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Abstract

Renal neoplasia occurring as a second malignancy following childhood cancer has been most
closely associated with neuroblastoma and Wilms tumor. While some cases have been associated
with a genetic predisposition, nearly all are thought to result from “late effects” of therapy-related
toxicity that involves chemotherapy or radiation. It is unclear if these tumors are enriched for
specific molecular or morphologic characteristics. A query of our institutional nephrectomy
registry of 8,295 patients for renal neoplasia occurring post-treatment for childhood cancer
revealed 6 patients with Wilms tumor, 4 with neuroblastoma and 1 with acute lymphoblastic
leukemia (ALL). Three additional cases of MiT family translocation renal cell carcinoma (RCC),
from 2 patients, following chemotherapy for neuroblastoma and systemic lupus erythematosus
and another of clear cell RCC post-ALL were included. The most common tumor type was clear
cell RCC: 9/19 cases (47.4%), followed by metanephric adenoma and MiT family translocation
RCC (3/19, 15.8%). There were no characteristic features to indicate a unique renal neoplasia
subtype. Potential syndromic renal neoplasia occurred in 2 patients; metanephric adenomas and
oncocytoma in a patient with hyperparathyroidism-jaw tumor syndrome post-treatment of Wilms
tumor and a fumarate hydratase (FH)-deficient RCC in a patient post-treatment for ALL. The
mean age at diagnosis of childhood neoplasia or treatment with chemotherapy or radiation was
4.7 years, and the average time to subsequent renal neoplasia was 31 years. Five (of 14) patients
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developed metastatic RCC and there were 2 RCC-related deaths. These results indicate the need
for extended clinical follow-up of these patients.
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1.0

Introduction

Renal tumors occurring as a second malignancy following pediatric neoplasia is

most commonly associated with neuroblastoma and Wilms tumor and less frequently
following other tumor types such as primitive neuroectodermal tumors, acute myeloid
leukemia (AML), acute lymphoblastic leukemia (ALL), non-Hodgkin lymphoma, Hodgkin
lymphoma, rhabdomyosarcoma, leiomyosarcoma and osteosarcoma (1-7). Syndromal
associations have been rarely identified in this context (6, 8, 9). Notably, most of these
patients have been documented to have received chemotherapy or radiation either for
neoplasia or other indications including systemic lupus erythematosus (SLE) and Hurler
syndrome in early childhood (2, 4-6).

In contrast to patients with low risk neuroblastoma who are often managed with surgery
alone (with limited use of chemotherapy), patients with intermediate risk neuroblastoma
receive multiple cycles of chemotherapy (and radiation, if needed), while patients with
high risk neuroblastoma typically receive multimodality therapy including high-dose
chemotherapy and radiation (2). The latter patient population is therefore at significant risk
of therapy-related toxicity including “late effects” in the form of subsequent malignancy
(2). This is supported by a review of 5,987 patients with neuroblastoma which revealed that
the 10-year cumulative incidence of a second malignant neoplasm was significantly higher
in high risk patients (1.8%) compared to lower risk patients (0.38%, p=0.01) (2, 10). It is
unclear if renal neoplasia occurring after the treatment of neuroblastoma has characteristic
morphologic features and behavior. In the 2004 WHO classification of renal neoplasia,
renal cell carcinoma (RCC) associated with neuroblastoma was a unique subtype that was
subsequently not included in the 2016 classification due to limited data (11).

Similarly, RCC has been reported to occur both synchronously and metachronously
following Wilms tumor (3, 12). It is unclear if embryonal nephrogenic rests that do not
spontaneously regress contribute to the development of RCC (3). However, similar to
neuroblastoma, a significant number of Wilms tumor patients with a subsequent malignant
renal neoplasm have a prior history of chemotherapy or radiation (3, 4, 13).

In the most comprehensive study of childhood cancer survivors (Childhood Cancer Survivor
Study, CCSS; conducted at 26 institutions in the United States and Canada between 1970
and 1986), 26 patients were diagnosed with a subsequent RCC among 14,358 survivors,
with a median time to diagnosis of 22.6 years (4). The standardized incidence ratio (SIR) of
RCC amongst childhood cancer survivors was 8.0, and the corresponding risk of developing
RCC among neuroblastoma survivors was a staggering 85.8-fold higher compared to the
general population (4). The SIR for Wilms tumor (7.4) and acute leukemia (4.2) were

Hum Pathol. Author manuscript; available in PMC 2022 March 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gupta et al.

