
HAL Id: hal-04242389
https://hal.u-pec.fr/hal-04242389

Submitted on 22 Jul 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License

Response to systemic therapy in fumarate
hydratase–deficient renal cell carcinoma

Lucia Carril-Ajuria, Emeline Colomba, Luigi Cerbone, Carmen
Romero-Ferreiro, Laurence Crouzet, Brigitte Laguerre, Constance Thibault,

Cécile Vicier, Guillermo de Velasco, Aude Fléchon, et al.

To cite this version:
Lucia Carril-Ajuria, Emeline Colomba, Luigi Cerbone, Carmen Romero-Ferreiro, Laurence Crouzet,
et al.. Response to systemic therapy in fumarate hydratase–deficient renal cell carcinoma. European
Journal of Cancer, 2021, 151, pp.106-114. �10.1016/j.ejca.2021.04.009�. �hal-04242389�

https://hal.u-pec.fr/hal-04242389
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr


pág. 1 

Response to systemic therapy in Fumarate hydratase deficient Renal 

cell carcinoma  

 

Authors: Lucia Carril-Ajuria1,2, Emeline Colomba1, Luigi Cerbone1, Carmen Romero-

Ferreiro3, Laurence Crouzet4, Brigitte Laguerre4, Constance Thibault5, Cécile Vicier6, 

Guillermo de Velasco2, Aude Fléchon7, Carolina Saldana8, Patrick R. Benusiglio9, 

Brigitte Bressac-de Paillerets10, Marine Guillaud-Bataille9,10, Pauline Gaignard11, Jean-

Yves Scoazec12, Stéphane Richard13,14, Olivier Caron15, Bernard Escudier1,13 and 

Laurence Albiges1,13*. 

 

Affiliations:  

1. Department of Medical Oncology, Gustave Roussy, Villejuif, France. 

2. Department of Medical Oncology, University Hospital 12 de Octubre, Madrid, Spain.  

3. CIBERESP, Instituto i+12, University Hospital 12 de Octubre, Madrid, Spain. 

4. Department of Medical Oncology, Centre Eugene Marquis, Rennes, France.  

5. Department of Medical Oncology, Hôpital Européen Georges-Pompidou, Paris, 

France. 

6. Department of Medical Oncology, Institute Paoli-Calmettes, Marseille, France. 

7. Department of Medical Oncology, Centre Léon-Bérard, Lyon, France. 

8. Department of Medical Oncology, Hôpital Henri Mondor Créteil AP-HP, France. 

9. UF d’Oncogénétique, Département de Génétique et Institut Universitaire de 

Cancérologie, GH Pitié-Salpêtrière, AP-HP. Sorbonne Université, F-75013 Paris. 

10. Service de Génétique, Molecular Genetic Department, GRCC, 94805 Villejuif, 

France. 

11. Biochemistry Department, Hôpital Bicêtre, APHP Université Paris-Saclay, Le 

Kremlin Bicêtre F-94275, France. 

12. Department of Pathology, University Paris-Saclay, Gustave Roussy Cancer Center, 

Villejuif, France. 

13. Réseau National de Référence pour Cancers Rares de l’Adulte PREDIR labellisé par 

l’INCa, Hôpital Bicêtre, AP-HP, Le Kremlin-Bicêtre, France. 

14. Génétique Oncologique EPHE, PSL Research University, Paris, and UMR9019 

CNRS Genome Integrity and Cancers, Institute Gustave Roussy, Villejuif, France. 

© 2021 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/

Version of Record: https://www.sciencedirect.com/science/article/pii/S0959804921002409
Manuscript_1523fac5f03952dd131caa59f55fbe20

https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S0959804921002409
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0959804921002409


pág. 2 
 

15. Laboratory Integrative Tumor Immunology and Genetic Oncology, Institute 

Gustave Roussy, Villejuif, France. 

