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ABSTRACT
Despite recent advances in cancer therapeutics, pancreatic ductal adenocarcinoma (PDAC) remains 
a lethal disease with a 5-year overall survival of only 10%. Since either at or within a few months of 
diagnosis, most patients with PDAC will present with metastatic disease, a more individualized approach 
to select patients who may benefit from more aggressive therapy has been suggested. Although studies 
have reported improved survival in PDAC and isolated pulmonary metastasis (ISP) compared to extra
pulmonary metastases, such findings remain controversial. Furthermore, the added benefit of pulmonary 
metastasectomy and other lung-directed therapies remains unclear. In this review, we discuss the 
metastatic pattern of PDAC, evaluate the available evidence in the literature for improved survival in 
PDAC and ISP, evaluate the evidence for the added benefit of pulmonary metastasectomy and other 
lung-directed therapies, identify prognostic factors for survival, discuss the biological basis for the 
reported improved survival and identify areas for further research.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) represents approxi
mately 3.2% of all new cancer cases but is responsible for 7.8% of 
cancer deaths in the United States.1,2 An estimated 62,210 new 
cases of pancreatic cancer and 49,830 deaths are projected for 
20223. Though pancreatic cancer is the eleventh most common 
cancer in the United States, it is the fourth leading cause of 
cancer-related mortality and is projected to become the second 
by 2030.1,3,4 Despite recent advances in cancer therapeutics with 
targeted agents and immunotherapy, pancreatic adenocarci
noma remains a lethal disease with a 5-year survival of only 
10% from 2010 to 2016.2 An important factor contributing to 
the high mortality is the lack of validated screening techniques, 
with a majority of patients presenting with advanced disease not 
amenable to curative resection.5 Over 50% of the patients at 
diagnosis have distant metastases with a 5-year survival rate of 
2.9%.2 Even among the 20% of patients who present with 
resectable disease, the majority develop recurrent disease within 
a few months, and only about 28% survive for 5 years following 
curative resection and adjuvant chemotherapy.6 Another factor 
contributing to the poor prognosis in pancreatic adenocarci
noma is the relative chemoresistant nature of the disease.7

Following curative resection for pancreatic adenocarcinoma, 
approximately half of recurrences occur at distant sites.6 Thus, 
either at or within a few months of diagnosis, most patients with 
pancreatic adenocarcinoma will present with stage IV disease. 
The incidence of lung only metastases at the initial diagnosis or 

upon recurrence of PDAC has not been well defined. The 
incidence rates ranging from 4.76 to 12.3% have been 
reported.8,9 The standard therapeutic approach for both de 
novo and recurrent metastatic pancreatic adenocarcinoma typi
cally involves palliative chemotherapy with a very dismal 
prognosis.10,11 However, especially with recurrence after pan
createctomy, there are reports that patients with isolated pul
monary metastases (IPM) may have relatively longer survival 
than those with metastases to other sites.12,13 Furthermore, 
previous studies reported survival benefit of pulmonary metas
tasectomy in selected patients with lung only oligo-metastatic 
PDAC after curative pancreatectomy.12,14 This therapeutic 
approach is similar to the practice in other solid tumors such 
as colorectal cancer where resection of pulmonary metastases in 
well-selected patients resulted in improved survival.15,16 

A recent metanalysis by Guerra et al.13 reported improved 
disease-free survival (DFS) and overall survival (OS) in patients 
with PDAC with isolated lung metastases compared to patients 
with single organ metastases to the liver and those with locor
egional relapse. However, due to methodology limitations of the 
included studies, it is unclear if the reported improved survival 
was due to the use of lung-directed therapy or not.13 

Furthermore, the significant heterogeneity of the studies in the 
metanalysis may affect the validity of a single summary survival 
estimate, prompting this review of the current evidence.

In this review, we discuss (1) the metastatic pattern of PDAC, 
(2) evaluate the available evidence in the literature for survival in 
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patients with PDAC with IPM, (3) evaluate the evidence for the 
added benefit of pulmonary metastasectomy and other forms of 
lung-directed therapies, (4) identify prognostic factors for sur
vival, (5) discuss the possible biological basis for the reported 
improved survival in this subset of patients with PDAC and (6) 
identify areas for further research.

Methods

We conducted a search of original articles and case reports in 
PubMed, EMBASE, Scopus Web of Knowledge with the search 
performed in January 2022 using the medical subject heading 
(MeSH) terms “pancreatic cancer”, “pancreatic adenocarci
noma”; “isolated pulmonary metastases”, or “Isolated lung 
metastases” and “pancreatic cancer “or “pancreatic adenocar
cinoma” and “pulmonary metastasectomy” or and “pancreatic 
cancer “or “pancreatic adenocarcinoma” and “lung resection”. 
All retrieved abstracts were reviewed for relevance. 
Furthermore, we conducted a manual search by using the 
references of the selected articles to identify additional pub
lications. We also reviewed published abstracts of society 
meetings including the American Society of Clinical 
Oncology. Articles were then selected based on the relevance 
to the topic of interest. Articles published in languages other 
than English were excluded. Additionally, publications that do 
not report separate survival data for post-pancreatectomy 
patients with PDAC and metachronous IPM were excluded.

Results

A total of 22 publications were selected. Fourteen articles 
addressed the issue of survival in patients with metachronous 
IPM following pancreatectomy for PDAC compared to patients 
with metastases to other organs (Table 1). Four of the 14 pub
lications also reported findings in patients with PDAC and 

synchronous IPM (Table 2). Eight publications reported the 
benefit or not of lung-directed therapy: mainly pulmonary 
metastasectomy (Table 3). Most studies were retrospective 
cohort studies while a few were case series or case reports. 
None of the selected studies was a randomized controlled trial.

Patterns of metastases in pancreatic cancer

Although the pattern of metastatic disease at presentation gen
erally does not influence therapeutic decisions in patients with 
synchronous metastatic pancreatic cancer, some studies have 
reported on the metastatic pattern at presentation. Liu et al.26 in 
an analysis of patients with PDAC using the surveillance, epi
demiology, and end results (SEER) database from 2010 to 2014 
reported synchronous metastases limited to a single organ in 
81% of subjects. Of the patients with single organ synchronous 
metastases,10.1% had isolated lung metastases.26 Oweira et al.33, 
in another retrospective review of SEERs database from 2010 to 
2013, reported single organ metastases in 66.3% of subjects with 
synchronous metastatic PDAC. Liver and lung only metastases 
were reported in 76% and 19.9% respectively.

