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Fumarate hydratase (FH)-deficient renal cell carcinomas are rare neoplasms characterized by wide
morphologic heterogeneity and pathogenetic mutations in the FH gene. They often show aggressive
behavior with rapid diffusion to distant organs, so novel therapeutic scenarios have been explored,
including EGFR inhibitors and PD-L1 expression for targeted immunotherapy. Herein, we investigated
a series of 11 primary FH-deficient renal cell carcinomas and 7 distant metastases to evaluate tumor
heterogeneity even in metastatic sites and estimate the specific spread rates to various organs.
Furthermore, the tumors were tested for immunohistochemical PD-L1 expression and EGFR mutations.
Most metastatic cases involved the abdominal lymph nodes (4/7; 57%), followed by the peritoneum (3/
7, 42%), the liver (2/7; 29%), and the lungs (1/7; 14%). Six metastatic localizations were histologically
documented, revealing a morphologic heterogeneous architecture often differing from that of the
corresponding primary renal tumor. Peritoneal involvement morphologically resembled a benign
reactive mesothelial process or primary peritoneal mesothelioma, thus advocating to perform an ac-
curate immunohistochemical panel, including PAX8 and FH, to reach a proper diagnosis. A pure low-
grade succinate dehydrogenase—looking primary FH-deficient renal cell carcinoma was also recorded.
As for therapy, significant PD-L1 labeling was found in 60% of primary renal tumors, whereas none of
them carried pathogenetic EGFR mutations. Our data show that FH-deficient renal cell carcinoma may
be morphologically heterogeneous in metastases as well, which involve the lymph nodes, the liver,
and the peritoneum more frequently than other renal tumors. Due to the high frequency of this latter
(42%), pathologists should always be concerned about ruling out mesothelial-derived mimickers, and
the occurrence of rarer, primary, low-grade—looking types. Finally, contrary to EGFR mutations, PD-L1
expression could be a possible predictive biomarker for the therapy of these tumors.
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Introduction

Fumarate hydratase (FH)-deficient renal cell carcinoma is a
rare renal neoplasm pathogenetically characterized by germline
or somatic biallelic inactivation of the FH gene, currently included
among the “molecularly defined renal cell carcinomas” category
by the World Health Organization (WHO) classification." First
described as a familiar disease, often associated with cutaneous
and uterine leiomyomas in the so-called “hereditary leiomyoma-
tosis and renal cell carcinoma syndrome,” it has been recently
shown that about 20% of these tumors occur in a sporadic setting.*
Microscopically, they were initially described as tumors growing
in papillary structures composed of cells with voluminous eosin-
ophilic cytoplasm, usually with prominent eosinophilic nucleoli.’
Over the years, several architectural patterns have been accus-
tomed to these neoplasms, including solid, tubule-cystic, cribri-
form, sieve-like, and nested, among others.”® This expanding
morphologic spectrum of the primary renal tumor resulted in
challenging differential diagnosis. Along with the high-grade nu-
clear features, an aggressive clinical course has been reported,
with metastatic spread to lymph nodes and many distant or-
gans.>® However, no data on the histopathologic features of the
distant metastases have been reported so far. The knowledge of
morphologic findings of the metastatic sites is of paramount
importance as, in recent years, bioptic samples of distant metas-
tases have often been obtained to reach proper diagnosis and offer
therapy.

Concerning therapy, no specific drug has been approved for
FH-deficient renal cell carcinoma.'® Therefore, patients are
generally administered treatment usually employed for more
common renal carcinomas, even though immune checkpoint in-
hibitor (ICI) monotherapies seem to control the disease better.* In
this setting, increased PD-1/PD-L1 expression has been reported
in a restricted proportion of these tumors, potentially identifying a
subset of patients who may benefit from ICIs.'"'? In addition,
patients diagnosed with advanced diseases have been variably
given combined EGFR/VEGF inhibitor regimens without any pre-
dictive biomarker.">'*

In this study, we describe 11 cases of FH-deficient renal cell
carcinomas, highlighting the microscopic characteristics of the
distant metastases with particular interest in peritoneal involve-
ment and its diagnostic pitfall. Moreover, PD-1/PD-L1 expression,
the composition of different lymphocyte subpopulations, and the
eventual presence of EGFR gene mutations have been investigated.

Materials and Methods
Patients and Samples

Eleven cases of FH-deficient renal cell carcinomas, one previ-
ously described,'® were retrieved from the files of participant in-
stitutions, including samples from both primary neoplasms and
distant metastases when available. Five were in-house patients,
whereas 6 were consultation cases. All procedures performed in
our study involving human participants received approval (Prog.
4136CESC) and were in accordance with the ethical standards of
the institutional and/or national research committee and with the
declaration of Helsinki. Clinical data on a previous history of other
renal tumors in relatives and of personal extrarenal neoplasm
were also recorded. All slides were reviewed by 3 authors (A.C.,
S.M.,, and G.M.). For each case, the following pathologic features
were assessed: the architectural growth pattern, the nucleolar
grade according to the International Society of Urological

Pathology (ISUP)/WHO, the presence of coagulative granular ne-
crosis, the pTNM stage according to the 8th edition of the Amer-
ican Joint Committee on Cancer Staging Manual, and the presence/
absence of tumor-infiltrating lymphocytes (TILs). The distribution
of immune infiltrates, when present, was graded into 3 categories
as suggested by previous studies'®!”: “desert” (no TILs either
within the tumor or its periphery), “excluded” (TILs just accu-
mulate around the tumor without relevant permeation within the
lesion), and “inflamed” (TILs are intermixed with the neoplastic
cells in the whole tumor area). Follow-up data regarding the
development of distant metastases and/or local recurrence were
collected from electronic health databases relying on the available
pathologic and radiological records.

