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Purpose: To perform a retrospective review of the clinicopathological features of patients with conventional and non-conventional
renal cell carcinoma (cRCC and ncRCC).

Materials and Methods: A large prospectively maintained uro-oncological registry was accessed to extract clinicopathological
data of patients diagnosed with renal tumors who subsequently underwent nephrectomy from 1990-2019. Demographics and
operative parameters were extracted. Analyses of overall survival (OS) and cancer-specific survival (CSS) were performed using the
Kaplan—-Meier method. Cox proportional-hazards analysis was used to identify risk factors which influenced survival.

Results: There were a total of 1,686 consecutive nephrectomies which was retrieved, with 1,286 cRCC and 400 ncRCC. The com-
monest ncRCC subtypes were papillary (n=198, 11.7%), clear cell papillary (n=50, 3.0%) and chromophobe (n=49, 2.9%) RCC. Ka-
plan—Meier estimates of OS were higher in cRCC (0.74; 95% confidence interval [Cl], 0.71-0.78) than ncRCC (hazard ratio, 1.47; 95%
Cl, 1.16-1.87). Among individual subtypes, chromophobe RCC had the highest 5-year OS (0.90; 95% Cl, 0.79-1.0). Among ncRCC
subtypes, acquired cystic RCC demonstrated the highest association with end-stage renal failure and hypertension, with the high-
est CSS. MiT family translocation RCC had the youngest mean age at presentation (45.6+12.8 y) and excellent CSS. Factors associ-
ated with increased OS in the entire cohort included shorter operative time, partial nephrectomy and lower tumor stages.
Conclusions: This study provides a comprehensive contemporary overview of ncRCCs which are yet poorly characterized, in com-
parison to cRCCs. Data from this study would contribute towards tailored patient counseling and healthcare resource planning.
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INTRODUCTION cinoma (RCC) globally over the last few decades, attributed
to the rising prevalence of risk factors such as hypertension,

There has been a rising incidence rate of renal cell car-  smoking, and obesity combined with the commonplace use of
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cross-sectional abdominal imaging [1]. Of all RCC subtypes,
clear cell RCC (often referred to as conventional RCC [¢cRCC])
is the commonest, accounting for approximately 80% of all
cases. The International Society of Urological Pathology
(ISUP) [2] classification of renal tumors also recognizes rarer,
non-conventional RCC (ncRCC) subtypes such as papillary,
clear cell papillary, chromophobe, collecting duct, multi-
locular cystic renal neoplasm of low malignant potential
(MCRN-LMP), MiT family translocation and tubulocystic
RCC[3]

The histological classification of RCCs is extremely im-
portant in the management of the disease, considering the
significant prognostic and therapeutic implications of each
subtype. There is a multitude of strategies for treating RCC,
ranging from active surveillance, minimally invasive abla-
tive therapies, surgical interventions to molecular targeted
therapy and novel immunotherapy. Clear preoperative char-
acterization of these renal masses will aid the clinician in
tailoring targeted management of these ncRCC to optimize
overall survival (OS) and minimize morbidity of overtreat-
ment. In this study, we aim to evaluate and investigate the
prevalence, clinicopathological characteristics, surgical man-
agement and outcomes of ncRCC using a large, prospectively
maintained database of RCC patients over the span of three
decades.

MATERIALS AND METHODS

A large prospectively maintained, single-institution, elec-
tronic uro-oncological registry was accessed to extract clini-
copathological data of patients who were diagnosed with re-
nal tumors and subsequently underwent nephrectomy over
a 30-year period from 1990 to 2019. The prospective collection
of data in our uro-oncology database extracted for this study
was approved by Institutional Review Board (IRB) of the
Singapore General Hospital (approval number: 2009/1053/
D). However, the conduct of retrospective, anonymized clini-
cal audit study such as this study was exempted from IRB
review and approval as per our IRB policy. Data captured
included patient demographics, tumor stage (based on Amer-
ican Joint Committee on Cancer TNM Staging, 8th Edition)
[4] and size, histological type, and nuclear grade at final pa-
thology. Data was dichotomized into cRCC and ncRCC. Sub-
groups of ncRCC were: papillary, acquired cystic, clear cell
papillary, chromophobe, collecting duct, MCRN-LMP, MiT
family translocation, tubulocystic and unclassified.

Trends in presentation, disease management and sur-
vival outcomes were analyzed based on histological sub-types
and time period. Our cancer registry closely follows inter-
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national cancer registry standards for hospital-based and
population-based cancer registries. This registry is managed
by a team of dedicated full-time cancer registry staff who
are led by senior urologists and a certified tumor registrar;
the registry also carries out yearly validation exercises on
data quality.

