal
pancreatectomy (34.8 %) in the remaining. Seven patients in
this series had a robotic-assisted procedure with no conver-
sions to open. Procedures for metastatic lesions were per-
formed in 11 (47.8 %) that included metastasectomy of liver
(n = 9) and lung (n = 2) lesions and radiofrequency ablation
(n = 1). Mean operative duration was 424 ± 147 min. Venous
resection was performed in 3/23 (13.0 %). The rate of R0
resection was 21/23 (91.3 %). The median length of stay
was 8 days (IQR 7–10). Major complications occurred in
3/23 (13.0 %) with no perioperative mortalities.

Final pathologic T stage included T1 = 7/23 (30.4 %),
T2 = 3/23 (13.0 %), T3 = 12/23 (52.2 %), and T4 = 1/23
(4.4 %). Mean nodal yield was 19 ± 8, and nodal metastases
were identified in 9/23 (39.1 %). Four patients had variants
from classic ductal adenocarcinoma which included two with
focal squamous differentiation, one with mucinous features,
and one arising within an intraductal papillary mucinous neo-
plasm. All metastatic lesions were concordant with the prima-
ry tumor pathology.

Survival

The median DFS was 8.6 months (95 % CI 5.2–16.8) from
the date of surgery (Fig. 1). Six patients (26.1 %) have

neither expired nor experienced recurrent disease since sur-
gery with a median follow-up of 22.5 months. Conversely,
7/23 (30.4 %) experienced an early disease recurrence
<6 months from surgery. Sites of initial recurrence/
progression included the liver (n = 11), the lung (n = 4), and
the peritoneum (n = 5) among the 17 patients with recur-
rence. The site of recurrence was the same as the initial
metastatic disease in 13/17 (76.5 %) and a new site in 4/17
(23.5 %). Palliative chemotherapy was utilized in 12 patients
(52.2 %) for a median of 3 cycles (range 1–6).

The median OS from the time of surgery was 18.2 months
(95 % CI 11.8–35.5) (Fig. 2). The 1- and 3-year OS rates were
72.7 and 21.5 %, respectively. OS did not differ based on
chemotherapeutic regimen or CA19-9 response (p = NS).
Median OS from the time of diagnosis was 34.1 months
(95 % CI 22.5–46.2) with 3-year OS of 43.1 %.

Discussion

The surgical treatment of PDAC has been traditionally re-
stricted to patients with resectable or borderline resectable
tumors and absence of distant metastasis. The premise of this
philosophy originated from the aggressive and systemic na-
ture of PDAC and abbreviated survival in the setting of met-
astatic disease with available chemotherapeutic regimens.

Two recent trials of systemic chemotherapy in metastatic
PDAC have shown promise. The PRODIGE trial utilized the
FOLFIRINOX regimen and demonstrated an absolute surviv-
al benefit of 4.3 months when compared to monotherapy with
gemcitabine.2 The addition of nab-paclitaxel to gemcitabine in
the MPACT trial also demonstrated a survival benefit of
1.8 months compared with gemcitabine alone.3 Despite these
improvements, median survival of metastatic pancreas cancer
remains less than 1 year.

Prior to the current era of improved systemic therapy, ex-
perience with surgical treatment of metastatic PDAC in the

Fig. 1 Disease-free survival
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literature was limited. Shrikhande et al. examined 29 patients
with M1 disease who underwent pancreatic resection and
found a median survival of 13.8 months.9 However, only
one of these patients underwent neoadjuvant therapy, and 9
of 29 only had microscopic disease in aortocaval lymph nodes
diagnosed at the time of postoperative histologic examination.
Poor survival has been described in other series, but these also
predominantly consist of disease diagnosed at the time of
operation and without neoadjuvant treatment.10,11 The out-
comes of pancreatic resection in the setting of metastatic dis-
ease treated with modern chemotherapeutic regimens are
largely unknown and have only been described in isolated
case series.12,13

In this study, we report our cumulative experience with
primary tumor resection with or without metastasectomy fol-
lowing systemic therapy for metastatic PDAC at two high-
volume pancreatic surgery centers. All patients in the study
had synchronous metastases and demonstrated favorable re-
sponse to systemic chemotherapy. The median OS from sur-
gery and DFS were 18.2 and 8.6 months, respectively. These
are relatively comparable to the survival seen in patients who
have undergone attempted curative resection with receipt of

adjuvant gemcitabine in the absence of known distant
metastases.14

Changes in CA19-9 level and RECISTcriteria were used to
evaluate response to systemic therapy and appeared to be the
primary determining factors in patient selection in addition to
high performance status. The CA19-9 level decreased by
>50 % in all but one patient, and the median decrease was
92%. The rate of radiologic response was 47.8% as judged by
partial or complete response while the remainder had stable
disease. Complete radiologic response of the metastatic le-
sions was seen in 34.8 %. In the two patients without CA19-
9 elevation at diagnosis, a partial radiologic response was
demonstrated after chemotherapy. These factors were associ-
ated with improved survival in the PRODIGE trial and have
been a favorable prognostic factor in borderline and resectable
disease.15 However, CA19-9 response >90 % was not associ-
ated with improved DFS or OS in this cohort, likely related to
the small sample size and favorable response overall in this
highly selected cohort. Obtaining high-quality cross-sectional
imaging and baseline CA19-9 level at diagnosis are of utmost
importance in guiding treatment. Surgical treatment outside of
excellent response by these measures would be inadvisable in
the setting of metastatic disease.

