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INTRODUCTION 
 

As a rare subtype of renal cell carcinoma (RCC), 

fumarate hydratase-deficient renal cell carcinoma  

(FH-dRCC) is characteristic of pathologic germline/ 
somatic mutations in the FH gene [1–3] while lesions 

with germline mutations are associated with hereditary 

leiomyomatosis and RCC (HLRCC) syndrome. The 
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ABSTRACT 
 

Background: To compare clinicopathologic, molecular features, and treatment outcome between fumarate 
hydratase-deficient renal cell carcinoma (FH-dRCC) and type 2 papillary renal cell carcinoma (T2 pRCC). 
Methods: Data of T2 pRCC patients and FH-dRCC patients with additional next-generation sequencing 
information were retrospectively analyzed. The cancer-specific survival (CSS) and disease-free survival (DFS) 
were primary endpoint. 
Results: A combination of FH and 2-succino-cysteine (2-SC) increased the rate of negative predictive value of 
FH-dRCC. Compared with T2 pRCC cases, FH-dRCC cases displayed a greater prevalence in young patients, a 
higher frequency of radical nephrectomy. Seven FH-dRCC and two T2 pRCC cases received systemic therapy. 
The VEGF treatment was prescribed most frequently, with an objective response rate (ORR) of 22.2% and a 
disease control rate (DCR) of 30%. A combined therapy with VEGF and checkpoint inhibitor reported an ORR of 
40% and a DCR of 100%. FH-dRCC cases showed a shortened CSS (P = 0.042) and DFS (P < 0.001). The genomic 
sequencing revealed 9 novel mutations. 
Conclusions: Coupled with genetic detection, immunohistochemical biomarkers (FH and 2-SC) can distinguish 
the aggressive FH-dRCC from T2 pRCC. Future research is awaited to illuminate the association between the 
novel mutations and the clinical phenotypes of FH-dRCC in the disease progression. 
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latter, an autosomal dominant disorder, usually 

predisposes individuals to cutaneous leiomyomas (CL), 

multiple uterine leiomyomas (MUL), and RCC [4–6]. 

Currently, FH-dRCC is recognized as a separate 

category in the World Health Organization (WHO) 

classification of RCC [7]. FH-dRCC is the preferred 

term for RCC with compatible morphology, negative 

FH immunohistochemical (IHC) staining, positive 2-SC 

IHC staining, and/or identification of a mutation in the 

FH gene in the tumor, when the clinical and family 

history of CL and MUL is uncertain and the genetic 

status is unknown [8]. Clinically, FH-dRCC is an 

aggressive tumor that commonly presents itself with 

locally advanced or metastatic disease, even in the 

setting of a small primary tumor, and with a high rate of 

malignancy progression and mortality [3, 9]. So far, 

National Comprehensive Cancer Network (NCCN) 

guidelines recommend radical nephrectomy (RN) for 

such patients and erlotinib plus bevacizumab for 

advanced patients [10]. Therefore, it is of particular 

significance to explore the strategies for a timely 

diagnosis and effective surgical intervention. 

 

Clinically, the high aggressiveness of FH-dRCC poses a 

particular challenge to effective management, FH-

dRCC is often misdiagnosed as type 2 papillary RCC 

(T2 pRCC) when only by histopathology [11–13]. After 

the release of 2016 WHO classification criteria, studies 

have documented FH deficiency in many T2 pRCC 

cases [14, 15]. Recent investigations into the images of 

papillary type II HLRCC-associated RCC and FH-

dRCC have identified some distinct features that may 

help clinical practitioners in differentiating FH-dRCC 

from T2 pRCC and pathologists in IHC or even gene 

sequencing [16–18]. However, few studies have 

systematically compared the clinical features and 

prognostic outcomes of patients with FH-dRCC and T2 

pRCC. 

 

Therefore, the current study tackled this very issue by 

retrospectively analyzing the clinical data of patients 

with FH-dRCC and T2 pRCC in a single-center 

database. We found that when compared with their T2 

pRCC counterparts, FH-dRCC patients reported distinct 

features in age, disease severity, and prognostic out-

comes. Moreover, we discovered 9 novel gene 

mutations in the FH-dRCC cohort. These findings may 

be of great importance to the clinical management of 

FH-dRCC patients. 

 

RESULTS 
 

Clinical characteristics of FH-dRCC 

 

We identified 16 FH-dRCC patients, and the clinical 

features are summarized in Table 1. The FH-dRCC 

group included 10 males and 6 females, aged from 20 to 

75 years (median 43.5 years). 73.3% women (5/6) had a 

personal history of MUL, 6.3% patients (1/16) had 

a family history of MUL and 6.3% patients (1/16) had a 

family history of RCC. 31.3% patients (5/16) underwent 

partial nephrectomy (PN) and 68.7% patients (11/16) 

underwent RN. 

 

Pathologic characteristics, immunohistochemical 

and molecular analysis of FH-dRCC 

 

Pathologic features are summarized in Table 2. Two 

cases were initially recognized and diagnosed as 

collecting duct carcinoma (12.5%, 2/16), the remainder 

of cases were initially diagnosed as T2 pRCC (87.5%, 

14/16). All the lesions involved were unilateral and 

single. The median size of primary renal tumors is 5.4 

cm (range 2.8–17.0 cm). The majority of cases occurred 

in pT1 stage (43.8%, 7/16) and pT3 stage (43.8%, 7/16), 

with a minority of patients presenting in pT2 stage 

(1/16, 6.2%) and pT4 stage (1/16, 6.2%). 18.8% of 

patients (3/16) presented with regional lymph node 

(LN) metastasis and 12.5% patients (2/16) were 

metastatic at diagnosis. Among the patients, 2 cases 

were classified as WHO/ISUP grade 2, 8 cases as grade 

3, 2 cases as grade 4, and 4 cases were unknown. 

