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Abstract

Background and Objectives—The natural history of pulmonary metastases from pancreatic 

ductal adenocarcinoma (PDAC) is not well studied. Limited evidence suggests patients with 

isolated pulmonary metastases from PDAC follow a more benign clinical course than those with 

other sites of metastases.

Methods—We performed a retrospective review of all patients with pulmonary metastases from 

PDAC from 2000-2010 and analyzed survival utilizing the Kaplan-Meier method based upon 

location of first metastasis (lung first, intra-abdominal first, or synchronous intra-abdominal and 

lung metastases).

Results—Median survival among subjects with lung as the only site of metastases was 

significantly longer than those with other metastatic patterns. In subjects that had undergone 

resection of their PDAC, survival in those with lung as a first site of recurrence remained 

significantly longer than those with abdominal first or synchronous intra-abdominal and lung 

recurrence. Among resected patients that developed lung only recurrence, survival was 

significantly prolonged (67.5 months) in those who underwent surgical resection/stereotactic 

radiosurgery compared to chemotherapy (33.8 months) or observation (29.9 months) for treatment 

of lung recurrence.

Conclusion—Patients with isolated pulmonary recurrence from PDAC may realize a survival 

benefit from surgical intervention or stereotactic radiosurgery compared to chemotherapy or 

observation for treatment of lung recurrence.
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INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) remains a deadly disease with poor overall 

survival. In 2014, there will be an estimated 46, 420 new cases of pancreatic cancer and an 

estimated 39,590 deaths from the disease [1]. Even in patients with very early stage cancers 

that undergo resection, 5-year survival is only 31.4%, which represents an improvement 

from historical data [2]. Unfortunately, given the lack of effective screening methods for 

PDAC, patients often present at later stages with either locally advanced and unresectable or 

metastatic disease.

Recently, much attention has been given to the development of therapies that target 

molecular mechanisms in cancer progression. Initiatives such as International Cancer 

Genome Consortium and The Cancer Genome Atlas have focused on uncovering specific 

molecular aberrations in cancer [3, 4]. These have proven to be very varied and in pancreatic 

cancer specifically, have proven very heterogeneous, with most aberrations occurring with a 

frequency of 2% or less [5-7]. In conjunction with the lack of common molecular targets 

there is clinical data to suggest heterogeneity in the behavior of different patterns of 

pancreatic cancer recurrence [8, 9]. Pancreatic cancer recurs most commonly in the liver 

followed by the peritoneum and lung [8] [10]. Up to 80% of resected patients will develop 

disease recurrence within 2 years of surgery [9, 11] and will die of their recurrence at a 

median of 14-20 months [12]. However, among those who do achieve 5-year survival, 

recurrence is most commonly observed in the lungs [13]. Patients who recur late also most 

often recur in the lungs with metastatic lesions noted as late as 6.7 years after initial 

diagnosis [8]. Patients who develop lung metastases appear to have a prolonged time to 

development of metastases [14, 15] compared to much shorter times when evaluating time 

to development of all metastatic lesions. Given the known molecular heterogeneity of 

pancreatic cancer as well as this evidence indicating clinical heterogeneity, we hypothesized 

that patients with pulmonary metastases as a first site of pancreatic cancer metastases will 

have prolonged survival compared to those patients with other sites of first metastases. 

Identifying this population as a unique phenotype of metastatic PDAC may promote better 

targeted therapies for this deadly disease.

MATERIALS AND METHODS

This study is a retrospective review of all patients with pulmonary metastases from 

pancreatic cancer with a primary endpoint of survival based upon the site of first metastases. 