Comparisons of continuous variables were analyzed us-
ing the t-test and chi-squared test. Time to mortality from
any cause or cancer-specific mortality was determined by
calculating the number of months between the date of diag-
nosis and date of mortality recorded on the national death
registry. Patients who were alive at the point of reference (31
Dec 2020) were censored. Kaplan—Meier estimates were used
to evaluate OS and cancer-specific survival (CSS) based on
cohorts. Differences in survival curves were compared using

Table 1. Clinicopathological parameters in the overall cohort
Value (n=1,686)

Characteristic

Sex
Male 1,112 (66.0)
Female 574 (34.0)
Age at diagnosis (y) 58.4+11.6
Smoking history
Non-smoker 1,103 (65.4)
Ex-smoker 281(16.7)
Current smoker 207 (12.3)
Passive smoker 3(0.2)
BMI (kg/m’) 25.0+4.38
Hypertension 1,021 (60.6)
Charlson comorbidity index
0-1 794 (47.1)
>2 850 (50.4)
End-stage renal failure 216 (12.8)
Symptomatic at presentation 852 (50.5)
Follow-up time (mo) 38.8+42.5
Histologic subtypes
Conventional RCC (n=1,286)
Clear cell 1,286 (76.3)
Non-conventional RCC (n=400)
Papillary 198 (11.7)
Acquired cystic disease 26 (1.5)
Chromophobe 49(2.9)
Clear cell papillary 50(3.0)
Collecting duct 2(0.1)
MCRN-LMP 20(1.2)
RCC, unclassified 42(2.5)
Translocation 5(0.3)
Tubulocystic 8(0.5)

Values are presented as number (%) or meanz+standard deviation.
BMI, body mass index; RCC, renal cell carcinoma; MCRN-LMP, multi-
locular cystic renal neoplasm of low malignant potential.
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the log—rank test, and 5-year survival estimates were gener-
ated for different subtypes of RCC. Univariate and multi-
variate Cox regression models were created to evaluate the
proportional hazards of risk factors for OS and CSS, with
p<005 considered to be statistically significant.

RESULTS

1. Demographic data

A total of 1,686 consecutive nephrectomies with complete
dataset were retrieved from the database between 1990 to
2019 and included in the analysis (Table 1). Mean age of the
cohort was 584+11.6 years, and 660% were male. Almost half
of our cohort (471%) had a Charlson comorbidity index (CCI)
of 0-1 points. Mean follow-up time was 38.8+425 months.
There were a total of 1,286 (76.3%) cRCC and 400 (23.7%)
ncRCC. In the ncRCC group, papillary (198 cases, 11.7%), clear
cell papillary (50 cases, 3.0%), and chromophobe (49 cases,
29%) were the commonest subtypes.

Table 2 shows demographic characteristics when strati-
fied according to cRCC and ncRCC. When analyzed by
group, mean age at diagnosis did not differ significantly in
the ncRCC group compared to cRCC (581 years vs. 585 years,
p=0544). Mean body mass index (BMI) was lower (242 kg/m”
vs. 252 kg/m®, p<0001) and end-stage renal failure was more
prevalent (27.8% vs. 82%, p<0.001) in ncRCC. Follow-up times

Table 2. Clinicopathological parameters by group

Characteristic cRCC e p-value
(n=1,286)  (n=400)
Sex
Male 852(66.3) 260 (65.0) 0.688
Female 434(33.7)  140(35.0)
Age at diagnosis (y) 58.5+£11.5 58.1%11.7 0.544
Smoking history
Non-smoker 843 (65.6) 260 (65.0) 0.727
Ex-smoker 223(17.3) 58(14.5)
Current smoker 158 (12.3) 49(12.2)
Passive smoker 2(0.2) 1(0.2)
BMI (kg/m’) 2524446  242+4.00 <0.001
Hypertension 754 (58.6) 267 (66.8) 0.001
Charlson comorbidity index
0-1 636 (49.5)  158(39.5) 0.002
>2 624 (48.5) 226 (56.5)
End-stage renal failure 105 (8.2) 111(27.8)  <0.001
Symptomatic at presentation 653 (50.8) 199 (49.8) 0.814
Follow-up time (mo) 40.0£42.1 353434 0.062

Features of non-conventional RCC subtypes
did not differ significantly.