 

Immunohistochemical stains and corresponding 

molecular testing of 16 patients with FH-dRCC are 

summarized in Table 3. FH and 2-SC IHC were 

retrospectively performed on cases with available FFPE 

tissue blocks (Figure 1A–1C). Most cases showed lack 

of FH staining in tumor cells (62.5%, 10/16), all cases 

showed retained FH staining in normal kidney tissue. 

Most cases showed positive 2-SC staining in tumor cells 

(15/16, 93.8%), of which 73.3% patients (11/15) 

showed varying degrees of positive in cytoplasm and 

nuclear, and 26.7% patients (4/11) only showed 

different degrees of cytoplasmic positive staining. 

12.5% patients (2/16) showed positive 2-SC staining in 

normal kidney tissue. The sensitivity, specificity, 

positive predictive value, and negative predictive value 

of FH IHC alone were determined to be 62.5%, 100%, 

100%, and 88%. For 2-SC IHC staining alone, the 

corresponding values were 93.75%, 43.2%, 35%, and 

95%. When the two markers combined, these values 

were found to be 93.75%, 100%, 100%, and 97.7%, 

respectively (Figure 1D–1G). 

 

Sixteen patients diagnosed with FH-dRCC underwent 

gene sequencing and different mutations were found in 

15 cases, including 9 germline mutations and 6 somatic 

mutations (Table 3). No mutation was found in case 12, 
9 mutations are new mutations (c.85G>A:p.G29S, 

c.248G>A:p.G83D, c.264G>A:p.M88I, c.385G>A:p. 

E129K, c.454A>T:p.P304fs, c.911delC: p.N152Y,  
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Table 1. Clinical features of FH-dRCC. 

Case Sex Age, year Clinical and family history Surgery 

1 Male 52 
His mother accepted surgery for multiple uterine 
leiomyomas 

Partial nephrectomy 

2 Male 28 — Radical nephrectomy 

3 Female 36 Personal history of MUL Radical nephrectomy 

4 Male 62 — Partial nephrectomy 

5 Female 44 Personal history of MUL Radical nephrectomy 

6 Female 38 Personal history of MUL Radical nephrectomy 

7 Male 62 — Partial nephrectomy 

8 Male 75 — Partial nephrectomy 

9 Female 28 Personal history of MUL Radical nephrectomy 

10 Female 32 Personal history of MUL; Her father died of RCC Partial nephrectomy 

11 Male 43 — Radical nephrectomy 

12 Male 47 — Radical nephrectomy 

13 Female 23 — Radical nephrectomy 

14 Male 74 — Radical nephrectomy 

15 Male 60 — Radical nephrectomy 

16 Male 20 — Radical nephrectomy 

Abbreviations: RCC: renal cell carcinoma; MUL: multiple uterine leiomyomas. 

 

Table 2. Pathologic features of FH-dRCC. 

Case Initial Diagnosis Laterality Size (cm) WHO/ISUP T stage N Stage M Stage 

1 CDC Left 3.5 NA T3 N0 M0 

2 CDC Right 5.8 NA T3 N0 M0 

3 T2 pRCC Left 3.5 3 T3 N0 M0 

4 T2 pRCC Left 3.2 3 T1 N0 M0 

5 T2 pRCC Right 7.5 4 T3 N0 M0 

6 T2 pRCC Right 6.5 2 T1 N1 M0 

7 T2 pRCC Right 3 3 T1 N0 M0 

8 T2 pRCC Right 4 2 T1 N0 M0 

9 T2 pRCC Right 9.5 3 T3 N0 M0 

10 T2 pRCC Left 5 3 T1 N0 M0 

11 T2 pRCC Left 8 3 T3 N0 M0 

12 T2 pRCC Left 4 3 T3 N1 M0 

13 T2 pRCC Left 9.8 3 T2 N1 M0 

14 T2 pRCC Left 6.5 NA T1 N0 M0 

15 T2 pRCC Left 2.8 NA T1 N0 M1 

16 T2 pRCC Left 17.0 4 T4 N0 M1 

Abbreviations: CDC: collecting duct carcinoma; T2 pRCC: type 2 papillary renal cell carcinoma; NA: not available; WHO: World 
Health Organization; ISUP: International Society of Urological Pathology. 
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Table 3. Immunohistochemical and molecular analysis of FH-dRCC. 

Case Tissue 
FH 

IHC 

2-SC 

IHC 

2-SC Staining 

Pattern 
FH Mutation dbSNP ID 

ACMG 

verdictaa  

ClinVar 

databaseb 

Molecular 

consequence 
SIFT POLUPHEN 

1 

Tumor − + 

diffuse 

cytoplasmic, focal 

nuclear 

c.1108+1G>A rs1057517734 P P splice donor / / 

Germline + + 

diffuse 

cytoplasmic, 

dispersed nuclear 

c.1108+1G>A rs1057517734 P P splice donor / / 

2 
Tumor − + 

diffuse 

cytoplasmic, 

dispersed nuclear 

c.385G>A:p.E129K 

c.1189G>A:p.G397R 

− 

rs863224007 

US 

US 

VUS 

P/LP 

missense 

missense 

T 

D 

B 

D 

Germline + − / c.1189G>A:p.G397R rs863224007 US P/LP missense D D 

3 

Tumor − + 
diffuse 

cytoplasmic 

c.556-2A>T 

c.845G>T:p.G282V 

rs750273092 

rs935002190 

P 

US 

P/LP 

LP 

splice acceptor 

missense 

 

