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Introduction

Hereditary leiomyomatosis and renal cell cancer syn-
drome (HLRCC) is an autosomal dominant condition,
characterized by the development of cutaneous leiomy-
omas, multiple uterine leiomyomas, and an aggressive
form of type 2 papillary renal cell carcinoma (RCC) (1-3).
HLRCC is caused by germline mutation of the fuma-
rate hydratase (FH) gene, and about 15% of individuals
with FH mutations develop HLRCC-associated RCC (4).
This type of RCC is aggressive with a median overall sur-
vival of 15.8 months for stage III or stage IV disease (3).
Because of its rarity, no standard treatment has been
established for advanced or metastatic disease. We report
a case of advanced HLRCC-associated RCC, in which
clinical features mimicked advanced renal pelvic cancer,
and long-term survival was achieved with cytoreductive
nephrectomy (CN), followed by a sequence of axitinib and
nivolumab. Although there is no prior clinical evidence, the
molecular and biological characteristics of the disease sup-
port therapeutic roles for these treatments in the manage-
ment of metastatic HLRCC-associated RCC.

Case Report

A 65-year-old Japanese male diagnosed with left renal pel-
vic cancer was referred to us. He had visited another hospital
due to gross hematuria. Incidentally, his daughter had under-
gone nephrectomy for kidney cancer at the age of 36 years.
Physical examinations, including the skin, revealed no abnor-
mal findings. Laboratory findings showed hematuria, ele-
vated serum creatinine (1.47 mg/dL), and C-reactive protein
(12.1 mg/L). Urine cytology showed atypical urothelial cells.
Computed tomography (CT) scans identified a moderately
enhanced mass occupying the left renal pelvis, in addition to
hydronephrosis, multiple para-aortic lymphadenopathy, and
left adrenal swelling (Figure 1).

Differential diagnosis included urothelial carcinoma of
the renal pelvis, collecting duct carcinoma, and other rare
types of RCC, which were less likely. Considering that locally
advanced disease of either urothelial carcinoma of the renal
pelvis or collecting duct carcinoma was probable, the patient
was started on systemic chemotherapy with gemcitabine and
cisplatin. However, his disease progressed slowly after six
courses (7 months) of chemotherapy.
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A case of metastatic HLRCC

Figure 1: Computed tomography at the first visit. A moderately enhanced mass occupies the left renal pelvis, accompanying
hydronephrosis and multiple para-aortic lymphadenopathy (arrows).

A)

Figure 2: Pathological findings of nephrectomy specimen. Macroscopic findings (A), microscopic findings (B), hematoxylin and
eosin stain, X200), and immunohistochemistry of fumarate hydratase (C, X200).

Owing to the poor response of the tumor to chemotherapy
with gemcitabine and cisplatin, we considered the probability
of rare types of RCC and proposed nephrectomy for patho-
logical diagnosis along with mass reduction. The patient
underwent CN with sampling of renal hilar lymphadenop-
athy with an uneventful postoperative course. Grossly, the
tumor comprised multiple nodules spreading over the renal
parenchyma and a solid pelvic mass (Figure 2A). Microscop-
ically, the tumor consisted of carcinoma cells with abundant
eosinophilic cytoplasm and large nuclei arranged in a pap-
illary architecture, which was consistent with type 2 pap-
illary RCC (Figure 2B). We suspected HLRCC-associated
RCC because of the patient’s family history. Immunohisto-
chemistry revealed no expression of FH in carcinoma cells
(Figure 2C). Germline genetic testing revealed heterozygous
FH deletion in exon 2 (c.247_267del), confirming the diagno-
sis of HLRCC-associated RCC. Finally, a pathological diag-
nosis of HLRCC-associated RCC, pT3apN2 (stage 1V), was
made. The same FH mutation was also found in his daugh-
ter with a previous history of kidney cancer and his brother
among five relatives examined (Figure 3).
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Figure 3: Family pedigree. Ages shown are those at which
subjects took genetic testing. An arrow indicates the present
case. AMI, acute myocardial infarction; mut, germline muta-
tion of the fumarate hydratase gene; WT, wild type.
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To assess the metabolic activity of HLRCC-associated
RCC, fluorodeoxyglucose—positron emission tomography
(FDG-PET) was performed. It showed strong accumu-
lation in para-aortic lymph nodes, the left adrenal gland,
and focally in the 12th thoracic to the third lumbar verte-
brae. Metabolic tumor volume (MTV) and total lesion gly-
colysis (TLG) were 215.3 cm?® and 1042.5 g, respectively
(Figure 4A). Axitinib was initiated following radiotherapy
at 30 Gy in 10 fractions in combination with zoledronic
acid to bone metastases, which achieved a partial response
(Figure 4C, 4D). Nivolumab was started 7 months after
starting axitinib. The patient had been in sustained partial
response on nivolumab, with significant reductions in MTV
and TLG of 15.8 cm?® and 112.5 g, respectively, at 8 months
after the start of nivolumab (Figure 4B, 4E). However, bilat-
eral adrenal metastases progressed 18 months after the start
of the systemic sequential therapy. He re-started axitinib
(progressive disease 10 months later), followed by everolimus
(stable disease but discontinued due to hepatic and renal tox-
icities 2 months later) and re-challenge of nivolumab. He is
alive with disease on nivolumab beyond slowly progressive
disease 48 months after CN (58 months after the diagnosis
of advanced kidney cancer).