 

*Corresponding author:  

Laurence ALBIGES, Gustave Roussy, Université Paris-Saclay, Département de 

médecine Oncologique, Villejuif, F-94805, France. Fax : 01 42 11 53 05. E-mail 

address: laurence.albiges@gustaveroussy.fr (L. Albiges).  

 

 
Keywords: Hereditary leiomyomatosis; non-clear cell RCC; FH-deficient RCC; 
antiangiogenics; immunotherapy. 
 

 

The authors declare no potential conflicts of interest. 
 

Abstract: 249  

Manuscript: 2835  

Tables: 4 

Figures: 1 

Supplementary: 

- 4 tables 

- 1 figure 

References: 33 

 

 

 

 

 

 

 

 

 

 

 

 



pág. 3 
 

 

 
 

Abstract  

Purpose 

Fumarate hydratase deficient (FHdef) renal cell carcinoma (RCC) is a rare entity associated 

with the hereditary leiomyomatosis and RCC syndrome with no standard therapy approved. The 

aim of this retrospective study is to evaluate the efficacy of different systemic treatments in this 

population. 

Methods 

We performed a multicenter retrospective analysis of Fhdef RCC patients to determine the 

response to systemic treatments. The endpoints were objective response rate (ORR), time-to-

treatment failure (TTF) and overall survival (OS). The two latter were estimated using the 

Kaplan-Meier method.   

Results 

Twenty-four Fhdef RCC patients were identified and 21 under systemic therapy were included 

in the analysis: 10 received cabozantinib, 14 sunitinib, 9 “other antiangiogenics” (sorafenib, 

pazopanib, axitinib), 3 erlotinib-bevacizumab, 3 mTOR inhibitors and 11 immune checkpoint 

blockers (ICB). ORR for treatments were respectively: 50% for cabozantinib, 43% for sunitinib, 

63% for “other antiangiogenics”, 30% for E-B, whereas ORR was 0% for mTOR inhibitors and 

18% for ICB. Median TTF was significantly higher with antiangiogenics (11.6 months) than 

with mTOR-inhibitors (4.4 months) or ICB (2.7 months). In first line setting antiangiogenics 

presented a higher ORR compared to nivolumab-ipilimumab (64% vs 25%) and a significantly 

superior mTTF (11.0 months vs 2.5 months; p=0.0027).   Median OS from start of first systemic 

treatment was 44.0 months (95%CI: 13.0-95.0).   

Conclusions 

We report the first European retrospective study of Fhdef RCC patients treated with systemic 

therapy with a remarkably long median OS of 44.0 months. Our results suggest that 

antiangiogenics may be superior to ICB/mTOR inhibitors in this population.  
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Introduction   

Fumarate hydratase-deficient renal cell carcinoma (Fhdef RCC) is a rare subtype 

of RCC associated with the hereditary leiomyomatosis and renal cell cancer (HLRCC) 

syndrome. This syndrome is a rare autosomal dominant disease related to FH gene 

germline loss of function mutations that confers an increased risk of developing uterine 

and cutaneous leiomyomas, and RCC [1,2]. The lifetime-risk of developing RCC for 

HLRCC patients is around 19-32%, however due to its rarity the worldwide incidence is 

unknown [1,3]. This type of RCC is typically diagnosed at a young age (≈40 years) 

[3,4]. As the FH gene is a tumor suppressor, loss of function occurs in two-hits, leading 

to loss of FH protein expression and increase of 2-succinocysteine [2SC] in tumors. 

Fhdef tumors can therefore be identified by immunohistochemistry (IHC) with FH and 

2SC stainig (FH negative, 2SC positive) [5]. Some tumors display loss of FH expression 

in the abscence of an identified germline mutation. These cases constitute a different 

entity that can be due to either an unidentified cryptic germline mutation or two somatic 

events [2,6]. FHdef RCC includes both the hereditary and sporadic forms. 