Following approval by the Institutional Review Board at the University of Pittsburgh, the 

electronic medical record was searched to uncover all patients diagnosed with pancreatic 

ductal adenocarcinoma and a diagnosis of pulmonary metastases between 2000 and 2010. In 

order to capture all patients with pulmonary metastases, a broad search was initiated for 

patients with a diagnosis of pancreatic cancer with the findings of lung or pulmonary and 

nodule, mass, lesion, metastases, metastasis, or metastatic in any radiology report or lung 

and adenocarcinoma, metastasis, or metastatic in any pathology report. Initially, 3200 

patients were identified. Nearly all of these patients were excluded for either diagnosis 

outside the specified time period, incorrect primary diagnosis or absence of radiologic 

suspicion for lung metastases. The occurrence of metastases was confirmed by 1) radiologist 
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interpretation based on increase in either size or number of lung lesions on serial CT or 

PET-CT imaging or 2) pathologic diagnosis after biopsy or resection. After analysis of the 

initial 3200 patients, 198 remained. 17 patients were excluded because they did not undergo 

serial CT scan confirming the presence of metastatic lung disease. One patient was excluded 

because despite pathologic evaluation, it was not known which of their three primary tumors 

(pancreatic, gastric, or renal) was the source of the lung metastasis. Five patients were 

excluded because they were ultimately found to have a primary lung cancer on pathology 

and one patient was excluded because it was unclear whether they had a metastatic or 

primary lung lesion based on their evaluation (radiologic only). Demographics, medical 

comorbidities, surgical treatment, imaging studies, clinicopathologic tumor characteristics 

and survival of the 174 patients found to have pulmonary metastases from pancreatic cancer 

were reviewed.

All values are presented as mean and standard deviation or as frequency with percentages. 

Differences between groups were assessed with independent t-test for normally distributed 

continuous variables or analysis of variance (ANOVA) when testing the differences between 

more than two means. Differences in categorical variables were assessed by either Chi-

square or Fisher-exact test as appropriate. Survival (presented as median value) was 

calculated from the time of diagnosis (unless noted) of primary pancreatic cancer to the time 

of death. Patients that did not die were censored at their last follow-up. Survival was 

estimated using Kaplan-Meier method and compared using the log-rank test. Comparing the 

survival among greater than 2 groups, we utilized dummy variables and Cox proportional-

hazards regression. All calculations were based on using two-sided tests with significance 

set at p<0.05. Statistical analyses were performed using Stata software package, version 10 

(StataCorp, Texas).

RESULTS

During the period of study, 174 patients with lung metastases from pancreatic cancer were 

identified. The diagnosis of lung metastases was made by imaging studies alone in 145 

patients (83.3%) and by pathologic and radiologic findings together in 29 patients (16.7%). 

Patients were grouped according to their first site of metastases (lung first and only, n=58; 

lung first, n=25; abdominal first, n=48; or synchronous lung and abdominal metastases, 

n=43). There were no significant differences in baseline characteristics among these four 

groups including age at diagnosis, gender, race, BMI, ASA, age-adjusted CCI, or history of 

smoking or alcohol use. Among those patients who underwent resection of their primary 

pancreatic cancer, there was no difference in the grade of tumor, margin positivity, or use of 

neoadjuvant chemotherapy (Table 1).

The overall median survival from time of diagnosis of pancreatic cancer was 15.9 months 

for all patients. In the entire patient cohort, median survival was 23.1 months (95% C.I. 

19.2-37.5) for those with lung as the only site of metastases, compared to 16.5 months (95% 

C.I. 11.1-31.4) for those with lung first but not only metastases. For patients with abdominal 

metastases before lung metastases, median survival was 12.9 months (95% C.I. 9.97-20.7) 

and for those patients with synchronous intra-abdominal and lung metastases, median 

survival was 7.3 months (95% C.I. 4.47-10.97) (Figure 1). Utilizing patients with lung as 
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the only site of metastases as a baseline for comparison, a hazard ratio of death for the 

remaining three groups was calculated utilizing Cox-proportional hazards technique. 

Compared to those with lung metastases only, patients with a diagnosis of pancreatic cancer 

and lung metastases followed by intra-abdominal metastases had a hazard ratio of death of 

1.5 (p-value non-significant). However, using those with lung metastases only as a baseline, 

those with abdominal metastases before lung metastases had a hazard ratio of death of 2.15 

(p<0.001, 95% C.I. 1.43-3.23) and those with synchronous intra-abdominal and lung 

metastases had a hazard ratio of death of 3.34 (p<0.001, 95% C.I. 2.19-5.09). The survival 

differences remained significant after controlling for age at diagnosis, gender, BMI, T stage 

of primary tumor, node positivity (if resected), and use of neoadjuvant therapy (if resected). 

