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1803   Correlation between Gene Expression and Histology in Lung Transplant Biopsies: A Retrospective 
Single-Center Study  
Benjamin Adam1, Katie Du1, Silas Rotich1, Michael Mengel1  
1University of Alberta, Edmonton, AB  

Disclosures: Benjamin Adam: None; Katie Du: None; Silas Rotich: None; Michael Mengel: None 

Background: Transbronchial lung transplant biopsies (TBBx) are limited by non-specific histological lesions and suboptimal interobserver 
reproducibility. Gene expression offers a potentially more precise, objective and mechanistic diagnostic approach, but it has not yet been 
fully utilized in lung transplants. The aim of this study was to assess the utility of gene expression in formalin-fixed paraffin-embedded 
(FFPE) lung transplant biopsies. 

Design: All TBBx performed at University of Alberta Hospital from 2015-2017 were retrieved (n=43). Those without alveolar parenchyma 
(n=9) or residual FFPE tissue (n=2) were excluded. Concurrent mucosal biopsies (MBx) were also retrieved (n=11). Histological 
reclassification was performed by a single pathologist without knowledge of molecular results. NanoString was used to analyze a literature-
derived 136-gene set, including previously-described allograft rejection and acute lung injury transcripts, in residual FFPE tissue. Gene 
expression results were correlated with histology, biopsy characteristics, and spirometry. 

Results: 30/32 TBBx and 11/11 MBx passed quality control and were included in final analysis. TBBx were reclassified as acute cellular 
rejection (n=5), infection (n=5), possible antibody-mediated rejection (n=2), and normal (n=18). There were no significant differences in 
patient or biopsy characteristics between diagnostic groups (p>0.05). Unsupervised principal component analysis demonstrated gene 
expression patterns to generally correlate with histology diagnoses in TBBx (Figure 1) but not MBx. Surfactant gene expression correlated 
with the presence (p<0.001) and proportion (r=0.501, p=0.005) of alveolar parenchyma. Literature-derived gene sets showed differential 
expression between select sample groups (p<0.05), but overall limited diagnostic specificity. Volcano plot analysis identified a novel 35-
gene set for acute cellular rejection and 27-gene set for infection (FDR<0.05) (Figure 2). No significant correlation between gene set 
expression and spirometry was identified (p>0.05). 

Figure 1 - 1803  

 

Figure 2 - 1803  

 

Conclusions: These results suggest that, for TBBx with alveolar parenchyma, gene expression patterns do generally correlate with 
histological categories. Surfactant gene expression may represent a useful marker for sample adequacy. Gene expression analysis of 
FFPE TBBx can potentially be used to identify and validate molecular signatures of clinical significance, refine histological criteria, and 
provide adjunct tools for routine clinical diagnosis. 

1804   The Utility of Cryobiopsy in the Diagnosis of Interstitial Lung Disease: A Referral Center 
Experience  
Khaled Alkhateeb1, Youssef Khafateh1, Mohammed Alghamdi2, Tiffani Mathew1, Mostafa Fraig1  
1University of Louisville, Louisville, KY, 2Louisville, KY  

Disclosures: Khaled Alkhateeb: None; Youssef Khafateh: None; Mohammed Alghamdi: None; Tiffani Mathew: None 

Background: The role of cryobiopsy to serve as an alternative to surgical lung biopsy in the diagnosis of interstitial lung disease (ILD) has 
been under evaluation for some time. We herein present our experience over the last 4 years utilizing cryobiopsy in ruling in or out 
interstitial lung diseases in a referral center with several clinical trials for idiopathic pulmonary fibrosis. 
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Design: A computer-based search for cases of cryobiopsy spanning the period from January 2014 to August 2018 was carried out. 
Biopsies were obtained by two experienced interventional pulmonologists and evaluated by a single pulmonary pathology expert. 
Clinicopathologic correlation was carried out during the evaluation process. 

Results: Nineteen cases were identified as referred cases for cryobiopsy. The evaluation for UIP included the categories of inconsistent 
with, possible, probable and definitive UIP. The diagnosis of NSIP included the differential diagnosis of slowly resolving pneumonia, 
Hypersensitivity Pneumonia (HP) and drug reaction. Other diagnoses such as organizing pneumonia, HP or sarcoidosis were used to 
triage the specimens and perform further testing. Our data shows that 4/19 cases were diagnosed with definitive UIP (21.05%), 1 case with 
probable UIP (5.26%) and 1 case with possible UIP (5.26%). Three cases were inconsistent with UIP (15.78%) while NSIP was diagnosed 
in 4 cases (21.05%). Other diagnoses included sarcoidosis in 2 cases (10.52%) and cryptogenic organizing pneumonia in 2 cases 
(10.52%). The remaining 2 cases had insufficient material for diagnosis (10.52%). None of the patients suffered significant complication, 
defined as one requiring more than 24 hours of hospitalization. 

Conclusions: Based on our data, cryobiopsy has provided an informative diagnosis in 75% of cases. This included 40% of definitive 
diagnosis of idiopathic ILD and an additional 10% of UIP diagnoses with different certainty levels. The alternative diagnoses of other 
parenchymal diseases were useful in triaging and treating these patients. The 10 % of cases where we did not have enough tissue were 
during the time when one of the pulmonologists was starting to use the technology. 

Cryobiopsy has the potential to serve as an alternative to surgical lung biopsy in the evaluation of ILD. With increasing spread of use and 
experience, the diagnostic yield is expected to improve. Further studies with larger number of cases should help provide more evidence for 
the future utility of cryobiopsy. 

1805   Clinical and Histopathological Characteristics and Predictors of Mortality in Resected Lung 
Adenocarcinoma  
Wajd Althakfi1, Andréanne Gagné2, Patrice Desmeules3, Michèle Orain4, Philippe Joubert3  
1Quebec Heart and Lung Institute, King Saud University, Quebec City, QC, 2Laval University, Quebec City, QC, 3Quebec Heart 
and Lung Institute, Quebec, QC, 4Institut Universitaire de Cardiologie et de Pneumologie de Quebec Research Center,  
Quebec, QC  

Disclosures: Wajd Althakfi: None; Andréanne Gagné: None; Patrice Desmeules: Grant or Research Support, Pfizer Inc.; Advisory Board 
Member, Pfizer; Advisory Board Member, Bristol-Myers Squibb; Advisory Board Member, Astra-Zeneca; Michèle Orain: None; Philippe 
Joubert: None 

Background: Some histological factors are known to be predictive of prognosis in patients that underwent resection for pulmonary 
adenocarcinoma. However, others such as fused glands and cribriform patterns, nuclear and cytological grades, necrosis and mitotic index 
are less characterized. In this study, we aimed to examine the association between a comprehensive set of histologic features and 
prognosis of patients with a lung adenocarcinoma. 

Design: The results presented in the current abstract are based on a group of patients (n=185) that is part of a larger cohort of 800 
patients. These patients underwent resection for a lung adenocarcinoma between 2002 and 2007 in our institution. Data on patient’s 
demographics, surgical procedure and prognosis were collected from medical files. H&E slides were digitalized and reviewed by three 
thoracic pathologists. Histological evaluation was performed according to 2015 WHO classification. It included histological patterns 
(including fused glands and cribriform patterns), cytologic features (mitotic index, clear cell change, nuclear and cytological grading), 
lymphovascular invasion (LVI), presence of spread through alveolar spaces (STAS) and its distance from the tumor, pleural invasion, 
necrosis, intratumoral inflammation and tumor stage (AJCC 7th edition). The associations between these histologic features and prognosis 
were assessed with chi square tests and multivariate binary logistic regression. 

Results: The median follow-up of our cohort was 2768 days. We found that predominant histological subtype (papillary, micropapillary and 
solid, p=0.03), presence of LVI (p=0.008), high mitotic score (p=0.02), presence of STAS (p=0.007), higher distance of STAS from the main 
tumor (p=0.007) and tumor stage (p=0.03) were significantly associated with a higher risk of death. High cytological grading (p=0.18) and 
presence of necrosis (p=0.10) also tended to be associated with a higher risk of mortality. In the multivariate model, LVI (OR 3.13, 95%CI 
1.12-8.77, p=0.030) presence of STAS (OR 3.21, 95%CI 1.07-9.65, p=0.037) and tumor stage were independent prognosis factors. 

Conclusions: In this study, we explored novel histologic features in relation to prognosis in patients diagnosed with lung 
adenocarcinomas. We showed that a high mitotic score, the predominant histologic pattern and a high distance between the tumor and 
STAS were associated to a greater risk of mortality. Also, the presence of LVI and STAS were independent prognostic factors along with 
tumor stage. 
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1806   Whole Block Imaging (WBI) by MicroCT: of Lung Carcinoid Tumors: 3-Dimensinal Morphometric 
Analysis of Spread Through Air Spaces (STAS)  
Rania Aly1, Alexei Teplov2, Naohiro Uraoka2, Kareem Ibrahim2, Natasha Rekhtman2, Meera Hameed2, William Travis2,  
Yukako Yagi2  
1Alexandria University, Alexandria, Egypt, 2Memorial Sloan Kettering Cancer Center, New York, NY  

Disclosures: Rania Aly: None; Alexei Teplov: None; Naohiro Uraoka: None; Kareem Ibrahim: None; Natasha Rekhtman: None; Meera 
Hameed: None; William Travis: None; Yukako Yagi: None 

Background: Spread through air spaces (STAS) is a recently recognized manifestation of lung cancer invasion associated with poor 
prognosis. STAS was defined, by the 2015 WHO classification as the presence of the malignant cells in the lung parenchyma beyond the 
edge of the main tumor. In previous work we found STAS was an independent poor prognostic factor in atypical carcinoid (AC), large cell 
neuroendocrine carcinoma, (LCNEC) and small cell carcinoma (SCLC). We have also shown using 3D histology that STAS is a mechanism 
of invasion in lung adenocarcinoma. Microcomputed tomography (Micro CT), is a non-invasive method which allows 3-dimensional (3D) 
morphometric analysis of tissues in formalin fixed paraffin-embedded (FFPE) blocks. The aim of the current study is to analyze the 
presence of STAS and its relation to the surrounding lung parenchyma in lung neuroendocrine tumors (NETs). 

Design: The FFPE tissue blocks of lung NETs cohort including all histological subtypes were scanned using the custom-built Nikon 
Metrology microCT scanner. Tumors were selected that showed STAS with exclusion of artifacts according to established criteria. They 
consisted of one typical carcinoid and AC. The data was reconstructed into 3D volumetric images then digitally stained with H&E for 
visualization as needed. A Hematoxylin and Eosin (H&E) slide was scanned using Whole Slide Image (WSI) scanner (Nanozoomer HT2.0, 
Hamamatsu, Japan) and matched to the WBI by microCT. 

Results: STAS was identified in both Typical Carcinoid (TC) and AC. STAS was seen as solid nests extending from the edge of the main 
tumor invading the lung parenchyma. Near the tumor many of the STAS nests appeared detached in 2-dimensional glass slides, but with 
microCT, in 3D, these STAS clusters were connected to each other and frequently to the main tumor with a pattern of tumor islands.  

Figure 1 - 1806  

 

Figure 2 - 1806  

 

Conclusions: Our WBI by MicroCT findings support that STAS is a mechanism of invasion in lung carcinoid tumors.  WBI by MicroCT 
allowed for the identification of STAS in FFPE blocks in a non-invasive and non-destructive manner. The attachment of STAS to adjacent 
STAS clusters, to the main tumor near the tumor in the adjacent lung parenchyma provides support to the concept that STAS is a biological 
process reflecting invasive growth in carcinoid tumor.  This helps to explain its poor prognostic impact in lung AC. 
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1807   Prognostic value of MET gene copy number gain and protein overexpression in patients with stage 
IV pulmonary adenocarcinoma  
Ryota Ando1, Tomomi Koide2, Ai Ito1, Ayami Kiriyama1, Masahiko Fujino1, Masafumi Ito1  
1Japanese Red Cross Nagoya First Hospital, Nagoya, Japan, 2Japanese Red Cross Nagoya First Hospital, Nagoya-shi, Japan  

Disclosures: Ryota Ando: None; Tomomi Koide: None; Ai Ito: None; Ayami Kiriyama: None; Masahiko Fujino: None; Masafumi Ito: None 

Background: Mesenchymal epithelial transition (MET) is a proto-oncogene located on chromosome 7q21-31 that encodes a tyrosine 
kinase receptor. MET gene copy number gain (amplification or chromosome 7 polysomy) occurs in various types of tumor and has been 
associated with poor prognosis in patients with non-small cell lung cancer (NSCLC) in recent studies. As most previous studies included 
only NSCLC patients with surgically resected tumors, the prognostic value of MET copy number gain in patients with advanced disease 
and unresectable tumors is not clear, nor is the significance of MET protein overexpression.  

Design: We retrospectively investigated the prognostic values of MET gene copy number gain and MET protein overexpression in 88 
patients with stage IV pulmonary adenocarcinoma without EGFR mutations or ALK rearrangements. MET copy number was evaluated by 
fluorescence in situ hybridization. MET amplification was defined as MET/CEP7 (centromeric probe of chromosome 7) >2 and 
chromosome 7 polysomy as CEP7 >4. MET protein expression was assayed immunohistochemically with CONFIRM anti-total c-MET 
(SP44) rabbit monoclonal primary antibody (Ventana; Tucson, AZ), as low (no or weak staining) or high (moderate or strong staining). 

Results: Patients were 71 men and 17 women, with a median age of 74 years (range 42–94 years) . 54 patients received chemotherapy or 
immunotherapy and 34 were provided palliative care. MET amplification occurred in 9/88 patients (10.2%), chromosome 7 polysomy in 16 
(18.2%), and high MET protein expression in 55 (62.5%). There was no significant association between gene copy number gain and 
protein expression (Table; p=0.160, χ2 test). Univariate analysis found that MET amplification-positive patients had increased overall 
survival (Figure 1; HR 0.328, 95% CI: 0.116–0.924; p=0.035). After adjusting for age (>75 or ≤75 years), sex, and therapy 
(chemo/immunotherapy or palliative care), it was no longer independently associated with prognosis (HR 0.376, 95% CI: 0.131–
1.080; p=0.069). Chromosome 7 polysomy did not affect overall survival (data not shown), and MET protein expression did not either 
(Figure 2). 

Table: Correlation between MET protein expression and gene copy 
number gain.  

MET gene copy number 
gain 

(amplification or polysomy) 

 
χ2 test 

Positive Negative Total 
MET protein 
expression 

High 19 (amp:8, 
poly:11) 

36 55 p=0.160 

Low 6 (amp:1, 
poly:5) 

27 33 
 

Total 25 (amp:9, 
poly:16) 

63 88 

Figure 1 - 1807  

 

Figure 2 - 1807  
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Conclusions: In patients with stage IV pulmonary adenocarcinoma, MET amplification-positive patients had improved 
overall survival.  MET copy number gain and MET protein expression were not associated. 

1808   Mutational Landscape of High Grade Neuroendocrine Carcinomas of the Lung  
Rebecca Baldassarri1, Marina Baine2, Guoping Cai3  
1Yale University School of Medicine, New Haven, CT, 2Yale New Haven Hospital, New Haven, CT, 3Yale University,  
Wallingford, CT  

Disclosures: Rebecca Baldassarri: None; Marina Baine: None; Guoping Cai: None 

Background: Pulmonary high grade neuroendocrine carcinomas (HGNEC) include small cell carcinoma (SCC) and large cell 
neuroendocrine carcinoma (LCNEC). While treatment for SCC is generally platinum/etoposide-based therapy, optimal treatment for 
LCNEC has not been determined due to rarity of the tumors and inherent biologic heterogeneity. Thus, there is an urgent need to 
characterize the molecular landscape of HGNEC in order to better inform diagnosis, prognosis, and treatment of these aggressive tumors. 
In this study, we retrospectively reviewed the rsults of molecular testing in HGNEC at our institution. 

Design: A search of pulmonary HGNECs and adenocarcinomas with neuroendocrine features was conducted from January 2013 to June 
2018. Only the cases with molecular testing performed were included. Type of molecular testing, presence or absence of mutations, and 
mutation type were recorded. 

Results: A total of 32 cases were identified, including 7 cases of  SCC (22%), 17 cases of LCNEC (53%), 6 cases of adenocarcinoma with 
neuroendocrine features (ADNEC, 19%), and 2 cases of HGNEC, NOS (6%). Molecular testing included EGFR mutations (100% of cases), 
ALK (69% of cases) and ROS1 rearrangements (31% of cases), and tumor genotyping (69% of cases). In total, molecular alterations were 
identified in 13 (41%) of the tumors. EGFR mutations (both exon 19 deletions) were identified in two cases of SCC (6%), presumed to have 
transformed from prior adenocarcinomas. ALK and ROS1 rearrangements were not identified in any tumors. KRAS mutations were 
identified in 5 (16%) of tumors including 3 LCNEC, 1 HGNEC NOS, and 1 ACNED. Additionally, MEK, TLR4 and RKHD1 mutations, and 
MYB copy number variations were identified in one LCNEC and STK11, TP53, NKX2-1, and NKX2-8 mutations in another case of LCNEC.  

Conclusions: Our findings suggest that there is molecular overlap between SCC, LCNEC, and adenocarcinomas, and uniquely, that there 
may be LCNEC that harbor molecular characteristics of both SCC and adenocarcinomas. Additionally, the presence of EGFR mutations in 
SCC enhances our understanding of morphologic evolution of adenocarcinomas harboring EGFR mutations. 

1809   Association of PD-L1 Expression with Histological Grade and Mutational Profile in Lung 
Adenocarcinoma  
Atreyee Basu1, Navneet Narula2, Anthony Simms2, Hemlata Shirsat2, Fang Zhou3, Andre Moreira4  
1NYU Langone Medical Center, New York, NY, 2NYU Langone Health, New York, NY, 3NYU School of Medicine, New York, 
NY, 4New York Langone Health, New York, NY  

Disclosures: Atreyee Basu: None; Navneet Narula: None; Anthony Simms: None; Hemlata Shirsat: None; Fang Zhou: None; Andre 
Moreira: None 

Background: Immunotherapy against the programmed death receptor axis is now an important treatment option in non-small cell lung 
cancer. Certain drugs require companion testing for PD-L1 expression. However, PD-L1 expression can be underestimated in small 
biopsies due to intratumoral heterogeneity. Thus, correlation of PD-L1 expression with other features may yield clues useful for clinical 
decision-making, such as selecting patients who may benefit from re-testing. Few studies in the literature have analyzed the associations 
between PD-L1 expression, histologic pattern, and molecular signature. 

Design: In this retrospective study, PD-L1 expression (clone 22C3) was assessed in 347 biopsies & resections of primary lung 
adenocarcinoma, and scored as negative (<1%), low (1-49%), and high (?50%). Immunohistochemical stains were performed for EGFR-
L858R (333/347), EGFR-E746_A750del (331/347), and ALK (331/347, clone D5F3). NGS data was available for 94 cases. Histologic type 
was available for 275/347 cases. Based on predominant pattern in resections and worst pattern in biopsies, the non-mucinous 
adenocarcinomas (NMA) were graded as G1:lepidic (n=19), G2:acinar/papillary (n=119), and G3:solid/micropapillary (n=119). There were 
14 cases of mucinous adenocarcinoma and 4 cases of NSCLC-NOS. Chi-square tests were performed to study the associations of PD-L1 
expression with histologic grades and various driver mutations. 

Results: 138 of the NMA were G1 and G2, of which 8 (5.8%) showed high PD-L1 expression. On the other hand, 35/119 (29.4%) of G3 
NMA showed high PD-L1. A statistically significant trend was observed between PD-L1 expression and histological grade (p<0.001). 
Specifically, G3 tumors were significantly more likely to have any PD-L1 expression (low or high) compared to G1 (p<0.0001) and G2 
(p<0.0001). 



 

 

6 

Specific mutations were found in 128/347 cases of primary lung adenocarcinoma, including EGFR (n=68), KRAS (n=29), ALK (n=7), ROS 
(n=1), BRAF (n=2) and others (n=21). The presence of EGFR mutation was significantly associated with lack of PD-L1 expression 
(p=0.0362). EGFR-mutant tumors with higher PD-L1 expression tended to have higher histologic grade (see table). No association was 
found between PD-L1 expression and any other mutation (including ALK and KRAS). 

Table 1. PD-L1 expression and histological grading as per EGFR mutation status in primary lung adenocarcinomas 

EGFR Histology Total 

Lepidic 
(G1) 

acinar/papillary 
(G2) 

solid/micropapillary 
(G3) 

mucinous NSCLC-
NOS 

missing 

EGFR+ PD-L1 Negative 6 19 11 
  

6 42 

Low 0 7 4 
  

6 17 

High 0 1 6 
  

2 9 

Total 6 27 21 
  

14 68 

EGFR- PD-L1 Negative 
 

7 7 2 0 9 25 

Low 
 

0 8 0 0 4 12 

High 
 

1 14 0 1 7 23 

Total 
 

8 29 2 1 20 60 

Total PD-L1 Negative 6 26 18 2 0 15 67 

Low 0 7 12 0 0 10 29 

High 0 2 20 0 1 9 32 

Total 6 35 50 2 1 34 128 

Conclusions: In this study we found those higher grades NMAs are associated with higher PD-L1 expression. EGFR-mutant tumors tend 
to lack PD-L1 expression, while EGFR-mutant tumors with higher PD-L1 tend to have histologic higher grade. 

1810   Programmed Death Ligand-1 (PDL1) Testing in Advanced Non-Small Cell Lung Carcinoma 
(NSCLC). Comparing Adequacy of Immunohistochemical Results Between Cytology and Surgical 
Specimens  
Mohadese Behtaj1, Herleen Rai2, Amad Awadallah3, Kenneth Friedman4, Jay Wasman3, Michael Yang3, Marta Couce5  
1Case Western Reserve University/University Hospitals Cleveland Medical Center, Cleveland, OH, 2University Hospitals Cleveland 
Medical Center, Case Western Reserve University, Cleveland, OH, 3University Hospitals Cleveland Medical Center, Cleveland, 
OH, 4University Hospitals, Shaker Heights, OH, 5UH Cleveland Medical Center, Cleveland, OH  

Disclosures: Mohadese Behtaj: None; Herleen Rai: None; Amad Awadallah: None; Kenneth Friedman: None; Jay Wasman: None; 
Michael Yang: None; Marta Couce: None 

Background: PDL1 is up regulated in cancer cells with intrinsic and adaptive immune resistance mechanism. PDL1 immunohistochemistry 
(IHC) assays are predictive biomarkers of response to PD1/PDL1 inhibitors. Approximately 20–30% of NSCLC express PDL1 in >50% of 
the sampled tumor (high expression). Routine testing for PDL1 expression in NSCLC samples is relatively recent. Availability of adequate 
cancer samples is sometimes limited and/or inadequate. The aim of this study was to evaluate our recent institutional PDL1 testing 
experience with special emphasis on the results based on sample type (cytology and surgical) to better define our optimal specimen for 
PDL1 testing. 

Design: Reports from patients with advanced NSCLC within the last 9 months were reviewed. IHC for PDL1 using Ventana BenchMark 
Ultra system and Dako PDL-1 monoclonal antibody clone 22C3 was done in all cases. Sample type and PDL1 results were recorded. Chi 
square test was used to evaluate the relation between the PDL1 expression and specimen type. 

Results: 291 cases with advanced NSCLC were identified. 46% (135/291) were female. Mean age was 69.73±10.36. 32.3% of our NSCLC 
cases showed PDL1 high expression. The probability of a non-adequate specimen (<100 viable tumor cells) was higher among cytology 
reports (12.77%) compared to surgical specimens (4.51%) (p=0.02). See table 1 
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Table 1: Characteristics of PDL1 expression among different types of NSCLC specimens 

NSCLC Cytology Surgical Total 

High exp. PDL1  21 (44.68%)   73 (29.92%)  94 (32.3%) 

Low exp. PDL1 13 (27.66%) 97 (39.75%) 110 (37.8%) 

No expression 7 (14.89%) 63 (25.82%) 70 (24.05%) 

Not adequate 6 (12.77%) 11 (4.51%) 17 (5.84%) 

Total 47 244 291 

Conclusions: NSCLC cases showed a proportion of PDL1 high expression similar to other studies. Our preliminary results indicate that 
the use of surgical specimens for PDL1 testing, when available, is recommended over a cytology specimen. It is, however, interesting to 
note that comparatively, the highest number of cases with high expression were also observed in cytology specimens (p= 0.013). This 
finding is intriguing and prompts additional investigation. 

This is the first study, to our knowledge, comparing results of PDL1 expression between surgical and cytology samples with the goal of 
optimizing sample utilization. 

1811   The Over Diagnosis of Malignant Mesothelioma: A Report of 237 Cases with Analysis of Common 
Diagnostic Pitfalls  
John Carney1, Elizabeth Pavlisko1, Carolyn Glass1, Victor Roggli1  
1Duke University Medical Center, Durham, NC  

Disclosures: John Carney: None; Elizabeth Pavlisko: None; Carolyn Glass: None; Victor Roggli: None 

Background: Background: The diagnosis of malignant mesothelioma may be quite challenging, with a number of benign and malignant 
disorders with which it may be confused. We investigated a large database of cases in order to determine the frequency with which a 
diagnosis of mesothelioma was made incorrectly and the most frequent causes of error. 

Design: Design: A database including more than 4000 cases of histologically confirmed mesothelioma was examined to identify cases in 
which mesothelioma was diagnosed by at least one pathologist when the available information pointed towards a different diagnosis. 

Results: Results: We identified 237 cases in which mesothelioma had been over diagnosed. The most common category of over diagnosis 
was metastatic carcinoma to the pleura or peritoneum (91 cases, including 16 cases of metastatic renal cell carcinoma). The next most 
common category was primary lung cancer (81 cases, including 41 cases of sarcomatoid carcinoma and 32 cases of 
pseudomesotheliomatous carcinoma). The third most common category was soft tissue sarcoma (24 cases, including 3 cases of epithelioid 
hemangioendothelioma or angiosarcoma). The fourth most common category was fibrous pleurisy (23 cases, typically misdiagnosed as 
desmoplastic mesothelioma). The fifth most common category was ‘other’ (18 cases, including 5 localized fibrous tumors, 3 thymic 
malignancies, 3 undifferentiated malignant tumors, 2 Askin tumors, and one each of melanoma, myoepithelial carcinoma, desmoplastic 
small round cell tumor, adenomatoid tumor, and pulmonary blastoma). The most common errors were failure to consider important 
radiographic information regarding the gross distribution of tumor, overreliance on certain immunohistochemical results with overlapping 
findings between mesothelioma and other malignancies, and failure to perform certain diagnostic histochemical, immunohistochemical, or 
ultrastructural studies. 

Conclusions: Conclusion: There are a number of diagnostic pitfalls that can lead to the over diagnosis of mesothelioma. Careful attention 
to clinical and radiographic information as well as performance of appropriate adjunctive tests can help to prevent such misdiagnoses. 
Detailed examples will be presented to assist in the avoidance of these pitfalls with emphasis on the most commonly observed errors. 
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1812   Mucinous Adenocarcinoma Arising From Congenital Pulmonary Airway Malformation: 
Clinicopathological Analyses of 36 cases  
Wei-Chin Chang1, Yu Zhi Zhang2, Janina Wolf3, Sergei Hermelijn3, Marco Schnater3, Jan von der Thüsen3, Sylvie Lantuejoul4, 
Carol Farver5, Fiona Black6, Andrew Nicholson7  
1MacKay Memorial Hospital, Taipei, Taiwan, 2National Heart and Lung Institute, London, United Kingdom, 3Erasmus Medical 
Centre, Rotterdam, Netherlands, 4Centre Leon Berard, Lyon, France, 5Cleveland Clinic, Pepper Pike, OH, 6Newcastle Upon Tyne, 
United Kingdom, 7Royal Brompton Hospital, London, United Kingdom  

Disclosures: Wei-Chin Chang: None; Yu Zhi Zhang: None; Janina Wolf: None; Sergei Hermelijn: None; Marco Schnater: None; Jan von 
der Thüsen: None; Sylvie Lantuejoul: None; Carol Farver: None; Fiona Black: None; Andrew Nicholson: None 

Background: Mucinous adenocarcinoma arising in congenital pulmonary airway malformation (CPAM) is a rare complication, with little 
known about its natural history. Herein we describe a series of mucinous adenocarcinomas arising from CPAMs and present its 
clinicopathological features, genetic change, and clinical outcome. 

Design: Thirty-nine cases were collected from two hospitals within a 32 year period, either as a consultation case or hospital case. Three 
cases were excluded as a result of insufficient evidence supporting the presence of cystic lesion predating tumor development. The slides 
for the remaining 36 cases were reviewed by three thoracic pathologists, and the type of adenocarcinoma and CPAM, tumor location, 
multifocality, growth patterns, molecular data, and follow-up were recorded. 

Results: The cohort comprised of CPAM type 1 (n=29), type 2 (n=3), and 4 had tumor only, but with predated cystic changes on imaging. 
Morphologically, 32 cases were classified as invasive mucinous adenocarcinomas, while 4 cases were mixed mucinous/non-mucinous 
adenocarcinoma. Multifocal proliferation of mucinous tumor cells was seen in 26 cases, while 10 showed only single foci. Seventeen cases 
showed purely extracystic proliferation, 15 were mainly extracystic, and 4 showed purely small (≤2 mm) intracystic proliferation. 
Pure lepidic growth was seen in 28 cases, 7 were lepidic-predominant, and one was papillary-predominant. The most common minor 
component was micropapillary, followed by acinar and papillary. Four cases showed tumor spread through air spaces. Genetically, 5 tested 
cases showed KRAS mutation (exon 2 G12V and G12D). At surgery, the T stages were pTis (n=20), pT1mi-c (n=10), pT2a-b (n=2) , and 
pT3/4 (multifocal; n=4), and one case was M1a. Residual disease on completion lobectomy was observed in one case, and one case 
recurred 32 years after original diagnosis. Five patients died of disease (survival 0.03 -130 months). 

Conclusions: Most cases of malignancy complicating CPAMs are pure mucinous adenocarcinomas, predominantly arising in type 1 
CPAMs, although there are rare type 2 cases. Most tumors are no more than mildly pleomorphic, and limited to the parenchyma around the 
cyst, although occasionally the tumor may be advanced stage at presentation. Tumors show the same KRAS mutations as adults with 
IMAs. Most cases are cured by surgery, but recurrence/residual disease is associated with non-anatomic resection and long-term follow-up 
is needed as recurrence can occur decades later. 

1813   Alveolar Proteinosis with Hypersensitivity Pneumonitis: a Series of 24 Cases  
Wei-Chin Chang1, Alexandra Rice2, Sujal Desai2, Peter George2, Felix Chua2, Maria Kokosi2, Toby Maher2, Phil Molyneaux2, 
Andrew Nicholson2  
1MacKay Memorial Hospital, Taipei, Taiwan, 2Royal Brompton Hospital, London, United Kingdom  

Disclosures: Wei-Chin Chang: None; Alexandra Rice: None; Sujal Desai: None; Peter George: None; Felix Chua: None; Maria Kokosi: 
None; Toby Maher: None; Phil Molyneaux: None; Andrew Nicholson: None 

Background: Pulmonary alveolar proteinosis (PAP) is a rare disorder characterized by abnormal accumulation of proteinaceous material 
within the alveolar spaces, whereas hypersensitivity pneumonitis (HP) is a more common interstitial lung disease (ILD) characterized by 
poorly formed non-necrotizing granulomas in response to an inhaled antigen. We describe a series of 24 cases with concurrent features of 
PAP and HP. 

Design: Twenty-four cases were retrieved from a tertiary referral center within a 17-year period, consisting of 4 hospital and 20 referral 
cases. Clinical data were collected from the pulmonologists or referring pathologists. The slides were reviewed by three thoracic 
pathologists, and cases showing features of both PAP and HP were included. Cardinal features of PAP (acellular eosinophilic 
proteinaceous material filling alveolar spaces) and HP (interstitial chronic inflammation, poorly formed non-necrotizing granulomas) were 
scored semiquantitatively as absent, mild, moderate, and severe. Bronchoalveolar lavage (BAL) were available for 7 cases, and the 
cytologic composition was analyzed. 

Results: The series consists of 14 males and 10 females, age ranging from 29 to 73, usually presenting with shortness of breath and 
cough. Allergy to bird antigen (n=4), myelodysplastic syndrome (n=2) and GATA-2 mutation (n=1) were also noted. All patients eventually 
recovered from the disease. All patients showed features of PAP consisting of variable amount of acellular proteinaceous material within 
alveolar spaces, accompanied by varying degrees of HP, characterized by interstitial chronic inflammation with bronchiolocentric 
accentuation and peribronchiolar poorly formed non-necrotizing granulomas. In 11 biopsies, the proteinaceous material merged with 
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glassy, edema-like fluid. Mild to moderate interstitial fibrosis was seen in 15 patients, 8 cases showed mild to moderate thickening of 
interlobular septa, and 8 biopsies showed foci of cholesterol pneumonitis. Focal organizing pneumonia was present in 13 cases, and 4 
other biopsies revealed focal endogenous lipid pneumonia. Mild to marked lymphocytosis was observed in all 7 BAL samples, and in 3 
cases scanty to abundant proteinaceous material were also observed. 

Conclusions: A combination of HP/PAP-like features is sometimes seen in biopsies and BALs from patients with suspected ILD. It is 
uncertain if this represents a distinct clinical entity or coexistent disease, but there is evidence to suggest issues in host immunity may play 
a role in pathogenesis. 

1814   Characterizing ERBB2 Mutations in Non-Small Cell Lung Carcinoma: University Health Network 
Experience  
Nina Chang1, Kirstin Perdrizet1, Tracy Stockley2, Ming Tsao3, Frances Shepherd1, Cuihong Wei1, Laura Ranich1, Geoffrey Liu1, 
Adrian Sacher1, Penelope Bradbury4, David Hwang5, Joerg Schwock1, Hyang Mi Ko1, Scott Boerner6, Jennifer Law4, Natasha 
Leighl1, Prodipto Pal7  
1University Health Network, University of Toronto, Toronto, ON, 2Genome Diagnostics University Health Network, Toronto, 
ON, 3University Health Network, Toronto, ON, 4Princess Margaret Cancer Centre, University of Toronto, Toronto, ON,5Sunnybrook 
Health Sciences Centre, Toronto, ON, 6University Health Network, University of Toronto, Mississauga, ON, 7University Health 
Network, Scarborough, ON  

Disclosures: Nina Chang: None; Kirstin Perdrizet: None; Tracy Stockley: Advisory Board Member, Astra Zeneca; Advisory Board Member, 
Pfizer; Advisory Board Member, Janssen; Ming Tsao: None; Laura Ranich: None; Geoffrey Liu: None; Adrian Sacher: None; David 
Hwang: Consultant, Merck & Co., Inc.; Consultant, Takeda; Joerg Schwock: None; Hyang Mi Ko: None; Scott Boerner: None; Jennifer Law: 
None; Prodipto Pal: None 

Background: Mutations in ERBB2 are reported in ~2-4% of non-small cell lung carcinoma (NSCLC). Recent studies have shown that 
tumours harbouring mutations in the transmembrane domain (TMD) and/or kinase domain (KD) of ERBB2respond to targeted treatment 
with tyrosine kinase inhibitors. In this study, we annotate the types and frequencies of ERBB2 mutations in NSCLC and describe their 
clinicopathologic associations. 

Design: Next generation sequencing (TruSight Tumor 15 panel, Illumina) was performed on NSCLC cases collected between January 
2017-September 2018. ERBB2 mutant cases were reviewed and correlated with patient demographic data annotated from electronic 
medical records. 

Results: Overall, of 898 NSCLC cases, 41 harbored ERBB2 variants, of which 8 (0.9%) were polymorphism (I654V). The remaining 33 
cases (3.7%) had either previously reported clinically significant variants or variants of unknown significance (VUS). Pathology materials 
were available for review in 26 cases, which included 24 adenocarcinomas (ADC; 92.3%), one poorly differentiated NSCLC (3.8%), and 
one squamous cell carcinoma (3.8%). The mean age was 68.5 years with slight female predominance (16/26, 61.5%). KD exon 20 
insertions/deletions (ins/del) accounted for half of the observed variants (13/26, 50.0%), including potentially actionable variants 
G776delinsVC and Y772_A775dup. We identified 4 TMD mutations (4/26, 15.4%), including potentially actionable variants V659E, V659D 
and G660D. Six cases had VUS in either KD or TMD (6/26, 23.1%), and 3 (3/26, 11.5%) had VUS in interdomain linker regions. In the KD 
exon 20 ins/del and TMD mutant group (n=17), no cases harbored concurrent EGFR/KRAS mutation or ALK rearrangement, and all cases 
showed ADC histology. This group was enriched with female patients (12/17, 70.6%) and light- (<10 pack years) or never-smokers (15/16, 
93.8%). Most of these patients (8/15, 53.3%) presented with advanced stage disease (stage IIIB-IV), and one-third (5/15, 33.3%) 
underwent resection of their primary tumor. Mucinous features, solid pattern, and micropapillary pattern were observed in 35.3% (6/17), 
57.1% (8/14) and 50.0% (7/14), respectively. 