D 

 

D 

Germline + + 
diffuse 

cytoplasmic 

c.556-2A>T 

c.845G>T:p.G282V 

rs750273092 

rs935002190 

US 

US 

P/LP 

LP 

splice acceptor 

missense 

 

D 

 

D 

4 
Tumor + + patchy cytoplasmic 

c.248G>A:p.G83D  

c.264G>A:p.M88I 

c.473G>A:p.S158N 

− 

− 

rs1060500902 

US 

US 

US 

VUS 

VUS 

US 

missense 

missense 

missense 

T 

D 

D 

B 

P 

D 

Germline + − / ND / / / / / / 

5 
Tumor + + 

diffuse, nuclear 

and cytoplasmic 
c.562A>G:p.N188D − US LP missense D D 

Germline + − / c.562A>G:p.N188D − US LP missense D D 

6 
Tumor − + 

diffuse 

cytoplasmic, 

dispersed nuclear 

c.1189G>A:p.G397R rs863224007 P P/LP missense D D 

Germline + − / c.1189G>A:p.G397R rs863224007 P P/LP missense D D 

7 
Tumor + + 

focal, patchy, 

cytoplasmic 
c.85G>A:p.G29S − US VUS missense T B 

Germline + − / ND / / /    

8 
Tumor + + 

focal, patchy, 

cytoplasmic 

c.267+8G>A 

c.272C>T:p.P91L  

c.302G>A:p.R101Q 

c.1060G>A:p.G354R 

rs750447887 

rs1455612736 

rs75086406 

− 

US 

US 

LP 

US 

LB 

US 

CIOP 

VUS 

splice region 

missense 

missense 

missense 

/ 

D 

T 

D 

/ 

D 

P 

D 

Germline + - / ND / / / / / / 

9 
Tumor + + 

focal nuclear and 

patchy cytoplasmic 
c.439A>G:p.T147A rs863223983 LP P/LP missense D P 

Germline + − / c.439A>G:p.T147A rs863223983 LP P/LP missense D P 

10 
Tumor − + 

diffuse 

cytoplasmic, 

dispersed nuclear 

c.1276_1277insAGAT

G:p A426fs 

c.1189G>A:p.G397R 

− 

 

− 

LP 

 

US 

VUS 

 

P/LP 

frame shift 

 

missense 

US 

 

D 

US 

 

D 

Germline + - / c.1189G>A:p.G397R rs863224007 US P/LP missense D D 

11 
Tumor + − / c.1189G>A:p.G397R rs863224007 US P/LP missense D D 

Germline + − / c.1189G>A:p.G397R rs863224007 US P/LP missense D D 

12 
Tumor − + 

diffuse 

cytoplasmic, 

dispersed nuclear 

ND / / / / / / 

Germline + − / ND / / / / / / 

13 
Tumor − + 

diffuse, nuclear 

and focal 

cytoplasmic 

c.454A>T:p.P304fs 

c.911delC: p.N152Y 

− 

− 

US 

US 

VUS 

VUS 

missense 

frame shift 

D 

US 

D 

US 

Germline + − / ND / / /    
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14 
Tumor − + 

diffuse, nuclear 

and cytoplasmic 

c.938A>T:p.E313V 

c.956A>T:p.D319V 

− 

− 

US 

US 

VUS 

LP 

missense 

missense 

D 

D 

D 

D 

Germline + − / ND / / / / / / 

15 
Tumor − + 

diffuse, nuclear 

and cytoplasmic 
c.289G>C:p.G97R rs1660147877 US US missense D D 

Germline + − / ND  / / /   

16 
Tumor − + 

diffuse, nuclear 

and cytoplasmic 

c.1189G>A:p.G397R 

 
rs863224007 US P/LP missense D D 

Germline + − / c.1189G>A:p.G397R rs863224007 US P/LP missense D D 

aVariant pathogenicity assessment according to the American College of Human Genetics and Genomics (ACMG) guidelines (Richards et al., 2015). bPathogenicity 
assessments of previously reported clinical cases in the ClinVar database (https://www.ncbi.nlm.nih.gov/clinvar/); variant pathogenicity assessments that have been 
reviewed by expert panel are indicated with an asterisk (*). Abbreviations: FH: fumarate hydratase; 2-SC: 2-succino-cysteine; P: pathogenic; LP: likely pathogenic; US, 
uncertain significance; CIOP: conflicting interpretations of pathogenicity; VUS: variant of uncertain significance; T: tolerated; D: damaging. 

 

 
 

Figure 1. The FH-dRCC immunohistochemistry and the preliminary results of the ability of immunohistochemistry (FH, 2-SC, 
FH/2-SC) to diagnose FH-dRCC. (A) HE staining, 200×; (B) FH negative staining 200×; (C) 2-SC positive staining in cytoplasm/nucleus; 

(D) Sensitivity; (E) Specificity; (F) Positive Predictive Value; (G) Negative Predictive Value. 
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c.938A>T:p.E313V, c.1060G>A:p.G354R, c.1276_1277 

insAGATG:p A426fs), which have not been reported in 

NCBI mutation database.  