After controlling for these patient factors, the hazard ratio of death for the abdominal 

metastases first group was 3.15 (p=0.003, 95% C.I. 1.46-6.8) and the synchronous 

metastases group hazard ratio was 6.01 (p=0.001, 95% C.I. 2.17-16.59).

Of the 174 total patients, 96 (55.2%) patients did not undergo resection of their primary 

tumor. When evaluating only this subset of patients, those with lung as a first site of 

metastases compared to those with abdominal or synchronous metastatic disease had no 

difference in overall survival from the time of diagnosis (10.1 months versus 7.7 months, 

p=0.149). The remaining 78 (44.8 %) patients underwent resection of their primary tumor. 

Sixty-one (78%) patients underwent pancreaticoduodenectomy, 16 (20.5%) underwent distal 

pancreatectomy and 1 (1.2%) underwent total pancreatectomy. In these patients, those with 

lung first metastases experienced a significant survival benefit (Figure 2). The median 

survival from time of diagnosis for those patients with lung as a first recurrence after 

resection of their pancreatic primary was 35.6 months (95% C.I. 31.4-46.1) compared to 

23.8 months (95% C.I. 18.97-31.2) for those with abdominal first or synchronous recurrence 

(p=0.003). This survival difference remained significant when controlling for age at 

diagnosis, gender, BMI, ASA, CCI, T stage of primary tumor, node positivity, tumor grade, 

treatment with neoadjuvant or adjuvant chemotherapy, and unilaterality of lung metastases. 

In this subset of patients who underwent resection of their primary pancreatic cancer, the 

time from surgical resection of their pancreatic primary to development of lung metastases 

was not different between groups (19.6 months for lung first and only, 22.6 months for lung 

first, 20.1 months for those with intra-abdominal metastases before lung metastases and 19.9 

months for those who developed synchronous intra-abdominal and lung metastases).

In the subset of patients who underwent resection of their primary pancreatic cancer and 

developed lung metastases as a first site of recurrence (n=49), median survival from the time 

of surgical resection of the primary PDAC was 33.3 months (35.6 months from time of 

diagnosis). Median metastases-free survival among this cohort was 14.9 months and nine of 

these patients (18.3%) were five-year survivors. Of the 40 patients in whom adjuvant 

treatment data was available, thirty-five (81.4%) underwent adjuvant therapy after resection 

of their primary pancreatic cancer. Twenty-seven patients (67.5%) underwent a median 

number of one regimen (range 0-6) of chemotherapy for treatment of their lung metastases. 

Of the 41 patients in whom full treatment data was available, five patients (12.2% of total) 

underwent surgical resection of lung metastases. (Table 2). Three of these patients had 

chemotherapy prior to resection. Four (9.6% of total) patients underwent stereotactic 
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radiosurgery (one of whom also received surgical resection) of their lung metastases; one of 

these first received chemotherapy. Patients who had any treatment for metastatic disease 

(chemotherapy, surgery or stereotactic radiosurgery) had a trend toward improved survival 

compared to those who received no treatment (median survival 44.4 months versus 29.9 

months from time of diagnosis, p-value 0.11; 43.2 versus 27.1 months from time of 

resection of primary, p-value 0.17, and 20.6 versus 11.5 months from time of diagnosis of 

lung metastases, p-value 0.17). When patients who underwent surgical resection of their 

lung metastases or stereotactic radiosurgery were combined (n=8, with one patient 

undergoing both treatments), their survival (67.5 months from time of diagnosis) was 

significantly better than those who underwent metastases-directed chemotherapy or 

observation (33.8 months, p-value 0.006) (Figure 3). When those treated with surgery or 

stereotactic radiosurgery (median survival 67.5 months) were compared to those undergoing 

metastases directed chemotherapy (median survival 33.8 months), there was a significant 

difference in survival (p-value 0.01). There was also a significant survival difference (p-

value 0.008) amongst those treated surgically compared to those treated with observation 

alone (median survival 29.9 months). In the eight patients who underwent surgical resection 

or stereotactic radiosurgery for treatment of their lung metastases, median survival after this 

intervention was 27 months. Notably, those patients treated with metastases-directed 

chemotherapy did not demonstrate any survival benefit compared to those treated with 

observation alone when survival was evaluated from the time of diagnosis of PDAC or from 

resection of the primary lesion. There was a trend toward improved survival in those treated 

with chemotherapy versus observation when analyzed from the time of diagnosis of the first 

lung metastasis but this was not significant (18.9 months versus 11.5 months, p-value 0.69).

