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INTRODUCTION

Fumarate hydratase-deficient renal cell carcinoma (FH-
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Objective: To investigate the multidetector computed tomography (MDCT) features of fumarate hydratase-deficient renal 
cell carcinoma (FH-deficient RCC) with germline or somatic mutations, and compare them with those of papillary type II RCC 
(pRCC type II). 
Materials and Methods: A total of 24 patients (mean ± standard deviation, 40.4 ± 14.7 years) with pathologically confirmed 
FH-deficient RCC (15 with germline and 9 with somatic mutations) and 54 patients (58.6 ± 12.6 years) with pRCC type II 
were enrolled. The MDCT features were retrospectively reviewed and compared between the two entities and mutation 
subgroups, and were correlated with the clinicopathological findings. 
Results: All the lesions were unilateral and single. Compared with pRCC type II, FH-deficient RCC was more prevalent among 
younger patients (40.4 ± 14.7 vs. 58.6 ± 12.6, p < 0.001) and tended to be larger (8.1 ± 4.1 vs. 5.4 ± 3.2, p = 0.002). Cystic 
solid patterns were more common in FH-deficient RCC (20/24 vs. 16/54, p < 0.001), with 16 of the 20 (80.0%) cystic solid 
tumors having showed typical polycystic and thin smooth walls and/or septa, with an eccentric solid component. Lymph node 
(16/24 vs. 16/54, p = 0.003) and distant (11/24 vs. 3/54, p < 0.001) metastases were more frequent in FH-deficient RCC. FH-
deficient RCC and pRCC type II showed similar attenuation in the unenhanced phase. The attenuation in the corticomedullary 
phase (CMP) (76.3% ± 25.0% vs. 60.2 ± 23.6, p = 0.008) and nephrographic phase (NP) (87.7 ± 20.5, vs. 71.2 ± 23.9, p = 
0.004), absolute enhancement in CMP (39.0 ± 24.8 vs. 27.1 ± 22.7, p = 0.001) and NP (50.5 ± 20.5 vs. 38.2 ± 21.9, p = 
0.001), and relative enhancement ratio to the renal cortex in CMP (0.35 ± 0.26 vs. 0.24 ± 0.19, p = 0.001) and NP (0.43 ± 
0.24 vs. 0.29 ± 0.19, p < 0.001) were significantly higher in FH-deficient RCC. No significant difference was found between 
the FH germline and somatic mutation subgroups in any of the parameters.
Conclusion: The MDCT features of FH-deficient RCC were different from those of pRCC type II, whereas there was no statistical 
difference between the germline and somatic mutation subgroups. A kidney mass with a cystic solid pattern and metastatic 
tendency, especially in young patients, should be considered for FH-deficient RCC.
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deficient RCC) is a rare subtype of renal cell carcinoma (RCC) 
with pathologic germline/somatic mutations in the FH 
gene [1-6]. Lesions with germline mutations are associated 
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40.4 ± 14.7 years; range, 13–71 years) with pathological 
immunohistochemistry (IHC)-confirmed RCC with FH protein 
deficiency via punctured or radical specimen were enrolled 
from 4 hospitals (7 of them were consultation cases from 3 
cooperative hospitals); in which 4 cases were retrospectively 
reviewed and confirmed by IHC from all pRCC cases at our 
institution before 2017 by a genitourinary pathologist with 
20 years of experience. A total of 15 patients (mean age, 
40.2 ± 17.3 years, range, 13–71 years) had FH germline 
mutations and were diagnosed as HLRCC-associated RCC, 
while the other 9 patients had somatic mutations (mean 
age, 40.7 ± 9.6 years, range, 26–57 years). The FH gene 
mutation in all diagnosed FH-deficient RCCs was confirmed 
by Sanger sequencing [5]. In addition, 54 consecutive 
patients (mean age 58.6 ± 12.6 years; range, 25–88 years) 
in our institution with pathologically diagnosed pRCC 
type II from January 2010 to June 2020 were enrolled as 
control groups. All patients underwent pre-treatment MDCT 
examinations.