Immunohistochemistry

Sections from tissue blocks of the retrieved tumors were
immunohistochemically (IHC) stained for PAX8 (clone MRQ-50,
prediluted; Roche), CK8-18 (clone 5D3, dilution 1:100; Leica),
CK7 (clone RN7, dilution 1:100; Novocastra), WT1 (clone WT49,
dilution 1:20; Leica), AMACR (clone 13H7, dilution 1:25; Dako),
S100A1 (clone MO1, dilution 1:600; Abnova), calretinin (clone 566,
dilution 1:200; Leica), Ber-EP4 (clone Ber-EP4, dilution 1:100;
Abcam), cathepsin K (clone 3F9, dilution 1:1600; Abcam), INI1
(clone 25/BAF47, prediluted; Master Diagnostica), succinate de-
hydrogenase (SDH)B (clone 21A11AE7, dilution 1:800; Abcam), FH
(clone J-13, dilution 1:50; Santa Cruz Biotech), and PD-1 (clone
CAL-20, prediluted; Roche). Moreover, tumors defined as
“excluded” and “inflamed” based on hematoxylin and eosin
staining were investigated for the specific composition of different
lymphocyte subpopulations according to the different percent-
ages of expression of the following antibodies: CD3 (clone PS1,
dilution 1:200; Leica), CD20 (clone L26, prediluted, Novocastra),
CD4 (clone 4B12, dilution 1:150; Leica), CD8 (clone 29S, dilution
1:20; Leica), and GATA3 (clone L50-823, dilution 1:150; BD
Pharmingen). In all the pseudomesothelial peritoneal deposits,
BAP1 (clone C4, dilution 1:250; Santa Cruz Biotech) was carried
out. All samples were processed using a sensitive “Bond Polymer
Refine” detection system in an automated Bond IHC instrument
(Leica Biosystems). The most commonly used IHC assay developed
to determine PD-L1 expression level was performed (clone SP263,
prediluted; Roche) on the Ventana Benchmark Ultra platform
(Ventana) according to the manufacturer’s instructions. Mem-
branous immune expression of PD-L1 on neoplastic cells was
recorded as the percentage of positive neoplastic elements. The
appropriate positive (tonsil and placenta) and negative controls
were concurrently performed. As controls for PAX8 and S100A1, 10
pleural mesotheliomas, 3 peritoneal mesotheliomas, and 20
omental mesothelial hyperplasia were carried out.

EGFR Molecular Analysis

DNA was extracted from consecutive 4-pm-thick formalin-
fixed, paraffin-embedded sections from both primary tumors
and metastases when available (cases 1, 2, and 7) with a per-
centage of tumoral cells ranging from 30% to 80% through a
QIAamp DNA formalin-fixed, paraffin-embedded kit (Qiagen) and
then quantified using Nanodrop Spectrophotometer (Thermo-
Fisher Scientific). Mutational EGFR gene status was investigated
using the EasyPGX-ready EGFR kit (Diatech Pharmacogenetics). It
is a complete qualitative real-time PCR in vitro diagnostic solution
able to detect the main mutations of exons 18,19, 20, and 21 of the
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EGFR gene using 8 oligo mixes. Each mix allows the coamplifica-
tion of one or more mutated alleles plus an endogenous control
gene. A specific control mix enables the evaluation of the DNA
quality and quantity of each sample.

Statistical Analysis

Fisher exact test was used to compare the distribution of TILs
and PD-L1 staining, distinguishing between significant and
nonsignificant levels according to the median value of the
expression. P values were based on a 2-tailed hypothesis. The
results were considered statistically relevant if the P value was less
than .05.

Results
Clinical and Pathologic Features

The clinical and pathologic features of the 11 patients are
detailed in Table 1. Four patients were women, and 7 were men
(F:M ratio, 1:1.75). An underlying hereditary syndrome was
confirmed in 3 cases, including 2 siblings (patients 7 and 8) and a
woman with a previous history of uterine leiomyomas and skin
papules (patient 11). Therefore, in such instances, a “hereditary
leiomyomatosis and renal cell carcinoma syndrome” condition
was established. Age at diagnosis ranged from 33 to 66 years
(mean, 51; median, 48). Primary renal tumors were removed
using radical nephrectomy in majority of the cases (9/11; 82%),
whereas 2 patients (cases 1 and 9) underwent nephron-sparing
surgery. The tumors ranged in size from 5 cm to 9 cm (mean,
6.5; median, 7.3) (Fig. 1). Morphologically, various and often
intermingled architectural growth patterns were observed,
ranging from papillary to tubule-cystic, the predominant
pattern, followed by tubule-glandular, alveolar, and solid, as
shown in Table 1. Foci of coagulative granular necrosis were
identified in 3 cases (27%; cases 8, 10, and 11). Concerning
nucleolar grade, according to the ISUP/WHO classification, 9
tumors were classified as high-grade (G3-G4), namely 6 G3 and 3
G4 displaying sarcomatoid dedifferentiation (27%; cases 8, 10,
and 11) (Fig. 2). One tumor (case 4) was entirely low-grade G2
and another one (case 5) was characterized by low-grade foci
associated with separate high-grade (G3) areas, as previously
described.”® TILs were respectively scored as “desert” in 63%
(7/11), “excluded” in 27% (3/11), or “inflamed” in 10% (1/11) of the
samples.