DISCUSSION

In this retrospective review of patients treated at a large university health system, we have 

identified those patients with pancreatic cancer metastatic to the lung and described the 

natural history of their disease. Patients with pulmonary metastases as a site of first 

metastasis from PDAC have prolonged survival compared to those with abdominal 

metastases first or synchronous lung and abdominal metastases and this survival benefit 

appears to be based upon both the survival of patients who underwent resection of their 

primary PDAC and those who underwent surgical treatment for lung first recurrence after 

primary PDAC resection. When only patients who underwent resection of their primary 

PDAC were evaluated, those with pulmonary metastases first survived significantly longer 

(35.6 vs. 23.8 months) than those with intra-abdominal or synchronous lung and abdominal 

recurrence. Among patients who underwent resection of their primary PDAC and developed 

lung metastases as a first site of disease recurrence, a subset underwent either surgical 

resection of their lung metastases or stereotactic radiosurgery (with or without 

chemotherapy). These patients had significantly prolonged survival (67.5 months) compared 

to patients treated with either chemotherapy alone (33.8 months) or observation (29.9 

months). These findings support our hypothesis that metastatic pancreatic cancer is a 

heterogeneous disease and that patients with pulmonary metastases as a first site of PDAC 

metastasis represent a unique clinical and likely biologic phenotype of the disease compared 

to those with other patterns of lung metastases from PDAC.
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The natural history of pulmonary metastases from pancreatic cancer is not well described in 

the literature. Studies have demonstrated that a higher proportion of 5-year survivors from 

pancreatic cancer have lung metastases compared to other sites of metastasis, a propensity 

for late recurrence to occur in the lung, and a prolonged time to metastases in those who 

develop lung metastases [8, 13-15]. A review of 378 patients who underwent potentially 

curative resection for pancreatic cancer examining patterns of recurrence found that lung as 

a first site of recurrence occurred in 9.8% of patients and that patients with isolated lung 

recurrence had the longest median overall survival compared to patients with other patterns 

of recurrence [22]. Our results have shown a similar pattern among patients who develop 

lung metastases as their first site of metastasis. We have also shown however, that those 

patients who develop lung metastases first represent a different clinical phenotype than 

patients who develop intra-abdominal metastases first or synchronously. Among all patients 

who develop lung metastases from pancreatic cancer, those who develop them first have 

prolonged survival compared to those with other disease patterns and this is especially 

profound in those patients who underwent resection of their primary PDAC.

There is a paucity of data regarding the treatment of isolated lung metastases from PDAC. In 

a retrospective case review of all patients who underwent lung resection for their metastatic 

pancreatic cancer over a 10 year period, 9 patients were identified and their median survival 

was 51 months compared to 23 months in matched controls [14]. The authors stress that 

these patients were highly selected and were required to have isolated and stable disease, a 

long interval between pancreatic resection and development of lung metastases, and a 

response to systemic chemotherapy suggestive of “good biology,” and stress the safety and 

feasibility of pulmonary metastasectomy for this group of patients. In a second evaluation of 

patients who underwent surgical resection for PDAC, 430 (61.4%) developed recurrent 

disease and 21 of these patients were selected for reoperation with curative intent [15]. 

Seven of these patients underwent lung resection and the initial disease free interval in these 

patients was significantly longer than those who were operated upon for liver or regional 

recurrence. Overall survival was also better (92.3 months compared to 32.5 months) 

compared to those who developed a liver recurrence. Notably, time to second recurrence 

was significantly longer in patients operated upon for lung metastases than those who 

underwent reoperation for liver or locoregional recurrence. Based on these data, the authors 

suggest that operations for recurrent pancreatic cancer appear to benefit only those with 

isolated pulmonary metastases. Our study evaluates a slightly different group of patients and 

includes all patients with any pulmonary metastases from pancreatic cancer. Forty-four 

percent of these patients underwent resection of their primary PDAC and of these, 62% 