Conclusions: ERBB2 mutant NSCLC with TMD mutations and KD exon 20 ins/del are enriched in females and never/light smokers, and 
appear to demonstrate distinct histomorphologic characteristics (mucinous features, and solid/micropapillary patterns). Identification of 
potentially actionable ERBB2 mutant NSCLC patients can be crucial in formulating therapeutic plans. 

1815   Immunohistochemical Evaluation of Succinate Dehydrogenase B (SDHB) Expression in Pulmonary 
Chondromas and Hamartomas  
Kyriakos Chatzopoulos1, Karen Fritchie1, Christine Aubry1, J. Carney1, Andrew Folpe1, Jennifer Boland1  
1Mayo Clinic, Rochester, MN  

Disclosures: Kyriakos Chatzopoulos: None; Karen Fritchie: None; Christine Aubry: None; J. Carney: None; Andrew Folpe: None; Jennifer 
Boland: None 

Background: Succinate dehydrogenase (SDH) is a metabolic enzyme complex comprised of 4 proteins. Loss of function alterations in 
SDH cause hereditary neoplasia syndromes (Carney-Stratakis syndrome, hereditary paraganglioma/pheochromocytoma syndrome), as 
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well as the non-hereditary Carney triad (CT), characterized by paragangliomas, gastrointestinal stromal tumors, and pulmonary 
chondromas. CT most often results from functional SDH deficiency caused by site-specific hypermethylation of SDHC. Loss of function in 
any of the constituent proteins leads to SDH complex inactivation and resulting loss of SDHB expression, which is detectable by 
immunohistochemistry. SDHB expression status has not been reported in pulmonary chondromas, where it might be helpful to determine 
potential association with CT and have potential diagnostic utility in distinction from pulmonary hamartoma, its close morphologic 
mimic.  While both tumors are benign, distinction is important since presence of a chondroma may indicate risk for other potentially more 
aggressive neoplasms. 

Design: Institutional pathology archives and consultation archives of the authors were searched for resected pulmonary chondromas and 
hamartomas.  Immunostains for SDHB (clone 21A11AE7, Abcam) were performed, and results were agreed upon by 2 experienced 
pathologists. Clinicopathologic information was obtained from medical records. 

Results: The 6 patients with pulmonary chondroma included 4 women (67%), with a median age of 29 years (range 18-67); 4 had known 
CT. SDHB loss was present in 5 of 6 chondromas (83%), with retained expression in 1 patient without definitive diagnosis of CT. The 33 
patients with pulmonary hamartoma included 20 men (60.6%) and 13 women (39.4%), with a median age of 65 years (range 46-75).  All 
hamartomas had retained expression of SDHB. 

Conclusions: SDHB expression is lost in the majority of pulmonary chondromas, while it is retained in pulmonary hamartomas. SDHB 
immunohistochemistry may be a useful diagnostic tool to differentiate pulmonary chondroma from hamartoma, and to identify cases 
potentially associated with CT. 

1816   Histomorphology of Tumors with SWI/SNF Nucleosome Remodeling Complex Mutations  
Ivan Chebib1, Valentina Nardi2, Vikram Deshpande2, Gunnlaugur Petur Nielsen2  
1Massachusetts General Hospital, Harvard Medical School, Boston, MA, 2Massachusetts General Hospital, Boston, MA  

Disclosures: Ivan Chebib: None; Valentina Nardi: None; Vikram Deshpande: None; Gunnlaugur Petur Nielsen: None 

Background: Mutations in SMARCB1/INI1, member of the SWI/SNF nucleosome remodeling complex, are associated with sarcomas 
often with rhabdoid morphology: epithelioid sarcoma, renal/extra-renal rhabdoid tumors, atypical teratoid/rhabdoid tumors. Mutations in 
other members of the SWI/SNF complex have been increasingly identified in other tumors, some defined by loss of expression, eg. 
SMARCA4-deficient thoracic sarcoma. However, mutations in SWI/SNF complex genes, other than SMARCB1, are very common in 
malignancies. We sought to classify the morphology of tumors with mutation in SWI/SNF complex genes and determine whether SWI/SNF 
member mutations impart rhabdoid morphology. 

Design: The laboratory information system was searched for malignancies positive by next-generation sequencing for single nucleotide 
variants (SNV) in targeted SWI/SNF complex members (ARID1A, SMARCA4, SMARCB1). Cases with available histology slides were 
reviewed and the morphology of tumor cells was classified (rhabdoid, epithelioid/solid growth, glandular, squamous, signet-ring, small cell, 
pleomorphic, spindled). 

Results: 141 tumors with mutation in one or more of the targeted SWI/SNF complex genes (68 ARID1A, 74 SMARCA4, 7 SMARCB1) 
were identified. 16 tumors had SNV in multiple SWI/SNF genes (all with ARID1A and SMARCA4). 75 cases had histology available for 
review (Table 1): 40 ARID1A, 33 SMARCA4, 3 SMARCB1 mutations. 29% (22/75) tumors had rhabdoid morphology (7 ARID1A, 
12 SMARCA4, 2 SMARCB1 mutation). On univariate analysis, rhabdoid morphology was significantly associated with ARID1A mutations 
(p=.022), not SMARCA4 (p=.309) or SMARCB1 (p=.204). However, on multivariate analysis, rhabdoid morphology (and all other 
morphologies evaluated) were not significantly associated with SWI/SNF SNV (p=.244-.628). 
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Morphology of Tumors with SWI/SNF Mutations 

Organ Histologic Subtype No Rhabdoid ARID1A snv SMARCA4 snv SMARCB1 snv 

Colon Adenocarcinoma 14 5 9 5 2 
Liver Cholangiocarcinoma 3 1 2 1 - 
Pancreas and biliary 
tract 

Adenocarcinoma 3 1 2 - - 

Stomach Adenocarcinoma 3 1 1 3 - 
Gastroesophageal Adenocarcinoma 2 - 1 1 - 
Small bowel Adenocarcinoma 1 - 1 1 - 
Lung Adenocarcinoma 13 - 9 4 - 
Lung Large cell carcinoma, NOS 3 2 - 2 - 
Lung Squamous cell carcinoma 2 1 1 - - 
Skin Melanoma 8 3 3 5 - 
Skin Squamous cell carcinoma 3 - 2 2 - 
Genitourinary Urothelial carcinoma 3 2 1 1 - 
Ovary and fallopian 
tube 

High-grade Serous 3 - 1 2 - 

Breast Adenocarcinoma 2 2 1 1 - 
Soft Tissue Undifferentiated malignant 

epithelioid neoplasm 
2 2 1 - 1 

Salivary gland Adenoid cystic carcinoma 1 - 1 - - 
Salivary gland Squamous cell carcinoma 1 - - 1 - 
Thyroid  Medullary thyroid carcinoma 1 - 1 - - 
Unknown Primary Undifferentiated pleomorphic 

malignancy, query anaplastic 
thyroid 

1 1 - - - 

Unknown Primary High-grade neuroendocrine 
carcinoma, favor GU primary 

1 - 1 - - 

Other sites Adenocarcinoma 5 1 2 4 - 

Conclusions: Mutations in SWI/SNF genes, especially ARID1A and SMARCA4, are seen in melanoma and carcinomas of varying sites 
and subtypes. Mutations in SWI/SNF genes are not exclusively associated with rhabdoid morphology. 

1817   Different clinical significance of novel B7 family checkpoints, VISTA and HHLA2, in human lung 
adenocarcinoma and colorectal cancer  
Honglei Chen1, Long Long2, Xue Zhang1, Sufang Tian3  
1Wuhan University, Wuhan, China, 2Wuhan University Zhongnan Hospital, Wuhan, China, 3Wuhan University Zhongnan Hospital, 
Los Angeles, CA  

Disclosures: Honglei Chen: None; Long Long: None; Xue Zhang: None; Sufang Tian: None 

Background: Lung adenocarcinoma (AC) and colorectal cancer (CRC) are most common malignancies. Immunotherapy targeting immune 
checkpoints has made a breakthrough in cancer treatment. VISTA and HHLA2 are two recently identified members of the B7 homologue 
family of immune-regulatory molecules. But expression patterns and clinical significance of VISTA and HHLA2 in human lung AC and CRC 
remain largely unknown. 

Design: Immunohistochemistry and multiplex immunofluorescence histochemistry was performed to examine the expression of VISTA, 
HHLA2, PD-L1, and CD8+ tumor-infiltrating lymphocytes (TILs) in 75 lung AC and 62 CRC cases and the corresponding noncancerous 
tissues. We measured expression patterns and location of these targets, evaluating their association with clinicopathological features and 
overall survival. 

Results: VISTA and HHLA2 were overexpressed in the tumor tissues of lung AC and CRC compared with noncancerous tissues, and 
displayed more frequent expression than PD-L1 In lung AC, high VISTA expression in immune cells (IC) predicted high mortality rate and 
worse survival. However, in CRC, high VISTA expression in IC and HHLA2 expression in IC and tumor cells (TC) indicated favorable 
prognosis, and VISTA acted as an independent prognostic predictor. Based on the expression patterns of VISTA in IC,  PD-L1 in IC and 
TC and stromal CD8+ TILs, the lung AC patients were classified into two groups with distinct prognosis. 
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Figure 1 - 1817  

 

Figure 2 - 1817  

 

Conclusions: VISTA and HHLA2 are potential immunotherapeutic targets, especially in PD-L1 negative cases, which possess different 
prognostic significance between lung AC and CRC. Further elucidating the immunological functions of VISTA and HHLA2 pathways and 
the heterogeneity of tumor microenvironment will facilitate the optimization of immune checkpoint therapy. 

1818   Phosphorylated S6 Ribosomal Protein Immunohistochemistry is a Useful Marker of Pulmonary 
Antibody-Mediated Rejection  
Brian Cone1, Gregory Fishbein1  
1Los Angeles, CA  

Disclosures: Brian Cone: None; Gregory Fishbein: None 

Background: Alloimmune-mediated rejection of solid-organ transplants can be categorized as either acute cellular rejection (ACR) or 
antibody-mediated rejection (AMR). There is a strong association between AMR and circulating donor-specific antibodies (DSA), either 
preexisting or formed de novo. AMR and DSA are not only associated with acute injury to the allograft, but also chronic allograft 
dysfunction.  While accepted criteria for the pathologic diagnosis of AMR are well established in other solid organs, in the lung, histologic 
criteria lack specificity and immunohistochemistry (IHC) with C4d lacks sensitivity. While C4d staining correlates with DSA and clinical AMR 
in other solid organ transplants, lung transplant biopsies from most patients with DSA and/or clinical AMR are negative. 

Recent work related to AMR in heart allografts has led to the discovery of other IHC markers of AMR that are potentially more sensitive and 
specific than C4d. The phosphorylation of S6 ribosomal protein is a downstream effect of DSA-HLA interaction; the corresponding IHC 
stain, p-S6RP, has shown promise as a marker of cardiac AMR. 

Our literature review did not reveal any studies of pulmonary AMR and p-S6RP IHC staining. We sought to determine whether p-S6RP IHC 
performed on biopsy specimens can distinguish lung transplant patients with and without DSA. 

Design: We selected 20 DSA+ patients and 20 DSA- patients from our institution’s lung transplant immunogenetics registry. Biopsies taken 
within 3 months of serologic testing met inclusion criteria; biopsies from patients with preexisting DSA were excluded. All cases were 
deidentified and stained with H&E, p-S6RP, and C4d.   

Two pathologists independently scored the degree of macrophage and pneumocyte staining of these markers using a three-tiered system: 
1-10% staining (1+), 10-50% staining (2+), >50% staining (3+). Each case was then unmasked relating to the DSA status. The sensitivity 
and specificity of each IHC stain as a marker of DSA status was then calculated using 1+, 2+, and 3+ as cutoffs. 

Results: p-S6RP IHC in Figure 1. Initial data summary in Table 1. 
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Pathologist 1 Pathologist 2 

 

 
Sensitivity Specificity Sensitivity Specificity Kappa 

p-6SRP in >50% 
Pneumocytes 

80% 80% 85% 90% 0.65 

p-6SRP in >50% 
Macrophages 

80% 80% 85% 80% 0.45 

C4d in >10% 
Capillaries 

25% 85% 20% 90% 0.14 

Figure 1 - 1818  

 

Conclusions: We have demonstrated with substantial inter-rater agreement that p-S6RP can be a sensitive (80-85%) and specific (80-
90%) surrogate biomarker for DSA positivity when pneumocyte staining is present in >50% of the biopsy material. P-S6RP has the 
potential to supplant C4d IHC for the evaluation of transplant lung biopsies and may obviate the need for serologic testing in some cases. 

1819   A Series of Rare Granular Cell Tumors of Pulmonary Origin  
Richard Davis1, Kristen Deak1, Carolyn Glass2  
1Duke University, Durham, NC, 2Duke University Medical Center, Durham, NC  

Disclosures: Richard Davis: Non; Kristen Deak: Non; Carolyn Glass: None 

Background: Granular cell tumors (GCTs) of schwann cell origin most frequently arise in the skin and tongue. Pulmonary granular cell 
tumors (PGCTs) are rare and usually present as benign endobronchial masses. Only a handful of cases worldwide have been reported as 
malignant (Table 1). We describe here a series of 5 PGCTs, including an exceedingly rare case of a malignant PGCT. To date, molecular 
analysis has been reported in only one other case of malignant PGCT (Xu et al, J Thorac Oncol, 2015). 

Design: All cases were reviewed for histologic evidence of potential malignancy (metastasis, necrosis, spindling of tumor cells, increased 
mitotic rate, high nuclear-to-cytoplasmic ratio) and correlated with demographic, clinical and radiological data.  Next generation sequencing 
using the Ion AmpliSeq™ Cancer Hotspot Panel v2 assay across 50 oncogenes was performed on the malignant PGCT. 

Results: Consistent with GCTs of other primary sites, the majority of PGCTs (80%) were histologically benign without metastasis or 
recurrence after resection (mean follow up 750 days). Tumors were relatively large (mean size 4.5 cm, range 1.1 to 7.2 cm), located in the 
left lung and occurred predominantly in women (80%) with mean age of 54 (range 49 to 66 years) and variable smoking history. Notably, 
two women also developed a non-small cell lung carcinoma (adenocarcinoma and large cell). 

We also report here an exceedingly rare case of a 51-year old never smoker woman diagnosed with a malignant PGCT. She presented 
with a chronic cough of 2 years and a 6.4 x 6.1 x 4.4 cm infra-hilar left lower lobe mass with extrinsic compression and obstruction of the 
left mainstem on enhanced computed tomography. Pathology of the resection specimen composed of sheets of tumor cells (S-100, 
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Vimentin, Sox 10 positive) with pleural, pericardial and diaphragmatic metastasis confirmed the diagnosis. Molecular analysis was negative 
for driver mutations commonly identified in lung cancer such as EGFR, KRAS, ERBB2, BRAF, PTEN, ALK, ROS, RB1, RET or MET. 

Table 1. Summary of Exceedingly Rare Malignant Pulmonary Granular Cell Tumors 
Study Sex Age 

(years) 

Location IHC Molecular 

Analysis 
This 
Study, 

2018 

Female 51 Solitary lesion (6.4 cm) in left 
lower lobe with pleural lung 
metastasis. 

Positive: S-100, Vimentin 
  

Negative: HMB-45,  CK-7 

Negative for common lung 
cancer driver mutations 

Xu et al 

2015 

Female 63 Single solitary (14 cm) in left 
lower lobe with pleural 
metastasis 

Positive: S-100, Vimentin 

Negative:HMB-45 

ASXL1, NOTCH4, PARP4 

Negative for common lung 
cancer driver mutations 

Jiang et 
al 

2003 

Female 32 Single solitary lesion (2.8 cm) in 
left lobe 

Positive: PAS, S-100, Vimentin 

Negative: CEA, cytokeratins, EMA, 
SMA, desmin, actin, CD34, HMB-4 

Increased p53 proliferative index 

Not performed 

Conclusions: Fewer than 85 GCTs originating from the tracheobronchial tree have been described since its discovery in the 1930s, all 
which were noted as histologically benign. To date, our case is the third malignant PGCT to be reported worldwide. Further molecular 
analysis covering 50 additional epigenetic drivers, including the previously reported ASXL gene is in process and will be available for 
presentation. 

1820   Quantitative Multiplex Immunofluorescence Lymphocyte Characterization of Tuberculosis 
Granulomas Shows Prominent Heretogeneity  
Carlos de Andrea1, Marta Abengozar2, David García Ros3, Josu Carte García3, Maria Lozano3, Ignacio Melero3  
1Universidad de Navarra, Pamplona, Spain, 2University of Navarra, Zizur Mayor, Spain, 3University of Navarra, Pamplona, Spain  

Disclosures: Carlos de Andrea: None; Marta Abengozar: None; David García Ros: None; Maria Lozano: None 

Background: The formation and maintenance of Tuberculosis (TB) granulomas is very complex and immunologically dynamic. It is the 
result of the host immune response to Mycobacterium tuberculosis infection and gives rise to distinct inflammatory microenvironments. 
Using novel digital pathology algorithms, we evaluated the lymphocyte infiltrates in human lung TB granulomas.  

Design: Ten tissue sections of formalin-fixed, paraffin embedded lung surgical resection specimens from patients with TB were tested with 
multiplexed fluorescence immunohistochemistry assays designed to detect expression of key  lymphocyte markers such as PD-1, CD137, 
CD4, CD8, and FOXP3. Fluorescence images were acquired on the Vectra Polaris platform (Perkin Elmer). Analysis of the data was 
performed with inForm software (Perkin Elmer).  

Results: We showed that although the distinct TB granulomas share some similarities in their immunological/inflammatory features, they 
also display significant heterogeneity among patients and lesions. Total CD4+ T cell densities and CD8+ T cell densities were found in 
variable amount. An inverse correlation between CD4+FOXP3+ cells and CD4+FOXP3- cells was seen (p<0.01). The higher densities of 
CD4+FOXP3+ cells possibly reflect the immunosuppression in the lesions. Among the CD4+ T cell densities, the levels of PD-1+CD137+ 
or PD-1 alone were significantly higher in granulomas with a more inflammatory microenvironment (p<0.05). This could reflect an increased 
immunoreactivity of the lesions with more abundant immune cell infiltration. 

Conclusions: Our results support the finding that TB granulomas show prominent heterogeneity in their immunological/inflammatory 
features. Future studies will determine if these features can provide rationale for the development of new immunotherapy treatment 
strategies for chemoresitant TB. 
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1821   Lung Adenocarcinoma with Mucin: Role of SATB2 in Assessing for Mucinous Colorectal 
Metastasis  
Simona De Michele1, Helen Remotti2, Armando Del Portillo3, Matthias Szabolcs4, Anjali Saqi4  
1New York-Presbyterian/Columbia University Medical Center, New York, NY, 2Columbia University Medical Center, Dobbs Ferry, 
NY, 3New York, NY, 4Columbia University Medical Center, New York, NY  

Disclosures: Simona De Michele: None; Helen Remotti: None; Armando Del Portillo: None; Matthias Szabolcs: None; Anjali Saqi: None 

Background: Lung adenocarcinomas (ADCA) with mucin may stain with CDX2 and also morphologically resemble ADCAs of the lower 
gastrointestinal (GI) tract.  Immunohistochemistry (IHC) for special AT-rich sequence binding protein 2 (SATB2), a transcription factor found 
in lower GI tract epithelial cells, has recently been shown to be highly sensitive and specific for primary and metastatic lower GI tract cancer 
and rarely expressed in primary lung ADCA. There are limited data on the role of SATB2 in ADCAs with mucin of lung and colorectal (CR) 
origins. We assessed the SATB2 staining in ADCA with mucin from both sites. 

Design: A retrospective search of lung ADCA with mucin over 24 months was performed. These cases and a tissue microarray (TMA) of 
CR ADCAs with mucin were stained with SATB2 (clone EP281) and evaluated for percentage of stained cells and staining intensity (weak, 
moderate and strong). The lung ADCAs were classified as either mucinous (>50% mucinous histology) or predominantly non mucinous 
(<50%) and correlated with available previously performed IHC (CK7, CK20, TTF1 and CDX2) and molecular studies. 

Results: 20 cases of lung ADCAs (19 mucinous, 1 predominatly non mucinous) were identified. Of these, 1/20 (5%) showed focal positivity 
in <5% of cells and weak intensity (Figure 1). CDX2 and TTF1 staining were seen in 6/15 and 10/16 lung ADCAs, respectively. CK7 and 
CK20 were positive in 14/14 and 8/14 of lung ADCAs, respectively. The only SATB2 positive lung ADCA was mucinous and was positive 
for CK7 and CK20, and focally positive for CDX2 and TTF1. Meanwhile, 13/14 (93%) CR ADCAs with mucin were SATB2 positive (Figure 
2). SATB2 has a sensitivity of 93% and specificity of 95% when used as a marker of CR origin to differentiate between CR and lung ADCAs 
with mucin. 

 
Mucinous 
lung ADCAs 

Predominantly 
non mucinous 
lung ADCAs 

All lung 
ADCAs 

SATB2+ 1/19 (weak, 
<5%) 

0/1 1/20 (weak, 
<5%) 

CK7+ 13/13 1/1 14/14 
CK20+ 8/13 0/1 8/14 
CDX2+ 6/14 0/1 6/15 
TTF1+ 9/15 1/1 10/16 
KRAS+ 19/19 0/1 19/20 
EGFR+ 0/19 1/1 1/20 

Figure 1 - 1821  

 

Figure 2 - 1821  

 

Conclusions: Negative SATB2 expression in lung ADCA strongly argues against a lower GI tract origin. 
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1822   Immune Checkpoint Inhibitor Immunostaining to Separate Benign from Malignant Mesothelial 
Proliferations  
Fatemeh Derakhshan1, Diana Ionescu2, Andrew Churg3  
1University of British Columbia, Vancouver, BC, 2UBC at BC Cancer, Vancouver, BC, 3Vancouver General Hospital, Vancouver, 
BC  

Disclosures: Fatemeh Derakhshan: None; Diana Ionescu: None; Andrew Churg: None 

Background: The differentiation of malignant mesothelioma (MM) from reactive mesothelial proliferations (RMP) can be morphologically 
very difficult. Expression of immune checkpoint inhibitors is seen in a variety of malignant tumors, but whether such expression might be 
useful in separating MM from RMP is not known.  

Design: We examined immunohistochemical expression of 3 immune checkpoint inhibitors: PDL-1, CD47, and IDO1 (indoleamine 2, 3-
dioxygenase 1), using a TMA containing 33 MMs and 20 RMPs. To increase the number of sarcomatous MMs, whole sections of 4 
additional sarcomatous/ desmoplastic mesothelioma were also stained. Tumor cells staining was scored for diffuseness and intensity using 
a system with a maximum score of 12. 

Results: For CD47 all 17/17 evaluable cores scored less than 3 for the epithelial component of RMP (mean score ± SD: 0.11 ±0.08); 
however, the spindle cells of 10/20 RMP scored ≥3.  12/26 epithelial MM (mean score ± SEM: 2.9 ± 0.7) and 7/10 sarcomatous MM (mean 
± SEM: 4.4 ± 0.7) scored ≥3.   
For PDL-1 both the epithelial and spindle components of RMP scored less than 3, with 19/20 scored 0 and the 1/20 scored 1 in the 
epithelial component. In 4/27 epithelial mesotheliomas and 6/8 sarcomatous mesotheliomas PDL-1 stain scored ≥3 (mean ± SEM for the 
sarcomatous MM: 5.1 ± 1.5). Staining of sarcomatous/desmoplastic mesotheliomas was often strong but focal.  IDO1 showed very focal 
staining in 2/27 epithelial mesotheliomas and 1/6 sarcomatous mesotheliomas and no staining in any RMP. 

Conclusions: We conclude that strong or diffuse staining for CD47 favors a diagnosis of epithelial malignant mesothelioma vs RMP with 
high specificity, but CD47 staining is probably not suitable for use with sarcomatous/desmoplastic mesotheliomas. Positive PDL-1 staining 
is specific and reasonably sensitive for a diagnosis of sarcomatous mesothelioma vs RMP but insensitive for epithelial mesotheliomas. 
Strong staining for IDO1 also favors a diagnosis of malignancy but the test is very insensitive for either histologic subtypes.  

1823   STK11 Splice Site Variants; The Prognostic and Therapeutic Importance of Characterizing Non-
Coding Alterations in Non-Small Cell Lung Tumors  

Liam Donnelly1, David Seward2, Paula Deming2, Hailey Sarausky2  
1Robert Larner College of Medicine, Burlington, VT, 2University of Vermont, Burlington, VT  

Disclosures: Liam Donnelly: None; David Seward: None; Paula Deming: None; Hailey Sarausky: None 

Background: STK11, also known as LKB1, is an important tumor suppressor gene involved in the regulation of cell proliferation and 
survival. In non-small cell lung cancer (NSCLC), STK11 loss of function (LoF) frequently co-occurs with KRASdriver mutations, a tumor 
type that has been shown to have increased metastatic potential. Further, tumors with concomitant oncogenic KRAS variants 
and STK11 LoF mutations have shown resistance to immune checkpoint inhibitor therapy. Therefore, assessing a NSCLC tumor for STK11 
LoF has both prognostic and therapeutic importance. Germaine to our current work, some STK11 single nucleotide variants (SNVs) 
detected in NSCLC by next generation sequencing (NGS) occur at intron-exon junctions. These mutations could potentially alter splicing 
and thereby disrupt STK11 protein function. Critically, using DNA sequencing data alone we currently cannot accurately predict the impact 
of non-coding SNVs. In this study we sought to determine the impact of previously uncharacterized splice site variants on STK11 mRNA 
splicing. 

Design: We utilized a proven vector based mini-gene reporter to assess the effects of splice site SNVs on STK11 splicing in-vitro. We 
transfected cells with a reporter vector encoding the relevant STK11 exon flanked by endogenous intronic sequence and either the wild-
type or variant splice site. Using qRT-PCR, we measured the efficiency of proper STK11 exon splicing. We also sequenced STK11 mRNA 
transcripts from NSCLC cases bearing the corresponding STK11 splice site variants tested in-vitro and compared the splicing outcomes. 

Results: We report that clinically identified STK11 splice site mutations significantly affect exon splicing in-vitro and in clinical samples. 
Interestingly, we observed a variety of splicing outcomes, including exon skipping, intron retention, and cryptic splice site utilization. Most of 
the overserved mRNA variants are predicted to lead to STK11 LoF. However, a few SNV’s induced in-frame cryptic splice site utilization, 
demonstrating that not all splice site SNVs can be assumed to result in LoF. 

Conclusions: We demonstrate the importance of testing STK11 splice site SNV’s identified by NGS when evaluating primary sequence 
data. While the majority of canonical splice site variants will likely affect RNA splicing, we can’t yet predict the precise outcome. Given the 
emerging importance of STK11 function on prognosis and therapy in NSCLC, developing additional methods for assessing the functional 
impact of novel variants is critical. 
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1824   Immunohistochemistry Characterization of MTAP Expression in Non-Small Cell Lung Carcinoma  
Daniela Duenas1, Luisa Solis1, Carmen Behrens1, Pedro Rocha2, Barbara Mino1, Ignacio Wistuba1, Wei-Lien Billy Wang1, Jianjun 
Gao1, Jianju Zhang1  
1The University of Texas MD Anderson Cancer Center, Houston, TX, 2Hospital del Mar, Barcelona, Spain  

Disclosures: Daniela Duenas: None; Luisa Solis: None; Carmen Behrens: None; Pedro Rocha: None; Barbara Mino: None; Ignacio 
Wistuba: None; Wei-Lien Billy Wang: None; Jianjun Gao: None 

Background: Methylthioadenosine phosphorylase (MTAP), a key enzyme for the salvage of adenine and methionine, is deficient in many 
cancer types, including non-small cell lung carcinoma (NSCLC). Detection of MTAP deficiency has been proposed for selection of patients 
for chemotherapy drugs such as inhibitors of de novo purine synthesis (e.g., pemetrexed). We characterized the expression of MTAP by 
immunohistochemistry (IHC) in NSCLC tumors, and correlate the expression with clinico-pathological and molecular features. 

Design: We studied the IHC expression of MTAP (rabbit polyclonal, Proteintech) in 189 formalin-fixed paraffin embedded surgical resected 
stages I-III NSCLCs (n=108 adenocarcinomas [ADCA]; n=81 squamous cell carcinoma [SQCC]) using tissue microarrays. We evaluated 
the percentage and intensity (0-3+) of MTAP expression in malignant cells. Lack of cytoplasmic expression of MTAP was scored as 
negative. Nuclear expression of MTAP was also evaluated and scored as negative or positive. In a subset (n=145) of cases, the IHC 
expression was correlated with MTAP gene mRNA expression obtained by Affymetrix arrays 

Results: The absence of cytoplasmic MTAP was detected in 8/189 tumors (4.5%; 2/108 ADCAs [1.9%] and 6/81 [7.4%] SQCCs). Low 
MTAP defined as less than 10%, was found in 6/108 ADCAs (5.6%) and 11/81 SQCCs (13.6%). We did not find any significant correlation 
between MTAP cytoplasmic expression and NSCLC clinicopathological features. Interestingly,  ADCAs with negativeTTF1/low MTAP 
expression had worse Overall Survival (OS) (P=0.016) and  Recurrence-Free survival (P=0.012). Nuclear IHC MTAP expression was 
detected in 34/189 (17.9%) of NSCLCs, and was higher in smokers, and in ADCA (27.8%) compared with SQCC (4.94%; P=0.001). In 
ADCA, nuclear expression positively correlated with TTF-1+ expression (33.3%; P=0.016). Patients with nuclear MTAP expression had 
significantly better OS (P=0.027). Cytoplasmic (r=0,5; P<0.001) and nuclear r(=0.2, p=0.0127) MTAP IHC protein expression positively 
correlated with gene mRNA expression. 

 Correlation of clinicopathological characteristics of NSCLC patients with MTAP.  

Clinicopathological 
characteristics 

n MTAP Cytoplasm expression P MTAP nuclear expression P 
Negative % Positive % Negative % Positive % 

Age 
           

    < 65 y 93 4 4.3 89 95.7 0.6219 78 83.87 15.00 16.13 0.321 
     ? 65 y 96 4 4.2 92 95.8 77 80.21 19.00 19.79 
Gender 

           

     Male 101 3 3.0 98 97.0 0.2869 85 84.16 16.00 15.84 0.263 
     Female 88 5 5.7 83 94.3 70 79.55 18.00 20.45 
Smoking 

           

     Never-smoker 14 0 0.0 14 100.0 0.5337 8 57.14 6.00 42.86 0.022 
     Smoker 175 8 4.6 167 95.4 147 84.00 28.00 16.00 
Histology 

           

    Adenocarcinoma 108 2 1.9 106 98.1 0.657 78 72.22 30.00 27.78 0.001 
    Squamous 
cell      carcinoma 

81 6 7.4 75 92.6 77 95.06 4.00 4.94 

Final Stage 
           

      I+II 145 6 4.1 139 95.9 0.5932 117 80.69 28.00 19.31 0.264 
      III+IV 44 2 4.5 42 95.5 38 86.36 6.00 13.64 
T stage 

           

      T1+T2 149 5 3.4 144 96.6 0.226 120 80.54 29.00 19.46 0.219 
      T3+T4 40 3 7.5 37 92.5 35 87.50 5.00 12.50 
N stage 

           

      N0 122 6 4.9 116 95.1 0.414 96 78.69 26.00 21.31 0.077 
      N1-N2 67 2 3.0 65 97.0 59 88.06 8.00 11.94 
Recurrence 

           

     No 94 4 4.3 90 95.7 0.6338 74 78.72 20.00 21.28 0.2774 
     Yes 95 4 4.2 91 95.8 79 83.16 16.00 16.84 
Neoadjuvant 

           

     No 163 7 4.3 156 95.7 0.679 131 80.37 32.00 19.63 0.111 
     Yes 26 1 3.8 25 96.2 24 92.31 2.00 7.69 
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Conclusions: Lack or low protein MTAP cytoplasmic expression was detected in ~10% of stages I-III NSCLCs. Nuclear MTAP expression 
was detected in 18% of tumors, and correlated with adenocarcinoma histology, and better outcome. We hypothesize that the reduced 
MTAP cytoplasmic expression may associate with better response to pemetrexed therapy in NSCLC. The biology of MTAP nuclear 
expression needs to elucidated. 

1825   The Usual Interstitial Pneumonia Pattern May Be Less Frequent in Surgical Lung Biopsies in the 
Current Era Following Updates to Diagnostic Guidelines for Idiopathic Pulmonary Fibrosis  
Jordan Eldersveld1, Eunhee Yi1, Maxwell Smith2, Henry Tazelaar3, Brandon Larsen3  
1Mayo Clinic, Rochester, MN, 2Mayo Clinic Arizona, Scottsdale, AZ, 3Mayo Clinic, Scottsdale, AZ  

Disclosures: Eunhee Yi: None; Maxwell Smith: None; Henry Tazelaar: Consultant, Paraxel; Speaker, CIPLA LTD; Brandon Larsen: None 

Background: Idiopathic pulmonary fibrosis (IPF) is a clinical syndrome characterized by the presence of the usual interstitial pneumonia 
(UIP) pattern radiologically and pathologically. Per consensus criteria adopted in 2011, diagnosis of IPF no longer requires a biopsy in an 
appropriate context if a definite UIP pattern is seen on imaging; this concept was expanded in 2018 when the Fleischner Society proposed 
that IPF can also be diagnosed without a biopsy when a probable radiologic UIP pattern is seen. In the current era, lung biopsies are 
typically reserved for patients having indeterminate clinical or imaging findings, but the impact of updated guidelines on the frequency of 
histologic patterns encountered in lung biopsies remains unclear. 

Design: Our laboratory database was searched for surgical lung biopsies from adults with parenchymal lung disease before and after 
adoption of 2011 guidelines, within two 4-year time periods: 7/1/2006-6/30/2010, and 1/1/2012-12/31/2016. Tumors and other localized 
processes were excluded. Pathology slides were reviewed in a fashion blinded to all clinical information and classified using new 
Fleischner histologic criteria and terminology for IPF. 

Results: 112 cases met inclusion criteria, including 59 pre-2011 cases (mean age 60±15 y, 29 men) and 53 post-2011 cases (mean age 
58±13 y, 28 men). Of these, 34 and 33 had fibrosis, respectively. When younger patients (<60 y) were excluded, a definite or probable UIP 
pattern compatible with IPF tended to be less frequently encountered after 2011. Other cases showed an indeterminate pattern or features 
suggesting an alternative, non-IPF diagnosis, including a nonspecific interstitial pneumonia pattern (7 and 6 cases pre-2011 and post-2011, 
respectively), airway-centered fibrosis (3 and 4), mixed or unclassifiable fibrotic patterns (3 and 6), desquamative interstitial pneumonia (3 
and 4), prominent granulomas (7 and 9), prominent peribronchiolar metaplasia (3 and 6), and pleuritis (1 and 0). 

 
Pre-2011 Post-2011  
Definite or Probable 
UIP-IPF pattern 

Indeterminate or 
Alternative pattern 

Definite or Probable 
UIP-IPF pattern 

Indeterminate or 
Alternative pattern 

N = patients aged 60+ 
yrs with fibrosis 

9 15 6 14 

N = patients aged 65+ 
yrs with fibrosis 

8 12 4 11 

N = patients aged 70+ 
yrs with fibrosis 

5 6 1 5 

Conclusions: Our data shows a trend of decreasing frequency of the UIP pattern in surgical lung biopsies in the modern era of new IPF 
guidelines. Although the number of cases was insufficient to achieve statistical significance, expansion of this study is underway and if this 
trend is confirmed with a larger cohort, this could indicate that the pre-test probability of seeing biopsy features favoring a non-IPF 
diagnosis may have increased in recent years, which could impact all surgical pathologists who review lung biopsies. 

1826   Importance of Distinguishing Adenocarcinoma and Squamous Cell Carcinoma in Assessment of 
Pathologic Response after Neoadjuvant Chemotherapy  
Katsura Emoto1, Yang Qu2, Hua Zheng2, Rania Aly3, Takashi Eguchi4, Jamie Chaft4, Kay See Tan4, Mark Kris4, Prasad 
Adusumilli4, William Travis4  
1New York, NY, 2Beijing Chest Hospital, Beijing, China, 3Alexandria University, Alexandria, Egypt, 4Memorial Sloan Kettering 
Cancer Center, New York, NY  

Disclosures: Katsura Emoto: None; Yang Qu: None; Hua Zheng: None; Rania Aly: None; Takashi Eguchi: None; Jamie Chaft: Consultant, 
Bristol-Myers Squibb; Consultant, Merck; Consultant, Genentech; Consultant, AstraZeneca  
Kay See Tan: None; Mark Kris: Consultant, AstraZeneca Pharmaceuticals LP; Consultant, Pfizer; Consultant, Regeneron; Prasad 
Adusumilli: None; William Travis: None 

Background: The currently recognized threshold for major pathological response (MPR) following neoadjuvant chemotherapy (NAC) for 
locoregionally-advanced NSCLC is ≤10% viable tumor based on studies that did not distinguish histologic typing. We investigated whether 
“viable tumor cutoff for predicting survival” differ between lung adenocarcinoma (ADC) and squamous cell carcinoma (SCC). 
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Design: Four pathologists evaluated H&E slides of 272 clinical stage II-III NSCLC patients following NAC (lung ADC [n=192] or SCC 
[n=80]) and anatomical resection evaluating extent of residual viable tumor cells, necrosis, and stroma within tumor bed.  Optimal cutoff of 
viable tumor proportion for predicting lung cancer-specific cumulative incidence of death (LC-CID) was determined by maximally-selected 
rank-statistics and competing risks approach. Overall survival (OS) was evaluated. 