Page 3

comparatively lower (4). This risk was attributed to chemotherapy with agents such as
cisplatin (univariable analysis, relative risk: 3.8; multivariable analysis, relative risk: 3.5) and
radiation therapy of 5 Gy or higher to one or both kidneys (univariable analysis, relative risk:
4.1; multivariable analysis, relative risk: 3.8) (4).

Some studies have shown that a subset of renal tumors occurring in this context represent
MIT family translocation RCC (with rearrangements of the 7FE3 or TFEB genes); however,
it is unclear if this is secondary to a higher incidence of this tumor type amongst pediatric
compared to adult patients (1, 4-6, 14).

Herein, we have primarily summarized our single institution experience of renal neoplasia
occurring in the context of prior chemotherapy or radiation in pediatric patients.

2.0 Materials and Methods

2.1 Patient specimens

Following approval from the Institutional Review Board at Mayo Clinic (Rochester,
Minnesota), the nephrectomy registry (8,295 patients; 1970 to 2020) was queried for
patients with a prior documented history of pediatric neoplasia including the following:
hematologic neoplasia (acute leukemia, lymphoma), neuroblastoma, Wilms tumor and germ
cell tumors. Clinical and pathologic features collected at nephrectomy for this registry
include year, age, sex, tumor size, histologic subtype, the 2016 primary tumor, regional
lymph node, and distant metastases classifications (TNM), coagulative tumor necrosis,
rhabdoid differentiation and sarcomatoid differentiation (15). All clinical information by
chart abstraction and yearly follow-up communications with patients are provided by

a nurse abstractor and all pathology-related data are provided by a slide review by

a designated urologic pathologist using contemporary (2016 WHO/ISUP) classification

and grading criteria (15, 16). A single case (case 13) was received in consultation by

the Mayo Clinic urologic pathology service and included in this series. Finally, two
additional (previously reported) patients who presented with renal neoplasia following
chemotherapy for neuroblastoma (case 7) and SLE (case 14, treated with cyclophosphamide
and prednisone) were included in this series (5, 17).

2.2 Histopathology and Immunohistochemistry

All cases were subjected to histopathologic review. In addition, immunohistochemistry was
performed on whole slide sections for carbonic anhydrase 1X (clone EP161, prediluted,
Ventana, Tucson, AZ), CD117 (clone YR145, prediluted; Cell Marque, Rocklin, CA, USA),
CK7 (clone OV-TL 12/30, 1:50 dilution; DAKO, Santa Clara, CA, USA), melan A (clone
A103, 1:50 dilution; DAKO, Santa Clara, CA, USA), FH (clone: J-13, 1:50 dilution,

Santa Cruz Biotechnology, Santa Cruz, CA), BRAF (mutated V600 E; clone: VE1, 1:100
dilution, Abcam, Cambridge, UK), Parafibromin (clone: 2H1, 1:50 dilution, Santa Cruz
Biotechnology, Santa Cruz, CA) and S-(2-succino)-cysteine (2SC; rabbit polyclonal directed
against KLH conjugated synthetic peptide crb1200002e antigen, 1:250 dilution, Discovery
antibodies, Cambridge Research Biochemicals, England, United Kingdom).
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2.3 Next Generation Sequencing

Formalin fixed paraffin embedded (FFPE) samples were extracted using the QiaAmp DSP
DNA FFPE kit (Qiagen) and 50ng of DNA was used for library prep with the KAPA
HyperPrep kit (Roche). Libraries underwent enrichment using a custom xGen hybrid capture
panel (IDT) consisting of 57 genes commonly altered in solid tumors, including the entire
coding region of BRAF. Final libraries were sequenced on a NextSeq instrument (Illumina)
with 2x151 read lengths and raw data was aligned to hg19 using a BWA-MEM based
custom bioinformatics pipeline.

3.0 Results

3.1 Clinical Features

Of 8,295 patients in the Mayo Clinic nephrectomy registry, 11 patients were found to have
a renal neoplasm occurring in the context of a prior pediatric malignancy. This included

6 patients with a prior diagnosis of Wilms tumor (cases 1 to 6), 4 patients with a prior
diagnosis of neuroblastoma (cases 8 to 11) as well as 1 patient with a prior diagnosis of
ALL (case 12). A second case (received in consultation) of a renal neoplasm occurring
post-chemotherapy for ALL was also included in this series (case 13). The relevant clinical
features for these patients have been listed in Table 1. Of these 12 patients, all had been
treated with chemotherapy or radiation therapy for the initial tumor. Two additional cases
included a patient with a 7FEB-rearranged RCC occurring after an interval of 11 years
following chemotherapy for neuroblastoma (case 7), and a patient (case 14) presenting

8 years following initiation of cyclophosphamide and prednisone therapy for SLE with

a right-sided ASPL-TFE3rearranged tumor and a subsequent contralateral PRCC-TFE3
rearranged tumor that was diagnosed 5 years later (5, 17). Overall, prior chemotherapy or
radiation in the pediatric age group was documented for all 14 cases reported herein.

