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Abstract Renal cell carcinoma is most common in patients in
the seventh decade of life. However, renal cell carcinoma
(RCC) patients under the age of 40 represent 3—7 % of all
renal tumors. These young patients develop RCC from a
variety of mechanisms including genetic syndromes, heritable
mutations, and sporadic mutations. This population encom-
passes a distinct clinical entity that requires early identification
and adjustments in standard practices including sometimes-
aggressive surgical measures in order to improve oncologic
management.

Keywords Renal cancer - Age - Young patients - Hereditary
cancer

Introduction

Currently, renal cell carcinoma (RCC) is the third most com-
mon genitourinary malignancy, and in 2013, it was estimated
to be approximately 65,000 new cases in the USA [1]. The
incidence of RCC in recent years has been increasing and is
presumed to be due in large part to increased cross-sectional
imaging of individuals [2]. Unfortunately, RCC presents as a
metastatic disease in about one third of all patients [3, 4].
RCC has a peak age of onset in the seventh decade of life
with a median age of presentation of 64 years [5-9]. RCC can
develop in patients of all ages, and those younger than 40 years
constitute younger patients. These young patients comprise 3—
7 % of all RCC cases [5-9]. Often in younger patients, these
tumors develop secondary to hereditary syndromes and
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patients can present with bilateral or multiple tumors [10,
11ee]. Others are believed to have developed sporadic tumors,
and there are some that likely have undiagnosed mutations
predisposing or causing them to develop RCC.

This review will focus on recent literature regarding this
young patient population with RCC. For the urologist, these
patients can create difficult management strategies as these
patients may have recurrent renal tumors and will require
lifelong surveillance and management spanning likely several
decades.

When patients present with tumors younger in life, there is
an increased chance that this disease is due in part to a
hereditary predisposition. There are several hereditary RCC
syndromes that have been described: von Hippel-Lindau, Birt-
Hogg-Dube, tuberous sclerosis, hereditary papillary RCC,
hereditary leiomyomatosis and RCC, succinate dehydroge-
nase kidney cancer, Cowden syndrome, microphthalmia-
associated transcription factor, paraganglioma syndromes, fa-
milial non-syndromic clear cell RCC, and hyperparathyroid-
ism jaw tumor [12]. These syndromes are associated with
various germ line mutations and do not have consistent ag-
gressiveness or histology between syndromes, but these tu-
mor’s median age of presentation occurs earlier in life, at an
age much younger than sporadic RCC. Often, these syn-
dromes can be difficult to diagnose in patients that do not
have a strong family history or an unknown or unclear family
history. RCC syndromes can have difficulties with diagnosis
as they may have variable penetrance, and multiple tumors
can have metachronous presentation leading to a delayed
investigation into hereditary causes of disease. Some of these
syndromes have known systemic or extra renal manifestations
and are predisposed to certain histologies (Table 1).

Recent analysis of the Surveillance, Epidemiology, and
End Results (SEER) database and the National Cancer
Institute (NCI) hereditary RCC database showed the stark
difference in age distribution of these hereditary tumors
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Table 1  Hereditary RCC syndromes
Syndrome Gene Clinical manifestations Tumor histology
VHL VHL Hemangioblastoma of retina, brain, and spinal cord; pancreatic Clear cell
neuroendocrine tumors; pancreatic cysts; renal cysts
Birt-Hogg-Dubé BHD/FCLN Fibrofolliculomas, lung cysts, pneumothorax, colorectal polyps Clear cell
Chromophobe
Oncocytoma
SDH SDHB Head and neck paraganglioma, extra-adrenal paraganglioma, GIST, Clear cell
SDHC thyroid carcinoma, pheochromocytoma Chromophobe
SDHD Head and neck paraganglioma, GIST, pheochromocytoma Oncocytoma
Head and neck paraganglioma, GIST, pheochromocytoma, Clear cell
extra-adrenal paraganglioma Papillary
Clear cell
HLRCC FH Cutaneous and uterine leiomyoma, leiomyosarcoma Papillary type 2
HPRC1 MET 7 N/A Papillary type 1
Hyperparathyroidism jaw tumor CDC73/HRPT?2 Renal cysts, parathyroid tumors, mandibular and maxillary Papillary
tumors, renal hamartomas Wilms tumor
Tuberous Sclerosis 78C1 Angiomyolipoma, hamartoma, angiofibroma, epilepsy, Clear cell
N rhabdomyoma Oncocytoma

VHL von Hippel-Lindau, SDH succinate dehydrogenase, HLRCC hereditary leiomyomatosis and renal cell carcinoma, HPRC1 hereditary papillary renal

cell carcinoma type 1

compared to the general population [13¢]. This study further
suggested that any patient less than 46 years old diagnosed
with RCC should be recommended to undergo genetic
counseling if they do not have a previous hereditary syndrome
diagnosis. With the advent of increased genetic testing and the
ability to perform large genome analyses, this may increase
the ability for clinicians to diagnose those with unknown or
subclinical syndromes which would allow for better surveil-
lance strategies and counseling.