From a morphological perspective, FHdef RCC used to be described as a type-2 

papillary RCC (pRCC), however it can present as  different histological subtypes [5]. 

The FH gene is located at 1q42.3-q43 and encodes a Kreb’s cycle enzyme catalyzing 

the formation of L-malate from fumarate [7,8]. FHdef tumors are associated with 

increased intracellular fumarate leading to  accumulation of the hypoxia inducible factor 

(HIFα) which upregulates the expression of angiogenic genes [1]. In addition, increased 

fumarate levels induce a metabolic shift to aerobic glycolysis [1]. In contrast to other 

inherited RCC susceptibility syndromes, HLRCC-associated kidney tumors are usually 

solitary, unilateral and have an aggressive behavior, with around 80% being metastatic 

at diagnosis[3].  

The treatment landscape of metastatic RCC has improved greatly during the last 20 

years with a median overall survival (mOS) exceeding 30 months with immune 

checkpoint blockade (ICB) combinations and antiangiogenics (AA)-ICB combinations 

[9,10]. However, pivotal trials have only enroled ccRCC patients. Moreover, 

prospective trials in nccRCC used to mix these patients as a single entity, whereas 

biological and clinical data have demonstrated that each subtype is a singular disease. 

Few trials have focussed on pRCC patients. Drugs as everolimus, sunitinib, axitinib, 



pág. 5 
 

foretinib, crizotinib and savolitinib have been investigated, with response rates (RR) 

below 15%, except for axitinib (RR 35.7% in the type-2 pRCC cohort of the AXIPAP 

trial) [11–18]. Recently, the phase II PAPMET trial demonstrated the superiority of 

cabozantinib versus sunitinib in terms of both objective response rate (ORR) (23% vs 

4%) and median progression free survival (mPFS) (9.0 vs 5.6 months) in pRCC patients 

[19].   

FHdef RCC is a particular nccRCC with no standard therapy approved. To date there is 

only one trial with reported results in this rare population, the AVATAR trial. This 

phase II trial showed promising results of the erlotinib-bevacizumab (E-B) combination, 

especially in the HLRCC-associated RCC group. The HLRCC-associated RCC group 

presented  a 72% ORR and a 21.1 months mPFS compared to a 35% ORR and a 8.8 

months mPFS in the sporadic pRCC cohort [4].  

 

Given the lack of evidence on the efficacy of systemic therapies in this population, we 

conducted a multicenter retrospective study in advanced FH-deficient RCC under 

systemic therapy to help treatment decision-making.  

 

Methods  

Study design and population 

 

In February 2020, we performed a collaborative multicenter retrospective review of 

all metastatic FHdef RCC patients treated within the French Genito Urinary Group 

(Groupe d’Etude des Tumeurs Urogenitales (GETUG)) and the University Hospital 12 

de Octubre. FHdef RCC patients were defined as patients with  high grade or  type-2 

pRCC tumors and immunohistochemical confirmation of FH deficiency (defined as FH 

negative and/or 2SC positive) or FH germline mutation [5]. When available, FH 

enzymatic activity was measured by  spectrophotometric-analysis in blood lymphocytes 

[20]. Central pathological review was performed by CARARE (Cancer Rares du Rein) 

for France and at University Hospital 12 de Octubre for Spain.  Eligibility criteria 

included adult patients with measurable disease by the Response Evaluation Criteria of 

Solid Tumors (RECIST) receiving systemic treatment for advanced Fhdef RCC. 

Standardized chart review collected date of diagnosis, age at diagnosis, gender, date of 

nephrectomy, date of first metastasis, type of metastatic site at initiation of systemic 
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treatment, and prognostic factors according to the International Metastatic RCC 

Database Consortium (IMDC) risk model. All patients had regular CT-scanner 

evaluation based on local practice. The response by RECIST was determined locally. 

