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Abstract

Lung metastases from primary pancreatic adenocarcinomas often have mucinous features, which

makes them difficult to distinguish from the primary lung adenocarcinoma. We explored the

potential utility of KRAS mutational status and immunohistochemical studies in the evaluation of

adenocarcinomas in the lungs of patients with known pancreatic cancer. Metastatic pancreatic

cancer cases had fewer solitary lung lesions (5 (15%) versus 37 (95%) for lung primaries;

P=0.0001), more tumors with pure (100%) mucinous morphology (16 (50%) versus 9 (23%) for

lung primaries; P=0.0037), and more frequent KRAS mutations (24 (75%) versus 18 (46%) for

lung primaries; P=0.0093). Presence of the KRAS G12C mutation had 96% specificity and positive

predictive value for lung adenocarcinoma, whereas G12R was 99% specific for pancreatic cancer

with a positive predictive value of 86%. Of the 18 KRAS mutated mucinous lung tumors, only 3

(16%) occurred in nonsmokers. Conversely, of the 19 KRAS mutated pancreatic cancer metastases,

11 (58%) occurred in nonsmokers. The median overall survival was significantly shorter for

patients with metastatic tumors when compared with patients with primary mucinous tumors (19

months, 95% confidence interval, 10–28 months versus 55 months, 95% confidence interval, 39–

70 months, P=0.005). CK20 and CDX2 positivity supported metastatic pancreatic cancer, whereas

TTF-1 positivity supported primary lung adenocarcinoma. In summary, KRAS G12C mutations,

TTF-1, and napsin A were associated with primary lung adenocarcinoma, whereas KRAS G12R

mutations, CK20, and CDX2 favored pancreatic adenocarcinoma. We showed survival differences

for patients whose pancreatic metastases were synchronous versus metachronous to their primary

tumors, and for patients with mucinous pancreatic cancer metastases versus primary mucinous

lung adenocarcinomas. Differences in KRAS mutations reflect differences in exposure to tobacco

smoking and highlight biological differences between two KRAS oncogene-driven cancers.
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Patients with pancreatic cancer often develop distant metastases. The most common site of

distant metastases is the liver, followed by the peritoneum and the lung.1–4 Making the

distinction between primary lung adenocarcinoma and pulmonary metastases from the

pancreatic ductal adenocarcinoma is often difficult based on histopathological and

immunophenotypical features alone. Both lung and pancreatic adenocarcinomas share

similar morphology, and immunohistochemical markers, such as TTF-1 and napsin A for

lung adenocarcinoma, cannot always distinguish primary from metastatic disease.5–7

Although the clinical diagnosis of metastatic disease is often straightforward based on

radiographic evidence of either more than one site of involvement or multiple lesions in a

single organ, lung cancer can also produce synchronous lesions. In recent studies, the

frequencies of multifocal lung tumors range from 3.7 to 24%.8–11 Hence, the presence of

more than one lung lesion cannot be used as the sole discriminator of primary from

metastatic disease.

Although pancreatic cancer is usually rapidly fatal with median survival after resection of

only 14–20 months12 and an overall 5-year survival rate of 6% for all stages,13 some

patients can have a prolonged clinical course with the development of late metastasis. In a

recent study of pulmonary resections for isolated pancreatic adenocarcinoma metastases, the

median time from pancreatectomy (with no evidence of distant disease) to identification of

the first pulmonary nodule on imaging was 29 months and to metastectomy was 34

months.14 Hence, when a patient with a known history of pancreatic cancer develops a lung

lesion or lesions without other organ involvement, the distinction between metastatic disease

and a lung primary can be difficult.

Activating KRAS mutations are present in the majority (about 90%) of pancreatic ductal

adenocarcinomas15–17 and less frequently (13–23%) in lung adenocarcinomas.18–20 On the

basis of the limitations of clinical and histopathological parameters in distinguishing the

primary from metastatic disease, we wished to explore the potential utility of molecular

studies, specifically KRAS mutational status, in the evaluation of adenocarcinomas of the

lung in patients with known pancreatic cancer, using large cohorts of primary lung

adenocarcinomas and pancreatic adenocarcinomas for comparison. We also tested a small

panel of immunohistochemical stains on a subset of cases to determine the utility of these

markers.