Jones et al.6 in a secondary analysis of the ESPAC-4 trial 
reported metachronous oligometastases to the lung in 10.9% of 
all recurrences. Other retrospective series have reported inci
dences as high as 13% for IPM in patients who developed 
recurrence after pancreatectomy for PDAC.34 According to 
Katz et al.35, the most common organ for first recurrence in 
the first 3 years after diagnosis was liver, accounting for about 
46%, while the most common organ for recurrence after 3 and 
5 years following pancreatectomy was lung accounting for 56% 
and 86% of recurrences respectively. Downs-Canner et al.12 

found that the time to development of lung metastases was not 
significantly different between patients with lung first and 
only, or those with synchronous lung and intrabdominal, or 
patients with intrabdominal before lung metastases. In 

Table 1. Studies reporting survival for PDAC and metachronous isolated lung metastases.

Author Year Median age (years) Sample size Median Survival after recurrence (months) Median overall survival (months)

Zheng et al.17 

Meyers et al.18 

Gotfried and Kozuch9 

Kruger et al.19 

Jones et al.6 

Sahin et al.20 

Liu et al.21 

Guerra et al.13 * 
Wangjam et al.22 

Watanabe et al.23 

Nakagawa et al.24 ** 
Ariake et al.25 

Liu et al.26 * 
Downs-Canner et al.12

2017 
2014 
2011 
2016 
2019 
2018 
2019 
2020 
2015 
2017 
2018 
2017 
2020 
2016

67 
68 
53 
69 
66 
66 
62 
NR 
NR 
70 
68 
67 
NR 
66

24 
15 
3 

27 
52 
47 
22 

286 
24 
11 
22 
25 
79 
49

20 
14 
36 

31.3 
15 
15 
NR 
NR 
8.5 
17 
NR 
NR 
83 
NR

36 
32 
NR 

46.4 
33 
NR 

11.8 
34.7 
27.8 
36 
NR 

31.9 
120 
35.6

NR: Not Reported. *Metanalysis: data included are for PDAC and IPM after pancreatectomy. 
**Study reported 5-year overall survival of about 50%.

Table 2. Studies reporting survival for PDAC with synchronous isolated lung metastases.

Author Year Median age (years) Sample size Median overall survival (months)

Liu et al.26 

Kruger et al.19 

Downs-Canner et al.12* 
Guerra et al.13 *

2020 
2016 
2016 
2020

NR 
69 
66 
NR

740 
13 
96 

799

6 
22.8 
10.1 
7.3

NR: Not Reported. *Studies may also include some patients who had initial chemoradiation for unresected PDAC and later developed Isolated 
pulmonary metastases.
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summary, the findings from these studies suggest that metas
tasis to the lungs in patient with resected PDAC is typically 
a later event when compared to other sites.

Metachronous pulmonary recurrence after 
pancreatectomy (Table 1)

Reports from two retrospective series suggested significantly 
improved DFS and OS in patients with recurrent lung only 
metastases that were treated with palliative chemotherapy with
out specific lung directed therapy, compared to liver, peritoneal, 
lymphatic, or local recurrence. Meyers et al.18 reported on 70 
patients who developed recurrent disease following pancreatect
omy for PDAC and noted 14 months survival from the time of 
recurrence in patients with IPM compared to 6 and 4 months 
for patients with liver first metastases, and other site recurrence 
respectively. The median OS in patients with IPM was 32  
months, compared to 17 and 20 months for liver first and 
other site recurrences, respectively. Lung as first site of recur
rence and treatment with chemotherapy was determined to be 
a predictor of improved post recurrence survival and OS .18 In 
another study including 232 patients who had a relapse follow
ing pancreatectomy, 24 patients had lung only recurrence.17. 
These patients had longer survival after recurrence and OS of 20 
and 36 months respectively compared to 5 and 10 months in 
patients with liver recurrence. The corresponding five-year OS 
was 27% for patients with lung only metastases compared to 
1.27% and 7.76% for liver and local recurrence, respectively. 
Patients with lung only metastases at recurrence when com
pared to those with liver and local recurrences also have a longer 
disease-free interval, measured from primary resection of the 
pancreatic cancer to the time of recurrence (DFS1), of 15  
months vs. 5 and 8 months, respectively. Non-lung recurrence 
was a significant independent predictor of poorer prognosis.17

Improved OS for patients with PDAC with isolated pulmon
ary metastases was also confirmed in another retrospective 
study by Kruger et al.19 who reported median OS of 25.5 months 
and 9.4 months for PDAC patients with IPM and unselected 
patients with metastatic disease respectively. A majority (84%) 
of these patients underwent palliative chemotherapy mostly 
with single agent regimens (56%), five patients had only sup
portive care and one patient had palliative radiation to the lung 
metastasis. None had pulmonary metastasectomy.19

Gotfried and Kozuch9 reported three cases with prolonged 
survival ranging from 32 to 44 months following lung only recur
rence after primary treatment of pancreatic adenocarcinoma with 
either definitive chemo(radio)therapy or pancreatectomy and 
adjuvant chemotherapy. One patient in the series survived 32  
months without any treatment after developing progression of his 
disease with lung only metastasis while others received subse
quent line(s) of chemotherapy.9 In a recent metanalysis including 
1199 patients with IPM of which 286 had lung only recurrence 
post-pancreatectomy, Guerra et al.13 reported an OS of 34.7  
months for lung only recurrence. Sahin et al.20 in 
a retrospective cohort study including 197 patients with recurrent 
disease either in the liver (102 patients) or lung (47 patients) after 
an initial pancreatectomy for PDAC reported a significantly 
improved time from recurrence to death (15 vs. 9 months; 
p = .02) and a 2-year OS rate (24.9% vs. 17.5%) for patients 
with lung only metastases compared to those with liver metas
tases. Patients with IPM were more likely to have positive lymph 
nodes at their initial pancreatectomy.20 In a secondary analysis of 
ESPAC-4 trial including 730 patients, Jones et al.6 identified 52 
patients with lung only recurrence and reported a significantly 
better OS (33.4 vs. 24.3 months, p = .001) and disease free survival 
after therapy for recurrence (DFS2) (15 vs. 8.4 months) for 
patients with IPM compared to patients with liver metastases.

