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Abstract. Background/Aim: Few studies have reported
results with pulmonary metastasectomy for pancreatic ductal
adenocarcinoma (PDAC), probably because of their
extremely poor outcomes. The aim of this study was to
review our institutional experience and analyze the outcomes
of pulmonary metastasectomy for PDAC. Patients and
Methods: A retrospective case-control study of patients
undergoing pulmonary metastasectomy for isolated lung
metastasis of PDAC between 2004 and 2016.
Clinicopathological features were analyzed and survival
curves were plotted using the Kaplan—Meier method.
Results: Twelve patients were included. The median follow-
up period after metastasectomy was 33 months. At the time
of analysis, five patients had deceased, two were alive with
disease, and five were alive without disease. The median
survival time after pulmonary metastasectomy was 47
months. The estimated 3- and 5-year overall survival rates
were 62.3% (95%CI1=27.8-84.0) and 31.2% (95%CI=1.7-
71.7). Conclusion: Outcomes were favorable following
pulmonary metastasectomy in selected patients with PDAC.

Pancreatic ductal adenocarcinoma (PDAC) is a highly
aggressive malignancy. The American Cancer Society estimated
approximately 48,960 patients diagnosed with PDAC in 2015,
with more than 40,560 deaths attributable to the disease (1). The
median 5-year survival of 6% is likely a result of the tumor’s
invasiveness and propensity toward metastasis (2). Once PDAC
has metastasized to distant organs, the prognosis is dismal with
an overall 5-year survival of only 1% (3, 4).
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Pulmonary metastasectomy has been shown to provide a
survival benefit for colorectal cancer patients with
pulmonary metastases (5). And recently, Karagkiouzis et al.
(6) reported that combined surgical resection of primary
non-small cell lung cancer and solitary hematogenous
metastasis might be associated with improved survival.
Recurrent PDAC, in comparison, has been notoriously
difficult to manage surgically as it is typically characterized
by aggressive growth, a multifocal pattern of recurrence,
and technically unresectable disease (7). Therefore, although
the lung is one of the common sites for distant metastasis in
PDAC patients (8), the number of reports of pulmonary
metastasis of pancreatic cancer is limited. Recently,
Arnaoutakis et al. (9) reported the results of nine patients
and Tagawa et al. (10) reported the results of four patients
who underwent pulmonary metastasectomy for PDAC.
Herein, we review our institutional
experience and analyze the outcomes of 12 patients who
underwent surgery for pulmonary metastases of PDAC. To
the best of our knowledge, this is the largest case-control
study size reported.

retrospectively

Patients and Methods

This study evaluated 12 patients who underwent surgical
treatment for pulmonary metastasis of pancreatic cancer and were
then histologically diagnosed with PDAC between January 2004
and December 2016 at our institute. The pulmonary metastases
were isolated without evidence of other sites of disease
recurrence at the time of metastasectomy. The exclusion criteria
for entry to the study were complications from other malignant
diseases after enrollment. Thus, the lungs represented the first
recurrence site of metastasis in this study. Data were collected
from patient’s medical charts, operative notes and pathologic
examination records. Follow-up data were gathered from
outpatient clinic records.

Because individual patients were not identified in this
retrospective study, the Ethics Review Board of our institute waived
the requirement to obtain written informed consent from patients
and approved the study protocol.

We used the VATS technique to resect pulmonary metastases.
Fortunately, there was no need for conversion to open thoracotomy
for any patient in this series.
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Table 1. Details of 12 patients.

Case Age Preoperative Operation Pathologic ~ Postoperative DFI  Pulmonary Number of Location Size Clinical SAR
(y) therapy stage (UICC) therapy (mo) operation lung mets (mm) course  (mo)
1 83 None PD 1B G 15 Wedge 1 RLL 25 DD 10
2 78 None PD 111 HAI+G 8 Wedge 3 RUL,RML,RLL 10,18,11 AD 35
3 64 None DP ITA HAI+G 42 Wedge 1 LUL 12 AW 33
4 78 G+RT PD IIA HAI+G 50 Wedge 1 LLL 10 AW 33
5 72 G+RT DP 1B HAI+G 39 Wedge 2 RUL,RML 20,10 AW 33
6 75 None Inoperable v G+S+RT 49  Lobectomy 1 RUL 28 DD 24
7 77  G+S+RT DP 11 G 11 Wedge 2 LUL,LLL 8,12 DD 12
8 77 None PD IIA HAI+G 74  Lobectomy 1 RUL 8 DD 47
9 63 G+RT PD IIA HAI+G 24 Wedge 1 RLL 17 AW 66
10 70 G+RT PD 11 HAI+G 30 Wedge 3 RLL 12,6,5 DD 31
11 80 G+RT DP 111 HAI+G 34 Wedge 1 RLL 23 AW 28
12 74 None DP 1A HAI+G 22 Wedge 1 RLL 10 AD 6

G: Gemcitabine; S: TS-1; RT: radiation therapy; HAI: hepatic arterial infusion chemotherapy; PD: pancreatoduodenectomy; DP: distal
pancreatectomy; DFI: disease-free interval; wedge: wedge resection; mets: metastases; RUL: right upper lobe; RML: right middle lobe; RLL: right
lower lobe; LUL: left upper lobe; LLL: left lower lobe; DD: died of disease; AD: alive with disease; AW: alive and well; SAR: survival after relapse.

Follow-up examinations were symptom oriented, but all patients
received medical checkups and chest X-rays at least twice a year,
while whole-body computed tomography (CT) scans were
performed at least once a year.