Materials and methods

Patients

The slides and reports of all potential pancreatic cancer metastases to the lung from the

surgical pathology files at our institution over a 5-year period (2006–2011) were reviewed.

All cases that had formalin-fixed paraffin-embedded tissue blocks available for the study

were included for a total of 32 cases. Clinicopathologic and follow-up data were recorded.

Three different comparison groups were used. One group (n=94) consisted of a consecutive

cohort of primary pancreatic ductal adenocarcinoma cases resected between 2007 and 2009

at UPMC with known KRAS mutation status (previously included in another study).21 The
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second group (n=39) included primary mucinous adenocarcinomas of the lung with

available tissue for analysis.18 The final group (n=284) included primary adenocarcinomas

of the lung that harbored KRAS mutations.22–23 This study was approved by the University

of Pittsburgh Institutional Review Board (IRB no. PRO11070413).

Immunohistochemistry

Standard automated immunohistochemistry was performed for CK20, CDX2, TTF-1, napsin

A, MUC2, and SMAD4 (Table 1) on formalin-fixed, paraffin-embedded, 4-μ thick tissue

sections. Following deparaffinization in xylene and rehydration in ethanol, the slides were

stained using the Ventana BenchMark XT; the enzymatic reactivity was visualized with the

iVIEW DAB Detection Kit (Ventana Medical Systems, Tucson, AZ).

The immunohistochemical stains were scored as follows: 0 (no positivity or only very

occasional cell staining); 1+ (5–10% of cells stained); and 2+ (>10% of cells stained). The

intensity of staining was also scored on a categorical scale from 0 to 2 where 0 indicated

absent; 1+, very weak; and 2+, definite staining. Only tumor cells that stained in the

appropriate nuclear or cytoplasmic location were scored. Nuclear staining for TTF-1 and

CDX2, and cytoplasmic staining for CK20, napsin A, and MUC2 were considered positive.

For statistical analyses, a score of 0 was considered negative and scores of 1+ and 2+ were

considered positive. For SMAD4, a score of 0 in both the cytoplasmic and nuclear

compartments was considered as lost/ decreased staining.

KRAS Exon 2 Codons 12 and 13 Mutational Analysis

Exon 2 KRAS codon 12 and 13 mutations were assessed using the Sanger sequencing in both

directions (forward and reverse) as previously described.24 Tumor areas with more than

50% tumor cells (based on review of hematoxylin and eosin stained slides) were

microdissected from the 4-μm unstained formalin-fixed paraffin-embedded sections.

Statistical Analysis

A t-test was used to characterize the relationship between quantitative variables, and the

Fisher exact test was used to characterize the relationship between categorical variables.

Median survival intervals with 95% confidence intervals were estimated using the Kaplan–

Meier method, with statistical significance of differences between groups estimated using

the log-rank test. Patients with 3 months or less survival after the tissue diagnosis were

excluded from the survival analysis. A P-value of <0.05 was defined as statistically

significant. Statistical analysis was performed using SPSS 20 (Somers, NY, USA).

Results

Metastatic Pancreatic Adenocarcinomas: Clinicopathological Data, KRAS Mutational
Analysis, and Immunohistochemical Profile

The clinicopathological features of the 32 study patients with pancreatic ductal

adenocarcinoma metastatic to the lung are shown in Table 2. All but three patients (91%)

had only pulmonary involvement by metastatic disease (two also had liver and one also had

omental metastases). One half of the patients (n=16) had metastatic disease at the time the
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pancreatic primary was diagnosed. The other half had prior pancreatic resections with M0

disease; the average time from pancreatic resection to the lung biopsy or resection was 30

months (range, 4–63 months). Of the five patients with solitary lung metastases, the mean

time from pancreatectomy to lung biopsy/resection was 37 months (range, 19–63 months),

and the mean overall survival for these 5 patients was 75 months (and three patients are still

alive).

KRAS mutations were present in 24 of the 29 (83%) metastatic pancreatic adenocarcinomas

that were tested. All the mutations involved codon 12 of the KRAS gene. Thirteen of these

patients had tissue from their primary pancreatic cancers available for mutational analysis.

