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CASE REPORT

Uniqgue metastases of ALK mutated lung cancer
activated to the adnexa of the uterus
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Abstract

Anaplastic lymphoma kinase (ALK) fusion positive non-small cell lung cancer (NSCLC) is a relatively novel molecular
subtype in lung cancer. ALK targeted therapies such as crizotinib increase survival benefit in this patient population.
However, further understanding of the disease subtype including patterns of metastasis and pathways of treatment
resistance are needed. We describe a 50 year-old-woman diagnosed with stage IV NSCLC, T2N3M1b, ALK fusion
positive disease. Although her initial sites of metastasis included the liver and bone, her story is notable for crizotinib
resistant growth of a metastatic lesion to her adnexa. This report brings to attention unique mechanisms of metastasis in
ALK positive patients.
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1 Case presentation

A 50-year-old woman was referred to our Thoracic Oncology Group for metastatic Anaplastic lymphoma kinase (ALK)
fusion positive adenocarcinoma of the lung. She initially presented to her primary care physician in September 2009 with
a known history of asthma and persistent wheezing. CT imaging demonstrated a left lung mass, diagnosed as grade 3
adenocarcinoma of the lung, EGFR non-mutated on biopsy. Liver biopsy confirmed metastatic disease and PET also noted
metastasis to the bone. She was initially treated with pemetrexed, carboplatin, and bevacizumab with partial response
through February 2010 followed by maintenance. In June 2011, PET showed recurrence of bone disease and the decision
was made to pursue novel therapeutic options. The patient underwent ALK fusion testing, which was positive by
fluorescence in-situ hybridization (FISH) analysis using Vysis ALK break-apart FISH probe kit. In August 2011, she was
referred to our Thoracic Oncology Clinic for crizotinib therapy. Treatment was initially delayed after screening brain MRI
demonstrated metastases; she completed whole brain radiation therapy and started off protocol crizotinib with brief
interruption for stereotactic radiosurgery to recurrent brain metastasis. In November 2012, PET showed an enlarging ovary
and progressive brain disease for which she again underwent stereotactic radiosurgery. She was continued on systemic
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therapy until April 2013 when restaging identified decreased tumor burden with the exception of the previously noted
adnexal mass, now concerning for metastatic disease. The lesion was described as a heterogeneous enhancing mixed cystic
and solid adnexal mass measuring 12.8 cm x 11.7 cm on axial view and 12.2 cm on cranial caudal view (see Figure 1). In
May 2013, she was referred to gynecological oncology for abdominal hysterectomy with bilateral salpingo-oophorectomy.
Pathology revealed left and right ovaries with metastatic adenocarcinoma ALK-fusion positive, left and right fallopian
tubes without diagnostic abnormality, 0/13 pelvic nodes positive for tumor, uterus and cervix without diagnostic
abnormality, and 2/11 peri-aortic lymph nodes with metastatic adenocarcinoma (see Figure 2, 3). Following surgery, the
decision was made to restart ALK therapy after concluding that the ovarian metastases were a potential sanctuary site. At
this time, a tissue sample was also sent to Foundation One for further molecular analysis and to identify treatment options,
however no additional treatment specific genomic alterations were noted (see Figure 4).

Figure 1. CT of the upper abdomen and pelvis
demonstrating adnexal mass measuring 12.8 cm x 11.7
cm on axial view and 12.2 cm on cranial caudal view

Figure 2. Intra-operative image of patient’s adnexal
mass

Figure 3. Histology of adnexal lesion demonstrating
NSCLC metastatic to ovary
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Figure 4. Patient’s EML4-ALK translocation. DNA sequencing was performed for 3769 exons of 236 cancer-related
genes and for 47 introns of 19 genes that frequently are rearranged in cancer on indexed, adaptor-ligated, hybridization-
captured libraries using the Illumina HiSeq 2000 (lllumina, Inc., San Diego, Calif). The tumor samples were evaluated for
genomic alterations, including base substitutions, short insertions and deletions, amplifications, homozygous deletions,
and gene rearrangement 2.
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2 Discussion