2, Perioperative parameters

Overall, in terms of operative technique, Singapore Gen-
eral Hospital favored a laparoscopic approach (n=934, 554%)
compared to open (n=533, 316%) and robotic (n=190, 11.3%)
approaches. The proportion of radical nephrectomies was
greater than that of partial nephrectomies (709% vs. 28.8%).
Mean operative time was 193+73.8 minutes with a mean
length of stay of 52+4.9 days. Table 3 demonstrates peri-op-
erative parameters when stratified according to histological
group. Mean operative time was shorter in the ncRCC group
than cRCC group (185 minutes vs. 195 minutes, p=0.010) with
similar blood loss (392 mL vs. 422 mL, p=0536). There was no
difference in length of stay between both groups; major Cla-
vien—Dindo complication rate was comparable between both
groups (62% vs. 55%, p=0.809). OS was significantly better in
cRCC than ncRCC (81.3% vs. 76.0%, p=0.024).

3. Clinicopathological features

For the whole cohort of patients, stage 1, 2, 3, and 4
tumors comprised 62.3%, 91%, 19.2%, and 87% of cases re-
spectively (Table 4). Differences in tumor extension into the
pelvicalyceal system, perinephric fat, lymphovascular struc-
tures, and renal sinus were insignificant between the two
groups.

Supplementary Tables 1-3 show the detailed breakdown
of histological subtype in all RCC subtypes. Males were more

Table 3. Perioperative parameters by group

Variable (il LLLiSC p-value
(n=1,286) (n=400)

Nephrectomy approach

Laparoscopic 710 (55.2) 224 (56.0) 0.886

Open 411 (32.0) 122 (30.5)

Robotic 146 (11.4) 44 (11.0)
Nephrectomy type

Radical 908 (70.6) 287 (71.8) 0.482

Partial 377 (29.3) 108 (27.0)
Operative time (min) 195+74.9 185+69.3 0.010
Blood loss (mL) 422+603 392+680 0.536
Clavien-Dindo score

0-2 1,133 (88.1) 341(85.2) 0.809

>3 80 (6.2) 22(5.5)
Length of stay (d) 5.16+5.01 5.30+4.69 0.627
Overall survival 1,046 (81.3) 304 (76.0) 0.024
Cancer-specific survival 1,131(87.9) 338 (84.5) 0.093

Values are presented as number (%) or meanzstandard deviation.
cRCC, conventional renal cell carcinoma; ncRCC, non-conventional
RCC; BMI, body mass index.

Investig Clin Urol 2022;63:151-158.

Values are presented as number (%) or meanz+standard deviation.
cRCC, conventional renal cell carcinoma; ncRCC, non-conventional
RCC.
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Table 4. Clinicopathological characteristics by group

Variable Cide RS p-value
(n=1,286) (n=400)
Pathological T
T1 815 (63.4) 255 (63.8) 0.013
T2 126 (9.8) 54 (13.5)
T3 319 (24.8) 73(18.2)
T4 23(1.8) 12 (3.0)
X 3(0.2) 0(0.0)
Pathological N
NO 975 (75.8) 286 (71.5) <0.001
N1 15(1.2) 24 (6.0)
NX 295 (22.9) 85(21.2)
Pathological M
MO 1,172 (91.1) 367 (91.8) 0.497
M1 106 (8.2) 27 (6.8)
MX 7(0.5) 1(0.2)
Pathological stage
Stage 1 801 (62.3) 249 (62.2) 0.015
Stage 2 104 (8.1) 50(12.5)
Stage 3 261 (20.3) 62 (15.5)
Stage 4 115 (8.9) 32(8.0)
Pathological size (cm) 5.36+3.35 5.44+4.54 0.719
Collecting duct invasion 45(3.5) 19 (4.8) 0.275
Lymphovascular invasion 170(13.2) 41(10.2) 0.193
Renal sinus invasion 92(7.2) 19 (4.8) 0.137
Perinephric fat invasion 212 (16.5) 61(15.2) 0.728

Values are presented as number (%) or meanzstandard deviation.
cRCC, conventional renal cell carcinoma; ncRCC, non-conventional
RCC.
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likely to be affected with RCC in any form. Chromophobe
and MCRN-LMP RCC had favorable pathological stages
with corresponding good prognosis and OS; MCRN-LMP
had the highest CSS at follow-up of all subtypes at 100%.
Acquired cystic RCC demonstrated the highest association
with end-stage renal failure (96.2%) and hypertension (92.3%)
among all subtypes. MiT family translocation RCC had the
youngest mean age at presentation (456+12.8 years) in our
cohort, with excellent CSS.