A large number of young patients with RCC have small
renal masses (SRM) (<4 cm) at diagnosis. There are various
treatment and management options available for patients
found to have SRM, although most are treated with extirpa-
tion, either radical nephrectomy (RN) or partial nephrectomy
(PN). Although the only level 1 evidence currently available
comparing RN vs. PN has generated much debate about the
appropriateness of partial nephrectomy in light of normal
contralateral kidney [14¢], in young patients, nephron-
sparing surgery is likely to remain the standard of care because
of the concern for bilateral metachronous involvement. To
further the point of importance of nephron preservation in
young patients, recent SEER analysis did find a long-term
overall survival benefit of young patients (<45 years) when
treated with PN compared to RN [15]. In addition, an analysis
of urologic clinics in Germany found that younger patients
were more likely to be treated with PN for T1 tumors.
Surprisingly, only 32.6 % of patients younger than 66.5 years
of age with T1 tumors underwent PN [16].

Minimally invasive management of renal tumors is bene-
ficial in reducing morbidity associated with flank incisions,
decreasing hospital stay and shortening recovery times of
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patients. Although young patients may have an increased
desire for postsurgical cosmesis, it would be imperative to
ensure that laparoendoscopic single-site (LESS) did not inter-
fere with oncologic or renal outcomes prior to widespread
implementation. With the increased availability and utilization
of'the Da Vinci robotic platform, PN may now be increasingly
performed on patients and tumors that previously would have
been deemed too difficult to undergo pure laparoscopic neph-
ron sparing. In an attempt to optimally minimize invasiveness,
LESS procedures have been implemented for both oncologic
and non-oncologic processes. This has also been developed
for the robotic platform, and Tiu et al. have analyzed outcomes
and feasibility of LESS PN in patients with tumors >4 cm
[17]. They compared the LESS PN for patients with T1a and
T1b tumors. There was no difference in operative time, con-
version rate, or surgical margins. However, it was seen that the
larger tumors had a higher nephrometry score, longer length
of stay, and longer warm ischemia time. This is a very early
study looking at LESS in more complex tumors, but there are
no long-term outcomes from this dataset, and it currently
raises the question whether single-site surgery is neces-
sary if you are possibly exposing a patient to a longer
ischemia time and hospital stay. This may have a fur-
ther detriment to their long-term renal function, and if
hospital stays are prolonged, this starts to defeat the
purpose of minimally invasive surgery. There are early
data regarding patients undergoing LESS, and it appears
that in selected patients, there has been found to be no
difference in oncologic or renal outcomes so far
[17-20]. However, it has not been established which
patients are best suited to undergo LESS.
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Appropriate stratification of the surgical risks and outcomes
has recently been improved using the recently created RENAL
(Radius (tumor size as maximal diameter), Exophytic/endophy-
tic properties of the tumor, Nearness of tumor deepest portion to
the collecting system or sinus, Anterior (a)/posterior (p) descrip-
tor and Location relative to the polar line) nephrometry scoring
system [21e°]. It has been developed to aid in assessment or
renal masses along with creating a standardized nomenclature to
communicate complexity and difficulty of PN for a given mass.
This scoring system was developed for RCC and has been
shown that higher nephrometry score correlates to higher tumor
stage, grade, and more adverse pathology [21e¢]. This system
has been applied to children and adolescents with renal masses
as the idea of PN has started to be entertained in patients whose
normal standard of care is RN [22]. Interestingly, this study
found that adolescents that had a lower nephrometry score and
presumed less complex tumor appearance had a higher likeli-
hood of RCC pathology compared to other tumor types. This
raises the possibility that RENAL score may play a role in
preoperative management and treatment planning of a patient
population that can have a variety of renal tumors.