Follow-up was available for 10 patients, ranging from 10 to 77
months (mean, 35; median, 26). Eight cases displayed aggressive
clinical behavior, which was as follows: 1 case developed local
recurrence, 6 cases developed distant metastases, and another 1
developed both local recurrence and distant metastases (case 1).
Four distant metastases were histologically documented (patients
1,2, 3, and 7). The site of metastatic disease was variable, including
abdominal lymph nodes (4 cases, 2 of them histologically docu-
mented, both with the tubule-glandular architecture), the liver (2
cases, 1 histologically confirmed with the tubule-glandular ar-
chitecture), the lungs (1 case), and the peritoneum (3 cases, all
histologically documented). Architectural patterns of primary
renal tumors and corresponding metastases are compared in
Table 2 and displayed in Figure 3. The peritoneal localizations are
separately described in the following sections owing to their
peculiar morphologic features, diagnostic pathologic pitfall, and
clinical implications, and summarized in Table 3. Moreover,

because of their rarity, a separate paragraph has been included to
report 2 cases of low-grade oncocytic FH-deficient renal cell
carcinoma.

Peritoneal-Spreading Tumors With a “Pseudomesotheliomatous”
Appearance

Case 1

A 46-year-old male patient underwent partial nephrectomy for
a 6.5-cm left renal tumor. The tumor was microscopically arranged
in a tubule-cystic architecture with a minor component of high-
grade carcinomatous-looking tubule-glandular structures, focally
invading the perirenal adipose tissue. At that time, the initial
diagnosis was tubule-cystic renal cell carcinoma with poorly
differentiated foci.'® Three years after the surgery, a left-sided
peritoneal mass was detected with a magnetic resonance imag-
ing scan and then removed. During the surgical procedure, the
urologist faced an unusual gross finding resembling the peritoneal
inclusion cysts. The frozen section interpretation was extremely
challenging, showing lobules of adipose tissue lining by a tubule-
cystic proliferation of cuboidal cells characterized by round nuclei
with prominent eosinophilic nucleoli resembling mesothelial
cells. The IHC analysis revealed positive immune staining of the
tubule-cystic proliferation for PAX8, AMACR, S100A1, Ber-EP4, and
BAP1 along with negativity for CK7, WT1, and calretinin, sup-
ported the diagnosis of a peritoneal localization of the primary
renal tumor. The revision of the primary tumors and the perito-
neal localization demonstrated the loss of FH in both neoplasms.

Case 2

A computed tomography scan in a 66-year-old female patient
revealed multiple nodal, lung, and peritoneal nodules above the
liver and the abdominal skeletal muscles, suspicious of metasta-
ses. Two years before, she had been diagnosed with a papillary
renal cell carcinoma, G3, removed using radical nephrectomy. To
reach a histologic diagnosis, a peritoneal nodule was biopsied.
Light microscopy showed a proliferation of small papillary struc-
tures made up of fibro-vascular cores covered by medium-sized
“hobnail”-looking eosinophilic epithelioid cells, with roundish,
luminally oriented nuclei and often prominent nucleoli (Fig. 4A).
Relying on these morphologic features, a differential diagnosis
between a mesothelial process and a localization of serous carci-
noma was made. The IHC expression of PAX8 (Fig. 4B), AMACR,
S100A1, Ber-EP4 (Fig. 4C), and BAP1 by neoplastic cells supported
a peritoneal metastasis by a renal cell neoplasm, further
strengthened by their negativity for mesothelial markers. More-
over, the IHC loss of the FH staining (Fig. 4D) suggested the hy-
pothesis of peritoneal metastasis of FH-deficient renal cell
carcinoma. A histologic review of the slides of the primary kidney
tumor, supported by an additional IHC analysis, confirmed such a
diagnosis for the removed renal mass as well.

Case 3

Following an ultrasound examination with unspecific findings
performed for abdominal pain, a 48-year-old man was discovered
with a 20-cm left pelvic-hypochondria lesion on a computed to-
mography scan. Thus, the patient underwent laparoscopic resec-
tion of the mass. Histologically, it was composed of solid and
tubule-cystic structures recalling mesothelial proliferation.
Hence, it was initially diagnosed as multicystic benign mesothe-
lioma. One year later, multiple peritoneal nodules were detected
on magnetic resonance imaging, as well as a 6.7-cm mass close to
the left kidney. Both the peritoneal nodules and the perirenal mass



Table 1

Clinical and pathologic features of fumarate hydratase-deficient renal cell carcinomas of the present series

Case Sex Age Size Laterality Surgery Gross Invasion pPTNM ISUP/WHO Necrosis Follow-up (mo) Metastasis Leiomyomas Sporadic/ NNo. of Histologic pattern
no. (y) (cm) grade hereditary slides with
tumor
1 M 46 65 L PN Single Perinephric fat pT3aNxM1 3 Absent 77 (AWD) Local recurrence  NA NA 36 99% Tubule-cystic and 1%
and peritoneum tubule-glandular
2 E 66 43 R RN Single Renal sinus fat pT3aN1M1 3 Absent 14 (AWD) Lymph nodes, NA Sporadic 2 99% Papillary and 1%
peritoneum, and tubule-glandular
lung
3 M 48 6.7 L RN Single Perinephric fat pT3aNOM1 3 Absent 20 (AWD) Peritoneum NA NA 1 100% Tubule-cystic
4 M 48 7 R RN Single Absent pT1bNxMx 2 Absent 36 (NED) NA NA NA 37 100% Alveolar
57 M 41 5 L RN Single Renal sinus fat pT3aNxMx 3 Absent 53 (AWD) Local recurrence  NA NA 53 80%-90% Tubule-cystic
and
10%-20% solid
6 E 58 8 L RN Single Absent pT2N2M1 3 Absent 26 (AWD) Lymph nodes and Uterus NA 2 80% Tubule-glandular,
liver 15% solid,
and 5% tubule-cystic
7° M 62 5 L RN Single Perinephric pT3bN1M1 3 Absent  DOD Lymph nodes and NA Hereditary 17 55% Tubule-cystic, 40%
and renal sinus liver sieve-like, and 5%
fat papillary
8> M 49 6 R RN Single Perinephric pT3aNxMx 4 Present 42 (DOD) Liver NA Hereditary 12 40% Papillary, 40% solid,
and renal sinus 15%
fat tubule-glandular, and 5%
sarcomatoid
9 F 44 NA R PN Single NA pTXN1Mx 3 Absent AWD Lymph nodes Uterus NA 1 90% Tubule-cystic and
10% papillary
10¢ M 33 9 L RN Single Absent PT2NxMx 4 Present NA NA NA NA 1 90% Sarcomatoid and 10%
papillary
11¢° F 62 55 L RN Single Perinephric pT3aNxMx 4 Present 10 (NED) NA Uterus and  Hereditary 30 60% Solid and 40%
and renal sinus skin sarcomatoid

fat

AWD, alive with disease; DOD, dead of disease; ISUP/WHO, International Society of Urological Pathology/World Health Organizaion; NA, not available; NED, no evidence of disease; PN, partial nephrectomy; RN, radical

nephrectomy.

