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Abstract

VHL is a tumor suppressor gene located on chromosome 3 that is classically associated with
tumors of the eye and CNS, renal cell carcinoma, and pheochromocytoma. We describe what
appears to be the first report of an association between a germline VHL mutation and non-
small cell lung cancer and metachronous hepatocellular carcinoma (HCC). Our case involves
a 63-year-old nonsmoking male who was initially diagnosed with EGFR mutation-positive
metastatic nonsquamous, non-small cell lung adenocarcinoma, who subsequently devel-
oped HCC and squamous cell carcinoma of the femur despite first-line treatment with EGFR-
blocking osimertinib. Caris molecular profiling unexpectedly identified a shared underlying
VHL mutation in all 3 lesions. Genetic mapping through a machine learning-based tool
called Genomic Prevalence Score (GPSai™) helped determine that the femur tumor was a
metastatic lesion as opposed to a separate primary and that the HCC was a distinct primary
malignancy. We not only highlight the association between these tumors and a VHL muta-
tion but also emphasize the value of next-generation sequencing and a molecular disease
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classifier in a patient with multiple primaries, how it helps guide therapy, and its value in
guiding future studies.
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Background

Von Hippel-Lindau (VHL) is a tumor suppressor gene located on chromosome 3 that
when mutated is classically associated with VHL syndrome. Predisposing one to the formation
of benign and malignant tumors, VHL syndrome is an autosomal dominant condition that
most commonly presents with hemangioblastomas of the eye and CNS, renal cell carcinomas,
pancreatic neuroendocrine tumors, and pheochromocytomas [1]. Affecting approximately 1
in 36,000 births, VHL syndrome is an extremely rare condition that usually presents as early
as the second decade of one’s life with symptoms nearly always arising before 65 years of age
[2]. Primarily derived as a hereditary condition, approximately 80% of cases are inherited
from an affected parent while 20% seem to occur de novo without any preceding family
history [1].

We report what appears to be the first case of an association between VHL mutation and
non-small cell lung cancer (NSCLC) and metachronous hepatocellular carcinoma (HCC). Our
patient developed what originally appeared to be 3 primary tumors, none of which are clas-
sically associated with VHL disease, including EGFR mutation-positive lung adenocarcinoma,
EGFR wild-type HCC, and EGFR mutation-positive squamous cell carcinoma (SCC) of the
sternum and femur. While none of these tumors are classically associated with VHL syndrome,
the appearance of these 3 apparently independent lesions in a short time frame was suspi-
ciousforanunderlying germline mutation, therebyleading to our discovery of a VHL mutation.
We describe these tumors, their relationship to VHL, their molecular profiles, and how a
molecular disease classifier helped determine the relationship of these histologically distinct
tumors.

Case Presentation

A 63-year-old male without any significant family history presented with cough,
20-pound weight loss, and right lower lung infiltrate on chest X-ray. CT of the chest
confirmed a spiculated mass in the right lower lobe, and biopsy revealed moderately differ-
entiated adenocarcinoma as shown in Figure 1a. Curative surgery was attempted but
resulted in a right lung pneumonectomy with positive margins and pleural metastases,
resulting in final pathologic staging T4 N2 M1. Caris molecular profiling revealed an EGFR
exon 19 deletion (pE746_T751delinsVA). The patient was initiated on systemic targeted
therapy with osimertinib. Ten months later, surveillance imaging discovered a subtle
hepatic mass in the right lobe of the liver. A needle-core biopsy revealed well-differentiated
HCC. The patient had no evidence of disease from his original lung cancer while on osimer-
tinib, so he was offered curative resection. Pathology confirmed a low-grade HCC as seen in
Figure 1b.

Imaging with MRI 2 months following liver resection revealed a new ring-enhancing
lesion in the sternum. CT-guided biopsy of the sternal lesion was consistent with a diagnosis
of SCC as demonstrated in Figure 1c. The sample was insufficient for comprehensive tissue-
based NGS testing, and Guardant360 cfDNA testing only identified a variant of unknown
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Fig. 1. Moderately differentiated adenocarcinoma of the right lung, EGFR positive (HE; original magnifica-
tion, x100) (A); low-grade hepatocellular carcinoma, EGFR negative (HE; original magnification, x100) (B);
squamous cell carcinoma of the sternum (HE; original magnification, x400) (C); squamous cell carcinoma of
the femur, EGFR positive (HE; original magnification, x100) (D). HE, hematoxylin and eosin.