Radiographic assessment of tumors in young patients has
made some recent strides. Some studies have looked at using
preoperative CT scans and correlating them to final pathology.
He et al. found that young patients with a renal lesion that has
calcifications with hyperdensity on non-contrast CT with a
prolonged enhancement following contrast administration
should have an RCC with Xpl11.2 translocation considered
[23]. Another study looking at multiple tumor types found that
papillary, clear cell and oncocytoma have varying enhance-
ment patterns [24]. Papillary tumors had a low peak enhance-
ment with peak HU of 56. These tumors had greatest enhance-
ment in the nephrogenic and delayed phases. Both clear cell
and oncocytoma expressed a rapid high attenuation and had a
thorough washout in delayed phases. Differences were seen in
timing of peak enhancement in that clear cell peaked in the
corticomedullary phase, whereas oncocytoma peaked in the
nephrogenic phase. In addition, angiomyolipoma and chro-
mophobe RCC both had an intermediate enhancement pattern.
These studies add more importance to preoperative imaging in
that not only is it needed for diagnosis of a tumor but may also
play a role in correlation with final pathology.

As young patients are diagnosed with RCC, they often
undergo extirpative surgery. These patients may have genetic
predispositions or sporadic tumors, but nevertheless need to
undergo lifelong surveillance to evaluate for disease status.
With the usage of CT scans as the modality of choice, this can
create a difficult situation as patients are subjected to perpetual
ionizing radiation, and concern is raised regarding the risk of
developing secondary malignancies due to this exposure.
Lipsky et al. evaluated the mean annual (13.8 mSv) and mean
lifetime (60.1 mSv) radiation exposure from surveillance imag-
ing following surgery for RCC [25¢]. They calculated that on

average, these patients had a 1.05 and 1.12 relative risk of
radiation-induced solid cancer and leukemia, respectively. For
this determination of increased relative risk, this number in-
creased with each CT scan conducted. Clinicians should be
aware that these young patients with RCC will be likely exposed
to far more radiation than in this study and may be at a higher
risk of developing secondary malignancies. Of note, there are no
guidelines for surveillance strategies of these patients, and with-
out any information on optimal scanning practices, this may
result in patients getting overradiated or inappropriately imaged
due to radiation concerns. Ultrasonography or MRI can provide
a useful alternative in select patients.

It is also known that adult survivors of childhood cancers
are at an increased risk of developing other malignancies. The
childhood cancer survivor study has found that survivors of
childhood cancer are more likely to develop RCC than the
general population (standardized incidence ratio [SIR] 8.0,
confidence interval [CI] 5.2—11.7) [26]. This effect was even
stronger in those survivors of neuroblastoma (SIR 85.8, CI
38.4-175.2). Further analysis of this group found that radia-
tion to the renal unit and cisplatin therapy increased the risk of
RCC development (RR 3.8 and 4.1, respectively). The mech-
anism that causes the subsequent development of RCC is
unclear and is likely due to a combination of factors including
genetic proclivity, DNA damage from radiation, and possible
genetic translocation or injury following alkylating agents.

The literature discussing overall and cancer-specific out-
comes of these patients is sparse. Previous studies were single
institutional and often compared patients to a representative
older cohort [6-9, 27-31]. There had been conflicting data
regarding patient disease status at presentation, but it was
found in all these studies that young patient did better follow-
ing surgery than their older counterparts. A recent study of the
CORONA database compared young patients to a representa-
tive group of patients aged 60—70 and found that young
patients had a 2.21 and 3.05 times decreased cancer-specific
and all-cause mortality [32]. Cai et al. reviewed all patients
undergoing RN for localized RCC at four Chinese institutions
and found that patients <45 years of age were associated with
a higher cancer-specific survival rate on multivariate analysis
(hazard ratio [HR] 1.59) along with competing risk regression
(HR 3.6) [33]. Even patients with bilateral masses have both
excellent oncologic and renal outcomes following surgery.
The NCI group analyzed their cohort of patients with bilateral
tumors and identified that despite a median number of three
interventions, these patients still had an overall and cancer-
specific survival of 88 and 97 %, respectively [34¢]. Of
importance, many of these patients had von Hippel-Lindau
(VHL), and most were treated when the largest solid tumor
measured 3 cm [35, 36]. This also raises the importance of
nephron sparing in such a high-risk patient population because
although they may have to undergo multiple subsequent pro-
cedures, this allows them to be free of dialysis.
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There have been studies evaluating effects of gender on
RCC, in both outcomes and pathologic features [32, 37, 38]. It
appears that gender plays a role in tumor histology and that
younger females have a higher propensity for developing
chromophobe RCC than other non-clear cell subtypes [32].
May et al. in their analysis of the CORONA database found
that the female gender independently influenced cancer-
specific and overall survival (HR 0.75 and 0.80, respectively).
This difference however was not present on multivariable
analysis. It is not clear where this difference in gender on
survival is stemming from, but could be related to, tumor stage
and grade at presentation as men had higher Fuhrman grade
and T stage in this study.

