
Contents lists available at ScienceDirect

Lung Cancer

journal homepage: www.elsevier.com/locate/lungcan

Imaging characteristics of BRAF-mutant non-small cell lung cancer by
functional class

Dexter P. Mendozaa,1, Ibiayi Dagogo-Jackb,1, Tianqi Chenc, Atul Padolea, Jo-Anne O. Sheparda,
Alice T. Shawb, Subba Rao Digumarthya,⁎

a Department of Radiology, Massachusetts General Hospital, United States
bMassachusetts General Hospital Cancer Center and Department of Medicine, Massachusetts General Hospital, United States
c Department of Biostatistics and Computational Biology, Dana-Farber Cancer Institute, Harvard Medical School, United States

A R T I C L E I N F O

Keywords:
Lung cancer
BRAF mutation
Radiology
Imaging
Metastasis

A B S T R A C T

Objectives: Mutations in the BRAF gene have emerged as a validated molecular target in the treatment of non-
small cell lung cancer (NSCLC). These mutations can be classified into three functional classes based on their
mechanisms of oncogenesis. The relationship between these functional classes and their imaging features has not
been systematically investigated. The goal of this work is to determine if imaging features of the primary tumor
and the pattern of metastasis correlate with the functional class of BRAF mutation.
Methods: We reviewed pre-treatment computed tomography (CT) images of patients with BRAF-mutated NSCLC
with known functional class. We assessed and recorded the features of the primary tumor and the patterns of
lymphadenopathy and distant metastasis. Wilcoxon rank-sum test and Kruskal-Wallis test were performed to
compare continuous characteristics, and Fisher's exact test was used to compare categorical features between
groups.
Results and Conclusions: 105 patients with BRAF-mutant NSCLC had pre-treatment imaging available for review
(n=43 class I, n= 40 class II, and n= 22 class III). Approximately half of the primary tumors were considered
masses (n=54/105, 51%) and most were solid (n= 81/105, 77%). There were no statistically significant
differences in imaging features of the primary tumor among the three functional classes. Intrathoracic metastases
occurred more frequently in class I tumors compared to tumors with class II and III mutations (p=0.03). The
odds of class I mutation were higher among tumors involving the pleural space (OR: 4.39, 95% CI: 1.11–17.4)
and lower among tumors disseminating to the abdomen (OR: 0.25, 95% CI: 0.07-0.92). Our findings suggest that
class I (V600) mutated NSCLC may be more likely to have intrathoracic metastases, while classes II and III (non-
V600) mutated NSCLC may be more likely to have intra-abdominal metastases at the time of presentation.

1. Introduction

BRAF mutations are a promising target in lung cancer [1]. In non-
small cell lung cancer (NSCLC), nearly half of BRAF mutations lead to a
substitution of valine for glutamic acid at codon 600 (V600E)
[1,2].Based on the prevalence of this substitution, BRAF mutations
were historically classified as either V600-mutant or non-V600 mutant.
Emerging data demonstrating a link between specific BRAF variants
and degree of RAF kinase activation has allowed for further stratifica-
tion of BRAF mutations into three functional classes [3,4]. Class I
consists of V600 mutations that enable RAS-independent, monomeric
signaling. In contrast, classes II and III both signal as dimers and are

distinguished by RAS dependence and RAF kinase activity. Specifically,
class II BRAF mutants result in high kinase activity and RAS-in-
dependent signaling whereas RAS-dependent class III mutants are
characterized by impaired RAF kinase activity [3,5].

We recently demonstrated that the clinical outcome of patients with
metastatic NSCLC is impacted by BRAF functional class [6]. Here, we
build upon this initial observation by systematically analyzing the
imaging features of BRAF-mutant NSCLC to explore whether mutation
class correlates with features of the primary lung tumor or distribution
of metastases sites.
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2. Methods

2.1. Study population

Patients (n= 105) with BRAF-mutant NSCLC were identified from
NSCLCs that underwent molecular analysis at Massachusetts General
Hospital from 2005 -2017. BRAF mutations were identified using
SNaPshot as previously described [7]. The current version of SNaPshot
utilizes next-generation sequencing to interrogate exons 11 and 15 of
BRAF, whereas versions launched prior to 2014 relied on multiplex
polymerase chain reaction technology. We organized BRAF mutations
into three functional classes (n=43 class I, n= 40 class II, and n=22
class III) based on the published preclinical studies that validated kinase
activity of distinct mutations [3,4]. Only patients with available pre-
treatment scans were included. This study was approved by the Mas-
sachusetts General Hospital Institutional Review Board.