The presence or absence of KRAS mutations was concordant in 11 (85%) of cases: In two

cases, both tumors were wild-type and in eight cases, the specific KRAS mutations were

concordant (G12V, n=4, G12D, n=2, and G12R, n=2); in one case, the pancreatic primary

tumor had a G12V mutation, and the metastasis had a G12C mutation; in two cases, the

primary tumors were wild-type and the metastases had G12D mutations.

The metastatic pancreatic ductal adenocarcinomas had the following immunohistochemical

profile: CK20+ in 17/31 (55%), CDX2+ in 17/32 (53%), MUC2+ in 4/29 (14%), TTF-1+ in

1/31 (3%), napsin A+ in 0/29 (0%), and loss of SMAD4 in 12/32 (38%).

Comparison of Tumors with Mucinous Features: Metastatic Pancreatic Adenocarcinomas
and Primary Lung Adenocarcinomas

As the majority (90%) of metastatic pancreatic adenocarcinomas in this study had mucinous

features, we performed a head-to-head comparison with a cohort of 39 primary lung

adenocarcinomas with mucinous features.18 The clinicopathological data for these two

groups are also shown in Table 2, and representative histological appearances of metastatic

and primary mucinous adenocarcinomas are shown in Figure 1. Gender and mean age were

similar between the two groups, but there were significant differences in other parameters.

In the mucinous pancreatic cancer metastases cohort, there were fewer smokers or ever

smokers (P=0.02), many more multiple (versus solitary) lesions (P=0.0001), and more

tumors with pure (100%) mucinous morphology (P=0.0037).

KRAS mutations were more frequent in mucinous pancreatic cancer metastases compared

with the mucinous lung primaries (P=0.0093) (Table 2). Of interest, the glycine to cysteine

(G12C) transversion was uncommon in the pancreatic cancer metastases, but was the most

commonly encountered mutation in lung primaries (P=0.019). Although the numbers are

small, it is interesting that only one of the five (20%) metastatic pancreatic tumors that

produced a solitary lesion harbored a KRAS mutation.

Smoking history was assessed in patients with primary and secondary mucinous tumors.

KRAS mutations were found in 15/32 (47%) of ever smokers and in 3/6 (50%) of

nonsmokers with primary mucinous lung cancer, and in 8/11 (72%) of ever smokers and in

11/11 (100%) of nonsmokers with pancreatic cancer metastases, but this did not reach

statistical significance (P=0.21). However, when only KRAS mutated tumors were assessed,

15/18 (84%) occurred in ever smokers and only 3/18 (16%) occurred in nonsmokers with

primary mucinous lung cancer, whereas 8/19 (42%) occurred in ever smokers and 11/19
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(58%) occurred in nonsmokers with mucinous pancreatic cancer metastases. The association

of smoking history with KRAS mutation status was significantly different between

pancreatic metastases and lung primaries (P=0.017; Figure 2). Interestingly, the G12C

mutation (n=8) was only seen in smokers (P=0.015). The G>T transversion was more

common in smokers (n=17 versus n=5 in nonsmokers), whereas the G>A transition and

G>C transversion were more common in nonsmokers (n=6 and 3, respectively, in

nonsmokers versus n=4 and 2, respectively, for smokers)(P=0.058).

The detection of a KRAS mutation as a marker of metastatic pancreatic carcinoma (versus

primary lung adenocarcinoma) has a sensitivity of 80%, but a specificity of only 54% and

positive predictive value of 53% (Table 3). However, if a G12C mutation is used to support

a lung primary, while the sensitivity is low (39%), the specificity is high (95%) and the

positive predictive value is 87.5%.

For the tumors with mucinous features, the average follow-up was 16 months from lung

tissue diagnosis for the metastatic pancreatic tumors compared with an average follow-up of

38 months for the lung primaries. The median overall survival was significantly shorter for

patients with metastatic tumors when compared with overall survival of patients with

primary mucinous tumors (19 months, 95% confidence interval, 10–28 months versus 55

months, 95% confidence interval, 39–70 months, P=0.005) (Figure 3a). Although there was

a trend toward worse overall survival for patients with KRAS mutated tumors, this did not

reach statistical significance (P=0.07; data not shown).