Other retrospective case-control studies have reported 
improved median OS and DFS2 ranging from 11.8 to 33.3 months 
and 11 to 12.4 months respectively for patients with metachro
nous IPM compared to 5.0 to 14.0 months and 3.5 months in 
those with PDAC and liver metastases.21,23,36–38 Watanabe et al.23, 
in addition to the findings of improved OS in patients with lung 
only recurrence, reported increasing incidence of IPM in the latter 
half of the study period that correlated with the increased use of 
adjuvant chemotherapy. Nakagawa et al.24 also reported 
a significantly higher 5-year OS for patients with PDAC and 
lung only metastases when compared to recurrence in other 
organs and noted the use of adjuvant chemotherapy may have 
led to alteration in the recurrence pattern and contributed to 
improved survival as all patients with significant long-term survi
val received adjuvant chemotherapy. The latter two studies sug
gested that the increased use of adjuvant chemotherapy may have 
resulted in the increased likelihood of developing lung only recur
rence but the underlying mechanism for the observation is 
unclear. Ariake et al.25 reported a significantly higher 5-year over
all survival for patients with first recurrence in the lung after 

Table 3. Studies evaluating impact of pulmonary metastasectomy and other lung directed therapies.

Author Year
Median age 

(years)
Sample 

size
Median Survival after Lung recurrence with Lung 

Directed Therapy

Median OS 
with 

Chemotherapy 
(Months)

Median OS with 
Lung Directed 

Therapy 
(Months) p-value

Downs-Canner et al.12 * 
Robinson et al.14 

Thomas et al.27 

Arnaoutakis et al.28 

Tagawa et al.29 

Kurahara et al.30 

Kim et al.31 

Groot et al.27 

Lovecek et al.32

2015 
2016 
2012 
2011 
2017 
2019 
2019 
2019 
2017

NR 
61.5 
61.7 
31 
72 
72 
NR 
68 
NR

41 
16 
7 
9 

10 
33 
23 
96 
3

NR 
NR 
NR 

18.6 
38.5 
NR 

36.5 
35.0 
12

33.8 
NR 
NR 
23 
NR 

16.4 
NR 

34.2 
NR

67.5 
28 

92.3 
51 

66.2 
36.5 
NR 

68.9 
NR

0.006 
NR 
NR 

0.04 
NR 

0.025 
0.01** 

<0.001*** 
NR

NR: Not Reported. *Study included patient who had lung resection, SBRT and other lung directed therapies. **Lung resection compared with palliative chemotherapy. 
***Lung resection compared to palliative chemotherapy and or radiotherapy.
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pancreatectomy compared to those patients with first recurrence 
in the peritoneum (20.4 vs. 0%, p < .001) or liver (20.4 vs. 10.2%).

Synchronous isolated pulmonary metastases 
(Table 2)

Studies addressing the impact of IPM at presentation on survival 
in PDAC are rare. In an analysis of the SEER Database, Liu et al.26 

reported 1- year and median survival of 19.46% and 6 months 
respectively for patients with synchronous isolated lung metas
tases compared to 13.87% and 4 months for patients with syn
chronous isolated liver metastases. In a retrospective study of 40 
patients with IPM, Jones et al.19 reported on 13 patients who had 
synchronous isolated pulmonary metastases at the time of initial 
diagnosis of PDAC and reported a median OS of 22.8 months 
which is comparable to patients with PDAC and metachronous 
IPM. Downs-Canner et al.12 reported on 174 patients with pul
monary metastases from PDAC and noted no significant differ
ence in OS between patients with lung first, intrabdominal, or 
synchronous lung and abdominal metastases, among subjects 
who did not undergo pancreatic resection. The study by Guerra 
et al.13 reported a median survival of 7.3 months in pooled analysis 
of 799 patient with unresected pancreatic cancer and isolated lung 
metastases. It is however unclear if the last two publications 
included patients with an initial diagnosis of a locally advanced 
and unresected PDAC who later developed IPM. Given the lim
itations of the available studies, it is unknown if patients with 
PDAC and synchronous IPM enjoy longer OS compared to 
patients with metastases to other organs.

Evidence for and against improved overall survival 
with pulmonary metastasectomy and other 
lung-directed therapies(Table 3)

Downs-Canner et al.12 reported on 41 patients with available full 
treatment data, who completed initial pancreatectomy and had 
metastases to the lung first. They noted a significantly better median 
OS for patients who had either surgical resection or stereotactic 
radiosurgery as the treatment of lung metastases, compared to those 
treated with chemotherapy only (67.5 vs. 33.8 months, p = .006) or 
observation (67.5 vs. 29.9 months, p = .008). There was a non- 
significant trend toward a benefit in survival measured from the 
time of first recurrence for patients who received palliative che
motherapy compared to no treatment (18.9 months vs. 11.5  
months, p-value 0.69) but no overall survival benefit.12

Groot et al.27 reported a significant difference in DFS1 
(52.4 vs. 7.6 months; p = .007), DFS2 (not reached vs. 
6 months, p = .023) and median OS (92.3 vs. 32.5 months; p  
= .024) for patients with IPM who had resection of their lung 
metastases compared to those with liver metastases treated with 
hepatic resection. Another study of 31 patients with PDAC and 
isolated pulmonary metastases compared the outcome in patients 
who underwent pulmonary metastasectomy with patients who did 
not. The authors reported a significant improvement in median 
cumulative survival (51 vs. 23 months, p = .04), a trend toward 
improved median post-relapse survival (18.5 vs.7.5 months) and 
a non-significant increase in 2-year post-relapse survival (40% vs. 
27%, p = .2).28 Patients who underwent pulmonary metastasectomy 
were a highly selected group with a relatively longer DFS1, had 

a favorable response to chemotherapy and a better ECOG perfor
mance status. Thus, though the observed improved median cumu
lative survival may represent the impact of pulmonary 
metastasectomy, it may also derive from selection bias.28 In 
a larger retrospective series from the same institution, which 
included some of the subjects in the earlier study, a significantly 
longer median post-recurrence survival of 35 months after pulmon
ary metastasectomy compared to 20.2 months for chemoradiother
apy and 8.1 months for best supportive care was reported. The 
median OS for patients who had lung resection was 68.9 months.34 

Patients who had pulmonary metastasectomy had significantly 
lower median CA 19–9 compared to those who received best 
supportive care, but no significant difference compared to patients 
who had chemoradiotherapy. Additionally, they were less often 
symptomatic at recurrence, less likely to have≥5 lung lesions and 
less likely to have bilateral lung lesions.