4. 0SS and CSS

Kaplan—Meier analysis of patient data from this study
showed that cRCC had a better prognosis than ncRCC across
the duration of the retrospective study (OS hazard ratio [HR],
147, 95% confidence interval [CI], 116—187). Kaplan—Meier
estimates of 5-year OS were also significantly higher in
c¢RCC (0.76; 95% CI, 0.72—0.80) compared to ncRCC (059; 95%
CI, 051-067); this was corroborated by visual inspection of
Kaplan—Meier curves (Fig. 1).

Among individual subtypes (Fig. 2), 5year OS was high-
est in the chromophobe RCC subtype (090; 95% CI, 0.79—-10).
CSS stratified by cRCC versus ncRCC and by subtype are
shown in Supplementary Figs. 1, 2. CSS was significantly
higher in ¢cRCC than nRCC (HR, 1.47; 95% CI, 1.09-1.98). HRs
of OS for various RCC subtypes are also shown in Fig. 3,
with the average survival of all patients in the cohort as
the baseline comparator. In this analysis, multilocular cystic
and chromophobe RCC were found to have the numerically
highest HRs but their 95% CIs were not significant com-
pared to the entire cohort, or to clear cell, papillary or clear
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cell papillary RCC. Collecting duct, translocation and unclas-
sified RCC were found to have statistically significantly
lower OS HRs than the rest of the cohort.

Cox proportional-hazards univariate analysis identified
several factors associated with a higher risk of all-cause
mortality in all subtypes. For patient demographics, these
include male sex, higher age, lower BMI, higher CCI, and
presence of prenephrectomy end-stage renal failure (Supple-
mentary Table 4). For peri-operative details, robotic sur-
gery, partial nephrectomy, lower operation time, lower post-
surgical Clavien—Dindo grade and shorter length of stay
were associated with lower mortality. Tumor characteristics
indicative of higher mortality included higher T, N, M, and
overall stage, as well as tumor extension into the pelvicaly-
ceal system, perinephric fat, lymphovascular structures and
renal sinus. In multivariate analysis (Supplementary Table
4), lower BMI, higher age, higher CCI, higher nephrectomy
time, higher postsurgical Clavien—Dindo grade, and higher

Investig Clin Urol 2022;63:151-158.

pathological stage were still significantly associated with all-
cause mortality, but male sex was no longer significant.

DISCUSSION

RCC accounts for approximately 4% of all new cancer
cases globally and 90% to 95% of primary kidney tumors [5]
It is a highly heterogeneous disease from the clinicopatho-
logical point of view, as evident in the 2016 World Health
Organization (WHO) classification of renal tumors, and ex-
hibits distinct histopathologic features, biologic behavior, and
variable response to therapy [3] A one-sizefits-all approach
1s suboptimal for management of such a diverse group with-
out considering tumor heterogeneity. To our best knowledge,
our report is one of the largest comprehensive retrospective
reviews focusing on ncRCC over a span of three decades.
The non-conventional histology type represented 12.0% of
RCCs in our cohort. Among the non-lear cell RCCs, the most
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common type is papillary RCC (11.7%), followed by clear cell
papillary type (30%), chromophobe (29%), MCRN-LMP (12%),
and other rarer subtypes. The trend observed in our cohort
is consistent with previously reported proportions of each
histologic subtype in other studies.

Surgical resection remains the mainstay of management
of localized RCC, regardless of histologic subtypes. Current
management of ncRCC is mainly extrapolated from studies
and trials conducted for cRCC. It is well known that TNM
staging, Eastern Cooperative Oncology Group (ECOG) status,
ISUP/WHO grade and tumor necrosis are validated prognos-
tic factors for localized RCC [6], however, the role of histolog-
ical subtypes being independent prognostic factors remains
controversial in the literature [7] Our analysis suggested pa-
tients with cRCC have better 5-year OS compared to ncRCC
and among all subtypes of RCC, chromophobe subtype has
the best prognosis. Current guidelines of follow-up protocol
do not differentiate between different histologic subtypes.
However, our data suggests that patients diagnosed with
ncRCC may benefit from a dynamic follow-up protocol post-
surgical resection.

There is paucity of data regarding diagnostic predictors
for ncRCC in the literature. Clinically, most RCC are as-
ymptomatic and incidentally detected on imaging performed
for unrelated clinical indications [8] RCCs exhibit a wide
spectrum of morphologic appearances and certain imaging
characteristics can be useful in discriminating between the
subtypes [9] Papillary RCC commonly manifests a peripher-
ally located well-circumscribed tumor which may appear
hypovascular due to spontaneous tumour necrosis radiologi-
cally. Bilaterality and multifocality are also more common in
papillary RCC. Chromophobe RCC usually appears as a well
circumscribed and homogenous lesion and rarely shows peri-
nephric infiltration or vascular involvement [10]. Detailed
pre-operative imaging is important in differentiating be-
tween various histologic subtypes, which allows for tailored
management even before surgical resection.