Results: The treatment response following NAC was greater in SCC (SCC vs ADC: median viable tumor proportion 40% vs 60%, 
p=0.027). Viable tumor proportion of ≤10% was noted in 26% of SCC vs 12% of ADC (p=0.004). The optimal cutoff for LC-CID in SCC was 
10% compared to 65% in ADC (Figure). In multivariable analysis, viable tumor ≤10% was an independent factor for better LC-CID 
(p=0.035) in SCC, and viable tumor ≤65% was an independent factor for improved LC-CID (p=0.033) and OS (p=0.050) in ADC. 

Figure 1 - 1826  

 

Conclusions: Our data suggest that the optimal viable tumor cutoff for predicting survival should be distinct for SCC and ADC with 
thresholds of 10% and 65% respectively. 

1827   Adequacy of EBUS-TBNA and CT-FNA Specimens for Biomarker Testing to Determine Eligibility for 
Immune Checkpoint Inhibitor and Targeted Therapy in Lung Carcinoma Patients  
Erin Faber1, Horiana Grosu1, Sharjeel Sabir1, Francis San Lucas1, John Stewart1, Rajyalakshmi Luthra1, Sinchita Roy-Chowdhuri1, 
Bedia Barkoh1  
1The University of Texas MD Anderson Cancer Center, Houston, TX  

Disclosures: Erin Faber: None; Horiana Grosu: None; Sharjeel Sabir: None; Francis San Lucas: None; John Stewart: None; Rajyalakshmi 
Luthra: None; Sinchita Roy-Chowdhuri: None; Bedia Barkoh: None 

Background: Immune checkpoint inhibitors (ICI) have recently emerged as a promising therapeutic modality for non-small cell lung 
carcinoma (NSCLC). Current guidelines, therefore, recommend PD-L1 testing to evaluate eligibility for ICI, in addition to routine molecular 
profiling for EGFR, ALK,and ROS1for tyrosine kinase inhibitor (TKI) targeted therapy. While several studies have evaluated the 
adequacy of cytology specimens for molecular profiling, there is limited literature on the adequacy of these specimens for comprehensive 
biomarker (BM) testing as per current guidelines. 

Design: We identified consecutive endobronchial ultrasound guided transbronchial needle aspirations (EBUS-TBNA) and computed 
tomography (CT)-guided fine needle aspirations (FNA) from 2016 to 2018 where lung BM testing was requested on the FNA specimen. BM 
requests were reflexed to the FNA sample in the absence of a concurrent surgical biopsy (CSB) or when the CSB was 
inadequate.  EGFRtesting was performed in-house as a next-generation sequencing (NGS) multigene panel, while ALK and ROS1were 
evaluated by fluorescence in situ hybridization (FISH) and/or RNA-based NGS assay on smears and/or cell block (CB) sections. PD-L1 
was evaluated by immunohistochemistry on CB sections using the 22C3 antibody clone. The sample was considered adequate if BM 
for EGFR, ALK, ROS1,and PD-L1 was performed successfully on the FNA sample.  

Results: A total of 187 cases (151 EBUS and 36 CT-guided) were evaluated.  The patient demographics, radiologic/pathologic information, 
and lung BM test results are summarized in Table 1. EBUS-TBNA sampling was performed primarily using 22G needles (92%), with a 
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small number of cases sampled using 21G (4%) or 20G (4%) needles. CT-FNA sampling was performed using 22G needles (100%). CSB 
were performed in 13/151 (7%) of EBUS-TBNA and 31/36 (86%) of the CT-FNA. Lung BM adequacy was 76% for EBUS-TBNA and 75% 
for CT-FNA cases with similar failures rates (12% and 14%, respectively). Partial results were obtained in 12% of EBUS-TBNA and 11% of 
CT-FNA cases. BM testing was successfully performed in 25/33 (79%) CT-FNA samples, singly or in combination with the CSB, where the 
CSB was deemed inadequate. 

Table 1 
   

Patients 
   

Age (median) 68 (range, 36-
95) years 

  

• Male n=93 
  

• Female n=94 
  

    

Site of Lesion 
   

• lymph node n= 115 
  

• lung  n=55 
  

• soft tissue n=9 
  

• bone n=3 
  

• adrenal gland n=3 
  

• liver n=2 
  

    

Diagnosis 
   

• Adenocarcinoma n=132 
  

• Squamous cell carcinoma n=22 
  

• Non-small cell lung carcinoma n=13 
  

• Poorly differentiated carcinoma n=9 
  

• Neuroendocrine carcinoma n=8 
  

• Other* n=3 
  

  
EBUS-TBNA 

(n=151) 

CT-FNA 

(n=36)** 
No. of needle passes (median) 6 (range, 2-12) 2 passes (range 1-5) 
Lesion size 1.7cm (range 0.5-5.4) 2cm (range 0.8-7.3) 
DNA yield (median) 0.01 µg/µl  

(range 0.0002-0.07) 

0.006 µg/µl 

(range 0.001-0.019) 
Cases adequate for lung BM*** testing on FNA 106 (70%) 16 (44%) 
Cases adequate for lung BM on FNA/CSB combination 5 (3%) 11 (31%) 
Cases adequate for lung BM on FNA/cFNA combination 4 (3%) 0 (0%) 
Cases partially adequate for lung BM testing 18 (12%) 4 (11%) 
Cases inadequate for lung BM testing 18 (12%) 5 (14%) 

• Overall success rate for lung BM 76% 75% 

• Overall failure rate for lung BM 12% 14% 

Abbreviations: EBUS-TBNA, endobronchial ultrasound guided transbronchial needle aspirations; CT, computed tomography; FNA, fine 
needle aspiration; CSB, concurrent surgical biopsy; cFNA, concurrent FNA 
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*includes high grade carcinoma and malignant neoplasm, not otherwise classified 

**BM testing is routinely reflexed to the surgical biopsy and was performed on the concurrent FNA sample only when the concurrent 
surgical biopsy was inadequate (n=33) or not available (n=3) 

***Lung BM testing defined as molecular profiling for EGFR, ALK, and ROS1and PD-L1 by immunohistochemistry 

Conclusions: Our results demonstrate that both EBUS-TBNA and CT-FNA have similar success rates for lung BM testing and can be 
used to determine eligibility for TKI and ICI therapy in lung cancer patients. Further, the ability to perform BM testing on the FNA sample, 
when the CSB is inadequate, increases the success rate of lung BM testing. 

1828   Verification of deep learning model to measure tumor cellularity in transbronchial biopsies of lung 
adenocarcinoma  
Tomoi Furukawa1, Kishio Kuroda2, Andrey Bychkov3, Hoa Pham4, Yukio Kashima5, Junya Fukuoka1  
1Nagasaki University, Nagasaki, Japan, 2Nagasaki University, Tokyo, Japan, 3Kameda Medical Center, Kamogawa, 
Japan, 4Nagasaki University Hospital, Nagasaki, Japan, 5Awaji Medical Cecter, Sumoto, Japan  

Disclosures: Tomoi Furukawa: None; Kishio Kuroda: None; Andrey Bychkov: None; Hoa Pham: None; Yukio Kashima: None; Junya 
Fukuoka: None 

Background: In recent years, the companion diagnosis by pathologists is getting increasing importance for determining molecular targets 
and developing treatment policies in cancer genome medicine. Pathologists are frequently asked to estimate the percentage of tumor cells 
in the tissue; however, this estimation is a time consuming and there is a considerable interobserver variability. Our aim was to develop a 
deep learning algorithm for measuring tumor cellularity in the tissue specimens of lung cancer obtained by transbronchial biopsy.  

Design: One hundred cases of TBB with lung adenocarcinoma were retrieved from the tissue archive of Nagasaki University Hospital. For 
training model, 10644 annotations from 200 fragments of 40 cases were run in 3 million iterations with HALO AI®. To evaluate the 
accuracy of cancer recognition, the whole area of the other 10 cases was separated into 14611 blocks of 0.01 mm2. Sensitivity and 
specificity were calculated based on the true and false detections in each block. Finally, based on segmentation of tumor by the educated 
model, the percentage of tumor tissue in each case was calculated using the nuclear detection software (HALO® built-in). Cases without 
sufficient levels of segmentation were excluded. Visual recognition of tumor cellularity by 4 expert pathologists was obtained independently 
for the same cases. The 50 testing cases were also annotated by pathologists and cell counts based on the annotated images were set as 
accurate answers. 

Results: The educated model achieved 96.2% sensitivity and 85.2% specificity to identify tumor areas. For testing cases, out of 50 cases, 
29 cases showed enough levels of segmentation by educated model. Among the 29 cases, calculated percentages of tumor were more 
accurate than those scored by pathologists in 23 cases. Average deviations were 3% for educated model and 11%, 17%, 22%, 14% for 
each pathologist, respectively. These results indicate that reproducibility and interobserver agreement of tumor cellularity recognition by 
pathologists are low. If tumor area recognition by educated model is confirmed as sufficient by pathologist, use of the automated model is 
beneficial. 

 
PathologistA PathologistB PathologistC PathologistD HALO 

Average deviation 11% 17% 22% 14% 3% 

Standard deviation 0.104 0.170 0.151 0.120 0.027 
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Figure 1 - 1828  

 

Figure 2 - 1828  

 

Conclusions: Deep learning model is highly accurate to identify tumor cellularity in transbronchial biopsy from the patients with 
adenocarcinoma when the algorithm recognizes tumor accurately. Our model can be considered as a useful ancillary tool for the routine 
evaluation of lung cancer biopsies. 

1829   CMTM6, the New PD-L1 Regulator, Correlates with PD-L1 Expression in Lung Cancer  
Feng Gao1, Jun Li2, Heidi Chu2, Jing Chen1  
1Jingjiang People’s Hospital, Zhenjiang, China, 2Applied Biological Materials.Inc, Richmond, BC  

Disclosures: Feng Gao: None; Jun Li: None; Heidi Chu: None; Jing Chen: None 

Background: Lung cancer is the most commonly diagnosed cancer in Canada (excluding the non-melanoma skin cancer) and the leading 
cause of death from cancer for both men and women. Recent discoveries about immune check point, especially the PD-1/PD-L1 axis, shed 
new lights for lung cancer therapy, but the bottle neck is still the unsatisfying response rate. It was reported that CKLF-like MARVEL 
transmembrane domain containing 6 (CMTM6) serves as the stabilizer of PD-L1 and enhances the negative regulatory effect of PD-L1 on 
immune system, with different tumor cell lines. There has been to date no report about the expression of CMTM6 in lung cancer, and its 
correlation with PD-L1 expression, as well as with lung cancer clinical pathological parameters. The aim of this study is to identify the 
relationship of CMTM6 and PD-L1 expression in lung cancer. 

Design: Samples: 

FFPE samples from previously diagnosed lung cancer patients were collected. 81 samples were included in this study, covering 16 small 
cell lung carcinomas (SCLC), 21 squamous cell lung cancers, 23 lung adenocarcinoma in situ and 21 lung invasive adenocarcinomas, with 
the latter 3 types considered as non-small cell lung carcinomas (NSCLC). 31 and 50 samples are from female and male patients, 
respectively, with the median age at 63.  

Methods: 

Immunohistochemistry staining: All 81 samples were stained with both PD-L1 (clone IHC411) and CMTM6 (Clone IHC690) monoclonal 
antibodies. The expression of PD-L1 and CMTM6 were evaluated by 3 individual researchers who were blinded to the sample clinical 
pathological information. The correlation between CMTM6 and PD-L1 expression, and their expression with lung cancer histology types, 
metastasis as well as gender and age were analyzed. 

Results: 1. PD-L1 and CMTM6 expression were significantly correlated (p=0.001), with all PD-L1 positive samples showed positive 
CMTM6 expression. 

2. CMTM6 expression is significantly higher in NSCLC when compared with SCLC (p<0.0001), with the highest expression in invasive 
adenocarcinomas. 

3. CMTM6 expression is significantly correlated with lymph node metastasis (p=0.017), while it is not significantly correlated with patients’ 
age and gender. 
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Figure 1 - 1829  

 

Figure 2 - 1829  

 

Conclusions: CMTM6 and PD-L1 expression are correlated in NSCLC and associated with cancer invasiveness and metastasis. 

1830   Mucoepidermoid Carcinomas of the Lung and Salivary Gland: A Comparative Comprehensive 
Genomic Profiling Study  
Laurie Gay1, Julia Elvin2, Jo-Anne Vergilio2, J. Keith Killian2, Nhu Ngo2, Shakti Ramkissoon3, Eric Severson3, Amanda 
Hemmerich3, Siraj Ali1, Jon Chung2, Venkataprasanth Reddy2, Alexa Schrock2, Vincent Miller2, Robert Corona4, Jeffrey Ross5, 
Michael Williams6  
1Cambridge, MA, 2Foundation Medicine, Cambridge, MA, 3Foundation Medicine, Morrisville, NC, 4Syracuse, NY, 5Upstate Medical 
University, Syracuse, NY, 6SUNY Upstate Medical University, Syracuse, NY  

Disclosures: Laurie Gay: None; Julia Elvin: Employee, Foundation Medicine, Inc.; J. Keith Killian: Employee, Foundation Medicine, Inc.; 
Nhu Ngo: None; Eric Severson: Employee, Foundation Medicine Inc.; Amanda Hemmerich: Employee, Foundation Medicine, Inc.; Alexa 
Schrock: Employee, Foundation Medicine, Inc.; Vincent Miller: Employee, Foundation Medicine Inc.; Advisory Board Member, Revolution 
Medicines; Jeffrey Ross: Employee, Foundation Medicine, Inc.; Michael Williams: None 

Background: The molecular features of the uncommon mucoepidermoid carcinoma of the lung (LMEC) have not been widely evaluated. 
We performed comprehensive genomic profiling (CGP) to compare the genomic alterations (GA) of LMEC with the more common version 
of this tumor originating in salivary glands (SMEC). 

Design: Using FFPE tissues from clinically advanced tumors, 10 cases of LMEC and 75 cases of SMEC underwent hybrid capture-based 
CGP to evaluate all classes of genomic alterations. Tumor mutational burden (TMB) was determined on 1.1 Mbp of sequenced DNA and 
microsatellite instability (MSI) was determined using a principal components analysis of optimized loci. 

Results: Using FFPE tissues from clinically advanced tumors, 10 cases of LMEC and 75 cases of SMEC underwent hybrid capture-based 
CGP to evaluate all classes of genomic alterations. Tumor mutational burden (TMB) was determined on 1.1 Mbp of sequenced DNA and 
microsatellite instability (MSI) was determined using a principal components analysis of optimized loci. 
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LMEC SMEC 

Number of cases 10 75 
Median age (range) years 57 (13-72) 59 (26-88) 
Gender (female; male) 4; 6 31; 44 
GA/tumor 5.5 4.2 
Top CRGA NF1 20% 

STK11 20% 

PIK3CA 10% 

ALK 10% 

NTRK 10% 

PIK3CA 20% 

ERBB2 11% 

PTEN 7% 

FGFR1 5% 

BRCA2 5% 
Selected Non-CRGA CDKN2A 40% 

CDKN2B 40% 

TP53 30% 

KRAS 30% 

CDKN2A 49% 

TP53 47% 

CDKN2B 32% 

KRAS 7% 
MSI-High 0% 0% 
Median TMB (mut/Mb) 1.7 3.5 
TMB>10 mut/Mb 20% 17% 
TMB>20 mut/Mb 0% 13% 

 

Conclusions: LMEC and SMEC share similar clinical features and frequencies of MTOR pathway alterations by CGP. The opportunities 
for targeted therapies differ, with LMEC featuring targetable kinase fusions (ALK and NTRK3) and SMEC featuring ERBB2 and FGFR1 GA. 
The potential for immunotherapy benefit also differs with the SMEC group having a significantly higher TMB > 20 mut/Mb than the LMEC 
group. Based on this data, further study by CGP of these rare tumors appears warranted. 

1831   Acute Lung Injury Pattern is a Frequent Histologic Finding in Lung Tissue Following Immune 
Checkpoint Inhibitor Therapy  
Andrew Golden1, Saira Imran1, Marc Feinstein1, Matthew Hellmann1, Andrew Plodkowski1, Natasha Rekhtman1, Hira Rizvi1, 
William Travis1, Diane Stover1, Jennifer Sauter1  
1Memorial Sloan Kettering Cancer Center, New York, NY  

Disclosures: Andrew Golden: None; Saira Imran: None; Marc Feinstein: None; Matthew Hellmann: Consultant, Merck, Bristol-Myers 
Squibb, AztraZeneca, Genentech/Roche, Janssen, Nektar, Syndax, Mirati, and Shattuck Labs; Grant or Research Support, BMS; Andrew 
Plodkowski: None; Natasha Rekhtman: None; Hira Rizvi: None; William Travis: None; Diane Stover: None; Jennifer Sauter: None 

Background: Antibodies that block immune checkpoints targeting the cluster of differentiation 142 (CTLA-4) and programmed cell death 
protein 1/programmed death-ligand 1 (PD1/PD-L1) pathways have become important in the treatment of many malignant tumors. Although 
there is increasing awareness of drug-induced pneumonitis following immunotherapy (IO), to our knowledge, the histopathologic findings 
have not been well described in the pathology literature. Herein, we report the histopathologic findings in a series of patients whose 
treatment was limited to IO. 

Design: A search of the laboratory information system at the study institution for patients with clinical pneumonitis following treatment with 
IO who underwent lung tissue sampling from 2013 to present was performed. Patients treated with other modalities (chemotherapy, 
targeted therapy or radiation to the thorax) and patients with infectious etiologies were excluded. All archived histology slides available 
were retrospectively reviewed by two thoracic pathologists. All available radiology was retrospectively reviewed by a thoracic radiologist. 

Results: Five patients (all male; median age 73, range 56-75 years) were identified who had received only IO (ipilimumab and nivolumab) 
for advanced stage malignancies (4 melanoma and 1 lung adenocarcinoma) prior to tissue sampling for pneumonitis. A subset has been 
previously reported (Naidoo et al., J Clin Oncol.2017;35:709-717). Clinical presentation and imaging findings are reported in Table 1. All 
five patients had histopathologic evidence of inflammatory injury (4 transbronchial biopsies and 1 autopsy). Acute lung injury (ALI) pattern 
was present in three patients, two of which showed diffuse alveolar damage (DAD) with hyaline membrane formation. Organizing 
pneumonia (OP) was the predominant finding in two patients. Cellular interstitial pneumonitis (CIP), comprised of chronic inflammation, was 
also present in four patients. Granulomas, lymphoid aggregates or follicles and fibrosis were not identified. Special stains for fungal and 
mycobacterial organisms were negative in all cases. Treatment and follow up data are reported in Table 1. 



 

 

25 

Patient Presentation Lung Imaging (CT) Pathology 
specimen 

Histopathology Treatment Follow-up (interval 
in months) 

1 Dyspnea with 
exertion requiring 
ventilation 

Bilateral patchy 
ground glass 
opacities 

Transbronchial 
biopsy 

ALI, CIP Steroids Dead (2 mos) 

2 Dyspnea with 
exertion requiring 
CPAP 

Bilateral ground 
glass opacities with 
septal thickening 
and areas of 
confluence 

Transbronchial 
biopsy 

DAD, CIP Steroids and 
infliximab 

Dead (0.5 mo) 

3 Dyspnea Ground glass 
opacity and 
consolidation (right 
lung) 

Transbronchial 
biopsy 

OP, CIP Steroids Consolidation 
resolved on CT (1.5 
mos) 

4 Asymptomatic Bilateral ground 
glass opacities 

Transbronchial 
biopsy 

OP, CIP Steroids Resolved on CT (4 
mos) 

5 Intermittent 
dyspnea requiring 
ventilation 

Bilateral multifocal 
airspace opacities 

Autopsy DAD No treatment Not applicable 

Conclusions: In this small series, histologic patterns of ALI were seen in lung tissue from patients following IO.  This finding suggests that 
patients treated with IO who experience clinical symptoms of pneumonitis may be at increased risk of subacute or ALI. However, this 
finding requires further study in an expanded cohort. 

1832   Pulmonary Adenocarcinomas with Hepatoid and Rhabdoid Features: Relationship to Loss of TTF-1 
and SMARCA4/BRG-1 Protein  
Allen Gown1, Cigdem Ussakli2  
1PhenoPath Laboratories, PLLC, Seattle, WA, 2PhenoPath Laboratories, Seattle, WA  

Disclosures: Allen Gown: None; Cigdem Ussakli: None 

Background: TTF-1 expression defines a large, but incomplete, fraction of primary pulmonary adenocarcinomas.  SMARCA4/BRG1-
deficient carcinomas are emerging as a group of TTF1-negative non-small cell lung carcinomas (NSCLC). SMARA/BRG1-deficient tumors 
show morphologic and immunophenotypic heterogeneity with increased incidence of rhabdoid morphology, and significant incidence 
of positivity for HepPar1, the antibody that identifies the urea cycle enzyme, carbamoyl phosphate synthetase 1 (CPS), also a surrogate 
marker for hepatoid adenocarcinoma.  We wished to examine the relationship between hepatoid/ rhabdoid morphology and loss of 
expression of TTF-1 and SMARCA4/BRG1. 

Design: We studied the expression of BRG-1/SMARCA4 concurrently with HepPar1 and TTF-1 among NSCLC cases sent to our lab for 
consultation and/or ancillary testing (EGFR driver mutations, PD-L1 (22c3), ALK and ROS1) in 2017 and 2018 to date. Cases were 
selected on the basis of morphology (hepatoid, rhabdoid) and/or loss of TTF-1 expression by immunohistochemistry (IHC). HepPar1 and 
TTF-1 were scored as follows: Uniformly (>75% cells), variably (26-75%), focally (1-25%) positive, and negative (<1%). BRG1 is scored as 
a binary. 

Results: Out of the total of 35 cases, 25 were negative and only 4 were uniformly positive for TTF-1. HepPar1 was uniformly positive in 13 
and was negative in 14 cases. Complete loss of BRG1 was seen in only 8 cases. EGFR driver mutation testing, ALK and ROS1 testing by 
FISH was available in 9 cases, and all lacked positivity for these drivers. PD-L1 (22c3) tumor proportion score (TPS) was performed in 14 
cases, where 8 were negative (<1%), 4 were low (1-49%), and only 2 were high (50% and above).  

Conclusions: Amongst the subset of tumors studied here, identified largely by rhabdoid or hepatoid morphology, SMARCA4/BRG1 loss 
was found in approximately one quarter of cases.  Between half and two thirds of SMARCA4/BRG1 loss pulmonary adenocarcinmas 
showed expression of HepPar1, with a comparable fraction showing complete absence of TTF1 expression.  All cases studied showed 
absence of driver mutations or alterations in EGFR, ROS1, or ALK.   The recognition of this tumor subset may be important given 
reported  studies of worse prognosis but increased sensitivity to platinum-based chemotherapy, especially in the setting of negative and 
low PD-L1 setting. These studies need to be extended to wider histology defined groups of pulmonary adenocarcinomas. 
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1833   Solid organ rejection gene signature changes across lung allograft rejection pathologies  
Nancy Greenland1, Ping Wang1, Tiffany Chong2, Jonathan Singer1, G. Zoltan Laszik1, Kirk Jones1, John Greenland1  
1University of California, San Francisco, San Francisco, CA, 2University of California, San Francisco, Emeryville, CA  

Disclosures: Nancy Greenland: None; Ping Wang: None; Tiffany Chong: None; Jonathan Singer: None; G. Zoltan Laszik: None; 
Kirk Jones: None; John Greenland: None 

Background: Lung allograft recipients have the worst survival of any commonly transplanted organ. Chronic lung allograft dysfunction 
(CLAD) is the major limitation to long term survival and quality of life for lung transplant recipients. Multiple rejection pathologies have been 
identified as risk factors for CLAD, specifically perivascular lymphocytosis (A grade), lymphocytic bronchiolitis (B grade), and lymphocytic 
bronchitis (Greenland JR et al. AJRCCM 2013; 187(4):417). Prior work identified a common rejection module (CRM) of 12 genes that were 
over-expressed in acute rejection across four types of solid organ transplant (Khatri P et al. J Exp Med 2013; 210(11): 2205). We 
hypothesized that the CRM would be upregulated in both vascular and airway-centric rejection types.   

Design: We identified 24 subjects divided evenly across the three rejection pathologies: 8 with A score >2 (median A2, max A4), 8 with B 
score >1R (median B1R, max B2R), and 8 with >mild lymphocytic bronchitis. We extracted RNA from FFPE tissue blocks. Twenty-four 
control samples were obtained from the same patients at a time of no identified rejection. We assessed for the presence of bronchus-
associated lymphoid tissue (BALT) in the controls (shown as triangles in the figure). RNA transcripts from the CRM (BASP1, CD6, CD7, 
CXCL9, CXCL10, INPP5D, ISG20, LCK, NKG7, PSMB9, RUNX3, and TAP1) were enumerated using nanoString multiplexed capture 
probes. Differences in the sums of log CRM gene counts were compared by paired Student’s t test. 

Results: The CRM was elevated in perivascular (A grade) rejection (6.6, 95% CI 1.5 to 11.7, P = 0.02) and in peribronchial (denoted E in 
the Figure) inflammation (9.2, 95% CI 3.3 to 15.1, P = 0.008). There was no statistically significant difference in CRM in peribronchiolar (B 
grade) rejection (2.1, 95% CI -0.9 to 5.0, P = 0.14). The two controls for B grade rejection with the highest CRM scores were two of the four 
cases where BALT was identified, and there was a trend toward increased CRM in BALT (6.0, 95% CI -2.5 to 14.6, P = 0.12). 

Figure 1 - 1833  

 

Conclusions: The CRM was elevated in cases of acute perivascular and peribronchial rejection. The association between CRM score and 
lymphocytic bronchiolitis may have been confounded by the presence of BALT. The CRM shows promise as an adjunct molecular 
diagnostic for acute lung transplant rejection. However, further work will be needed to determine the specificity of the CRM for diagnosing 
rejection versus other lymphocyte-associated pathologies. 

 

 

 



 

 

27 

1834   The Usefulness of NF2 Fluorescence In Situ Hybridization for the Diagnosis of Malignant Pleural 
Mesothelioma  
Makoto Hamasaki1, Yoshiaki Kinoshita2, Masayo Yoshimura2, Shinji Matsumoto3, Kazuki Nabeshima4  
1Fukuoka University Hospital, Fukuoka, Japan, 2Fukuoka University School of Medicine and Hospital, Fukuoka, Japan, 3Fukuoka 
University Hospital and School of Medicine, Fukuoka, Japan, 4Fukuoka University School of Medicine and Hospital, Jonan-ku, 
Fukuoka, Japan  

Disclosures: Makoto Hamasaki: None; Yoshiaki Kinoshita: None; Masayo Yoshimura: None; Shinji Matsumoto: None;  
Kazuki Nabeshima: None 

Background: Neurofibromatosis type 2 (NF2) is a tumor suppressor gene which is located on chromosome 22q12.2; it is frequently 
abnormal in cases of mesothelioma. However, NF2 gene deletion, as detected by fluorescence in situhybridization (FISH) (NF2 FISH), for 
differentiating malignant pleural mesothelioma (MPM) from reactive mesothelial hyperplasia (RMH) has not been established. In this study, 
we investigated whether NF2 FISH, either alone or in a combination with other diagnostic assays (9p21 FISH, MTAP IHC, and BAP1 IHC), 
was effective for distinguishing MPM from RMH. 

Design: This study cohort included MPM (n = 47) and RMH cases (n = 27) between 2001 and 2017. We examined the deletion status 
of NF2 and 9p21 as detected by FISH and IHC expression of MTAP and BAP1 in MPM and in RMH. We evaluated FISH signal patterns in 
at least 100 mesothelial cells per sample. As for NF2 FISH, we set the cutoff value for each deletion signal pattern (homozygous deletion, 
chromosome 22 monosomy, or hemizygous deletion) according to the mean frequency (%) + 3×standard deviations of the same pattern in 
the RMH cases. 

Results: Hemizygous NF2 loss (chromosome 22 monosomy or hemizygous deletion) was detected in 25 out of 47 (53.2%) MPM cases. 
No MPM cases showed homozygous NF2 deletion. In addition, hemizygous NF2 loss was not associated with homozygous 9p21 deletion, 
MTAP loss, or BAP1 loss, respectively. Hemizygous NF2 loss showed 53.2 % sensitivity and 100% specificity in differentiating MPM from 
RMH. In this cohort, a combination of NF2 FISH, 9p21 FISH, and BAP1 IHC yielded greater sensitivity (100%) than that detected for each 
diagnostic assay alone (78.7% for 9p21 FISH, 73.3% for MTAP IHC, or 57.4% for BAP1 IHC). 

Conclusions: NF2 deletion detected by FISH is characterized by hemizygous loss in MPM. NF2 FISH alone or in combination with other 
diagnostic assays is effective for distinguishing MPM from RMH. 

1835   Lymph Node Metastasis Does Not Confer a Poor Prognosis in Typical Carcinoid Tumor of the Lung  
Ameer Hamza1, Suyu Liu1, Maria Rubin1, Annikka Weissferdt1, Reza Mehran1, Ignacio Wistuba1, Cesar Moran1, Neda Kalhor1  
1The University of Texas MD Anderson Cancer Center, Houston, TX  

Disclosures: Ameer Hamza: None; Suyu Liu: None; Maria Rubin: None; Annikka Weissferdt: None; Ignacio Wistuba: None; Cesar Moran: 
None; Neda Kalhor: None 

Background: Typical carcinoid tumors of the lung are currently staged using  AJCC 8th Edition staging system for Non-Small Cell Lung 
Carcinoma (NSCLC). However, there is limited data on whether this staging system provides reliable model for formulating the prognosis 
and guiding therapy for carcinoid tumors. Based on the current staging system, metastasis in ipsilateral peribronchial lymph nodes is 
categorized as N1; while metastasis in ipsilateral mediastinal and/or subcarinal lymph nodes is categorized as N2 disease with N2 
corresponding to stages III or IV.   This study explores  the impact of lymph node metastasis  on survival in typical carcinoid tumors. 

Design: This is a retrospective cohort study of patients with typical carcinoid tumor of the lung. Overall and recurrence free survival were 
estimated using the Kaplan-Meier method and differences in survival among different nodal stage categories were assessed using two-
sided log-rank tests. 

Results: We identified  101 patients who underwent surgical resection and lymph node dissection for typical carcinoid between 1999 to 
2011 at MD Anderson Cancer Center. 68% patients were female. Mean age at the time of diagnosis was 51.2 ± 14.5 years. 24 patients 
(24%) had metastatic disease involving thoracic lymph nodes and 20 patients belonged to the N2 category.  Ten patients died and 7 
patients had recurrent disease. The median follow-up time for patients alive during the study period was 7.17 years (range: 0.11- 22.60). 
There were no statistically significant differences between N1, N2  and N0 group regarding overall survival (p=0.74) or recurrence-free 
survival (p=0.56) [Figure 1 and 2]. 
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Figure 1 - 1835  

 

Figure 2 - 1835  

 

Conclusions: These data suggest that  nodal disease does not confer a poor prognosis in typical carcinoid tumor of the lung. 
Reassessment of the staging system for typical carcinoid tumors is warranted.   

1836   Clinicopathological characteristics of lung adenocarcinoma with EGFR compound mutations  
Takuo Hayashi1, Shinji Kohsaka2, Kazuya Takamochi3, Kieko Hara4, Fumiyuki Takahashi3, Yoshiyuki Suehara3, Tsuyoshi Saito3, 
Kenji Suzuki3, Hiroyuki Mano5, Takashi Yao6  
1Juntendo University Graduate School of Medicine, Tokyo, Japan, 2Division of Cellular Signaling, National Cancer Center 
Research Institute, Tokyo, Japan, 3Juntendo University, School of Medicine, Tokyo, Japan, 4Juntendo University, School of 
Medicine, Bunkyo-Ku, Japan, 5National Cancer Center, Chuoku, Japan, 6Juntendo University, Tokyo, Japan  

Disclosures: Takuo Hayashi: None; Shinji Kohsaka: None; Kazuya Takamochi: None; Kieko Hara: None; Fumiyuki Takahashi: None; 
Yoshiyuki Suehara: None; Tsuyoshi Saito: None; Kenji Suzuki: None; Hiroyuki Mano: None; Takashi Yao: None 

Background: A number of EGFR compound mutations decreased sensitivity to EGFR-tyrosine kinase inhibitors (TKIs), suggesting that 
efficacy of EGFR-TKI treatment differs in EGFR mutation types in lung adenocarcinoma. However, clinicopathological impacts 
of EGFR compound mutations in lung adenocarcinoma remain unclear.  

Design: We have earlier examined the presence of EGFR compound mutations primarily in the cis allele by gDNA or cDNA based 
amplicon sequencing or droplet digital PCR in 462 completely resected EGFR-mutated adenocarcinomas of the lung, identifying 64 tumors 
with compound mutations. We evaluated clinicopathological characteristics of lung adenocarcinomas with EGFR compound mutations in 
comparison to those with single mutation, such as L858R. Patients who had received preoperative treatment with EGFR-TKIs were 
excluded. 

Results: Among 64 EGFR compound mutations, L858R/E709G (9%) was the most frequent mutation type followed 
by L858R/S768I (8%), L858R/T790M (8%), and L858R/L833V (6%). Both single and compound mutations were frequently seen in female, 
never or light smokers, adenocarcinomas with predominantly lepidic pattern, and showed TTF-1 immunoreactivity. In contrast, compound 
mutations were significantly associated with lymph node metastasis (p=0.012) and the presence of tumor cells with clear cytoplasm 
(p=0.0014). Furthermore, metastatic tumor cells in lymph nodes showed focally neuroendocrine differentiation in a case 
with L858R/S306 compound mutations. No significant differences were seen in both progression-free and overall survival among single 
and compound mutations; however, patients with compound mutations tended to be poor overall survival. 

Conclusions: A subset of EGFR-mutated lung adenocarcinoma harbors compound mutations and manifests neuroendocrine 
differentiation before acquisition of resistance to EGFR-TKI treatment. Overall, cliniopathological features are similar 
between EGFR single and compound mutations; however, tumors with compound mutation may be characterized by node-positive and 
cytological findings of clear cell features. 
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1837   HEG1 Is Useful to Distinguish Malignant Mesothelioma from Carcinomas and Selected Sarcomas  
Kenzo Hiroshima1, Di Wu2, Yasuo Sekine2, Daisuke Ozaki3, Toshikazu Yusa4, Shoutaro Tsuji5, Yohei Miyagi5, Ann Walts6, Alberto 
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LSI Medience Corporation; Grant or Research Support, Asteras Corporation 

Background: We previously reported that HEG1 is more sensitive for the diagnosis of malignant mesothelioma (MM) than calretinin, WT1, 
and D2-40, but stains some pleomorphic carcinomas of the lung. The aim of this study was to further evaluate immunoreactivity for HEG1 
in other malignancies and its usefulness as a diagnostic marker for MM. 

Design: Biopsies from 106 MMs, 61 pulmonary carcinomas, 9 esophageal carcinomas, 6 gastric carcinomas, 6 colon carcinomas, 6 breast 
carcinomas, 8 ovarian carcinomas, 6 uterine cervical carcinomas, 6 leiomyosarcomas, 6 angiosarcomas, 16 fibrous pleuritis, and 23 cell 
blocks of effusion were retrieved from our institutes’ files. Immunohistochemical staining using a monoclonal antibody against HEG1 
prepared as described previously was performed following autoclave antigen retrieval. Endothelial cells served as positive controls and 
lymphocytes served as negative controls.  

Results: All of 50 epithelioid mesotheliomas (EMs) (100%), 28 of 30 biphasic mesotheliomas (BMs) (93.3%), and 19 of 26 SMs (73.1%) 
were positive for HEG1. Most of EMs (94%) and BMs (89%) displayed strong membranous reactivity for HEG1. However, most of SMs 
(90%) displayed cytoplasmic reactivity. All pulmonary adenocarcinomas and large cell neuroendocrine carcinomas, gastric, colonic, breast 
carcinomas, and ovarian origin were negative for HEG1. Seven of 16 pulmonary squamous cell carcinomas (44%), all of two pulmonary 
adenosquamous carcinomas, 4 of 7 pleomorphic carcinomas (57%), one of 9 esophageal carcinomas (11%) and 2 of 6 uterine cervical 
carcinomas (33.3%) were also positive for HEG1. Twelve of 16 fibrous pleuritis were also positive for HEG1 (75%). All of leiomyosarcomas 
and angiosarcomas were positive for HEG1. Staining pattern of HEG1 in sarcomas and fibrous pleuritis was predominantly cytoplasmic. As 
a whole, sensitivity and specificity of HEG1 for the differentiation between EM and adenocarcinomas is 100%. All of cell blocks from MM 
were positive for HEG1, and mesothelial cells in effusion of non-neoplastic diseases were also positive. 