2.2. Imaging protocol

As our institution is a tertiary referral center, thirty-four (32.3%)
patients had pretreatment imaging performed at an outside facility. For
these patients, baseline imaging was obtained with a variety of multi-
detector-row CT scanners from different vendors. Examinations per-
formed at our institution were acquired helically with automatic ex-
posure control and tube potential of 100 −120 kV. At a minimum,
images consisted of standard soft tissue kernel reconstructions with
slice thickness of 1–3mm for the chest and up to 5mm for the abdomen
and pelvis with sagittal and coronal reformatted images. Eighty-four
(80%) studies were performed with intravenous contrast. When avail-
able, brain MRI, head CT, and FDG-PET images were reviewed for the
presence of intracranial metastases and occult metastases. Pretreatment
brain imaging was available in 88 (83.8%) patients, and FDG-PET
imaging was available in and FDG-PET were available in 92 (87.6%)
patients.

2.3. Image review and analysis

Images were reviewed on our institutional PACS (AGFA Impax 6,
Mortsel, Belgium) by both a fellowship-trained, board-certified thoracic
radiologist (SRD) and a thoracic imaging fellow (DM). Radiologists
were blinded to BRAF class at the time of imaging review. Images were
reviewed concurrently, and assessments were derived through con-
sensus. The review included assessment of the primary tumor [size,
location within the lobe (inner, middle, or outer third), density (solid,
mixed, ground-glass), cavitation, air bronchograms, and calcifications],
evaluation for presence of lymphangitic carcinomatosis (i.e., thickening
and nodularity of the septal interstitium extending beyond the primary
tumor and involving greater than half a lobe), and location of meta-
static lymph nodes. Lymph nodes were considered malignant if greater
than 1 cm in the short axis or associated with increased FDG uptake.
The presence of metastasis in the lungs, pleura, liver, adrenal glands,
other viscera and soft tissues, bones, and brain was also documented for
each patient. Imaging findings were correlated with surgical pathology
when available to verify nodal and distant metastases.

2.4. Statistical analysis

The Wilcoxon rank-sum test and Kruskal-Wallis test were performed
to compare continuous characteristics between groups. Fisher’s exact
test was used to compare categorical features between groups. All tests
were two-sided and p-value was considered significant if less than 0.05.
A multivariable logistic regression model was built with V600 as out-
come. The criterion for choosing candidate predictors was based on
univariate analysis p-value< 0.20.

3. Results

3.1. Patient characteristics

We reviewed baseline imaging studies from 105 patients with BRAF-
mutant NSCLC. Over one-half of the patients had stage IV adenocarci-
noma. There was no significant difference between the three classes
with respect to age, sex, ethnicity, histology, or stage at diagnosis.
However, as previously observed, there was a difference in smoking
status between V600-mutated versus non-V600-mutated patients [6].
Clinicopathologic characteristics and class comparisons are summar-
ized in Supplement 1.

3.2. Imaging characteristics of BRAF-mutant NSCLC

3.2.1. Primary tumor
Approximately one-half of the BRAF-mutant tumors were categor-

ized as masses (i.e. greater than 3 cm in greatest axial dimension;
n=54/105, 51%). Eighty-one (77%) of the tumors were solid. Air
bronchograms, cavitation, and calcification were rare with incidences
of 5%, 2%, and 2%, respectively. Twenty-five (24%) patients had
multifocal lung tumors at baseline. Lymphangitic carcinomatosis was
observed in eight (8%) cases. When the classes were compared, dif-
ferences in imaging features of the primary tumor did not reach sta-
tistical significance (Table 1).

3.2.2. Lymphadenopathy and metastatic patterns
Fifty-three (50.4%) patients had nodal disease at diagnosis, in-

cluding 28 (26.7%) patients with enlarged or hypermetabolic N3 nodes.
The pattern of lymphadenopathy was consistent across the three func-
tional classes. Notably, intrathoracic metastases (lung and pleural le-
sions) occurred more frequently in class I tumors compared to tumors
with class II and III mutations (44% vs 28% vs 14%, p value=0.03;
Fig. 1). The distribution of nodal and extrathoracic metastases is de-
tailed in Table 1.