Robinson et al.14 reported on pulmonary metastasectomy for 
suspicious isolated lung lesions following primary treatment for 
pancreaticobiliary adenocarcinoma. Sixteen of the included 29 
patients had confirmation of metastases from PDAC while 12 
patients had lung primaries and one had a cryptococcus infection. 
The median post-metastasectomy OS for the 16 patients with 
metastatic lesions (15 pancreatic adenocarcinoma and 1 cholangio
carcinoma) was 28 months. For patients whose new pulmonary 
lesions were unrelated to the initial primary (12 lung primaries), the 
median OS was 78 months. In addition to demonstrating 
a prolonged survival after pulmonary metastasectomy for patients 
with pancreaticobiliary cancer and IPM, the authors noted that 
consideration for resection of suspected isolated lung metastases 
in patients who underwent primary therapy for pancreaticobiliary 
cancer may reduce the risk of missing an unrelated but curable lung 
primary. Another retrospective study examined 20 patients with 
metachronous pulmonary metastases out of a population of 159 
patients with metastatic PDAC.32 Patients with IPM were observed 
to have a longer OS compared to those with pulmonary and 
extrapulmonary metastases, and to those with non-pulmonary 
metastases. Of these, 2 patients with isolated pulmonary metastases 
who underwent lung resection were still disease free at an average of 
12 months after resection.

Wangjam et al.22 reported 28 patients who had an isolated 
pulmonary recurrence after pancreatectomy and noted no 
significant difference in time from recurrence to death with 
or without treatment including lung directed therapy (resec
tion and radiation) and chemotherapy (HR = 0.71, 95% CI  
= 0.27–1.92, p = .510). Tagawa et al.29 in a retrospective review 
of patients with IPM from pancreaticobiliary cancer reported 
DFS1 and DFS2 of 31.6 and 37.7 months respectively in four 
patients with pancreatic cancer who underwent pulmonary 
metastasectomy. Kurahara et al.30 reported on 33 patients 
who developed metachronous isolated lung metastases follow
ing resection of PDAC. Seven patients underwent resection of 
their lung metastases while 18 patients had palliative che
motherapy and 8 patients had supportive care. Median survi
val was significantly longer in patients who had pulmonary 
resection compared to those who received palliative che
motherapy or supportive care (36.5 vs.16.4 vs. 5.2, p = .0025). 
Of note, the patients who underwent pulmonary metastasect
omy in this study only had a single metastatic lung lesion.30 In 
a retrospective series which included 197 patients with an 
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isolated pancreatic cancer recurrence in either the liver, lung, 
or pancreas, Kim et al.31 reported significantly improved med
ian survival after recurrence in patients who underwent resec
tion of the recurrence compared to those who did not (23.5 vs. 
12 months, HR: 0.58, p = .014). Patients with IPM who under
went pulmonary metastasectomy had a significantly longer 
median survival after recurrence compared to those who did 
not. (36.5 vs. 9.5 months; p = .010).

A systematic review which included 79 patients with PDAC 
and metachronous IPM who underwent resection of lung 
metastases from 11 studies reported an estimate of 120.0 ±  
6.32 months and 83.0 ± 24.84 months for OS and survival after 
metastasectomy, respectively. The authors reported that longer 
duration from initial surgery to recurrence (DFS1), lower 
TNM stage at diagnosis, and a single lung lesion were factors 
that correlated with a better survival, although only a DFS1 >  
36 months reached statistical significance.26 The same study 
analyzed the SEERs database on 21 patients with PDAC and 
synchronous IPM and reported no significant difference but 
a trend to better OS in patients who underwent simultaneous 
resection of both primary and lung metastases compared to 
those who underwent resection of the primary tumor only. 
The authors also noted a significant benefit of resection of the 
primary tumor with a median OS of 14 months with pancreatic 
resection compared to 10 months without. It is relevant to 
mention that only a small proportion of patients in this study 
underwent resection of the primary tumor or simultaneous 
resection of both the primary and the pulmonary metastases. 
Similarly, a population-based study reported no benefit in 
overall survival for surgery for distant metastatic lesion(s) in 
patients with PDAC with synchronous isolated pulmonary or 
distant lymph nodal metastases.33

Although there has been an increased interest in the use of 
non-surgical modalities such as stereotactic body radiation 
therapy (SBRT) or cryotherapy in the management of patients 
with solid tumor oligometastases in general, no current study 
has addressed the utility of these modalities in patients with 
PDAC and isolated lung metastases in a dedicated manner.

Exploring predictors of long-term survival in patients 
with isolated pulmonary metastatic disease (Table 4)

Although certain clinicopathological features including DFS1, 
number and size of lung metastases, and laterality, have been 
reported as prognostic, no clinicopathological features or bio
markers have been conclusively validated as prognostic factor 
for survival in patients with PDAC and isolated pulmonary 
metastases. Available low-level evidence points to the impor
tance of patient selection in the application of lung-directed 
therapy for patients with isolated pulmonary metastases.28 

Thus there is a need for a validated tool to predict which 
patients with IPM will benefit from lung-directed therapy. 
Similar to the findings in other solid tumors, disease free 
survival after initial pancreatectomy to the development of 
locoregional or metastatic recurrence (DFS1) has been identi
fied by multiple studies as a predictor of longer overall survival 
in patients with resected PDAC who developed single organ 
recurrence. The DFS1 can in turn be applied to select patients 
who may benefit from lung directed therapies.26,27,39–41. 
Varying DFS1, from greater than 10 months to greater than 
36 months, has been reported to be associated with improved 
OS in patients with IPM after pancreatectomy for PDAC. 
Thomas et al.27 reported that DFS1 greater than 20 months is 
predictive of long-term survival in patients with isolated pul
monary metastases as well as those with isolated hepatic 
metastases. In another retrospective series, a 16-month cutoff 
was identified as prognostic for longer OS (66.3 vs. 22.2  
months for>16 and </ = 16 months respectively. p < .001).34 

Kruger et al.19 on the other hand found no prognostic signifi
cance on OS for DFS1 greater than either 9 months or 20  
months. Other clinicopathological prognostic factors includ
ing laterality, size of the largest lesion, and the number of 
lesions have been investigated.19,26,34 Unilateral pulmonary 
metastases (compared to bilateral) and the number of lung 
lesions<10 were significantly associated with better OS while 
the size of the lesion was not.19 Groot et al.34 reported that in 
addition to DFS1 of less 16 months, the absence of symptoms 

Table 4. Prognostic factors of pancreatic adenocarcinoma with isolated pulmonary metastases and novel molecular candidates.

