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ABSTRACT

Objective: To evaluate the preoperative imaging manifestation and therapeutic effect of
laparoscopic simple enucleation (SE) for localized chromophobe renal cell carcinoma
(chRCQ).

Materials and Methods: Clinical data of 36 patients who underwent laparoscopic SE of
localized chRCC at our institute were retrospectively analyzed. All patients underwent
preoperative renal protocol CT (unenhanced, arterial, venous, and delayed images). CT
scan characteristics were evaluated. After intraoperative occlusion of the renal artery,
the tumor was free bluntly along the pseudocapsule and enucleated totally. The pa-
tients were followed up regularly after the operation.

Results: Mean tumor diameter was 3.9+1.0 cm, 80% of tumors were homogeneous and
all the tumors had complete pseudocapsule. The attenuation values were slightly lower
than normal renal cortex and degree of enhancement of the tumors were significantly
lower than normal renal cortex. Mean operation time was 104.3+18.2 min. Mean warm
ischemia time (WIT) was 21.3+3.5 min. Mean blood loss was 78.6+25.4 mL. No positive
surgical margin was identified. Mean postoperative hospital stay was 5.3+1.5 d. Hema-
turia occurred in 3 patients and all disappeared within 3 days. After a mean follow-up
of 32.1+20.6 months, no patient had local recurrence or metastatic progression.
Conclusion: Localized chRCCs have a great propensity for homogeneity and complete
pseudocapsule. The attenuation values were slightly lower than normal renal cortex
and small degree of enhancement. Laparoscopic SE is a safe and effective treatment for
localized chRCC. The oncological results were satisfactory.
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INTRODUCTION

Renal cell carcinoma is a common malig-
nant tumor in the urinary system. Among the di-
fferent sub-types of renal cell carcinoma, chromo-
phobe renal cell carcinoma (chRCC) accounts for
approximately 3% to 5% of all RCCs (1). ChRCC is
considered to be derived from the collecting duct,
harbors mitochondria alterations, and can be ob-

served in Birt-Hogg-Dubé syndrome (2). In gene-
ral, chRCCs have been considered to be homoge-
neous and indolent tumors. It has been evidenced
that the degree of early enhancement during the
corticomedullary phase was largest for clear cell
RCC followed by oncocytoma, chRCC, and pa-
pillary RCC (3). However, as far as it is known,
few studies are specialized in the imaging mani-
festations of chRCCs. Among all the different RCC
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subtypes, chRCCs reportedly have the best prog-
nosis, with a 5-year survival rate of over 90%, as
opposed to clear cell and papillary RCCs, which
have rates of survival of 55% - 60% and 80% -
900%, respectively (4, 5).

The treatments of localized chRCC include
active surveillance, radiofrequency ablation, ra-
dical nephrectomy and nephron-sparing surgery.
Simple enucleation (SE) is a nephron sparing
surgery, which dissects the tumor bluntly along
the natural cleavage plane between the tumor
pseudocapsule and healthy kidney parenchyma
(6). SE was first used in benign renal tumors.
Nowadays, SE is routinely performed for fami-
lial RCC and sporadic RCC, which can retain the
maximum normal parenchyma in order to reduce
the risk of chronic kidney disease development
(7, 8). Recently, it has been reported that tumor
SE had revealed comparable oncologic outcomes
compared with standard margin partial nephrec-
tomy for RCC (9-12). However, it is understood
that, most of the previous articles were about SE
in the treatment of clear cell RCCs. No previous
studies have evaluated safety and feasibility of
this technique in chRCCs exclusively. Ficarra V,
et al. (13) analyzed a lot of previous data and
conclude that simple enucleation was a surgical
technique responding to the EAU guidelines cri-
teria for oncologic safety. First laparoscopic SE
for chRCC was performed in November 2010 at
our institute.

Therefore, the purpose of this study is to
evaluate the CT manifestations, enhancement fe-
atures and the safety, feasibility and oncological
outcomes treatment with laparoscopic SE in a se-
ries of pathologically proven localized chRCCs at
our institute.

