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Abstract and Introduction
Abstract

Renal cell carcinomas associated with Xp11.2 translocations (TFE3 gene fusions) are rare tumors predominantly reported in children. We studied 5 cases of
translocation carcinoma in adult patients, 18 years or older (mean age, 32.6 years). Tumors were examined histologically, immunohistochemically, and electron
microscopically and correlated with the clinical picture. Most tumors showed solid sheets of clear to eosinophilic cells with rich vasculature and foci of papillary
or pseudopapillary architecture. All cases showed strong nuclear positivity for TFE3. Vimentin and CD10 were positive in the cytoplasm. A panel of cytokeratin
antibodies, smooth muscle actin, CD45, HMIB45, and calretinin were negative. Patients had nonspecific initial complaints and were diagnosed with advanced
disease, most with distant metastases. Various treatments met with minimal success. Unlike pediatric patients, the adult patients followed a rapidly terminal
course, with a mean survival of 18 months after diagnosis (range, 10-24 months).

Introduction

Based on the cytoplasmic appearance of tumor cells in H&E-stained sections, renal cell carcinomas (RCCs) originally were categorized as 1 of 3 entities: clear
cell carcinoma, granular cell carcinoma, or mixed clear and granular cell carcinoma. With the increased use of new methods for examining tumors, the
classification of RCCs has expanded and evolved"? and currently includes clear cell (conventional), papillary, chromophobe, collecting duct, and the recently
recognized mucinous tubular and spindle cell carcinoma. A number of new entities with characteristically eosinophilic cytoplasm have emerged from the
granular cell category, including chromophobe carcinoma, oncocytoma, and epithelioid angiomyolipoma.

Despite these changes in classification, 75% of epithelial renal tumors are still diagnosed as clear cell (conventional) carcinoma. The likely explanation for this
high rate of diagnosis is that RCC, clear cell type, is heterogeneous and contains several entities that are not discernible with currently applied methods. In
support of this explanation, translocations involving the Xp11.2 locus were recently detected in a number of RCCs previously classified as clear cell type.“'s]
Translocations involving Xp11.2 have been demonstrated in alveolar soft part sarcoma.>¥ The gene of interest, located at Xp11.2, is TFE3, a member of the
microphthalmia transcription factor (MiTF) family.ls] Members of this family of proteins code for basic-helix-loop-helix leucine-zipper transcription factors that
bind DNA as homodimers or heterodimers.>#! Other members of this family include TFEB and TFEC, at least one of which (TFEB) is also involved in other
recently recognized rccs.!

In RCCs, fusion of TFE3 with several different genes can occur, depending on the exact translocation. Currently, 4 distinct recipient genes have been
identified: PRCC (1g21), ASPL (17q25), PSF (1p34), and NonO (Xq12).4810

RCCs associated with Xp11.2 translocations are rare and predominantly reported in children.""RCCs resulting from these translocations typically have
papillary architecture and are composed of cells with voluminous clear or eosinophilic cytoplasm. Although little is known of the clinical course of these tumors,
they are believed to be indolent, even when diagnosed at advanced stages.m

We summarize the histologic and clinical findings in 5 adult cases of translocation RCC with immunohistochemical evidence of TFE3 overexpression. All
patients had nonspecific disease manifestations followed by a rapidly terminal disease course.

Report of Cases

Case 1

A 30-year-old white man with flank pain and hematuria had a medical history significant only for gastric ulcers at 18 years, a family history significant only for a
maternal grandmother with bladder cancer, and a social history significant for a 10-pack-year history of smoking and social use of alcohol. He had no history of
hazardous exposures or chemotherapy. A computed tomography (CT) scan demonstrated a mass in the right flank extending through the renal vein and into
the inferior vena cava (IVC). The patient underwent a right radical nephrectomy and IVC thrombectomy. The gross and microscopic appearance of the tumor is
described in the "Results" section.

Approximately 5 months after nephrectomy, an abdominal CT scan revealed multiple 5-mm nodules between the liver and abdominal wall, which a biopsy
revealed to be metastatic RCC. High-dose interleukin (IL)-2 therapy was started 6 months after the nephrectomy, and the patient completed 1 full course.
Disease progression continued despite IL-2 treatment, and the patient received various investigational agents, including PS341 (proteosome inhibitor),
combination chemotherapy with gemcitabine plus capecitabine, and NK92 cell infusion therapy (phase 1 trial). None of these therapies proved beneficial, and
the patient died approximately 20 months after nephrectomy.