Prognostic Factor Evidence References

Disease-free survival (DFS1) between 
pancreatectomy and recurrence of cancer

● >20 months of DFS1 associated with better survival vs. those with DFS1 < 20 months
● ≥16 months of DFS1 associated with better survival.
● No association of DFS1 with survival.

Thomas et al.27 

Groot et al.34 

Kruger et al.19

Laterality ● Unilateral IPM is associated with better survival. Kruger et al.19

Number of lung lesions ● <10 lesions associated with better survival.
● <5 lesions associated with better survival.

Kruger et al.19 

Groot et al.34

Size of lesions ● No association with survival. Kruger et al.19

Carbohydrate Antigen 19–9 
(CA 19–9)

● CA 19.9 level of ≥ 100 units/ml at recurrence has a poor prognosis.
● CA 19.9 level>185 units/ml associated with poor survival.
● 25% reduction in CA 19–9 in locally advanced and metastatic cancer post-chemo 

associated with longer time to progression and survival.

Groot et al.34 

Chen et al.36 

Haas et al.42

Circulating DNA (ctDNA) and exosome DNA 
(exoDNA)

● No correlation between positive ctDNA and the number of metastatic sites
● Levels of ctDNA higher in hepatic metastasis vs. other sites including IPM.
● KRAS MAF in ctDNA and exoDNA lower in IPM vs. hepatic metastasis.
● ctDNA with KRAS MAF of≥5% is associated with poorer OS and DFS1*
● Presence of ctDNA and CA 19–9 of 300 units/ml is associated with poorer OS*

Pietrasz et al.50 

Toledano- 
Fonseca et al.47 

Bernard et al.52

MicroRNAs ● Improved response to Gemcitabine: miR-142-5p and miR-320c**
● Improved OS: miR-200c, miR-142-5p, and miR-204**
● Poorer OS: miR-155, miR-203, miR-210, miR-222, miR-21, and miR-196a-2**
● miRNAs prognostic for PFS and OS (miR-574-5p, miR-1244, miR-145-star, miR-328, 

miR-26b-star, and miR-4321)***

Ohuchida et al.53 

Yu et al.55 

Greither et al.54 

Namkung et al.56

*Metastatic PDAC including IPM. **After surgical resection ***All stages of PDAC. 
IPM: isolated pulmonary metastases; PDAC: Pancreatic Ductal adenocarcinoma; MAF: mutant allele fraction; PFS: Progression Free Survival.

CANCER BIOLOGY & THERAPY 5



and fewer than five lung lesions were prognostic for longer 
post-recurrence survival. There was a non-significant trend for 
worse survival in patients with bilateral lung recurrence.

Prognostic biomarkers that predict a longer survival in non- 
selected patients with metastatic pancreatic cancer have been 
reported in multiple studies.42,43 CA 19–9 has been investi
gated as a prognostic factor for time to progression (TTP) and 
OS in patients with locally advanced and metastatic PDAC 
with log [CA 19–9] and a 25% decline cutoff during che
motherapy reported as independent predictors of TTP and 
OS respectively.42 Song et al.43 developed a scoring system 
using pretreatment CA 19–9 and neutrophil-to-lymphocyte 
ratio (NLR) at cutoffs of 626 U/mL and 3.75 respectively. The 
scoring system performs significantly better as a predictor of 
survival compared to CA 19–9 or NLR alone. Ueno et al.44 

proposed a prognostic index that classifies patients with meta
static PDAC into three prognostic group by combining CA 
19–9, performance status and C-reactive protein. The resulting 
prognostic group classification demonstrated significant dif
ference in OS. Other authors have proposed even more com
plex nomograms incorporating log CA 19–9, performance 
status, liver metastases, ANC, and albumin as prognostic fac
tors for OS in metastatic pancreatic cancer.45 In patients with 
PDAC and metachronous IPM, multiple retrospective studies 
have identified the prognostic importance of different cutoffs 
of CA 19–9.14,34,36 In a series of patients with PDAC and 
metachronous IPM who underwent pulmonary metastasect
omy, Robinson et al.14 reported that the CA 19–9 level prior to 
lung resection significantly predict overall survival.14 In 
another study, a CA 19–9 cutoff of 100 U/ml at recurrence 
was identified as a prognostic factor for post recurrence 
survival.34 Chen et al.36 reported that CA 19–9 greater than 
185 U/ml at diagnosis of recurrence was predictive of poorer 
outcome. Given the widely varied CA 19–9 cutoffs in these 
studies, it appeared all that can be inferred is that higher CA 
19–9 level at the time of recurrence predicts shorter survival.

Circulating tumor DNA (ctDNA) and other types of liquid 
biopsies (circulating tumor cells, exosome DNA, miRNAs) are 
currently being investigated for clinical utility in various stages 
of pancreatic cancer.46–48 Trials in locally advanced and meta
static PDAC reported that 50 to 100% of patients have ctDNA 
and the presence of ctDNA has been associated with a worse 
OS.49 In patients with locally advanced and metastatic PDAC, 
Pietrasz et al.50, after a median follow up of 34.2 months, 
reported an OS of 6.5 months vs.19 months in patients with 
positive and negative ctDNA respectively. Of note, in the same 
study, no significant correlation was found between the pre
sence of ctDNA and the number of metastatic sites. Another 
study evaluating the prognostic utilities of ctDNA also 
reported significantly lower plasma ctDNA levels in patients 
with non-hepatic metastases, including patients with isolated 
lung metastases compared to those with hepatic metastases.47