 

Statistical analyses 

 The patient’s characteristics (sex, age at diagnosis, Karnofsky Performance 

Scale (KPS), site of metastases, IMDC risk group, prior nephrectomy, grade, number of 

lines and type of systemic therapy were described (median and interquartile range [IQR] 

for continuous variables and absolute and relative frequencies for categorical variables) 

for the global population and for the different treatment groups. Median follow-up from 

the date of first-line therapy was estimated using the reverse Kaplan-Meier (KM) 

method. Patients’ characteristics and the different types and lines of systemic treatment 

were reported.  Different systemic treatments were classified into six groups: ICB, 

including nivolumab-ipilimumab or nivolumab or other anti-PD1/PD-L1 study drugs, 

cabozantinib, sunitinib, E-B, mTOR inhibitors and “other AA”. Patients treated with 

pazopanib, axitinib or sorafenib were included in the group “other AA”. The endpoints 

were ORR, time to treatment failure (TTF) and OS. Best response was determined by 

local assessment every 8-12 weeks according to RECIST 1.1 criteria as partial response 

(PR), complete response (CR), stable disease (SD) and progressive disease (PD). 

Objective response rate was defined as CR+PR and disease control rate (DCR) as 

CR+PR+SD. DCR and ORR were compared between the different treatment groups 

using the Fisher’s exact test. The TTF was defined as the time from the start of therapy 

to the discontinuation of treatment for any reason, including disease progression, 

toxicity and death. Patients with no treatment failure were censored at the date of last 

follow-up. These two time-to-events were estimated by using KM method and the 

median with its 95% confidence interval (CI) was reported. We compared TTF and OS 

at first line according to the IMDC prognostic groups (log-rank test) and according to 

type of systemic treatment (stratified log-rank test). For the latter, no interpretation can 

be performed based on the KM estimation considering the observational design. The 

cut-off date for the analysis was May 25, 2020. The statistical analyses were performed 

with SAS software 9.4 (SAS Institute). 
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Results  

Patient’s and tumors characteristics 

 

We identified 24 Fhdef RCC patients from 7 centers in two countries (France and 

Spain). Twenty-one patients had received systemic treatment for metastatic disease and 

were included in the analysis. Patients had been diagnosed from January 2005 to 

January 2019. Patient and tumor characteristics are described in Table 1. A list of the 

germline mutations identified, the FH enzymatic activity measured in patient’s bloods 

and the FH/2SC staining can be find in the suplemmentary Table 2. The systemic 

treatments are reported in Table 2. Half of patients (47.6%) were metastatic at 

diagnosis. All patients except one, received at least one line of AA treatment (95.2%, 

n=20). Three (14.3%) patients received mTOR-inhibitors and 3 (14.3%) patients 

received erlotinib-bevacizumab, and 11 (52.4%) patients received ICB. Regarding ICB 

therapy, four (19%) patients received upfront nivolumab-ipilimumab (nivo-ipi), while 

the rest of ICB treatments, including nivolumab (n=4) or anti-PD1/PD-L1 study drugs 

(n=3) were given in second or posterior therapy lines. Median age at diagnosis was 37.7 

(IQR: 20.0-61.0) years with similar frequencies of men and women, in 47.6% and 

52.4% respectively. Most patients had nephrectomy (71.4%). Median time from 

diagnosis to metastasis was 7.0 months (95% CI:0.0-18.0) and median time from 

metastasis to first-line treatment was 2.0 months (95% CI:1.0-3.0). In this cohort, 

abdominal lymph nodes and lung nodes were the most common site of metastases 

(Table 1). The IMDC risk groups were favorable, intermediate and poor; in 33.3% 

(n=6), 50.0% (n=9) and 16.7% (n=3) of patients respectively. Nine patients (42.8%) 

received ≥3 lines of systemic treatment.  