2 Previously described by Smith et al.'®

b Siblings.

¢ Sarcomatoid dedifferentiation.
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Figure 1.

C |

Gross features of fumarate hydratase-deficient renal cell carcinoma. (A) Radical nephrectomy from case 8 showing a whitish solid tumor with ill-defined borders and a large
hemorrhagic area. (B) Radical nephrectomy from case 11 revealing a solid grayish neoplasm with a nodular appearance and pushing margins. (C) Nephron-sparing surgery from
case 5 displaying a multicystic-appearing lesion. (D) Surgical resection of peritoneal localization from case 1 showing multicystic-looking areas mixed with whitish, ill-defined

solid areas infiltrating the surrounding adipose tissue.

were then surgically resected. Pathologic examination showed a
solid and tubule-cystic proliferation, reminiscing of the previously
removed one made up of clear to eosinophilic cells often dis-
playing prominent nucleoli (Fig. 4E). Immunohistochemically, the
neoplastic cells stained positive for PAX8 (Fig. 4F), AMACR, Ber-
EP4 (Fig. 4G), S100A1, and BAP1 while labeling negative for CK7,
WT1, and calretinin. In addition, no expression of the FH was
observed (Fig. 4H). Thus, a diagnosis of FH-deficient renal cell

carcinoma with secondary peritoneal localizations was rendered.
Finally, 2 months later, left radical nephrectomy with lymphade-
nectomy was performed. Light microscopy revealed scattered re-
sidual foci of a neoplasm partially involving the perirenal fat,
harboring overlapping morphologic features and immunopheno-
type with the previously removed specimens. An associated
granulomatous inflammatory reaction related to the former sur-
gical procedure was also noticed.

Figure 2.

The morphologic pattern of fumarate hydratase-deficient renal cell carcinoma. (A) A low-power picture from case 2 revealing a predominantly papillary-arranged neoplasm. (B)
Higher magnification of the previous case highlighting high-grade cytologic features such as prominent eosinophilic nucleoli. (C) A primary renal tumor of case 7 prevalently
arranged in a tubule-cystic architecture. (D) Microphotographs of case 8 showing sarcomatoid-looking foci.
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Table 2

Architectural composition of renal tumor and histologically documented metastatic localizations of fumarate hydratase-deficient renal cell carcinomas of the present series

Histologic pattern Tubule-cystic Tubule-glandular

Papillary Solid

Alveolar Sieve-like Sarcomatoid

Case no.

1(‘

1" (peritoneum)
2(1

2P (peritoneum)
2" (lymph node)
3" (peritoneum)
42

5&

57 (local recurrence)
63

73

7° (lymph node)
7" (liver)

SJ

gﬂ

10°

99%
99%

98%

80%
90%
5%

55%

90%

1%
1%
1%

100%

80%

100%
100%
15%

99%
100%

5%

40%
10%
10%

2%

15%

40%

100%
20%
10%

40%

5%

90%

11°

60% 40%

2 Renal tumor.
b Metastasis.

Low-Grade Oncocytic Tumors Resembling Succinate
Dehydrogenase—Deficient Renal Cell Carcinoma

Case 4

A 48-year-old male patient underwent radical nephrectomy for
a 7-cm right renal mass. Grossly, the tumor was located in the
central zone of the kidney and was brownish in color at the cut
examination. Microscopically, the lesion was composed of roundish
eosinophilic cells displaying a solid-nested to tubule-alveolar
growth pattern (Fig. 5A). Neoplastic cells revealed low-grade
microscopic hallmarks, showing barely inconspicuous nucleoli
(G2 ISUP/WHO grading) and no evidence of coagulative granular
necrosis or significant mitotic activity (Fig. 5B). The tumor was
wholly embedded, showing a homogeneous morphologic pattern
within the entire neoplasm. The histologic features were consistent
with a low-grade oncocytic renal tumor, reminiscing an SDH-

deficient renal cell carcinoma at first glance, further suggested by
its negativity for CK8-18. Nevertheless, IHC assays detected retained
expression of SDH (Fig. 5C), ruling out such a diagnosis. Conversely,
neoplastic cells failed to stain for FH (Fig. 5D), leading to the
definitive diagnosis of low-grade oncocytic FH-deficient renal cell
carcinoma. To date, after 36 months, the patient is alive with no
evidence of local recurrence or distant metastases.

Case 5

As previously reported,’” a 41-year-old male patient under-
went partial resection with nephron-sparing surgery of an inci-
dentally discovered 5-cm left renal mass. Microscopically, the
lesion was made up of low-grade polygonal eosinophilic cells
displaying a multicystic to solid-nested growth pattern. In these
latter foci, the neoplastic cells showed flocculent cytoplasm,
sometimes with vacuoles containing eosinophilic inclusion-like

Figure 3.