Exosomes, which are circulating microvesicles consisting of 
bilayer lipid membranes surrounding high molecular weight 
nucleic acid materials, have been identified as a source of high- 
quality tumor DNA for next generation sequencing analysis.51 

Bernard et al.52 investigated the prognostic utility of exosome 
DNA (exo DNA) and ctDNA in metastatic PDAC and reported 
a KRAS mutation detection rate of 61% and 53% respectively. The 

KRAS mutant allele fraction (MAF) in exoDNA and in ctDNA 
were correlated with disease burden. Patients with hepatic metas
tases had a significantly greater KRAS MAF in both exoDNA and 
ctDNA compared to patients with isolated pulmonary metastases. 
The authors further noted that a KRAS MAF of 5% in exoDNA was 
a significant independent predictor of PFS and OS. Although any 
detection of ctDNA was not an independent predictor of PFS and 
OS, the combination of both a positive ctDNA and a KRAS MAF of 
5% in exoDNA at baseline significantly correlated with poorer OS. 
The presence of ctDNA in patients with a CA19–9 > 300 U/mL at 
baseline prior to any therapy correlated with a poorer OS.52 The 
abilities of ctDNA and exoDNA techniques to predict longer survi
val in patients with metastatic PDAC should be harnessed to 
determine which patients with PDAC and IPM may benefit from 
a more aggressive therapeutic approach.

MicroRNAs have also been investigated for clinical utility in the 
diagnosis, prognosis, and therapy in pancreatic adenocarcinoma. 
Various patterns of miRNAs expression have been reported to be 
associated with a better response to gemcitabine (miR-142-5p and 
miR-320c), a better survival (miR-200c, miR-142-5p, and miR-204) 
or poor survival (miR-155, miR-203, miR-210, miR-222, miR-21, 
and miR-196a-2) after surgical resection.53–55 In a study which 
included 104 patients who underwent pancreatectomy most of 
whom developed distant recurrence on follow-up, Namkung et al.56 

reported multiple miRNA molecular subtypes with significant dif
ference in PFS and OS. No difference in clinicopathological char
acteristics were noted between these molecular subtypes. The 
authors reported six out of nineteen tested miRNAs (miR-574-5p, 
miR-1244, miR-145-star, miR-328, miR-26b-star, and miR-4321) 
were independently prognostic of PFS and OS.56 Furthermore, 
investigations into microRNAs expressed in oligometastases in 
multiple solid tumors including PDAC have reported unique pat
terns of expression associated with a clinical oligometastatic 
state.57,58 Uppal et al.57 identified microRNAs encoded on 14q32 
including miR-127-5p, miR-544a, and miR-655-3p as mediators of 
an oligometastatic phenotype in solid tumors. These microRNAs 
are involved in the regulations of multiple metastatic pathways. 
Currently, no microRNAs patterns have been identified to be 
specifically associated with oligometastatic spread in PDAC. An 
investigation of microRNA subtyping and survival in patients with 
PDAC and isolated pulmonary metastases is desirable.

In addition to CA 19–9, the investigation of the clinical utility of 
newer prognostic markers such as ctDNA, exoDNA and micro- 
RNAs specifically in patients with PDAC with IPM may help 
identify a cohort of these patients that may benefit from lung 
directed therapies. Additionally clinical trials involving oligometa
static patients with PDAC, including patients with isolated pulmon
ary metastases should incorporate these novel prognostic 
markers.46,59

Proposed mechanistic theories for improved survival 
in patients with PDAC and isolated pulmonary 
metastases (Table 5)

Two possible explanations for the observed improved OS in 
patients with PDAC and IPM includes the limited anatomic 
pattern of metastatic spread and an underlying favorable mole
cular biology. In a study of 130 autopsy cases of patients with 
known PDAC, Kamisawa et al.8 reported on 16 patients with 
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pulmonary metastases but without hepatic involvement. 
Retroperitoneal invasion and lymph node involvement was 
confirmed in most of these patients and most had PDAC 
located in the body and tail of the pancreas. Furthermore, 
eleven of the sixteen patients received radiation therapy and 
the authors noted portal vein obstruction and the development 
of collateral venous circulation in six of eight patients exam
ined. They suggested that pulmonary metastasis was due to an 
unusual pattern of spread. The tumor could metastasize either 
retrogradely through the lymphatics via the tracheobronchial 
glands, through the involvement of lymph nodes at the venous 
angle or spread through the portal system collateralization 
without preceding hepatic involvement. The authors proposed 
that the preponderance of radiation therapy including the 
route for metastatic spread may explain the unusual pattern 
of spread and improved survival noted in this group.8 Other 
authors, suggested the possibility of a limited lymphatic spread 
to the lung via the mediastinal lymph nodes without a more 
widespread systemic dissemination.60

Pancreatic cancer has a unique molecular biology. 
Previous studies have identified multiple genetic alterations 
including KRAS, CDKN2A, p53, and SMAD4 that are 
regarded as founder mutations in PDAC. Other studies 
have reported different subclones with acquired mutations 
that promote metastatic spread.61,62 Furthermore, genetic 
mutations that promotes different patterns of metastatic 
spread have been identified. Previous work by Yachida 
et al.61 suggested the existence of geographically distinct 
subclones that may be capable of metastasizing to different 
organs such as the peritoneum, lung, and liver. These 
proposed genetic subclones would have distinct mutational 
profiles which are part of the genetic diversity of the 
primary tumor. However, no consistent genetic mutational 
pattern of these metastatic subclones was identified in the 
study. The same study reported genetic heterogeneity of 
cells from the primary tumor compared to cells of the 
metastatic lesions and noted that all metastatic lesions in 
the same organ possessed additional unique driver muta
tions that were not present in the metastases of other 
organs. Specifically, the authors reported rearrangements/ 
amplifications in MYC and CCNE1 cancer genes in 

multiple pulmonary metastatic lesions that were not pre
sent in abdominal metastases. Furthermore, lung lesions 
were reported to be even further clonally evolved. Such 
additional driver mutations may explain the differential 
behavior of metastases to the lung compared to other 
organ sites.61