MATERIALS AND METHODS

Patients
This was a single center, institutional re-
view board approved, retrospective study. Conse-
cutive patients were selected fulfilling the follo-
wing criteria:
1. Preoperative protocol CT (unenhan-
ced, arterial, venous, and delayed
images) of the urinary system was
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performed in the hospital within 1
month from the day of surgery.

2. Postoperative pathology were chRCCs
reconfirmed by uropathologists ac-
cording to the 2016 WHO classifica-
tion of renal tumors (14).

3. Treatment was laparoscopic SE sur-
gery performed by experienced urolo-
gical doctors.

Patients with doubtful tumor histology,
distant metastasis or irregular follow-up were
excluded. Patients treated with normal margin of
partial nephrectomy were also excluded.

Preoperative evaluation

Preoperative evaluation was conducted
routinely and consisted of the following: chief
complaint, physical examination, routine blood
test, chest radiograph, electrocardiogram and
protocol CT (unenhanced, arterial, venous, and
delayed images) of the urinary system. The com-
plexity of tumors was measured by PADUA score
system (15).

The maximum diameter, texture and cap-
sule of the tumor were observed. The presence
of distant metastatic disease, suspicious lympha-
denopathy, or tumor thrombus was noted. The
average attenuation values of tumor and normal
renal cortex at 4 various stages were recorded.

Surgical technique

Generally anesthetized patients were
placed in lateral decubitus position. Three tro-
cars were placed on the affected flank through
retroperitoneal laparoscopic approach. The renal
artery was fully dissected and blocked with an
artery clamp. The renal parenchyma was incised
sharply through a 5 mm length, adjacent to the
tumor fringe. When the proper surgical plane is
entered and the capsule is reached, the tumor can
be easily isolated bluntly from the normal acro-
teric parenchyma and simply enucleated from
the kidney without any visible rim of normal pa-
renchyma. A single-layer suture with Hem-lock
placed on the renal capsule at the beginning and
end of the suture process was applied. Then, the
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artery clamp was taken off from the renal pe-
dicle. The operation time, warm ischemia time
(WIT) and blood loss were recorded.

Postoperative management

Surgical specimens were processed ac-
cording to standard procedures by two expert
uropathologists. Pathological tumor size, patho-
logical tumor capsule, positive surgical margin
(PSM), TNM stage and the Furman nuclear gra-
de were checked (2, 16). Postoperative compli-
cations including hematuria, bleeding, blood
transfusion, urine leakage and intestinal obs-
truction were observed. The postoperative hos-
pital stay was recorded.

Follow-up

Follow-up was scheduled 4 times annu-
ally for the first and second year, 2 times annu-
ally for the 3™ to 5" year, and annually thereafter.
Follow-up contents included history collection,
physical examination, chest X ray, abdominal
color Doppler ultrasound or CT alternately and
eGFR based on the blood test of kidney function
(17). The eGFR of each patient 6 months after
surgery was compared with that before surgery.

Statistical analysis

Independent-sample two-sided t-tests
were used for the comparisons of mean attenua-
tion values of tumor and normal renal cortex at
4 various stages. Wilcoxon signed-rank test was
used to compare eGFR data variables between
preoperative and postoperative. Statistical signi-
ficance was set at p<0.05. The data were analyzed
with the SPSS software, version 23.0.

RESULTS

Patient’s characteristics

The descriptive characteristics of all the
patients are shown in Table-1, 36 patients who
underwent laparoscopic SE of localized chRCC
between November 2010 and December 2016 at
our institute were consecutively selected. There
were 18 males and 18 females with a mean age of
50.1+13.0 years. 17 renal masses were on the left

Table 1 - Demographic Characteristics.

Characteristics Value
N 36
Age (years) mean+SD 50.1£13.0
Gender
Male (no.) 18
Female (no.) 18
BMI (kg/m?) mean+SD 23.8+3.6
Location
Left (no.) 17
Right (no.) 19
Tumor diameter (cm) mean+SD 3.9+1.0
PADUA score mean+SD 8.0£0.9
Preoperative eGFR (mL/min) mean+SD 78.5£22.4

side and 19 renal masses were on the right side.
Mean tumor diameter was 3.9+1.0 cm. Mean PA-
DUA score was 8.0+0.9. The mean preoperative
eGFR was 78.5+22.4 mL/min.