Case 2

An 18-year-old Hispanic man with abdominal pain had no significant medical history, no family history of cancer, and no history of hazardous exposures or
chemotherapy, and he did not use tobacco or alcohol. Physical examination revealed a palpable abdominal mass. A CT scan confirmed a large right kidney
tumor measuring 14.0 x 10.7 x 9.0 cm, along with an adjacent retroperitoneal mass measuring 14.0 x 9.6 x 5.7 cm with encasement of the superior
mesenteric artery and other mesenteric vessels. Metastases were identified in the right 12th rib, right acetabulum, left acetabulum, and both lungs. Because of
the vascular encasement, surgery was not considered feasible. A needle biopsy of the renal mass yielded nondiagnostic fibrotic tissue.
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Approximately 3 months after initial examination, right leg weakness developed. A thoracic laminectomy at T11 was performed to remove a metastatic deposit
causing impending spinal cord compression. The initial laminectomy was followed by a video-assisted thoracoscopic surgery with talc pleurodesis to control a
malignant pleural effusion.

After the initial surgeries, the patient received palliative radiation to symptomatic bony metastases followed by chemotherapy with gemcitabine and
capecitabine. He received only 1.5 cycles of this therapy and was readmitted with spinal cord compression due to recurrence of thoracic metastasis and
requiring surgical decompression. He was discharged to hospice care 10 months after diagnosis and was, unfortunately, lost to follow-up. Microscopic
descriptions of the metastases are given in the "Results" section.

Case 3

A 39-year-old white man noticed easy fatigability and increased blood pressure (190/90 mm Hg), followed by gross hematuria. His medical history was
significant only for a left knee repair, and he had no family history of cancer and no history of hazardous exposures or chemotherapy. His social history was
significant for a 17-pack-year history of smoking and social use of alcohol. A CT scan demonstrated a 7.5 x 6.5 x 5-cm mass in the left kidney and a 9-mm
mass in the lower lobe of the right lung. The patient underwent radical left nephrectomy and resection of the right lower lung lobe. Gross and microscopic
descriptions of the tumor are given in the "Results" section.

The patient completed 2 cycles of high-dose IL-2 therapy. Approximately 2 months later, he sought care because of word finding difficulty and expressive
aphasia. Magnetic resonance imaging revealed a 3-cm lesion in the temporal horn of the left lateral ventricle, which was resected. Subsequently, the patient
received whole-brain radiotherapy, 37.5 Gy, in 15 sessions, followed several months later by 22 Gy of stereotactic radiotherapy to a 5-mm nodule in the left
tentorium. The patient received combination chemotherapy with gemcitabine and capecitabine 13 months after diagnosis without success. Further therapy
consisted of cryoablation and radiosurgery of metastatic deposits. At the time of this writing, the patient was 24 months postdiagnosis.

Case 4

A 35-year-old white man with left pleuritic chest pain radiating to his back, dark-colored urine, and fatigue had a medical history significant for type 2 diabetes
mellitus of 7 years, for which he was taking oral hypoglycemic medication (his only constant medication). The patient's family history consisted of a maternal
aunt with Hodgkin disease but no other malignancies. His social history was significant for "binge drinking" of alcohol, use of cocaine for 5 years, and use of
marijuana for 18 years. A recent HIV test was negative. A CT scan of his chest and abdomen revealed bilateral lung nodules, the largest measuring 2.1 cm,
and an approximately 11-cm mass in the superior pole of the left kidney. The patient underwent a radical left nephrectomy. Gross and microscopic descriptions
of the tumor are given in the "Results" section.

Approximately 1 month after nephrectomy, the patient sought care because of abdominal pain, nausea, and vomiting. A CT scan demonstrated numerous
nodules in the liver consistent with metastases, the largest measuring 6.9 x 5.5 cm. A CT scan of the chest showed extensive mediastinal adenopathy, the
largest node measuring 4.9 x 2.9 cm. No axillary adenopathy was identified. The patient did not want IL-2 therapy and was considered a poor candidate for
interferon alfa therapy. Combination chemotherapy with gemcitabine plus capecitabine was started, and he was lost to follow-up 6 months after diagnosis.