In this report, we present the case of a 50-year-old female with stage IV EML4-ALK rearrangement positive non-small
cell lung cancer (NSCLC) which progresses to adnexal involvement. This serves as another example in the literature of
NSCLC metastases to the adnexa in a female with EML4-ALK rearrangement positive disease ™. In NSCLC an estimated
209%-50% of patients will present with metastatic disease [?!. Metastatic disease constitutes stage IV NSCLC, however, the
scope of illness is broad ranging from diffuse metastatic disease to synchronous solitary metastasis * *. The most common
sites of NSCLC metastases are the lung, brain, bone, liver, and adrenal glands !. A wide range of additional locations of
NSCLC metastases, albeit much less common, are documented in the literature, including liver, intestine, spleen, adnexa,
and pancreas . Specifically, the adnexa are a unique location of NSCLC metastasis with limited review in the literature;
a malignant ovarian tumor is secondary to metastasis in 5%-10% of cases and large case studies looking at site distribution
of secondary ovarian neoplasia identified lung cancer as the primary source in 4% of cases !. A 2005 review of women at
Vancouver General Hospital and Massachusetts General Hospital reported thirty-two cases of lung cancer metastases to
the ovary, seven of which were previously reported © ®. The age of patients spanned from 26-76 with a mean age of 47 1.
With regards to time course of disease, 53% had a prior history of lung cancer at time of identification of adnexal
metastasis, 31% demonstrated synchronous lung and ovarian tumors, and 16% had an identified ovarian tumor up to
twenty-six months prior to lung cancer diagnosis . The primary lung cancer histology included all four major histologic
subtypes: small cell lung cancer 44%, adenocarcinoma 34%, large cell cancer 16%, and 1 squamous cell cancer & ™.
However, until this report, there are no examples of NSCLC metastases to the adnexa in females with ALK fusion positive
disease.

This observation prompted a brief chart review of female patients with EML4-ALK positive NSCLC consented for
research in our Thoracic Oncology Clinic. Twenty patients met the requirements for chart review: female, NSCLC,
EML4-ALK rearrangement positive. Of these twenty charts, sixteen included imaging of the pelvis by computed
tomography as part of work-up for systemic disease. One patient had a history of hysterectomy-oophorectomy and was
excluded. Therefore fifteen pelvic CT images were considered in our review, five of which were notable for non-specific
ovarian enlargement or mass. Further characterization of these findings by ultrasound or MRI was not available to the
authors at the time of publication. However, the finding of an ovarian abnormality in 5/15 patients was compelling and as
the above case demonstrates, metastases to the adnexa in female patients with ALK rearrangement positive NSCLC
should be a consideration during work-up for systemic disease. The theme of unique sites of lung cancer metastases in
patients with novel oncogenic mutations such as EML4-ALK rearrangement is also demonstrated in a recent case report of
symptomatic gastric metastases in a young female and supported by a recent prospective observational study of 209
persons with stage 1V NSCLC evaluated for sites of metastatic disease ® °. In this study, Doebele and colleagues
evaluated the location of metastatic disease in 209 patients with EGFR mutation, ALK rearrangement, KRAS mutation, or
triple negative disease and noted a statistically significant relationship between oncogenic profile, location of metastases,
and number of metastatic sites. This finding highlights the importance of trends in metastases to help further characterize
the behavior of distinct NSCLC oncogene subtypes.

This case also demonstrates that ovarian enlargement or mass are important to follow when evaluating treatment response.
The terms sanctuary site and anatomic patterns of failure are used to refer to metastases that do not respond to systemic
therapy despite overall reduction in a patient’s cancer burden. Most commonly, sanctuary site is implemented in the
discussion of brain metastases and failure of systemic treatments due to the blood-brain or blood-tumor barrier 1% 1,
Explanations for the anatomic pattern of failure observed in this patient include drug penetration and concentration in
regions of the body, altered tumor biology of specific tissues, or more traditional mechanisms of acquired resistance such
as cancer cell mutations in the kinase domain leading to drug resistance ™. Further exploration into the concept of
anatomic failure due to ovarian metastases of ALK fusion positive NSCLC is warranted.
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3 Conclusion

The above case reflects metastasis to the adnexa in a female with ALK fusion positive NSCLC. We aim to highlight the
relevance of this finding for future understanding of the natural progression of disease in ALK rearranged female patients
as well as improved treatment options. Additionally, our observation that one-third of our female clinic patients with ALK
rearranged disease have ovarian abnormalities on imaging further supports that metastasis to the ovaries should be a
consideration during work-up for systemic disease.
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