Comparison of the architectural pattern between primary tumors and metastases. (A) A primary renal tumor growing with a papillary architecture, compared with (B) tubule-
glandular structures of the corresponding lymph node metastasis. (C) Tubule-cystic and sieve-like arrangement of the kidney neoplasm of case 7, opposite to (D) a tubule-

glandular pattern in the liver metastasis.
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Table 3

Pathologic and immunohistochemical findings of tumors metastatic to the peritoneum
Case no.  Previous history of RCC  Histologic pattern CK8-18 PAX8 (K7 WT1 AMACR CALR Ber-EP4 BAP1 FH
1 Yes Tubule-cystic and tubule-glandular  + + Neg. Neg. + Neg. + Retained  Loss
2 Yes Papillary + + Neg. Neg. + Neg. + Retained  Loss
3 No Solid and tubule-cystic + + Neg.  Neg. + Neg. + Retained  Loss

AMACR, alpha-methylacyl-CoA racemase; CALR, calretinin; CK, cytokeratin; FH, fumarate hydratase; Neg., negative; RCC, renal cell carcinoma.

Figure 4.

The pseudomesotheliomatous pattern of fumarate hydratase (FH)-deficient renal cell carcinoma. (A) Peritoneal localization from case 2, represented by a papillary proliferation
of eosinophilic cells, closely resembling mesothelial hyperplasia. The neoplastic cells labeled positive for (B) PAX8 and (C) Ber-EP4, while revealing (D) the loss of FH immu-
nohistochemical expression. (E) Peritoneal metastasis from case 3, made up of eosinophilic cells arranged in a tubule-cystic architecture recalling a multicystic mesothelioma.
Immunohistochemical analysis revealing positive staining for (F) PAX8 and (G) Ber-EP4, along with (H) negativity for FH.
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Figure 5.

D

Low-grade oncocytic fumarate hydratase-deficient renal cell carcinoma. (A) A low-power picture from case 4, homogenously composed of eosinophilic roundish cells with a
solid-alveolar growth pattern. (B) At higher magnification, the tumor cells displayed bland-looking hallmarks, similar to barely inconspicuous nucleoli and no relevant mitotic
activity, thus mimicking succinate dehydrogenase—deficient renal cell carcinoma. However, immunohistochemical assays revealed (C) retained succinate dehydrogenase staining

along with (D) a loss of fumarate hydratase expression.

bodies. So, the morphologic picture was consistent for a low-grade
eosinophilic renal tumor, suggesting an SDH-deficient renal cell
carcinoma. However, IHC analysis revealed retained SDH expres-
sion, along with a loss of FH IHC labeling, supporting the diagnosis
of a low-grade oncocytic FH-deficient renal cell carcinoma.
Although the pathologic diagnosis advocated for completion ne-
phrectomy, it was only performed 4 years later. The whole
removed kidney showed a high-grade (G3-G4) renal cell carci-
noma with tubule-glandular, solid, and tubule-cystic architecture
infiltrating the renal sinus adipose tissue. The neoplastic cells
revealed variably shaped nuclei with perinuclear halos and
prominent inclusion-like nucleoli. Thus, compared with the pre-
viously excised neoplasm, the cytologic appearance of the novel
tumor was much more reminiscent of classic FH-deficient renal
cell carcinomas, further confirmed based on IHC assays. Finally, 3
months after the completion of the radical nephrectomy, a 2.3-cm
nodule in the left renal fossa suspicious of local recurrence was
detected at imaging examination and then surgically removed.
Pathologic examination confirmed the radiological suspicion,
showing a high-grade neoplasm with overlapping morphologic
and IHC features with the former one.

Immunohistochemistry and Tumor Microenvironment Findings

The IHC results are tabulated in Table 4. All the tumors stained
positive for PAX8 and the proximal tubular marker S100A1 (11/11;
100%), with a percentage of positive cells that ranged from 10% to
100%, while labeling negative for cathepsin K. Similarly, apart from
1 sample (case 4), CK8-18 was widely expressed by the tumors of
the entire series (10/11; 91%). In contrast, all but one neoplasm
(10/11; 91%) were, respectively, negative for CK7 (case 2) and for
the distal tubular marker GATA3 (case 4). With regard to other IHC
markers commonly used in routine practice, staining for AMACR
was variably detected in most of the samples tested (7/11; 64%),
ranging from 10% to 90% of neoplastic cells. Expression of SDHB
and INI1 was retained in all the cases (11/11; 100%), along with a
loss of FH IHC staining. None of the pleural and peritoneal me-
sothelioma or omental mesothelial hyperplasia expressed PAX8 or
S100A1.

As for the specific composition of TILs, generally, both
“excluded” and “inflamed” samples showed a prevalent CD3+ T-
lymphocyte response, variably making up from 50% to 90% of
overall immune cells (Fig. 6A). Namely, a CD8+ T-cytotoxic

Table 4

Immunohistochemical findings and characteristics of tumoral microenvironment of fumarate hydratase-deficient renal cell carcinomas of the present series
Case no. PAX8 CK8-18 CK7 AMACR S100A1 GATA3 SDH FH CATK INI1  TILs PD-L1 PD-1 CD3 (D20 (D4 (D8
1 90% + 80% + Neg. 90% + 80% + Neg. + Neg. Neg. + Desert Neg. Neg.
2 40% + 90% + 90% + 90% + 40% + Neg. + Neg. Neg. + Excluded 10% + Neg. 10% 90% 10%  90%
3 90% + 90% + Neg. 90% + 50% + Neg. + Neg. Neg. + Desert NA NA
4 90% + Neg. Neg. Neg. 70% + 90% + 4F Neg. Neg. 9F Desert 10% +  Neg.
57 90% + 80% + Neg. 70% + 90% + Neg. + Neg. Neg. + Desert Neg. Neg.
6 100% + 100% + Neg. 90% + 80% + Neg. 4F Neg. Neg. 4F Desert 5% + <1%
7° 90% + 100% +  Neg. 10% + 20% + Neg. + Neg. Neg. + Excluded 2% + <1%  50% 50% 10%  90%
8> 30% + 90% + Neg. 10% + 10% + Neg. + Neg. Neg. + Desert 30% + <1%
9 100% +  50% + Neg. Neg. 30% + Neg. + Neg. Neg. + Excluded 10% + Neg. 50% 50% 10%  90%
10 60% + 70% + Neg. Neg. 90% + Neg. IF Neg. Neg. IF Desert 5% + Neg.
11 70% + 40% + Neg. Neg. 10% + Neg. + Neg. Neg. + Inflamed 70% + Neg. 90% 10% 10%  90%

AMACR, alpha-methylacyl-CoA racemase; CATK, cathepsin K; CK, cytokeratin; FH, fumarate hydratase; NA, not available; Neg., negative; SDH, succinate dehydrogenase;
TILs, tumor-infiltrating lymphocytes.