Case 5

A 41-year-old white man with dizziness, weakness, polyuria, polydipsia, and a 40-pound weight loss during 6 months had a medical history significant only for
borderline diabetes mellitus. The patient's family history was significant for a brother with end-stage renal disease (nonneoplastic) and a maternal grandmother
with a "brain tumor." The social history was significant for 20-pack-year tobacco use. A CT scan revealed a large right renal mass (11.7 x 13.2 x 14 cm) with
additional masses in the middle anterior part of the abdomen adjacent to the colon (4.4 x 7.5 cm) and in the distal transverse colon (3.2 cm). The patient
underwent a right radical nephrectomy and segmental transverse colon resection. Gross and microscopic descriptions of the tumor are presented in the
"Results" section.

Approximately 1 month after surgery, a CT scan revealed bilateral nodules in the lungs, each approximately 5 mm. He elected observation of the lung nodules
without surgical or medical treatment and was subsequently lost to follow-up.

Materials and Methods

Formalin-fixed, paraffin-embedded tissue sections measuring 5 um in thickness were stained with H&E for light microscopic analysis. Immunohistochemical
staining was performed using a Ventana Benchmark automated stainer (Ventana, Tucson, AZ) using the avidin-biotin method. Antigen retrieval was performed
using protease 1 digestion (AE1, AE3, cytokeratin [CK]7, ker34BE12, pankeratin, and vimentin), EDTA steam-mediated retrieval (calretinin, CD10, collagen IV,
and HMB45), or Borg decloaking (TFE3, Biocare Medical, Concord, CA).

The antibodies, vendors, and dilutions used were as follows: AE1, AE3, calretinin, CD10, CK7, collagen IV, HMB45, ker34BE 12, pankeratin, and vimentin
(Ventana, prediluted); leukocyte common antigen (LCA; Biocare, prediluted); smooth muscle actin (SMA; Zymed Laboratories [Invitrogen], Carlsbad, CA,
prediluted); and TFE3 (dilution 1:1,600; Santa Cruz Biotechnology, Santa Cruz, CA). In view of the differential diagnoses (which included RCC of the clear cell
type, translocation carcinomas, and epithelioid angiomyolipoma) the following antibodies were applied: CD10, vimentin, TFE3, TFEB, SMA, and HMB45.
Considering the positivity for TFE3, several cytokeratin markers were also added: AE1, AE3, CK7, and ker34B3E12. Staining for LCA was used to confirm the
presence of a lymphocytic infiltrate within some tumors. Finally, stains for collagen IV and calretinin were used to examine the basement membrane—like
hyaline granules or possible mesothelial derivation in some tumors.

Electron microscopy was performed as previously described.'"]

Results

Clinical Findings
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The patients ranged in age from 18 to 41 years, with a mean age of 32.6 years. Initial complaints were nonspecific, and included fatigue and hematuria. The
medical history was not significant in any of the cases. Four patients had distant metastases at diagnosis. Four of the patients underwent nephrectomy as part
of the treatment plan, allowing examination of the primary tumor.

Table 1. Clinical Information for Five Patients With Renal Cell Carcinoma Associated With Xp11.2*
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Gross Findings

The lower pole of the kidney in case 1 contained a circumscribed light tan nodule measuring 11.5 x 10.2 x 9.0 cm with focal cystic areas of hemorrhage and
necrosis, which was surrounded by a grossly intact capsule. The renal vein and a segment of the IVC were occluded by tumor thrombus. Of 7 lymph nodes
examined, 2 contained tumor. Based on these findings, the case was staged as T3b N2 Mx.

Patient 2 did not undergo a nephrectomy, and only biopsies of a perispinal mass and pulmonary nodules were available for examination. Based on the distant
metastases and CT scan results, the case was staged as T4 Nx M1.

The left kidney in case 3 showed a 5.5-cm light tan mass in the central hilar region contained within the capsule and without extension into the perinephric fat.
Focal invasion of the calyx was present without invasion of the renal vein. Five perirenal lymph nodes were negative for metastases. Gross analysis of the lung
resection revealed 3 foci of tumor, the largest 8 mm in diameter. Based on these findings, the case was staged as T1b NO M1.