significance (ATM [p.R2832H]). Osimertinib was continued. Only 10 days later, the patient
presented with extreme pain in his right knee and thigh. MRI revealed a large destructive
bone lesion involving the shaft of the right femur with severe cortical thinning as shown in
Figures 2a and b, a slightly displaced pathological fracture of the anterior cortex. Biopsy of
the lesion was consistent with SCC upon pathological review (shown in Fig. 1d). Available
tissue was sent for comprehensive DNA and RNA next-generation sequencing (NGS) in order
to assess for driver mutation(s) and help determine tissue of origin. Caris Molecular Intelli-
gence assay of the femur lesion revealed an EGFR Exon 19 mutation (pE746_T751delinsVA)
identical to the lung tumor. Histologic re-review of the lung adenocarcinoma revealed no
evidence of squamous differentiation.

Given the potential molecular relatedness with divergent histology between the lung
and femur metastasis, a molecular disease classifier known as Genomic Prevalence Score
(GPSai™) was then employed. Utilizing several hundred DNA and RNA features to identify
a signature for a tumor and after comparing the signature to specimens in the Caris
database, the GPSai™ tool identifies all the tumors in the database with a matched
signature and then lists them according to prevalence. The GPS prediction for the patient’s
lung adenocarcinoma gave a very high match score of 98%, and the tumors in the database
with a matched signature were labeled as lung adenocarcinoma. The GPS prediction for
the patient’s femur lesion also gave a high match score at 85%, and the tumors in the
database with a matched signature were labeled as SCC. Interestingly, 9% of the tumors
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Fig. 2. A Cross-sectional view and B coronal view from MRI of the right femur demonstrating a large
destructive bone lesion involving the femur shaft and measuring approximately 20.7 cm in length and 4 cm
in diameter.

with a matched signature to the femur lesion carried the label of lung adenocarcinoma.
The patient’s liver tumor also gave a high match score at 94%, and the matched signa-
tures corresponded with HCC.

Molecular profiling also revealed an identical background VHL mutation in all 3 tumors,
specifically p.L.188V Exon 3 ¢.562C > G. The Guardant360 cfDNA was revisited for this VHL
mutation. In correlation with Caris comprehensive molecular testing, a VHL 188V alteration
was detected in the patient’s blood sample at an allele fraction suspicious for germline origin.
The patient was then referred for genetic counseling and testing. A Quest myVantage Hered-
itary Comprehensive Cancer Panelin fact confirmed the VHL variant, ¢.562C> G (p.Leu188Val),
to be a heterozygous pathogenic germline mutation.

Discussion

This case describes the discovery of a background VHL mutation by Caris molecular
profiling in 3 cancerous lesions. Initially diagnosed with an EGFR exon 19 deletion NSCLC, the
patient then developed a HCC and SCC of the femur and sternum despite EGFR-targeting
therapy with osimertinib. Although therapeutic approaches to EGFR-positive lung adenocar-
cinomas include TKIs (i.e., erlotinib and gefitinib), EGFR T790M mutation-targeting therapy
(i.e., osimertinib) has demonstrated superior efficacy over earlier EGFR-TKIs as a first-line
therapy with similar safety profiles [3]. For this reason, the patient was initially treated with
osimertinib as the first-line therapy. With T790M mutations accounting for approximately
50% of cases of resistance to first- and second-generation EGFR-TKIs, osimertinib targets the
T790M mutation and thereby eliminates this most common mechanism of resistance to
earlier generation TKIs [4]. Tumors that harbor a driver mutation (i.e., EGFR), however, have
been known to carry lower response rates to immunotherapy despite PD-L1 positivity or high
tumor mutation burden. Nevertheless, our patient and his response to treatment was
predicted by Caris NGS and the high tumor mutation burden due to his germline VHL mutation
and underlying variant allele frequencies (VAFs). He responded well to combined chemoim-
munotherapy and has continued immunotherapy alone as a maintenance therapy with stable
disease at this time.
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Table 1. Next-generation sequencing results

Mutation Femur VAF, % Lung VAF, % Liver VAF, %
VHL L188V 47 50 51
EGFR ex19del 19 85 -
SPECC I 680E 85 - -
SOCS1 del 40 - 61
PTPN11 6409A 57 64 27
MSH6 1464T 9 27 -
MLLT3 15 19 -
KIAA1549 S1877P 55 50 50
BCL11B R103C 45 52 46
AXIN1 P467t 57 47 46
ASXL1 1552V 52 54 49
CTNNB1 N387K - 15 -
CAMTA1V6271 56 48 46
CREB3L1 G274L - - 29

VAFs resulting at approximately 50% indicate germline origin. Bold indicates positive germline benign
variants or variants of uncertain significance shared by all 3 tumors.
VAF, variant allele frequency.