 

Comparison clinical and histologic characteristics 

between FH-dRCC and T2 pRCC 

 

The clinical and pathological features of FH-dRCC and 

T2 pRCC are summarized in Table 4. FH-dRCC and T2 

pRCC showed similar distribution in sex, location, 

tumor size, WHO/ISUP and TNM stages. The age was 

significantly younger in FH-dRCC patients (45.3 ± 17.5 

vs. 58.2 ± 12.7, P = 0.003). There were 43.8% patients 

under 40 years old in FH-dRCC (7/16), but only 9.1% 

in the T2 pRCC group (4/44). Compared with T2 

pRCC, FH-dRCC patients were more likely to receive 

radical nephrectomy (11/16, 68.8% vs. 15/44, 34.1%, P 

= 0.021). Distant metastasis was found in 13 FH-dRCC 

patients, and 6 of them showed distant LN metastasis. 

More FH-dRCC patients developed local recurrence or 

metastasis after surgery (11/16, 68.8% vs. 4/44, 9.1%, 

P<0.001). A total of 3 patients with T2 pRCC had LN 

metastasis, and 6 had distant metastases. Both LN and 

distant metastases were more frequent in the FH-dRCC 

(P = 0.011 and P < 0.001).  

 

Treatment response and survival outcomes 

 

A total of 9 patients received systemic therapy and were 

evaluable for response by RECIST v1.1, including 2 

metastatic T2 pRCC patients and 7 metastatic FH-

dRCC patients. 

 

One patient with T2 pRCC had metastases detected 24 

months after surgery and died of the disease 59 months 

later after receiving chemotherapy and multiple lines of 

TKIs drugs. Another patient, who had bone metastatic 

at the time of surgery, developed lung metastases and 

distant LN metastases 10 months after receiving 

Sunitinib and died 2 months later. 

 

The treatment response of the 7 metastatic FH-dRCC 

patients were summarized in Tables 5 and 6. Two 

patients initially diagnosed with CDC received 

chemotherapy but had the worst outcomes, VEGF was 

the most common treatment (Total, n = 9; Sorafenib,  

n = 1; Pazopanib, n = 2; Sunitinib, n = 3; Axitinib,  

n = 3), and showed the objective response rate (ORR) 

(22.2%) and DCR (55.5%). Combination therapy 

targeting both VEGF and checkpoint inhibitor (Total,  

n = 5; Axitinib/Toripalimab, n = 1; Axitinib/ 

Tislelizumab, n = 1; Cabozatinib/Toripalimab, n = 1; 

Nivolumab/Ipilimumab/Cabozatinib, n = 1; Nivolumab/ 
Ipilimumab, n = 1), and showed the ORR (40%) and 

DCR (100%). Bevacizumab/Erlotinib was used in 3 

patients (case5, case 9, case 10). Case 10 used at third-

line therapy and achieved stable disease, and case 5 and 

case 9 used it after resistance to multiple lines of 

systemic therapy and resulted in partial response (PR). 

This treatment achieved an ORR of 66% and a DCR of 

100%. Two patients demonstrated resistance to 

multiple lines of systemic therapy and have changed 

treatment regimens, which has continued to the 

present. 

 

In FH-dRCC, after a median follow-up time of 50 

months (mean, 28.7 mo; range, 3 to 80 mo), 18.8% 

(3/16) patients showed no evidence of disease, 56.2% 

(9/16) patients were alive with disease, and 25% (4/16) 

patients died of disease. 68.8% (11/16) had recurrence 

and metastasis after surgery, of which 27.3% cases 

(3/11) underwent PN, 72.7% cases (8/11) underwent 

RN, 18.8% cases (3/16) had no recurrence and 

metastasis. Metastatic sites involved at first time 

included peritoneal seeding (n = 5), bone (n = 4), liver 

(n = 4), lung (n = 4), distant LN (n = 4), pelvic (n = 3), 

uterus (n = 3), ovary (n = 3). Following initial 

presentation, 37.5% (6/16) of patients developed 

subsequent metastases to distant LNs or to distant 

sites. 
 

One patient underwent surgery and seven patients 

accepted systemic therapy when there was metastasis or 

progression. Among patients receiving systemic 

treatment, the majority of patients had an IMDC risk 

score of intermediate (5/7, 71.4), and a few were 

favorable (1/7, 14.3%) or poor (1/7, 14.3%). Of these 

patients, two patients died after 7 and 13 months, five 

patients lived with disease from 20 to 58 months with 

systemic therapy and one patient lived with disease in 

70 months after resection of the metastatic cancers. Of 

the other patients, two patients died after 3 and 14 

months, respectively, without timely adjuvant therapy. 

Three lived without recurrence from 35 to 80 months 

without any adjuvant therapy, two patients were 

unevaluable due to short follow-up time even with 

distant metastasis at first onset. 
 

During the 37-month median follow-up, 68.8% (11/16) 

and 9.1% (4/44), patients with FH-dRCC and T2 pRCC 

underwent disease recurrence and metastasis. A total of 

10 patients died from various causes, 4 in FH-dRCC 

and 6 in T2 pRCC. Of the T2 PRCC patients, 1 died of 

malnutrition, 1 died of bone malignant tumor, and 4 

died of metastatic T2 pRCC. These 4 patients were 

diagnosed with metastasis RCC before surgery, 2 of 

them were treated with TKIs and died at 12 and 83 

months after diagnosis. 
 

Figure 2 exhibits the Kaplan–Meier plots for disease-

free survival (DFS) and cancer-specific survival (CSS) 

estimates stratified by FH-dRCC versus T2 pRCC. 
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Table 4. Comparison between FH-dRCC and T2 pRCC. 