CT imaging analysis

All the tumors were solid masses with
complete and inerratic pseudocapsule (Figures 1
A-D), 80% of tumors were homogeneous. Calci-
fications were not seen in any of these masses.
None of the patients had evidence of lymph node
or distant metastatic disease, either on initial
staging CT or color Doppler ultrasound. Table-2
summarizes the attenuation values for the 36
patient’s tumors over the unenhanced, arterial,
venous, and delayed phases. The mean attenua-
tion values of chRCC over the unenhanced, arte-
rial, venous, and delayed phases were 39.2+4.3
HU, 75.748.1 HU, 97.1+10.2 HU, 74.3+7.5 HU
respectively. The mean attenuation values of
normal renal cortex over the unenhanced, arte-
rial, venous, and delayed phases were 40.7+4.8
HU, 169.7+8.6 HU, 203.3+10.6 HU, 124.7+9.4 HU
respectively. The attenuation values of chRCC
were slightly lower than normal renal cortex at
the unenhanced phase (P>0.05). The attenuation
values of chRCC were significantly lower than
normal renal cortex over the arterial, venous,
and delayed phases (P<0.05).
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Figure 1 (A-D) Lesion is well-circumscribed and homogeneous on unenhanced (A), arterial (B), venous (C), and delayed (D)

images, respectively.

Operative and oncological data

The operative and oncological data are
described in Table-3. Mean operative time and
warm ischemia time were 104.3+18.2 min and
21.3+3.5 min, respectively, with a mean blood
loss of 78.6+25.4 mL during the surgery. No pa-
tient revealed positive surgical margin patho-

logically. All tumors had a complete pathology
pseudocapsule, 15 of the pseudocapsules had
cancer cell infiltration, but none of the pseudo-
capsules had cancer cell penetration (Figure-2 A
and Figure-2 B). The arrows indicated the tumor
complete pseudocapsule in Figure-2 A. In Figu-
re-2 B, the arrows indicate the inner and outer

Table 2 - Mean attenuation values (HU) of tumor and normal renal cortex at 4 various stages.

Stage Unenhanced Arterial Venous Delayed

ChRCC 39.2+4.3 75.7+8.1 97.1+10.2 74.3£7.5
Renal cortex 40.7+4.8 169.7+8.6 203.3+10.6 124.7+9.4
t 1.40 47.74 43.32 25.15

P 0.17 <0.05 <0.05 <0.05
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Table 3 - Operative and Oncological Data.

Characteristics Value

N 36
Operation time (min) mean+SD 104.3+18.2
Warm ischemia time (min) mean+SD 21.3+3.5
Blood loss (mL) mean+SD 78.6+25.4
Positive surgical margin (no.) 0
Complete pseudocapsule (no.) 36
Pseudocapsules with cancer cell infiltration (no.) 15

Figure 2 A - Microscopic investigation reveals chRCC with
intact pseudocapsule (HE*40).

parts of the tumor pseudocapsule with cancer
cell invasion but without cancer cell penetra-
tion. The postoperative data are described in Ta-
ble-4. The mean postoperative hospital stay was
5.3+1.5 days. Hematuria occurred in 3 patients
and all disappeared within 3 days. No bleeding,
blood transfusion, urine leakage or intestinal
obstruction occurred. After a mean follow-up of
32.1+20.6 months, no patient had a local recur-
rence or metastatic progression. Postoperative
eGFR of each patient was shown in Table-1. Mean
eGFR was 70.5+19.2 mL/min. Postoperative eGFR
was slightly lower compared to preoperative va-
lue with Wilcoxon signed-rank test. There was
no significant difference between the two sets of
data (P>0.05).
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DISCUSSION

ChRCCs are the third most common sub-
type of RCC and account for 3% - 5% of RCCs (1).
Lipworth L, et al. (18) reported that the incidence
of chRCC was significantly higher in the fema-
le population. In the series, the mean age of the
patients was 50.1+13.0 and 50% of the patient
population were women. Compared with one of
the largest cohort recently (19), which included
166 chRCC patients, where the mean age was
48.5+12.9 and the female population was 51.4%,

Figure 2 B - Microscopic investigation reveals the
pseudocapsule of chRCC had cancer cell infiltration, but
without penetration (HE*40).