developed recurrence in the lung first. Of these patients, only 10% (n=5) underwent surgical 

resection of their lung recurrence. We confirm the findings from the aforementioned studies: 

resection for patients with isolated pulmonary recurrence from PDAC is associated with 

improved survival. We also demonstrate its very limited clinical use even in a high-volume 

tertiary care center. Additionally, we demonstrate the benefit of stereotactic radiosurgery in 

these patients (n=4), perhaps suggestive of the highly selected nature of those patients 

chosen for intervention for recurrent PDAC in lungs. While we were able to demonstrate 

survival superiority compared to chemotherapy alone or watchful waiting, (the median 

survival after intervention for patients who underwent surgery or stereotactic radiosurgery 
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for lung metastases was 27 months), the selection bias associated with those undergoing 

surgical intervention (non-disseminated lung metastases, increased likelihood of solitary or 

oligometastases) contributes to this group's improved survival. It is with caution, therefore, 

that we conclude that surgical resection is of benefit to all patients with first lung recurrence 

from pulmonary metastases and duly note the necessity to carefully choose these patients 

before proceeding with any metastasectomy.

A multitude of studies have attempted to identify molecular factors that contribute to the 

metastatic potential of pancreatic cancer. These have identified many factors such as variant 

expression of MAPK/ERK pathway, Kap-1 and MUC1, mutant p53 induced changes in cell 

signaling as well as MYC protein stabilization that may contribute to the metastatic potential 

of pancreatic cancer [16] [17, 18] [19]. Some attempts have been made to uncover how the 

heterogeneity of these drivers of pancreatic cancer may result in unique patterns of disease 

recurrence. Genomic studies have demonstrated significant heterogeneity in PDAC, but with 

individual mutations occurring with very low frequency [5-7]. More specifically, in a study 

using genomic sequencing techniques in human patients, those with Her-2 amplified cancer 

were noted to have a lack of liver metastases and increased frequency of lung and brain 

metastases [20]. In a murine orthotopic model of pancreatic cancer, it was demonstrated that 

overexpression of MUC1 with either the cytoplasmic tail or tandem repeat deleted resulted 

in more metastases to lung and lymph nodes compared to overexpression of full-length 

MUC1 [17]. Finally, a study examining patients who underwent pulmonary metastasectomy 

suggested that DPC4 loss was more common among patients with widespread metastatic 

disease than among those with isolated lung metastases [14, 21]. The clinical data we 

present here support a biologic difference in those patients with lung first or lung only 

metastases. Even among patients who all develop lung metastases, there appears to be at 

least two unique phenotypes: those who develop lung metastases as a first site of metastases 

and those who develop lung metastases at the same time or after intra-abdominal metastases. 

This clinical knowledge, combined with ongoing discoveries of the biologic heterogeneity 

of pancreatic cancer may provide a platform for more patient-specific therapy.

Despite the broad inclusion criteria in our study, there are several limitations. The 

percentage of patients who develop pulmonary metastases from PDAC remains unknown, as 

we were only able to capture those with lung metastases and not all patients with pancreatic 

cancer. Many of the patients in our cohort do not have a pathologic diagnosis of their 

pulmonary metastases, and while our radiologic criteria for identifying metastases were 

strict, there may still be misdiagnoses. Additionally, likely a reflection of the relative lack of 

data regarding management of isolated lung metastases from pancreatic cancer, few patients 

in our cohort underwent surgical treatment for their lung metastases. Only 8 patients were 

identified even when those patients who underwent surgical resection or stereotactic 

radiosurgery were combined. So while the differences in survival between these patients and 

those who underwent chemotherapy or observation after development of a lung recurrence 

are impressive, the number of patients is quite small and there is certainly a selection bias.
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CONCLUSIONS

In conclusion we report here that patients who develop pulmonary metastases as a site of 

first recurrence from pancreatic cancer have improved survival compared to those who 

develop lung metastases as a second or synchronous site of recurrence. This difference is 

highlighted even further in the group of patients who undergo surgical resection of their 

primary PDAC. This clinical heterogeneity is suggestive of biologic variation in pancreatic 

cancer between individual patients and further studies are likely to elucidate molecular 

markers or perhaps even targets for treatment in different groups of patients. Among those 

patients with presumed favorable biology and isolated pulmonary metastases, surgical 

intervention or stereotactic radiosurgery may confer a survival benefit compared to adjuvant 

chemotherapy or observation of lung recurrence from PDAC.
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SYNOPSIS