The upper pole of the kidney in case 4 contained a 10 x 7 x 7-cm variegated, partially necrotic nodule with areas of fibrosis and gross extension through the
capsule and into the perihilar fat and adrenal gland Image 1. The renal vein, pelvis, and ureter were not involved by tumor. Of 3 hilar lymph nodes, 2 contained
metastases. Retroperitoneal lymphadenopathy was also present. Based on these findings, the case was staged as T3a N2 M1.

o a2 o W T \ e b
Hmage 10 iCase 4} Variegated, partially necrotic nedule with areas of fibrosis lecated in the superior pole of the left kidney,
raasuring 10 = 7 = 7 cm. The tumnor grosshy extendad through the renal capsule into the penrenal fat and adranal gland. The

renal vein, renal pelvis, and urstar wera not involved by tumor. Bisscted nephrectomy specimen (A] and the cut surface of the
wimor (B are shown,

Saurca: Am J Clin Pathal @ 0T American Sociaty for Clinical Pathaology

Image 1.

The kidney in case 5 contained a 14 x 12 x 11-cm extensively necrotic mass, with an intact renal capsule. There was no involvement of the renal vessels,
ureter, fascia, or adrenal gland. The segment of transverse colon contained a 7 x 7 x 5-cm subserosal mass involving the colonic wall. Based on these
findings, the case was staged as T2 Nx M1.
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Microscopy

Microscopic examination of the primary and metastatic tumors revealed a mixture of cells with eosinophilic granular and clear cytoplasm Image 2, with the
tumor in case 5 composed entirely of eosinophilic granular cells. All tumors were composed of a single population of neoplastic epithelial cells; however, the
tumor in case 3 contained an admixture of lymphocytes (Image 2B). The amount of cytoplasm ranged from moderate to voluminous. The nuclear grade ranged
from 2 to 4 (out of 4) (Image 2). Four tumors showed predominantly solid sheets of cells with rich vasculature Image 3A and Image 3B and foci of
pseudopapillary structures lacking true fibrovascular cores Image 3C. Only the tumor in case 1 contained distinct papillary architecture with fibrovascular cores
supporting the neoplastic cells Image 3D. Focal nodules of tumor cells were also present in most tumors Image 3E. Tubule formation was not present in any
of the tumors. The original tumor in case 2 could not be examined, but metastatic deposits were composed of neoplastic cells in trabeculae, solid sheets, or a
pseudopapillary arrangement. The tumor in case 5 contained multiple foci of eosinophilic hyaline globules Image 4. These hyaline globules did not stain for
collagen IV (data not shown). Psammoma bodies were not identified in any of the examined tumors.
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Image 4.

Immunohistochemical evaluation revealed no staining with cytokeratin markers, including AE3, AE1, pankeratin, CK7, and ker34B3E12. Tumor cells were also
negative for HMB45, SMA, LCA (CD45), and calretinin. The tumor cells were focally positive for vimentin Image 5A and diffusely positive for CD10 Image 5B.
Strong nuclear expression of TFE3 occurred in approximately 80% of the cells from each tumor Image 6. The amount of staining was relatively constant and
did not vary between tumors with different nuclear grades or between areas with different architectural patterns.

Table 2. Immunohistochemical Results for Five Cases of Renal Cell Carcinoma Associated With Xp11.2

Medscapea www.medscape.com
Marker Result
TFE3 Positive
AE1 MNegative
AE3 MNegative
Cytokeratin 7 MNegative
Pankeratin MNegative
Ker2dpE12 MNegative
Virnentin Focally positive
Smoaoth muscle actin MNegative
CD45 Megative”
cD10 Diffusely positive
HMEBAE MNegative
Calretinin MNegative
* Lymphocytes within the tamor were positive.
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Electron microscopy demonstrated abundant lipid droplets and glycogen, similar to clear cell RCC, and occasional granules vaguely resembling those seen in
alveolar soft part sarcoma Image 7.
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Diagnosis

In view of the positive stain for TFE3, all patients were diagnosed with translocation RCC of the TFE3 type based on the primary tumor (cases 1 and 3-5) or
metastases (case 2). Based on TNM status, all cases were classified as clinical stage 1112l

Discussion

RCCs associated with TFE3 gene fusions are relatively rare tumors predominantly diagnosed in children." It is estimated that approximately one third of
pediatric renal carcinomas are TFE3-related translocation carcinomas,”al whereas clear cell RCCs make up 15% of renal carcinomas in children.'*1% Uniike
in children, clear cell RCCs make up 70% of renal carcinomas in adults and 53% in young adults,[1 51 but the incidence of TFE3 translocation carcinomas in
these age groups is not known. The cases reported herein indicate that translocation RCCs also occur in adults (mean age, 32.6 years; oldest, 41 years) and
are more aggressive and manifest at a higher clinical stage than in pediatric patients.