Conclusions: HEG1 is a very sensitive marker for the diagnosis of MM, particularly EM, and it is very specific for the differential diagnosis 
of MM vs. adenocarcinomas of various sites of origin. Staining pattern of HEG1 in EM and BM is predominantly membranous. HEG1 is less 
specific for the differential diagnosis of MM vs. squamous cell carcinomas, pleomorphic carcinomas, and sarcomas, although the staining in 
these tumors is predominantly cytoplasmic. 

1838   Molecular Characterization of Localized Malignant Pleural Mesothelioma Identifies Two Genetic 
Subgroups: Inactivating Mutations of BAP1/CDKN2A/NF2 and Relative Copy-Number Gains of 
Chromosomes 5 and 7  
Yin Hung1, Fei Dong2, Raphael Bueno2, Paola Dal Cin2, Adrian Dubuc2, Lucian Chirieac3  
1Massachusetts General Hospital, Boston, MA, 2Brigham and Women's Hospital, Boston, MA, 3Brigham and Women's Hospital, 
Harvard Medical School, Boston, MA  

Disclosures: Yin Hung: None; Fei Dong: None; Raphael Bueno: Speaker, Siemens; Major Shareholder, Navigation Sciences; Grant or 
Research Support, Roche-Genentech; Grant or Research Support, Gritstone; Grant or Research Support, Epizyme; Paola Dal Cin: None; 
Adrian Dubuc: None; Lucian Chirieac: Consultant, Medicolegal work related to mesothelioma 

Background: Localized malignant pleural mesothelioma is a rare solitary circumscribed pleural tumor showing microscopic features of 
diffuse malignant pleural mesothelioma. Its molecular characteristics and nosologic relationship with its diffuse counterpart remain poorly 
understood. 

Design: In our institutional cohort of >1000 malignant pleural mesotheliomas resected in 2005-2018, we identified six patients diagnosed 
with localized malignant pleural mesotheliomas. We gathered clinical information, evaluated histology and immunohistochemistry, and, in 
select cases, performed karyotyping, microarray-based comparative genomic hybridization, and targeted next generation sequencing for 
single-nucleotide, copy-number, and structural variants. 

Results: The cohort involved three women and three men (median age 63; range 28-76), most often presenting incidentally during 
radiologic evaluation for unrelated conditions. Neoadjuvant chemotherapy was administrated in two patients prior to surgical resection. All 
pleural tumors (median size 5.0 cm; range 2.7-13.5 cm) demonstrated gross circumscription (with microscopic invasion to adjacent lung, 
soft tissue, and/or rib in 4 cases), typical mesothelioma histology (four biphasic- and two epithelioid-predominant), and mesothelial 
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immunophenotype (positive for AE1/AE3, WT-1, and calretinin in all and D2-40 in 80% of cases tested). Of four patients with follow-up of at 
least six months (median duration 1.3 years, range 0.5-8.3 years), three were alive and one died of disease. Genomic characterization 
identified two distinct molecular subgroups: The first subgroup harbored recurrent inactivating mutations in BAP1 (with complete loss of 
BAP1 protein expression) along with deletions of CDKN2A and NF2. The second subgroup lacked targeted mutations 
in BAP1/CDKN2A/NF2 but instead harbored relative copy-number gains involving chromosomes 5 and 7, in one case associated with a 
near-haploid karyotype with extensive genomic loss of heterozygosity. 

Conclusions: Despite the small number of cases examined, localized malignant pleural mesotheliomas comprise two apparently mutually-
exclusive molecular subgroups, characterized by BAP1/CDKN2A/NF2 mutations and relative copy-number gains of chromosomes 5/7. 
While the first subgroup shares similar alterations with diffuse malignant pleural mesothelioma, suggesting that they are indeed within the 
same nosologic spectrum, the second subgroup may represent a distinct tumor with more indolent behavior and await further 
characterization. 

1839   Clinicopathologic and Prognostic Significance of Neuroendocrine Differentiation, Aberrant p53 
Expression, and Loss of Rb Expression in Lung Adenocarcinomas  
Yin Hung1, Marina Kem1, Mari Mino-Kenudson1  
1Massachusetts General Hospital, Boston, MA  

Disclosures: Yin Hung: None; Marina Kem: None; Mari Mino-Kenudson: None 

Background: A subset of non-small cell lung carcinomas expressed neuroendocrine (NE) markers despite lacking histologic evidence of 
NE features. Its clinicopathologic features and nosologic relationship with large-cell neuroendocrine carcinomas (LCNEC), which harbor 
frequent tp53/Rb mutations, remained unclear. This study examined the expression of NE markers, p53, and Rb and assessed their 
significance in lung adenocarcinomas (LUAD). 

Design: In an institutional cohort of 346 LUAD, we performed immunohistochemistry on tissue microarray sections for synaptophysin, 
chromogranin, CD56, Rb, and p53. Synaptophysin, chromogranin, and CD56 were considered positive when staining in ≥5%, ≥1%, and 
≥5% of tumor cells, respectively. Rb expression was scored as intact or loss (≤10%). p53 expression was aberrant when null (<1%) or 
over-expressed (≥50%). Data were correlated with targeted next-generation sequencing and clinical outcome available in 260 patients. 

Results: The cohort comprised 218 women and 128 men (median age 69 yr; 79% smokers; 77% Stage 1); 57% of tumors were 
acinar/lepidic-predominant. Positivity for one NE marker was detected in 24 (7%), two markers in 4 (1%), and all three markers in 2 (0.6%). 
Synaptophysin and/or CD56 expression was considerable (≥25%) in 12 (3%) tumors. One acinar adenocarcinoma expressed both 
synaptophysin and CD56 focally with concurrent aberrant p53 and loss of Rb. NE marker expression alone was not associated with any 
clinicopathologic features, KRAS/EGFR mutation status, or p53/Rb expression. Aberrant p53 expression was seen in 45% of LUAD, more 
prevalent in solid-predominant adenocarcinoma than those of other subtypes (68% vs 44%; p<0.01) and in KRAS-wild-type than KRAS-
mutant tumors (55% vs 37%; p<0.01). Rb loss was seen in 19% of LUAD, more common in EGFR-mutant than EGFR-wild-type tumors 
(35% vs 14%; p<0.002). No prognostic significance was noted with any NE immunoreactivity or aberrant p53/Rb expression. Nonetheless, 
subgroup analysis showed considerable (≥25%) NE marker expression was associated with worse overall survival in all patients (p<0.05) 
and those with Stage 1 disease (p<0.05). 

Conclusions: NE differentiation by immunohistochemistry, aberrant p53 expression, and Rb expression loss each was present in a 
substantial fraction of LUAD, suggesting that each feature alone could not distinguish LUAD from LCNEC. While focal NE immunoreactivity 
or aberrant p53/Rb expression showed no prognostic significance, considerable NE expression portended poor prognosis. 

1840   Immunohistochemistry for MTAP Shows Excellent Interobserver Agreement in Malignant 
Mesothelioma  
Aliya Husain1, Kyra Berg2, Andrew Churg3, Francoise Galateau Salle4, Kenzo Hiroshima5, Thomas Krausz6, Nolwenn Le Stang, 
Stephanie McGregor7, Kazuki Nabeshima8, Jefree Schulte1, David Chapel1  
1University of Chicago, Chicago, IL, 2Vancouver, BC, 3Vancouver General Hospital, Vancouver, BC, 4Centre Léon Bérard, Lyon, 
France, 5Tokyo Women's Medical Univ-Yachiyo Medical Center, Yachiyo, Japan, 6University of Chicago Hospital, Chicago, 
IL, 7University of Wisconsin, Madison, WI, 8Fukuoka University School of Medicine and Hospital, Jonan-ku, Fukuoka, Japan  

Disclosures: Aliya Husain: None; Kyra Berg: None; Andrew Churg: None; Francoise Galateau Salle: None; Kenzo Hiroshima: None; 
Thomas Krausz: None; Nolwenn Le Stang: None; Stephanie McGregor: None; Kazuki Nabeshima: None; Jefree Schulte: None; David 
Chapel: None 

Background: Homozygous deletion (HD) of CDKN2A is highly specific cytogenetic marker of malignancy in mesothelial proliferations. Until 
recently, fluorescence in situ hybridization (FISH) has been the principal assay for detecting CDKN2A HD. However, recent studies have 
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suggested that loss of MTAP expression by immunohistochemistry (IHC) is a reliable surrogate for FISH detection of CDKN2A HD. 
However, large interinstitutional studies of interobserver agreement for MTAP IHC evaluation are needed. 

Design: We performed MTAP IHC (clone 42-T, 1:100) on 97 malignant pleural mesotheliomas (13 biopsies, 84 resections) and 18 benign 
mesothelial specimens.  MTAP loss was defined by complete absence of cytoplasmic staining in tumor cells, in the presence of a positive 
internal control. All cases were scored independently by four pathologists. Each case was further evaluated for spindled morphology and 
intratumoral histiocyte infiltrate. When available, CDKN2A FISH data was collected from clinical records. Interobserver agreement was 
calculated using Fleiss’s kappa. 

Results: There was complete agreement among scoring pathologists in 88 of 97 malignant mesotheliomas and in all 18 benign mesothelial 
specimens. Overall agreement between pathologists scoring MTAP IHC was 94%, with a free-marginal kappa coefficient of 0.88 (95% CI, 
0.82-0.95). Disagreement between pathologists was significantly more likely in biopsy specimens (p=0.0078), but not among cases with 
spindled morphology or intratumoral histiocytic infiltrate. CDKN2A results were available in 44 cases, of which 25 showed CDKN2A HD. 
Sensitivity of MTAP IHC for detection of CDKN2A HD was 80%, and specificity was 89%. 

Conclusions: Interobserver agreement is excellent between pathologists scoring MTAP IHC in mesothelioma. Particular care should be 
used when evaluating MTAP IHC in biopsy specimens, as interobserver disagreements were significantly higher in biopsies. Importantly, in 
one case MTAP IHC was scored as lost by all evaluating pathologists, despite retention of CDKN2A by FISH, highlighting the need for 
careful interpretation of MTAP IHC in the context of morphology and other ancillary studies. 

1841   Interchangeability between SP263 and 22C3 assays in lung cancer specimens: a reality in daily 
practice  
Min Hye Jang1, Jina Baek2, Kyeong-Cheol Shin2, Jang Hoon Lee2  
1Yeungnam University Hospital, Daegu, Korea, Republic of South Korea, 2Yeungnam University School of Medicine, Daegu, 
Korea, Republic of South Korea  

Disclosures: Min Hye Jang: None; Jina Baek: None; Kyeong-Cheol Shin: None; Jang Hoon Lee: None 

Background: SP263 assay was originally investigated alongside durvalumab which blocks programmed death ligand 1 (PD-L1) binding to 
programmed death 1 (PD-1) and CD80 but it was later approved as companion diagnostic assay for pembrolizumab, anti–PD-1 inhibitor in 
non-small cell lung cancer. Pembrolizumab was originally approved in parallel with 22C3 assay using Dako Link 48 platform. However, 
most of the Korean pathologic laboratories do not equip Dako platform, SP263 assay using Ventana platform is preferred instead of 22C3 
assay. Thus, we studied interchangeability between two assays using clinical lung cancer specimens. 

Design: We retrospectively reviewed the 22C3 and SP263 IHC assay, performed in lung cancer specimens obtained by percutaneous 
needle biopsy, endobronchial ultrasono-guided biopsy and resection. Immunohistochemical staining and scoring were performed strictly 
according to the recommended protocol. We evaluated the difference between two assays in 197 cases and analyzed the agreement 
between the assays according to several cutoffs. 

Results: Mean tumor cell (TC) scores of 22C3 and that of SP263 were similar. Concordance between 22C3 and SP263 was very good 
(intraclass correlation coefficient = 0.893). When dichotomized according to the cutoff of TC score 1, the agreement between 22C3 and 
SP263 was poor (κ = 0.564). When using TC score 50 as cutoff point, the agreement between two was moderate (κ = 0.655) but positive 
percent agreement (79.63%) was quite low. About 15% of cases showed disagreement between 22C3 and SP263. When using the cutoff 
of TC score 10, the agreement was increased (κ = 0.716) and positive percent agreement (89.13%) was higher than when using cutoff of 
TC score 50. The discordance between two assays was not related of any characteristics we analyzed, including histologic type of tumor, 
type of specimen and the count of tumor cells.  
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Figure 1 - 1841  

 

Conclusions: Although the concordance between 22C3 and SP263 assays was quite good, SP263 assay could not perfectly replace 
22C3 assay in daily practice. Therefore we recommend performing both assays in clinical practice, as possible.  

1842   Clinical-histological patterns and BRAFV600E mutation in a series of 17 childhood pulmonary 
Langerhans cell histiocytosis patients  
Marianne Kambouchner1, Jean-Francois Emile2, Hubert Ducou-Le-Pointe3, Jean-Francois Bernaudin4, Jean Donadieu3  
1Avicenne Hôpital, Paris, France, 2APHP, Ambroise-Paré University Hôpital, Boulogne Billancourt, France, 3APHP, Armand-
Trousseau University Hôpital, Paris, France, 4APHP, Avicenne University Hôpital, Bobigny, France  

Disclosures: Marianne Kambouchner: None; Jean-Francois Emile: None 

Background: Langerhans cell histiocytosis (LCH) occurs in adults and children. It is associated with somatic mutations, 
especially BRAFV600E (v-RAF murine sarcoma viral oncogene homolog B) in ~50% of children and 35% of adults. The lung is frequently the 
only organ involved in adult pulmonary LCH (PLCH), which is strongly associated with tobacco smoking that triggers CD1a+LC recruitment 
in distal airways. 

       Unlike adults, childhood PLCH is less frequent and more commonly associated with extrapulmonary involvement, so it can be 
definitively diagnosed with a panel of non-invasive biopsies. Consequently, clinical-histological studies on childhood PLCH are scarce and 
rarely focused on its histology. 

This prompted us to conduct a retrospective histopathology study on the childhood PLCHs entered into the French National Histiocytoses 
Registry over 34 years (1983–2016), to describe childhood PLCH histopathology according to the clinical and radiological features 
and BRAFV600E mutation status. 

Design: The records of 1836 LCH patients, ≤18 years old were retrieved from the FNHR. 

PLCH was diagnosed in 168 (9.1%) patients and pulmonary biopsies had been obtained for 20. Among them, 17 specimens were 
histologically reviewed and correlated to the BRAFV600E status when possible. Clinical and radiological characteristics of these 17 PLCH 
patients with lung-tissue specimens (LTS+) and those of the 148 PLCH children without such samples (LTS–) were compared. 

Results: The characteristics of LTS+ patients are summarized in the table. 

Most of cases shared the same histological pattern as that described in adult : CD1a+LC cystic nodules in a bronchiolocentric distribution 
and fibrous or mixed-pattern cysts even in very young children (Fig1). 

However, 3 specimens had unusual patterns of CD1a+LC infiltration, either pseudotumoral or diffuse interstitial (Fig2). 

Notably, 3 of the 4 samples with BRAFV600E mutation exhibited such an unusual massive interstitial CD1a+LC infiltration. 
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                                                          Table. Individual characteristics of the 17 childhood PLH patients with lung  samples (LTS+) 
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UPN: unique patient number; F: female; M: male; w: weeks; m: months; y: years; RO+/RO–: respectively, with or without involvement of 
extrapulmonary risk organs associated with mortality (liver, spleen or blood); PNO: pneumothorax; CT: computed-tomography scan; ND, 
not done; Nod: nodules, CPA+: costophrenic angle involvement; Alv-C: alveolar condensations; A: alive, D: dead, Respir-I: respiratory 
insufficiency; LC: Langerhans cells; PB: peribronchiolar; M. Alv: macrophage accumulation in alveolar spaces far from CD1a+LC clusters; 
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LC Alv-Int: LC clusters within alveolar and interstitial compartments far from CD1a+LC nodules; mixed: intermediate cellularity; fibrous: a 
few LCs in cyst walls; cellular: amounts of LC in cyst walls; BRAF: v-RAF murine sarcoma viral oncogene homolog B. 

* When lung involvement was diagnosed. 

†CT score when available. 

‡Total section areas analysed. 

Conclusions: The overall histology of most childhood PLCHs is similar to that of adult disease, regardless of age, raising the hypothesis of 
other triggers than tobacco smoke for pulmonary  CD1a+ Langerhans cell recruitment as cause for PLCH. 

Interestingly, most of the pulmonary biopsies of children with BRAFV600E mutation in our series demonstrated unusual histological features 
characterized by a massive CD1a+ Langerhans cell infiltration, either of pseudo-tumoral or diffuse-interstitial pattern 

1843   High Levels of Neuroendocrine Differentiation Distinguishes Pulmonary Basaloid Variant of 
Squamous Cell Carcinoma; Immunohistochemical and Molecular Evidence  
Kianoosh Keyhanian1, William Phillips2, Chi Lai3, Marcio Gomes4, Bryan Lo5, Harmanjatinder Sekhon6  
1University of Ottawa/The Ottawa Hospital, Ottawa, ON, 2University of Ottawa, Ottawa, ON, 3St. Paul’s Hospital, Vancouver, 
BC, 4The Ottawa Hospital/University of Ottawa, Ottawa, ON, 5The Ottawa Hospital/University of Ottawa Hospital/University of 
Ottawa, Ottawa, ON, 6Ottawa Hospital, Ottawa, ON  

Disclosures: Kianoosh Keyhanian: None; William Phillips: None; Chi Lai: None; Marcio Gomes: None; Bryan Lo: Advisory Board Member, 
Bayer; Consultant, Pfizer; Grant or Research Support, Roche; Grant or Research Support, Thermo Fisher; Grant or Research Support, 
ArcherDX; Harmanjatinder Sekhon: None 

Background: Neuroendocrine differentiation (NE-d) is widely studied in non-small cell carcinomas of lung. However, its significance 
remains elusive in Basaloid Squamous Cell Carcinoma (B-SqCC). Our objective was to characterize NE-d in B-SqCC and determine its 
prognostic impact comparing with poorly differentiated (PD)-SqCC. 

Design: Total of 40 B-SqCC and 9 small cell carcinoma resection cases were identified in our institution (2005-2016). Review of B-SqCC 
by two thoracic pathologists identified 20 cases as basaloid predominant (B)-SqCC (10 cases of pure basaloid and 10 cases with >50% 
basaloid differentiation); excluding 20 cases with <50% basaloid differentiation. Equal number (21) of PD-SqCCs were also included as 
controls. Two blocks per case were used for immunohistochemistry (IHC). The Cancer Genome Atlas (TCGA) data from pulmonary SqCCs 
was used to compare basaloid and non-basaloid SqCC gene expression profiles.  

Results: NE IHC results are summarized in the table. NE-d was identified in 65% (13/20) of B-SqCC cases demonstrated by >10% 
positivity with one NE marker whereas 55% (11/20) showed >20% NE positivity and 40% of tumors (8/20) demonstrated positivity with 
more than one NE marker. In comparison, only 19% of PD-SqCCs (4/21) showed >10% positivity with one NE marker (p<0.01) and none 
showed immunoreactivity for more than one NE marker. GeneSet Expression Analysis using Reactome pathways on TCGA SqCC gene 
expression data showed that NCAM1 pathway is significantly upregulated in B-SqCCs (P<0.01). Interestingly, clustering of TCGA SqCC 
cases (subset) using NCAM1 pathway gene set creates a cluster 64% enriched in B-SqCCs (fig 1). Moreover, clustering same cases using 
a selection of 10 NE genes, generates a cluster 80% enriched in B-SqCCs.  

With regards to clinical outcome, 50% (5/10) of pure B-SqCC cases presented with stage T3 or higher comparing to 14% (3/21) of PD-
SqCC patients (p=0.02). In addition, 50% (10/20) of B-SqCCs had disease free survival (DFS) of less than 2 years comparing to 23% 
(4/17) of cases with PD-SqCC (p=0.031). Low number of cases limited comparison of DFS between cases with and without NE-d.  
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Figure 1 - 1843  

 

Conclusions: Our study demonstrates the IHC and molecular evidence for significant NE-d in B-SqCC tumors. Collectively, B-SqCCs 
present at higher T stage and have shorter DFS, indicating their aggressive clinical behavior. Although current B-SqCC management 
strategies are similar to PD-SqCC, higher NE-d rates and aggressive clinical course mandates further management studies. 

1844   Evaluation of H3K27me3 Expression as a Marker of EZH2 Activation in SMARCA4/SMARCA2-
Deficient Tumors and Candidate Biomarker for Trials of EZH2 Inhibitors  
Brie Kezlarian1, Joseph Montecalvo2, Jennifer Sauter1, William Travis1, Mrinal Gounder1, Charles Rudin1, Marc Ladanyi1, Azadeh 
Namakydoust3, Natasha Rekhtman1  
1Memorial Sloan Kettering Cancer Center, New York, NY, 2SUNY Downstate Medical Center, New York, NY, 3Memorial Sloan 
Kettering Cancer Center, Middletown, NJ  

Disclosures: Brie Kezlarian: None; Joseph Montecalvo: None; Jennifer Sauter: None; William Travis: None; Mrinal Gounder: None  
Charles Rudin: Consultant, Abbvie, Amgen; Consultant, Ascentage, AstraZeneca; Consultant, BMS, Celgene; Consultant, Genentech 
Roche, Harpoon; Consultant, Pharmamar, Seattle Genetics; Marc Ladanyi: None; Azadeh Namakydoust: None; Natasha Rekhtman: None 

Background: SMARCA4 is a key component of the SWI/SNF chromatin remodeling complex. SMARCA4 deficiency is implicated in 
pathogenesis of several tumor types, including small cell carcinoma of the ovary, hypercalcemic type (SCCOHT) and, more recently, 
thoracic undifferentiated tumors (so-called SMARCA4-defidient thoracic sarcoma; SD-TS) and a subset of conventional non-small cell lung 
carcinoma (SD-NSCC). Both SCOOHT and SD-TS are characterized by co-deficiency of SMARCA4/SMARCA2, which based on pre-
clinical models is thought to cause over-activity of EZH2 leading to trimethylation of lysine residues at position 27 of histone proteins 
(H3K27me3). Thus, over-expression of H3K27me3 is hypothesized to represent a marker of SMARCA4/SMARCA2 co-deficiency, and 
potential biomarker for the new class of EZH2 inhibitors active in SCOOHT. To date, there have been no detailed studies to analyze 
whether indeed H3K27me3 is over-expressed in tumors with SMARCA4/SMARCA2 co-deficiency and could thus represent a candidate 
biomarker for EZH2 inhibitors. 

Design: Forty-three thoracic tumors with known expression status of SMARCA4 (BRG1) and SMARCA2 (BRM) were analyzed for 
expression of H3K27me3 by immunohistochemistry. Included were SD-TS (n=18), SD-NSCC (n=7) and NSCC with intact SMARCA4 
(n=18), of which 15 tumors were SMARCA4-/SMARCA2-, 10 were SMARCA4-/SMARCA2+, and 18 were SMARCA4+/SMARCA2+ (Figure 
1). As a control group, H3K27me3 expression was analyzed in 5 SCOOHTs (all SMARCA4-/SMARCA2-). H3K27me3 expression was 
quantified by an H score, derived by multiplying percent of positive tumor cells (0-100%) by intensity of staining (1-3+). 

Results: In pair-wise comparison, there was no significant differences in the levels of H3K27me3 expression as a function of 
SMARCA4/SMARCA2 status in thoracic tumors, with comparable expression of H3K27me3 in SMARCA4-/SMARCA2- vs SMARCA4-
/SMARCA2+ vs SMARCA4+/SMARCA2+ cases (Figure 1). The level of H3K27me3 in thoracic tumors was comparable to that of 
SCOOHTs. 
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Figure 1 - 1844  

 

Conclusions: Contrary to the widely-held hypothesis, H3K27me3 expression is not increased in tumors with SMARCA4/SMARCA2 co-
deficiency compared to tumors lacking this co-alteration or with entirely intact SMARCA4. Further studies on expression of EZH2 in 
addition to H3K27me3 in the context of clinical trials of EZH2 inhibitors will be needed to adequately assess predictive biomarkers for these 
drugs; however, this study suggests that H3K27me3 as a sole marker is not useful for identifying tumors with an inactive SWI/SNF 
complex. 

1845   Sex Hormone Signalling in Primary Lung Adenocarcinoma Limits Tumour Virulence and Presents a 
Novel Therapeutic Target  
Farah Khizar1, Tanisha Patel1, Leah Officer2, Marco Sereno1, Claire Smith1, John Le Quesne2  
1University of Leicester, Leicester, United Kingdom, 2MRC Toxicology Unit, Leicester, United Kingdom  

Disclosures: Farah Khizar: None; Tanisha Patel: None; Leah Officer: None; Marco Sereno: None; Claire Smith: None; John Le Quesne: 
None 

Background: Lung cancer is the most common cause of cancer death worldwide. The great majority of cases are non-small cell 
carcinoma, of which around half are adenocarcinomas. In our centre, we observe that following surgery with curative intent, women 
experience a substantially lower risk of death or recurrence than men (HR=0.66 P<0.001). Could this be explained by the different 
hormonal microenvironment of male and female tumours? 

Design: We constructed a large retrospective single-centre continuous series of >1000 resected lung adenocarcinomas. It consists of 23 
multiregional tissue microarrays with comprehensive clinicopathological data, whole section digital images, and FFPE cores which are 
undergoing genomic characterisation. 

Levels of estrogen receptor alpha (ER?), progesterone receptor (PR), and androgen receptor (AR) were determined by 
immunohistochemical assays using validated diagnostic antibodies applied with Leica and Ventana autostainers. Core images were 
collected digitally and tumour cell nuclear intensity was scored by an expert histopathologist. Data from up to 3 cores/case were collected, 
and cases were classified as either positive or negative for ER?/PR or AR expression. 

Results: 16% of tumours show ER? or PR positivity overall. 20% of tumours display AR positivity, with a higher rate of positivity in male 
patients (23% vs 15%, P<.0001). Nuclear:cytoplasmic AR receptor is also significantly higher in men than women (P=0.0002), indicative of 
hormone action. 

In univariate and multivariate survival analyses, ER?/PR expression strongly predicts survival, but only in women (univariate HR=0.64, 
P=0.021). Interestingly, AR expression is also associated with good outcomes, but only in men (univariate HR=0.63, P=0.002). Further sex-
specific associations are seen between receptor expression and measures of tumour stage and virulence (size, nodal status). 
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Conclusions: There are dramatic associations between sex hormone receptor expression and virulence of primary lung adenocarcinoma, 
in the appropriate gender context. One possible explanation is that the activation of sex hormone signalling interferes with mitogenic 
signalling in tumour cells. This holds out the exciting prospect that hormone replacement or supplementation treatment might be a safe, 
well-tolerated and novel treatment modality. 

Studies of ER? expression and of chromatin immunoprecipitation data are ongoing, and we aim to test hormone therapy for lung 
adenocarcinoma in genetically engineered mouse models. 

1846   Assay Comparability of 22C3 and SP263 Immunohistochemistry Staining in Lung Cancer; 1254 
Paired Cases in Real Clinical Practice in a Single Institution  
Hyunjin Kim1, Choi Yoon-La2, Joungho Han1  
1Samsung Medical Center, Seoul, Korea, Republic of South Korea, 2Samsung Medical Center, Sungkyunkwan University School 
of Medicine, Seoul, Korea, Republic of South Korea  

Disclosures: Hyunjin Kim: None; Choi Yoon-La: None 

Background: Pembrolizumab is the novel and prioritized treatment of non-small cell lung cancer (NSCLC) that overexpresses 
programmed death ligand-1 (PD-L1). Such overexpression should be validated by its FDA-approved companion diagnostic test, 22C3 
PharmDx (22C3). Development of multiple PD-L1 blocking agents as well as immunohistochemical assays necessitates the 
interchangeability of the methods for verifying PD-L1 overexpression; such will benefit patients to be selected for a specific immunotherapy 
without having to be redundantly validated. Recently, another antibody, Ventana’s SP263, has been CE-marked to inform treatment 
decisions in NSCLC for pembrolizumab. This study aims to investigate the comparability of these assays in clinical practice. 

Design: 1254 cases with paired 22C3 and SP263 results were selected from the files of department of pathology in Samsung Medical 
Center, between 2017 and 2018. 529 cases (42%) were biopsies, 476 (36%), endobronchial ultrasound guided biopsy (EBUS), and 249 
(20%), resection specimens. 843 (67%) were diagnosed as adenocarcinoma and 274 (22%) as squamous cell carcinoma. 137 (11%) 
cases were ‘others.’ 
Overall, positive, and negative percentage agreement (OPA, PPA, and NPA) were calculated between the two assays at multiple PD-L1 
expression cutoff values (1, 10 25, and 50%). Each parameter was calculated in a subset of samples by the different specimen types and 
cancer types. 

Results: Overall Positive Agreement (OPA) of 87.5,  90.5,  90.5, and  91.7% were achieved between 22C3 and SP263 at the four different 
expression cutoffs (1, 10, 25, and 50%). At all of the cutoffs as well as in the subsets of samples, the positive rate of SP263 was always 
lower than that of 22C3. Most importantly, at the 50% cutoff, 300 cases out of total (1254) were 22C3 positive, but among them, 98 cases 
(32.7%) were SP263 negative. Similarly, for adenocarcinoma, 68/195 (34.9%); for squamous carcinoma, 23/73 (31.5%); for resection, 
14/44 (31.8%); for biopsy, 49/134 (36.5%); and for EBUS, 35/122 (28.7%) were the ‘worrisome’ population who could disadvantage from 
alternating the tests. 

22C3 VS. SP263 OPA, 

POSITIVE RATE OF 22C3 AND SP263 
Expression cutoff ALL SPECIMEN TYPES 

(n=1254) 
Resection 

(n=249) 

Biopsy 

(n=529) 

EBUS 

(n=476) 
≥1% 0.875 

56.3, 51.4 

0.829 

53.8, 54.6 

0.881 

57.5, 51.6 

0.882 

56.3, 49.6 
≥10% 0.905 

39.9, 32.6 

0.912 

38.6, 32.1 

0.904 

40.5, 33.1 

0.903 

39.9, 32.4 
≥25% 0.905 

29.7, 21.8 

0.900 

26.1, 19.3 

0.898 

30.6, 22.7 

0.916 

30.5, 22.1 
≥50% 0.917 

23.9, 16.6 

0.936 

17.7, 12.9 

0.902 

25.3, 16.6 

0.924 

25.6, 18.5 
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Figure 1 - 1846  

 

Figure 2 - 1846  

 

Conclusions: The 22C3 PharmDx and Ventana SP263 show a reasonable but not sufficient correlation in real clinical practice. At the 50% 
cutoff level, which is the indication for first-line therapy of pembrolizumab in NSCLC, 34.9% of adenocarcinoma patients and 33.4 % of 
NSCLC patients would be ineligible if SP263 were used instead of 22C3. 

1847   Two MicroRNA Panels for Lung Cancer Subtyping in Endobronchial Ultrasound Guided Biopsy 
Specimens  
Hui Kong1, Chen Xu2, Shaohua Lu3  
1Fudan University Shanghai Cancer Center, Shanghai, China, 2Fudan University Zhongshan Hospital, Shanghai, 
China, 3Shanghai, China  

Disclosures: Hui Kong: None; Chen Xu: None; Shaohua Lu: None 

Background: Lung cancer is classified into small cell lung cancer (SCLC) and non–small cell lung cancer (NSCLC), which mainly contains 
adenocarcinoma (AC) and squamous cell carcinoma (SQ). Lung cancer subtyping plays an important role in choosing therapeutic 
schemes. Endobronchial ultrasound (EBUS) guided biopsy is a routine examination for diagnosis and staging of lung cancer. Unfortunately, 
it is hard to classify subtype via classic cytology on EBUS biopsy specimens. MicroRNA is reported to be stable and sensitive biomarker of 
lung cancer, which has the potential for lung cancer subtyping.  

Design: In this study, 229 EBUS biopsy specimens (115 AC, 41 SQ, and 73 SCLC) were investigated. Reverse-transcriptase quantitative 
polymerase chain reaction (RT-qPCR) was performed to evaluate expression of 7 candidate microRNAs discovered via microarrays 
previously. Two logistic regression models were constructed based on a training cohort (n = 124) and then validated in an independent 
cohort (n = 105). The area under the receiver operating characteristic curve (AUC) was used to assess the diagnostic accuracy of 
microRNA panels. The diagnostic performance was compared between microRNA panels and cytology.  

Results: Panel A, consisting of miR-34a and miR-375, was built to discriminate SCLC from NSCLC. In training phase, the AUC value was 
0.941 with sensitivity of 90% and specificity of 92%, and in validation phase, the corresponding AUC value was 0.928 with sensitivity of 
85% and specificity of 94%. Similarly, panel B, consisting of miR-205 and miR-375, was used to discriminate SQ from AC. In training 
phase, the AUC value was 0.989 with sensitivity of 94% and specificity of 97%, and in validation phase, the corresponding AUC value was 
0.810 with sensitivity of 83% and specificity of 88%. Compared with cytology, microRNA panels or the combination of microRNA panels 
and cytology were of higher sensitivity and specificity in diagnosis of AC, SQ and SCLC. 
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Diagnosed SCLC Diagnosed NSCLC  

Sensitivity 95% CI PValue Specificity 95% CI PValue 
Cytology 67.1% 

(49/73) 
56.3% - 
78.0% 

0.099 51.3% 
(80/156) 

43.4% - 
59.2% 

0.000 

Panel A 89.0% 
(65/73) 

81.8% - 
96.3% 

 
92.3% 
(144/156) 

88.1% - 
96.5% 

 

Combination 95.9% 
(70/73) 

91.3% - 
100% 

0.002 95.5% 
(149/156) 

92.3% - 
98.8% 

0.000 
 

Diagnosed SQ Diagnosed AC  
Sensitivity 95% CI PValue Specificity 95% CI PValue 

Cytology 58.5% 
(24/41) 

43.3% - 
73.8% 

0.002 48.7% 
(56/115) 

39.6% - 
57.9% 

0.000 

Panel B 82.9% 
(34/41) 

71.3% - 
94.6% 

 
93.0% 
(107/115) 

88.4% - 
97.7% 

 

Combination 85.4% 
(35/41) 

74.4% - 
96.3% 

0.999 94.5% 
(109/115) 

90.7% - 
98.7% 

0.031 

Figure 1 - 1847  

 

Conclusions: In EBUS biopsy specimens, we constructed two microRNA panels for lung cancer subtype discrimination with high 
sensitivity and specificity. Moreover, the combination of microRNA panels and cytology could improve the diagnostic accuracy in further. 
These findings could be helpful in therapy of lung cancer.  

1848   Higher PD-L1 Expression and Worse Prognosis of Pulmonary Sarcomatoid Carcinoma : A 
Clinicopathological Study with PD-L1 Evaluation  
Hyun Jung Kwon1, Jin-Haeng Chung2, Hyojin Kim3, Yeon Bi Han4  
1SNUBH, Seongnam-Si, Korea, Republic of South Korea, 2Seongnam, Korea, Republic of South Korea, 3Seongnam Gyeonggi-do, 
Korea, Republic of South Korea, 4Seoul National University Bundang Hospital, Seoul, Korea, Republic of South Korea  

Disclosures: Hyun Jung Kwon: None; Jin-Haeng Chung: None 

Background: Pulmonary sarcomatoid carcinoma (PSC) is known for its aggressiveness and limited therapeutic strategies. In this 
retrospective cohort study, the clinical characteristics and PD-L1 expression of patients with PSC were compared to patients with non-
sarcomatous NSCLC (nsNSCLC). 

Design: We included 47 PSC and 50 nsNSCLC patients who underwent surgical resection for primary lung cancer at Seoul National 
University Bundang Hospital. PSC cases consisted of 41 pleomorphic carcinoma, 3 spindle cell carcinoma and 3 carcinosarcoma 
while nsNSCLC cases consisted of 32 adenocarcinoma and 18 squamous cell carcinoma. Review of clinicopathological features including 
molecular characteristics and survival analysis were performed. PD-L1 immunohistochemistry was performed using Ventana SP263 assay. 

Results: PSC had a higher composition of male, smokers, larger tumor size, advanced pathologic stage, less EGFR mutation (9.5% in 
PSC vs 20.0% in nsNSCLC) and more KRAS mutation (28.6% in PSC vs 13.3% in nsNSCLC) than nsNSCLC. PSC had worse 
progression-free survival (p = 0.002) and overall survival (p = 0.001) compared to nsNSCLC. 
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With a 50% cut-off value, more than half of PSC (57.5%) showed strong PD-L1 expression while only 2.0% of nsNSCLC expressed PD-L1. 
With a 1% cut-off value, 42 patients of PSC (89.4%) showed positive PD-L1 expression while 24.0% of nsNSCLC was positive. In subtype 
analysis of PSC, PD-L1 expression was higher in sarcoma components than carcinoma components in 40.9% of cases. Difference in PD-
L1 expression was not identified between carcinoma subtypes (adenocarcinoma or squamous cell carcinoma, p=0.075) or sarcoma 
subtypes (spindle cell or round cell, p=0.142). 

Figure 1 - 1848  

 

Figure 2 - 1848  

 

Conclusions:  Pulmonary sarcomatoid carcinoma has higher PD-L1 expression and worse prognosis compared to nsNSCLC. 
Sarcomatous differentiation appeared to be associated with high PD-L1 expression. 