The mean age at diagnosis of the initial neoplasm or initiation of chemotherapy or radiation
was 3 years for neuroblastoma, 6 years for Wilms tumor and 4.7 years for the entire cohort
of 14 patients. The mean age at diagnosis of the (second) renal neoplasm as well as the
average time interval to the development of the second neoplasm was 28 and 26 years for
neuroblastoma, 49 and 43 years for Wilms tumor and 36 and 31 years for the entire cohort.
Of the 12 patients for whom clinical follow-up was available, 7 had no evidence of recurrent
or metastatic renal tumor. Five patients had evidence of metastatic RCC and 2 of these
patients died of disease-related complications.

While many of these patients had other (non-renal) tumor types on long-term follow-up

and no recurrent patterns were identified. Two patients had a clinical course that suggests

a syndromic background. The manifestation of Wilms tumor, uterine adenofibromas,
ossifying fibromas of the jaw and parathyroid adenoma in case 6 were consistent with a
clinical diagnosis of hyperparathyroidism-jaw tumor syndrome (metanephric adenoma and
oncocytoma occurring 19 years post-Wilms tumor and metanephric adenoma occurring 32
years post-Wilms tumor); germline testing was not pursued due to a lack of consent (18-20).
In addition, 1 patient (case 12) developed a lethal fumarate hydratase (FH)-deficient RCC as
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a second malignancy following an initial diagnosis of ALL; germline testing results were not
available for this patient due to lack of consent.

3.2 Histopathology and Immunohistochemistry

A total of 19 renal tumors (in 14 patients) were documented to occur as a second neoplasm
post-malignancy that was treated with chemotherapy or radiation in the pediatric age group
(Table 2). This included 9 clear cell RCCs (47.4%; Figure 1 A-D), an FH-deficient RCC
(5.3%; tumor from patient no. 12 depicted in Figure 2 A-D), 2 oncocytomas (10.5%, tumors
from patient nos. 3 and 6 depicted in Figure 3 A-B), 3 metanephric adenomas (15.8%,
tumor from patient no. 5 depicted in Figure 3 C) and 3 MiT family translocation RCCs
(15.8%; TFE3rearrangement: 2, TFEB-rearrangement: 1; tumor from patient no. 7 depicted
in Figure 3 D) (5, 17). The most common renal tumor occurring as a second neoplasm
following Wilms tumor and neuroblastoma was clear cell RCC (post-Wilms tumor: 4 of

10, 40%; post-neuroblastoma: 4 of 5, 80%). The second most common tumor type in this
context included metanephric adenomas and MiT family translocation RCCs, each (3 of 19,
15.8%). Of note, 2 patients had synchronous renal tumors (patient 3 and 6) and 2 patients
had metachronous renal tumors (patient 6 and 14).

Renal tumors with aggressive clinical behavior included 3 clear cell RCCs, 1 FH-deficient
RCC and 1 7FEZrearranged RCC. All exhibited metastatic behavior, and death from
disease-related complications was documented for 1 patient with clear cell RCC (case 4,
post-Wilms tumor) and 1 patient with an FH-deficient RCC (case 12, post-ALL).

The diagnosis of clear cell RCC was confirmed based on a combination of histopathologic
review and immunophenotype. Specifically, these tumors exhibited diffuse “box-like”
membranous localization of carbonic anhydrase 9 (CAIX) and absence of melan A,
consistent with clear cell RCC (Table 3, Figure 1 A-D). The FH-deficient RCC was
characterized by the presence of papillary morphology, marked nucleolar enlargement

and focal perinuclear clearing (Figure 2 A-B). This tumor exhibited lymphovascular
invasion and multiple lymph node metastases as well as adrenal metastasis at the time

of nephrectomy (Table 2). In addition, this tumor demonstrated loss of CK7 as has been
previously reported for FH-deficient RCCs (not shown) (21). The diagnosis was confirmed
based on absence of FH immunostaining in the presence of appropriate internal positive
controls (Table 3, Figure 2 C), as well as elevated levels of aberrant protein succination