In contrast with clear cell RCCs, TFE3-related renal carcinomas were originally reported to have papillary architecture.[18:17] Only 1 of the cases reported
herein had this feature. In fact, there was enough morphologic overlap between these tumors and clear cell RCC that a diagnosis based only on H&E-stained
sections could not be made. Immunohistochemical analysis revealed lack of staining with cytokeratin antibodies, as expected for TFE3 renal carcinomas.'!
Similar to clear cell carcinomas, these tumors were focally positive with vimentin and strongly positive with CD10. The only consistent and reliable diagnostic
feature was nuclear staining with anti-TFE3 antibodies. The difficulty in distinguishing between clear cell RCCs and TFE3 translocation carcinomas supports
the need for detecting TFE3 mutations in renal carcinomas.

The initial complaints of the patients described herein were nonspecific, their medical histories were not significant, and none had previous hazardous
exposures or chemotherapy. The lack of exposure to chemotherapy is significant considering that chemotherapy in childhood is a risk factor for developing
translocation RCCs.['8! Despite the innocuous initial complaints and the lack of significant history, all patients were diagnosed initially with clinical stage IV
disease owing to distant metastases (M1) or multiple lymph node metastases (N2) (). A variety of therapeutic interventions were tried, but most tumors
followed a rapidly progressive course with a mean life expectancy of 18 months following diagnosis. The rapid course of translocation RCC in these cases
belies the previous contention that these tumors are indolent." Itis interesting that rare pediatric translocation RCCs with aggressive behavior have recently
been reported.[19’2°] These aggressive pediatric tumors were associated with distant metastases, similar to the adult cases reported herein, whereas indolent
TFE3 translocation carcinomas were only associated with lymph node involvement.

Table 1. Clinical Information for Five Patients With Renal Cell Carcinoma Associated With Xp11.2*
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Itis possible that translocation RCCs developed when our patients were young but were not detected until reaching an advanced stage. With this hypothesis,
the overall life span of adults with rapidly terminal disease and pediatric patients with slower disease courses would be similar. Another possibility is that
translocation RCC is more aggressive when it occurs in adults than when it occurs in children. In the latter scenario, the majority of translocation RCCs in adults
would have been misdiagnosed if testing for the TFE3 mutation had not been performed. Consistent use of antibodies against TFE3 in all RCCs, regardless
of patient age, may be necessary to determine the true incidence of this tumor. It may also reveal 2 peaks of translocation RCC: an indolent neoplasm in
children and an aggressive neoplasm in adults.

RCCs involving mutations of the TFE3 or TFEB gene might be classified together as MiTF/TFE renal translocation carcinomas.'®2" MiTFis required for
melanocyte differentiation.’”?! MiTF and TFEB are known to interact as heterodimers in binding DNA sequences[s] and may be involved in regulating specific
melanocyte differentiation genes. Although TFES also has the ability to form heterodimers with MiTF, the ability to bind promoters necessary for the regulation
of melanocyte differentiation seems to be hindered.?®! This discrepancy between the binding ability of TFEB heterodimers compared with TFE3 heterodimers
may explain why RCCs with mutations of TFEB express HMB45 and TFE3-associated RCCs do not.l”

Morphologic similarities on H&E-stained slides between published cases of TFEB-related RCCs and TFE3-related RCCs in the present study support the
notion of combining the tumors into a single category. TFEB-associated RCCs have distinct aggregates of eosinophilic basement membrane material.l”] The
tumor from 1 patient in the present study (case 5) contained multiple foci of eosinophilic hyaline globules; however, these globules did not contain collagen 1V,
suggesting that they were not composed of basement membrane-type material. This tumor was further examined and found to be negative for TFEB
expression by immunohistochemical analysis (data not shown).

The cases reported herein show that translocation RCCs involving TFE3 can occur in adults. In adults, unlike in children, these tumors have an aggressive
clinical course, and H&E morphologic examination alone is not reliable for differentiation between clear cell-type and translocation-type neoplasms. More
widespread use of immunohistochemical stains for TFE3 is, therefore, warranted.
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