3 Previously described by Smith et al.'®

b Siblings.
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Tumor-infiltrating lymphocytes and PD-L1. (A) “Inflamed” tumor microenvironment (case 11), with a conspicuous amount of CD3+ T lymphocytes intermixed with the
neoplastic cells, mainly made up of (B) CD8+ T-cytotoxic lymphocytes and (C) a minor percentage of CD4+ T-helper lymphocytes. (D) The same case revealing strong and diffuse

PD-L1 immunohistochemical expression in the great majority (70%) of neoplastic cells.

response was significantly prevalent in both tumors effaced by a
peripheral (“excluded”) and a remarkable (“inflamed”) inflam-
matory infiltrate (Fig. 6B, C). Overall, CD20+ B lymphocytes
accounted for a restricted proportion of all the inflammatory
cells. A prominent B-lymphocyte—related response was
observed in one “excluded” sample (case 2). Only a few scattered
GATA3+ Th-2 lymphocytes were detected. As far as potentially
druggable markers were concerned, at least focal IHC expression
of PD-L1 on neoplastic elements was found in a noteworthy
proportion of the tumors tested, ranging from 2% to 70% of the
cells (mean, 17%; median, 10%), whereas none of them (nor the
adjacent inflammatory infiltrate) significantly stained for PD-1.
Interestingly, the 2 cases with a higher percentage of PD-L1
expression were 2 cases with sarcomatoid dedifferentiation
(cases 8 and 11). Moreover, the strongest and most diffuse PD-L1
expression was observed in the only “inflamed” tumor (case 11;
Fig. 6D). However, no relevant statistical association was, overall,
found with the distribution of TILs, neither when considering
“desert” plus “excluded” vs “inflamed” tumors (P = 1.000) nor
when matching “desert” vs “excluded” plus “inflamed” neo-
plasms (P =.523).

EGFR Molecular Analysis

No targeted mutations in exons 18, 19, 20, or 21 of the EGFR
gene were detected in any tumor samples.

Table 5

Distribution of metastatic sites between fumarate hydratase-deficient RCC (literature review>%?1->4 and present series) and other histotypes of RCC"*>-

Discussion

Increased data collected in recent years have identified the
multiplicity of admixed architectural growth patterns in primary
renal tumors as the most common and relevant morphologic
features of FH-deficient renal cell carcinomas."®® Most of the
samples from our series (10/11; 91%) displayed at least 2 different
histologic components, spanning from papillary to tubule-cystic,
solid, sieve-like, and nested growth patterns. This high histolog-
ic variability is similar to that in other reports, observed in about
90% of the cases in some series.>*® However, the morphologic
features of metastases were never analyzed.® In this study, we
reported 6 histologically documented FH-deficient renal cell car-
cinoma metastases from 4 patients from different sites, including
lymph nodes, the liver, and the peritoneum, demonstrating
different architectural patterns. For this reason, it could be
extremely challenging to reach a proper pathologic diagnosis,
particularly when the clinical information is limited. In fact, owing
to their aforementioned histologic heterogeneity, they may be
easily misdiagnosed for carcinomas arising from other organs,
especially when peritoneal localizations are discovered. Similar to
FH-deficient renal cell carcinoma, mesothelial neoplasms may
show highly variable microscopic arrangements, ranging from
tubule-cystic to papillary structures and to sarcomatoid-looking
neoplastic cells.'*?" Pathologists are not so unlikely to have to
deal with similar instances, as nowadays an initial histologic
bioptic approach to suspicious metastatic lesions rather than

29

Metastatic site  FHdRCC ccRCC*®  pRCC?®  chRCC?®  TFE3-rearranged RCC?’  TFEB-rearranged RCC?®  TFEB-amplified RCC>®  ALK-rearranged RCC!
Lymph nodes 59/87,68%  22% 69% 51% 29% 15% 47% 83%

Bones 23/87,26% 29% 29% 33% 13% 23% 29% 5%

Liver 18/87,21%  20% 22% 34% 17% 23% 29% 5%

Lungs 18/87,21%  45% 49% 36% 25% 38% 47% 17%

Peritoneum 11/87,13% <3% 5% 4% 5% 0% 12% 0%

Adrenal glands  11/87,13% 9% 7% 6% <2% 8% 24% 11%

Brain 1/87%, 1% 8% 3% 2% 1% 0% 7% 17%

ccRCC, clear cell renal cell carcinoma; chRCC, chromophobe renal cell carcinoma; FHARCC, fumarate hydratase-deficient renal cell carcinoma; pRCC, papillary renal cell