Characteristics FH-dRCC (n = 16) T2 pRCC (n = 44) P-value 

Age (years), range, Mean ± SD  20–75 45.3 ± 17.5 32–82 58.2 ± 12.7 0.003* 

Gender, n. %     0.558 

Male 9 62.5 31 70.5  

Female 7 37.5 13 29.5  

BMI, range, Mean ± SD  17.63–27.05 21.74 ± 2.32 17.30–29.30 23.43 ± 2.70 0.03* 

Tumor side, n. %     0.157 

Left 10 62.5 18 40.9  

Right 6 37.5 26 59.1  

Surgery, n. %     0.017* 

Partial nephrectomy 5 31.3 29 65.9  

Radical nephrectomy 11 68.7 15 34.1  

Size, median IQR 2.8–17.0 6.22 ± 3.67 0.8–17.0 4.92 ± 3.20 0.186 

T stage     0.312 

pT1 7 43.8 28 63.6 0.238ʄ 

pT2 1 6.2 4 9.1 0.127† 

pT3 7 43.8 11 25  

pT4 1 6.2 1 2.3  

N stage     0.137 

N0 12 75 41 93.2  

N1 4 25 3 6.8  

M stage     0.612 

M0 14 87.5 42 95.5  

M1 2 12.5 2 4.5  

WHO/ISUP     0.166 

<3 2 12.5 16 36.4  

≥3 10 62.5 22 50  

Unknown 4 25 6 13.6  

Tumor FH IHC     <0.001* 

Negative 10 62.5 0 0  

Positive 6 37.5 44 100  

Tumor 2SC IHC     0.007 

Negative 1 6.2 19 43.2  

Positive 15 93.8 25 56.8  

Stage     0.027* 

I 5 31.3 28 63.6 0.026*‡ 

II 0 0 4 9.1 0.003*§ 

III 9 56.2 9 20.5  

IV 2 12.5 3 6.8  

*P < 0.05; ʄpT1 vs. Others; †pT1–pT2 vs. pT3–pT4; ‡Stage I vs. Others; §Stage I–II vs. III–IV. Abbreviations: FH-dRCC: fumarate 
hydratase-deficient renal cell carcinoma; T2 pRCC: type 2 papillary renal cell carcinoma; BMI: Body Mass Index; WHO: World 
Health Organization; ISUP: International Society of Urological Pathology; FH: fumarate hydratase; 2SC: 2-succino-cysteine; 
IHC: immunohistochemical. 
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Table 5. Treatment of FH-dRCC. 

Case 
IMDC risk group 
(scores) 

First line 

Overall 
response/ 

duration of 
treatment  

(mo) 

Second line 

Overall 
response/ 

duration of 
treatment  

(mo) 

Third line 

Overall 
response/ 

duration of 
treatment 

(mo) 

1 Intermediate (1) 
Paclitaxel+ 
Cisplatin 

SD (7) Sorafenib PD (3) Sunitinib PD (3) 

2 Intermediate (1) 
Paclitaxel+ 
Carboplatin 

PD (NA) Gemcitabine PD (NA) Doxorubicin PD (NA) 

5 Poor (3) Sunitinib PR (6) Axitinib PD (3) 
Axitinib+ 

Toripalimab 
PR (16) 

9  Intermediate (2) Pazopanib PD (9) 
Axitinib+ 

Tislelizumab 
SD (4) 

Cabozatinib+ 
Toripalimab 

SD (4) 

10 Intermediate (2) 
Nivolumab+ 
Ipilimumab+ 
Cabozatinib 

PR (8) 
Nivolumab+ 
Ipilimumab 

SD (12) 
Bevacizumab+

Erlotinib 
SD (2) 

12 Intermediate (2) Axitinib SD (5) Pazopanib SD (2) / / 

13 Favorable (0) Sunitinib PR (6) Axitinib SD (1) / / 

Abbreviations: PD: progressive disease; SD: stable disease; PR: partial response; NA: not available; mo: month. 

 

 

Table 6. Prognosis of FH-dRCC. 

Case 
ID 

Time at metastasis, mo 
Metastasis at 
presentation 

Therapy 
Subsequent 
metastasis 

Status 
Follow-up, 

mo 

1 1 mo after nephrectomy Bone CT, VEGF 
Peritoneal seeding, 

lung, 
DOD 13 

2 4 mo after nephrectomy Liver CT 
Lung, distant LN, 
peritoneal seeding, 

adrenal, bone 
DOD 7 

3 4 mo after nephrectomy Peritoneal seeding Surgery Lung AWD 70 

4 NR — — — AWOD 80 

5 3 mo after nephrectomy 
Lung, liver, distant 

LN 
VEGF, ICI, 
VEGF +ICI 

Bone, peritoneal 
seeding 

AWD 58 

6 21 mo after nephrectomy 
Uterus, distant LN, 
pelvic, peritoneal 

seeding, ovary, bone 
NA liver AWD 56 

7 53 mo after nephrectomy Peritoneal seeding — peritoneal seeding AWD 53 

8 NR — — — AWOD 50 

9 7 mo after nephrectomy Lung 
VEGF, 

VEGF+ICI 

distant LN, liver, 
peritoneal seeding, 
adrenal, adrenal, 

ovary, pelvic,  
uterus 

AWD 47 

10 22 mo after nephrectomy 
Uterus, distant LN, 
pelvic, peritoneal 

seeding, ovary, liver 

PD-1+ 
CTLA-4+ 

TKIs, PD-1+ 
CTLA-4,  

VEGF + VEGF 

/ AWD 44 

11 NR — — — AWOD 35 

12 7 mo after nephrectomy Distant LN VEGF distant LN DOD 14 

13 12 mo after nephrectomy 
Lung, uterus, pelvic, 
peritoneal seeding, 

bone 
VEGF / AWD 20 

14 1 mo after nephrectomy Bone — bone DOD 3 
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15 First onset Lung — lung AWD 4 

16 First onset Liver — liver AWD 3 

Abbreviations: LN: lymph node; AWOD: alive without disease; AWD: alive with disease; DOD: die of disease; DOAD: die of another disease; 
NA: not available; ICI: immune checkpoint inhibitor; MKI: multi-kinase inhibitor; CT: chemotherapy; mo: month. 