Figure 4: FDG-PET before axitinib (A) and 8 months
after nivolumab following 7-months of axitinib (B). Met-
abolic tumor volume (MTV) was defined as the tumor
volume greater than 40% of standardized uptake value
(SUV) max. Total lesion glycolysis (TLG) was calculated
as MTVXSUVmean. MTV and TLG were calculated by
using LIFEx package (www.lifexsoft.org). MTV/TLG are
215.3 cm?/1042.5 g (A) and 15.8 cm*112.5 g (B). CT before
axitinib (C), 6 months after axitinib (D), and 7 months after
nivolumab (E).

Discussion

It is challenging to differentiate infiltrative nonclear cell renal
cell carcinoma (nccRCC) accompanied by hydronephrosis
from invasive renal pelvic cancer and collecting duct carci-
noma. In the present case, systemic chemotherapy was initially
given based on the clinical diagnosis of advanced urothelial
carcinoma or collecting duct carcinoma, which eventually
delayed treatment for advanced HLRCC-associated RCC.
Biopsy should be considered with a possible diagnosis of
hereditary RCC in mind in the case of a positive family his-
tory of juvenile kidney cancer, although other clinical features
indicate renal pelvic cancer or collecting duct carcinoma.

Genetic testing and counseling should be offered to at-risk
family members. Given the aggressive nature of HLRCC-
related RCC, individuals harboring a pathogenic FH muta-
tion should be placed on surveillance, including annual
renal magnetic resonance imaging (3). Our patient’s healthy
brother with a germline FH mutation is also on surveillance.

Upfront, CN is currently not recommended for all of
metastatic RCC patients treated with tyrosine kinase inhib-
itors (TKIs), based on the results of two randomized trials
for metastatic clear cell RCC (ccRCC) (5, 6). As for meta-
static papillary RCC, in which TKIs were less effective than
in ccRCC, a prognostic benefit of CN was reported in spite
of a retrospective study using the International Metastatic
RCC Database Consortium (IMDC) database (7). No data
are available on the prognostic role of CN for metastatic
HLRCC-associated RCC.

Biologically, HLRCC-associated RCC is characterized by
the accumulation of fumarate, which induces subsequent
stabilization of hypoxia-inducible factors (HIFs) (8) and
nuclear factor E2-related factor 2 (NRF2) accumulation (9),
leading to a Warburg-like metabolic shift to glycolysis-
dependent metabolism (2, 10). In fact, HLRCC-associated
RCC shows remarkably high glucose uptake on FDG-
PET (11), as observed in the present case. Of note, pretreatment
MTYV and TLG have been reported as prognostic biomark-
ers in metastatic RCC patients treated with TKIs; increased
MTYV and TLG are reportedly associated with worse prog-
nosis (12). In our case, CN was conducted mainly for diag-
nostic purpose. Given that TKIs are potentially effective for
metastatic HLRCC-associated RCC, as discussed later, CN
or other debulking surgery may have a prognostic role by
reducing MTV and TLG prior to TKI therapy.