Table 4 - Postoperative Data.

Characteristics Value
Postoperative hospital stays (days) 5.3+1.5
mean+SD

Complication (no.) (%) 3(8.3%)
Hematuria (no.) 3
Bleeding (no.) 0
Blood transfusion (no.) 0
Urine leakage (no.) 0
Intestinal obstruction (no.) 0
Follow-up (months) mean+SD 32.1+£20.6
Patients with recurrence (no.) 0
Postoperative eGFR (mL/min) mean+SD 70.5+£19.2
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the results were similar. However, no previous
study has demonstrated the etiology of age and
gender difference of chRCC.

It has been evidenced that multiphasic
CT is useful for distinguishing the benign vs.
malignant renal masses and discriminating the
pathological subtypes of RCC (20, 21). In the stu-
dy, chRCC tends to be homogenous, solid, well
circumcised and without calcification. Braunagel
M, et al. (21) compared the CT imaging which fe-
atures different subtypes of renal cell carcinoma
(RCC), it was concluded that chRCCs were the
most homogeneous tumors with fibrous strands
and microbleeding without detection of hyalini-
zation or necrosis. According to Zhang J’s stu-
dy (22), heterogeneous renal lesions were more
likely to behaving aggressively. Thus, based on
the relatively nonaggressive biologic behavior
of chRCCs (4), it is no wonder that chRCCs are
more likely to have homogenous appearance.
The differentiation of the histology of renal tu-
mors using multiphasic CT is based on the tu-
mor blood supply. Previous study revealed that
clear cell RCCs and oncocytomas tended to be
hypervascular, chromophobe lesions and angio-
myolipomas tended to enhance moderately, and
papillary lesions were mostly hypovascular (22).
In the study, chRCC appeared to be significan-
tly hypoenhancing compared with normal renal
cortex. The mean attenuation values of the chRCC
was 75.7+8.1 HU, 97.1+10.2 HU, and 74.3+7.5 HU
in the arterial, venous, and delayed phases, res-
pectively. These values were comparable to tho-
se from a study by Wu J, et al. (23) who reported
attenuation values of 63.2+5.2 HU, 89.8+11.1 and
64.8+7.2 HU in the corticomedullary, nephrogra-
phic, and excretory phases, respectively.

The treatments of localized chRCC in-
clude active surveillance (AS), radiofrequency
ablation (RAF), radical nephrectomy (RN) and
nephron-sparing surgery (NSS). Richard PO, et
al. (24) conducted a study which included 81
oncocytoma and 14 chRCC diagnosed on biop-
sy and concluded that AS for renal neoplasms
with oncocytic features is safe. However, as far
as the authors are concerned, chRCC has a ma-
lignant biological behavior, AS may give pa-
tients great psychological burden. Hence, it is
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submitted that, AS may be a good treatment
method for oncocytoma but not for chRCC. For
the sake of minimally invasive therapy and ma-
ximally preserved renal function, several doc-
tors will choose radiofrequency ablation (RFA)
for treating RCC. Previous study showed that
patients with T1b non-clear RCC (papillary RCC
and chRCC) treated with percutaneous radio-
frequency ablation provided comparable on-
cologic outcomes to partial nephrectomy (25).
However, the accuracy of biopsy was not 100%
and hybrid tumors have been classically descri-
bed (26). In addition, as far as we are concer-
ned, tumor size and location may be risk fac-
tors of oncological results in the patients who
underwent radiofrequency ablation.