In a multivariable logistic regression model that accounted for
smoking status, N3 nodal status, tumor calcification, lung metastases,
pleural involvement, and intra-abdominal metastasis, pleural and intra-
abdominal metastasis were significant predictors of BRAF mutation
class. When tumors with class II and III mutations were pooled and the
analysis was adjusted for the other covariates, the odds of class I mu-
tation among tumors involving the pleural space, were more than four-
fold higher than those not involving the pleural space (OR: 4.39, 95%
CI: 1.11–17.4), and 75% lower among tumors disseminating to the
abdomen compared to those not disseminating to the abdomen (OR:
0.25, 95% CI: 0.07-0.92) (Supplement 2). The receiver operating
characteristic (ROC) curve for the multivariable logistical regression
model is shown in Supplement 3 A. For comparison, an ROC curve
taking into account only clinical characteristics is shown in Supplement
3B.

4. Discussion

Elucidation of the distinct mechanisms of oncogenesis of different
BRAF mutations has improved understanding of the heterogeneity
within the non-V600 subset. Class II BRAF mutations result in high
kinase activity and RAS-independent signaling and include mutations in
the K601, L597 V/Q/R, G469 V/S/R/E/A, and G464 V codons. On the
other hand, class III mutations are RAS–dependent and have impaired
RAF kinase activity and include mutations in the G596R, D594Y/N/G/
E, N581Y/S/I, G466 V/L/E/A, and D287Y codons [3,5]. A recent ret-
rospective analysis of over 200 patients with BRAF-mutant NSCLC
suggested that the biological differences between functional classes
may translate into differences in clinical outcomes and survival among
patients with metastatic NSCLC [6]. Considering the above, we con-
ducted this imaging-based study to evaluate for a link between
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aggressive imaging features—such as large tumor size and specific
metastatic site tropisms— and the class of BRAF mutation. Our findings
suggest that lung tumors with class I BRAF mutations are more likely to
involve the pleural space and less likely to present with intra-abdominal
metastases.

In the present study, we did not identify differences in imaging
features of the primary tumor across BRAF functional classes. Our
findings are consistent with a smaller study by Halpenny et al, which
similarly failed to detect differences in the imaging features of primary
lung tumors bearing non-V600-mutant and V600-mutant BRAF

mutations [8]. Beyond investigating this question in a larger group of
patients, our study adds to the previous analysis by separating the non-
V600 group into biologically-relevant functional classes. In both our
study and the earlier study by Halpenny, BRAF-mutant NSCLCs largely
presented as solid masses or nodules. Interestingly, this finding con-
trasts with EGFR-mutant NSCLC, which is associated with increased
prevalence of ground-glass components [9].

We observed notable differences in the metastatic patterns of spe-
cific functional classes. As metastasis is the primary determinant of
mortality from NSCLC, this finding may have larger prognostic

Table 1
Imaging features of BRAF-mutated tumors and comparison among classes.

Mutation class P-value

All (N= 105) Class I (N=43) Class II (N= 40) Class III (N= 22) Class I vs. II vs. III V600 vs. Non-V600

Median (range)
Tumor size, mm
Maximum dimension 32 (7-130) 25 (9-130) 38 (10-110) 22 (7-69) 0.01 0.35

N (%)
Tumor size (maximum)
0-3 cm 51 (49%) 24 (56%) 14 (35%) 13 (59%) 0.23 0.37
3-5 cm 29 (28%) 9 (21%) 14 (35%) 6 (27%)
>5 cm 25 (24%) 10 (23%) 12 (30%) 3 (14%)

Location
Multifocal 25 (24%) 11 (26%) 8 (20%) 6 (27%) 0.76 0.82
Non multifocal 80 (76%) 32 (74%) 32 (80%) 16 (73%)

Zone
Inner 57 (54%) 24 (56%) 24 (60%) 9 (41%) 0.11 0.53
Middle 20 (19%) 6 (14%) 5 (12%) 9 (41%)
Outer 28 (27%) 13 (30%) 11 (28%) 4 (18%)