No standard of care has been established for metastatic
HLRCC-associated RCC. With the concept of inhibiting
HIF-dependent angiogenesis and glucose uptake by dual
blockade of vascular endothelial growth factor receptor/
epidermal growth factor receptor, bevacizumab and erlotinib
are being tested in a phase II clinical trial (NCT01130519). In
the first 20 patients with HLRCC-associated RCC, an over-
all response rate of 65% was reported (13). A randomized
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phase II study comparing a ¢-MET inhibitor cabozantinib
with sunitinib for metastatic papillary RCC is also ongoing
(NCT02761057). Axitinib was administered in two cases of
HLRCC-associated RCC as an alternative systemic therapy
and was found to be effective in one case (14, 15); a patient
with regional lymph node metastasis receiving axitinib in a
neoadjuvant setting showed major pathological response
and remained disease-free for over 33 months after radical
nephrectomy and regional lymph node dissection (14). In the
present case, axitinib following CN was also effective; treat-
ment for a period of 7 months profoundly reduced the tumor
volume.

Although immune checkpoint inhibitors (ICIs) are cur-
rently the standard of care for metastatic RCC, there is
limited evidence on their efficacy for nccRCC. The overall
response rate of ICIs for nccRCC was about 20% (16, 17).
In three young cases of papillary RCC, nivolumab achieved
a durable response (18-20). However, no data are available
on the activity of ICIs for HLRCC-associated RCC. In
general, higher tumor mutation burden (TMB) and a resul-
tant increase in tumor neoantigens are associated with bet-
ter outcomes with ICIs (21). In spite of the moderate TMB
measured by whole exon sequencing, frequent frameshift
insertions and deletions produce more neoantigens than
expected according to the TMB in RCC, irrespective of the
histological type (22). In HLRCC-associated RCC, accu-
mulating fumarate impairs homologous recombination
DNA repair (23), increasing insertions and deletions, and
consequently increasing the number of neoantigens (22). In
addition, the majority of HLRCC-associated RCC cases are
categorized as CpG island methylation phenotype (CIMP)
based on molecular profiling (24), which is characterized by
increased immune cell infiltrate gene expression signature
similar to ccRCC, thereby eliciting a favorable response to
ICIs (24). These molecular characteristics suggest the effi-
cacy of ICIs for HLRCC-associated RCC.

In our case, nivolumab sustained stable disease for 11
months after the tumor volume had been significantly
reduced by axitinib. Lower MTV on FDG-PET was reported
to be associated with more favorable outcomes of ICIs in
advanced melanoma (25) and NSCLC (26). It remains to be
elucidated whether that is the case or not in metastatic RCC.

In the present case, long-term survival (48 months from
CN and 58 months from the diagnosis of advanced kidney
cancer) was achieved through multidisciplinary sequen-
tial treatment consisting of CN, radiation, axitinib, and
nivolumab. Given that all nine patients with stage III or stage
IV HLRCC-associated RCC in a previous report died within
3 years (3) and the median survival was about 1 year for
CIMP-RCC patients (24), the multidisciplinary sequential
treatment seems to have prolonged survival in our case. Fur-
ther investigations are needed to evaluate the efficacy of such
a therapeutic strategy for this rare and aggressive disease.

A case of metastatic HLRCC

Conclusion

We experienced a case of metastatic HLRCC-associated
RCC, in which clinical features mimicked advanced renal
pelvic cancer. Biopsy should be considered with a possible
diagnosis of hereditary RCC in mind, particularly in the
case of a positive family history of juvenile kidney cancer. In
this case, long-term survival was achieved with multimodal
sequential treatment consisting of CN, radiation to bone
metastases, axitinib, and nivolumab. In spite of no prior clin-
ical evidence, the molecular and biological characteristics of
the disease support therapeutic roles for these treatments in
the management of metastatic HLRCC-associated RCC.