and high levels of covalent modifications of cysteine residues, as evidenced by increased
accumulation of S-(2-succino)-cysteine (2SC; Figure 2 D) (22). Both oncocytomas (Table
3, Figure 3 A-B) and metanephric adenomas (Table 3, Figure 3 C, 4 A-F) exhibited classic
morphologic features. The former were positive for CD117 and negative for CK7, while
the latter were diffusely positive for WT1. All 3 metanephric adenomas showed absence of
staining with BRAF V600E and no BRAF alterations were identified by next generation
sequencing in 2 of 3 metanephric adenomas that were tested. Finally, rearrangements of the
TFEBand TFE3genes were confirmed using a combination of next generation sequencing,
RNA seq, FISH and conventional cytogenetics (Table 3, Figure 3 D) (5, 17).

Of note, patient 6 developed a metanephric adenoma in the context of hyperparathyroidism-
jaw tumor syndrome 19 years post-Wilms tumor. On further clinical follow up, this patient
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was recently found to have two separate renal masses (32 years post-Wilms tumor, 2.3cm
and 2.1cm). Both lesions were cryoablated and a biopsy of the larger lesion revealed a
metanephric adenoma with a similar immunophenotype (WT1+, BRAF V600E-). While
sufficient material was not available to perform next generation sequencing for BRAF
mutational status for the most recent metanephric adenoma in this patient, next generation
sequencing confirmed an absence of BRAF alterations in the first metanephric adenoma.

In addition, immunohistochemistry for parafibromin confirmed loss of protein expression in
a parathyroid adenoma (Figure 4 A-B) and both metanephric adenomas (Table 3, Figure 4
C-F).

3.3 Literature Review

A review of the current English language literature, when combined with cases reported

in our current study, led to the identification of 29 cases of Wilms tumor with associated
renal neoplasia (3-5, 12, 23-35). The mean age at diagnosis of Wilms tumor and time to
subsequent renal neoplasia was 4.3 years and 18.3 years, respectively, for all cases combined
(Table 4; Figure 5 A). Ten of the previously reported cases presented with synchronous
renal neoplasia and the remainder had documented evidence of subsequent chemotherapy
or radiation prior to the second renal neoplasm (Table 4). For cases where the histologic
subtype was specified, clear cell RCC was most common and two 7FE3rearranged RCCs
were identified in this cohort (Table 4). Interestingly, a female predisposition was identified
for all cases combined (20 of 29, 69%); however, given the limited number of cases the
significance of this finding is uncertain.

Similarly, 46 cases of neuroblastoma associated with renal neoplasia have been reported,
including the patients in our current study (1, 4, 6, 8, 9, 35-50). The mean age at diagnosis
of neuroblastoma and time to subsequent renal neoplasia was 1.7 years and 15.9 years,
respectively, for all cases combined (Table 4; Figure 5 B). In contrast to Wilms tumor, only
a single case of synchronous renal neoplasia was identified and 40 (of 44) of the remainder
of the cases had documented evidence of chemotherapy or radiation prior to the second
renal neoplasm (Table 4) (44). No sex predilection was identified and for cases where the
histologic subtype was specified, clear cell RCC was the most common. Of note, 7 cases of
MiT family translocation RCCs were identified in this cohort (Table 4).

4.1 Discussion

Renal cell carcinoma occurring before 45 years of age is rare and has often been

reported to occur either in the context of hereditary predisposition syndromes or as a
second malignancy following childhood cancer (2, 4). In the latter scenario, this has
been primarily documented for Wilms tumor and neuroblastoma that have been treated
with chemotherapy or radiation (3, 4). However, it must be noted that a significant
number of cases of renal neoplasia following Wilms tumor (and at least 1 case associated
with neuroblastoma) were reported to occur synchronously, and some cases have been
reported to occur without intervening therapy (6, 12). With regards to patients with
Wilms tumor, some underlying factors that were considered in previous studies included
a genetic predisposition to renal tumor formation due to mutations in W71 and W72 genes
(Beckwith-Wiedemann syndrome, Denys-Drash syndrome, and Wilms Tumor-Aniridia-
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Genitourinary Anomalies-Mental Retardation, WAGR, syndrome), while the contributing
role of embryonal nephrogenic rests that do not spontaneously regress is unclear (3, 29, 34).