It is known that RCC has a higher risk of development in
patients with chronic kidney disease (CKD). Hofmann et al.
performed a population-based case-control study of blacks
and whites and found that RCC risk increased in relation to
chronic renal failure [39]. In addition, the association was
stronger in black patients than in whites (odds ratio [OR] 8.7
and 2.0, respectively). They also determined that the risk of
RCC in this population was higher among those patients that
did not have concurrent diabetes (OR 8.3 and 1.9). In addition,
they found that these associations were stronger in patients
under the age of 65; it is possible that young patients with
CKD may benefit from scheduled surveillance of their native
renal units for the development of RCC; however, these
guidelines have not yet been determined.

Kidney cancer has recently been described as a metabolic
disease with a series of genres that are known to cause renal
cancer: VHL, fumarate hydratase, succinate dehydrogenase,
MET, TSCI, FLCN, TSC2, TFE3, TFEB, MITF, and PTEN
[10, 11ee]. All of these genes play an inherent role in cell
regulation, specifically sensing of oxygen and respiration. For
hereditary renal cancers, these genes are affected by changes
in the genome, whether they are inherited mutations, sporadic
mutations, or other issues. Regardless, the affected gene pre-
disposes the patient to develop various types and aggressive-
ness of RCC dependent on the gene that is affected. The
majority of hereditary renal cancers in patients present at a
younger age and have a higher likelihood of bilateral or
multiple tumors [13].

RCC with an Xp11.2 translocation was initially recognized
as a separate entity in the 2004 WHO classification of kidney
tumors. This tumor develops with the translocation of the
Xpl11.2 band with various gene locations that involve tran-
scription factor E3 (TFE3). Unlike some of the other genetic
RCC types, this translocation RCC has been shown to have
genomic heterogeneity along with crossover in various path-
ways of other more common types of RCC [40]. Translocation
RCC can have pathologic features similar to clear cell and
papillary RCC, and this may be due in part to similar pathways
of disease progression [41]. In addition, genetic differences
also have been found to be different among translocation RCC
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in pediatric patients and young adults with the disease [40].
Given this variability in genetics of translocation RCC, the use
of immunochemistry has been evaluated as a screening tool to
possibly identify patients with TFE3 fusion genes in a tumor,
regardless of knowing the location of the translocation [42].
This would then need further molecular testing to confirm the
suspected diagnosis but might allow for a less intensive initial
evaluation of tumors that might be suspected to be Xpl11.2
translocation RCC.

In a variety of cancers, accumulations of single nu-
cleotide polymorphisms (SNPs) in the displacement loop
of mitochondrial DNA have been described, and it is
possible that there is an association with risk of cancer
development and disease progression. There have been
two SNPs identified from separate studies that have
been shown to have correlations with RCC outcome
and age of onset [43, 44]. Bai et al. found that a SNP
of allele 262C/T was associated with a decreased overall
survival in patients with 262T, whereas Xu et al. found
that a SNP at allele 16293A/G was related to age of
onset of RCC development and that those with 16293G
had an earlier age of onset. Although these are both
preliminary studies, they do offer another avenue for
further investigation that may play a role in screening
of patients or identifying those with high-risk disease
that may benefit from closer surveillance.

Succinate dehydrogenase (SDH) RCC has recently
been identified and recognized as an inheritable form
of kidney cancer associated with the Krebs cycle
[45-49]. These tumors have been found to be highly
aggressive and are due to the Warburg hypothesis on
renal tumors. As these tumor cells have disruption in
the Krebs cycle and subsequent trouble with oxidative
phosphorylation, these cells are obligated to undergo
increased glycolysis [50]. Unfortunately, tumor cells that
have a high glycolytic rate exhibit increased aggressive-
ness and the ability to metastasize at a small primary
tumor size, sometimes <1 cm. A recent study from
Ricketts et al. recommended close surveillance of pa-
tients with a known risk of SDH RCC and to undergo
wide excision of these renal tumors for the optimal
oncologic outcome [50].

Conclusion

Young patients diagnosed with RCC represent a distinct pa-
tient group that has a large variety of tumor histologies, patient
characteristics, genetic causes, and sporadic mutations that
make the clinical management of these patients difficult.
This younger group is significantly different compared to the
majority of patients diagnosed with RCC. Care should be
taken when evaluating young patients with the renal mass
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with further investigation into genetic predispositions, search
for known hereditary syndromes, and tailoring of manage-
ment and surveillance strategies to optimize long-term
outcomes.
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