References

1. Tomlinson IPM, Alam NA, Rowan AJ, Barclay E, Jaecger EEM,
Kelsell D, et al. Germline mutations in FH predispose to domi-
nantly inherited uterine fibroids, skin leiomyomata and papillary
renal cell cancer. Nat Genet. 2002;30(4):406-10. http://dx.doi.
org/10.1038/ng849

2. Linehan WM, Spellman PT, Ricketts CJ, Creighton CJ, Fei SS,
Davis C, et al. Comprehensive molecular characterization of
papillary renal-cell carcinoma. N Engl J Med. 2016;374(2):135-
45. http://dx.doi.org/10.1056/NEJMoal505917

3. Forde C, Lim DHK, Alwan Y, Burghel G, Butland L, Cleaver R,
et al. Hereditary leiomyomatosis and renal cell cancer: Clinical,
molecular, and screening features in a cohort of 185 affected
individuals. Eur Urol Oncol. 2019. http://dx.doi.org/10.1016/}.
eu0.2019.11.002

4. Menko FH, Maher ER, Schmidt LS, Middelton LA,
Aittomaki K, Tomlinson I, et al. Hereditary leiomyomatosis
and renal cell cancer (HLRCC): Renal cancer risk, surveillance
and treatment. Fam Cancer. 2014;13(4):637—44. http://dx.doi.
org/10.1007/s10689-014-9735-2

5. Méjean A, Ravaud A, Thezenas S, Colas S, Beauval JB,
Bensalah K, et al. Sunitinib alone or after nephrectomy in met-
astatic renal-cell carcinoma. N Engl J Med. 2018;379(5):417-27.
http://dx.doi.org/10.1056/NEJMoa1803675

6. Bex A, Mulders P, Jewett M, Wagstaff J, van Thienen JV,
Blank CU, et al. Comparison of immediate vs deferred cytore-
ductive nephrectomy in patients with synchronous metastatic
renal cell carcinoma receiving sunitinib: The SURTIME ran-
domized clinical trial. JAMA Oncol. 2019;5(2):164-70. http://
dx.doi.org/10.1001/jamaoncol.2018.5543

7. Graham J, Wells JC, Donskov F, Lee JL, Fraccon A, Pasini F,
et al. Cytoreductive nephrectomy in metastatic papillary renal
cell carcinoma: Results from the international metastatic
renal cell carcinoma database consortium. Eur Urol Oncol.
2019;2(6):643-8. http://dx.doi.org/10.1016/j.eu0.2019.03.007

8. Isaacs JS, Jung YJ, Mole DR, Lee S, Torres-Cabala C,
Chung YL, et al. HIF overexpression correlates with biallelic
loss of fumarate hydratase in renal cancer: Novel role of fuma-
rate in regulation of HIF stability. Cancer Cell. 2005;8(2):143—
53. http://dx.doi.org/10.1016/j.ccr.2005.06.017

9. Ooi A, Wong JC, Petillo D, Roossien D, Perrier-Trudova V,
Whitten D, et al. An antioxidant response phenotype shared
between hereditary and sporadic type 2 papillary renal cell

Journal of Kidney Cancer and VHL 2020; 7(2): 6-10 9


http://dx.doi.org/10.1038/ng849�
http://dx.doi.org/10.1038/ng849�
http://dx.doi.org/10.1056/NEJMoa1505917�
http://dx.doi.org/10.1016/j.euo.2019.11.002�
http://dx.doi.org/10.1016/j.euo.2019.11.002�
http://dx.doi.org/10.1007/s10689-014-9735-2�
http://dx.doi.org/10.1007/s10689-014-9735-2�
http://dx.doi.org/10.1056/NEJMoa1803675�
http://dx.doi.org/10.1001/jamaoncol.2018.5543�
http://dx.doi.org/10.1001/jamaoncol.2018.5543�
http://dx.doi.org/10.1016/j.euo.2019.03.007�
http://dx.doi.org/10.1016/j.ccr.2005.06.017�

Yonese I et al.