Of note, the SIR of developing RCC among neuroblastoma, Wilms tumor and acute
leukemia survivors was 85.8, 7.4 and 4.2, respectively, compared to the general population
(4). In some studies, this risk has been attributed to cytotoxic chemotherapy with platinum
based regimens (multivariable analysis, relative risk: 3.5) and radiation therapy of 5 Gy or
higher to one or both kidneys (multivariable analysis, relative risk: 3.8) (4). Prior studies
have therefore hypothesized that the increased rates of proliferation of renal tissue in
early childhood “may render it more sensitive to the mutagenic effects” of chemotherapy
or radiation resulting in a higher risk of subsequent renal neoplasia in patients with
neuroblastoma when presentation with the pediatric tumor occurs at an earlier age (5).

Initial studies had suggested that RCCs occurring post-neuroblastoma may have specific
morphologic and genetic features and based on this, it was considered an unique subtype

of RCC under the 2004 World Health Organization (WHO) classification scheme (6, 44).
Such a subtype is not currently recognized. Some less common morphologic and molecular
subtypes of RCC have been reported in this context and these include carcinomas with
oncocytic features, MiT family translocation RCCs, hybrid oncocytic-chromophobe tumors
and SDH-deficient RCCs (5, 6, 8, 9, 17, 36, 37, 44, 48). Of these tumors, some have
argued that RCCs with oncocytoid features may, in contemporary studies, be reclassified as
eosinophilic solid and cystic RCCs that have been described to occur in association with
somatic or germline alterations of 75CZ and 7SCZ2genes (6, 51-53). This suggests that at
least a small subset of these cases may occur in the context of a germline predisposition
syndrome, for instance associated with tuberous sclerosis complex or SDH-deficiency (8,
9). Of the 19 tumors reported in our study: clear cell RCC was the most common (9 of

19, 47.4%) followed by 3 metanephric adenomas and MiT family translocation RCCs, each
(15.8%). No cases with “oncocytoid” morphology or SDH-deficiency were identified; but, at
least 2 cases raised the possibility of an underlying syndromal association.

Specifically, the manifestation of Wilms tumor, ossifying fibromas of the jaw and
parathyroid adenoma were consistent with a clinical diagnosis of hyperparathyroidism-jaw
tumor syndrome for case 6. Although germline alterations of the CDC73 gene (also known
as HRPT2, encoding parafibromin) have been implicated in hyperparathyroidism-jaw tumor
syndrome, germline testing was not pursued due to a lack of consent (18-20). However,

loss of parafibromin in the metanephric adenomas occurring at an interval of 19 and 32
years post-Wilms tumor (based on immunohistochemistry results), is highly suggestive of a
syndromal association in this case (54). In addition, 1 patient (case 12) developed a fumarate
hydratase (FH)-deficient RCC as a second malignancy following an initial diagnosis of
ALL. Neither ALL nor follicular thyroid carcinoma seen in this patient have been described
as part of the clinical spectrum of hereditary leiomyomatosis and RCC (HLRCC), secondary
to germline pathogenic alterations of the FH gene. Germline testing was not performed for
this patient due to a lack of consent. However, the possibility of this FH-deficient RCC being
secondary to a somatic alteration of the ~+ gene cannot be entirely excluded. It must be
noted that this case was initially diagnosed as a WHO/ISUP grade 3 papillary renal cell
carcinoma and this diagnosis was revised to that of a fumarate hydratase (FH)-deficient
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RCC based on contemporary pathologic review. Therefore, the exact role of a syndromic
background in these patients, if any, in the development of the second neoplasm needs to
be weighed against the potential role of chemotherapy or radiation. Consistent with prior
studies, all patients (14 of 14) had received prior chemotherapy or radiation (3, 4, 6).

The mean age at diagnosis of the initial neoplasm was 4.7 years for all cases in our study,
and overall, neuroblastoma was diagnosed earlier compared to Wilms tumor (neuroblastoma,
n=5, 3 years; current study combined with cases in reviewed literature, n=46, 1.7 years;
Wilms tumor, n=6, 6 years; current study combined with cases in reviewed literature, n=29,
4.3 years). The average time interval to the development of the second neoplasm was 31
years for all cases reported herein. When looking at a combination of cases in the current
study and those reported in the current English language literature, although the time to
second renal neoplasm was similar for neuroblastoma (15.9 years) and Wilms tumor (18.3
years), it must be noted that at least 10 reported cases of renal neoplasia were reported to
occur synchronously with Wilms tumor, compared to only 1 case of neuroblastoma.