 

 

 

 

 

 

 

 

 



pág. 8 
 

 
 
Table 1. Baseline patients’ characteristics 

Characteristics 
All patients (n=21) 

N (%) 

Age at diagnosis  
(years) median IQR 

 
37.7 (20.0-61.0) 

Sex  

Male 10 (47.6) 
Female 11 (52.4) 
Country  

France 20 (95.2) 
Spain 1 (4.8) 
Cutaneous leiomyomas  

Yes 4 (19.0) 
No 17 (80.9) 
Uterine leiomyomas    

Yes 7 (33.3) 
No 14 (66.7) 

 
FH mut 

Molecular diagnosis 16 (76.2) 
Immunohistochemistry 2 (9.5) 
Both 3 (14.3) 

Germline mutation 
Yes 
No 
Not analysed 
 
Metastatic at diagnosis 
Yes 

 
19 (90.5) 
1 (4.8) 
1 (4.8) 
 
 
10 (47.6) 

No 11 (52.4) 
KPS at start of 1st line 

≥ 80% 16 (76.2) 

<80%  5 (23.8) 
Location of metastases 

Lung 8 (38.1) 
Bone 7 (33.3) 
Liver 6 (28.6) 
Brain 0 (0.0) 
Lymph nodes 

Abdominal 6 (28.6) 
Supradiaphragmatic 2 (9.5) 
Both 4 (19.0) 
IMDC risk group at 1st line 

Favorable 6 (28.6) 
Intermediate 9 (42.9) 
Poor 3 (14.3) 
Missing 3 (14.3) 
Prior nephrectomy 

Yes 15 (71.4) 
No 4 (19.0) 
Missing 2 (9.5) 
Grade 

I 1 (4.8) 
II 1 (4.8) 
III 5 (23.8) 
IV 5 (23.8) 
Missing 9 (42.9) 

IMDC: International Metasatatic Renal Cell l Carcinoma Database Consortium, IQR: Interquartile range. 
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FH mut: Fumarate hydratase mutation. KPS:  Karnofsky Performance Status Scale.  

 

 

Median time to treatment failure and median overall survival in all population 

Median TTF (mTTF) under AA was 11.6 months (95% CI: 6.1-15.2) (Figure 1B). 

More specifically, mTTF was 14.0 months (95% CI: 3.4-18), 11.6 months (95% CI: 0.6-

12.0), 17.7 months (95% CI: 5.7-24.3), 5.5 months, for cabozantinib, sunitinib, “other 

AA” and erlotinib-bevacizumab, respectively (Figure 1A). Median TTF was 

significantly shorter in patients treated with either mTOR-inhibitors (4.4 months (95% 

CI: 2.4-6.3) or ICB (2.7 months (95% CI: 0.9-5.3) compared to those treated with AA 

(11.6 months) (p=0.0078) (Figure 1B). No significant differences in TTF were observed 

between frontline nivo-ipi and nivolumab (or anti-PD1/PD-L1 study drugs) in second or 

subsequent therapy lines (p=0.6039). Moreover, AA presented a significantly superior 

mTTF (11.0 months (95% CI: 5.0-15.0)) than nivo-ipi (2.5 months (95% CI: 2.0-5.0)) in 

first line setting (p=0.0027) (Figure 1C). First line mTTF was 11.5 months (95% CI: 

2.0-24.0 months), 5.0 months (95% CI: 1.0-15.0), and 3.0 months (95% CI: 1.0-7.0) in 

the favourable, intermediate and poor risk groups, respectively (p=0.079) 

(Suplemmentary Figure 1). 
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Figure 1. Unadjusted Kaplan-meier for median time-to-treatment failure (mTTF) for 

the different treatment groups: A) All treatment groups. B) All antiangiogenics 

clustered into one group. C) Only first-line setting: nivolumab-ipilimumab versus 

antiangiogenics clustered into one group.  