1849   Comparative Evaluation of the Tumour Mutational Burden and Computated Three-Dimensional 
Telomere Profiling as a Predictive Tool for Response to PD-1/PD-L1 Check Point Inhibitors  
Philippe Laflamme1, Michèle Orain2, Andréanne Gagné3, Maxime Lamontagne4, Yohan Bossé5, Philippe Joubert6  
1Centre hospitalier universitaire de Québec-Université Laval, Québec, QC, 2Institut Universitaire de Cardiologie et de Pneumologie 
de Quebec Research Center, Quebec, QC, 3Laval University, Quebec City, QC, 4Quebec Heart and Lung Institute, Québec, 
QC, 5IUCPQ, Québec, QC, 6Quebec Heart and Lung Institute, Quebec, QC  

Disclosures: Philippe Laflamme: None; Michèle Orain: None; Andréanne Gagné: None; Maxime Lamontagne: None; Yohan Bossé: None; 
Philippe Joubert: None 

Background: The use of immune checkpoint inhibitor has revolutionized the outlook on pulmonary oncology, especially for patients with 
advanced cancers. Despite this significant clinical development, only a certain subset of patients is likely to respond to current 
immunotherapies. For this reason, it is critical to develop a quick, reliable and affordable method to identify patients that will respond to 
immune checkpoint inhibitors.  Tumour mutational burden (TMB), the accumulation of somatic mutation in neoplasms, can be evaluated 
through various methods and has shown some promising results in predicting treatment response to immunotherapeutic 
drugs.  Unfortunately, current tools used in the evaluation of TMB require a substantial amount of genetic material. This can be a 
significative problem in lung pathology due to the minimal amount of tissue available for ancillary studies. In this study, we aimed to 
investigate the potential correlation of three dimensional telomere profiling (3D-TNO), a FISH-based method to analyze the three-
dimensional organization of telomeres, with TMB from resection specimens with lung adenocarcinoma (ADK). 

Design: Forty patients with adenocarcinoma (ADK) were recruited for this study. All tumours had whole exome sequencing and analysis 
done in our establishment to determine the TMB score. The telomere analysis was done usingTeloView on twenty individuals with a low 
TMB, and compared to 20 patients with a high TMB, identifying how TeloView compares to TMB as a biomarker. The following features of 
3D-TNO were evaluated: Number of signals, number of aggregates, average intensity, total intensity, nuclear volume, distance nuclear-
center and a/c ratio.  3D-TNO features were compared between two groups defined on the median value of TMB 

Results: Statistical analyses comparing patients with high and low TMB found 4 TeloView telomeric parameters with significant differences 
between the two groups: the number of signals, aggregates, total intensity and the distance to nuclear centre. The second Scale/Index 
analysis confirmed these same 4 TeloView parameters and identified which TMB measures they corresponded to. 

Conclusions: Our study confirms that 3D-TNO can accurately discriminates between low and high mutation burden, as assessed by 
whole-exome sequencing. This study paves the way to the validation of these findings in a cohort of patient treated with immunotherapy in 
order to predict the response to treatment. 
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1850   HTG EdgeSeq ALKPlus Assay: a New Specific Test to Detect ALK, ROS1, and RET Rearrangements 
in Real Life 215 NSCLC Specimens. A Multicentric Study from the PATTERN group  
Sylvie Lantuejoul1, Francesca Damiola1, Laurent Alberti1, Isabelle Rouquette2, Audrey Mansuet-Lupo3, Lucie Tixier4, Anne Cayre5, 
Estelle Clermont6, Aurélie Cazes7, Laure Gibault8, Cecile Badoual9, Hugues Begueret10, Fabien Forest11, Jean Vignaud12, 
Frederique Penault-Llorca13, Diane Damotte14, Veronique Hofman15, Adeline Duc1, Catherine Wolf16, Véronique Haddad17, Anne 
McLeer-Florin18  
1Centre Leon Berard, Lyon, France, 2Toulouse University Hospital, Oncopole, Toulouse, France, 3Hôpital Cochin, Paris, 
France, 4Centre Jean Perrin, Clermont Ferrand, France, 5Centre Jean Perrin, Clermont-Ferrand, France, 6University Hospital 
Toulouse Oncopole, Toulouse, France, 7Hopital Bichat, Paris, France, 8European Hospital Georges Pompidou, Paris, France, 9G 
Pompidou Hospital, Paris, France, 10University Hospital Bordeaux, Pessac, France, 11CHU de Saint Etienne, Saint Etienne, 
France, 12Nancy, France, 13Clermont-Ferrand, France, 14University Hospital Cochin, AP-HP, Paris, France, 15University Hospital 
Nice, Nice, France, 16HTG Molecular Diagnostic, Tucson, AZ, 17Centre Léon Bérard, Lyon, France,18Département d'Anatomie et 
Cytologie Pathologiques, CHU Grenoble Alpes, Grenoble, France  

Disclosures: Sylvie Lantuejoul: None; Francesca Damiola: None; Laurent Alberti: None; Isabelle Rouquette: None; Audrey Mansuet-Lupo: 
None; Lucie Tixier: None; Anne Cayre: None; Estelle Clermont: None; Aurélie Cazes: None; Laure Gibault: None; Cecile Badoual: None; 
Hugues Begueret: None; Fabien Forest: None; Jean Vignaud: None; Frederique Penault-Llorca: Consultant, pfizer; Consultant, Roche; 
Diane Damotte: None; Veronique Hofman: None; Adeline Duc: None; Catherine Wolf: Consultant, HTG Molecular Diagnostics Inc.; 
Véronique Haddad: None; Anne McLeer-Florin: None 

Background: Driver targetable anaplastic lymphoma kinase (ALK) gene alterations are detected in nearly 5% of non-small-cell lung cancer 
(NSCLC), ROS proto-oncogene 1 (ROS1) and rearranged during transfection (RET) alterations in 2%. This detection is usually performed 
by immunohistochemistry (IHC) but only for ALK and ROS1, as there is no reliable IHC test for RET. Detection or confirmation by 
fluorescence in situ hybridization (FISH) is often required, but this technique remains expensive, needs expertise and small biopsies cannot 
be available for multiple FISH. The HTG EdgeSeq ALKPlus Assay EU is an in vitro diagnostic (IVD for ALK detection) next-generation 
sequencing-based assay that measures in a single experiment, mRNA ALK/ROS1/RET gene fusion events from a single formalin-fixed 
paraffin embedded (FFPE) slide, without the need of an RNA extraction. 

Design: We evaluated the efficiency of the HTG EdgeSeq ALKPlus Assay EU in detecting ALK/ROS1/RET rearrangements in routine 
FFPE NSCLC biopsies from 11 pathology departments and genetics platforms from French university hospitals and cancer centers. A total 
of 215 cases were collected from 2004 and 2018, including 95 ALK-positive, 43 ROS1-positive, 14 RET-positive and 63 ALK-ROS1-
negative, as previously tested locally by IHC/FISH (positivity threshold >25% of rearranged cells in FISH). Twelve percent of the samples 
had a surface of less than 25mm2 on a 3-4?m-thick slide. 

Results: More than 95% of the 215 samples could be analyzed, with only 3 ALK, 3 ROS1 and 1 RET failing to give exploitable results. A 
rearrangement was detected in 87% of ALK, 80% of ROS1 and 92% of RET cases, and no false positives were detected in the ALK-ROS1-
negative group. Two new RET cases were identified: one was misclassified as ROS1 rearranged case and the second was in the ALK-
ROS1- negative group. Overall, the sensitivity and specificity of the test were 91% and 100%, respectively. Rearrangements were not 
detected or at the limit of the established cut offs to assess the unbalance between 3’ and 5’ probes for 13% of ALK (n=12), 20% 
of ROS1 (n=8), and 8% of RET cases (n=1). This under-detection was also related for some cases to the small percentage of tumor cells 
(11 out of 21 with TC <50%). Another limitation in this multicentric study was the differences in preanalytic conditions. 

Conclusions: In this study, we reported the great utility of HTG technology in the assessment of ALK/ROS1/RET rearrangements, which 
can be detected from only one FFPE slide. 

1851   Clinical and Histopathologic Features of Adverse Pulmonary Reactions in Patients Receiving 
Immune Checkpoint Inhibitor Therapy  
Brandon Larsen1, June Chae2, Anuj Dixit2, Thomas Hartman2, Tobias Peikert2, Anja Roden2  
1Mayo Clinic, Scottsdale, AZ, 2Mayo Clinic, Rochester, MN  

Disclosures: Brandon Larsen: None; June Chae: None; Anuj Dixit: None; Thomas Hartman: None; Tobias Peikert: None; Anja Roden: 
None 

Background: Immune checkpoint inhibitors (ICIs) have revolutionized treatment of many malignancies, but are associated with immune-
related adverse events. Clinically, pneumonitis is a rare but well-recognized complication of ICI therapy, but the histopathologic features 
thereof are poorly understood. 

Design: Nine patients (8 men, mean age 54 y) at our institution were treated with an ICI and had subsequent lung tissue sampled by 
biopsy (7 cases) or autopsy (2). Clinical history, imaging, and pathology slides were reviewed. 
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Results: All patients received pembrolizumab, for melanoma (3), lymphoma (3), or other tumors (3). Adverse pulmonary reactions 
developed 8 days to 14 months (mean 165 days) after starting the ICI (after 1-33 doses; mean 10). Symptoms were nonspecific and varied; 
2 patients were asymptomatic. Fungal infection occurred in 5 cases (4 immunocompromised), usually with unilateral nodules (4). Biopsies 
showed necrotizing granulomas with Histoplasma (1) or Blastomyces (1), or organizing fibrinous pneumonia with Mucor (1) or nonspecific 
fungal hyphae but negative cultures (1). One patient died and had bilateral acute bronchopneumonia with Candida at autopsy. The 
remaining cases (4) appeared to represent true ICI-induced pneumonitis with a negative infectious disease workup. All presented with 
bilateral ground-glass nodular opacities and consolidation, and 2 had bilateral pleural effusions. In 3 cases, biopsies showed organizing 
pneumonia with foamy macrophages and rare eosinophils, often with poorly formed non-necrotizing granulomas (2). Treatment included 
discontinuation of the ICI (2), prednisone (1), and monitoring only (1); all did well (follow-up 15±5 months). Interestingly, one patient 
received nivolumab 14 months later, and developed a similar adverse reaction that improved with steroids. One patient died of acute 
respiratory failure and had diffuse alveolar damage at autopsy. 

Conclusions: In patients treated with ICIs, adverse pulmonary reactions occur in 2 clinical patterns. In some patients, fungal infections 
occur despite the pro-immune effects of ICIs, and can produce localized necrotizing granulomas, organizing fibrinous pneumonia, or 
bilateral acute bronchopneumonia. In contrast, ICI-induced pneumonitis presents as bilateral nodules composed of organizing pneumonia, 
foamy macrophages, and rare eosinophils, often with non-necrotizing granulomas. Some patients do well, but fatal cases can occur with 
diffuse alveolar damage. 

1852   Detection of Anaplastic Lymphoma Kinase (ALK) Gene Rearrangement by RNA in situ 
Hybridization in Lung Adenocarcinomas  
Fan Lin1, Jianhui Shi1, Zongming Eric Chen1, Hong Yin1, Robert Monroe2, Haiyan Liu1  
1Geisinger Medical Center, Danville, PA, 2Advanced Cell Diagnostics, San Mateo, CA  

Disclosures: Fan Lin: None; Jianhui Shi: None; Zongming Eric Chen: None; Hong Yin: None; Robert Monroe: Employee, Bio-Techne; 
Haiyan Liu: None 

Background: Anaplastic lymphoma kinase (ALK) gene rearrangement occurs in up to 5% of lung adenocarcinomas (ADCs).  The College 
of American Pathologists (CAP) requires detection of ALK gene rearrangement for all newly diagnosed pulmonary ADCs. An 
immunohistochemical (IHC) stain using a 5D3 clone as a screening test, followed by a fluorescent in situ hybridization (FISH) assay using a 
break-apart ALK probe for an IHC-positive or equivocal case is currently recommended.  Recent literature suggests that a new generation 
of ribonucleic acid in situ hybridization (RNA ISH) can be a useful tool in detecting ALK gene rearrangement. In this study, we investigated 
ALK messenger ribonucleic acid (mRNA) expression by RNA ISH in a cohort of lung adenocarcinomas, with known ALK gene 
rearrangement results evaluated by both IHC and FISH assays. 

Design: Three groups of lung adenocarcinoma cases were included in this study:  Group 1 – 8 cases of ALK-positive by both IHC and 
FISH assays; Group 2 – 8 cases of ALK-negative by both IHC and FISH assays; and Group 3 – 10 cases of ALK-indeterminate by IHC and 
negative by FISH assay. RNA ISH was performed on these cases using ALK E19-E29 RNA probe (Advanced Cell Diagnostics) on a Leica 
Bond III automated staining platform. The results were recorded as 1) negative (no dot or 1-2 small dots per tumor cell, or >2 dots per 
tumor cells in less than 15% of the total tumor cells counted); or 2) positive (>2 dots per tumor cell or clusters of signal in greater than 15% 
of the tumor cells). Two hundred tumor cells were counted for each case. No staining signal was observed in the benign bronchial cells, 
stromal cells or endothelial cells. 

Results: All 8 cases in Group 1 were positive by RNA ISH, with 4 of 8 cases containing a strong signal (clusters of large dots in greater 
than 50% of tumor cells). In contrast, all 8 cases in Group 2 were negative (no dot or 1-2 small dots). All 10 cases in Group 3 were 
negative, with more tumor cells containing 1-2 small dots than in Group 2. Two ALK-positive cases are shown in Figure 1 (clusters of 
signal) and Figure 2 (multiple large dots). 
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Figure 1 - 1852  

 

Figure 2 - 1852  

 

Conclusions: Our preliminary data indicate that detection of ALK gene rearrangement by RNA ISH may potentially replace the ALK FISH 
assay for Group 1 (positive by IHC) and Group 3 (indeterminate by IHC) if these findings can be confirmed in a large series of cases.  

1853   Spectrum of SMAD4 Mutations and Co-mutations in Lung Adenocarcinoma  
Yevgeniy Linnik1, Laura Tafe1  
1Dartmouth-Hitchcock Medical Center, Lebanon, NH  

Disclosures: Yevgeniy Linnik: None; Laura Tafe: None 

Background: SMAD4 is a tumor suppressor gene, acts as a mediator in the transforming growth factor-? pathway and is frequently 
mutated in pancreatic cancer and colorectal cancer. In these tumor types, SMAD4 mutations are associated with a poor 
prognosis. SMAD4 mutations lead to loss of protein function and most pathogenic or likely pathogenic mutations cluster around the MH1, 
DNA-binding domain, MH2, transcription activation domain and, intervening linker region. The role of SMAD4 mutations, frequency and 
type of co-mutations has not been well characterized in lung adenocarcinoma (ADC).  

Design: Our in-house sequencing database and the TCGA PanCancer Atlas dataset 
(http://www.cbioportal.org/study?id=luad_tcga_pan_can_atlas_2018#summary) were searched to identify patients with lung ADC that 
harbored SMAD4mutations.  In house, patient samples were previously sequenced with the AmpliSeq v2 Hotspot panel on an Ion Torrent 
PGM instrument.  The presence of co-mutations in common ADC associated genes (EGFR, ALK, ROS1, KRAS, TP53, PIK3CA) were also 
recorded. 

Results: From in-house data (2013-2018), we identified 18 patients with SMAD4 mutations. Eleven were female.  In addition, co-mutations 
were identified most commonly in KRAS (11), TP53 (6) and PIK3CA (3).  From the TCGA data, we identified 25 patients (out of 566, 4.4%) 
with SMAD4 mutations.  Of these patients, 15 tumors also had co-mutations in TP53 and 7 in KRAS.  Similar to prior 
reports, SMAD4 mutations spanned MH1 to MH2 domains (Figure). Co-mutations in EGFR, ALK or ROS1 were not identified.  
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Figure 1 - 1853  

 

Conclusions: Our preliminary results identified SMAD4 mutations in up to 4.4% of lung ADC and, similar to the literature on pancreatic 
and CRC, SMAD4 mutations frequently co-exist with KRAS and TP53 mutations. In the next step of this study, additional clinicopathologic 
data, including treatment and follow up, will be aggregated from our internal patients and the data available for the TCGA data to determine 
clinical implications of SMAD4 mutations in lung ADC patients.  Identification of SMAD4 mutations in lung ADC may help inform treatment 
decisions. 

1854   Correlation of mucinous component with molecular alterations in pulmonary adenocarcinoma  
Liu Liu1, Raghavendra Pillappa2, Valentina Robila3  
1VCUHS, Richmond, VA, 2VCUHS, Glen Allen, VA, 3Virginia Commonwealth University Health System, Glen Allen, VA  

Disclosures: Liu Liu: None; Raghavendra Pillappa: None; Valentina Robila: None 

Background: KRAS mutations are more commonly seen in invasive mucinous adenocarcinomas (IMA), defined as >90% mucinous cells 
demonstrating goblet/columnar morphology with apical mucin and basally oriented nuclei. KRAS concurrent with other mutations such as 
STK11, TP53 and PIK3CA, are also identified, associated with both IMA and mixed mucinous/non mucinous adenocarcinomas (IMA/NMA). 
We sought to determine whether tumors with varying mucinous components are preferentially associated with any of these molecular 
profiles. In addition, the presence of other mutations with therapeutic potential is investigated.  

Design: Surgically resected lung adenocarcinoma with prior interpretation of mucinous component and available molecular testing were 
selected. The tumor H&E slides were retrospectively reviewed by two pathologists, who agreed upon the carcinoma percentage of 
mucinous cells and overall distribution of histological patterns. This was subsequently correlated with the molecular testing results, 
including 50 gene panel by multiplex PCR amplification using Ion AmpliSeq on next generation sequencing (NGS) platform.  

Results: Adenocarcinoma of 40 patients were included. The tumor size ranged from 0.6 cm to 4.5 cm. Two cases were diagnosed at a 
higher pathologic stage (pT3) associated with intrapulmonary metastases and another case with brain metastases. 4 cases (36%) 
composed of predominantly lepidic growth pattern with 100% of mucinous cells, classified as IMA, were associated with KRAS mutation 
only. Additionally 7 cases (64%) had 20-80% mucinous cells, composed of acinar/papillary growth patterns characterized as IMA/NMA, had 
KRAS mutation only (27%), KRAS with other mutations (18% ) or STK11 + TP53 + PIK3CA mutations without KRAS (9%). In contrast, only 
4 cases (14%) of NMA with acinar growth pattern had KRAS mutation only. For remainder of NMA, the presence of additional mutations 
were investigated, all tested by NGS. BRAF was a prevalent mutation (17%), alone or in combination. Finally, new mutations CDKN2A, 
CTNNB1 and ATM are identified in (10%).  
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Table 1  

Mutated gene Histology  
 IMA/NMA 

(n=11) 

NMA  

(n=29) 
KRAS alone (n, %) 7 (64%) 4 (14%) 
KRAS + STK11 (n, %) 1 (9 %) 0 
KRAS + KIT (n, %) 1 (9 %) 0 
KRAS + ATM + MET (n, %) 1 (9 %) 0 
STK11 + TP53 + PIK3CA (n, %) 1 (9 %) 0 
BRAF (n, %) 0 2 (7%)* 
BRAF + CTNNB1 (n, %) 0 1 (3%) 
BRAF + TP53 (n, %) 0 1 (3%) 
BRAF + TP53 + STK11 (n, %) 0 1 (3%) 
EGFR + TP53 (n, %) 0 3 (10%) 
EGFR (n, %) 0 1 (3%) 
TP53 (n, %) 0 1 (3%) 
TP53 + CDKN2A (n, %) 0 1 (3%) ** 
TP53 + MET (n, %) 0 1 (3%) 
ATM (n, %) 0 1 (3%) 
Negative 0 12 (41 %) 

*One patient with metastases to brain, **patient with intrapulmonary metastases (higher pathologic stage).  

Conclusions: In our cohort, the presence of mucinous cells strongly correlates with KRAS mutation, and, as opposed to IMA, KRAS with 
additional mutations is seen only in the cases of IMA/NMA. BRAF, a targetable mutation, is prevalent in NMA.   

1855   Multi-Institutional Validation of BRAF V600E-Specific Immunohistochemistry for Lung 
Adenocarcinoma  
Ying-Chun Lo1, Yin Hung2, Marina Kem2, Jason Hornick3, Mari Mino-Kenudson2, Lynette Sholl1  
1Brigham and Women's Hospital, Boston, MA, 2Massachusetts General Hospital, Boston, MA, 3Brigham and Women's Hospital, 
Harvard Medical School, Boston, MA  

Disclosures: Ying-Chun Lo: None; Yin Hung: None; Marina Kem: None; Jason Hornick: None; Mari Mino-Kenudson: Consultant, 
Merrimack Pharmaceuticals; Consultant, H3 Biomedicine; Lynette Sholl: Consultant, Foghorn Therapeutics; Speaker, Astra Zeneca 
Pharmaceuticals; Advisory Board Member, Loxo Oncology 

Background: BRAF kinase domain (KD)-activating mutations occur in ~5% of lung adenocarcinomas (LUAD), of which half are V600E 
substitutions.  In LUAD, BRAF V600E predicts response to dabrafenib-trametinib inhibition.  This combination has been approved as first-
line therapy for BRAF V600E+ LUAD, and clinical practice guidelines recommend up-front testing for BRAF V600E in all patients with 
advanced LUAD. BRAF V600E-specific immunohistochemistry (IHC) has shown promise in lung cancer; IHC can be performed rapidly and 
on specimens that may be insufficient for molecular testing.  However, the current CAP/AMP/IASLC testing guidelines recommend 
molecular testing for BRAF V600E due to insufficient strength of evidence to support the use of BRAF V600E IHC as a stand-alone assay. 

Design: We performed a multi-institutional validation of BRAF V600E IHC (VE1 antibody, Ventana) with antigen retrieval in EDTA (1:2) or 
citrate buffer pH 6.0 (neat) at 122°C and 15-20 PSI with Leica detection in 406 molecularly characterized LUAD based on available clinical 
assays. H-scores were assigned by two pathologists blinded to the molecular results.  The assay was optimized using a development 
cohort of 32 cases, of which 16 were V600E+ and 16 contained other BRAF KD mutations.  The validation cohort consisted of 374 LUADs 
(52 whole sections, 322 on tissue microarray), of which 20 had BRAF V600E and 35 were known to harbor other BRAF KD mutations. 
Overall,18 cases were cytology cell blocks. 

Results: Using an H score cutoff of ≥50, VE1 IHC with EDTA antigen retrieval showed 63% sensitivity and 100% specificity.  With citrate 
retrieval, the performance improved to 88% sensitivity and 100% specificity; subsequent testing used these conditions. In the validation 
cohort, VE1 IHC showed 90% sensitivity and 99.7% specificity.  Overall, VE1 IHC was 89% sensitive and 99.7% specific for BRAF V600E 
by molecular methods. Three of 4 false-negative cases were cytology specimens; one was a surgical resection sample collected in 2005. 

Conclusions: BRAF V600E IHC demonstrated high sensitivity and excellent specificity relative to molecular testing. Cytology cell blocks 
and older archival tissues may be prone to false-negative results. Overall, our findings suggest that positive BRAF V600E IHC results can 
be used reliably to select patients for BRAF-targeted therapies. Patients with BRAF V600E-negative tumors by IHC would benefit from 
follow-up molecular testing. 
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1856   The Use of Kaplan-Meier Statistics and Neural Networks to Estimate Prognosis in Patients with 
Pulmonary Typical Carcinoid Tumors  
Alberto Marchevsky1, Daniel Manzoor2, Ann Walts2  
1Cedars-Sinai Medical Center, West Hollywood, CA, 2Cedars-Sinai Medical Center, Los Angeles, CA  

Disclosures: Alberto Marchevsky: None; Daniel Manzoor: None; Ann Walts: None 

Background: Survival is an important metric used to classify entities, guide therapy and/or inform patients about the likely outcome of their 
illness. It is usually estimated with Kaplan-Meier statistics (KM) and/or Cox-proportional analyses.  Survival estimates with p<0.05 are often 
interpreted as prognostic and/or predictive, ignoring the difference between correlations based on retrospective data and forecasts of future 
events as well as the fact that these statistical methods were not designed to estimate the prognosis of individual patients. 

Design: Ki-67% index was previously used to grade 225 pulmonary typical carcinoids into G1 and G2 with significantly different prognosis 
(Mod Pathol May 2018). More comprehensive data from 208 of these cases were analyzed with KM and neural network (NN) software 
(GMDH Shell 3.8.2, GMDH LLC, New York, N.Y.). Variables included Ki-67% proliferative index, age, sex, pT, pN, and pM. KM curves 
showing 95% confidence intervals (CI) and numbers of patients at risk were prepared. A NN model was trained with 95% of randomly 
selected G1 and G2 cases to estimate “dead” or “alive” and then tested with 5% of cases not used for training.  

Results: The data showed significant differences in overall survival (OS) between G1 and G2 (p<0.01) but the 95% CI at different time 
intervals showed considerable variability (Fig. 1).  For example at 100 months, OS for G1 varied from 80%-95% and for G2 from 40%-85%. 
The number of patients also progressively decreased and at 100 months G2 included only 10 patients. The NN used 198 cases (G1=159 
and G2=39) for training. The best model correctly classified OS in 90% of the 10 test set cases with all errors in G2 cases (Fig 2). 

Figure 1 - 1856  
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Conclusions: This study illustrates that although OS can be significantly different for G1 and G2 (p<0.01), the results 
appear more uncertain for individuals when number of patients at risk and 95% CI at various datapoints are shown. This information is 
usually not presented to patients but is needed to better inform them about their individual survival probabilities. NN methodology seems 
better suited than KM statistics to estimate survival for individual “future” patients. It also provides root mean square error and weighted F-
score to help assess the quality of the estimates. The results illustrate the potential utility and limitations of both analytical methods to 
prognosticate survival probabilities for individual patients rather than for groups. 

1857   Validation Study of Ventana SP263 PD-L1 Immunohistochemistry Antibody Assay as LDT for 
Clinical Use in patients with NSCLC being considered for Keytruda Therapy  
Monna Marolt1, Emilian Racila2  
1Fairview Health Services, Wyoming, MN, 2University of Minnesota Medical Center, Minneapolis, MN  

Disclosures: Monna Marolt: None; Emilian Racila: None 

Background: PD-L1 expression in NSCLC tumor cells is a major predictor of response to checkpoint inhibitor therapy. Previous studies 
demonstrated a high correlation between PD-L1 immunohistochemistry results obtained with FDA approved clone Dako 22C3 and Ventana 
SP263 in NSCLC patients.  We validated Ventana SP263 PD-L1 clone to be used as a laboratory developed test (LDT) in NSCLC patients. 
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Design: A total of 80 specimens, comprised of 58 biopsies and 22 surgical resections, containing at least 100 tumor cells, were 
immunostained with Dako 22C3 (PhenoPath Laboratories) and Ventana SP263 PD-L1 clones (LDT-UMMC/Fairview IHC Laboratory), in 
accordance with manufacturer protocols. The results were reviewed independently by two pathologists, blinded to the type of tumor and 
clone used. The percentage of tumor cells with membrane staining was recorded, representing the tumor proportion score (TPS). The PD-
L1 positive specimens were subdivided into high expressors (TPS >50%) and low expressors (TPS 1-49%), while all specimens with 
TPS<1% were interpreted as negative.  

Results: The high expressor group included 24 specimens; of these, 13 were adenocarcinoma (ACA) , 5 squamous cell carcinoma (SCC) 
and 6 were poorly differentiated carcinoma or unspecified type (PD/NOS). In the low expressor group there were 16 cases, of which 5 were 
ACA, 8 SCC and 3 PD/NOS. Forty cases were negative for PD-L1 including 27 ACA, 7 SCC, and 6 PD/NOS.  Between the 22C3 and 
SP263 clones, we found 100% agreement for the high expressor cases. In 2 of 20 low expressor cases, the 22C3 TPS score was 5% while 
the SP263 TPS score was <1% (negative). In 3 of 30 negative cases, the 22C3 TPS score was <1% while the SP263 TPS score was 2%, 
1-2% and 1-2%, respectively. The overall concordance rate between the two clones was 93.7%. Between the two observers, there was 
100% concordance for the high expressor and negative cases. One low expressor case was interpreted by one pathologist as negative 
(TPS 0%) while the other pathologist's interpretation was low positive (TPS 1%). The overall interobserver reliability was 98.6%.  

Conclusions: We observed a high concordance rate for the Ventana SP263 PD-L1 LDT with the gold standard Dako 22C3 PD-L1 test, in 
agreement with previously published studies. In addition, Ventana SP263 PD-L1 LDT has high interobserver reliability.  Therefore, we 
conclude that Ventana SP263 PD-L1 LDT is accurate and the method is acceptable for clinical use, in accordance with FDA 
recommendations. 

1858   Lung Pleomorphic Carcinoma - Clinico-Pathological Features and Relationship to PD-L1 
Expression  
Osamu Matsubara1, Yasuto Jin2, Hironori Ninomiya3, Yuichi Ishikawa4, Eugene Mark5  
1Hiratsuka Kyosai Hospital, Hiratsuka, Kanagawa, Japan, 2Hiratsuka-Shi, Japan, 3The Cancer Institute of Japanese Foundation for 
Cancer Research, Ariake, Koutou-ward, Japan, 4The Cancer Institute, Japanese Foundation for Cancer Research, Tokyo, 
Japan, 5Massachusetts General Hospital, Boston, MA  

Disclosures: Osamu Matsubara: None; Yasuto Jin: None; Hironori Ninomiya: None; Yuichi Ishikawa: None; Eugene Mark: None 

Background: Pleomorphic carcinoma (PC) of the lung is an uncommon tumor that usually has a poor prognosis. Recent WHO 
classification defines PC as a poorly differentiated non-small cell lung carcinoma that contains at least 10% spindle and/or giant cells. Our 
aim was to report on the clinico-pathological features seen at our institution and further describe the relationship between PD-L1 
expression and morphological differentiation. 

Design: All of the 36 patients in this study underwent a surgical resection. Histological components including undifferentiated non-small cell 
carcinoma (UNCC), spindle cells, giant cells, and other carcinoma types were examined. To examine PD-L1 expression we used a rabbit 
monoclonal anti-PD-L1 antibody (clone 28?8). PD-L1 positivity was recorded as the percentage of tumor cells in 5 representative high 
power fields. CD8 immunohistochemistry was done to quantitate tumor infiltrative lymphocytes (TILs). 

Results: Patients ranged in age from 38 to 81 years, with a mean of 66 years. 28 were males and 8 were females. The stage of tumor 
ranged from IA2 to IV by pTMN classification. Duration of cigarette smoking ranged from 20 to 53 years, and Brinkman index (BI) were 
ranged from 0 to 2120 and the mean was 1124. 15 patients died, with a survival of 6 months to 2 years 3 months after resection. 21 
patients were alive for 6 months to 10 years after surgery. UNCC was seen in 10% to 85% of cases. Spindle cells were seen in 1% to 80%. 
Giant cells were seen in 1% to 20%. Adenocarcinoma and squamous cell carcinoma components were seen in 15 cases and 4 cases, 
respectively. PD-L1 was positive in 32 cases (89%) with high expression in over 30% of tumor cells. In 4 cases (11%) there was only 
limited expression, that is, less than 30%. The histological components and the amount of the components were not related to the extent of 
PD-L1 positive tumor cells and did not seem to be related to prognosis. TILs were seen in every case, focally in 9 cases and diffuse in 27 
cases. 

Conclusions: The clinico-pathological features of 36 patients with resected PC of the lung are reported. Most patients were male and 
heavy smokers. The tumor was most commonly located in an upper lobe and peripheral lung zone. Very high PD-L1 expression, that is 
over 30%, augurs for a favorable outcome in a patient when treated with anti-PD1/PD-L1 immune checkpoint inhibitors, after complete 
resection of the tumor. 
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1859   Recurrent Pulmonary Infections and the Development of Bronchiolitis Obliterans Syndrome in 
Lung Transplant Patients: A Single-Center Experience  
Phillip Mcmullen1, Theodore Vougiouklakis2, Remzi Bag1, Edward Garrity3, Aliya Husain4  
1University of Chicago Medical Center, Chicago, IL, 2New York University Langone Health, New York, NY,  
3La Grange, IL, 4University of Chicago, Chicago, IL  

Disclosures: Phillip Mcmullen: None; Theodore Vougiouklakis: None; Remzi Bag: None; Edward Garrity: None; Aliya Husain: None 

Background: Bronchiolitis Obliterans Syndrome (BOS) is the leading cause of chronic graft dysfunction and poor long term survival among 
lung transplant patients, and develops in the majority of long term survivors. Its pathogenesis is complex and heterogeneous, with elements 
of humoral and cellular alloimmunity, autoimmunity, and insults such as infection and aspiration implicated in its progression. This study 
was undertaken to evaluate the role for recurrent infections in the development of BOS in our patient population.   

Design: A retrospective analysis of HLA antibodies, surveillance biopsies, bronchoalveolar lavage (BAL) cultures, mortality, and BOS 
status of 103 patients who underwent lung transplantation between January 2006 and July 2016 was performed. Patients were excluded if 
the medical records were incomplete, or if the patient died during the immediate post-surgical period of surgical complications. Included 
patients (n=98) were then separated into two groups based on their surveillance biopsy/BAL culture results. Patients with less than two 
BAL/Biopsy pairs positive for infection (low-risk cohort) were compared to patients with two or more BAL/Biopsy pairs (high-risk cohort) 
positive for infection. 

Results: Both the low-risk and high-risk cohorts contained 49 patients with similar demographics and follow-up intervals. The rates of HLA 
antibodies (including donor-specific antibodies) were comparable between the two groups. High-risk patients were significantly more likely 
to develop BOS (65.0% v 10.2%, P<0.0001), were more likely to be colonized by Pseudomonas (53.0% v 10.2%, P<0.0001), and tended to 
have higher rates of mortality (20.4% v 10.2%, P=0.15). When the entire patient list was sorted by BOS status, 86.7% of BOS-positive 
patients were found in the high-risk group, whereas 72.1% of BOS-negative patients were found to be in the low-risk group (P<0.0001). 
Additionally, 59.4% of Pseudomonas carriers had BOS compared to 28.8% of non-carriers (P=0.002), and 84.4% of Pseudomonas carriers 
fell into the high-risk cohort (P<0.0001).  Mortality was significantly increased for patients with a history of Pseudomonas infection (31.3% v 
6.1%, P<0.0001).  

Figure 1 - 1859  

 

Conclusions: Patients with two or more BAL/Biopsy pairs positive for bacterial or fungal infection were significantly more likely to develop 
BOS than patients without recurrent infections. Additionally, patients with a history of Pseudomonasinfection had significantly higher rates 
of BOS and mortality.  
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1860   Clinicopathologic Characteristics of CTNNB1-Mutated Non-Small Cell Lung Carcinoma  
Lauren Mecca1, Adela Cimic2, Mary Abdelsayed1, Jordan Baum3, Rema Rao1, Momin Siddiqui1, Susan Alperstein4, Hanna 
Rennert3, Alain Borczuk5, Jonas Heymann3  
1New York-Presbyterian/Weill Cornell Medical Center, New York, NY, 2New York-Presbyterian/Weill Cornell Medical Center, 
Brooklyn, NY, 3Weill Cornell Medicine, New York, NY, 4Weill Cornell Medicine, Fishkill, NY, 5Cornell University Medical Center, 
New York, NY  

Disclosures: Lauren Mecca: None; Adela Cimic: None; Mary Abdelsayed: None; Jordan Baum: None; Rema Rao: None; Momin Siddiqui: 
None; Susan Alperstein: None; Hanna Rennert: None; Alain Borczuk: None; Jonas Heymann: None 

Background: The CTNNB1 gene encodes β-catenin, a component of the Wnt signaling pathway. CTNNB1 mutations lead to aberrant 
nuclear accumulation of β-catenin tumorigenesis. Although rare in non-small cell lung cancer (NSCLC), CTNNB1 mutation is associated 
with resistance to pharmacologic EGFR inhibition. 

Design: CTNNB1 mutation was identified in NSCLC cases with the Ion Torrent Ampliseq™ Cancer Hotspot Panel. Clinical, morphologic, 
and molecular data were reviewed and compared to those in cases lacking CTNNB1 mutation. PD-L1 immunohistochemistry (IHC) utilized 
the 22C3 antibody (pharmDx). All cases of pulmonary blastoma and fetal-type adenocarcinoma were excluded. 

Results: 28 CTNNB1-mutant (“mutant”) cases from 15 women and 13 men of median age 70 years (range, 43-87) were identified at low (I 
or II, 7 cases, 25%) or high (III or IV, 21 cases, 75%) stage. 32 CTNNB1-wild type (“WT”) control samples with similar molecular profile 
from 17 men and 15 women of median age 72 years (range, 43-87) were identified at low (12 cases, 37.5%) or high (20 cases, 62.5%) 
stage. Accordingly, systemic chemotherapy before sample collection was less common in the WT group. 2 WT tumors came from patients 
with a concurrent mutant tumor. 