The basic tenants of oncologic surgery are to cure or pro-
long life. Local therapy of the primary tumor with or without
metastasectomy is unlikely to achieve cure. Only six patients
in our series have not experienced recurrent disease to date.
While the prolongation of life is a worthwhile pursuit, this can
be difficult to quantify from a highly selected cohort. One
potential benefit of offering resection is to provide an extend-
ed time period for the patient to be off systemic chemotherapy
treatment and potentially enhancing quality of life. Aside from
the general toxicities seen with chemotherapy, the
FOLFIRINOX regimen can be difficult to tolerate and is often
limited by the degree of peripheral neuropathy. Once patients
experience this toxicity, it is typically unable to be used again
in the future. Additionally, the efficacy of second-line chemo-
therapy is poor, as evidenced by the 4-month survival seen in
the PRODIGE trial for both study groups once cross-over was
initiated.2

The OS from diagnosis for this cohort was 34months. In an
update of the MPACT trial, survival beyond 3 years with nab-
paclitaxel plus gemcitabine was seen in 3 %.16 These data are
not as clear from the PRODIGE trial as the number at risk on
the KM curves drops off steeply after 24 months, but there
were also a small percentage with survival beyond 3 years. In
our cohort, six patients survived beyond 3 years with the lon-
gest at 62 months with no evidence of disease recurrence. As
the natural history of these excellent responders is otherwise
unknown, it is difficult to estimate the true impact of surgery
due to lack of an adequate control group.

As perioperative care has improved, the surgical risk of
mortality to patients undergoing pancreatic resections has

Fig. 2 Overall survival from surgery (a) and diagnosis (b)
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decreased to <3 % at high-volume centers.17 While the mor-
bidity remains significant, this must be balanced with the
availability of additional therapies available to the patient
(i.e., radiation, second-line chemotherapy) and potential,
but unknown benefit of prolonging survival in select cases.
Though conflicting data exist, surgical complications have
been associated with poor short- and long-term oncologic
outcomes in a number of cancers. Early disease progression
(<6 months) was seen in sevent patients in our study: four
within the liver, one within the lung, one within both the liver
and lung, and one with peritoneal disease. While there was
no link to complications evident as major morbidity only
occurred in the two patients, these patients likely received
minimal benefit from undergoing resection of their primary
tumor. Also, the postoperative recovery may result in an
overall negative impact on quality of life compared with
continued observation and non-operative management.
Both a minimally invasive approach and the development
of enhanced recovery after surgery pathways may reduce
this burden. The risk-benefit discussion must be had openly
with patients if consideration is being given to primary tumor
resection with or without metastasectomy in select patients
with metastatic PDAC. In this cohort of patients, informed
consent was obtained with full explanation of the risks of
surgery and that any potential benefit of surgical resection
in their situation is unknown and without supporting data.

The limitations of our study are primarily a small sample
size and the lack of a control group. These patients represent
outliers to the usual progression of metastatic PDAC, even
with the new combination chemotherapy regimens.
Furthermore, these were highly selected patients in a multidis-
ciplinary setting only after a somewhat durable response was
observed as is evident from the greater than 9 month interval
from the time of diagnosis to surgery. Both centers are high-
volume pancreatic surgery centers which may limit the repro-
ducibility of these results.

When challenging the standard of care, the ideal form of
investigation is a prospective clinical trial to limit or better
define selection bias. There is such a prospective trial ongoing
at Johns Hopkins Hospital where surgical resection of
oligometastatic pancreas cancer (≤3 liver metastases) is of-
fered following 6 months of systemic therapy if there is lack
of disease progression.

Conclusion

We investigated patients who presented with synchronous dis-
tant metastases from PDAC who demonstrated excellent re-
sponse to systemic chemotherapy and underwent resection of
the primary tumor with or without metastasectomy. The me-
dian postoperative survival outcomes were similar to patients
who undergo upfront resection and adjuvant chemotherapy

for resectable disease. Excellent long-term survival was dem-
onstrated in a select number of patients. As the agents and
application of systemic therapy improves in PDAC, further
study of the optimal treatment of this patient subgroup is
warranted.
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