CT Protocol
All patients underwent plain and double-phase enhanced 

MDCT examinations. The scan techniques varied somewhat, 
owing to the retrospective nature of the study. After 
imaging in the unenhanced phase (UP), 100–150 mL 
of intravenous contrast media (ominipaque, iopamidol, 
iopromide) was administered by a power injection at a rate 
of 3 mL/s, with a dose of approximately 2 mL/kg.  
Subsequently, corticomedullary phase (CMP) and 
nephrographic phase (NP) scans were initiated at 20–30 
seconds and 60–80 seconds after the initiation of the 
injection, respectively. In general, the examinations were 
performed using a spiral technique with 2–5 mm collimation 
and 2–5 mm reconstruction intervals. Patients were scanned 
using several MDCT scanners (Ingenuity, Brilliance 64, 
Philips Healthcare; SOMATOM Definition AS+/Flash and 
Sensation 16, Siemens Medical Solutions; Revolution CT, GE 
Healthcare), with 120 kV voltage and 120–210 mA current.

Imaging Analysis
The images were reviewed by two radiologists with 5 and 

15 years of experience in abdominal imaging, respectively; 
both radiologists were aware of the presence of renal tumor 
but were blinded to the clinical and histopathological 
results. The lesions were evaluated for laterality, single or 
multiple, maximal diameter, location (left or right), growth 
pattern (exophytic or endophytic), solid or cystic solid 

with hereditary leiomyomatosis and RCC (HLRCC) syndrome, 
which is an autosomal dominant disorder that predisposes 
individuals to multiple cutaneous leiomyomas, uterine 
leiomyomas, and RCC [1,2,6-8]. Clinically, FH-deficient RCC 
is an aggressive tumor that commonly presents with locally 
advanced or metastatic disease, even in the setting of a 
small primary tumor, and with a high rate of progression 
and mortality [1,2,4,7-10]. Sun et al. [5] found that some 
patients could benefit from immune checkpoint blockade-
based strategies, so timely diagnosis and effective 
treatment are particularly important. 

However, its diagnosis is difficult because of variable 
and mixed pathological architectures [1,3,5], and it has 
been misclassified as papillary type II RCC (pRCC type 
II) when diagnosed via histopathology alone [8,11-13]. 
Previous studies reported that patients with FH-deficient 
RCC (germline or somatic) shared remarkable clinical-
pathological characteristics with those of HLRCC-associated 
RCC, which was recognized as a separate entity in the 
2016 World Health Organization (WHO) classification; both 
show characteristics such as younger age at presentation, 
aggressive clinical behavior, and adverse morphologic 
features, typically papillary architecture admixed with 
other growth patterns [1-3]. Recently, some studies have 
investigated the imaging findings of papillary type II 
HLRCC-associated renal tumors [12] and FH-deficient RCC 
[14]; however, they did not clarify the features that could 
differentiate FH-deficient RCC from pRCC type II, which 
could help pathologists in making decisions regarding 
further immunohistochemical staining or even gene 
sequencing.

To the best of our knowledge, the imaging features of FH-
deficient RCC with germline or somatic mutations and their 
differences from pRCC type II have not been systematically 
reported. This study aimed to investigate the multidetector 
computed tomography (MDCT) findings of gene sequencing-
confirmed FH-deficient RCC, including an analysis of 
subgroups of FH germline and somatic mutations, and 
compare them with pRCC type II.

MATERIALS AND METHODS

Patients
This study was approved by the local Institutional Review 

Board (IRB No. HX-IRB-AF-16-V4.0), which waived the 
need for individual consent. From January 2010 to June 
2020, 24 patients (mean age ± standard deviation [SD], 
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(predominantly solid or predominantly cystic), calcification, 
hemorrhage, necrosis, perirenal fat invasion, renal sinus 
invasion, renal venous thrombus, lymph node, and distant 
metastasis. The CT values of the lesions and normal renal 
cortex (ipsilateral or contralateral) were measured on 
UP, CMP, and NP at the same level, with slice thickness 
reconstructed to 5 mm. Each radiologist placed two regions 
of interest (approximately 0.5–1 cm2) at the solid part of 
the tumor and renal cortex. 