CTNNB1 mutation was far more frequently associated with driver EGFR mutation (14/28 cases, 50%) than other molecular drivers. For 
11/20 (55%) mutant cases with an identifiable driver mutation, the mutant allelic fraction (MAF) of the driver mutation was at least twice that 
of the CTNNB1 mutation. 9 mutant cytology specimens contained more tightly cohesive cell clusters with flat sheet configuration and more 
finely granular chromatin than 11 WT cytology controls. 19 mutant histology specimens demonstrated lower mitotic activity with fewer 
atypical mitotic figures and were less likely to demonstrate micropapillary architecture than 21 WT histology controls. However, no 
morphologic or IHC parameter, including PD-L1 expression, demonstrated statistical significance between tumor groups. β-catenin IHC 
demonstrated at focal nuclear expression in all of 6 mutant cases in which it was evaluated (Figure 1A-B); expression was entirely 
membranous in the only WT case in which it was performed (Figure 1C-D). 

Figure 1 - 1860  

 

Conclusions: CTNNB1 mutation in NSCLC is associated with concurrent EGFR mutation. Morphologic analysis alone cannot reliably 
differentiate mutant from WT NSCLC. Instead, IHC and/or molecular analysis must be performed, the MAF of which may suggest 
aneuploidy or CTNNB1 mutation in a tumor subclone. 
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1861   Endobronchial Benign Neoplastic Lesions: A Clinicopathologic Review  
Fatima Mir1, Prih Rohra1, Yahya Al-Ghamdi1, Shenon Sethi1, David Lucero2, Ritu Ghai1, Pincas Bitterman1, Vijaya Reddy1,  
Paolo Gattuso3  
1Rush University Medical Center, Chicago, IL, 2Rush University, Forest Park, IL, 3Rush University Medical Center, Burr Ridge, IL  

Disclosures: Fatima Mir: None; Prih Rohra: None; Yahya Al-Ghamdi: None; Shenon Sethi: None; David Lucero: None; Ritu Ghai: None; 
Pincas Bitterman: None; Paolo Gattuso: None 

Background: Benign endobronchial neoplastic tumors are rarely encountered in daily surgical pathology sign-out sessions. These lesions 
can be confused clinically and radiologically with a primary or metastatic malignancy. The published studies detailing the prevalence and 
clinical characteristics of these lesions are scarce. The aim of our study was to review the clinicopathologic and radiological features of 
these neoplasms. 

Design: We conducted a retrospective study over 25 years (1993-2018) and analyzed the lesions of the tracheobronchial tree receiving a 
histology-proven benign neoplastic diagnosis. Pertinent clinicopathologic and radiologic data were reviewed. 

Results: A total of 28 cases (15 females and 13 males, mean age 58.4) were identified. The most common benign neoplasm was 
hamartoma (37%), followed by lipoma (19%), squamous papilloma (11%), pleomorphic adenoma (7%), mucin gland adenoma (7%), 
papillary adenoma (3%), hemangioma (3%), neurofibroma (3%), leiomyoma (3%) and papillomatosis (3%). Of 17 cases with available 
clinical information, cough was the most common presentation (53%) followed by shortness of breath (47%). Computed tomography scan 
showed well-defined submucosal and/or pedunculated endobronchial lesion with segmental pneumonia or atelectasis in the majority of 
cases with available radiology.  Bronchial excisions were performed in 43% of patients followed by lobectomies (36%), biopsies (18%) and 
wedge resection (3%).  

Conclusions: Benign endobronchial lesions were predominantly of mesenchymal type in our study. The majority of our patients presented 
with cough and/or shortness of breath. Although benign, these lesions can lead to complications related to obstruction and a timely 
diagnosis is crucial to institute appropriate management. As demonstrated by our study, these tumors present as well-defined submucosal 
and/or pedunculated lesions clinically and can be confused with a primary or metastatic malignant tumor. Histological examination is 
needed to establish a confirmatory diagnosis. Surgical interventions including lobectomies are indicated based on the radiological and 
clinical features of the tumors. With the advent of bronchoscopic techniques, this has become the first line management in the treatment of 
these tumors. 

1862   Validation study of prognostic significance of cribriform subtype of lung adenocarcinoma: Analysis 
of 1062 Japanese patients with resected lung adenocarcinoma  
Naoki Nakajima1, Akihiko Yoshizawa1, Yuki Teramoto1, Mariyo Kurata1, Shinji Sumiyoshi1, Kyoko Kondo1, Hironori Haga2  
1Kyoto University Hospital, Kyoto, Japan, 2Kyoto, Japan  

Disclosures: Naoki Nakajima: None; Akihiko Yoshizawa: None; Yuki Teramoto: None; Mariyo Kurata: None; Shinji Sumiyoshi: None; 
Kyoko Kondo: None; Hironori Haga: None 

Background: Cribriform pattern (Cri-p) in lung adenocarcinoma was recently introduced as an unfavorable growth pattern for prognosis. 
However, a few studies that evaluated its prognostic impact have been validated. To investigate the prognostic significance of Cri-p, we 
analyzed a series of 1062 Japanese patients with resected lung adenocarcinoma. 

Design: Cribriform pattern was defined as invasive back-to-back fused tumor glands with poorly formed glandular spaces or as invasive 
tumor nests of tumors cells that produced glandular lumina. We investigated its correlation with the following clinicopathological factors: 
sex, age, smoking status, lymphatic invasion, vascular invasion, pleural invasion, histological subtype, spread through air spaces (STAS), 
genetic alterations, and TNM stage according to the 2015 WHO classification and 8th edition of the TNM staging system. We also analyzed 
disease-free survival (DFS) and overall survival (OS) using the log-rank test and Cox proportional hazards model. 

Results: Cri-p was observed in 128 tumors (12.1%). Cri-p-positive tumors were significantly associated with younger age (p = 0.042), male 
gender (p = 0.003), smokers (p = 0.002), node metastasis (p < 0.001), large tumor size (p = 0.001), higher TNM stage (p < 0.001), 
lymphatic invasion (p < 0.001), vascular invasion (p < 0.001), pleural invasion (p = 0.003), presence of STAS (p < 0.001), wild 
type EGFR (p = 0.042), and ALK fusion (p = 0.022). On the other hand, Cri-p-positive tumors were not associated with age, mutations 
in KRAS, HER2, and BRAF genes, and RET and ROS1 fusions. Patients with Cri-p-positive tumors had significantly worse prognoses (OS 
and DFS [both p < 0.001]) compared to those with Cri-p-negative tumors. The number of cribriform predominant tumors were 27 (2.5%) 
and showed no prognostic significance for OS and DFS compared to solid adenocarcinoma (OS, p = 0.154; DFS, p = 0.184). On 
multivariate analysis, presence of cribriform pattern was an independent prognostic factor of worse DFS (hazard ratio [HR], 1.520; 95% 
confidence interval [CI], 1.124-2.128; p = 0.0074) and OS (HR, 1.546; CI, 1.048-2.162; p = 0.0279). 
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Conclusions: Our study shows that cribriform pattern is an independent factor of poor prognosis in patients with resected lung 
adenocarcinoma. On the other hand, cribriform predominant tumors (cribriform adenocarcinoma) is rare and the same prognostic group as 
solid adenocarcinoma, thus, it might be not necessary to add a new histologic subtype of lung adenocarcinoma. 

1863   Towards a grading system for stage I adenocarcinomas of the lung  
Paolo Santiago Ocampo1, Yuko Minami2, Mari Mino-Kenudson3, Yuhe Xia1, Judy Zhong1, Giuseppe Pelosi4, Harvey Pass5,  
Andre Moreira6  
1NYU Langone Health, New York, NY, 2Tokai-Mura, Naka-gun, Japan, 3Massachusetts General Hospital, Boston, MA, 4University 
of Milan, Milan, Italy, 5NYU Langone Medical Center, New York, NY, 6New York Langone Health, New York, NY  

Disclosures: Paolo Santiago Ocampo: None; Yuko Minami: None; Mari Mino-Kenudson: None; Yuhe Xia: None; Judy Zhong: None; 
Giuseppe Pelosi: None; Harvey Pass: None; Andre Moreira: None 

Background: The most recent classification of lung adenocarcinomas hints at the correlation of the predominant pattern with tumor 
grading. The role of secondary patterns and other histological features (nuclear grade, STAS, etc) on prognostication has also been 
investigated. We systematically assessed the prognostic importance of additional histologic features with the best evidence in order to 
stratify risk of recurrence in stage I patients and create an objective grading system for adenocarcinoma. 

Design: A cohort of 284 stage I lung adenocarcinoma cases with at least five years of follow up were used as a training set. A univariate 
analysis was performed to identify significant associations of histological features with recurrence-free survival and overall survival. ROC 
curve analysis was used to select the best model based on combinations of several features and its association with disease recurrence. 
The model was tested on an independent cohort of 202 stage I cases. 

Results: All parameters tested (predominant patterns, mitotic count, nuclear grade, cytological grade, and STAS) were found to have 
significant prognostic value. A model based on the predominant pattern paired with the second predominant pattern was found to have the 
highest AUC (0.763) in the training set as well as in the validation set (AUC= 0.74), followed by a combination of predominant + 
worst pattern with AUC = 0.760 and 0.72 respective for training and validation sets . Addition of other histological features did not show 
improvement of the model. 

Conclusions: Our results suggest that histologic assessment of the predominant pattern and second most predominant pattern, would 
represent the most parsimonious and prognostic grading system for stage I lung adenocarcinomas. 

1864   Pericardial Mesothelioma: A Multi-institutional Study of 61 cases  
Cristian Ortiz-Villalón1, Nolwenn Le Stang2, Francoise Galateau Salle, Kenzo Hiroshima3, Joseph Maleszewski4, Anja Roden4, 
William Travis5, David Chapel6, Simon Ekman1, Aliya Husain6, Lorand Kis1, M. Angeles Montero Fernandez7, Elizabeth Pavlisko8, 
Victor Roggli8, Eric Santoni-Rugiu9, Jennifer Sauter5, Katharina Wassilew10, Richard Attanoos11  
1Karolinska University Hospital, Stockholm, Sweden, 2Centre Léon Bérard, LYON, France, 3Tokyo Women's Medical Univ-Yachiyo 
Medical Center, Yachiyo, Japan, 4Mayo Clinic, Rochester, MN, 5Memorial Sloan Kettering Cancer Center, New York, 
NY, 6University of Chicago, Chicago, IL, 7Manchester University Foundation Trust Manchester, Manchester, United 
Kingdom, 8Duke University Medical Center, Durham, NC, 9Rigshospitalet, Copenhagen University Hospital, Copenhagen, 
Denmark, 10Rigshospitalet, University Hospital of Copenhagen, Copenhagen, Denmark, 11Cardiff University, Cardiff, United 
Kingdom  

Disclosures: Cristian Ortiz-Villalón: None; Nolwenn Le Stang: None; Francoise Galateau Salle: None; Kenzo Hiroshima: None; Joseph 
Maleszewski: None; Anja Roden: None; William Travis: None; David Chapel: None; Simon Ekman: None; Aliya Husain: None; Lorand Kis: 
None; M. Angeles Montero Fernandez: None; Elizabeth Pavlisko: None; Victor Roggli: None; Eric Santoni-Rugiu: None; Jennifer Sauter: 
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Background: Pericardial Mesothelioma [PM] is a rare cancer, the clinicopathologic features are poorly defined, with no large series. This 
30-year study collected 61 PM from multiple institutes. 

Design: PM cases from referral centers in U.S, France, U.K., Sweden, Denmark, Spain and Japan were reviewed by multiple International 
Mesothelioma Panel members. Clinical data [age, sex, symptoms, course], pathology [histologic subtype, morphology, tumor grade, marker 
status] and exposure history [asbestos, radiation] were noted.  

Results: 61 PM comprised 28 women, 33 men; 1:1.2 sex ratio. The median age in men was 62 [range 25-85] and in women 55 [range 23-
78]. Of PM age <50 women [n=13] outnumbered men [n=8], sex ratio 1.6:1. Clinically pericardial effusion (33%), nodular pericardial 
thickening (18%) and chest pain (15%) were most common. Median survival available in 45/61 cases was 13 months. Survival >2 years 
was 11%.  A probable asbestos exposure was listed in 8/33 [24%] men, none in women. 33/61 [54%] PM had no asbestos history. 5/61 
[8%] had a history of therapeutic irradiation. PM subtypes were epithelioid, biphasic and sarcomatoid in 50 [82%], 8 [13%] and 3 [5%] of 61 
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cases respectively. For epithelioid PM, solid [16/50], pleomorphic [6/50], acinar [5/50], trabecular [3/50], papillary [3/50] and microcystic 
[1/50] were noted. For biphasic PM, most cases had predominant sarcomatoid components. 1/3 sarcomatoid PM was a desmoplastic 
variant. All graded cases were high grade save 1 epithelioid PM. Marker expression showed AE1/3 in 100% of 42/42, calretinin in 49/52 
[94%], CK5/6 in 35/39 [90%], WT-1 in 26/32 [81%] with Ber-EP4 in 3/39 [8%], focal MOC-31 in 4/13 [31%] and 0/35 staining for TTF-1. p16 
deletion by FISH was seen in 7/12 [58%] and loss of BAP-1 expression in 4/18 [18%].  

Conclusions: PM appears different to pleural mesothelioma: overall arising in younger subjects, with no clear sex predilection however for 
PM <50 years, female cases predominate; PM appear weakly associated with asbestos in men with an exposure history in only 24% and 
none in women. Prior therapeutic irradiation was noted in 5 subjects including 3 [11%] women. The median survival of 13 months confirms 
an aggressive course with pathology showing epithelioid subtype tumors with prominence of adverse morphology - high grade solid and 
pleomorphic variant disease. Of cases tested, p16 and BAP-1 deletions were infrequent compared to pleural mesothelioma indicating 
potential different tumorigenic mechanisms at play in PM.  

1865   Clinico-pathological significance of the expression of PD1 and PD-L1 in tumoral and immune cells 
in Non-Small Cell Lung Cancer  
Cristian Ortiz-Villalón1, Luigi De Petris1, Lorand Kis1, Akira Yoshikawa2, Hoa Pham3, Anja Roden4, Junya Fukuoka5, Richard 
Attanoos6, M. Angeles Montero Fernandez7  
1Karolinska University Hospital, Stockholm, Sweden, 2Kamogawa, Japan, 3Nagasaki University Hospital, Nagasaki, Japan, 4Mayo 
Clinic, Rochester, MN, 5Nagasaki University, Nagasaki, Japan, 6Cardiff University, Cardiff, United Kingdom,7Manchester University 
Foundation Trust Manchester, Manchester, United Kingdom  

Disclosures: Cristian Ortiz-Villalón: None; Luigi De Petris: None; Lorand Kis: None; Akira Yoshikawa: None; Hoa Pham: None; Anja 
Roden: None; Junya Fukuoka: None; Richard Attanoos: None; M. Angeles Montero Fernandez: None 

Background: Strong evidence demonstrates the existence of anti-tumor adaptive T-cell mediated immune activation in lung tumors, 
indicating that lung cancers are immunogenic. We assessed if PD1 and PD-L1 expression in NSCLC is associated with specific clinical 
features or survival using four different antibodies and if the expression of PD-1 in TILs correlates with those of PD-L1 in tumor cells (TC). 

Design: PD-L1 and PD-1 status was assessed by IHC (AB clone SP142 and SP263, 22C3, 28-8 and PD-1 NAT105) on FFPE surgical 
specimens, arrayed on tissue microarrays with duplicate 1 mm cores, from Karolinska University Hospital and Nagasaki University 
Hospital. All patients (n = 658) underwent curative surgery between 1987 and 2015. PD-L1 staining was scored as positive if present in 
> 1% and >50% of tumor cells, independently of staining intensity.   

Results: Patient’s median age: 68 years (27-89); gender: male/female 54%/46%; histology: squamous-cell carcinoma/Non-squamous-
NSCLC/carcinoid 219 (32%)/394 (58%)/45(7%); p-stage: IA/IB/IIA/IIB/IIIA/IIIB - 50%/26%/10%/10%/2%/0.2%. PD-L1 28-8 was positive in 
11% of cases. PD-L1 positivity 22C3/SP263/SP142 was 10%/13%/3%, respectively. Carcinoids were negative for PD-L1. In NSCLC, PD-
L1 positivity for each antibody was associated with higher stage (pT1/pT2-4; Fisher’s exact test, p<0.001) and higher grade (G1, G2 and 
G3; p<0.0002). Good reproducibility for the pathology assay (Kappa coefficient 0,623-0,686, Intra-class correlation coefficient (95% CI) 
0,756 – 0,874). Statistically significant association between PD-L1 and worse OS was only observed using the clone SP263 (log-rank 
p=0.013). PD-L1 (TC) clone SP263 and PD1 (TILs) showed association between its expression and survival ratio. Weak positive 
correlation between the PD1 expression in the inflammatory cells and PD-L1 in tumor cells (r 0,2071 p<0.001).  

Conclusions: The clone SP142 showed significantly lower expression of PD-L1 in the TC. The clones 28-8, 22C3 and SP263 featured an 
excellent concordance in the TC with two different cut-offs (>1% and >50%), with good reproducibility for the pathology assay. PD-L1 
status was associated with tumor size and grading. PD-L1 (TC) clone SP263 and PD1 (TILS) showed association between its expression 
and survival ratio. There is a weak positive correlation between the PD1 expression in the inflammatory cells and PD-L1 in the TC. 

1866   Clinical Utility of Reflex Ordered Testing for Molecular Biomarkers in Non-Small Cell Lung Cancer  
Thuy Phung1, Kartik Anand2, Philip Cagle2, Randall Olsen3, Eric Bernicker2, Jessica Thomas2  
1Baylor College of Medicine, Houston, TX, 2Houston Methodist Hospital, Houston, TX, 3Houston, TX  

Disclosures: Thuy Phung: None; Kartik Anand: None; Philip Cagle: None; Randall Olsen: None; Eric Bernicker: Advisory Board Member, 
Guardant; Advisory Board Member, Abbvie; Jessica Thomas: None 

Background: Clinical testing of molecular biomarkers to guide therapy in non-small cell lung cancer (NSCLC) has become routine and 
increasingly complex.  To standardize and expedite molecular biomarker testing in these patients, our institution officially implemented 
reflex ordered testing for a group of targeted gene alterations in all newly diagnosed non-small cell lung carcinoma. The aim of our study is 
to evaluate the clinical utility of reflex ordered molecular testing in NSCLC. 
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Design: NSCLC specimens received for molecular testing over a 2-year period were identified with IRB approval.  Reflex ordered testing 
for a group of molecular biomarkers at the time of pathology diagnosis of NSCLC was officially instituted at our hospital in 2017.  The two 
comparison groups consisted of reflex ordered tests performed in 2017, and non-reflex ordered tests performed in 2016 at the request of 
oncologists before the adaptation of institutional-wide reflex order testing.  Reflex ordered biomarkers include: EGFR, KRAS, BRAF and 
ERBB2 mutations, MET exon 14 skipping, and ALK, RET and ROS1 gene rearrangements, MET amplification, and PDL-1 expression. 

Results: The cohort includes 166 patients with NSCLC of all tumor stages; 46.9% (n = 78) males, 53.0% (n = 88) females, and median age 
of 70 years. 76.5% (n = 127) of cases had reflex testing and 23.5% (n = 39) had non-reflex testing. The average number of days from the 
anatomic pathology report to the molecular report sign-out (defined as turn-around-time) was 27.6 days for reflex ordered vs. 73.5 days for 
non-reflex testing.  Reflex ordered cases had a higher variant detection rate than non-reflex cases (48.8% vs. 25.6%, p < 0.05).  Specific 
variant detection rates were: EGFR = 13.3% (n = 22), KRAS = 26.8% (34), BRAF = 1.5% (2), ERBB2 = 0% (0), ALK gene fusion = 5.6% 
(8), RET fusion = 2.5% (3), ROS1 fusion = 2.2% (3), MET exon 14 skipping = 0.8% (1), and MET amplification = 2.7% (3).  The majority 
(89.7%, n = 149) of cases had <50% tumor PD-L1 expression. 

Conclusions: The detection rates and types of pathogenic variants identified within our cohort are similar to those reported in 
literature.  The average turn-around-time (TAT) was 2.7 times lower, and the variant detection rate was 1.9 times higher for reflex ordered 
testing as compared to non-reflex. These findings show that a standardized comprehensive strategy for molecular testing significantly 
decreases TAT and enables critical timely administration of personalized therapy for patients with lung cancer. 

1867   “Real world” and objective analysis of PD-L1 immunohistochemistry in transbronchial and EBUS-
TBNA samples from NSCLC patients from a Chilean tertiary hospital  
Yumay Pires1, Viviana Ahumada2, Macarena Vial1, Marcela Schultz1, Daniel Carvajal-Hausdorf3  
1Clinica Alemana - Facultad de Medicina Universidad del Desarrollo, Santiago, Región Metropolitana, Chile, 2Santiago, Santiago, 
Chile, 3Clinica Alemana - Facultad de Medicine Universidad del Desarrollo, Santiago, Metropolitana, Chile  

Disclosures: Yumay Pires: None; Viviana Ahumada: None; Macarena Vial: None; Marcela Schultz: None; Daniel Carvajal-Hausdorf: None 

Background: Small biopsies are routinely obtained during diagnostic work-up of NSCLC. Recently, endobronchial ultrasound-guided 
transbronchial needle aspiration (EBUS-TBNA) biopsies have become available. However, the performance of immunohistochemistry 
biomarker PD-L1 has not been thoroughly studied in this sample type. Here, we assessed the relationship and agreement of PD-L1 scores 
in transbronchial (TB) tumor biopsies and EBUS-TBNA from positive lymph nodes using traditional pathologist evaluation and an objective 
platform for IHC quantification in a series of NSCLC patients. 

Design: IHC slides for PD-L1 (E1L3N) including TB samples from tumor and EBUS specimens from positive lymph nodes from 24 NSCLC 
patients diagnosed at a Chilean tertiary hospital were evaluated by 2 pathologists (P1 and P2) and scanned using an Aperio® AT2 scanner 
(Leica). Slides were scored by pathologists using a 5-tier, semiquantitative scale, employing current guidelines for interpretation of PD-L1 in 
NSCLC. For digital analysis, tumor and cell groups were selected by a trained operator. Areas were analyzed using FDA-approved 
algorithms for membrane positive pixel counting. We correlated the percentage scoring for TB and EBUS using linear regression 
coefficients (R2) and analyzed its consistency for both pathologists and digital operator (DO) by intraclass correlation (ICC) coefficients. All 
tests were two-sided. 

Results: P1 and P2 rejected 2 and 3 EBUS cases as insufficient, respectively. One case was excluded from digital analysis due to 
absence of cell clusters that prevented area selection (range of tumor cells detected: 380-9475 for TB, 280-47237 for EBUS). There was a 
positive relationship for PD-L1 scoring between TB and EBUS across observers (R2=0.37 for P1, 0.58 for P2 and 0.25 for DO). Agreement 
was high between pathologists for TB and EBUS scoring (TB ICC=0.96; EBUS ICC=0.99). However, when pathologists compared to DO, 
agreement was moderate for TB (P1 vs DO ICC=0.64; P2 vs DO ICC=0.62) and EBUS (P1 vs DO ICC=0.54; P2 vs DO ICC=0.49). 

Conclusions: There is a positive correlation for PD-L1 expression in TB tumor and EBUS lymph node biopsies using traditional pathologist 
and objective evaluation. High agreement is present in both groups for pathologist scoring, but it falls to moderate when a digital operator is 
included. Objective IHC analysis shows promising results, but issues with tissue recognition need to be solved. EBUS-TBNA samples are 
suitable specimens for IHC assessment of PD-L1 in NSCLC. 
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1868   The Utility of PD-L1/CD8 Dual Immunohistochemistry for Prediction of Response to Immunotherapy 
in Non-Small Cell Lung Cancer (NSCLC)  
Matthew Rosenbaum1, Sara Khosrowjerdi2, Marina Kem3, Vashine Kamesan3, Subba Digumarthy3, Justin Gainor3, Mari Mino-
Kenudson3  
1Boston, MA, 2Tufts School of Medicine, Boston, MA, 3Massachusetts General Hospital, Boston, MA  

Disclosures: Matthew Rosenbaum: None; Sara Khosrowjerdi: None; Marina Kem: None; Vashine Kamesan: None; Subba Digumarthy: 
None; Justin Gainor: Consultant, Bristol-Myers Squibb; Speaker, novartis; Speaker, Pfizer; Consultant, Takeda; Consultant, Array; Mari 
Mino-Kenudson: Consultant, Merrimack Pharmaceuticals; Consultant, H3 Biomedicine 

Background: PD-L1 expression by immunohistochemistry (IHC) is an important but imperfect biomarker for predicting response to PD-
1/PD-L1 axis blockade (PD-B) in NSCLC. CD8+ tumor infiltrating lymphocytes (TILs) or stromal cells may also be a predictive biomarker for 
PD-B response. We examined the performance of PD-L1/CD8 dual IHC (dIHC) in two cohorts of NSCLC patients treated with PD-B. 

Design: Patients who had received PD-B were identified through retrospective review of oncology clinical databases. The first cohort 
received nivolumab generally as a 2nd or later line treatment; tissue samples were mainly obtained at initial diagnosis, prior to 1st line 
therapy (median of 265d [7-779d] between biopsy and PD-B treatment). The 2nd cohort received pembrolizumab as a 1st line therapy, and 
tissue samples were procured immediately before the initiation of PD-B.  PD-L1/CD8 dIHC was performed on tissue samples and tumor 
proportion score (TPS) of PD-L1 was evaluated. CD8+ TILs and CD8+ stromal T cells were semi-quantitatively assessed, and the 
quantities of CD8+ T cells were dichotomized (low vs high) with appropriate cut-offs. 

Results: The study cohort consisted of 50 patients in the nivolumab cohort (NC) and 27 patients in the pembrolizumab cohort (PC). In the 
NC, PD-L1 TPS, CD8+ TILs or stromal cells did not correlate with objective response rate or progression free survival (PFS). However, the 
subset of patients with TPS>1% who showed both high CD8+ TILs and stromal cells had significantly reduced PFS (P=.028). 

In the PC cohort, all cases exhibited PD-L1 TPS ?50%, consistent with the FDA label for 1st line pembrolizumab. High CD8+ TILs, high 
CD8+ stromal cells and both high CD8+ stromal cells/TILs (56%, 39% and 30% of the PC, respectively) were correlated with improved PFS 
(P=.027, P=.020, P=.004 respectively). High CD8+ stromal cells and both high CD8+ stromal cells/TILs were associated with improved 
overall survival (P=.018, P=.027, respectively). 

Conclusions: PD-L1/CD8 dIHC improves the prediction of response to pembrolizumab as 1st line therapy in NSCLC, where increased 
CD8+ TILs and stromal cells were associated with improved survival. When PD-B was used as 2nd or later line of treatment, dIHC on tissue 
samples obtained before 1st line therapy was less informative but identified a subset of patients that did not respond well to 2nd line PD-B. If 
these results are confirmed by larger cohort studies, PD-L1/CD8 dIHC may be useful for predicting response to the PD-B in advanced 
NSCLC patients. 

1869   Differences In TTF-1 Clones Affect Immunohistochemical Resolution of Lung Carcinoma Typing  
Wedden Sarah1, Amy Hanlon Newell2, Julia Coach3, Keith Miller4, Paula Toro5, Teresa Thomas6, Peter Banks7, Corrado D'Arrigo8  
1CADQAS CIC, Poundbury, Dorchester, United Kingdom, 2Ventana/Roche, Oro Valley, AZ, 3Roche, Tucson, AZ, 4UKNEQAS 
ICC&ISH, London, United Kingdom, 5Roche, Alicante, Spain, 6Poundbury Cancer Institute, Poundbury, United Kingdom,7Charlotte, 
NC, 8Poundbury Cancer Institute, Dorchester, United Kingdom  

Disclosures: Wedden Sarah: Grant or Research Support, Roche Diagnostics; Amy Hanlon Newell: Employee, Roche 
Diagnostics; Employee, Roche; Julia Coach: Employee, Roche Diagnostics; Paula Toro: Employee, Roche Diagnostics; Peter 
Banks: Consultant, Ventana Medical Systems, Inc. 

Background: Recognition of specific types of lung cancer, in particular distinction of squamous cell carcinoma(SCC) from 
adenocarcinoma(AC), is critical for appropriate patient management. Use of immunohistochemical(IHC) markers has been recommended 
by the WHO and other guideline organizations as a means for reducing the proportion of cases classified as Non-small Cell Lung 
Cancer(NSCLC) not otherwise specified(NOS). It has been shown that variations in sensitivity of TTF-1 clones can raise questions in 
regard to AC tissue of origin. Selection of preferred clones for IHC panels for optimal recognition of SCC, AC and reduction of NOS 
remains an important goal for clinical practice. 

Design: An archival collection of 300 previously-diagnosed FFPE lung cancer resection specimens was evaluated by IHC with TTF-
1(SP141), TTF-1(8G7G3/1), p40(BC28), p63(4A4), and Napsin A(MRQ-60). Synaptophysin(SP11) was used for recognition of 
neuroendocrine(NEC) tumors. A preliminary reader identified 34 cases as discrepant in TTF-1 staining (in all cases SP141+/8G7G3/1-). A 
total of 5 pathologists independently assessed these cases, assigning an initial H&E-only diagnosis followed by IHC interpretation with a 
resultant final diagnosis.  Finally, joint review of discrepant interpretations led to consensus diagnoses. 

Results: Initial morphological diagnoses of the 34 TTF-1-discrepant cases characterized the cases as 22 AC, 8 NOS, 3 adenosquamous 
(ACSCC), and 1 NEC (Table 1).  Based upon TTF-1 staining considered positive with 1+staining (0 to 3 scoring) in >10% tumor cells, 22 
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cases were positive for SP141 and negative for 8G7G3/1. There was some variation among pathologists in interpreting the 10% cut-off. 
Consensus was reached on diagnoses of the 34 cases with joint review of discrepant marker interpretation.  In total, evaluation of the panel 
described above provided 12 changes in diagnosis. All 8 cases initially diagnosed as NOS were resolved through use of this IHC panel: 3 
to ACSCC, 3 to AC, 1 to SCC and 1 to NEC. Eleven of 22 SP141+ but 8G7G3/1- cases were positive for Napsin A, lending additional 
support to an AC diagnosis for 3 ambiguous cases, including case “C16-12” (Fig1). Case “C16-14” was negative for 8G7G3/1, Napsin A 
and p40, while positive for SP141 and p63, supporting change from an initial H&E-only diagnosis of ACSCC to AC (Fig2). 

Table 1: Consensus Diagnosis and IHC Assessment of Panel Clones 
     

Case # Initial H&E 
Diagnosis 

Post-IHC Diagnosis Change in 
Diagnosis 
after IHC? 

Napsin 
A 

p40 
(BC28) 

p63 
(4A4) 

TTF-1 
(SP141) 

TTF-1 
(8G7G3/1) 

C16-4 AC AC N - - - + - 
C16-8 AC AC N - - - + - 
C16-10 NOS  Adenosquamous Y - - - + - 
C16-12 NOS AC - poorly 

differentiated 
Y + - - + - 

C16-14 AC Adenosquamous Y - - + + - 
C16-20 AC AC N + - - + + 
C16-24  NOS FNE Y - - - + + 
C16-39 Adenosquamous AC Y + - - + + 
C16-47 AC AC N - - - + - 
C16-50 NOS  AC Y + - - + - 
C16-65 AC AC N + - - + - 
C16-66 AC AC N + - + + - 
C16-96 AC AC N + - - + + 
C16-104 AC AC N + - - + - 
C16-129 AC AC N + - - + - 
C16-132 AC AC N + - - + - 
C16-139 AC AC N + - - + + 
C16-140 AC AC N - - - + - 
C16-141 AC AC N + - - + - 
C16-147 AC AC N + - - + - 
C16-149 AC AC N - - + + - 
C16-155 NOS AC Y - - - + + 
C16-160 AC GI MET Y - - - - - 
C16-174 NOS Adenosquamous Y - - + + + 
C16-189 AC AC N - - - + - 
C16-205 NOS SCC Y - + + - - 
C16-238 Adenosquamous  Adenosquamous N - + + + - 
C16-240 Adenosquamous AC Y + - - + - 
C16-278 AC  AC N + - - + + 
C16-304 NOS  Adenosquamous Y - - + + - 
C16-305 AC AC N + - - + - 
C16-309 AC AC N + - - + + 
C16-317 FNE FNE N - - - + - 
C16-325 AC AC N + - - + +          
  

AC = Adenicarcinoma 
      

  
SCC = Squamous Cell Carcinoma 

     
  

FNE = Neuroendocrine 
      

  
MET = metastasis 

      
  

NOS = not otherwise specified 
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Figure 1 - 1869  

 

Figure 2 - 1869  

 

Conclusions: TTF-1 clone SP141 appears to be more sensitive than clone 8G7G3/1 for detecting pulmonary adenocarcinoma. p63 is less 
specific than p40 for SCC identification. 

1870   Development of Diffuse Idiopathic Pulmonary Neuroendocrine Hyperplasia (DIPNECH) Diagnostic 
Criteria  
Olga Sazonova1, Michèle Orain2, David Simonyan3, Provencher Steeve4, Marie Hélène Lévesque Lévesque4, Béland Chloé5, 
Marc-André Hamel5, Claudia Morillon5, Lacasse Yves4, Philippe Joubert4  
1Quebec, QC, 2Institut Universitaire de Cardiologie et de Pneumologie de Quebec Research Center, Quebec, QC, 3CHU de 
Quebec, Quebec, QC, 4Quebec Heart and Lung Institute, Quebec, QC, 5University Laval, Quebec, QC  

Disclosures: Olga Sazonova: None; Michèle Orain: None; David Simonyan: None; Provencher Steeve: None; Marie Hélène Lévesque 
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Background: Diffuse idiopathic pulmonary neuroendocrine hyperplasia (DIPNECH) is a respiratory disease characterised by multiple foci 
of pulmonary neuroendocrine cells hyperplasia and/or tumorlets. Due to the absence of evidenced-based diagnostic criteria at clinical, 
radiological and pathological levels, this condition is likely underdiagnosed. The present study was designed to develop histological 
diagnostic criteria of DIPNECH and provide guidelines for pathology grossing and clinical diagnosis. 

Design: A cohort of 105 patients that had a pulmonary surgical resection between 2000 and 2016 and diagnosed with pulmonary 
neuroendocrine hyperplasia, tumorlets or carcinoid tumors was retrospectively selected from the institutional archives. Clinical, radiological 
and pathological features were reviewed to identify parameters associated with DIPNECH. The diagnosis (DIPNECH or absence of 
DIPNECH) established by expert panel committee upon revision of clinical files served as a gold standard. Histological and clinical 
diagnostic predictors were selected based on the literature reviews and tested for their relevance to the diagnosis by univariate and 
multivariate tests. Variables reaching significance in the univariate test were used for recursive partitioning analyses to propose algorithmic 
diagnostic approach. Receiver operator curves were constructed to evaluate performance characteristics of diagnostic criteria. 

Results: Twenty-seven cases were diagnosed as DIPNECH by the expert panel committee. With extensive tissue sampling (an average 
area of 9.2 cm² (CI 8.1; 10,4 cm²) of pulmonary parenchyma or about 5 blocs for each case) pathological evaluation of the pulmonary 
resection specimens reached a sensitivity of 96.2% and a specificity of 93,5% for the diagnosis of DIPNECH. The optimal threshold 
established from a ROC was 13 foci of pulmonary neuroendocrine hyperplasia and/or tumorlets per 100 bronchioles. Considered within the 
clinical context, any low grade neuroendocrine proliferation with multiple nodules on the CT-scan or gaseous retention on the spirometry 
was 94.9% specific and 66% sensitive for the diagnosis of DIPNECH. 

Conclusions: Pathological evaluation alone in the context of a surgical resection for a carcinoid tumor, and with adequate sampling (5 
additional non-tumor lung parenchyma) is sensitive and specific for the diagnosis of DIPNECH, with a cut-off point of at least 1 
neuroendocrine lesion for every 13 bronchioles. 
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1871   Biopsy Accurately Predicts Resection Pathologic Parameters in Malignant Mesothelioma: A Multi-
Institutional Analysis  
Jefree Schulte1, Richard Attanoos2, Luka Brcic3, Kelly Butnor4, David Chapel1, Sanja Dacic5, Junya Fukuoka6, Francoise Galateau 
Salle7, Theresa Godschachner3, Kenzo Hiroshima8, Sonja Klebe9, Thomas Krausz10, Leslie Litzky11, Alberto Marchevsky12, Jeffrey 
Mueller13, Andrew Nicholson14, Anja Roden15, Eric Santoni-Rugiu16, Henry Tazelaar17, Ann Walts18, Birgit Weynand19, Yu Zhi 
Zhang20, Aliya Husain1  
1University of Chicago, Chicago, IL, 2Cardiff University, Cardiff, United Kingdom, 3Medical University of Graz, Graz, 
Austria, 4University of Vermont Medical Center, Burlington, VT, 5University of Pittsburgh, Pittsburgh, PA, 6Nagasaki University, 
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Background: Malignant mesothelioma (MM) is diagnosed by biopsy. Accurate assessment of histologic subtype, nuclear grade and 
presence of necrosis (epithelioid [E] MM) and percent epithelioid component (biphasic [BP] MM) may determine prognosis and direct 
treatment. This study correlates these parameters between biopsies and resections in order to determine accuracy of biopsy. 