carcinoma; RCC, renal cell carcinoma.
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primary tumors is an increasingly more common practice. It is
worth mentioning that data from our series underline how,
similar to primary renal tumors, secondary localizations from FH-
deficient renal cell carcinoma may show a broad histologic spec-
trum. So, the architectural growth pattern of peritoneal and other
distant metastases may not only significantly differ from primary
renal tumors but also can be extremely variable within the same
metastatic lesion. For instance, 2 of the 3 histologically docu-
mented peritoneal metastases (cases 1 and 3) showed 2
morphologic patterns, with tubule-cystic structures admixed with
tubule-glandular and solid areas, respectively. On the other hand,
in case 7, although the primary renal tumor was composed of
variable percentages of tubule-cystic, sieve-like, and papillary foci,
its corresponding liver and nodal metastases were entirely ar-
ranged in a tubule-glandular architecture, not observed in the
kidney. To the best of our knowledge, such intratumoral hetero-
geneity in FH-deficient renal cell carcinoma peritoneal metastases
has not been reported so far and further contributes to the chal-
lenging work of addressing the proper pathologic diagnosis.
Moreover, the frequency of peritoneal spread in such tumors is in
more than a third of metastatic cases (3/7; 42%), a higher value
than the rate of previous studies (7%-16%).>"° Pathologists should
be aware of these findings when dealing with peritoneal samples,
as FH-deficient renal cell carcinomas may have a striking “pseu-
domesotheliomatous” appearance, closely resembling mesothelial
hyperplasia or even primary peritoneal mesothelioma. In such
complex cases, high pathologic suspicion is the key to addressing
the following IHC tests and then getting into definitive diagnosis.
This consideration is of particular concern when a previous history
of renal neoplasm is not on record, similar to the third case
described in our series, which was initially diagnosed as multi-
cystic peritoneal mesothelioma. In this scenario, a thoughtful IHC
panel is worth to figure the diagnostic quandary out. As far as our
cohort was concerned, all peritoneal-involving tumors were
negative for mesothelial markers calretinin, WT1, and CK7 while
conversely constantly labeling for PAX8. Their potential metastatic
nature was further suggested by positive staining for Ber-EP4,
BAP1, AMACR, and S100A1 and, of course, finally confirmed by
the IHC loss of FH.

Furthermore, we observed a high occurrence of lymph nodes
and liver metastases (4/7 [57%] and 2/7 [29%], respectively) rather
than the lungs (1/7; 14%). Comparing with the data from the
literature for this histotype,>>621->4 the abdominal lymph nodes
are the most frequent metastatic site (59/87; 68%), followed by the
bones (23/87; 26%), the liver (18/87; 21%), the lungs (18/87; 21%),
the peritoneum (11/87; 13%), and the adrenal glands (11/87; 13%).
Conversely, other more common histotypes of renal cell carci-
noma, especially clear cell, much more frequently involve the
lungs and the bones rather than lymph nodes (21.8%) or the
peritoneum (<3%)>> (Table 5). In this view, papillary and chro-
mophobe renal cell carcinomas commonly display nodal metas-
tases?® but are more likely to involve the lungs and the liver than
FH-deficient renal cell carcinomas and show less frequently a
peritoneal spread (4%-5%). Similar considerations apply to other
rare molecularly defined renal cell carcinoma histotypes.
Although TFE3-rearranged renal cell carcinoma often behaves
aggressively®’ similar to FH-deficient renal cell carcinoma, sec-
ondary localizations from this neoplasm tend to show a quite
homogenous distribution among the lymph nodes (29%), the
lungs (25%), the liver (17%), and the bones (13%). TFEB-rearranged
renal cell carcinoma usually displays more indolent behavior, with
only 12 metastatic cases reported so far, none occurring in the
peritoneum,?® and shows a hematogenous spread, with the lungs
(38%), the liver (23%), and the bones (23%) more commonly

10

involved than the lymph nodes (15%). On the other hand, TFEB-
amplified renal cell carcinoma often displays a more severe clin-
ical outcome with distant metastases being observed in almost
half of the cases (44%),>° typically with synchronous involvement
of multiple organs, including the lungs (47%), the lymph nodes
(47%), the liver (29%), and the bones (29%), among others. Finally,
ALK-rearranged renal cell carcinoma generally localized to the
regional lymph nodes (83%), without examples of peritoneal
spread.!

In general, we can infer that FH-deficient renal cell carcinoma
is much more likely to spread via the lymphatic channels and the
peritoneal surface rather than directly metastasizing through
hematic vessels to distant organs such as the lungs and the bones.
However, these tumors tend to behave aggressively regardless of
the way of metastatic spread, with comparable mean and median
overall survival latency in patients with confined local/nodal
localization vs systemic ones (22.5 and 31.5 vs 21.6 and 33 months,
respectively). Additionally, it is worth mentioning that radiolog-
ical involvement of the adrenal glands has been described in 5% to
10% of patients with hereditary leiomyomatosis and renal cell
carcinoma®®®! and reported in 13% of cases in our review.
Nevertheless, at surgical resection, most of the preoperatively
identified adrenal lesions were caused by macronodular hyper-
plasia at definitive pathologic examination.”>> Hence, the
radiological adrenal gland involvement should raise a concern
about a hyperplastic process, especially when bilateral and
confined to this organ, advocating bioptic sampling if highly sus-
picious of a metastatic localization.

Another challenging morphologic characteristic of FH-
deficient renal cell carcinoma is the occurrence of tumors with
bland-looking oncocytic features. Although some of these cases
showed low-grade areas admixed with more classic microscopi-
cally aggressive ones,>* a restricted but still relevant proportion
was entirely made up of cytologically eosinophilic low-grade cells
with homogeneous architectural patterns. Apart from the present
study, 9 cases of these pure so-called “low-grade oncocytic FH-
deficient renal cell carcinomas” have been described to date,
along with 3 other examples intermixed with high-grade areas.>®
Our series further widens the current knowledge on such a topic,
adding another “pure” low-grade FH-deficient renal cell carci-
noma to the cohort. As in similar reported cases, the tumors of our
series were composed of nested to alveolar bland eosinophilic
cells, resembling other low-grade oncocytic neoplasms of the
kidney, including oncocytoma, hybrid oncocytic chromophobe
tumor, “low-grade oncocytic tumor,”*® “eosinophilic vacuolated
renal tumor,”>” “eosinophilic solid and cystic renal cell carci-
noma,”>® and, especially, SDH-deficient renal cell carcinoma.>® As
recently questioned,*>*! the “pure” case described in this study
behaved indolently with evidence of neither local recurrence nor
distant metastases on follow-up. It is worth mentioning that the
present tumor had been entirely embedded, avoiding potential
biases of an unsampled “high-grade” component. So, our data
further support the need to include SDH-like FH-deficient renal
cell carcinomas among the potential differential diagnosis of low-
grade oncocytic renal neoplasms and to perform the proper clin-
ical and pathologic investigations.