Endophytic and exophytic growth was defined as the 
main body of the tumor inside or outside the outline of the 
kidney, respectively. Predominantly solid and cystic patterns 
were defined as cystic proportions of < 50% or > 50%. 
Perirenal fat invasion was characterized as a tumor that had 
broken through the renal capsule, and renal sinus invasion 
was characterized as a tumor that had invaded the renal 
sinus adipose space. Necrosis was defined as an unenhanced 
low-density area with an ambiguous boundary in the solid 
part, and cystic area as an unenhanced water density area 
with a clear boundary around or inside the solid part. When 
there was a difference between the investigators’ opinions, 
a consensus was reached through discussion or consultation 
with another senior genitourinary radiologist with more 
than 15 years of experience. The final unenhanced and 
enhanced CT values of the lesions and normal renal cortex 
in different phases were calculated by averaging the 
values measured by the two radiologists. The absolute 
enhancement value of the tumor and renal cortex in CMP/
NP was calculated by subtracting the CT value in CMP/NP 
and UP, and the relative enhancement ratio of the lesion in 
CMP and NP was calculated using the following formula: the 
absolute enhancement value of the lesions / the absolute 
enhancement value of the renal cortex.

Statistical Analysis 
All statistical analyses were performed using IBM SPSS 

version 21.0. (IBM Corp., Armonk, NY, USA). Continuous 
and categorical variables were expressed as mean ± SD or 
percentage, respectively, and they were compared between 
the groups using the unpaired student t test or chi-square 
test. Statistical significance was defined as a two-tailed p 
value < 0.05.

RESULTS

Pathological and Clinical Characteristics of FH-Deficient 
RCC

Microscopically, the lesions showed multiple 
microstructures, such as papillary, nested, tubular, 
tubulocystic, and cystic patterns. The International Society 
of Urological Pathology (ISUP)/WHO grade was 2 in 1 
patient, 3 in 20 patients, and 4 in 3 patients. Among the 
seven female patients, one had a germline mutation and 
a history of familial uterine leiomyomas, and three had 
uterine leiomyomas and somatic mutations. In addition, 
only one male patient was documented to have typical 
cutaneous leiomyomas, and he had an FH somatic mutation. 

Nineteen patients showed symptoms, such as hematuria 
(10/24, 41.7%), low back pain (8/24, 33.3%), and 
weakness (1/24, 4.2%), at the time of initial diagnosis, 
while they were found on routine medical examination 
in others. In addition, none of the patients had a family 
history of RCC. A total of 4 patients with lymph node and 
distant metastasis at diagnosis were treated with radio-, 
interventional, or targeted therapy, in which 2 patients 
were stable for 6 and 10 months, respectively, and the other 
2 patients progressed in 2 and 13 months, respectively. 
The remaining 20 patients underwent surgery and adjuvant 
therapy when there was initial metastasis or postoperative 
progression. Of these patients, 2 died 10 and 12 months 
later, respectively, without timely adjuvant therapy, before 
2017; 4 lived without recurrence from 6 to 90 months 
without any adjuvant therapy; 10 progressed within 2 to 19 
months after surgical therapy; 3 were unevaluable due to 
short follow-up time; and one was lost to follow-up.

Imaging Characteristics of FH-Deficient RCC and pRCC 
Type II 

The main imaging characteristics of the two entities and 
subgroups of FH-deficient RCC are summarized in Tables 1 
and 2. 

All the lesions involved were unilateral and single. 
Both FH-deficient RCC and pRCC type II showed similar 
distributions in terms of sex, location (left/right), and 
growth pattern (exophytic/endophytic). The age was 
significantly lower in patients with FH-deficient RCC (p < 
0.001), with the number of patients below 40 years of age 
being 13 (13/24, 54.2%) in FH-deficient RCC, but only 3 
(3/54, 5.6%) in the pRCC type II group. Compared with 
pRCC type II, FH-deficient RCC predisposes patients to 
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(3/54, 5.5%) were predominantly cystic. Six patients (6/16, 
37.5%) had a thin septum. In total, the distributions of 
solid and cystic solid patterns were significantly different 
between the two entities (p < 0.001).