Design: Pleural and peritoneal MM biopsies with corresponding resections were collected from 15 institutions around the globe. Pathology 
reports and H&E stained sections were reviewed. Histologic subtype (E, BP, or sarcomatoid [S]) was noted. For E MM, nuclear grade (NG) 
and necrosis were determined. In BP MM, the percent E component was recorded. Biopsies and resections were compared using chi-
square test. 

Results: Of the 356 cases collected, biopsy showed 263 E, 79 BP, and 14 S subtypes (Table 1). Biopsy was predictive of final resection 
subtype in 82% (p <0.01). Percent E was known in 65 of 79 BP MM cases. 60 had E component predominance (≥50% E) and 5 cases 
showed S component predominance (>50% S) at the time of biopsy. BP biopsies were not predictive of dominant morphology at resection 
(p=0.52). 

Nuclear grade (NG) and presence or absence of necrosis were recorded for 146 and 136 cases of E MM, respectively. At biopsy, 70 were 
NG 1, 63 were NG 2, and 13 were NG 3. The majority (80%) showed no difference in nuclear grade between biopsy and resection (p < 
0.01). If NG changed between biopsy and resection, cases were much more likely to be upgraded (n=27, 18%) than downgraded (n=3, 
2%). Necrosis was present in 22 cases on biopsy of which 19 (86%) also showed necrosis at resection. Of the 114 cases with no necrosis 
on biopsy, 22 (19%) showed necrosis on resection. Necrosis at biopsy was predictive of necrosis at resection (p < 0.01). 

 
Resection E MM Resection BP MM Resection S MM Resection 

Benign 
Resection 
BP 
MM >50% 
E 

Resection 
BP MM 
>50% S 

Biopsy E MM 
(n=263) 

207 

(79%) 

55 

(21%) 

0 1 

(~1%) 

- - 

Biopsy BP MM 
(n=79) 

4 

(5%) 

74 

(94%) 

1 

(1%) 

0 - - 

Biopsy S MM 
(n=14) 

0 2 

(14%) 

12 

(86%) 

0 - - 

Biopsy  BP 
MM >50% E (n=60) 

- - - - 44 

(73%) 

16 

(27%) 
Biopsy BP MM     > 
50% S (n=5) 

- - - - 3 

(60%) 

2 

(40%) 

Conclusions: At biopsy and resection, the majority of cases showed the same histologic subtype of MM, and no difference in NG or 
necrosis. BP MM was problematic, as biopsy was not reflective of final percentage of E component. Additional cases of BP MM are being 
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studied with consideration of the number of sites biopsied in ordered to determine if additional sampling would be useful in predicting 
resection parameters in BP MM. Lastly, comparison of biopsy and resection pairs from cases with and without pre-resection treatment is 
underway and should help determine what effects, if any, treatment has on MM from the time of biopsy to resection.     

1872   Computerized Histologic Regression Shows Improved Prognostic Stratification and Robust 
Correlations with Metabolic 18F-FDG PET/CT Readouts in Neoadjuvant Treated Lung Squamous 
Cell Carcinoma  
Alex Soltermann1, Ruben Casanova1, Irene Burger1  
1University Hospital Zurich, Zurich, Switzerland  

Disclosures: Alex Soltermann: None; Irene Burger: None 

Background: The amount of residual tumor burden after neoadjuvant chemotherapy is an important prognosticator, but for non-small cell 
lung carcinoma (NSCLC), no official regression scoring system exists. Image-based digital pathology may allow for accurate quantification 
of histopathologic regression and better correlation with metabolic positron emission tomography / computed tomography (18F-
FDG PET/CT) and survival data. 

Design: In addition to a four-tiered conventional histopathologic tumor regression score (TRG), vital tumor epithelia were quantified by 
computerized analysis of pan-cytokeratin stained sections from lung squamous cell carcinomas (LSCC). The percentage of tumor cells 
(Tumor%), the tumor area (Tumorarea), the largest fragment size (Sizemax) and the number of tumor fragments (TF) were evaluated in a 
neoadjuvant chemotherapy cohort (n=55 patients) and in chemo-naïve patients (n=104) for comparison. Metabolic activity was measured 
by quantitative 18F-FDG PET/CT metrics before and after neoadjuvant treatment (n=23 patients), including maximum standard uptake 
value (SUVmax), background subtracted lesion activity (BSL) and background subtracted volume (BSV). 

Results: In the neoadjuvant chemo-treated group, patients were stratified into short-term (<3 years, n=22) and long-term (≥3 years, n=33) 
overall survival. Receiver operator characteristic curve analysis showed higher areas under the curves (AUCs) for Tumor% (AUC=0.74/p-
value=0.003), Tumorarea (AUC=0.68/p-value=0.023) and Sizemax (AUC=0.72/p-value=0.007) compared to a four-tiered conventional 
histopathologic tumor regression score (TRG) (AUC=0.63/p=0.077) whereas TF was not a significant parameter. Tumor%, Tumorarea and 
Sizemax recurrently correlated with post-chemotherapy SUVmax, BSL and BSV as well as with delta (post- minus pre-chemotherapy) values, 
in contrast to TF and TRG scores. 

Conclusions: Immunohistochemistry-based quantitative morphometry by computerized image analysis is a means to assess residual 
tumor burden in a more accurate manner than conventional histopathologic regression scoring. 

1873   Lung Adenocarcinomas with Multifocal Nodules May Have a Low rate of Recurrence Irrespective of 
Morphologic or Molecular Stages  
David Suster1, Zehra Ordulu2, Dora Dias-Santagata1, Marina Kem1, John Iafrate1, Mari Mino-Kenudson1  
1Massachusetts General Hospital, Boston, MA, 2Massachusetts General Hospital, Dorchester, MA  

Disclosures: David Suster: None; Zehra Ordulu: None; Dora Dias-Santagata: None; Marina Kem: None; John Iafrate: Major Shareholder, 
ArcherDx; Mari Mino-Kenudson: Consultant, Merrimack Pharmaceuticals; Consultant, H3 Biomedicine 

Background: The new AJCC staging guidelines for lung cancer classifies cases with multiple nodules into 4 categories. Of those, 
distinguishing multiple synchronous primaries (SP) from intrapulmonary metastasis (MET) in lung adenocarcinoma can be difficult on 
morphologic grounds alone. Molecular profiling may help provide more accurate T staging for cases with multiple nodules. In addition, 
molecular alterations of small lepidic predominant lesions that are considered independent primaries have not been well studied.     

Design: An institutional database was queried for patients with two or more adenocarcinomas including adenocarcinoma in situ (AIS) and 
minimally invasive adenocarcinoma (MIA) resected at a single operation from 2002 to 2016.  Multiplex PCR assay and/or NGS were 
performed on multiple tumor nodules in cases with available tumor tissue. Tumors were compared and staged based on histomorphological 
patterns and characteristics. They were also staged according to molecular results; identical molecular alterations between lesions were 
classified as MET while different alterations were classified SP. Patient outcomes were correlated with tumor staging (histologic versus 
molecular).  

Results: The study cohort consisted of 3 groups: 1) multiple lepidic predominant lesions (AIS/MIA/lepidic adenocarcinoma, n=4) 2) 
invasive adenocarcinoma other than lepidic and AIS/MIA (n=10) and 3) multiple invasive adenocarcinomas (n=21). In groups 1 and 2, 
genetic profiles were different between multiple lesions in all except one case (group 2).  In group 3, histologic assessment classified 18 
cases as SP and 3 as MET, while molecular profiling classified 16 cases as SP and 5 as MET. The overall discordance between histologic 
and molecular staging for group 3 was 29% (6/21). Molecular profiling upstaged and downstaged 3 cases each. Of the 19 patients in group 
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3 with available follow-up (0.1 to 11.6 years; mean 4.7 years), only one (SP by both assessments) experienced recurrence, while 4 patients 
(SP by both assessments) developed a new independent adenocarcinoma.     

Conclusions: The results of this study indicate that many lepidic predominant lesions are independent tumors.  While a significant fraction 
of cases with multiple invasive adenocarcinomas have discrepant histologic and molecular T stages, it appears that regardless of the 
differences, the rate of recurrences remains low with complete resection in this small cohort.  Analyses of additional cases are 
pending.        

1874   Novel approaches for assessment of PD-L1 immunohistochemistry in lung adenocarcinoma 
through deep learning algorithms  
Yuki Teramoto1, Akihiko Yoshizawa1, Ryoma Bise2, Hiroki Tokunaga3, Naoki Nakajima1, Hironori Haga4  
1Kyoto University Hospital, Kyoto, Japan, 2Kyushu University, Fukuoka City, Japan, 3Kyushu University, Fukuoka-shi, 
Japan, 4Kyoto, Japan  

Disclosures: Yuki Teramoto: None; Akihiko Yoshizawa: None; Ryoma Bise: None; Hiroki Tokunaga: None; Naoki Nakajima: None; 
Hironori Haga: None 

Background: The programmed death receptor 1 (PD-1) and its ligand PD-L1 pathway has shown promising clinical success as an 
immunotherapy target in cancer treatment, especially in non-small cell lung cancer. Although PD-L1 immunohistochemistry (IHC) is used 
for the decision on treatment with PD-L1 checkpoint inhibitors, evaluation of PD-L1 IHC may be difficult. Macrophages often exhibit 
membranous staining and may be misinterpreted as cancer cells. Also, unspecific cytoplasmic staining may occur, and weak partial 
membranous staining of tumors cells count as positives but may be difficult to detect. The mentioned difficulties are especially troublesome 
when a very limited proportion of tumor cells such as 1% is sufficient for a positive test, as is the case for some markers, and may lead to 
significant interobserver variation. Our study purpose was to develop a deep neural network convolution system for automated semi-
quantitative assessment of PD-L1 IHC. 

Design: We adopted ensemble of a two-step strategy using the whole slide images of tissue microarray comprising of 343 surgical 
specimens. Three trained pathologists scored PD-L1 staining proportion into two grades (<50%, >=50%) independently, and discrepant 
cases were resolved in the discussion with all observers. In the first step, we applied the U-Net architecture to detect all nuclei of tumoral 
and non-tumoral cells in each core. To create the ground truth labels we annotated bounding boxes for over 4000 nuclei. In the second 
step, our CNN model classifies the detected cells as either PD-L1 positives (Class 0), negatives (Class 1) or non-tumoral cells (Class 3) 
(e.g., macrophages, necrotic cells). To train the CNN, pathologists annotated regions so that each region only includes a single class of 
cells, and the small patch image (64x64) around the detected cells is labeled based on the annotated regions. In the inference step, the 
trained CNN inferences the class of the detected cells. Based on the inference, the percentage of PD-L1 positive cells of each core was 
obtained by dividing the number of PD-L1 expressing cancer cells by the total number of cancer cells which is the union of regions 
represented by Classes 0 and 1. 

Results: Our methods reproduce the expert analysis, leading to an accuracy of 0.96 for automatic diagnosis in the case of total proportion 
score (TPS) <50%, and 0.92 in the case of TPS >=50%. 

Conclusions: These results clearly open the door to highly-accurate and fully-automatic analysis of PD-L1 IHC. 

1875   Utility of Immunohistochemistry for MUC4 and GATA3 to Aid in the Distinction of Sarcomatoid 
Mesothelioma from Sarcomatoid Carcinoma  
Simone Terra1, Anja Roden1, Eunhee Yi1, Christine Aubry1, Jennifer Boland1  
1Mayo Clinic, Rochester, MN  

Disclosures: Simone Terra: None; Anja Roden: None; Eunhee Yi: None; Christine Aubry: None; Jennifer Boland: None 

Background: Distinguishing sarcomatoid pulmonary carcinoma from sarcomatoid mesothelioma can be very challenging due to 
overlapping histology and immunophenotype.  Thus this distinction often relies on clinical and radiographic findings, which may also be 
ambiguous in some cases.  Reliable immunohistochemical markers to make this distinction would be of great value, given the differences 
in etiology, treatment, and prognosis.  Recent studies have proposed that MUC4 expression is common in sarcomatoid carcinoma, but not 
in sarcomatoid mesothelioma.  Conversely, GATA3 expression has been described as a common finding in sarcomatoid mesothelioma, but 
not in sarcomatoid carcinoma. We sought to further explore the utility of these markers to distinguish these two entities.  

Design:  Well characterized cases of sarcomatoid caricnoma and sarcomatoid mesothelioma were included, and all diagnoses were 
confirmed by a thoracic pathologist with incorporation of immunophenotype, clinical and radiographic features.  A representative whole 
tissue section from each case was stained for GATA3 (clone L50-823), MUC4 (clone 8G7), BAP1 (clone C-4) and p40 (clone BC28).   
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Results: The 32 patients with sarcomatoid carcinoma included 20 men (63%), with an average age of 69 years (range 46-93).  The 64 
patients with sarcomatoid mesothelioma included 55 men (86%), and occurred at an average age of 71 years (range 49-91); 13 
had desmoplastic histology (20%).  GATA3 was positive in 63 of 64 sarcomatoid mesotheliomas (98%; 42 diffuse, 16 patchy, 5 focal), and 
15 of 32 sarcomatoid carcinomas (47%; 3 diffuse, 8 patchy, 4 focal).  MUC4 was positive in 2 of 64 sarcomatoid mesotheliomas (3%; 1 
patchy, 1 focal), and in 12 of 32 sarcomatoid carcinomas (38%; 5 diffuse, 6 moderate, 1 focal). BAP1 expression was lost in 6 of 64 
sarcomatoid mesotheliomas (9%), and in none of the sarcomatoid carcinomas. P40 was focally positive in 1 of 64 sarcomatoid 
mesotheliomas (1.5%), and in 10 of 32 sarcomatoid carcinomas (31%). 

Conclusions: GATA3 is a sensitive marker of sarcomatoid mesothelioma, with 98% of cases staining positive, most with a strong diffuse 
pattern.  However, it is not entirely specific, with 47% of sarcomatoid carcinomas expressing this marker, although most showed focal or 
patchy staining.  MUC4 was not a perfectly sensitive marker of sarcomatoid carcinoma in our cohort, positive in only 38% of cases, but it 
was quite specific, as it was positive in only 3% of sarcomatoid mesotheliomas. 

1876   Loss of Retinoblastoma 1 Expression Is Associated with High Grade Neuroendocrine Carcinoma  
Simone Terra1, Hao Xie1, Sarah Jenkins1, Brooke McCann1, Jennifer Boland1, Julian Molina1, Anja Roden1  
1Mayo Clinic, Rochester, MN  

Disclosures: Simone Terra: None; Hao Xie: None; Sarah Jenkins: None; Brooke McCann: None; Jennifer Boland: None; Julian Molina: 
None; Anja Roden: None 

Background: The retinoblastoma 1 (Rb1) gene encodes a tumor suppressor protein involved in cell cycle regulation. Rb1 gene alterations 
have been described in 65-93% of small cell lung carcinomas (SCLC), 42% of large cell neuroendocrine carcinomas (LCNEC), and 8% of 
pulmonary carcinoid tumors (PCT). Loss of Rb1 expression may have a clinical implication as it seems to correlate with better response to 
certain chemotherapy agents. A study of transbronchial biopsies revealed loss of Rb1 protein expression in all SCLC. However, expression 
of Rb1 in resection specimens and in LCNEC or PCT has not been thoroughly analyzed. We studied Rb1 expression in resection 
specimens of various lung neuroendocrine tumors. 

Design: Resected pulmonary neuroendocrine tumors (1995-2017) identified from institutional pathology files were reviewed to confirm the 
diagnosis. Clinical information was collected from medical records. Rb1 expression (clone G3-245) was assessed independently by a 
thoracic pathologist and a pathology trainee. Tumors were staged according to the 8th AJCC. 

Results: The 70 patients included 25 men (35.7%) with a median age of 70.1 years (range, 35-88).  Studied tumors included 42 SCLC 
(60.0%), 2 LCNEC (2.9%), 19 atypical (27.1%) and 7 typical PCT (10.0%). Tumors were completely resected in 66 cases (94.3%). Staging 
information was available in 61 tumors: 28 were stage I (45.9%), 10 stage II (16.4%), 19 stage III (31.1%), and 4 stage IV (6.6%). 

There was perfect agreement in evaluation of Rb1 expression between the two reviewers. Loss of Rb1 expression was observed in 42 
tumors (56.8%). Loss of Rb1 expression correlated with morphologic diagnosis (p<0.001), and was observed in 39 SCLC (92.9%), 1 
LCNEC (50%), and none of the atypical or typical PCT. 

Median follow up was 3.3 years (N=64; range 35 days-19.1 years), and metastasis/recurrence occurred in 20 patients (31.2%); 48 patients 
died, 13 of which died due to disease. 

Conclusions: The assessment of Rb1 protein loss is easy and reliable. Loss of Rb1 expression is only seen in high grade pulmonary 
neuroendocrine carcinomas, but not in pulmonary carcinoid tumors. 

1877   Resected Pulmonary Nodules in the Pediatric Population: Institutional Experience from a Tertiary 
Care Center  
Simone Terra1, Shannon Knight1, Benjamin Kipp1, Jennifer Boland1  
1Mayo Clinic, Rochester, MN  

Disclosures: Simone Terra: None; Shannon Knight: None; Benjamin Kipp: None; Jennifer Boland: None 

Background: Many resected pulmonary nodules in adults represent primary lung carcinomas, but the distribution of disease is different in 
children, where primary lung neoplasms are uncommon and have a unique pathologic profile. Congenital abnormalities and infectious 
disease also deserve special attention in children, since neoplasms are very uncommon. Lung metastases in children are also very 
different, since sarcomas are much more common. The goal of this study is to better define the spectrum of disease observed in resected 
mass lesions in the pediatric population. 
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Design: Institutional pathology archives were searched (1992-2017) for patients aged ≤21 years at the time of a surgical lung resection for 
a mass lesion.  Slides were reviewed and clinical information was obtained from medical records. 

Results: Mass lesions were resected in 368 pediatric patients.  Primary lung neoplasms occurred in 23 patients (6%; mean age 13.7, 
range 6 months-21 years). Carcinoid tumor was the most common primary tumor (10; 3 were atypical).  Adenocarcinoma occurred in 2 
patients, both of which arose in the setting of prior malignancy (osteosarcoma, metastatic bowel carcinoid). Other primary tumors included 
inflammatory myofibroblastic tumor (4), pleuropulmonary blastoma (2), and one each of sclerosing pneumocytoma, pulmonary hamartoma, 
paraganglioma, myofibroma, and squamous papilloma. Metastatic disease was observed in 187 patients (51%; mean age 14.4, range 1-21 
years); the most common was osteosarcoma (71; 40% of metastases), followed by germ cell tumor (24), Ewing sarcoma (20), Wilms tumor 
(17), rhabdomyosarcoma (9), and classical Hodgkin lymphoma (9).  Cysts and malformations were resected in 58 patients (16%), most 
commonly congenital pulmonary airway malformations (32) and sequestrations (12). The remaining 100 patients (27%) had various non-
neoplastic pathologic diagnoses, most commonly necrotizing granulomas (33), intrapulmonary lymph node (16), abscess/infection (14), and 
organizing pneumonia (11). 

Conclusions: In children, metastases and infectious/inflammatory lesions are the most common resected mass lesions. Primary lung 
neoplasms constitute a small minority (6%) of resected nodules in the pediatric population, and molecular testing is an ongoing component 
of this study. Carcinoid tumor and inflammatory myofibroblastic tumor were the most common primary tumors in our series. Lung 
adenocarcinomas can rarely occur in children, and seem to be more common in the setting of prior malignancy. 

1878   Association of airway submucosal eosinophilia with blood and bronchoalveolar lavage 
eosinophilia in adults with severe refractory asthma  
Melissa Tjota1, Ayodeji Adegunsoye2, Aliya Husain2  
1Chicago, IL, 2University of Chicago, Chicago, IL  

Disclosures: Melissa Tjota: None; Ayodeji Adegunsoye: None; Aliya Husain: None 

Background: Asthma is a chronic inflammatory disease of the lungs that affects ~200 million people worldwide. For patients 
with persistently uncontrolled symptoms despite maximal medical therapy, an endobronchial biopsy and bronchoalveolar lavage (BAL) may 
be obtained to further assess airway inflammation and guide therapy. Given the invasive nature of this procedure, most patients get blood 
eosinophil counts. The goal of this study was to compare eosinophilia in the blood, BAL, and biopsy to identify whether there is a 
correlation between these various approaches. 

Design: A retrospective study was conducted in adult patients (n=220) who had been seen in the Refractory Obstructive Lung Disease 
clinic at our institution over a ten-year period (2008-2017). All the patients had been clinically diagnosed with severe refractory asthma and 
underwent an endobronchial biopsy. Clinical data was obtained through review of the electronic medical records. 

Results: Patients with submucosal eosinophilia had a greater prevalence of intraepithelial eosinophils (50.9% vs. 2.3%, P<0.001), 
intraepithelial neutrophils (36.7% vs. 9.3%, P<0.001), intraepithelial lymphocytes (52.5% vs. 18.6%, P<0.001), submucosal neutrophils 
(50.3% vs. 30.2%, P=0.018), submucosal lymphocytes (98.9% vs. 88.4%, P<0.001), and submucosal mast cells (69.3% vs. 
34.9%, P<0.001). In contrast, no significant differences were noted between the samples with BAL eosinophilia present versus absent for 
total cell count, red blood cell count, white blood cell count, polymorphonuclear leukocyte (PMN) percent, or lymphocyte percent. There 
was a significant difference with macrophage percent between the two groups (58.7% vs. 42.8%, p = 0.004). When submucosal 
eosinophilia was divided into mild (1-10 eosinophils/HPF), moderate (11-20 eosinophils/HPF), and severe (>20 eosinophils/HPF), mean 
eosinophilia trended more with eosinophilia in the BAL than with the peripheral blood (Figure 1A). There was poor correlation (r = 0.31, p = 
0.0001) between eosinophil levels in the blood and BAL (Figure 1B). 
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Figure 1 - 1878  

 

Conclusions: Compared to BAL, histopathologic data may more accurately characterize the underlying pathophysiology in severe 
asthmatics by providing a more detailed quantification of the airway inflammatory infiltrates. Moreover, blood eosinophilia may not be as 
representative of airway inflammation in patients with severe refractory asthma given the poor correlation between eosinophil levels in the 
blood and BAL. 

1879   INSM1 Expression in a Subset of Thoracic Malignancies and Small Round Cell Tumors: Rare 
Potential Pitfalls for Small Cell Carcinoma  
Harrison Tsai1, Jason Hornick2, Marina Vivero1  
1Brigham and Women's Hospital, Boston, MA, 2Brigham and Women's Hospital, Harvard Medical School, Boston, MA  

Disclosures: Harrison Tsai: None; Jason Hornick: None; Marina Vivero: None 

Background: INSM1, a marker of neuroendocrine differentiation, has a sensitivity of 93-100% for small cell lung carcinoma (SCLC) and 
may be positive in SCLC negative for other neuroendocrine markers. Our aim was to characterize INSM1 expression in epithelial, 
lymphoid, and mesenchymal tumors that demonstrate morphologic overlap with SCLC. 

Design: Surgical and cytology specimens with available archival paraffin-embedded tissue to include lung neuroendocrine tumors (NET), 
diffuse large B-cell lymphoma (DLBCL), and small round cell sarcomas were stained with anti-INSM1 (Santa Cruz, A-8). Extent (0-100%) 
and intensity (1-3+) of nuclear INSM1 staining were graded and multiplied to calculate an H-score. Correlation between INSM1 and RB1 
(BD Biosciences, G3-245) staining, which is frequently lost in high grade NET, was performed in all large cell neuroendocrine carcinomas 
(LCNEC) and SCLC negative for chromogranin and synaptophysin. 

Results: In total, 138 tumors (60 NET and 78 mimics) were tested. 27/30 (90%) SCLC were positive for INSM1 (median H score 240; IQR 
180-278; max 300), including 5/7 (71%) negative for chromogranin and synaptophysin. Of other NET, all 5 carcinoid tumors and 21/25 
(84%) LCNEC (median H score 130; IQR 65-150; max 280) were INSM1 positive. Of other tumor types, 6/12 (50%) solid 
adenocarcinomas, 2/6 (33%) thymic carcinomas, 2/14 (14%) basaloid squamous cell carcinomas, 4/9 (44%) alveolar rhabdomyosarcomas, 
and 4/11 (36%) Ewing sarcomas demonstrated at least focal INSM1 positivity. Non-NET generally demonstrated more limited staining than 
NET (median H score 68; IQR 30-155; max 290). No adenoid cystic carcinomas (2), NUT carcinomas (5), DLBCL (12), synovial sarcomas 
(4), or desmoplastic small round cell tumors (3) were INSM1 positive. Loss of RB1 expression was seen in 6/6 chromogranin- and 
synaptophysin-negative SCLC, including 2 INSM1 negative tumors, and in 16/22 LCNEC. Of 6 LCNEC with retained RB1 expression, 4 
were negative for INSM1. 

Conclusions: We confirm the high sensitivity of INSM1 for pulmonary NET in general (88%) and for SCLC specifically (90%). Non-NET 
that show morphologic overlap with SCLC may express INSM1, typically with more limited staining. Within this context, INSM1 has a 
specificity of 77% for SCLC (ranging 50-100% by alternative diagnosis). Further evaluation is therefore advised in presumed SCLC lacking 
both chromogranin and synaptophysin. RB1 immunohistochemistry may be helpful to distinguish LCNEC from solid adenocarcinoma. 
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1880   ALK rearrangement is associated with high PD-L1 expression in non-small cell lung cancer  
Gang Wang1, Diana Ionescu2, Tracy Tucker1, Cheng-Han Lee3, Tadaaki Hiruki4, Stephen Lam5, Barbara Melosky6, Chen Zhou7  
1BC Cancer Vancouver Centre, Vancouver, BC, 2UBC at BC Cancer, Vancouver, BC, 3Vancouver, BC, 4British Columbia Cancer 
Agency, University of British Columbia, Vancouver, BC, 5BC Cancer, Vancouver, BC, 6BC Cancer Agency, Vancouver, 
BC, 7University of British Columbia, Vancouver, BC  

Disclosures: Gang Wang: None; Diana Ionescu: None; Tracy Tucker: None; Cheng-Han Lee: None; Tadaaki Hiruki: None; Stephen Lam: 
None; Barbara Melosky: None; Chen Zhou: None 

Background: Biomarker testing is essential to identify patients eligible for targeted therapy and immunotherapy. Immunohistochemistry 
(IHC) for ALK and PD-L1 tumor proportion score (TPS) of at least 50% have been used to identify candidates for first line targeted therapy 
and immunotherapy in patients with advanced non-small cell lung cancers (NSCLC).  

Design: We performed a retrospective analysis of 1229 lung biomarker testing specimens from 1203 patients with NSCLC who had both 
ALK and PD-L1 IHC testing during Jan 1st 2017 to Mar 31st 2018. We also conducted a case control study in 105 NSCLC patients, 
including 39 ALK rearranged patients and 66 ALK wild type patients as the control group, to further characterize the PD-L1 expression in 
NSCLC with ALK rearrangement.  

Results: The overall positivity of ALK rearrangement and PD-L1 with TPS of at least 50% is 3.2% and 38.1% of NSCLC patients, 
respectively. Patients with ALK rearrangement had significantly higher PD-L1 positivity versus ALK wild type patients (66.7% vs 37.1%, 
p=0.0003). In patients with Stage IV NSCLC, ALK rearrangement was seen significantly more frequently in never-smokers than in smokers 
(former or current) (p<0.00001). Of the 39 NSCLC patients with ALK rearrangement, 26 patients (66.7%) had a PD-L1 TPS of at least 50%, 
significantly higher than in ALK wild type patients (24 out of 66 patients, 36.4%, p=0.0044). 

  
PD-L1 

  
0-49% 50% or more 

ALK 0/3 745(728) 438(430) 

1+/3 4(4) 2(2) 

2+/3 4(4) 2(2) 

3+/3 10(9) 24(24) 

Conclusions: PD-L1 expression is associated with ALK rearrangement. Combined targeted therapy and immunotherapy should be 
explored as a promising treatment option for NSCLC with ALK rearrangement with high PD-L1 expression. 

1881   PD-L1 Testing On the EBUS-FNA Cytology Specimens of Non-Small Cell Lung Cancer  
Gang Wang1, Diana Ionescu2, Cheng-Han Lee3, Tadaaki Hiruki4, Stephen Lam5, Barbara Melosky6, Chen Zhou7  
1BC Cancer Vancouver Centre, Vancouver, BC, 2UBC at BC Cancer, Vancouver, BC, 3Vancouver, BC, 4British Columbia Cancer 
Agency, University of British Columbia, Vancouver, BC, 5BC Cancer, Vancouver, BC, 6BC Cancer Agency, Vancouver, 
BC, 7University of British Columbia, Vancouver, BC  

Disclosures: Gang Wang: None; Diana Ionescu: None; Cheng-Han Lee: None; Tadaaki Hiruki: None; Stephen Lam: None; Barbara 
Melosky: None; Chen Zhou: None 

Background: The FDA approved PD-L1 tests for anti-PD-L1 immunotherapy are for surgical or histology specimens. It is not clear if 
cytology specimens could be used for PD-L1 testing to guide immunotherapy. In this study, we assess the suitability of EBUS-FNA cytology 
specimens for the testing of PD-L1. 

Design: Consecutive patients with Non-small cell lung cancer (NSCLC) underwent EBUS procedure between January 1, 2017 and March 
31, 2018 for PD-L1 testing were included. The cell blocks of EBUS-FNA cytology specimens were used for PD-L1 testing using Dako 22C3 
phamDx antibody according to the Dako protocol. PD-L1 protein expression in tumor cells is determined by using Tumor Proportion Score 
(TPS). 

Results: Of the 265 EBUS-FNA specimens from 262 patients sent for testing, 230 (86.8%) were adequate for PD-L1 testing.  Of the 34 
NSCLC patients with both histology and EBUS-FNA cytology specimens tested for PD-L1, the results from different specimen types had a 
concordance of 91.3%. The PD-L1 results from 16 paired specimens from the same anatomic site had 100% agreement. The rates of PD-
L1 TPS ³50% were significantly higher in the metastatic tumors in the lymph nodes than in the lung primary lesions. 
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Conclusions: EBUS-FNA cytology specimen is suitable for PD-L1 testing in patients with advanced NSCLC. The metastatic tumors in 
mediastinal lymph nodes appear to have higher PD-L1 expression than primary lesions. 

1882   Correlation of TTF-1 Expression with Molecular Gene Alteration and PD-L1 expression by Next-
Generation Sequencing Analysis and Immunohistochemistry in NSCLC  
Hangjun Wang1, Alan Spatz2, Jason Agulnik3, Goulnar Kasymjanova4, Victor Cohen3, George Chong5, Andreas Papadakis3, 
Jonathan Spicer1, Leon van Kempen6, Sophie Camilleri-Broët5, Pierre Fiset7  
1McGill University, Montreal, QC, 2McGill University Health Center, Montreal, QC, 3Jewish General Hospital and McGill University, 
Montreal, QC, 4JGH, Montreal, QC, 5McGill University Health Center and McGill University, Montreal, QC, 6University Medical 
Center Groningen, Groningen, Netherlands, 7Pathology, Montreal, QC  

Disclosures: Hangjun Wang: None; Jason Agulnik: None; George Chong: None; Andreas Papadakis: None; Leon van Kempen: None; 
Sophie Camilleri-Broët: None; Pierre Fiset: None 

Background: Recently Thyroid transcription factor-1 (TTF-1) was found to have predictive or prognostic value for early stage or advanced 
lung adenocarcinoma. Patients with TTF-1 positive non-small cell lung cancer (NSCLC) have better survival compared to those with 
negative TTF-1 staining. However the study regarding underlying difference of molecular changes and PD-L1 expression level between 
TTF-1 positive and negative NSCLC is limited. This study aims to compare the difference of molecular alteration and PD-L1 expression 
between TTF-1 positive and negative NSCLC. 

Design: A total of 320 NSCLC specimens were evaluated for ALK translocation and PD-L1 expression by immunohistochemistry (IHC) 
using D3F5 antibody and Dako PD-L1 IHC 22C3 pharmDx kit. All ALK negative cases were tested with targeted 15 gene hot spots 
mutation by next-generation sequencing (Illumina TST 15). 254 out of 258 cases were tested for both TTF-1 and PD-L1 immunostaining. A 
Tumor Proportion Score (TPS) was categorized as <1%, 1-49% and ≥ 50% tumor cells. 

Results: Over all, 56% of NSCLC harbour known molecular alteration that includes 15.2% EGFR, 2.5% ALK, 34% KRAS, 2.8% BRAF, 
1.6% PIKC3, 1.2% ERBER2 and 1.2% NRAS gene mutation/translocation. TTF-1 expression is significantly associated with EGFR, ALK, 
BRAF and ERBB2 gene alteration but not KRAS, NRAS and PIK3C. TTF-1 status is not related with PD-L1 expression (see table 1). 

Table 1. TTF-1 correlation with PD-L1 expression 

TPS <1% 

n (%) 

1-49% 

n (%) 

> 50% 

n (%) 

Total 

n (%) 
TTF-1 pos 50 (26.9%) 65 (35.0%) 71 (38.1%) 186 (100%) 
TTF-1 neg 19 (28.0%) 29 (42.6%) 20 (29.4%) 68 (100%) 
Total 69 (27.2%) 94 (37.0%) 91 (35.8%) 254 (100%) 

TPS: Tumor Proportion Score 

Conclusions: Similar to previous study, we found TTF-1 positive NSCLC are more likely to have EGFR, ALK, BRAF, ERBB2 mutation or 
translocation but not KRAS etc. The distribution of different PD-L1 expression level is similar in TTF-1 positive vs negative NSCLC. 

1883   Evaluation of Glypican-3 Expression in Poorly-differentiated Carcinomas of Lung Origin  
JING Wang1, Roncal Oscar2, Ying Ye3  
1Baylor College of Medicine, Houston, TX, 2North Texas Pathology Laboratories, Dallas, TX, 3Michael E DeBakey VA Medical 
Center, Baylor College, Houston, TX  

Disclosures: JING Wang: None; Roncal Oscar: None; Ying Ye: None 

Background: Glypican-3 (GPC-3) is a 66,000-kDa complex glycoconjugate protein belonging to heparan sulfate proteoglycan family. This 
protein is expressed on the cell surface and in the extracellular matrix. GPC-3 is important for embryogenesis, but silenced in adult healthy 
tissue. Mutation and overexpression of GPC-3 protein have been reported in approximately 70% of hepatocellular carcinomas (HCCs). 
GPC-3 has been used for pathological diagnosis of HCC and is also a new immunotherapy target. However, the GPC-3 expression in 
poorly-differentiated tumors in lung has not been fully assessed. This study is to see the immunohistochemical staining (IHC) pattern of 
glypican-3 in poorly differentiated carcinomas of the lung primary and to assess the value of using GPC-3 as a marker for 
differential diagnosis of metastatic HCC to lung. 
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Design: Lung tissue from 44 patients diagnosed with poorly differentiated carcinoma of lung origin were evaluated at Houston VA Medical 
Center, including 23 lung adenocarcinomas, 19 squamous cell carcinomas and 2 adenosquamous carcinomas. IHC of GPC-3 expression 
was performed on tissue microarray (TMA) (Fig1) constructed from resected tumor samples (29) (three 1 mm cores from each sample 
were used for TMA with a duplicate) as well as routine slides from biopsy or frozen section samples. The expression and expression 
pattern of GPC-3 were analyzed by two pathologists independently. 

Results: Exclusive PGC-3 positive cytoplasmic staining and both cytoplasmic and nuclear staining were shown in 15 of 19 (79%) 
squamous cell carcinomas, 4 of 23 (18 %) adenocarcinomas, and 1 of 2 (50%) adenosquamous carcinomas. The overall positive 
expression of GPC3 in lung cancer was 45% (20/44) (Fig 2). Positive expression in squamous cell carcinoma was significantly higher than 
that in adenocarcinoma (79 vs 18%, P < 0.01). The GPC-3 expression is not noted in paracancerous tissue. The stain intensity ranged 
from weak granular cytoplasmic positivity to a strong membranous and cytoplasmic positivity. Two cases of squamous cell carcinomas of 
the lung had a strong nuclear staining. The poorly-differentiated carcinomas showed predominantly patchy positivity. 

Figure 1 - 1883  

 

Figure 2 - 1883  

 

Conclusions: GPC-3 immunohistochemical stain has been used for poorly differentiated hepatocellular carcinoma, but adenocarcinoma 
and squamous cell carcinoma of a lung primary can also stain with GPC-3. In context of a possible metastatic poorly-differentiated HCC to 
the lung, a panel and additional stains should be considered. 

1884   Can Routine Lobar Lymph Node Sampling Result in Downstaging of Resected Lung Cancer?  
Rachel White1, Nicole Harvilla2, Shamus Carr3, Allen Burke4  
1University of Maryland, Baltimore, MD, 2University of Maryland Medical Center, Baltimore, MD, 3University of Maryland School of 
Medicine, Baltimore, MD, 4UMMS, Baltimore, MD  

Disclosures: Rachel White: None; Nicole Harvilla: None; Shamus Carr: None; Allen Burke: None 

Background: It is unknown how often the stage of lung cancers changes as a result of inadequate sampling of lobar lymph nodes. 