Surgical excision still remains the gold
standard for the treatment of patients with renal
masses including localized chRCC. Radical ne-
phrectomy was once widely used to treat renal
neoplasms because of its relatively simple perfor-
mance, few complications and satisfactory on-
cological results. However, more and more stu-
dies showed that NSS had equivalent oncological
outcomes to RN in treating Tla and T1b renal
tumors (27, 28). Compare to RN, NSS preserves
more normal renal parenchyma, which can re-
duce the potential risk of progressing chronic
kidney disease. Bigot P, et al. (29) conducted a
multicenter study including 234 patients with lo-
calized chRCC treated by NSS and concluded that
oncological results of NSS for localized chRCC
were excellent. NSS includes sharp excision, na-
mely partial nephrectomy (PN) and blunt dissec-
tion, namely simple enucleation (SE). Given the
advantages that SE had comparable oncological
outcomes with PN and less complications than
PN, SE was recommended to treat localized re-
nal tumors (9-12). Even for some highly complex
renal tumors, Serni S, et al. (8) reported that SE
was an effective treatment with a potential key
role to widen the NSS indications according to
guidelines. In the current study, hematuria oc-
curred in 3 patients and all disappeared within
3 days. No bleeding, blood transfusion, urine le-
akage or intestinal obstruction occurred. After a
mean follow-up of (32.1+20.6) months, no pa-
tient had local recurrence or metastatic progres-
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sion. SE appears to have controlled postoperative
complications and excellent oncological results
in treating localized chRCCs.

The key point of laparoscopic NSS is how
to minimize WIT and maximize preservation of
normal parenchymal. Compared to PN, SE has
some advantages to minimize WIT. Mukkamala A,
et al. (11) compared the WIT between SE and PN
and found that the mean ischemia and operative
times were 4 and 32 minutes shorter in the enu-
cleation group, respectively. Perhaps because the
renal sinus was less frequently entered and tumor
bed suturing was less frequently needed, WIT was
saved in SE group. Furthermore, SE can be con-
ducted without hilar clamping more often than PN
(12). In the study, mean operative time and warm
ischemia time were 104.3+18.2 min and 21.3+3.5
min, respectively. The results are comparable to
previous studies (11, 12). SE is possible because
most localized renal masses are enveloped by a
peritumoral pseudocapsule containing muscle, re-
ticulin and collagens (6). According to Wang L's
study (6), chRCC had the highest rate of extra-
-pseudocapsular extension and the highest per-
centage of tumors with larger (=0.2 mm) intra-
-pseudocapsular arteries. In the current study, all
the tumors were well enveloped by pseudocapsu-
lar. While SE can maximize preservation of nor-
mal parenchymal, PSM is a problem that cannot
be ignored. The previous Lu Wang’s study repor-
ted that the PSM rate was significantly higher in
SE group than PN group and the local recurrence
of SE group was comparable to PN group (30).
However, even though PSM never evolves into a
clinically significantly recurrence, rigorous posto-
perative surveillance may lead to emotional and
financial burdens on the patients. Therefore, as far
as the authors are concerned, SE should be per-
formed for the selective patients with well circu-
mcised renal masses. As a result, no PSM or local
recurrence occurred in the study.

There are some limitations to this study.
First, the study is limited by a relatively small
sample because of the rarity of chRCCs. Second,
the mean follow-up of 32.1+20.6 months mi-
ght not be long enough to detect the long-term
oncologic outcomes. This is partly because the
concept of SE has been accepted by the urolo-
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gists and SE has been performed for chRCCs at
our institute since 2010. Third, there are some bias
in the use of retrospective analysis, although data
were carefully collected in a prospectively main-
tained database. Despite these limitations, the au-
thors understand, that the current study is the first
study to evaluate the preoperative imaging ma-
nifestation and therapeutic effect of laparoscopic
simple enucleation (SE) for localized chRCC.

CONCLUSIONS

Localized chRCCs have a great propen-
sity for homogeneity and complete pseudocap-
sule. The attenuation values were slightly lower
than normal renal cortex and small degree of
enhancement. Based on the homogenous appe-
arance and well circumcised image manifes-
tation, laparoscopic SE is a safe and effective
treatment for localized chRCC with little effect
on renal function. The follow-up oncological
results were satisfactory.