10.

12.

carcinoma. Cancer Cell.
org/10.1016/j.ccr.2011.08.024
Linehan WM, Rouault TA. Molecular pathways: Fumarate
hydratase-deficient kidney cancer-targeting the Warburg effect
in cancer. Clin Cancer Res. 2013;19(13):3345-52. http://dx.doi.
org/10.1158/1078-0432.CCR-13-0304

2011;20(4):511-23.  http://dx.doi.

. Guo X, Chen H, Fu H, Wu H. Hereditary leiomyoma-

tosis and renal cell carcinoma syndrome combined with

adrenocortical carcinoma on 18F-FDG PET/CT. Clin
Nucl Med. 2017;42(9):692-4.  http://dx.doi.org/10.1097/
RLU.0000000000001760

Hwang SH, Cho A, Yun M, Choi YD, Rha SY, Kang WI.
Prognostic value of pretreatment metabolic tumor vol-
ume and total lesion glycolysis using 18F-FDG PET/CT in
patients with metastatic renal cell carcinoma treated with
anti-vascular endothelial growth factor-targeted agents. Clin
Nucl Med. 2017;42(5):e235-e41. http://dx.doi.org/10.1097/
RLU.0000000000001612

. Giles RH, Choueiri TK, Heng DY, Albiges L, Hsieh JJ,

Linehan WM, et al. Recommendations for the management of
rare kidney cancers. Eur Urol. 2017;72(6):974-83. http://dx.doi.
org/10.1016/j.eururo.2017.06.040

. Kamai T, Abe H, Arai K, Murakami S, Sakamoto S, Kaji Y,

et al. Radical nephrectomy and regional lymph node dissection
for locally advanced type 2 papillary renal cell carcinoma in an
at-risk individual from a family with hereditary leiomyomatosis
and renal cell cancer: A case report. BMC Cancer. 2016;16:232.
http://dx.doi.org/10.1186/s12885-016-2272-7

. Park I, Shim YS, Go H, Hong BS, Lee JL. Long-term response

of metastatic hereditary leiomyomatosis and renal cell car-
cinoma syndrome associated renal cell carcinoma to bevaci-
zumab plus erlotinib after temsirolimus and axitinib treatment
failures. BMC Urol. 2019;19(1):51. http://dx.doi.org/10.1186/
$12894-019-0484-2

. Chahoud J, Msaouel P, Campbell MT, Bathala T, Xiao L,

Gao J, et al. Nivolumab for the treatment of patients with met-
astatic non-clear cell renal cell carcinoma (nccRCC): A single-
institutional experience and literature meta-analysis. Oncologist.
2020;25(3):252. http://dx.doi.org/10.1634/theoncologist.2019-0372

. Koshkin VS, Barata PC, Zhang T, George DJ, Atkins MB,

Kelly WJ, et al. Clinical activity of nivolumab in patients with
non-clear cell renal cell carcinoma. J Immunother Cancer.
2018;6(1):9. http://dx.doi.org/10.1186/s40425-018-0319-9

18.

19.

20.

21.

22.

23.

24.

25.

26.

Adrianzen Herrera DA, Fleisig SB, Gartrell BA. Impressive and
durable response to nivolumab in a patient with metastatic type
2 papillary renal cell carcinoma: On-label but without evidence.
Invest New Drugs. 2017;35(5):665-8. http://dx.doi.org/10.1007/
$10637-017-0469-5

Geynisman DM. Anti-programmed cell death protein 1 (PD-1)
antibody nivolumab leads to a dramatic and rapid response
in papillary renal cell carcinoma with sarcomatoid and rhab-
doid features. Eur Urol. 2015;68(5):912-14. http://dx.doi.
org/10.1016/j.eururo.2015.07.008

Ruiz-Baniobre J, Anido U, Abdulkader I, Antinez-Lopez J,
Lopez-Lopez R, Garcia-Gonzalez J. Long-term response to
nivolumab and acute renal failure in a patient with metastatic
papillary renal cell carcinoma and a PD-L1 tumor expression
increased with sunitinib therapy: A case report. Front Oncol.
2016;6:250. http://dx.doi.org/10.3389/fonc.2016.00250