Compared with the pRCC type II group, there was no 
statistical difference in the distribution of calcification, 
hemorrhage, necrosis, perirenal fat invasion, renal venous 
thrombus, and renal sinus invasion between the two 
entities. Lymph node metastasis was found in 16 FH-
deficient RCC patients (3 solid and 13 cystic solid), and 11 
of them (2 solid, 9 cystic solid) showed distant metastasis 
in the bone, lung, adrenal gland, liver, or pleura. A total of 
16 patients with pRCC type II (8 solid and 8 cystic solid) 
had lymph node metastasis, and 3 (1 solid and 2 cystic 
solid) had distant metastases in the bone and adrenal 
gland. Both lymph node and distant metastases were 
more frequent in the FH group (p = 0.003 and p < 0.001, 
respectively). 

The mean double-phase attenuation of both entities in 

larger tumors (p = 0.002). 
In the FH-deficient RCC group, four of the lesions (4/24, 

16.7%) were solid (Fig. 1), showed germline mutations, 
and mainly demonstrated papillary or tubular pathological 
morphology, with two being mixed with solid or adenoid 
pattern. A total of 10 (10/24, 41.7%) lesions were 
predominantly solid (Fig. 2), and mainly showed papillary, 
tubular, or adenoid pattern, with some cases mixed with 
solid or nested pattern; the other 10 (10/24, 41.7%) lesions 
were predominantly cystic (Fig. 3) and mainly showed 
papillary or tubular pattern, with some cases mixed with 
cystic or adenoid pattern. Among all the cystic solid tumors, 
the solid part was eccentric and adjacent to the renal sinus, 
and the cystic part was inclined to grow, deviating from 
the renal sinus. In addition, 16 (16/20, 80.0%) cystic solid 
lesions showed a polycystic pattern with a thin, smooth 
wall and/or septum. In the pRCC type II group, only 16 
(16/54, 29.6%) lesions showed a cystic solid pattern, of 
which 13 (13/54, 24.1%) were predominantly solid and 3 

Table 1. Comparison between FH-Deficient RCC and pRCC Type II 
Characteristics FH-Deficient RCC (n = 24) pRCC Type II (n = 54) P

Age, year 40.4 ± 14.7 (13–71) 58.6 ± 12.6 (25–88) < 0.001
Female 7 (29.2) 10 (18.2) 0.787
Diameter, cm 8.1 ± 4.1 (3.0–19.8) 5.4 ± 3.2 (1.2–14.8) 0.002
Location in the left kidney 16 (66.7) 29 (53.7) 0.329
Exophytic 15 (62.5) 32 (59.3) 1.000
Solid and cystic pattern < 0.001

Solid 4 (16.6) 38 (70.4)
Predominantly cystic 10 (41.7) 3 (5.5)
Predominantly solid 10 (41.7) 13 (24.1)

Calcification 6 (25.0) 12 (22.2) 1.000
Hemorrhage 3 (12.5) 4 (7.4) 0.670
Necrosis 15 (62.5) 25 (46.3) 0.225
Perirenal fat invasion 7 (29.2) 11 (20.4) 0.561
Renal sinus invasion 9 (37.5) 15 (27.8) 0.432
Renal venous thrombus 4 (16.7) 5 (9.3) 0.445
Lymph node 16 (66.7) 16 (29.6) 0.003
Distant metastasis 11 (45.8) 3 (5.6) < 0.001
Unenhanced attenuation, HU 37.2 ± 8.32 (29.0–70.0) 38.4 ± 11.0 (19.7–74.0) 0.638
Attenuation in CMP, HU 76.3 ± 25.0 (45.2–135.3) 60.2 ± 23.6 (30.0–123.3) 0.008
Attenuation in NP, HU 87.7 ± 20.5 (58.3–132.0) 71.2 ± 23.9 (32.0–128.0) 0.004
Absolute enhancement in CMP, HU 39.0 ± 24.8 27.1 ± 22.7 0.001
Absolute enhancement in NP, HU 50.5 ± 20.5 38.2 ± 21.9 0.001
Relative enhanced ratio in CMP 0.35 ± 0.26 0.24 ± 0.19 0.001
Relative enhanced ratio in NP 0.43 ± 0.24 0.29 ± 0.19 < 0.001
Ratio of unenhanced value 1.11 ± 0.26 1.18 ± 0.26 0.107