COMPLIANCE WITH ETHICAL STANDARDS

All procedures performed in studies invol-
ving human participants were in accordance with
the ethical standards of the institutional research
committee and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical
standards.

Informed consent Informed consent was
obtained from all individual participants included
in the study.

ACKNOWLEDGEMENTS

We thank uropathological expert Xiang Li
for reconfirming the chRCC pathology slides.

Research support: Funding for this work
was provided by the Hunan Province Funds for
Distinguished Young Scientists of China (grant
number 2016JJ1026)

CONFLICT OF INTEREST

None declared.



IBJU | LOCALIZED CHROMOPHOBE RENAL CELL CARCINOMA: PREOPERATIVE IMAGING AND ENUCLEATION

REFERENCES

10.

11.

12.

13.

Klatte T, Han KR, Said JW, B6hm M, Allhoff EP, Kabbinavar
FF, et al. Pathobiology and prognosis of chromophobe renal
cell carcinoma. Urol Oncol. 2008;26:604-9.

TNM classification of malignant tumors. Sobin LH GM,
Wittekind C, editors, UICC international union against cancer,
7th ed New York: Wiley-Blackwell; 2009; p.255-72009.
Young JR, Margolis D, Sauk S, Pantuck AJ, Sayre J, Raman
SS. Clear cell renal cell carcinoma: discrimination from
other renal cell carcinoma subtypes and oncocytoma at
multiphasic multidetector CT. Radiology. 2013;267:444-53.
Raman SP, Johnson PT, Allaf ME, Netto G, Fishman EK.
Chromophobe renal cell carcinoma: multiphase MDCT
enhancement patterns and morphologic features. AJR Am J
Roentgenol. 2013;201:1268-76.

Cheville JC, Lohse CM, Sukov WR, Thompson RH, Leibovich
BC. Chromophobe renal cell carcinoma: the impact of tumor
grade on outcome. Am J Surg Pathol. 2012;36:851-6.
Wang L, Feng J, Alvarez H, Snarskis C, Gupta G, Picken MM.
Critical histologic appraisal of the pseudocapsule of small
renal tumors. Virchows Arch. 2015;467:311-7.

Snarskis C, Calaway AC, Wang L, Gondim D, Hughes I,
Idrees MT, et al. Standardized Reporting of Microscopic
Renal Tumor Margins: Introduction of the Renal Tumor
Capsule Invasion Scoring System. J Urol. 2017;197:23-30.
Serni S, Vittori G, Frizzi J, Mari A, Siena G, Lapini A, et al.
Simple enucleation for the treatment of highly complex renal
tumors: Perioperative, functional and oncological results.
Eur J Surg Oncol. 2015;41:934-40.

Minervini A, Serni S, Tuccio A, Siena G, Vittori G, Masieri L,
et al. Simple enucleation versus radical nephrectomy in the
treatment of pT1a and pT1b renal cell carcinoma. Ann Surg
Oncol. 2012;19:694-700.

Minervini A, Ficarra V, Rocco F, Antonelli A, Bertini R,
Carmignani G, et al. Simple enucleation is equivalent to
traditional partial nephrectomy for renal cell carcinoma:
results of a nonrandomized, retrospective, comparative
study. J Urol. 2011;185:1604-10.

Mukkamala A, Allam CL, Ellison JS, Hafez KS, Miller DC,
Montgomery JS, et al. Tumor enucleation vs sharp excision
in minimally invasive partial nephrectomy: technical benefit
without impact on functional or oncologic outcomes.
Urology. 2014;83:1294-9.

Lu Q, Zhao X, Ji C, Guo S, Liu G, Zhang S, et al. Modified
laparoscopic simple enucleation with single-layer suture
technique versus standard laparoscopic partial nephrectomy
for treating localized renal cell carcinoma. Int Urol Nephrol.
2017;49:239-45.

Ficarra V, Galfano A, Cavalleri S. Is simple enucleation
a minimal partial nephrectomy responding to the EAU
guidelines’ recommendations? Eur Urol. 2009;55:1315-8.