Although 2 patients with Wilms tumor in our study had benign tumors that may have been
detected due to more stringent imaging protocols, at least 5 of 14 patients had evidence of
metastatic RCC and 2 of these patients died of disease-related complications. In summary,
our results suggest that renal neoplasia occurring as a second tumor following childhood
cancer or chemotherapy or radiation for other indications have a varied morphologic
spectrum and rare cases may have an underlying genetic predisposition. The primary risk
factor for the majority of these patients is likely early cytotoxic chemotherapy or radiation.
Furthermore, the interval to the development of a second renal neoplasm extended beyond
the fourth decade for several patients and this therefore supports extended clinical follow-up
into adulthood.
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Highlights

Post-Wilms Tumor: 6 patients; post-neuroblastoma: 5 patients; others: 3
patients.

Most common tumor type: clear cell renal cell carcinoma, 9/19 cases.

Second most common: metanephric adenoma and 7FE3/TFEB rearranged
renal cell carcinoma, 3/19 cases.

Potential syndromal associations: hyperparathyroidism-jaw tumor syndrome
and HLRCC.

History of chemotherapy and/or radiation: 14 of 14 cases.

Average time to subsequent renal neoplasia: 31 years.
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Figure 1. Histopathology: Clear Cell RCC.
Representative H&E stained images of a clear cell RCC, occurring as a second neoplasm,

are depicted (A - B); panel B shows areas of rhabdoid transformation with accompanying
necrosis. Corresponding immunohistochemistry for carbonic anhydrase IX (C) and melan A
(D) are shown.
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Figure 2. Histopathology: FH-Deficient RCC.
Representative H&E stained images of an FH-deficient RCC (Case 12) is depicted (A-B),

with corresponding immunohistochemistry for FH (lost, C) and S-(2-succino)-cysteine
(2SC,; elevated, D).
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Figure 3. Histopathology.
Representative H&E stained images of oncocytomas (A-B) and a metanephric adenomas

(C; patient 5), all occurring as a second neoplasm, have been shown. A t(6; 11) (TFEB-
rearranged, D) RCC occurring as a second neoplasm has also been depicted.
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Figure 4. Histopathology.
Representative H&E stained images of a parathyroid adenoma and metanephric adenomas

(A, C, E), that occurred 17, 19 and 32 years post-Wilms tumor (patient 6) have been
depicted along with representative immunohistochemistry results for parafibromin (B, D and

F).
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Figure 5. Time to Renal Neoplasia.
The time interval (in years) to the development of renal neoplasia (y-axis) is shown relative

to the age at diagnosis of Wilms tumor (x-axis; A) and neuroblastoma (x-axis; B).
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Table 1.
Clinical Features.
Age at Age at
- - Age at :
Patie Prior : Renal Time . Last
nt Diagnosis Di';nr?c;'si s Therapy N ;er;:;m Neoplasm Interval Oth&;ésf:;;atw Follow
No. & Year ? ) P Diagnosis ) P Up
Y %) (f/u)
Wilms Tumor o Clear Cell NED
1 (1956) ly Radiation RCC 58y 57y - (64y)
AWD
2 Wilms Tumor 2 Actinomycin D Clear Cell 54 52 Papillary thyroid Mgass){tzi;tic
(1964) y and Radiation RCC y y carcinoma
RcC on
flu
Tumorl: Clear AWD
) Cell RCC; (72y);
3 Wll(nigl';)mor 2y Radiation Tumor2: 56y 54y - Metastatic
Oncocytoma RcC on
(Synchronous) flu
DoD
4 Wilms Tumor 5 Radiation Clear Cell 57 52 Breast ductal Mg?;?s{zi;tic
(1957) Y RCC Y y carcinoma in situ
RCC on
flu
Chemotherapy
5 Wilms Tumor 6 (Regimen Metanephric 27 21 Esophageal squamous NED
(1986) Y unknown) and Adenoma Y y cell carcinoma (40y)
Radiation
Tumorl (left): Ossifying fibromas
Chemotherapy Metanephric (jaw), Uterine
6 Wilms Tumor 20 (Regimen Adenoma; 39 19 adenofibroma; NED
(1988) Y unknown) and Tumor2 (left): Y y Parathyroid (51y)
Radiation Oncocytoma adenoma (Familial
(Synchronous) Hyperparathyroidism)
Tumor3 (left):
Metanephric
Adenoma 51y 32y -
(biopsy/
cryoablation)
Tumor4 (left):
Unknown 51y 32y -
(cryoablation)
Neuroblastoma Carboplatin,
(2005, Etoposide,
7 P <ly Cyclophospha t(6;11) RCC 12y 11y - -
Previously mide and
Reported) Doxorubicin
Radiation (1800
cGy in 17
fractions; Basal cell carcinoma
8 Neu?iglfzs)toma ly Recurrence: 2500 c'?&ge” 26y 25y (vulva); Hepatic E\ED)
cGy in 30 fractions adenoma Y
and cyclophospha
mide)
Ganglioneuroma
L at L1 (6y);
9 Neu;ciggg)toma 2y Radlaél(c;)n)(ZSOO CI?([;(C;E” 27y 25y Ganglioneuroma at E\ED)
y the time of partial Y
nephrectomy (27y)
Chemotherapy
Neuroblastoma (Regimen Clear Cell NED
10 (1994) oy unknown) and RCC 2ty 2y . (30y)
Radiation
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Age at Age at
. . Age at ]
Patie Prior - Renal Time - Last
nt Diagnosis Dizglr?(;‘sis Therapy N ;%T:;m Neoplasm Interval Oth&g?;fgs(;;ated Follow
No. & Year Diagnosis U
v » v (7
Urothelial carcinoma
(pT3bNO), Prostatic
Chemotherapy adenocarcinoma
11 Neuroblastoma 6y (Regimen Clear Cell 50y 4y (Gleason score AWD
(1975) unknown) and RCC 3+3=6, grade groupl; (50y)
Radiation pT2NO0); Pancreatic
intraductal papillary
mucinous neoplasm
Chemotherapy F'_Egéﬂ(%'g nt Hurthle Cell thyroid (IZé) D)
12 ALL(1973) 3y (Regimen family history 43y 4oy carcinoma; Follicular —\Coh.
unknown) and significant for thyroid carcinoma; RCC on
Radiation gHLRCC) Schwannoma u
Chemotherapy
13 ALL (2001) 3y (Regimen Cleat Cell 2y 19y ; ('\gD)
unknown) Y
SLE Tumorl
. (right): ASPL-
e R R i o L : :
Reported) reegg:lgged
Tumor?2 (left): AWD
PRCC-TFE3 ) (22y);
rearranged 22y 13y Metastatic
RCC RCC