 

FH-dRCC patients had a shorter DFS (P < 0.001, Figure 

2A). The median DFS of FH-dRCC and T2 pRCC was 

9.5 month and not reached. Similarly, FH-dRCC 

patients were at significantly higher risk for cancer-

specific mortality than patients with T2 pRCC (P = 

0.042, Figure 2B). The median CSS of FH-dRCC and 

T2 pRCC was not reached. The 1-year, 3-year, 5-year 

cancer-specific survival rates were 87.5%, 75%, and 

75% for FH-dRCC and 97.7%, 95.5%, and 93.2% for 

T2 pRCC. 

DISCUSSION 
 

FH-dRCC is a rare and recently described entity tumor 

with variable clinical and pathologic features and 

closely related to the RCC found in HLRCC syndrome 

[19–21]. At present, observations suggest that the 

clinical behavior of FH-dRCC and HLRCC-associated 

RCC is similar. [2, 11, 14]. All of FH-dRCC cases in 

our cohort had no known family history of HLRCC and 

due to the lack of definitive genetic or clinical 

 

 
 

Figure 2. Comparison of survival between FH-dRCC patients and T2 pRCC. (A) DFS of FH-dRCC and T2 pRCC; (B) CSS of FH-dRCC 

and T2 pRCC). 
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information at their initial presentations, we use the 

term “FH-dRCC” to include both HLRCC-associated 

RCC and disseminated cases of FH-dRCC. 

 

This study analyzed the baseline characteristics, 

immunohistochemical features, gene mutation and 

prognosis of 16 FH-dRCC patients and compared with 

those of 44 patients with T2 pRCC. Many of our 

findings support the conclusions described in previous 

studies [14, 18], including that FH-dRCC tend to 

present at a younger age than T2 pRCC (median age of 

43.5 years), behave aggressively (50% of cases 

presented at tumor stage pT3a or higher) and more 

common in males. Lymph node and distant metastases 

were more frequent in FH-dRCC, as shown in the 

present study, metastases are commonly observed in the 

LNs, liver, lungs, bone and peritoneal seeding, and 

portend a poor prognosis. To date, a total of 14 FH-

dRCC younger than 20 years old have been reported, 

but the disease is not limited in younger patients [22]. In 

this study, 9 of 16 patients (56.3%) were older than 40 

years, and in a previous study [3], 62.5% patients were 

older than 40 years old. In addition, MUL were 

frequently observed in FH-dRCC, whereas CL were not 

observed. Similarly, CL are rare in patients with 

HLRCC in Japan and China. The phenotype of HLRCC 

may differ between Asians and Caucasians [1, 23, 24]. 

HLRCC only presented as single CL is usually 

disregarded and misdiagnosed. The participants in this 

study were RCC patients. Patients with personal and 

family history of MUL all had germline mutations, 

while patients with somatic mutations had no history of 

MUL, CL and RCC. 

 

Although pathological features play a pivotal role in the 

diagnosis of FH-dRCC, it may be confused with T2 

pRCC when only through microscopic examination, FH 

and 2-SC IHC is a useful tool. Studies have shown that 

FH-/2-SC+ has optimal sensitivity and specificity for 

FH-dRCC, the sensitivity even reaching 100% [14, 25]. 

In this study, we performed FH and 2-SC IHC in all 

patients and sensitivity and specificity were also 

93.75% and 100% when FH and 2-SC were used 

together. Most of FH-dRCC (68.8%) showed FH 

staining deficiency and the vast majority (93.8%, 15/16) 

showed 2-SC staining positivity, of which 73.3% 

showed cytoplasmic and nuclear staining to varying 

degrees and 26.7% showed only cytoplasmic positive 

staining, one of the patients confirmed by gene test 

showed FH+/2-SC- with a meaningful mutation 

(c.1189G>A:p.G397R), similar cases have never been 

reported in previous articles. While in 56.8% of T2 

pRCC patients was cytoplasmic staining only in 2-SC 
immunoreactivity but no FH mutation was detected. 

While Chen’s study showed that all confirmed cases 

showed diffuse and strong nuclear and cytoplasmic 

staining, a small subset of unclassified and T2 pRCC 

exhibited immunoreactivity to 2-SC, but did not harbor 

FH germline or somatic alterations. That is, FH gene 

mutation may also be detected in other RCC when 2-SC 

IHC was cytoplasmic staining only. Therefore, the 

diagnosis of 2-SC IHC staining pattern in FH-dRCC 

needs to be more cautious. Other IHC stains also  

are useful in conjunction with FH/2-SC IHC in 

distinguishing FH-deficient RCC from its morphologic 

mimics, such as CK7, p63, and GATA3 in 

differentiating FH-deficient RCC from CDC [3, 26]. 