Density
GG 13 (12%) 4 (9%) 4 (10%) 5 (23%) 0.40 0.45
Mixed 11 (10%) 3 (7%) 5 (12%) 3 (14%)
Solid 81 (77%) 36 (84%) 31 (78%) 14 (64%)

Air bronchogram or cavitation
No 98 (93%) 39 (91%) 37 (92%) 22 (100%) 0.52 0.44
Yes 7 (7%) 4 (9%) 3 (8%) 0 (0%)

Tumor Calcification
No 103 (98%) 41 (95%) 40 (100%) 22 (100%) 0.51 0.17
Yes 2 (2%) 2 (5%) 0 (0%) 0 (0%)

Lymphangitic carcinomatosis
No 97 (92%) 39 (91%) 37 (92%) 21 (95%) 0.90 0.71
Yes 8 (8%) 4 (9%) 3 (8%) 1 (5%)

N1
No 52 (50%) 24 (56%) 16 (40%) 12 (55%) 0.30 0.32
Yes 53 (50%) 19 (44%) 24 (60%) 10 (45%)

N2
No 59 (56%) 22 (51%) 21 (52%) 16 (73%) 0.23 0.43
Yes 46 (44%) 21 (49%) 19 (48%) 6 (27%)

N3
No 74 (70%) 27 (63%) 28 (70%) 19 (86%) 0.14 0.19
Yes 31 (30%) 16 (37%) 12 (30%) 3 (14%)

Intrathoracic Metastasis
No 72 (69%) 24 (56%) 29 (72%) 19 (86%) 0.04 0.03
Yes 33 (31%) 19 (44%) 11 (28%) 3 (14%)

Lung Metastasis
No 80 (76%) 29 (67%) 31 (78%) 20 (91%) 0.11 0.10
Yes 25 (24%) 14 (33%) 9 (22%) 2 (9%)

Pleural Metastasis
No 91 (87%) 34 (79%) 36 (90%) 21 (95%) 0.16 0.08
Yes 14 (13%) 9 (21%) 4 (10%) 1 (5%)

Extrathoracic Metastasis
No 73 (70%) 31 (72%) 26 (65%) 16 (73%) 0.76 0.67
Yes 32 (30%) 12 (28%) 14 (35%) 6 (27%)

Intra-abdominal metastasis
No 85 (81%) 38 (88%) 28 (70%) 19 (86%) 0.10 0.13
Yes 20 (19%) 5 (12%) 12 (30%) 3 (14%)
Bone Metastases
No 91 (87%) 38 (88%) 34 (85%) 19 (86%) 0.93 0.78
Yes 14 (13%) 5 (12%) 6 (15%) 3 (14%)
Brain Metastasis
No 99 (94%) 39 (91%) 40 (100%) 20 (91%) 0.11 0.22
Yes 6 (6%) 4 (9%) 0 (0%) 2 (9%)
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implications than comparison of characteristics of the initiating tumor.
In our study, non-V600 mutations were fourfold more likely to metas-
tasize to the abdomen and were less likely to involve the pleura. The
mechanism for differential metastatic spread is unclear, but distinct
patterns of metastasis have also been reported in other molecular
subgroups. For example, rates of brain and pericardial metastases may
be higher in ALK-positive NSCLC than patients with EGFR-mutant and
ROS1-positive NSCLC [10,11].

This study is inherently limited by its retrospective nature. The
sample size was limited by the relative rarity of BRAF mutations. As a
result, our multivariate model was essentially a comparison between
V600-mutant and non-V600-mutant NSCLC. Our study population in-
cluded patients with both early and advanced stage NSCLC. This may
have masked our ability to truly discern differences in primary tumor
morphology or sites of metastases that might be more apparent if the
analysis were restricted to stage-concordant tumors. We believe that a
larger multi-institutional study might overcome these limitations and
allow for confirmation of our findings.

In conclusion, this is the largest study to investigate the imaging
features of BRAF-mutant NSCLC and the first to investigate potential
differences in imaging features among the three BRAF functional
classes. Our findings suggest that class I (V600) mutated NSCLC may be
more likely to have intrathoracic metastases at the time of presentation,
while non-V600 (classes II and III) may be more likely to have intra-
abdominal metastases.
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