929

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Moch H, Cubilla AL, Humphrey PA, Reuter VE, Ulbright TM.
The 2016 WHO Classification of Tumours of the Urinary
System and Male Genital Organs-Part A: Renal, Penile, and
Testicular Tumours. Eur Urol. 2016;70:93-105.

Ficarra V, Novara G, Secco S, Macchi V, Porzionato A, De
Caro R, et al. Preoperative aspects and dimensions used
for an anatomical (PADUA) classification of renal tumours
in patients who are candidates for nephron-sparing surgery.
Eur Urol. 2009;56:786-93.

Fuhrman SA, Lasky LC, Limas C. Prognostic significance of
morphologic parameters in renal cell carcinoma. Am J Surg
Pathol. 1982;6:655-63.

Matsushita K, Mahmoodi BK, Woodward M, Emberson JR,
Jafar TH, Jee SH, et al. Chronic Kidney Disease Prognosis
Consortium. Comparison of risk prediction using the CKD-
EPI equation and the MDRD study equation for estimated
glomerular filtration rate. JAMA. 2012;307:1941-51.
Lipworth L, Morgans AK, Edwards TL, Barocas DA,
Chang SS, Herrell SD, et al. Renal cell cancer histological
subtype distribution differs by race and sex. BJU Int.
2016;117:260-5.

Jiang HM, Wei JH, Zhang ZL, Fang Y, Zhou BF, Chen ZH,
et al. Does chromophobe renal cell carcinoma have better
survival than clear cell renal cell carcinoma? A clinical-
based cohort study and meta-analysis. Int Urol Nephrol.
2016;48:191-9.

Pierorazio PM, Hyams ES, Tsai S, Feng Z, Trock BJ,
Mullins JK, et al. Multiphasic enhancement patterns of
small renal masses (<4 c¢cm) on preoperative computed
tomography: utility for distinguishing subtypes of renal
cell carcinoma, angiomyolipoma, and oncocytoma.
Urology. 2013;81:1265-71.

Braunagel M, Birnbacher L, Willner M, Marschner M, De
Marco F, Viermetz M, et al. Qualitative and Quantitative
Imaging Evaluation of Renal Cell Carcinoma Subtypes
with Grating-based X-ray Phase-contrast CT. Sci Rep.
2017;7:45400.

Zhang J, Lefkowitz RA, Ishill NM, Wang L, Moskowitz CS,
Russo P, et al. Solid renal cortical tumors: differentiation
with CT. Radiology. 2007;244:494-504.

Wu J, Zhu Q, Zhu W, Chen W, Wang S. Comparative study
of CT appearances in renal oncocytoma and chromophobe
renal cell carcinoma. Acta Radiol. 2016;57:500-6.

Richard PO, Jewett MA, Bhatt JR, Evans AJ, Timilsina N,
Finelli A. Active Surveillance for Renal Neoplasms with
Oncocytic Features is Safe. J Urol. 2016;195:581-6.

Liu N, Huang D, Cheng X, Chong Y, Wang W, Gan W,
et al. Percutaneous radiofrequency ablation for renal
cell carcinoma vs. partial nephrectomy: Comparison
of long-term oncologic outcomes in both clear cell and
non-clear cell of the most common subtype. Urol Oncol.
2017;35:530.61-530.e6.



26.

27.

28.

29.

IBJU | LOCALIZED CHROMOPHOBE RENAL CELL CARCINOMA: PREOPERATIVE IMAGING AND ENUCLEATION

Waldert M, Klatte T, Haitel A, Ozsoy M, Schmidbauer J,
Marberger M, et al. Hybrid renal cell carcinomas containing
histopathologic features of chromophobe renal cell
carcinomas and oncocytomas have excellent oncologic
outcomes. Eur Urol. 2010;57:661-5.

Antonelli A, Cozzoli A, Nicolai M, Zani D, Zanotelli T,
Perucchini L, et al. Nephron-sparing surgery versus radical
nephrectomy in the treatment of intracapsular renal cell
carcinoma up to 7cm. Eur Urol. 2008;53:803-9.