In a limited study of 7 patients with PDAC and isolated 
pulmonary metastases, Vitellius et al.63 reported a median 
survival of 57 months for patients with isolated pulmonary 
metastases compared to 25.3 months for those with metas
tases to other sites and noted absence of mutations in 
CDK2NA and SMAD4 tumor-suppressor genes in subjects 
with IPM. The authors proposed that the lack of mutations 
in these tumor suppressor genes may be linked to the 
observed improved OS. The relatively low proportion of 
patients with PDAC and isolated pulmonary metastases 
demonstrating loss of SMAD4(DPC4) via somatic genetic 
inactivation was also reported in an earlier study.28 

Mutations in CDK2NA and SMAD4(DPC4) Tumor- 
suppressor genes have been identified as one of the most 
common genetic aberrations in PDAC,64 and higher preva
lence of genetic inactivation of DPC4 was noted in meta
static PDAC compared to resectable disease.65 Furthermore, 
loss or inactivation of SMAD4(DPC4) has been associated 
with more aggressive tumor, development of widespread 
metastases and poor prognosis.66–68 Thus, the preservation 
of CDK2NA and SMAD4 tumor suppressor pathways in 
isolated pulmonary metastases from PDAC may be an 
important underlying biologic basis for improved survival 
(Figure 1).

Chou et al.69 reported a 2.1% rate of HER2 amplification in 
PDAC and noted an unusual pattern of metastases to the lung 
and not to the liver. HER2 amplification and or expression has 
been associated with poor OS raising the possibility of biolo
gical diversity among patients with PDAC and isolated pul
monary metastases.70

Discussion

Pancreatic adenocarcinoma remains a very grave disease with 
a poor prognosis despite some therapeutic advances over the 

Table 5. Mechanistic theories for improved survival in pancreatic adenocarcinoma with isolated pulmonary metastases.

Mechanistic Factor Theories References

Limited anatomic spread bypassing the 
liver and systemic dissemination

● Unusual lymphatic spread to lungs via tracheobronchial glands, via lymph nodes in 
venous triangle or portal venous collateral bypassing liver.

● Limited lymphatic spread to lungs via mediastinal lymph nodes without systemic 
dissemination.

Kamisawa et al.8 

Leach60

Genetic heterogeneity and mutational 
subclones

● Geographically distinct mutational subclones capable of metastasizing to different organs 
including lungs. No consistent mutational pattern capable of pulmonary spread however 
found.

● Genetic heterogeneity between primary tumor and tumor cells in organ of secondary 
spread.

Yachida et al.61

Organ-specific driver mutations ● Pancreatic cancer cells harboring different organ specific driver mutations in different 
organs responsible for different prognosis.

● MYC and CCNE1 genes rearrangements/amplifications present in pulmonary metastasis 
but not in abdominal metastasis.

Yachida et al.61

Mutations in tumor suppressor genes ● Absence of mutations in CDK2NA and SMAD4 tumor-suppressor genes in subjects with 
isolated pulmonary metastases may be responsible for improved survival.

● Limited loss of SMAD4(DPC4) via somatic genetic inactivation in isolated pulmonary 
metastatic patients. Higher inactivation of this gene is associated with aggressive dis
ease and poor prognosis. SMD4 loss is more prevalent in metastatic disease vs resectable.

Vitellius et al.63 

Arnaoutakis et al.28 

Arnaoutakis et al.28 

Embuscado et al.65 

Tascilar et al.66 

Blackford et al.68
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last decade. Despite the introduction of more effective che
motherapeutic regimens, most individuals with metastatic 
PDAC die within 5 years of diagnosis.2,11,71,72 A subset of 
patients with metastatic PDAC, specifically those with IPM, 
appear to have a prolonged overall survival when compared to 
those with metastases to other organs such as the liver. 
However, evidence for improved survival in this subset of 
patients is limited to observational studies with 
a small number of patients and to case series.6,9,12,13,17–19,73 

The improved survival in patients with PDAC and isolated 
pulmonary metastases has been mainly observed in patients 
who had a pancreatectomy after diagnosis of PDAC and sub
sequently developed metachronous isolated pulmonary recur
rences. The relatively prolonged survival observed in patients 
with PDAC and isolated pulmonary metastases post- 
pancreatectomy were also reported in patients who did not 
undergo curative lung-directed therapy.18,19 There are signifi
cantly fewer studies addressing survival in patients with 
PDAC and synchronous IPM and the reported findings have 
been mixed.13,19,26 Thus at this time, it is unclear if patients 
with PDAC and IPM at diagnosis have longer survival com
pared to patients with metastases to other organs and prospec
tive studies to address this gap are needed.

While no clinicopathological factor or biomarker has been 
validated for prediction of prolonged survival or benefit from 
aggressive lung directed therapy in patients with PDAC and 

isolated pulmonary metastases, factors such as disease-free 
survival from initial pancreatectomy (DFS1> or <20 months), 
laterality (unilateral vs. bilateral), and number of pulmonary 
lesions (< or>10), and CA 19–9 level at recurrence have been 
identified as possible candidates.19,27,40,41 Newer techniques 
such as ctDNA, exoDNA, microRNAs are currently being 
investigated as prognostic and predictive biomarkers for meta
static PDAC and may have significant potential in 
identifying patients with PDAC and isolated pulmonary 
metastases who may benefit from lung directed 
therapy.47,52,53,56. Thus, future clinical trials involving patients 
with PDAC and IPM should evaluate multiple candidate clin
icopathological and molecular biomarkers.46,59

The biologic basis of oligometastatic status in solid 
tumors is not fully understood but recent studies have 
reported the role of microRNAs involved in multiple meta
static pathways in the development of the oligometastatic 
phenotypes in solid tumors including pancreatic 
adenocarcinoma.57,58 Other studies have identified 
a possible underlying molecular basis for an improved 
survival in some patients with PDAC and isolated pulmon
ary metastases. The absence of mutations in tumor suppres
sor genes such as CDK2NA and SMAD4(DPC4), which are 
common genetic aberrations in pancreatic cancer, have also 
been suggested.28,63 However, there appears to be tumoral 
genetic diversity among patients with PDAC and IPM and 
further investigation to identify other possible molecular 