cGy: centigray; ALL: acute lymphoblastic leukemia; SLE: systemic lupus erythematosus; y: years; RCC: renal cell carcinoma; FH: fumarate
hydratase; HLRCC: hereditary leiomyomatosis and renal cell cancer; NED: no evidence of disease; AWD: alive with disease; DoD: dead of

disease.

*
Patient 7 was reported previously by Gupta et al (2019)

*:

*
Patient 14 was reported previously by Argani et al (2001 and 2006).
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Table 2.
Histopathology.
Patie - : Grade
nt Dignr?c:sis Renal Neoplasm (‘?ée) Other Features (WHO/ pT N M
No. 9 ISUP)
. Rhabdoid+,
1 Wilms Tumor (R) Clear Cell RCC (L) 52 Sarcomatoid+, Necrosis+ 4 pT3a NX MX
2 Wilms Tumor (R) Clear Cell RCC (L) 6.6 Rhabdoid+, Necrosis+ 4 pTlb NX MX
3 Wilms Tumor (R) Tumorl: Clear Cell RCC (L) 5.0 - 2 pTlb NX MX
Tumor2: Oncocytoma (L) 2.5 (Synchronous) NA NA NA NA
4 Wilms Tumor (L) Clear Cell RCC (R) 8.5 Rhabdoid+, Necrosis+ 4 pT3a NX MX
5 Wilms Tumor (R) Metanephric Adenoma (L) 1.2 - NA NA NX MX
’ Tumorl (L): Metanephric )
6 Wilms Tumor (R) Adenoma 1.2 NA NA NX MX
Tumor2 (L): Oncocytoma 15 (Synchronous) NA NA NA NA
Tumor3 (L): Metanephric *  (Metachronous; Biopsy/
Adenoma 23 Cryoablation) NA NA NA  NA
. * (Metachronous;
Tumor4 (L): Unknown 21 Cryoablation) NA NA NA NA
7 Neuroblastoma (left) t(6;11) RCC*(R) 5.4 - 3 pTlb NO MO
8 Neuroblastoma (right) Clear Cell RCC (R) 15 - 1 pTla NX MX
9 Neuroblastoma (right) Clear Cell RCC (R) 2.4 - 2 pTla NX MX
10 Neuroblastoma (left) Clear Cell RCC (L) 2.7 Cystic 1 pTla NX MX
Neuroblastoma
11 (laterality unknown) Clear Cell RCC (L) 9.7 - 2 pT2a NX MX
LVI+, (3/7 lymph
12 ALL FH-Deficient RCC (L) 135 nodes+), adrenal 3 pT3a N1 M1
metastasis+
13 ALL Clear Cell RCC (R) 125 - 2 pT3a NX MX
Tumorl (R): ASPL-TFE3™™ i B
14 SLE 8.0 T3a NX MX
rearranged RCC2 pisa
” Associated with 14.0 cm
Tumor2 (L): PRCC-TFE3 50 retroperitoneal mass and } pT2a N1 M1