Lee H, Oh JJ, Byun SS, Jeong CW, Kwak C, Jeong BC, et al.
Can partial nephrectomy provide equal oncological efficiency
and safety compared with radical nephrectomy in patients
with renal cell carcinoma (=4cm)? A propensity score-
matched study. Urol Oncol. 2017;35:379-85.

Bigot P, Bernhard JC, Flamand V, Gill I, Verhoest G, Beauval
JB, et al. Localized chromophobe carcinomas treated
by nephron-sparing surgery have excellent oncologic
outcomes. Urol Oncol. 2017;35:35.e15-35.e19.

930

30. Wang L, Hughes I, Snarskis C, Alvarez H, Feng J, Gupta GN,

et al. Tumor enucleation specimens of small renal tumors
more frequently have a positive surgical margin than partial
nephrectomy specimens, but this is not associated with local
tumor recurrence. Virchows Arch. 2017;470:55-61.

Correspondence address:

Xiongbing Zu, MD

Department of Urology,

Xiangya Hospital, Central South University, Changsha
Hunan 410008, China

E-mail: zuxbxyyy@126.com



IBJU | LOCALIZED CHROMOPHOBE RENAL CELL CARCINOMA: PREOPERATIVE IMAGING AND ENUCLEATION

Supplemental table. Characteristics of the patient population.

Preoperative Postoperative

Patient (yggfs) G(Tvr:/d;;r Location Size(cm) PQ:[;E: eGFB(mL/ eGFB(m L/
min) min)
1 21 M Left 2.5%2.0%2.0 9 139.0 129.0
2 57 M Left 3.0%2.5%2.0 8 97.6 86.6
3 38 M Right 4.0%3.2*2.5 9 91.3 76.2
4 24 F Right 2.5%2.3*1.5 8 118.5 90.9
5 44 M Right 5.0%4.8%3.0 8 100.7 89.2
6 55 M Left 4.8*3.5%1.5 9 96.4 87.9
7 57 F Left 2.072.071.5 7 82.2 73.3
8 51 F Left 3.8*3.5%25 6 65.0 53.3
9 68 F Right 6.074.5*3.0 7 62.9 74.3
10 51 F Right 5.074.3*4.0 8 77.5 67.8
11 46 F Left 3.073.02.5 7 77.9 80.4
12 57 F Left 42*3.8%3.2 8 26.7 37.9
13 67 F Right 4.0*3.4*3.0 7 66.9 52.2
14 49 M Left 5.174.9%4.3 9 70.8 56.6
15 40 F Right 3.0%2.5%2.0 8 74.3 104.1
16 42 M Right 3.0%2.02.0 7 70.6 60.1
17 71 M Left 4.8*4.5*4.0 8 70.3 64.9
18 41 F Right 3.5%2.5%2.0 7 120.9 99.1
19 36 F Left 4774.4%4.0 9 84.5 70.7
20 54 F Right 4.3*3.8*3.5 8 96 84.6
21 59 F Right 4.5*3.5*3.5 7 64 61.4
22 58 M Right 45*4.3%4.0 8 76.1 64.7
23 27 M Right 5.0%4.03.5 9 89.9 76.4
24 56 M Right 4.8*5.1*5.0 10 70.4 57.7
25 48 M Left 45%4.2*3.5 9 711 57.4
26 72 M Left 41*4.2%2.5 9 67.7 62.0
27 52 F Left 3.1*2.5*2.1 7 91.5 74.8
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Left
Right
Right
Left
Right
Left
Right
Left

2.5%2.2*2.2
5.05.0"4.5
2.872.6*2.5
2.0"1.6*0.8
3.6%3.0"2.5
4.5%4.0*4.4
3.8%3.3"3.5
5.05.0"4.5
3.574.0*3.0
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78.9
103.5
64.8
25.4
59.4
108.2
774
62.9
66.0

84.2
71.8
69
23.7
66.5
117.3
65.2
53.7
48.6
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