With respect to therapy, in the current study, we have also
investigated the PD-1/PD-L1 expression and EGFR mutations as
possible predictive biomarkers. Nowadays, therapeutic strategies
for patients with advanced renal cell carcinoma generally cover
combinations of ICIs with various antiangiogenetic drugs.*’ How-
ever, current therapies have been mainly developed for clear cell
renal cell carcinoma, and very few data are currently available
regarding ICI activity in rarer histotypes.*> Although we were not
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able to find PD-1 positivity in any of the neoplasms of our cohort,
neither by neoplastic cells nor by TILs, IHC-relevant PD-L1 expres-
sion by tumor cells was observed in 60% of the samples, a similar
percentage (69% and 58%) previously reported in a series of 13 and
53 cases, respectively, of FH-deficient renal cell carcinoma.''? To
note, the following comparable results were reached using different
PD-L1 clones: the previous studies employed the E1L3N PD-L1
clone (Cell Signaling), whereas we chose the SP263 assay (Ven-
tana), which is a companion diagnostic device. It is worth
mentioning that similarly to the previous papers,'"'” in our series,
PD-L1 expression was higher in neoplasms with aggressive histo-
logic features, which was as follows: both tumors with the most
significant rates of PD-L1 staining (30% in case 8 and 70% in case 11)
revealed nucleolar grade G4 (second to by ISUP/WHO) and dis-
played areas of sarcomatoid dedifferentiation. Furthermore, even
though a statistical correlation with TILs among the overall cohort
could not be drawn, the highest PD-L1 values (70%) were observed
in the only “inflamed” neoplasm of the series (case 11), again dis-
playing aggressive features (G4, sarcomatoid dedifferentiation).
This finding aligns with data from more common histotypes, such
as clear cell renal cell carcinoma, in which a heavier peri/intra-
tumoral infiltrate is usually accustomed to morphologically
aggressive tumors (G3-G4).** Although further studies are needed,
those data could suggest routinely testing FH-deficient renal cell
carcinomas for PD-L1. Hopefully, these assays could help clinicians
identify a restricted but relevant proportion of patients more likely
to benefit from targeted immunotherapies. These considerations
would be particularly relevant in individuals with advanced/
diffusely metastatic diseases. In this setting, histologic examination
of small bioptic samples is often the first and unique approach to
detect potential molecular therapeutic targets. So, identifying
morphologic features predictive of significant PD-L1 expression,
such as sarcomatoid dedifferentiation, would carry a remarkable
meaning for ultimate patient clinical management.

Finally, a limited but still relevant literature evidence, repre-
sented by a few single reports'>*> and some wider studies,'**®
currently supports the administration of combined EGFR (erloti-
nib) and VEGF (bevacizumab) inhibitors in patients affected by
advanced FH-deficient renal cell carcinomas. Therefore, we
analyzed the EGFR gene status in the tumors of our series but failed
to demonstrate pathogenetic mutations in any of them. Although
we only tested the neoplasms of our cohort for punctiform muta-
tions (neither EGFR gene amplifications nor IHC expression), our
data stand against the employment of molecular analysis for EGFR
mutations as a predictive test to forecast therapeutic response to
EGFR/VEGF inhibitors so far. Accordingly, it could be reasonably
ruled out that conventional pathogenetic mutations of the EGFR
gene are the driving molecular mechanism underlying the efficacy
of such drugs in patients with FH-deficient renal cell carcinoma. A
possible explanation could be that FH loss of function in neoplastic
cells causes high fumarate amounts to inhibit the hypoxia-inducible
factor (HIF) prolyl-hydroxilase.*’ This latter enzyme favors HIF-1o.
and HIF-2a degradation through the Von Hippel Lindau complex in
normal oxygen levels. Thus, FH deficiency leads to accumulation of
these transcriptional factors, which then promotes the transcription
of both the VEGF and glycolytic enzyme genes.***° This latter
phenomenon is responsible for the so-called “Warburg” effect,
referring to the increased glycolytic activity of tumor cells even in
conditions of oxygen availability. Similarly, it has been demon-
strated that the activation of the EGFR receptor can further increase
the stability of HIF factors through the PI3K/AKT pathway regard-
less of cellular oxygen levels.”® On these bases, it is tempting to
speculate that EGFR and VEGF inhibitors in patients with FH-
deficient renal cell carcinoma act via blockage of the
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aforementioned pathways, finally reducing VEGF production and
glycolytic activation in tumoral cells.

In conclusion, we reported the following findings: (1) FH-
deficient renal cell carcinoma is characterized by heterogeneous
features even in metastatic sites themselves and between primary
tumor and corresponding metastatic localizations; (2) peritoneal
involvement is a more frequent event in FH-deficient renal cell
carcinoma than previously described and may mimic mesothelial
proliferations (both hyperplasic and neoplastic processes), so a
proper IHC analysis is mandatory for this differential diagnosis; (3)
we added another case of “pure” low-grade SDH-looking FH-
deficient renal cell carcinoma; and (4) PD-L1, conversely to EGFR
mutations, could be a possible predictive biomarker for the ther-
apy of these tumors.
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