Samstein RM, Lee CH, Shoushtari AN, Hellmann MD,
Shen R, Janjigian Y'Y, et al. Tumor mutational load predicts
survival after immunotherapy across multiple cancer types.
Nat  Genet. 2019;51(2):202—6.  http://dx.doi.org/10.1038/
s41588-018-0312-8

Turajlic S, Litchfield K, Xu H, Rosenthal R, McGranahan N,
Reading JL, et al. Insertion-and-deletion-derived tumour-
specific neoantigens and the immunogenic phenotype: A pan-
cancer analysis. Lancet Oncol. 2017;18(8):1009-21. http://
dx.doi.org/10.1016/S1470-2045(17)30516-8

Sulkowski PL, Sundaram RK, Oeck S, Corso CD, Liu Y,
Noorbakhsh S, et al. Krebs-cycle-deficient hereditary cancer
syndromes are defined by defects in homologous-recombination
DNA repair. Nat Genet. 2018;50(8):1086-92. http://dx.doi.
org/10.1038/s41588-018-0170-4

Ricketts CJ, De Cubas AA, Fan H, Smith CC, Lang M,
Reznik E, et al. The Cancer genome atlas comprehensive
molecular characterization of renal cell carcinoma. Cell Rep.
2018;23(1):313-26.e5.

Ito K, Schoder H, Teng R, Humm JL, Ni A, Wolchok JD, et al.
Prognostic value of baseline metabolic tumor volume measured
on. Eur J Nucl Med Mol Imaging. 2019;46(4):930-9. http:/dx.
doi.org/10.1007/s00259-018-4211-0

Guisier F, Cousse S, Jeanvoine M, Thiberville L, Salaun M. A
rationale for surgical debulking to improve anti-PD1 therapy
outcome in non small cell lung cancer. Sci Rep. 2019;9(1):16902.

Journal of Kidney Cancer and VHL 2020; 7(2): 6-10 10


http://dx.doi.org/10.1007/s10637-017-0469-5�
http://dx.doi.org/10.1007/s10637-017-0469-5�
http://dx.doi.org/10.1016/j.eururo.2015.07.008�
http://dx.doi.org/10.1016/j.eururo.2015.07.008�
http://dx.doi.org/10.3389/fonc.2016.00250�
http://dx.doi.org/10.1038/s41588-018-0312-8�
http://dx.doi.org/10.1038/s41588-018-0312-8�
http://dx.doi.org/10.1016/S1470-2045(17)30516-8�
http://dx.doi.org/10.1016/S1470-2045(17)30516-8�
http://dx.doi.org/10.1038/s41588-018-0170-4�
http://dx.doi.org/10.1038/s41588-018-0170-4�
http://dx.doi.org/10.1007/s00259-018-4211-0�
http://dx.doi.org/10.1007/s00259-018-4211-0�
http://dx.doi.org/10.1016/j.ccr.2011.08.024�
http://dx.doi.org/10.1016/j.ccr.2011.08.024�
http://dx.doi.org/10.1158/1078-0432.CCR-13-0304�
http://dx.doi.org/10.1158/1078-0432.CCR-13-0304�
http://dx.doi.org/10.1097/RLU.0000000000001760�
http://dx.doi.org/10.1097/RLU.0000000000001760�
http://dx.doi.org/10.1097/RLU.0000000000001612�
http://dx.doi.org/10.1097/RLU.0000000000001612�
http://dx.doi.org/10.1016/j.eururo.2017.06.040�
http://dx.doi.org/10.1016/j.eururo.2017.06.040�
http://dx.doi.org/10.1186/s12885-016-2272-7�
http://dx.doi.org/10.1186/s12894-019-0484-2�
http://dx.doi.org/10.1186/s12894-019-0484-2�
http://dx.doi.org/10.1634/theoncologist.2019-0372�
http://dx.doi.org/10.1186/s40425-018-0319-9�

