Brief Report

L))

Check for
updat

Clear cell adenocarcinoma of the lung: a SEER analysis
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Abstract: Clear cell adenocarcinoma (CCA) in lung has been considered as a rare subtype of lung
adenocarcinoma. However, recent classifications of lung adenocarcinoma proposed to discontinue CCA due
to lack of available data with clinical significance. Patients with CCA and lung adenocarcinoma not otherwise
specified (LANOS) were queried from The Surveillance, Epidemiology, and End Results Program (SEER)
database. Cancer-specific survival was studied according to gender (male, female), age (0-69, 70+), SEER
specific stage A system (localized, regional and distant), year of diagnosis (1973-2000, 2001-2013), surgery
(ves, no), and radiation therapy (yes, no) using Kaplan-Meier curves. Multivariate analysis was used to study
independent predictors of cancer-specific survival. A total of 1,227 and 233,154 patients with the diagnosis of
CCA and LANOS respectively were found in the SEER database. CCA histology was significantly associated
with an early year of diagnosis, younger age, early stage, surgery, and lack of radiation. Kaplan-Meier curves
showed that patients with CCA histology had significantly better cancer-specific survival (P<0.0001, Log-
Rank). Subset analysis demonstrated the difference in cancer-specific survival between CCA and NOS
histology was significant in localized and regional but not distant stage disease (P=0.0453, 0.0009, 0.0664,
respectively). Patients with CCA histology have superior survival in the locoregional stage according to our
SEER analysis, suggesting its unique role in prognosis despite it being removed from recent pathologic

classifications.
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Introduction

Clear cell adenocarcinoma (CCA) is a well-known major
histologic type in renal cell carcinoma (1). It is occasionally
seen in non-renal primary sites such as ovary (2) and lung (3).
CCA derives its name from the clear appearance of the
cytoplasm and such changes in neoplastic cells are generally
caused by fat, mucin or glycogen accumulation in the
cytoplasm. Both CCA and signet ring cell carcinoma
(SRQC) of lung had been considered as distinct pathologic
entities until International Association for the Study
of Lung Cancer (IASLC)/American Thoracic Society
(ATC)/European Respiratory Society (ERS) committee
in 2011 removed both features from subtypes of lung
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adenocarcinoma (4). This decision was attributed to the
unclear clinical significance for both CAA and SRC. World
Health Organization (WHO) classification of lung cancer in
2015 also discontinued the subtype of CCA and recognized
it as a cytologic feature (5). However, a population study
demonstrated that patients with SRC pathologic feature
had worse prognosis as compared to lung adenocarcinoma
not otherwise specified (LANOS) (6). A small study of CCA
of the lung in 1980 reported comparable prognosis (7),
whereas a recent retrospective study from China reported
relatively poor survival in patients with CCA, suggesting its
role as a prognostic predictor (8). Because of the scarcity of
the disease and the lack of definitive studies, the clinical role
of CCA subtype has not yet been adequately determined.
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Retrospective case series have inherent limitations. Cases
with rare disease such as CAA cannot be adequately collected
by individual researchers. However, publicly available
population datasets provide investigators with a large sample
size and make such studies feasible. The US National
Cancer Institute (NCI) Surveillance, Epidemiology, and End
Results (SEER) database is one such resource for researchers
conducting outcomes research (9).

In this SEER database study, we found that patients with
CCA had a worse prognosis than those with LANOS in
the subgroups of local/regional stages. We also conducted
analyses for clinical characteristics and prognosis in
subgroups.

Materials and methods
Patient population

This population study used SEER-18 Dataset consisting
of 18 cancer registries across United States. Patients with
CCA and LANOS diagnosed between 1973 and 2013 were
included in this study. Data were extracted using the SEER
Stat version 8.3.4 of NCI (10). Histologically diagnosed
cases were identified by the specific codes (8310/3, 8140/3)
of the International Classification of Diseases for Oncology,
3" edition ICD-0-3) for CCA and LANOS, respectively.
Due to multiple revisions in TINM staging system, use
of identical TNM staging versions throughout the study
period was not possible. Instead, SEER historic stage A
system was used in the analysis (11). It continued to assign
cases into local, regional, or distant disease throughout the
study period, allowing us to compare cases over the decades.
Other clinical characteristics abstracted in the study were
gender (male, female), age (0-69, 70+), year of diagnosis
(1973-2000, 2001-2013), surgery (yes, no), and radiation
therapy (yes, no). Every case was assigned to one of the two
groups for each factor for multivariate analysis.

Association between histology and the other
characteristics were examined. Cancer-specific survival was
studied by Kaplan-Meier method and analyzed for each
subgroup. Multivariate analyses excluded cases that did not
contain any of the above mentioned clinical factors (gender,
age, year of diagnosis, surgery, radiation).

Statistical analysis

Chi-square or Fisher’s exact test was used for comparisons
of histologic and demographic characteristics as appropriate.
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Univariate survival analyses were conducted using the log-
rank test. Cox proportional hazards model was used for
multivariate survival analysis. All statistical analyses were
performed using JMP software version 13 (SAS Institute,
Inc., Cary, NC, USA). A two-tailed P value less than 0.05
was considered as statistically significant.

Ethics

This is a population study that involves no identifiable
information for individuals throughout the analyses.
Institutional Review Board at Tulane University gave
exemption because the study was deemed not to constitute
human subject research.

Results

A total of 1,227 CCA and 233,154 LANOS cases were
selected and analyzed. Clinical characteristics described
above were available for 921 and 197,121 cases, respectively
(Table 1). Overall, cases commonly had characteristics with
recent year (2001-2013) of diagnosis (72%), age 0-69 (58%),
male gender (51%), distant stage (59%), lack of surgery
(72%), and lack of radiation (57%).

As compared to LANOS, CCA histology was
significantly associated with early year (1973-2000) of
diagnosis, younger age (0-69), early disease stage, presence
of surgery, and lack of radiation (all P<0.0001, 7ible 1).

Survival analyses demonstrated that patients with age
0-69, year of diagnosis 2001-2013, female gender, localized
disease, undergoing surgery, and lack of radiation had
significantly better cancer-specific survival (all P<0.0001,
Log-Rank, Table 2). Regarding histology, the five-year
cancer-specific survival rates were 34.2% and 20.1%
for CCA (n=1,227) and LANOS (n=233,154) histology,
respectively, and the difference was statistically significant
with P<0.0001 (Table 2, Figure 1A4). Subset analysis by SEER
historic stage A system showed that the difference in the
five-year cancer-specific survival was significant in localized
and regional but no distant stage (P=0.0453, 0.0009, 0.0664,
Log-Rank, respectively, Figure 1B,C,D).

Multivariate cox proportional hazard model showed that
all the above factors excluding histology were independent
predictors of survival (7able 3).

Discussion

Recent histologic classification discouraged clinicians
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Table 1 Characteristics of cases Table 2 Five-year cancer-specific survival
Group Clear cell NOS Total P value Group Total ~ 5-year CSS (%) P value
Total 1227 233,154 234,381 - Year of diagnosis <0.0001
1973-2000 89,287 21.9
Total for 921 197,121 198,042 -
multivariate 2001-2013 145,094 17.5
analysis Age <0.0001
Year of diagnosis, n [%] <0.0001 0-69 138,579 17.9
1973-2000  384[42] 55,909 [28] 56,293 [28] 70+ 95,802 216
Sex <0.0001
2001-2013 537 [58] 141,212 [72] 141,749 [72]
Male 123,511 17.3
0,
Age, n [%] <0.0001 Female 110,870 23.6
0-69 632 [69] 113,478 [58] 114,110 [58] Stage <0.0001
70 + 289 [31] 83,643 [42] 83,932 [42] Local 35,033 60.4
Sex, n [%] 0.6548 Regional 45,454 31.1
Male 479 [52] 101,065 [51] 101,544 [51] Distant 117,585 4.0
Surgery <0.0001
Female 442[48] 96,056 [49] 96,498 [49]
Yes 68,092 51.2
0,
Stage, n [%] <0.0001 No 166,289 58
Local 297 [32] 34,736 [1 8] 35,033 [1 8] Radiation <0.0001
Regional 306 [33] 45,148 [23] 45,454 [23] Yes 102,066 10.8
Distant 318 [35] 117,237 [59] 117,555 [59] No 132,315 27.4
Surgery, n [%] <0.0001 Histology <0.0001
CCA 1,227 34.2
Yes 594 [64] 56,011 [28] 56,605 [29]
LANOS 233,154 20.1
N 327 [36] 141,110 [72] 141,437 [71 . . .
© [3€] [72] 711 CSS, cancer-specific survival; CCA, clear cell adenocarcinoma;
Radiation, n [%] <0.0001 LANOS, lung adenocarcinoma not otherwise specified.
Yes 319[35] 85,155[43] 85,474 [43]
No 602 [65] 111,966 [57] 112,568 [57]