Histopathological examination initially seemed to indicate 3 separate primary tumors
in our patient, with each tumor possessing multiple variants of uncertain significance
according to NGS, some of which had a VAF suspicious for being a germline variant. Multiple
variants were identified at such rates, including VHL L188V (shown in Table 1). These VAFs
were all proven to be germline variants upon germline sequencing of the blood. The
molecular disease classifier GPSai™ then discovered that the original NSCLC had molecular
data that strongly predicted a diagnosis of lung adenocarcinoma while the metastatic SCC
had molecular data that predicted a diagnosis of SCC with a secondary prediction of lung
adenocarcinoma. The predicted lineage relatedness of the 2 sampled tumors by GPSai™,
coupled with the same EGFR exon 19 deletion, strongly suggests that the femur tumor
represents a metastasis of the original lung cancer, potentially from an area with squamous
differentiation that was not sampled by the original biopsy. Alternatively, histologic trans-
formation may have occurred. Although histological conversion of lung adenocarcinoma is
typically toward small cell cancer [5], adenocarcinoma to SCC conversions with retained
EGFR mutation have also been described [6]. Furthermore, histologic conversion is a well-
described mechanism of resistance to osimertinib therapy [7]. In this context, the genetic
signature of metastatic lesions can provide significant insight into the tumorigenesis of
distinct lesions. Furthermore, such signatures assist in assessing response to treatment.
For our patient, the EGFR VAF notably decreased from 85% in the lung to 19% in the femur
lesion while on osimertinib therapy (shown in Table 1). Rather than representing a form of
histologic transformation, the femur lesion more accurately depicts a naturally selected
metastatic clone derived from the NSCLC as a result of both genetic and treatment pressure
from TKI therapy.

The presence ofagermline VHL mutation in the development of our patient’s synchronous
and metachronous tumors remains significant as each tumor represents an atypical presen-
tation of VHL mutation. Located on chromosome 3, the VHL gene encodes the VHL protein
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(pVHL), which is responsible for the ubiquitination and degradation of hypoxia-inducible
factor, a transcription factor that regulates genetic expression of angiogenic factors [8].
Decreased pVHL production thereby permits unregulated HIF activity, promoting angiogenesis
central to tumor growth. Classically associated with vascular tumors of the eye and CNS,
kidneys, and adrenal glands, VHL mutations have been documented in sporadic tumors and
may be present in as many as 50% of sporadic hemangioblastomas and 50-60% of sporadic
renal cell carcinomas [9,10]. In relation to NSCLC, EGFR gain and VHL loss have been asso-
ciated with poor overall survival in patients with lung adenocarcinoma, suggesting their utili-
zation simply as prognostic markers [11]. With the exception of SCC of the lung, NSCLC has
not otherwise been associated with VHL genetic mutations [12]. A single report seems to
detail an association between VHL disease and multiple metachronous lung adenocarcinomas
[13]. Likewise, the association between VHL and HCC is not fully understood. One study
demonstrated how low VHL expression in patients with HCC resulted in decreased survival
and a poor clinical prognosis [14]. Our case appears to be the first to report an underlying
genetic VHL mutation in the setting of NSCLC, HCC, and a metastatic lesion to the femur. More
research is necessary in order to further investigate VHL's role in the tumorigenesis of these
tumors.

Conclusion

Our report appears to be the first to highlight the relationship between these unusual
metachronous tumors and a background VHL mutation in the context of EGFR-positive
NSCLC. Although more research is indeed necessary to further elucidate VHL’s role in the
development of such tumors, our case suggests that molecular characterization of tumors
provides information not obtainable by histological examination. Molecular signatures such
as GPSai™ scoring contribute to a greater understanding of tumor genesis, as such tools have
been found to have an accuracy of 94% in identifying tumor type when matching with a high
probability [15]. Furthermore, commercially available NGS and GPS are tools available to
clinicians and can provide significant utility in establishing diagnoses and assessing responses
to treatments.
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