Figure 1. (a): Role of SMAD4 tumor suppressor gene in Pancreatic Cancer a) TGF-β ligand binds to TGF-β transmembrane serine-threonine kinase receptor leading to 
activation of TGF-β2 receptors. TGF-β2 receptor then phosphorylates TGF-β1 receptor. b). TGF-β2 receptors then phosphorylate receptor-activated SMAD (R-SMAD) 
proteins such as SMAD2 and SMAD3 which leads to activation of R-SMAD proteins. c). Activated R-SMAD proteins bind SMAD4 protein in the cytosol and form R-SMAD/ 
SMAD4 complex which translocates to the nucleus. d). R-SMAD/SMAD4 complex binds to specific regions on DNA and controls the gene expression and regulates protein 
synthesis. Wild-type SMAD4 or no loss of SMAD4 protein promotes apoptosis, inhibits epithelial proliferation, and inhibits angiogenesis. SMAD-4 proteins reduce the 
expression of VEGF (vascular endothelial growth factor) and hence inhibit angiogenesis. Loss of SMAD4 results in unchecked cellular proliferation of pancreatic tissue along 
with the increased vascular invasion. Loss of SMAD4 results in increased EMT (epithelial to mesenchymal transition) which promotes malignant behavior. (b): Role of 
CDK4NA tumor suppressor gene in Pancreatic Cancer a). P16 protein, a tumor suppressor protein of the CDK4NA gene, binds cyclin-dependent kinases such as CDK4/6 and 
Cyclin D. This binding prevents the phosphorylation of RB protein. b). P14, another tumor suppressor protein, binds E3 ubiquitin ligase MDM2 protein and prevents 
degradation of P53 protein by MDM2 and hence stabilizes P53 protein. Both RB and P53 proteins regulate the cell cycle and promote apoptosis. Loss of the CDK4NA gene 
results in loss of these tumor suppressor proteins with subsequent uncontrolled cellular proliferation and hence aggressive pancreatic cancer biology.
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subtypes is warranted.70 An improved understanding of the 
molecular mechanism underpinning the development of 
a pulmonary oligometastatic state in PDAC will lead to 
better identification of patients for clinical trials and for 
a targeted therapeutic approach.57

Current guideline recommendations for the management of 
metastatic pancreatic cancer patients are anchored on palliative 
chemotherapy in those with a reasonable performance 
status.11,71,72 Improved survival has been reported in patients with 
PDAC and isolated pulmonary metastases who received either 
single or multiagent chemotherapy compared to those who did 
not receive any treatment.12,18 However, optimization of the use of 
more effective chemotherapy regimens such gemcitabine with 
nanoparticle albumin bound paclitaxel and modified folinic acid, 
5-fluorouracil, irinotecan and oxaliplatin (mFOLFIRINOX) in this 
subset of patients with PDAC is urgently needed.

The increasing recognition that a small proportion of patients 
with metastatic PDAC may achieve a reasonably extended survival 
has prompted the debate about the applicability of the oligometa
static management principle in other solid tumors such as colon 
cancer.28,59,74 Generally, the management of oligometastatic solid 
tumors has involved perioperative chemotherapy and simultaneous 
or staged resection of the primary and metastatic lesions in selected 
patients.75,76 The application of a comparable management para
digm in selected patients with PDAC and hepatic oligometastases 
resulted in a 5-year overall survival of 8.1% whereas no long-term 
survival has been reported with palliative chemotherapy only.74 

Furthermore, the technical advances and improved safety of local 
ablatives techniques such as radiofrequency ablation have made 
these modalities an acceptable approach either alone or in combi
nation with resection for selected patients with oligometastatic solid 
tumor.59,77 Given the reported longer median overall survival of 
patients with isolated metachronous pulmonary recurrences from 
PDAC, and safety and minimal morbidity of pulmonary metasta
sectomy and ablative techniques, the application of these modalities 
may not be an unreasonable consideration in selected patients.28 

However, at this time, given the uncontrolled nature of the available 
studies including highly selected patients, it is unclear if the reported 
benefit of pulmonary metastasectomy and other lung directed 
therapies is a true benefit of the procedure(s) or a manifestation 
of selection bias. Criteria that have been utilized in the selection of 
patients for pulmonary metastasectomy in PDAC include the ability 
to tolerate a pulmonary resection, a long duration from pancrea
tectomy to first relapse (DFS1), an isolated and stable disease course, 
and a favorable response to chemotherapy. The latter three selection 
criteria were considered to be indicative of “good biology”.28 The 
lack of high-level evidence for pulmonary metastasectomy is not 
limited to pulmonary oligometastases in PDAC. In patients with 
colorectal cancer and limited pulmonary metastases, pulmonary 
metastasectomy has been a common practice despite a lack of level 
1 evidence for its benefit on survival.78,79. As noted for PDAC with 
isolated pulmonary metastases, it is unclear if the observed prolon
gation of OS in patients with colon cancer with lung only metastases 
who underwent pulmonary metastasectomy is due to selection bias 
or a benefit of lung resection.78 A multicenter randomized clinical 
trial (PulMiCC) designed to test the effectiveness of pulmonary 
metastasectomy patients with colorectal cancer and lung oligome
tastases failed to accrue and was discontinued.80 However, the 

analysis of the available limited data revealed a much higher 
5-year survival for the matched controls than previously believed 
(29% vs.<5%) and comparable to the intervention arm, which 
further raises the question of selection bias in earlier uncontrolled 
studies.80 Similarly, the application of pulmonary metastasectomy 
in PDAC with isolated pulmonary metastases currently lack sup
portive high level evidence. Thus, the procedure should not be 
routinely offered to all patients with PDAC with isolated pulmonary 
metastases. Additionally, there is a need for trials specifically inves
tigating the role of non-surgical ablative techniques such as SBRT 
and cryotherapy in the management of patients with PDAC and 
lung only metastases.

Conclusion

Patients with resected PDAC and metachronous IPM may 
represent a subset of patients with metastatic PDAC with 
a favorable prognosis. The underlying mechanism for the 
observed improved survival is yet to be fully determined but 
may be related to specific genetic aberrations/signatures. 
Furthermore, the true benefit of pulmonary resection and 
other lung directed therapy is unknown. Further studies are 
necessary to elucidate the underlying molecular mechanism 
for the improved survival in patient with PDAC and lung only 
metastases compared to PDAC with metastases to other sites 
and to determine the role of pulmonary resection and other 
lung directed therapies. Such trials should include known 
molecular, laboratory, and clinicopathological prognostic mar
kers to help identify which of these patients might benefit from 
lung directed therapy.
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