Zhang et al. found that AKR1B10 is a new sensitive and 

specific marker for FH-dRCC, which in conjunction 

with 2-SC and FH can help in the diagnosis of the 

disease and reduce the rate of leakage and misdiagnosis 

[27]. 

 

As of November 2023, the ClinVar database includes 

268 pathogenic and 147 likely pathogenic single gene 

variants within the FH gene [28]. This data still being 

updated. In our study, 21 different FH gene mutations 

were detected. Two are frame shift mutations, 16 are 

missense mutations, 3 are splicing positions, 9 are 

recent discoveries. Of the 9 newly discovered 

mutations, 3 are damaging, 3 are benign, and 3 are still 

uncertain. Germline mutations were found in both 

patients with a personal and family history, as well as in 

other three patients without any history. Immuno-

histochemistry of tumor specimens from 1 patient 

suggested FH-/2-SC-, but no mutation was found, and 

we suspected large fragment deletion. 

 

As found in our study, the prognosis of FH-dRCC is 

worse than T2 pRCC. The proportion of patients with 

distant metastasis was higher in our study (81.3% vs. 

13.6%) than in the study by Yang, while that of LNs 

metastasis was lower (37.5% vs. 6.8%) [18]. Since FH-

dRCC is significantly more invasive than T2 pRCC, RN 

and lymph node dissection are recommended. 

 

A study showed the median survival for metastatic 

disease was 18 months [9]. In another report [3], a small 

number of (19%, 5/26) patients with FH-dRCC showed 

no evidence of disease, a portion of (31%, 8/26) patients 

were alive with disease, and most patients (50%, 13/26) 

were died of disease after a median follow-up of 16 

months (range, 1 to 118 mo) in 26 patients. However, in 

this study, 18.8% of patients had no postoperative 

recurrence or metastasis, which may be related to low 

DNA methylation, most patients survived. This may be 

related to a relatively low genome-wide DNA 

methylation [29]. Xu’s study [30] found that ICI/TKI 

combination therapy was associated with more 
favorable outcomes compared to other first-line 

therapies, including Bevacizumab/Erlotinib combina-

tion therapy and TKI monotherapy, suggesting a 
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combination of immunotherapy and TKI could be 

promising in advanced FH-dRCC. Lucia’s study [31] 

found that ORR for treatments were 50% for 

cabozantinib, 43% for sunitinib, 63% for other 

antiangiogenics, and 30% for Bevacizumab/Erlotinib, 

whereas ORR was 0% for mTOR inhibitors and 18% 

for ICBs. In our study, only a subset (43.75%, 7/16) 

received systemic treatment and all developed 

resistance, disease progression, even death. But ICI/TKI 

combination therapy was associated with more 

favorable outcomes compared to other first-line 

therapies, suggesting a combination of immunotherapy 

and targeted therapy could be promising in advanced 

FH-dRCC. We also tried Axitinib/Toripalimab, 

Lenvatinib/Tislelizumab, Cabozantinib/Toripalimab, 

Lenvatinib/Everolimu and other treatment protocols, 

failed but no death. Interestingly, 18.8% patients are 

alive without disease and 1 patient with lung metastases 

discovered shortly after resection of the metastases 

survived without receiving systemic therapy and did not 

show disease progression, which may be related to the 

relatively good prognosis morphology. Compared with 

targeted therapy alone, immune-based combination 

medication can improve the ORR and DCR of patients. 

Dong’s [32] study also found that in patients with 

germline mutations, the ORR and DCR of immune-

based treatment were higher. This is because there is 

abundant CD8+T cell infiltration in fumarate hydratase-

deficient renal cell carcinoma, and the depletion of T 

cells is related to poor immune efficacy in FH-dRCC 

patients. Current anti-PD-1 /PD-L1 antibodies cannot 

reverse the depletion of CD8+T cells in such patients. In 

addition, Liang [33] et al. observed abnormalities in 

several negative immunomodulators, which may be 

related to immune escape. However, there have been no 

studies on the correlation between FH-dRCC mutation 

sites and treatment programs. In our study, case 5 

(c.562A>G:p.N188D) and case 9 (c.439A>G:p.T147A) 

showed no response to systemic treatment such as  

TKIs, PD-1 or PD-1/TKIs and developed resistance  

in a short time. Patients with mutation 

(c.1189G>A:p.G397R) was the most common (31.3%). 

Although it was reported to be damaging in previous 

studies, 60% of patients didn’t show strong 

aggressiveness, however patients with mutation 

(c.385G>A:p.E129K and c.1189G>A:p.G397R) died 

after receiving chemotherapy. Patients with mutation 

(c.1276_1277insAGATG:p A426fs and c.1189G> 

A:p.G397R) experienced PR soon after receiving PD-

1/CTLA-4 and TKIs, with more than  

50% reduction in focal size. Therefore, we hypothesized 

that patients with c.1189G>A:p.G397R and 

c.1276_1277insAGATG:p A426fs mutations would 
benefit more. The newly discovered mutation in case 13 

(c.454A>T:p.P304fs, c.911delC: p.N152Y), despite 

multiple metastases, was PR after treatment with TKIs 

and is now stable. Given the limited number of cases, it 

is not possible to draw definitive conclusions regarding 

the relationship between gene variations and drug 

sensitivity or prognostic assessment in patients. 

However, the diverse range of gene variations identified 

in this study will serve as a foundation for building a 

comprehensive understanding of FH-dRCC through 

future molecular typing studies. These findings 

contribute to the initial stages of research in this field, 

facilitating further exploration and characterization of 

FH-dRCC. 