Clear cell papillary RCC, comprising less than 5% of all
RCC, is a histologic subtype that is morphologically, im-
munohistochemically, and genetically distinct from both
clear cell RCC and papillary RCC [11]. Clear cell papillary
RCC was previously found in patients with end-stage renal
disease, however, subsequent studies have suggested that
clear cell papillary RCC also occurs in patients with normal
kidneys [12] There was 3% of our cohort who were diagnosed
with this subtype and 34% of them have a history of end-
stage renal disease. All 50 patients included in our study had
good prognosis with OS of 76% and CSS of 86%, which is
consistent with previously reported low malignant potential
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of this histologic subtype [13] Clear cell papillary RCC was
formally recognized by the ISUP Vancouver classification
of renal neoplasia in 2013 and recently added to the WHO
Tumours of the Urinary System and Male Genital Organs
2016 edition [3] Being a relatively newly described and rare
histologic subtype, currently there are no recommendations
guiding the management of such tumors.

MiT family translocation RCCs are a heterogenous cate-
gory of renal tumors [14] which all express MiT transcription
factors, typically from chromosomal translocation and rarely
from gene amplification. This subgroup comprises Xpll
translocation RCC and t(6;11) RCC. Both were first described
in and disproportionately involve pediatric patients, though
the prevalence in adult patients may be underestimated
due to morphological overlap with ¢cRCCs. In our cohort, 5
patients were diagnosed with this subtype at a median age
of 456 years, with excellent CSS. Both subtypes are indolent
neoplasms, with t(6,11) RCCs being generally been more in-
dolent than the Xpll translocation RCCs [15] However, they
have the potential to recur late (up to 20 or 30 years after
diagnosis for Xpll translocation RCC and up to 8 years for
t(6,11) RCC). Being a newly-described RCC subtype, the opti-
mal therapeutic strategy for MiT family translocation RCCs
remains to be elucidated due to its rarity.

MCRN-LMP is a rare type of RCC characterized by mul-
tilocular cysts with thin fibrous septa, separated from the
kidney by a fibrous pseudocapsule. It was first categorized
as a separate disease entity based on the WHO 2004 classi-
fication of kidney tumors and is known to have a favorable
prognosis [16] Microscopically, it is characterized by a single
layer of low grade neoplastic clear cells in the cyst wall.
The radiological appearance of this subtype can range from
a Bosniak IIF cyst to a Bosniak IV cyst lesion [17], which
makes it difficult to differentiate it from other complex
cystic renal lesions pre-operatively. In our cohort, 20 patients
were diagnosed with MCRN-LMP; most of our patients
(90%) presented with stage 1 disease. The CSS and OS were
100% and 95% respectively. Our findings are consistent with
previously reported low malignant potential of multilocular
cystic RCC [18] This suggests that patients with this particu-
lar subtype might benefit from a nephron sparing approach.

This study reports the clinicopathological outcomes of a
large consecutive surgical cohort of patients who underwent
nephrectomies over a span of three decades in a single ter-
tiary institution. While the consecutive accrual of patients
allows for accurate description of temporal trends, it is still
limited by its retrospective analysis nature. Another limita-
tion of our study is the inability to continually adapt and
reflect the ever changing histopathological classifications of

https://doi.org/10.4111/icu.20210373
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rare subtypes of RCC prior to official recognition and reclas-
sification by the WHO 2004 classification system and subse-
quent newer editions. Ideally it would have been optimal to
re-examine the specimens to facilitate accurate classification,
however in view of the large number and time lapse, it is
technically challenging and not feasible due to loss of mate-
rials and tissue decay over time.

As our cohort is also derived from a single tertiary cen-
tre, the present study outcomes might also not be widely
generalizable to other cohorts. Moreover, heterogeneity in
terms of clinical and pathological characteristics of different
ncRCC subtypes, combined with the rarity of several such
subtypes, precluded in-depth survival comparisons between
each subtype. Lastly, the authors also acknowledge the limi-
tations of analysis on a predominantly surgical cohort which
predominantly consists of patients with clinically organ-
confined disease at presentation and may under-represent
advanced or de-novo metastatic disease.

CONCLUSIONS

In conclusion, the results of this singleinstitution retro-
spective study provide a comprehensive epidemiological and
clinicopathological picture of ncRCCs. This information will
contribute toward tailored patient counseling and healthcare
resource planning. Furthermore, it helps to guide follow-up
protocols for different subtypes after operative resection,
which are currently mainly based on pathologic stage.
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