Data are mean ± standard deviation with or without range in parentheses or raw number with percentages in parentheses. CMP = 
corticomedullary phase, FH-deficient RCC = fumarate hydratase-deficient renal cell carcinoma, HU = Hounsfield unit, NP = nephrographic 
phase, pRCC type II = papillary type II renal cell carcinoma
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UP, CMP, and NP is shown in Figure 4. The attenuation of 
lesions in CMP and NP (p = 0.008 and 0.004, respectively), 
absolute enhancement in CMP and NP (all p = 0.001), and 
relative enhancement ratio to the cortex in CMP and NP (p = 
0.001 and p < 0.001, respectively) in the FH group was 
significantly higher than that in the pRCC type II group. 
The unenhanced attenuation of lesions was higher than 
that of the renal cortex in both entities, while there was no 
statistical difference in the lesion attenuation and its ratio 
to the renal cortex in UP. 

None of these clinical and imaging parameters were 
statistically different between the two mutation subgroups 
of FH-deficient RCC (Table 2).

DISCUSSION

HLRCC-associated RCC is an extremely rare and aggressive 
subtype of RCC found in approximately 15%–34% of 
reported HLRCC-affected families worldwide, and germline 

mutations in the FH gene (1q42.3–q43) have been reported 
to cause the syndrome [2,7,10,15]. FH-deficient RCC has 
been proposed as a broader disease as it contains both 
germline and somatic mutation subtypes [2]. Multiple, 
and sometimes mixed, architectures have been observed 
in FH-deficient RCC, such as papillary, tubulopapillary, 
tubulocystic, tubular, cribriform, sarcomatoid, and rhabdoid 
[1-4,8], with most of our cases showing predominantly 
papillary or tubular patterns. The diagnosis of FH-deficient 
RCC based on architectural patterns is difficult and it 
may be confused with pRCC type II when diagnosed only 
through microscopic examination. The diagnosis must be 
further confirmed by IHC, specifically via positivity for 
S-(2-succinyl) cysteine (2SC) and negativity for FH, CK7, 
and AMACR expression [1,4,7,8], or even gene sequencing. 
High rates of aggressive behavior, relapse, and mortality 
have highlighted the importance of recognition and specific 
treatment for this entity as soon as possible [1-3].  
Radiologists, who might confront this type of tumor first 

Table 2. Comparison between FH-Deficient RCC Subgroups
Characteristics Somatic FH-Deficient RCC (n = 9) Germline FH-Deficient RCC (n = 15) P 

Age, year 40.7 ± 9.6 (26–57) 40.2 ±17.3 (13–71) 0.942
Female 4 (44.4) 3 (20) 0.417
Diameter, cm 7.5 ± 3.4 (3.0–13.2) 8.5 ± 4.5 (3.8–19.8) 0.592
Location in the left kidney 5 (55.6) 11 (73.3) 0.655
Exophytic 7 (77.8) 9 (60.0) 0.446
Solid and cystic pattern 0.213

Solid 0 4 (26.7)
Predominantly cystic 5 (55.6) 5 (33.3)
Predominantly solid 4 (44.4) 6 (40.0)

Calcification 2 (22.2) 4 (26.6) 1.000
Hemorrhage 0 3 (20.0) 0.266
Necrosis 5 (55.6) 10 (66.7) 0.913
Perirenal fat invasion 1 (11.1) 6 (40.0) 0.297
Renal sinus invasion 2 (22.2) 7 (46.7) 0.446
Renal venous thrombus 0 4 (26.6) 0.259
Lymph node 6 (66.6) 10 (66.7) 1.000
Distant metastasis 4 (44.4) 7 (46.7) 1.000
Unenhanced attenuation, HU 35.6 ± 4.79 (29.0–40.0) 38.2 ± 9.89 (29.0–70.0) 0.468
Attenuation in CMP, HU 76.8 ± 28.3 (45.2–135.3) 76.0 ± 23.9 (49.0–132.9) 0.946
Attenuation in NP, HU 88.5 ± 25.6 (58.3–131.6) 87.2 ± 17.6 (62.0–116.0) 0.881
Absolute enhancement in CMP, HU 22.2 ± 21.2 25.1 ± 20.4 0.758
Absolute enhancement in NP, HU 28.8 ± 21.2 36.2 ± 15.6 0.336
Relative enhanced ratio in CMP 0.18 ± 0.15 0.22 ± 0.15 0.459
Relative enhanced ratio in NP 0.20 ± 0.11 0.28 ± 0.12 0.096
Ratio of unenhanced value 1.31 ± 0.20 1.13 ± 0.23 0.065