Pulmonary metastases from pancreatic adenocarcinoma (PDAC) may represent a 

clinically and biologically unique phenotype of pancreatic cancer as patients with 

pulmonary metastases as a first site of metastasis have prolonged survival compared to 

those with intra-abdominal metastasis first. Among those patients with presumed 

favorable biology and isolated pulmonary metastases after resection of their primary 

PDAC, surgical intervention or stereotactic radiosurgery may confer a survival benefit 

compared to chemotherapy or observation of lung recurrence from PDAC.
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Figure 1. Median survival in all patients with pulmonary metastases from PDAC grouped by site 
of first metastases
Among those with lung as a first and only site of metastases, median survival was 23.1 

months compared to 16.5 months for those with lung first but not only metastases, 12.9 

months for those with abdominal metastases before lung metastases, and 7.3 months for 

those with synchronous intra-abdominal and lung metastases. Using patients with lung only 

metastases as a reference for comparison, the hazard ratios of death are 1.5 (95% C.I. 

0.94-2.45, p=0.091) for patients with lung first but not only metastases, 2.2 (95% C.I. 

1.43-3.23, p<0.0001) for patients with abdominal first metastases, and 3.3 (95% C.I. 2.2-5.1, 

p<0.0001) for patients with synchronous abdominal and lung metastases.
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Figure 2. Median survival in patients who underwent resection of primary PDAC
Among those patients who underwent resection of their primary PDAC, the median survival 

of those with lung as a first recurrence was 35.6 months compared to 23.8 months among 

those with abdominal first or synchronous recurrence (p= 0.003).
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Figure 3. Median survival in patients who underwent resection of their primary PDAC and 
developed lung metastases as a first site of recurrence by treatment strategy
Among those patients who underwent resection of their primary PDAC and developed lung 

recurrence first, those who underwent surgery or stereotactic radiosurgery had a median 

survival of 67.5 months (95% C.I. 23.9-) compared to 33.8 months (95% C.I. 23.2-44.9) 

among those who were treated metastases directed chemotherapy or observation alone 

(p=0.006).
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Table 1

Baseline characteristics of groups based on metastases type

Lung first and only 
(n=58)

Lung First (n=25) Abdominal First (n=43) Synchronous (n=48) p-value

Age 65.5±10.3 65.7±10.7 68.4±11.5 64.3±10.1 0.145

Gender (Female) 32 (55.2%) 14 (56%) 20 (46.5%) 24 (50%) 0.820

Race (White) 57 (98.3%) 24 (96%) 35 (87.5%) 43 (89.6%) 0.110

BMI 27.8±6.8 25.2±4.0 27.9±4.8 26.1±4.3 0.118

ASA 2.7±0.5 2.8±0.5 2.7±0.7 2.6±0.7 0.851

Age-adjusted CCI 6.2±2.6 6.6±2.9 7.6±3.4 5.9±2.9 0.070

Never smoker 28 (50%) 8 (33.3%) 17 (46%) 26 (56.5%) 0.261

No or occasional alcohol 
use

51 (91.1%) 19 (79.2%) 30 (81.1%) 39 (84.8%) 0.384
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Table 2

Patients with resected primary PDAC with lung first metastases (n=41 patients in whom full treatment data 

was available)

Surgery or Stereotactic 
Radiosurgery

Metastases-directed chemotherapy No treatment

Number (% of all) 8 (16.3%)
* 23 (46%) 10 (20.4%)

Median survival (months) 67.5 33.8 22.3

Neoadjuvant Chemotherapy (% of group) 5 (62.5%) 5 (21.7%) 4 (40%)

Adjuvant Chemotherapy (% of group) 7 (87.5%) 20 (87%) 4 (40%)

Metastases directed chemotherapy (% of group) 4 (50%) 23 (100%) 0 (0%)

5-year survivors (% of group) 4 (50%) 2 (8.7%) 0

*
One patient received both therapies.
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