Design: We prospectively studied 50 lung cancer resections. After residents and pathology assistants routinely sampled visible lobar 
lymph nodes, the specimens were subsequently dissected and all visible airways were cross sectioned and submitted for histologic 
analysis in order to determine possible metastatic tumor involvement in lymph nodes not grossly visible. 

Results: There were 41 lobectomies, 2 bilobectomies, and 7 pneumonectomies.  Tumors included 32 adenocarcinomas, 12 squamous 
carcinomas, 4 large cell neuroendocrine tumors, 1 typical carcinoid, and 1 adenoid cystic carcinoma.  Separate N1 nodes were submitted 
by the surgeon in 48 cases. Separate N2 nodes were submitted by the surgeon in all of the cases. N1 nodes were found on the specimen 
by the resident in 72% of cases (median 3, range 1-16) and additional N1 nodes were found on the specimen by exhaustive sampling in 
82% (median 5, range 1-23).  Metastatic tumor was found in surgically resected N1 nodes in 4/48 (8%) of cases and in 8/50 (16%) of N2 
nodes.  N1 positive nodes were found in 4/50 (8%) of resident lobar dissections and in 5/50 (10%) of subsequent exhaustive examination. 
In 4 of these five cases (8% of total), LN metastases were found only on subsequent dissection with negative initial resident evaluation. Of 
these four potentially downstaged tumors, separately excised N2 nodes were positive in three, and in the fourth, a surgically excised N1 
node was positive. Ultimately, none of the cases were downstaged due to inadequate sampling of lobar lymph nodes. 
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Conclusions: In this study, 8% of thorough lung dissections disclosed lymph node metastasis not disclosed on routine sampling.  None 
would have resulted in staging differences because of separately surgically excised nodes.  However, routine lymph node dissections do 
miss occult N1 metastasis, which should be considered in recommendations for routine practice. 

1885   Association of Cicatrical Organizing Pneumonia with Dendriform Pulmonary Ossification and/or 
Fibrosing Interstitial Lung Disease  
Matthew Woge1, Jay Ryu1, Eunhee Yi1  
1Mayo Clinic, Rochester, MN  

Disclosures: Matthew Woge: None; Jay Ryu: None; Eunhee Yi: None 

Background: Organizing pneumonia (OP) is a common nonspecific manifestation of acute lung injury that could be idiopathic or secondary 
to a specific injury. OP is characterized by intraluminal loose fibromyxoid polypoid tissue on histopathology and ground glass opacities on 
CT scan. Although OP is postulated to undergo a complete resolution with steroid therapy, recent pathology studies have shown that OP 
may undergo progressive collagen deposition within the alveolar spaces or form densely fibrotic linear bands that mimic fibrosing interstitial 
pneumonia. A radiologic study reported unresolved cryptogenic OP on serial chest CT as well. We also encountered similar cases, 
occasionally with ossification, reminiscent of dendriform pulmonary ossification. In this study, we sought to systemically evaluate the 
prevalence of cicatrical OP, ossification and interstitial fibrosis in a cohort of OP from a single institution.   

Design: Electronic search was performed to find surgical lung biopsy cases with OP as the main diagnosis during a 5-year period (2005-9). 
All available slides were reviewed by a thoracic pathologist to confirm the diagnosis of OP without other major processes such as abscess, 
vasculitis, infection or neoplasm. The following parameters were recorded on the intraluminal polypoid tissues comprising OP: % of 
myofibroblastic (myofibroblasts/fibroblasts in mucopolysaccharide-rich matrix), cicatrical (mature fibrous tissue with collagen deposition) 
and fibrinous elements; presence of intraalveolar ossification; presence of interstitial incorporation by myofibroblastic/cicatrical tissue.  

Results: A total of 72 cases met the study criteria and 49 (68%) were men. The patients’ mean age was 62 years (range 22-82). 28 of 72 
cases (40%) showed at least focally recognizable cicatrical element in OP. In 4 cases (5.6%), cicatrical element comprised the major 
portion (>50%) of OP. 8 of 28 cases (28.6%) having cicatrical component revealed ossification, suggestive of dendriform ossification. 14 of 
72 cases (19.4%) revealed some areas suggestive of interstitial incorporation by intraalveolar myofibroblastic or cicatrical tissue resulting in 
the thickening of the alveolar septa. 

Conclusions: Cicatrical OP as the main finding is uncommon among OP cases although focal cicatrical change was frequently seen in our 
cohort.  Our observation suggested that cicatrical OP might be a nidus or precursor for dendriform ossification and also might be 
associated with fibrosing interstitial lung diseases.   

1886   Expression of Delta-like Protein 3 is Reproducibly Present in a Subset of Small Cell Lung 
Carcinomas and Pulmonary Carcinoid Tumors  
Hao Xie1, Jennifer Boland1, Joseph Maleszewski1, Christine Aubry1, Eunhee Yi1, Sarah Jenkins1, Justin Koepplin1, Simone Terra1, 
Aaron Mansfield1, Anja Roden1  
1Mayo Clinic, Rochester, MN  

Disclosures: Hao Xie: None; Jennifer Boland: None; Joseph Maleszewski: None; Christine Aubry: None; Eunhee Yi: None; Sarah Jenkins: 
None; Justin Koepplin: None; Simone Terra: None; Aaron Mansfield: Advisory Board Member, Genentech, Inc.; Advisory Board Member, 
AbbVie; Consultant, Bristol-Myers Squibb; Primary Investigator, Novartis; Primary Investigator, Verily; Anja Roden: None 

Background: Delta-like protein 3 (DLL3), an inhibitory ligand of the Notch signaling pathway, is a promising target for rovalpituzumab 
tesirine in small cell lung cancer (SCLC). We studied the reproducibility of DLL3 expression and its prognostic role in pulmonary 
neuroendocrine tumors. 

Design: Institutional pathology files were searched for resected pulmonary neuroendocrine tumors (1995-2017). All cases were reviewed 
to confirm the diagnosis. Expression of DLL3 (clone SP347) by immunohistochemistry was categorized as high (greater or equal to 50% of 
tumor cells express DLL3) or low (less than 50%). Interobserver agreement among 5 thoracic pathologists was measured by Krippendorff’s 
α coefficient. Staging was performed according to the 8th AJCC. 

Results: The 160 study patients included 61 men (38.1%) with a median age of 62 years (range 15-88). This included 44 (27.5%) SCLC, 1 
(0.6%) large cell neuroendocrine carcinoma (LCNEC), 49 (30.6%) atypical and 66 (41.3%) typical pulmonary carcinoid tumors (PCT). 
Stage was available in 151 tumors, including 85 stage I (56.3%), 28 stage II (18.5%), and 38 stage III/IV (25.2%). Interobserver agreement 
for high vs low DLL3 expression based on 71 cases was 83.1% (α=0.79, substantial).  High DLL3 expression was observed in 74/160 
(46.2%) cases, including 35 SCLC (79.5%), 0 LCNEC, 18 atypical (36.7%) and 21 typical PCT (31.8%). High DLL3 was strongly associated 
with SCLC morphology (p<0.0001). Atypical and typical PCT had similar DLL3 expression (p=0.6). During a median follow-up of 4.2 years 
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(N=154, range 35 days-19.2 years), 67 patients died including 18 who died from disease. High DLL3 expression was associated with worse 
overall survival in SCLC (p=0.049); however, only 9 cases had low DLL3 expression in that group and after adjusting for tumor size and 
stage, DLL3 expression was not associated with survival anymore DLL3 expression was also not associated with overall survival among 
PCT (p=0.9 for typical and p=0.3 for atypical PCTs). 

Conclusions: DLL3 expression, which is reliably quantifiable by pathologists, is not restricted to SCLC but can also be seen in PCTs. We 
found strong agreement in the classification of DLL3 expression between multiple pathologists. Ongoing clinical trials will determine the 
appropriate use of DLL3 targeting with rovalpituzumab tesirine. 

1887   Primary Intrathoracic Liposarcomas: A Clinicopathologic and Molecular Cytogenetic Study of 26 
Cases  
You Xie1, Wei Zhao1, Min Chen1, Zhang Zhang2, Huijiao Chen2, Ran Peng1, Ting Lan1, Xin He1, Hongying Zhang2  
1West China Hospital, Sichuan University, Chengdu, China, 2Chengdu, China  

Disclosures: You Xie: None; Wei Zhao: None; Min Chen: None; Zhang Zhang: None; Huijiao Chen: None; Ran Peng: None; Ting Lan: 
None; Xin He: None; Hongying Zhang: None 

Background: Liposarcomas are the most common sarcomas. However, primary intrathoracic liposarcomas are extremely rare. The 
authors present the largest series in an Asian population. 

Design: Between January 2007 and July 2018, 26 cases were included. The amplification of MDM2 and/or rearrangement of 
the DDIT3 genes were performed on 19 selected cases by fluorescence in situ hybridization. 

Results: This series included 16 males and 10 females. The median age was 49.5 years (range, 24-73 years). All tumors involved the 
mediastinum. Twenty-four patients were depicted the mediastinal compartments, including 4 in the anterior mediastinum (16.7%), 3 in the 
superior mediastinum (12.5%), 3 in the posterior mediastinum (12.5%), 2 in the left mediastinum (8.3%) and 12 cases (50.0%) that 
extensively involved the thorax and multiple mediastinal compartments. The median tumor size was 13 cm (range, 5-35 cm). The tumors 
were classified as the following subtypes: well-differentiated liposarcomas (WDL) (n=14, 53.9%), atypical spindle cell lipomatous tumor 
(ASLT) (n=1, 3.8%), dedifferentiated liposarcomas (DDL) (n=9, 34.6%), and pleomorphic liposarcomas (PL) (n=2, 7.7%). The tumors were 
graded as French Federation of Cancer Centers (FNCLCC) grade 1 (53.9%), grade 2 (26.9%), and grade 3 (19.2%). The amplification 
of MDM2 gene was detected in 16 patients, including 10 of 11 WDL (n=10, 90.9%) and all DDL (n=6, 100.0%). In contrast, none of the 
ASLT and PL were positive for MDM2 amplification or DDIT3 rearrangement. Surgical excision of tumors was performed on 25 patients 
(96.2%), and 8 patients received ancillary therapy. Clinical follow-up was available in 21 of 26 cases (80.8%), with a median follow-up of 32 
months (range, 1-116 months). Seven patients developed local recurrence (4 WDL, 2 DDL, and 1 PL). Among these 21 patients, five 
(23.8%) (3 WDL, 2 DDL) showed no evidence of disease (median, 36 months; range, 1-64 months). Thirteen patients (61.9%) (10 WDL, 3 
DDL) were alive with disease. Three patients (14.3%) died of disease (1 DDL, 2 PL). 

Conclusions: Primary liposarcoma rarely occurs in the thoracic cavity. WDL seems to be the most common subtype, followed by DDL and 
PL. Myxoid liposarcoma is extremely rare in this location. Outcome is strongly associated with histologic subtype. PL is a highly aggressive 
neoplasm and associated with a worse prognosis than WDL/DDL. The clinicopathologic and molecular parameters of larger series are 
required in further study. 

1888   Protein Mass Spectrometry and Ultrastructural Examination of Pulmonary Light Chain Deposition 
Disease  
Meng-Jun Xiong1, Paul Kurtin2, Alton Farris1, Gabriel Sica3, Frank Schneider1  
1Emory University, Atlanta, GA, 2Mayo Clinic, Rochester, MN, 3Emory University Hospital, Atlanta, GA  

Disclosures: Meng-Jun Xiong: None; Paul Kurtin: None; Alton Farris: Grant or Research Support, MedImmune, Inc.; Gabriel Sica: None; 
Frank Schneider: None 

Background: Pulmonary light chain deposition disease (LCDD) is rare with the largest series including only 7 patients and is usually 
associated with a lymphoproliferative disorder ranging from autoimmune disease to lymphoma. Classically, LCDD shows diffuse or nodular 
deposits of amorphous, eosinophilic material associated with varying degrees of fibrosis and giant cell reaction. The material resembles 
amyloid but does not stain with Congo Red and therefore can pose a diagnostic challenge without ancillary testing such as electron 
microscopy (EM) and mass spectrometry (MS). 

Design: We identified patients from our database with lung involvement by LCDD. Clinical, radiologic, and histopathologic features are 
presented. All cases were examined by standard immunohistochemistry and EM.  Liquid chromatography tandem MS was performed at 
Mayo Medical Laboratories. 
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Results: Three patients were included (1 female; 2 male), ranging from 39 to 67 years old at time of biopsy. All 3 patients were smokers. 
All lung nodules were discovered incidentally. One patient had extrathoracic diffuse large B cell lymphoma and received R-CHOP 
chemotherapy 2 years prior to the biopsy. Chest imaging at that time found bilateral upper lobe lung nodules up to 1.6 cm that grew 2 mm 
in size over the 2 years until one was sampled. The second patient developed Sjögren syndrome and had a single 8 mm lung nodule that 
grew to 11 mm over 6 months until it was sampled. The third patient had multiple lung nodules for 18 years, the largest of which grew from 
1 to 2 cm over the 2 years prior to biopsy. The Sjögren syndrome patient’s LCDD was associated with a low-grade B-cell lymphoma in the 
lung. The other 2 patients experienced no identifiable lymphoproliferative disease at 3 and 24 months of follow up. The patient with long-
standing nodules showed a granulomatous reaction and focal vasculitis surrounding the deposits. The patient with history of B cell 
lymphoma had background usual interstitial pneumonia. All 3 biopsies revealed kappa-light chain deposits by protein MS. EM identified 
numerous granular electron-dense “immune type” deposits in 2 of the 3 biopsies. 

Conclusions: LCDD should be considered when amorphous protein deposits are Congo Red-negative, with a latency period after a 
diagnosis of lymphoma up to years. MS on paraffin-embedded tissue can aid with the confirmation when EM fails to detect the deposits. 
Usual interstitial pneumonia, non-necrotizing granulomatous inflammation and vasculitis can be associated histopathologic findings. 

1889   P16 FISH and BAP1 Immunohistochemistry in Sarcomatoid Mesotheliomas  
Xiao-Meng Xu1, Neda Kalhor2, Junya Fujimoto2, Annikka Weissferdt2, Luisa Solis2, Ignacio Wistuba2, Cesar Moran2  
1Galveston, TX, 2The University of Texas MD Anderson Cancer Center, Houston, TX  

Disclosures: Xiao-Meng Xu: None; Neda Kalhor: None; Junya Fujimoto: None; Annikka Weissferdt: None; Luisa Solis: None; Ignacio 
Wistuba: None; Cesar Moran: None 

Background: The diagnosis of malignant pleural sarcomatoid mesothelioma (SM) is challenging.  Recently, BRCA1 associated protein 
1(BAP1) inactivation/mutation and p16 deletion have immerged as useful ancillary tools.  IHC BAP1 loss and p16 homozygous deletion 
(HMD) by FISH are not observed in benign mesothelial cells, with the former being more common in epithelioid mesotheliomas and the 
later in SMs.  The reported p16 HMD prevalence rates in SMs vary ranging from 40-100%.   It is not clear whether these difference were 
due to using different FISH cut-off values (10 -20%), or sample size (5-32 cases), or different material (cytology vs tissue microarray vs 
biopsy vs surgical resection).  Our study uses in-house developed FISH test cutoff value, as well as the cut-off values in the literature for 
comparison. Concomitant BAP1 IHC tests were also performed to evaluate these 2 tests in the diagnosis of SMs. 

Design: The cases are 54 surgically resected pleural mesotheliomas between the years 1996-2015 diagnosed either as sarcomatoid or 
predominantly sarcomatdoid mesotheliomas.  BAP1 IHC (Santa Cruz 1:150) and P16 FISH were performed in all cases. P16 deletion 
probe (Abbott Molecular) hybridizes to band 9p21 (CDKN2A/p16, spectrum orange) and  the band 9p11-q11 (centromere, spectrum 
green).  Slides were scanned using a Metasystem slide scanner.  Our in-house p16 FISH cut-off value (2.7%) were determined by using 20 
normal tissue samples as control and calculated as the mean percentage + three standard deviations.  P16 HMD was defined as loss of 
both CDKN2A signals with at least one centromere signal.  BAP1 loss was identified as undetectable nuclear immunoreactivity in the IHC 
study. 

Results: Using our in-house cut-off of 2.7%, the reference cut-off of 10% and 20%, the p16 HMD detection rates were 76%, 61% and 48% 
respectively.  BAP1 loss was identified in 73% of the cases with p16 HMD and 85% of the cases without p16 HMD.  The difference 
between the two groups was not statistically significant. The combination of p16 deletion FISH test with BAP1 IHC test detected 96% of the 
SM cases in this study.  All cases without p16 HMD had BAP1 loss, except 2 cases which demonstrated polysomy on FISH test.  

Conclusions: This study demonstrates that the detection rate of p16 HMD by FISH can vary significantly using different cut-off 
values.  The combination of FISH p16 deletion and BAP1 IHC can increase the sensitivity of diagnosing SMs.  

1890   Inflammatory Patterns by H&E Stain are Predictive of Recurrence in Resected Stage I Lung 
Adenocarcinoma  
Ilyas Yambayev1, Artem Shevstov1, Paulo Moreira2, Travis Sullivan3, Kimberly Rieger-Christ3, Kei Suzuki1, Eric Burks4  
1Boston University, Boston Medical Center, Boston, MA, 2Boston University, Boston Medical Center, Brighton, MA, 3Lahey Hospital 
& Medical Center, Burlington, MA, 4Boston University Mallory Pathology Associates, Boston, MA  

Disclosures: Ilyas Yambayev: None; Artem Shevstov: None; Paulo Moreira: None; Travis Sullivan: None; Kimberly Rieger-Christ: None; 
Kei Suzuki: None; Eric Burks: None 

Background: Lung cancer is the most common cause of cancer death worldwide.  With the advent of immunotherapy, much attention has 
been focused on predictive biomarkers of and T-cell subtypes, however little attention has been paid to the basic morphologic patterns 
characteristic of humoral and cell mediated, both innate and adaptive, immunity.     
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Design: H&E slides of 102 stage I adenocarcinoma resection specimens from 95 patients were reviewed and the tumoral immune infiltrate 
was quantified regarding the density of intraepithelial lymphocytes, density of septal plasmacytosis, presence of germinal centers, and 
degree of neutrophil infiltration.  Tumors showing sparse inflammation were also noted.  In addition, predominant histologic subtypes of 
adenocarcinoma were assigned.  Recurrence free survival was determined by chart review after IRB approval. 

Results: The proportion of adenocarcinomas comprising pre-invasive and low-grade (AIS, MIA, LP), intermediate grade (AP, PP), and 
high-grade (CP, SP, MP, IMA) histologies were roughly equally distributed in this data set (34%, 31%, and 34% respectively).  Dense 
pneumonia-like neutrophilic infiltrates were seen in 17% of cases and these trended towards worse 5-year RFS (58% vs. 78%, 
p=0.229).  Marked intraepithelial lymphocytosis > 5 per HPF was seen in 18% and trended towards worse 5-year RFS (51% vs. 80%, 
p=0.010).  Dense plasmacytosis causing broadening of the inter-alveolar septa was seen in 12% of cases and trended towards worse 5-
year RFS (61% vs. 77%, p = 0.210).  Germinal centers were observed in 20% of cases and trended toward improved 5-year RFS (93% vs. 
71%, p=0.181).  Sparse inflammation of any kind was observed in 16% of cases and showed no differing trend in 5-year RFS (78% vs. 
74%, p=0.714).  Together, 35% of cases exhibited either dense neutrophilic infiltrate, intraepithelial lymphocytosis, or dense septal 
plasmacytosis and were associated with a nearly significant trend towards worse 5-year RFS (62% vs. 82%, p=0.057) which is similar to 
the survival predicted by high-grade histologic subtypes (58% vs. 81%, p = 0.042) in our group. 

Figure 1 - 1890  

 

Conclusions: Basic H&E patterns of inflammatory infiltrates may approach the prognostic significance of comprehensive histologic 
subtyping in stage I adenocarcinoma.  We are currently validating these findings in a larger cohort of patients where statistical significance 
can be verified.  We hope to one day interrogate the underlying immune regulation causing the observed prognostic patterns of 
inflammation. 

1891   Genomic Alterations of Non-Small Cell Lung Cancer in 951 Hispanic/Latino Patients from Puerto 
Rico  
Zhiwei Yin1, Khalid Algarrahi2, Nawar Matti2, Chen Liu3, Jie-Gen Jiang2  
1Rutgers University-NJMS, Newark, NJ, 2Rutgers New Jersey Medical School - Rutgers University, Newark, NJ, 3Rutger University 
NJ and RWJ Medical Schools, Newark, NJ  

Disclosures: Zhiwei Yin: None; Khalid Algarrahi: None; Nawar Matti: None; Chen Liu: None; Jie-Gen Jiang: None 

Background: Lung cancer is the leading cause of cancer related deaths worldwide. Non-small cell lung cancer (NSCLC) accounts for 
approximately 80% of all lung cancers. Identifying the molecular alterations of NSCLC is critical due to the development of novel target 
therapies. As known, molecular profiles of NSCLC are different between racial/ethnic groups. While the genomic alterations of NSCLC are 
extensively studied in white, Asian, and African American populations, there are very limited data for Hispanics, especially from Puerto 
Rico. In this study, we investigated the alteration frequencies of a set of driver and non-driver genes associated NSCLC in Puerto Rican 
Hispanics. 

Design: Retrospective studies of all Puerto Rican NSCLC cases with genomic test results in our database, including PCR results 
of EGFR, KRAS, BRAF, FISH results of MET, ALK, ROS1, and RET, and combined NGS results of EGFR, KRAS, BRAF, ALK, MET, 
ROS1, RET, STK11, FGFR1, PTEN, PIK3CA, P53, MDM2, IGF1R, DDR2, and BCL2. 
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Results: The frequency of EGFR mutation in NSCLC was 22.7% (189/834), which is significant lower than previous reported frequency 
(67%) in Puerto Rican. In contrast, the frequency of KRAS mutation was 18.7% (77/411), and consistent with previous reports. Additionally, 
the frequencies of other driver gene alterations in Puerto Rican with NSCLC are firstly reported as follows: BRAF 4.2% (4/95), ALK 4.7% 
(36/763), MET 9.6% (23/240), ROS1 2.2% (7/322), and RET 2.1% (4/187). Furthermore, the mutation frequencies of other cancer 
associated gene were also evaluated with 
NGS: STK11 10.9%, PTEN 3.6%, PIK3CA 9.1%, P53 54.6%, MDM2 5.5%, IGFIR 9.1%, DDR2 7.3% and BCL2 1.8%. Among these 
genomic alterations, only EGFR mutations are associated with age and gender, and ALK alterations are correlated with 
age. EGFR mutations overlapped with other driver gene alterations: MET in 7 cases, KRAS in 2 cases, RET in 2 cases, ROS1in 2 cases; 
the alterations of KRAS/MET and RET were found in another 2 cases. 

Gene frequency % Gender (positive patients) Age (Mean±Stdev) 
  

Male Female 
 

EGFR 22.7 (189/834) 59 130 66.7±10.5 

KRAS 18.7(77/411) 46 31 71.5±9.4 

BRAF 5.2 (4/77) 2 2 70.7±6.6 

ALK 4.7(36/763) 18 18 67.1±11.7 

MET 9.6(23/240) 9 14 67.1±10.8 

ROS1 2.2(7/322) 5 2 72.7±8.9 

RET 2.1 (4/187) 2 2 73±19.1 

STK11 10.9(6/55) 5 1 61.8±10.8 

FGFR1 11.1(16/144) 13 3 70.4±8.9 

PTEN 3.6(2/55) 0 2 64.7±1.7 

PIK3CA 9.1(5/55) 1 4 68.0±7.5 

P53 54.6(30/55) 18 12 68.4±12.8 

MDM2 5.5(3/55) 1 2 60.7±10.4 

IGF1R 9.1(5/55) 3 2 63.3±9.8 

DDR2 7.3(4/55) 1 3 73.8±9.2 

BCL2 1.8(1/55) 1 0 72.1±0 

Figure 1 - 1891  

 

Conclusions: The genomic alterations of NSCLC in Hispanics from Puerto Rico are different from other race and ethnic groups, and might 
be also distinct from other Hispanic populations.The differences may potentially impact their clinical outcome.  



 

 

71 

1892   PD-L1 lineage-specific quantification in pleural effusions of lung adenocarcinoma by flow 
cytometry  
Ju-Yoon Yoon1, Joerg Schwock2, Rakesh Nayyar3, Prodipto Pal4, Graeme Quest5, Ming Tsao6, Hyang Mi Ko2  
1University of Toronto, Toronto, ON, 2University Health Network, University of Toronto, Toronto, ON, 3CytoQuest, Thornhill, 
ON, 4University Health Network, Scarborough, ON, 5Queen's University, Kingston, ON, 6University Health Network, Toronto, ON  
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Background: PD-1/PD-L1 blockade has emerged as important therapeutic strategy for non-small cell lung cancer patients. PD-L1 
immunohistochemistry (IHC) is being used to predict patient response and to triage patients for PD-1/PD-L1-targeted therapies. 
Pathologists encounter a number of challenges with PD-L1 IHC tests, including lineage specification (distinction between carcinoma 
cells vs. benign mimics), background staining, sample fixation issues and inter-observer variability. We explored flow cytometric 
quantification of PD-L1 expression in pleural effusions from lung adenocarcinoma patients as a potential means of automated, objective 
assessment compared to IHC. 

Design: We collected eight fresh malignant pleural effusions with TTF-1 positive malignant cells. For each specimen, 50% volume was 
used for flow cytometry (FC) with a panel of CD45, EpCAM, D2-40 (podoplanin), and PD-L1 (clone MIH1, BD557924). The PD-L1 gate was 
established using fluorescence-minus-one isotype controls. Lineage-specific PD-L1 surface expression was quantified and tumor 
proportion score (TPS) was calculated. A paraffin-embedded cell block was generated from remaining specimen  directly fixed in 10% 
neutral buffered formalin, and PD-L1 IHC was performed using the Dako 22C3 pharmDx kit. IHC TPS was determined by 2 
cytopathologists blinded to the flow cytometry results. 

Results: FC analysis allowed the distinction of carcinoma cells (CD45(-)/EpCAM(+)/D2-40(-)), leukocytes/macrophages (CD45(+)/EpCAM(-

)/D2-40(-)) and mesothelial cells (CD45(-)/EpCAM(-)/D2-40(+)). Three samples were excluded from further analysis due to flow-related 
technical failure. Gating on carcinoma cells, FC PD-L1 TPS ranged from 0% to 77%. IHC PD-L1 TPS ranged from 0% to 97%. By linear 
correlation, there was strong positive correlation between FC TPS and IHC (R2value of 0.99, p = 0.0004). Among the T-cells (CD3(+)), PD-
L1 positivity by flow cytometry ranged from 0.1% to 2.9%, and these values did not correlate with TPS (by either IHC or FC). 

Conclusions: The strong correlation between FC and TPS suggests potential utility. Flow cytometry permits rapid, objective and lineage-
specific PD-L1 surface expression quantification with limited specimen manipulation. 

1893   Discohesive Growth Pattern (Disco-p) as an Unfavorable Prognostic Factor in Lung 
Adenocarcinoma: Analysis of 1062 Japanese Patients With Resected Lung adenocarcinoma  
Akihiko Yoshizawa1, Mariyo Kurata1, Naoki Nakajima1, Yuki Teramoto1, Kyoko Kondo1, Shinji Sumiyoshi1  
1Kyoto University Hospital, Kyoto, Japan  

Disclosures: Akihiko Yoshizawa: None; Mariyo Kurata: None; Naoki Nakajima: None; Yuki Teramoto: None; Kyoko Kondo: None; Shinji 
Sumiyoshi: None 

Background: Tumor budding—presence of isolated small tumor nests (<5 tumor cells)—has been recently reported as an unfavorable 
prognostic factor of lung. Discohesive growth pattern (Disco-p) observed in diffuse stomach carcinomas shows morphological features that 
mimic tumor budding and is often observed in lung adenocarcinoma (ADC). However, clinical impact of Disco-p in lung ADC has not been 
well-studied. To investigate the prognostic significance of Disco-p, we analyzed 1062 Japanese patients with resected lung ADC.  

Design: We retrospectively reviewed hematoxylin-eosin-stained specimen of 1062 therapy-naïve lung ADCs. Disco-p was defined as an 
invasive growth pattern composed of trabecular or discohesive small tumor nests (independent of the number of tumor cells in the nest) 
without glands in the fibrous stroma. We investigated its correlation with the following clinicopathological factors: sex, age, smoking status, 
tumor grade, lymphatic, vascular, and pleural invasion, histological subtype, spread through air spaces (STAS), genetic alterations, and 
TNM stage according to the 2015 WHO classification and TNM staging system (8th edition). We analyzed disease-free survival (DFS) and 
overall survival (OS) using the log-rank test and Cox proportional hazards model. 

Results: Disco-p was observed in 201 tumors (18.9%). Disco-p-positive tumors were significantly associated with male gender (p<0.001), 
smokers (p=0.002), node metastasis (p<0.001), large tumor size (p=0.001), high TNM stage (p<0.001), lymphatic (p<0.001), vascular 
(p<0.001), and pleural (p<0.001) invasion, presence of STAS (p<0.001), wild-type EGFR (p=0.001), and ALK fusion (p=0.022). However, 
Disco-p-positive tumors were not associated with age, mutations in KRAS, HER2, and BRAF genes, and RET and ROS1 fusions. Mostly, 
solid adenocarcinomas (60.4%) showed Disco-p, followed by micropapillary (40.0%) and acinar (26.1%) adenocarcinomas. Disco-p-
positive tumor patients had significantly worse prognoses (OS and DFS [both p<0.001]) compared to Disco-p-negative tumor patients. On 
multivariate analysis, presence of Disco-p was an independent prognostic factor of worse OS (hazard ratio [HR], 2.071; 95% confidence 
interval [CI], 1.481-2.894; p<0.001) and DFS (HR, 2.566; 95% CI, 1.906-3.454; p<0.001). 



 

 

72 

Conclusions: We found that Disco-p was an independent unfavorable prognostic factor in patients with resected lung ADC. 
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Background: There is an increasing evidence of utility of the transbronchial lung cryobiopsy (TBLC) for diagnosis of the interstitial lung 
disease (ILD). However, there is no report that compared TBLC and surgical lung biopsy (SLB) in the same patients. 

Design: We examined and compared the histopathological features and diagnosis of ILD cases in which both TBLC and SLB were 
performed sequentially. All histological analysis was done by three pulmonary pathologists, and consensus scores along with diagnoses 
were obtained. The final diagnosis was rendered by multidisciplinary discussion with expert pulmonologists and radiologists. The official 
2018 ATS/ERS/JRS/ALAT clinical practice guidelines for diagnosis of idiopathic pulmonary fibrosis were applied for histological diagnosis. 

Results: Thirty-one patients underwent TBLC, and sequential SLB after TBLC was performed in 7 patients (22.6%). The pathological 
diagnosis based on the guidelines was equivalent for UIP in both TBLC and SLB in 6 cases (85.7%). One case was diagnosed as 
indeterminate for UIP in TBLC and probable UIP in SLB. Etiological diagnosis between TBLC and SLB was concordant in 2 cases of 
idiopathic pulmonary fibrosis (IPF), but discordant for other diagnoses. Major histological findings, including dense fibrosis (5/5 cases, 
100%), peripheral distribution (4/4 cases, 100%), and fibroblastic foci (3/4 cases, 75.0%) showed high concordance between TBLC and 
SLB, which implies that TBLC can reliably detect these features. On the other hand, loose fibrosis (2 cases), cellular infiltration (4 cases), 
and airway disease (4 cases) showed poor concordance between the two methods. 

   
Dense fibrosis Peripheral distribution Fibroblastic foci Honeycomb 

Case No. Age Sex TBLC SLB TBLC SLB TBLC SLB TBLC SLB 
1 78 F 1 2 2 2 0 2 0 2 
2 71 F 2 2 2 2 2 1 0 1 
3 79 M 0 0 0 0 0 0 0 0 
4 54 M 2 2 2 2 2 3 1 1 
5 56 M 2 2 2 2 2 1 1 0 
6 75 M 0 0 0 0 0 0 0 0 
7 77 M 1 1 0 0 0 0 0 0    

Loose fibrosis Cellular IP Diffuse distribution OP 
Case No. Age Sex TBLC SLB TBLC SLB TBLC SLB TBLC SLB 

1 78 F 0 1 0 0 0 0 1 2 
2 71 F 0 0 1 0 0 0 0 0 
3 79 M 1 1 1 0 0 0 0 2 
4 54 M 0 0 0 1 0 0 1 2 
5 56 M 2 0 2 0 2 1 1 0 
6 75 M 1 0 2 0 1 0 0 0 
7 77 M 2 3 1 2 2 2 0 3    

Airway centered fibrosis Airway disease Lymphoid follicle Emphysema 
Case No. Age Sex TBLC SLB TBLC SLB TBLC SLB TBLC SLB 

1 78 F 0 1 1 0 0 0 0 0 
2 71 F 1 1 0 1 0 0 0 0 
3 79 M 1 2 2 0 0 0 2 1 
4 54 M 1 1 0 0 0 2 0 2 
5 56 M 0 1 1 0 1 0 1 2 
6 75 M 0 0 0 0 0 0 0 1 
7 77 M 2 0 1 0 0 0 0 0 

Conclusions: This is a first study to compare sequential TBLC and SLB, which showed that TBLC is useful for UIP diagnosis but not for 
other ILD. With multidisciplinary approach, diagnosis of IPF may be rendered on TBLC, whereas, ILD other than IPF may require SLB. 
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Background: Nuclear grading system has been proposed to predict prognosis in epithelioid malignant pleural mesothelioma. It was 
subsequently validated in a large multi-institutional cohort. However biopsies were under-represented in both the initial and validation 
studies. Considering the inter-patient and intra-tumoural heterogeneity in mesothelioma, data is lacking with respect to the discriminative 
power of the grading system in a biopsy-heavy setting. 

Design: 170 consecutive cases of epithelioid malignant pleural mesothelioma between 2013 and 2017 were included.  Whenever possible 
all tissue sections from each case were reviewed by a pathologist, and by a second pathologist for challenging cases. Assessment 
methods for nuclear grade and mitosis-necrosis score were reproduced from the original studies. Demographic, clinical and outcome data 
were retrieved from electronic patient record. Survival curves were generated using Kaplan-Meier method, and the different groups were 
compared using log-rank (Mantel-Cox) test. Statistical significance is defined as p<0.05. 

Results: The mean age was 72.3 years, with male preponderance (72.4%). 54% (91/170) were right-sided disease. The vast majority of 
patients underwent biopsy (83.5%, 142/170), followed by pleurectomy/decortication (15.3%, 26/170). Mean number of sites sampled was 2, 
with mean maximum tissue dimensions of 3.5cm (Biopsy) and 16.4cm (Resection). An average of 4.1 H&E stained sections per case were 
reviewed. 44.1% (75/170) had solid-predominant growth pattern. Necrosis was present in 40% of cases (68/170). The frequencies of Grade 
I, II, III and pleomorphic epithelioid mesothelioma were 20% (34/170), 47.0% (80/170), 21.2% (36/170), and 11.8% (20/170) respectively. 
Grade I tumours had the best median overall survival (21.5 months), followed by Grade II (14.2 months) and Grade III tumours (8.4 
months) (p=0.0001). The mitosis-necrosis score was also evaluated, with score 0 showing the best median overall survival (17.3 months), 
followed by score I (15.3 months) and II (8.6 months) (p<0.0001). Of note the outcomes of Grade III tumours were comparable to that of 
the pleomorphic subtype. 

Figure 1 - 1895  

 

Figure 2 - 1895  

 

Conclusions: Results from the pilot cohort confirmed the prognostic power of the nuclear grading system in biopsy-heavy setting. An 
extended study is planned to investigate the utility of necrosis to sub-classify Grade II tumours, also the relationship between the 
number/size of sampled tissue and the discriminative power of the nuclear grading system. 
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Background: Immune checkpoint inhibitors have become a successful treatment in several types of cancer including malignant 
melanoma, non-small cell lung cancer (NSCLC) and bladder cancer. The high response rates in a subset of patients suggest that a 
sensitive companion diagnostic test is required. However, the tissue-based investigations can be challenging and rather subjective due to 
complex tissue architecture and heterogeneous biomarker expression that affect interpretive precision.  

Design: This study aimed to assess the validity of digital image analysis (DIA) of programmed death ligand 1 (PD-L1) staining in NSCLC 
by comparing its feasibility and reproducibility to conventional pathology practices. 71 resection specimens of NSCLC were included in the 
assessment and DIA was applied to determine the membranous PD-L1 expression in malignant epithelial cells using staining intensity 
scored as 0 (no staining), 1+ (weak staining), 2+ (moderate staining), or 3+ (strong staining). Consensus manual scores were calculated by 
two independent observers. 

Results: An average of 277 NSCLC cells (median 238 cells; range 38 to 938) were scored per lesion. A statistically significant correlation 
was found between manual reading and digital PD-L1 analysis (R=0.97, p<0.00001). Digital scoring captured the full diagnostic spectrum 
of PD-L1 expression at single cell resolution. Compared with standard diagnostics, the PD-L1 image analysis showed excellent 
reproducibility and reduced variability. 

Conclusions: DIA of PD-L1 staining could be a reliable alternative to manual PD-L1 scoring and may facilitate patient stratification in 
clinical practice. 

 
 