Data are mean ± standard deviation with or without range in parentheses or raw number with percentages in parentheses. CMP = 
corticomedullary phase, FH-deficient RCC = fumarate hydratase-deficient renal cell carcinoma, HU = Hounsfield unit, NP = nephrographic 
phase
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The mortality rate was lower (8.3% vs. 39.0%), but the 
progression rate was higher (41.7% vs. 26.0%), which may 
be due to differences in race, therapy, and follow-up time.

Pathologically, FH-deficient RCC may present with a 
prominent tubulocystic and microcystic growth pattern, 
or even an entirely cystic pattern [2,8]. The Krebs cycle 
enzyme, FH, is a human tumor suppressor whose inactivation 
is associated with the development of leiomyoma, renal 
cysts, and tumors [17]. FH1 loss induces early renal cyst 
formation, dysplastic changes in cystic epithelium, and 
solid tumors arising from cyst walls, which may suggest that 
cystic change is the early stage of carcinogenesis [17], and 
it helps explain the cystic solid pattern of FH-deficient RCC. 
Previous studies have also proposed that cystic formation 
might be caused by a tumor originating from the epithelium 
of the proximal convoluted tubule, which grows in a cystic 
pattern [18,19]. There was no statistical difference in the 
distribution of solid and cystic solid patterns between the 

and evaluate the overall tumor characteristics, must be 
familiar with the clinical and specific imaging features 
to alert pathologists to perform relevant IHC or genetic 
examinations in cases with suspicious imaging features.

A previous report from Europe found that FH-deficient 
RCC was associated with HLRCC syndrome in approximately 
35.0% of patients [2]. In our study, only one patient with 
a germline mutation had familiar uterine leiomyomas, 
while four patients with somatic mutations showed HLRCC 
syndrome-associated symptoms, which may indicate that 
these HLRCC syndrome-associated symptoms could also 
be found in sporadic cases. Previous studies have found 
that HLRCC-associated RCC has a high rate of metastasis, 
even when the tumor is small or at an early stage, with 
a high fatality rate [8,9,16]. The proportion of patients 
with distant metastasis was higher in our study (45.8% vs. 
19.0%) than in the study by Trpkov et al. [2], while that 
of lymph node metastasis was similar (66.7% vs. 52.0%). 

A

C

B

D

Fig. 1. A 30-year-old male with solid fumarate hydratase-deficient renal cell carcinoma with germline mutation in the left 
kidney. A-D. CT images in the unenhanced (A), corticomedullary (B), and nephrographic (C) phases show an indistinct left renal mass with 
moderate enhancement. Enhanced axial images show simultaneous perirenal fat invasion (white arrow), renal sinus invasion (black arrow), renal 
venous tumor thrombus (star), and lymph node metastasis (B, C). Histopathologic photograph showing a papillary growth pattern (hematoxylin 
and eosin stain, x 200) (D).
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germline and somatic mutation groups in our cases, which 
may suggest that a cystic solid pattern is likely to occur as 
long as FH-deficiency exists in the tumor.

With a cystic solid pattern, FH-deficient RCC should 
be differentiated from other renal tumors with similar 
characteristics. The mixed cystic solid (83.4%) pattern was 
more commonly found in FH-deficient RCC than in pRCC 
type II (29.6%) in our study, as well as other common 
subtypes of renal tumors reported, such as clear cell 
RCC (22.9%–54.1%), pRCC type I (23.0%–36.4%), and 
chromophobe RCC (12.5%–21.9%) [12,20,21]. Polycystic 
(80.0%) change with thin, smooth wall and/or septum 
could be considered a characteristic feature of FH-deficient 
RCC in our study, which could also be seen in previously 
reported papillary type II HLRCC-associated renal tumors 
but without systematic exposition [12,14]. Although 