The immunohistochemical profiles were different between lung primary and metastatic

pancreatic tumors (Table 4). CK20 and CDX2 positivity supports metastatic pancreatic

cancer, whereas TTF-1 positivity supports primary lung adenocarcinoma. Although napsin

A expression favors primary lung adenocarcinoma, only 33% of the cases were positive in

this series. The sensitivities, specificities, positive predictive values, and negative predictive

values for these immunostains in adenocarcinomas with mucinous features are shown in

Table 3.

Comparison of Tumors with KRAS Mutations: Metastatic Pancreatic, Primary Pancreatic,
and Primary Lung Adenocarcinomas

As the majority (83%) of pancreatic adenocarcinoma metastases harbored KRAS mutations,

we next performed head-to-head comparisons of KRAS mutations in metastases with a

cohort of 284 KRAS mutated primary lung adenocarcinomas and a cohort of KRAS mutated

pancreatic ductal adenocarcinoma primary resections. Of note, this cohort of primary lung

tumors included the 18 KRAS mutated mucinous tumors described above and is shown in

Table 2. Although there were no differences in mean age between the three groups, there

was a difference in gender (Table 5). Of the primary pancreatic cancers with KRAS

mutations, 55% were in men, whereas of the primary lung cancers with KRAS mutations,

only 41% were in men (P=0.032).

There were several differences in the types of KRAS mutations that were encountered in

primary lung adenocarcinomas compared with both primary and metastatic pancreatic

adenocarcinomas. The four most common amino-acid substitutions (KRAS mutations) in
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pancreatic cancers in decreasing frequency were: G12D, G12V, G12R, and G12C; the four

most common amino-acid substitutions in primary lung adenocarcinomas in decreasing

frequency were: G12C, G12V, G12D, and G12A (all of these amino-acid substitutions were

statistically significant between the groups; see Table 5 and Figure 4a). Several amino-acid

changes were only noted in lung adenocarcinomas, including G12F, G12L, G12S, and

codon 13 mutations (P=NS due to small numbers), and only one pancreatic tumor (primary)

had a G12A mutation (P=0.022). The most frequent nucleotide change in primary lung

tumors was G>T (n=185), followed by G>A (n=54) and G>C (n=26) compared with the

nucleotide changes in the metastatic pancreatic cancer of G>T (n=8), G>A (n=7), and G>C

(n=4); P=0.036. As shown in Table 5, when KRAS mutations were compared as either

transition or transversion mutation, there were significantly more transversion mutations in

lung adenocarcinomas (211 transversions and 54 transitions) than pancreatic

adenocarcinomas (44 transversions and 50 transitions; P<0.0001) (Figure 4b).

The detection of specific KRAS mutations can help to predict the pancreatic versus lung

adenocarcinoma (Table 3). The detection of G12C has a high specificity and a positive

predictive value for lung adenocarcinoma (96% for both), whereas G12R is highly specific

(99%) for pancreatic cancer with a high PPV of 86%. Although G12D is the most common

mutation in pancreatic cancer and the third most common in lung adenocarcinoma, it has

low sensitivity, moderate specificity, and low PPV of 50%, 84% and 57%, respectively.

Pancreatic Adenocarcinomas with and without Lung Metastases

The survival of all patients who underwent pancreatic adenocarcinoma resections, some of

whom later developed lung metastases, was assessed. Those patients who later had their

lung-only metastases biopsied or resected had significantly longer survival (from the time of

pancreatectomy) compared with the control cohort of 94 patients with pancreatic cancer

resections (all without lung biopsies). The median survival for those patients with lung

metastases (single or multiple) was 47 months (95% confidence interval, 42–52 months)

versus 22 months (95% confidence interval, 17–27 months) for the cohort of resected

pancreatic cancers (P=0.028) (Figure 3b).