 

 

After a median follow-up of 32.0 months (95%IC:7.0-51.0) at the time of analysis, 

10 (47.6%) patients had died from disease. Median OS from time of first treatment 



pág. 11 
 

initiation was 44.0 months (95%CI:13.0-95.0). Median OS according to IMDC risk 

group in first line setting was 69.5 months (95% CI: 25.0-95.0) and 35.0 months (12.0-

41.0 months) in the favourable and intermediate risk groups. The poor risk group was 

not evaluable for OS due the lack of events.  

 

Response rate according to systemic therapy 

 

Antiangiogenics  

 The ORR was 50%, 43%, 63% and 30%, in patients treated with cabozantinib, 

sunitinib, “other AA” and erlotinib-bevacizumab, respectively (Table 2). 

Antiangiogenics presented higher ORR (64%) than nivo-ipi (25%) in first line setting 

(p=0.622) (Table 4).   

 

Immune checkpoint blockers 

 The ORR and DCR were 18% and 36%, respectively (Tables 2 and 3). The ORR 

with ICB tended to be inferior compared to AA (p=0.071). First line nivo-ipi compared 

to anti-PD-1/PD-L1 agents in second or subsequent lines presented a 25% ORR and a 

14% ORR, respectively (Supplementary Table 1).  

 

 mTOR-inhibitors 

No responses were seen in patients treated with mTOR-inhibitors (Tables 2 and 

3).  

 

Table 2. Response rates according to systemic therapy (including by type of 

antiangiogenic). 

Systemic therapy N 
Line of 
therapy 

1L%/>1L% 
CR PR SD PD 

Missing 
** 

ORR
% 

P-value 
DCR 

% 
P-value 

Immune checkpoint 
blockers  

11 36/64 1 (9) 1 (9) 2 (18) 7 (63) 0 18 

0.266 

36 

0.314 

Cabozantinib 10 0/100 0 (0) 5 (50) 3 (30) 1 (10) 1 50 80 

Sunitinib 14 93/7 1 (7) 5 (36) 2 (14) 3 (21) 3 43 57 

Others AA* 
(pazopanib, axitinib, 
sorafenib) 

8 38/62 0 (0) 5 (63) 1 (13) 0 (0) 2 63 76 

mTOR inhibitors 3 0/100 0 (0) 0 (0) 1 (30) 1 (30) 1 0 30 

Erlotinib-bevacizumab 3 0/100 0 (0) 1 (30) 1 (30) 1 (30) 0 30 60 
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* AA: antiangiogenics. ** Missing data for evaluation of best response according to RECIST 1.1. N: population. ORR: 
overall response rate. DCR: disease control rate. PR: partial response. CR: complete response. SD: stable disease. PD: progressive 
disease.  mTOR: mammalian target of rapamycin. 1L: first line. 

 

Table 3. Response rates according to type of systemic therapy. 

Systemic therapy N 
Line of 
therapy 

1L%/>1L% 
CR PR SD PD 

Missing 
** 

ORR
% 

P-value 
DCR 

% 
P-value 

Immune checkpoint 
blockers  

11 36/64 1(9) 1(9) 2(18) 7(63) 0 18 

0.071 

36 

0.106 Antiangiogenics 35 46/54 1(3) 16(46) 7(20) 5(14) 7 49 69 

mTOR inhibitors 3 0/100 0(0) 0(0) 1(30) 1(30) 1 0 30 

** Missing data for evaluation of best response according to RECIST 1.1. N: population. ORR: overall response rate. DCR: 
disease control rate. PR: partial response. CR: complete response. SD: stable disease. PD: progressive disease.  mTOR: mammalian 
target of rapamycin. 1L: first line.  

 

Table 4. Response rates in first line setting according to systemic therapy. 
 

 

Discussion  

 
FHdef RCC is a rare and aggressive disease with no standard therapy approved. To 

date there is only one phase II trial with reported results in this population. This study 

assessed the efficacy of erlotinib-bevacizumab showing encouraging results with a 72% 

ORR in the HLRCC-associated RCC compared to 35% in the sporadic pRCC group [4]. 