clear cell RCC was the most common cystic solid RCC, 
its enhancement peaked in CMP, which was significantly 
different from that of FH-deficient RCC [22]. Compared with 
the CT appearance of multilocular cystic RCC (MCRCC) with 
a measurable enhanced thick or irregular wall and septa 
[23], the wall and septa of FH-deficient RCC are thin and 
always unmeasurable. In addition, MCRCC has been shown 
to have a highly innocuous natural history with a low grade 
and absence of metastasis [24], which also differs from 
our cases. Typically, the size of tubulocystic RCCs (TCRCC) 
is small, and approximately 40.0% of them are smaller 
than 2 cm [18], unlike the FH-deficient RCC observed in our 
cases. As reported in the literature, cystic pattern and rim-
like or egg-shell calcification are common in Xp11.2/TFE 
RCC [25-27]. However, the probability of a polycystic shape 
was higher, and typical calcification was relatively rare in 

C

A

D

B

Fig. 2. A 37-year-old female with predominantly solid fumarate hydratase-deficient renal cell carcinoma with somatic mutation 
in the left kidney. A-D. An unenhanced CT image (A) shows a soft tissue mass mixed with a low-density area. Corticomedullary (B) and 
nephrographic (C, D) phase CT images show the eccentric location of the solid portion with a thin septum (white arrows) and calcification (black 
arrow). 
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FH-deficient RCC. 
Similar to pRCC type II, FH-deficient RCC demonstrated 

progressive enhancement, which peaked in the NP. However, 
the absolute enhancement and relative enhancement ratios 
in CMP and NP of FH-deficient RCC were higher than those 
of pRCC type II. This may be because the most common 
histopathological characteristic of FH-deficient RCC is 
papillary, although some are mixed with other forms. 
Moreover, FH-deficient RCC was susceptible to involvement 
in younger patients and showed larger size, and the rates 
of lymph node and distant metastasis were higher in FH-
deficient RCC than in pRCC type II in our study, and among 
other reported subtypes of RCC [12,14,20-24,26]. 

Due to the high rate of metastasis and lethality of FH-
deficient RCC, some authors have suggested that it should 
be aggressively evaluated and surgically removed [7], and 
might benefit from systemic therapy [1] and immunotherapy 

A

C

B

D

Fig. 3. A 13-year-old girl with predominantly cystic fumarate hydratase-deficient renal cell carcinoma with germline mutation in 
the right kidney. A-D. An unenhanced CT image (A) shows multiple cysts and calcifications. Corticomedullary (B) and nephrographic (C, D) 
phase CT images show the eccentric location of the solid portion. 

Fig. 4. Mean double-phase attenuation curves for FH-deficient 
RCC and pRCC type II. FH-deficient RCC = fumarate hydratase-
deficient renal cell carcinoma, pRCC type II = papillary type II renal 
cell carcinoma
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[5]. However, high-level evidence regarding optimal and 
effective management is insufficient because of the limited 
time until the proposition of this disease [1]. In our study, 
most patients received targeted therapy after surgery when 
there was initial metastasis, combined therapy when surgery 
could not be performed, and close follow-up, especially 
after 2017. This has achieved certain positive effects 
compared with previous studies on mortality rate [2], and 
proved that constantly updating knowledge from clinical, 
pathological, and radiological aspects can benefit patients 
in clinical treatment.

There are some limitations to our study. First, 2SC 
immunostaining was missed because the antibody was not 
yet commercially available [4]. Second, although the same 
slice thickness had been reconstructed and corrected with 
the enhancement of the renal cortex, the variety of scanners 
used may have impacted the measurement of CT values, 
which was difficult to avoid, and sometimes, it was not easy 
to distinguish between cystic degeneration and necrosis. 
Finally, the limited sample size and short follow-up period 
may have cause inaccurate statistical results and prognosis 
judgment. However, this was still the largest sample of FH-
deficient RCC that considered germline/somatic mutation 
and compared with pRCC type II in imaging findings for the 
first time.

In conclusion, the MDCT features of FH-deficient RCC 
were different from those of pRCC type II, whereas there 
was no statistical difference between the germline and 
somatic mutation subgroups. A kidney mass with a cystic 
solid pattern and metastatic tendency, especially in young 
patients, should be considered suspicious for FH-deficient 
RCC.
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