 

Our study also has some limitations. First, the limited 

sample size and short follow-up period may lead to 

inaccurate statistical results and prognostic judgments. 

However, this is still the first time that the largest 

sample of FH-dRCC has been considered for 

reproductive/physiological mutations and compared 

with T2 pRCC in terms of prognosis. Second, in some 

cases, we could not obtain confirmation of the presence 

of FH mutations in uterine smooth muscle tumors, nor 

could we obtain a complete family history regarding 

specific HLRCC features. 

 

MATERIALS AND METHODS 
 

Patients 

 

Ethical approval for this study (Ethical Committee 

NO.2019KJCX037) was provided by the Ethical 

Review Committee of Fujian Medical University Union 

Hospital on 28 November 2019 and all eligible 

participants provided written informed consent. It 

recruited from June 2014 to September 2022, 16 FH-

dRCC patients with pathological IHC FH-confirmed 

RCC (defined as FH- and/or 2-SC+) or FH mutation 

and 44 pathologically-diagnosed T2 pRCC patients. 

Clinical data were collected, including patients’ age, 

sex, tumor size, surgical data, pathological results, 

staging, treatment, follow-up time, outcome, and family 

history of CL or MUL or RCC within secondary 

consanguinity. The flowchart of patient selection was 

shown in Figure 3. 

 

Histologic features 

 

Each tumor was diagnosed by two experienced expert 

pathologists. The tumor specimens were respectively 

stained and analyzed using FH antibody reagents and 2-

SC antibody reagents, which were ready-to-use kits 

purchased from Fuzhou Maixin Biotechnology 

Development Co., Ltd. In the non-tumor renal 

parenchyma, when an internal positive control in 

inflammatory cells or interstitial cells, or a FH-positive 

staining in cytoplasm was present, tumor cells with FH 

negative staining were considered negative. When 
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adjacent non-tumor cells showed a 2-SC-negative 

staining (internal negative control), tumor cells with  

2-SC positive staining in cytoplasm/nucleus were 

considered positive. Histological types of tumors were 

categorized according to the 2016 classification of the 

WHO, and tumors were graded according to the 

WHO/International Society of Urological Pathology 

(ISUP) grading system. 

Mutational analyses 

 

ANNOVAR 

(http://annovar.openbioinformatics.org/en/latest/) was 

referred to for all the released mutations with the latest 

group database, function, database, and known disease 

information such as comparative analyses. The 

following SNV/InDel sites were consulted for 

 

 
 

Figure 3. Flowchart of patient selection. 
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evaluation of variation frequency, functional 

characteristics, conservation, and pathogenicity (A. 

Population databases: dbSNP, 1000Genomes, ESP6500, 

ExAC03, ExAC03_EAS, gnomAD, Hrcr1, Kaviar, 

WBBC, Genesky Exon DB_Freq, Genesky Genome 

DB_Freq; B. Gene annotation: MalaCards, GO 

BP/CC/MF, KEGG pathway, Protein interaction; C. 

Disease related databases: GWAS, COSMIC, OMIM, 

HGMD, ClinVar, MGI, MalaCards, HPO; D. 

Conservation and protein hazard prediction: SIFT, 

POLYPhen V2, MutationTaster, MetaSVM, BayesDel 

addAF, ClinPred, Cadd Dann, VEST, REVEL). 

 

Follow up 

 

Patients were followed up with regular postoperative 

visits with radiological surveillance imaging of the 

chest, abdomen and pelvis was performed at various 

time intervals. The last information on file was 

considered as the final follow-up time. The primary 

endpoint (PE) of the study was cancer-specific 

survival (CSS), which was defined as the length from 

the date of surgery to death from renal cell carcinoma, 

and the secondary endpoint (SE) was the disease-free 

survival (DFS), which was defined as the interval from 

the date of nephrectomy until the diagnosis of tumor 

recurrence, metastasis or last follow-up. The main 

therapeutic effects of systemic treatment were ORR 

and DCR. 

 

Statistical analysis 

 

All statistical analyses were performed using IBM SPSS 

version 26.0 (IBM Corporation, Armonk, NY, USA). 

Continuous and categorical variables were expressed as 

mean ± SD and percentage, respectively, and compared 

between groups by unpaired Student’s t-test or chi-

square test. PE and SE were assessed by Kaplan-Meier 

estimation and log-rank test. Statistical significance was 

defined as a two-tailed P-value < 0.05. 

 

Availability of data and materials 

 

The datasets used and analyzed during the current study 

are available from the corresponding author on 

reasonable request. 

 

CONCLUSION 
 

In conclusion, the clinicopathological parameters and 

oncological prognosis of FH-dRCC differ from those of 

T2 pRCC, and we confirm many findings of previous 

studies, as well as some current cases, which have 
uncommon features. FH-dRCC has a younger age of 

onset and more rapid disease progression, and 

immunohistochemistry of FH and 2-SC can distinguish 

well between the two, considering that not all cases of 

FH-dRCC cases show FH staining deficiency and 

diffuse 2-SC staining in immunohistochemical assays, 

FH gene mutation analysis should still be considered in 

patients with suspicious clinical or pathological 

features. FH-dRCC is aggressive, has a poor prognosis, 

and there is no uniform treatment protocol. ICI 

combined with TKIs has brought benefits to the 

treatment of this disease, but there are significant inter-

individual differences in efficacy, the reasons for which 

still need to be actively explored. 
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