Recently, Gleeson et al. reported the results of  an American retrospective study 

evaluating the response to  systemic therapy in FHdef RCC (n=26) [21]. The 

VEGF/mTOR combinations presented the highest ORR (44%) followed by AA 

monotherapy (ORR 20%) while no responses were seen with ICB or mTOR 

monotherapy (Suplemmentary Table 3) [21].  

 

In this context, we report a cohort of 21 metastatic Fhdef RCC patients under 

systemic therapy. Antiangiogenics, showed stronger antitumor activity (49%) than ICB 

Systemic therapy N CR PR SD PD 
ORR

% 
P-value 

DCR 
% 

P-value 

Nivolumab-Ipilimumab 4 1(25) 0(0) 1(25) 2(50) 25 
0.409 

50 
0.622 

Antiangiogenics 14* 1(7) 8(58) 2(14) 3(21) 64 79 

*Three patients treated with frontline antiangiogenics had missing data for evaluation of best response according to 
RECIST 1.1. N: population. ORR: overall response rate. DCR: disease control rate. PR: partial response. CR: complete response. 
SD: stable disease. PD: progressive disease 
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(18%) and mTOR-inhibitors (0% ORR), consistent with previous results [21]. 

Antiangiogenics presented the longest mTTF, 11.6 months, compared to 2.7 and 4.4 

months in the ICB and mTOR groups, respectively (p=0.0078).  Antiangiogenics were 

also superior to nivo-ipi in first line setting (ORR: 64% vs 25%; mTTF: 11.0 vs 2.5 

months).  Among all AA, the group of “other AA” and cabozantinib were associated 

with the highest ORRs, 63% and 50% respectively, and were also superior in terms of 

mTTF, 17.7 and 14.0 months, respectively. Of note, these agents had predominatly been 

given in a pretreated setting in contrast to sunitinib that had been mostly given in first 

line (Table 2). Recent studies reported the activity of MET-inhibitors in pRCC, 

including type-2 pRCC [13–15,19]. Although according to the TCGA MET alterations 

are not associated to FH deficient tumors, it is unclear whether the FH status has been 

evaluated in the PAPMET trial, and thus according to the results of this trial, 

cabozantinib could be of value in this population [19,22]. Interestingly, the 50% ORR 

observed with cabozantinib in our cohort exceeds previous reported results, including 

those observed in the PAPMET trial (23%) and from other retrospectives 

studies[19,23,24]. These results contrast particularly with those observed in the 

American FHdef RCC cohort where no responses were seen with cabozantinib [21].  

 

The HLRCC-associated RCC carcinogenesis is characterized by the upregulation of 

the HIF-VEGF pathway and the shift to aerobic glycolysis [1]. Accordingly, the 

combination of erlotinib and bevacizumab, which has been shown to revert the Warbug 

effect, was investigated in the AVATAR trial [25,26]. This phase II study investigated 

the efficacy and safety of erlotinib-bevacizumab in 83 HLRCC-associated RCC and 

sporadic pRCC patients showing encouraging results. The HLRCC-associated RCC 

group presented a 72% ORR and a mPFS of 21.1 months, compared to the 35% ORR 

and the 8.8 months mPFS observed in the sporadic cohort [25]. However, the trial took 

ten years to complete accrual, which could imply a selection bias. A small Korean 

retrospective study evaluated the role of erlotinib-bevacizumab in FHdef RCC (n=10). 

The ORR was 50%, however the mPFS was shorter (13.3 months) than in the 

AVATAR trial [27]. According to the results of the AVATAR trial, erlotinib-

bevacizumab is currently recommended by the NCCN guidelines for advanced HLRCC 

patients [28]. In our cohort the mTTF under E-B was 5.5 months, shorter than in the 

AVATAR trial (21.1 months) and in the Korean cohort (13.3 months), however the 
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number of patients in our cohort (n=3) was small and they had been exposed to up to 

four prior therapy lines. [25,27]. 