Discussion

When patients with pancreatic cancer either present with or later develop lung-only lesions,

the tissue is often obtained for a confirmation of the metastatic disease. However,

distinguishing primary adenocarcinomas of the lung from the metastatic disease can be

challenging, especially when the pancreatic ductal adenocarcinoma is a consideration. When

pancreatic cancers metastasize to the lung, they often have mucinous features and can mimic

primary mucinous adenocarcinomas of the lung.25

Studies have evaluated the utility of immunohistochemical markers in distinguishing lung

primaries from the metastatic disease26–30 or determining the site of unknown primaries.31

Studies such as these have shown that TTF-1 and napsin A are specific markers for primary

lung adenocarcinoma. Few studies, however, have explored the utility of these markers in

distinguishing mucinous metastases from mucinous lung primaries. It appears that mucinous

tumors are less frequently positive for napsin A (0–33%) and TTF-1 (0–42%).6–7 In our
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immunohistochemical evaluation of tumors with mucinous features, only 33% of lung

primaries expressed napsin A, and when focal staining was counted as positive, 76% of lung

tumors expressed TTF-1. Although statistically different than the expression seen in

pancreatic cancer metastases (P=0.014 and 0.0001, respectively), the positivity rate is rather

low. Similarly, although CK20 and CDX2 positivity in pancreatic cancer metastases were

both statistically different than in lung primaries (P=0.03 and 0.0001, respectively), only

63–65% of cases were positive. Hence, we feel that the utility of these

immunohistochemical markers may have limited diagnostic utility for distinguishing

primary lung from metastatic pancreatic adenocarcinomas with mucinous features.

Because of the limitations of immunohistochemistry, we sought to determine whether

molecular findings could help distinguish lung primaries from pancreatic cancer metastases.

Similar to the literature, KRAS mutations were more frequent in mucinous pancreatic cancer

metastases compared with the mucinous lung primaries (80 versus 54%, 0.0093). By

comparing the KRAS mutation status of four different cohorts of tumors, we were able to

determine that particular KRAS mutations can help predict the presence of either a lung

primary or metastatic pancreatic cancer. The detection of G12C has a high specificity and a

positive predictive value for lung adenocarcinoma (96% for both), whereas G12R is highly

specific (99%) for pancreatic cancer with a high positive predictive value of 86%. The high

frequency of the G12C transversion in mucinous lung cancer (followed by G12V and G12D)

has also been shown previously.32

PCR based clonality assays can be used to distinguish synchronous or metachronous

primaries from the metastatic disease when both tumors in question have adequate tissue for

molecular analysis. 33 However, clonality assays can have a 3–17% non-informative rate

and, for loss of heterozygosity assays, there is a need to analyze normal tissue.11,33–34 The

comparison of KRAS mutation profiles can be used to confirm pancreatic metastases to the

lung, as demonstrated in our study and in a prior case report.35 In our study, there was an

overall concordance rate of 77%.

Making the distinction between pancreatic cancer metastases and a primary lung cancer is

not only useful for the clinical management of these patients but it can also have an impact

on prognosis. In our cohort of mucinous tumors, patients with a diagnosis of metastatic

pancreatic adenocarcinoma, many of whom presented with metastatic disease at the time of

diagnosis, had a significantly shorter overall survival than did patients with primary lung

adenocarcinomas (19 months versus 55 months, P=0.005). However, when only patients

who had prior pancreatectomies for M0 pancreatic cancer who subsequently developed lung

metastases were studied, those patients had significantly longer survival (from the time of

pancreatectomy) compared with the control cohort of patients with pancreatic cancer

resections without lung-only metastases (47 months versus 22 months, respectively,

P=0.028). These findings are supported by a recent study that showed improved survival of

patients with isolated lung metastasis from pancreatic adenocarcinoma who underwent

pulmonary metastectomy.14 These observations suggest that pancreatic cancers that

metastasize late and to only the lung may have a different and more indolent biology than

those that metastasize to the lung early or are present at the time of pancreatic cancer

diagnosis.
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One additional interesting observation was the association between KRAS mutation status

and smoking in metastatic pancreatic cancer. Pancreatic cancer metastases harbored KRAS

mutations in 72% of ever smokers and 100% of nonsmokers. This is in contrast to primary

lung adenocarcinoma in which KRAS mutations are highly associated with smoking and are

uncommonly found in nonsmokers.18,36–39 However, similar to our findings, other studies

of pancreatic cancer have found no difference in KRAS mutation frequencies in smokers and

nonsmokers.40–41

Although the frequency of KRAS mutations in ever smokers in our mucinous lung cancer

cohort (47%) was similar to other reports,36,38 the frequency of 50% for KRAS mutations in

nonsmokers is very high, as most studies report frequencies in lung cancer between 2 and

15%.18,36–39 The high frequency in our study could be related to the small sample size or to

the fact these were mucinous lung primaries. One study that specifically correlated smoking

history with the mucinous phenotype found that mucinous adenocarcinoma had little

relationship to smoking history.19 As previously noted in the literature, G12C transversions

are induced by the carcinogens in tobacco smoke and in our study were found in ever

smokers only.32,36

In summary, although it is often difficult to distinguish primary adenocarcinomas of the lung

from metastatic pancreatic adenocarcinoma, we have shown that the immunohistochemical

assessment of TTF-1, napsin A, CDX2, and CK20 together with KRAS mutational analysis

may have diagnostic utility in some cases. We also showed that there are survival

differences for patients whose pancreatic metastases are synchronous versus metachronous

to their primary tumors and for patients with pancreatic cancer metastases versus primary

lung adenocarcinomas. Finally, we highlighted potential biological differences between

pancreatic cancer and a subset of lung adenocarcinomas. Although the KRAS oncogene has a

critical role in the carcinogenesis of these two tumors, when studied deeper, there are

biological differences, including specific types of mutations encountered in each tumor and

the association (or non-association) with smoking.
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Figure 1.
(a) Pancreatic ductal adenocarcinoma metastatic to the lung (hematoxylin and eosin stain,

×40; inset; ×100) closely resembles (b) primary mucinous lung adenocarcinoma

(hematoxylin and eosin stain, ×40; inset; ×100).
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Figure 2.
Comparison of the number of cases of KRAS mutated metastatic pancreatic adenocarcinoma

and KRAS mutated primary mucinous lung adenocarcinoma in ever smokers and

nonsmokers. KRAS mutations were more common in ever smokers with mucinous lung

adenocarcinomas and in nonsmokers with pancreatic adenocarcinoma (P=0.017).
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Figure 3.
Kaplan–Meier curves showing overall survival in (a) patients with metastatic pancreatic

adenocarcinoma to the lung (all with mucinous features) compared with patients with

primary mucinous lung adenocarcinoma, and (b) patients with pancreatic adenocarcinoma

with or without lung-only metastases.
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Figure 4.
KRAS mutation types observed in primary pancreatic adenocarcinomas and primary lung

adenocarcinomas. (a) Aminoacid mutations (b) KRAS transition (substitution of a purine for

a purine or a pyrimidine for a pyrimidine) and transversion (substitution of a pyrimidine for

a purine or purine for a pyrimidine) mutations.
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Table 1

Antibodies used in this study

Antibody Clone/company Dilution

CDX2 CDX2-88/BioGenex (Fremont, CA) 1:200

CK20 Ks20.8/Dako (Carpinteria, CA) 1:50

MUC2 Ccp58/Vector Laboratories (Burlingame, CA) 1:25

Napsin A Polyclonal/Cell Marque (Rocklin, CA) Predilute

SMAD4 B-8/Santa Cruz Biotechnology (Dallas, TX) 1:500

TTF-1 8G7G3/1/Dako 1:50
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Table 2

Clinicopathological features of pancreatic adenocarcinomas metastatic to lung and lung primaries

(1) PDAC all metastases (n
=32)

(2) PDAC mucinous
metastases (n =27)

(3) Primary lung with
mucinous features (n =39) P-value (2 vs 3)