NOS, not otherwise specified.

from considering CCA as a distinct subtype and rather
recommend to report it as an associated cytologic change
based on lack of its clinical significance (4,5). Although our
study does not demonstrate the role of CCA histology as an
independent prognostic indicator; univariate analysis in our
study is contradictory to a recent retrospective cohort study
in China, where patients with lung adenocarcinoma with
clear cell component had relatively worse overall survival
without confirmation of multivariate analysis (8).

Our study found that CCA histology was associated
with more advanced disease stage, whereas the study by Gu
et al. reported that it was linked with early stage (8). The
discrepancy between the two studies might be related to
differences in ethnicity as well as the definition of CCA,

© Translational lung cancer research. All rights reserved.

tlcr.amegroups.com

where clear cell component was only required in at least 5%
of the tumor for their study.

Interestingly, the WHO and IASLC classifications
acknowledge that the other discontinued pathologic feature
known as signet-ring cell are associated with presence of
echinoderm microtubule-associated protein-like 4 (EML4)
and anaplastic lymphoma kinase (ALK) gene rearrangement
(EML4-ALK) (4,5). Little is known about biologic
significance of CCA histology in the development of lung
cancer. Gu er al. reported that 11 (29%) and 9 (24%) of 38
patients with CCA histology in China had EGFR and Kras
mutations, respectively (8). Similarly, a higher proportion
of Kras mutations were noted in a small study in US (12).
Although somatic alteration in EGFR kinase domain is
more common in East Asian nations than in the US, the
relative high incidence in their study might suggest the link
between EGEFR signaling and CCA phenotype. ALK gene

rearrangement was not detected in their cohort, although
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Figure 1 Five-year cancer-specific survivals were determined for overall (A), localized (B), regional (C), and distant disease (D). Difference

was statistically significant for overall (P<0.0001), localized (0.0453), and regional (0.0009) disease groups by Log-Rank tests.

Table 3 Univariate (unadjusted) and multivariate Cox proportional hazard analyses

Unadjusted model

Adjusted model

Variable
HR (95% CI) P HR (95% CI) P

Histology (CCA/LANOS) 0.68 (0.63-0.72) <0.0001 0.93 (0.86-1.02) 0.12
Age (0-69/70+) 0.84 (0.83-0.84) <0.0001 0.74 (0.73-0.75) <0.0001
Year (2001-2013/1973-2000) 0.87 (0.86-0.88) <0.0001 0.78 (0.77-1.79) <0.0001
Sex (female/male) 0.80 (0.79-0.81) <0.0001 0.83 (0.82-0.84) <0.0001
Stage

Localized/distant 0.14 (0.14-0.14) <0.0001 0.13 (0.13-0.14) <0.0001

Regional/distant 0.33 (0.32-0.33) <0.0001 0.32 (0.31-0.32) <0.0001

CCA, clear cell adenocarcinoma; LANOS, lung adenocarcinoma ‘not otherwise specified’; Cl, confidence interval; HR, hazard ratio.

it was reported in the literature (12). No other commonly
observed somatic changes such as RET, or ROSI fusions
were identified. Sensitivity of CCA with EGFR/ALK
alteration to their kinase inhibitors is unknown.

Subtypes of non-small cell lung cancer (NSCLC)
other than adenocarcinoma may also contain component
of clear cells. They include benign pulmonary tumor,
PEComa, squamous cell carcinoma, metastasis from renal
cell carcinoma. Differential diagnosis in patients with a
complicated disease history could be a challenge, though
immunostaining is useful in determining the diagnosis.
Further clinical and preclinical research to help interpret
the significance of CCA is required.
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We acknowledge limitations in the current study such
as lack of information about systemic treatment and TNM
stage. Smoking history or molecular information is not
included because they are not available in SEER database.
However, the current analysis still suggests NSCLC patients
with CCA histology have favorable prognosis over LANOS,
especially in local/regional stages. Further investigation is
needed.
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