rearranged RCC

involvement of 1 (of 2)
perinephric lymph nodes

L: left kidney; R: right kidney; ALL: acute lymphoblastic leukemia; SLE: systemic lupus erythematosus; RCC: renal cell carcinoma; FH: fumarate
hydratase; LVI: lymphovascular invasion; WHO: World Health Organization; ISUP: International Society of Urologic Pathology.

*
Patient 7 was reported previously by Gupta et al (2019)

*:

*
Patient 14 was reported previously by Argani et al (2001 and 2006).
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Immunohistochemistry.

Page 21

PaNtfnt Prior Diagnosis Renal Neoplasm Immunophenotype
1 Wilms Tumor Clear Cell RCC Diffuse "box-like" CAIX, Melan A-
2 Wilms Tumor Clear Cell RCC Diffuse "box-like" CAIX, Melan A-
3 Wilms Tumor Tumorl: Clear Cell RCC Diffuse "box-like" CAIX, Melan A-
Tumor2: Oncocytoma CD117+, CK7-
4 Wilms Tumor Clear Cell RCC Diffuse "box-like" CAIX, Melan A-
. . WT1+, BRAF V600E- (NGS: negative for BRAF
5 Wilms Tumor Metanephric Adenoma alterations)
- . - WT1+, BRAF V600E- (NGS: negative for BRAF
6 Wilms Tumor Tumorl (left): Metanephric Adenoma alterations), Parafibromin loss
Tumor?2 (left): Oncocytoma CD117+, CK7-
. - WT1+, BRAF V600E- (NGS: insufficient amplifiable DNA),
Tumor3 (left): Metanephric Adenoma Parafibromin loss
Tumor4 (left): Unknown Unknown
7 Neuroblastoma t(6; 11) Rcc™ Cathepsin K+, Melan A+, HMB45+
8 Neuroblastoma Clear Cell RCC Diffuse "box-like" CAIX, Melan A-
9 Neuroblastoma Clear Cell RCC Diffuse "box-like" CAIX, Melan A-
10 Neuroblastoma Clear Cell RCC -
11 Neuroblastoma Clear Cell RCC Diffuse "box-like" CAIX, Melan A-
Acute Lymphoblastic Nefini . FUoAeficiant i
12 Leukemia FH-Deficient RCC CK7-, FH-deficient, increased 2S5C
Acute Lymphoblastic : ISRTI _
13 Leukemia Clear Cell RCC Diffuse "box-like" CAIX, Melan A
. * Ak
14 SLE Tumorl (right): ASPL-TFES Diffuse: TFE3, CD10; Focal: CK AE/AE3, Cams.2

rearranged RCC2

Tumor?2 (left): PRCC-TFE3™™
rearranged RCC

Diffuse: TFE3, CD10; Focal: CK AE/AE3, Cam5.2

RCC: renal cell carcinoma; FH: fumarate hydratase; NGS: next generation sequencing; 2SC: S-(2-succino)-cysteine.

*
Patient 7 was reported previously by Gupta et al (2019) and

Ak
Patient 14 was reported previously by Argani et al (2001 and 2006).
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Literature Review.

Table 4.

Page 22

Wilms Tumor (n=29)

Neuroblastoma (n=46)

Age at Diagnosis (years)

Mean: 4.3; Range: 1 to 20

Mean: 1.7; Range: 0.1to 6

Time to Renal Neoplasia (years)

Mean: 18.3; Range: 0 to 57

Mean: 15.9; Range: 0 to 45

Synchronous Renal Neoplasia 10/29 (34%) 1/46 (2%)
Renal NeopIasiség?;ttiggemotherapy or 19129 (66%) 41/46 (89%)
Male (M) : Female (F) 9M : 20F 22M : 24F

Histologic Subtype

Clear Cell RCC: 12 cases; MiT Family
RCC: 2 cases

Clear Cell RCC: 17 cases; MiT Family RCC: 7
cases

RCC: renal cell carcinoma.
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