Sex (M/F) 17/15 14/13 21/18 NS

Age (mean), years 64 (range, 48–78) 64 (range, 48–78) 69 (range, 50–90) NS

Nonsmoker/ever smoker 13/17 11/14 6/32 0.02

Focality

 Solitary 5 5 37 0.0001

 Multifocal 24 21 2

Primary tumor locationa

 Head/neck 23 18 NA NA

 Body/tail 7 7 NA

Morphologyb

 Pure (100%) MC 16 16 9 0.0037

 >90% Mucinous 16 16 19 NS

 >50% Mucinous 20 20 33 NS

 Nonmucinousc 3 0 0 NS

KRASd

 Mutation 24 20 18 0.0093

 Wild-type 5 5 21

KRAS mutationse

 G12D (G>A) 9 7 3 NS

 G12V (G>T) 7 7 6 NS

 G12R (G>C) 5 4 0 NS

 G12C (G>T) 2 1 7 0.019

 G12A (G>C) 0 0 1 NS

 G12F (G>T) 0 0 1 NS

Abbreviations: F, female; M, male; MC, mucinous carcinoma; NA, not applicable, NS, not significant; PDAC, pancreatic ductal adenocarcinoma.

a
Unknown, n=2.

b
Excluded due to small biopsy material, n=2.

c
The morphology of the three nonmucinous tumors was acinar/cribriform, papillary, and solid.

d
Not tested, n=3.

e
Unknown, n=1.
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Table 3

Sensitivity, specificity, positive, and negative predictive values for pancreatic and lung adenocarcinomas

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Mucious PDAC metastases

 KRAS mutation 80 54 53 81

 CK20 + 65 72 77 59

 CDX2 + 63 94 94 63

Mucinous lung primaries

 KRAS G12C 39 95 88 62

 TTF-1 + 76 96 94 83

 Napsin A + 33 100 100 81

KRAS mutated lung primaries

 KRAS G12C 44 96 96 41

KRAS mutated PDAC

 KRAS G12R 15 99 86 74

Abbreviations: NPV, negative predictive value; PDAC, pancreatic ductal adenocarcinoma; PPV, positive predictive value.
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Table 4

Summary of immunohistochemical staining patterns in tumors with mucinous features

Pancreatic metastases (% positive) Lung primaries (% positive) P-value

CK20 17/26 (65) 5/18 (28) 0.03

CDX2 17/27 (63) 1/18 (6) 0.0001

MUC2 4/24 (17) 1/10 (10) NS

TTF-1 1/26 (4) 16/21 (76) 0.0001

Napsin A 0/25 (0) 3/9 (33) 0.014

SMAD4 loss (%loss) 10/27 (37) 8/28 (28) NS

Abbreviation: NS, not significant.
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Table 5

KRAS mutated adenocarcinomas (pancreatic metastases and primaries, and lung primaries)

(1) Metastatic PDAC
KRAS + (n =23a)

(2) Primary PDAC
KRAS + (n =94)

(3) Primary lung KRAS
+ (n =284) P-value

Sex (M/F) 13/10 53/42 117/167 0.032 (2 vs 3)

Age (mean), years 63 (range, 48–77) 67 (range, 32–88) 66 (range, 39–92) NS

KRAS mutations (amino acid/nucleotide)

 Transition mutations

  G12D/GGT→GAT 9 50 45 0.009 (1 vs 3), 0.0001 (2 vs
3)

  G12S/GGT→AGT 0 0 9 NS

  Total 9 50 54 <0.0001 (2 vs 3)b

 Transversion mutations

  G12V/GGT→GTT 7 27 53 NS (1 vs 3), 0.042 (2 vs 3)

  G12R/GGT→CGT 5 13 3 0.0001 (1 or 2 vs 3)

  G12C/GGT→TGT 2 3 125 0.0007 (1 vs 3), 0.0001 (2
vs 3)

  G12A/GGT→GCT 0 1 22 NS (1 vs 3),0.022 (2 vs 3)

  G12F/GGT→TTT 0 0 7 NS

  G12L/GGT→CTT 0 0 1 NS

  Total 14 44 211 <0.0001 (2 vs 3)b

 Codon 13 mutations

  G13x 0 0 19 NS

Abbreviations: AA, amino acid; NS, not significant; PDAC, pancreatic ductal adenocarcinoma; x is either D, C, or V.

a
A total of 24 metastatic PDAC harbored KRAS mutations, but the specific mutation was unknown in one case, so this case was excluded from this

table.

b
P<0.0001 for transition versus transversion mutations in primary pancreatic versus primary lung adenocarcinomas.
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