The disease-free interval (DFI) was defined as the period
between curative primary site resection or complete remission and
the first detection of pulmonary nodules. Survival curves were
plotted using the Kaplan—Meier method. All analyses were
conducted using EZR on R commander, version 1.33 (R Foundation
for Statistical Computing, Saitama, Japan).

Results

A total of 12 patients were included. The median follow-up
period after metastasectomy was 33 months (range=6-72
months). Table I shows the clinicopathological characteristics
of the patients. Six patients were male and six were female.
The average age on undergoing pulmonary metastasectomy
was 74.25 years (range=63-83 years). Six patients had received
induction chemoradiotherapy before primary pancreas surgery.
The primary tumor had been completely resected in 11
patients, all of whom received chemotherapy after surgery.
However, one patient had been inoperable at the primary site
upon the first medical examination and received
chemoradiotherapy until complete remission. In all 12 patients,
there was no recurrence until the pulmonary metastases were
revealed. All patients achieved complete resection, with no
postoperative deaths or complications, and all received
chemotherapy after the pulmonary metastasectomy.

At the time of analysis five patients had deceased, two
patients were alive with disease, and five patients were alive
without disease. The median survival time after pulmonary
metastasectomy was 47 months (range=6-66 months). The

5574

estimated 3-year and 5-year overall survival rates were
62.3% (95% confidence interval (CI) 27.8-84.0) and 31.2%
(95%Cl1=1.7-71.7) (Figure 1). The median survival time after
primary site surgery or complete remission was 121 months,
and the estimated 5-year overall survival was 82.5%
(95%CI=46.1-95.3) (Figure 2).

Discussion

Metastasectomy is considered a beneficial treatment for
patients with pulmonary metastases whose primary tumor has
been well controlled, and pulmonary resection has been shown
to be beneficial for patients with resectable and isolated
pulmonary metastases (6). However, few studies have reported
such results for pulmonary metastasectomy for PDAC,
probably because of their extremely poor outcomes. Among
long-term survivors after pancreas resection for PDAC, the
most common site for disease recurrence is the lung (11).

Arnaoutakis et al. (9) reported the results of nine patients
who underwent pulmonary metastasectomy for PDAC. They
showed that pulmonary metastasectomy can be performed
smoothly and may be a beneficial procedure, and reported
median overall survival from pancreatectomy of 51 months
in patients who underwent metastasectomy and 23 months in
those who had pulmonary metastasis but did not undergo
metastasectomy. Moreover, the median survival after relapse
was 18.6 months (95%CI=5.6-29.2) for the pulmonary
metastasectomy group and 7.5 months (95%CI=3.4-22) for
the control group. Our results compare favorably with these
findings, the median overall survival from pancreatectomy
being 121 months and the median survival after relapse 47
months.
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Figure 1. Overall survival of 12 patients after pulmonary

metastasectomy. The median survival time was 47 months and the 5-year
survival was 31.2%.

It should be emphasized that this is a highly selected
group of patients who developed metachronous isolated
pulmonary metastasis following pancreatic resection. A
relatively long interval between initial resection of primary
pancreatic cancer and relapse, isolated and stable disease
over time, and favorable response to systemic therapy were
considered indicative of favorable pathology and a requisite
to be considered for pulmonary metastasectomy.

Katz et al. (11) reported that the median overall survival
was significantly longer for patients with isolated pulmonary
recurrence (40.3 months) than with other metastases (20.9
months; hazard ratio 5.85, p=0.0156). Thomas et al. (7)
reported their experience with 21 selective resections of
solitary metastases, including seven lung metastases. Among
patients who underwent reoperation, overall survival was
significantly longer in those with a median first DFI of >20
months than in those with a first DFI of <20 months
(»=0.033).

All patients in the present study had isolated pulmonary
recurrence at first relapse. Of the three patients who had a
first DFI of <20 months, two deceased before the end of the
observation period.

Selected patients with isolated pulmonary recurrence of
PDAC after a prolonged DFI are good candidates to achieve
a favorable prognosis through pulmonary metastasectomy.
Although the lung is a major site of recurrence in PDAC, there
are not many patients who have only a solitary lung
metastasis. And so, it remains unclear why some patients have
only a solitary lung metastasis and why patients with
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Figure 2. Overall survival of 12 patients after primary-site surgery or
complete remission was 121 months and the estimated 5-year overall
survival was 82.5%.

metastasis to the lung as their first site of recurrence have a
better prognosis. The animal models are very useful for cancer
investigation. In an experimental lung-metastasis model of
nude mice, Tome et al. (12) reported that tumor emboli were
observed in pulmonary vessels and invading cancer cells were
observed at the margin of tumor emboli eight weeks after
cancer-cell implantation into the tibia. Sundaram et al. (13)
reported that high-fat diet significantly increased the number
of lung metastases due to the increase of the abundance of
proinflammatory cytokines and angiogenic factors in plasma
and tumors. There might be some differences between solitary
lung metastasis and not concerning cancer-cell adaptation to
the pulmonary microenvironment and tumor progression of
pulmonary metastasis.

There are two main limitations to this study, namely its
retrospective design and small sample size. More specifically,
the patients in this study are highly selected and have good
biological tumor characteristics identified by a favorable
response to systemic therapy, and our patients undergoing
pulmonary metastasectomy had a relatively long interval
between initial pancreatectomy and pulmonary relapse.

Conclusion

We report favorable outcomes following pulmonary
metastasectomy in patients who had undergone pancreatic
resection for PDAC, although for this small retrospective
series we acknowledge the aforementioned limitations. A
study involving a large, multi-institutional cohort will be
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important to validate these findings. Further investigation is
required to determine which patients would be best suited for
these interventions.
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