 

The mOS in our cohort was surprisingly long, 44.0 months. This could be 

explained by a long-term survivor (95 months) and an heterogenous and heavily 

pretreated population. Indeed, in our cohort half of the patients received ≥3 lines of 

systemic therapy and 52% of patients presented an OS superior to two years with a 

mFU of 32 months.   

 

As nccRCC, FHdef RCC patients have generally been excluded from 

prospective trials because of their rareness. Recently, several phase II trials have been 

designed to address specific nccRCC subytpes such as the pRCC [12–15,18]. Foretinib, 

a multikinase-inhibitor  (MET, RON, AXL, TIE-2 and VEGF) was investigated for 

pRCC in a phase II trial, showing a 13.5% ORR which increased up to 50% in MET 

germline mutation carriers [13]. Savolitinib, a MET-inhibitor, was also investigated in 

pRCC [15]. The results were promising in the MET-driven cohort with an ORR and 

mPFS of 18% and 6.2 months respectively, compared to the MET-independent cohort 

(ORR: 0%, mPFS: 1.4 months). Unfortunately, the phase III trial closed early due to 

slow accrual [17].  

Further understanding of the molecular biology of pRCC paved the way to 

design biomarker-driven trials. Crizotinib showed encouraging activity in MET-mutated 

type-1 pRCC with a 50% ORR and a PFS at 2-years of 80%, compared to 6% and 22% 

in the non-mutated group, respectively [14]. According to these results, the phase II 

PAPMET trial was conducted to evaluate the efficacy of different MET-inhibitors 

compared to sunitinib in pRCC, including both type-1 and type-2 pRCC [19]. 

Interestingly, cabozantinib demonstrated a significant improvement in both ORR and 

PFS compared to sunitinib and other two MET-inhibitors [19]. Cabozantinib presented 

an ORR of 23% while sunitinib, savolitinib and crizotinib, presented a 4%, 3%, 0% 

ORR, respectively. Median PFS was also superior with cabozantinib (9 months),  

compared to sunitinib (5.6 months), savolitinib (3 months) and crizotinib (2.8 months) 

[19].  

 

Some single-arm trials have investigated approved targeted therapies for ccRCC 

in pRCC suggesting the superiority of AA over mTOR-inhibitors (Suplemmentary 
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Table 4) [11,12]. Particularly, axitinib showed encouraging antitumor activity in type-2 

pRCC with a 35.7% ORR compared to 7.7% in type-1 pRCC [18]. However, the trials 

size or their methodology prevent from drawing strong conclusions on the efficacy. 

Immunotherapy has also been investigated in metastatic pRCC with interesting results 

[16,29,30]. Furthermore, frontline nivo-ipi is currently been investigated in nccRCC in 

the randomized phase II trial SUNNIFORECAST [31].  

 

Our work is not without limitations inherent to its retrospective nature. Also, 

given the small sample size and that we compared treatments regardless treatment line, 

results should be interpreted with caution; no multivariable analyses were performed. 

Moreover, the lack of central radiological review may lead to some biases.  

 

Conclusion   

We report the first European retrospective cohort of metastatic Fhdef RCC under 

systemic therapy (n=21). Fhdef RCC is a rare and aggressive disease which occurs at an 

uncommon younger age. The mOS in our cohort was surprisingly long, 44.0 months, 

suggesting the benefit of new drugs in this population. Our results suggest the 

superiority of AA over ICB and mTOR-inhibitors in FHdef RCC. Antiangiogenics were 

also superior to nivo-ipi in first line setting. Due to the limited sample size, it is not 

possible to especially recommend one antiangiogenic over another. Further prospective 

studies based on the molecular biology of this tumor and global collaborations including 

larger number of patients are required to improve the understanding of this rare disease 

and help treatment decision-making.  
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