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Abstract: Renal cell carcinoma (RCC) is uncommon in adolescents and young adults,
although rare variants of the disease, including Xp11.2 translocation carcinoma, collecting
duct carcinoma, and renal medullary carcinoma, occur with a higher preponderance in young
patients. Likewise, non-RCC kidney tumors such as those of the Ewing sarcoma family of
tumors are also seen in younger patients. The mainstay therapy for most forms of localized
RCC and other kidney cancer is surgical removal of the tumors. Advances in treatments for
metastatic clear cell carcinoma have been made in the last decade with the development of
several new targeted agents. These therapies have revolutionized the treatment of metastatic
clear cell RCC but are not targeted for other types of kidney cancer that are more often found in
young patients. The management of RCC in adolescents and young adults remains a challenge
for clinicians, but further advances are anticipated as less selective targeted immunotherapies
become more widely available.

Keywords: kidney cancer, clear cell, Xp11.2, collecting duct carcinoma, renal medullary
carcinoma, adolescents, targeted therapy

Introduction

More and more data are emerging that confirm that the needs of adolescent and young
adult cancer patients vary from those of pediatric and older adult patients. These needs
are not just psychosocial in nature but extend to the biology of cancer in adolescents
and young adults, with this population exhibiting malignancies of varying pathologies
that often have different responses to treatment and outcomes compared to those of
patients in other age groups.

Kidney cancers are relatively rare in adolescents and young adults. While renal
cell carcinomas (RCCs) comprise the bulk of kidney cancers in older adults, they are
relatively uncommon in young patients. Likewise, while the majority of older adults
with RCC develop the clear cell subtype, young patients are more likely to have less
common forms of RCC such as translocation carcinoma. Other non-RCCs are also
more common in young patients. Wilms’ tumor is common in pediatric patients and
can certainly be seen in the adolescent and young adult populations. Other rarer
kidney cancers such as renal medullary carcinoma (RMC) and those of the Ewing
sarcoma family of tumors (ESFT) are also seen in younger patients. The cytological
features of adolescent and young adult renal malignancies are reviewed and compared
in Table 1.

submit your manuscript
Dove

http:

Clinical Oncology in Adolescents and Young Adults 2016:6 31-38 31
© 2016 Dreisin and Matrana. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https:/www.dovepress.com/

Al terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
mailto:MaMatrana@ochsner.org
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/COAYA.S82799

Dreisin and Matrana

Dove

Table | Cytological features of key adolescent and young adult renal malignancies

Wilms’ tumor (triphasic) Translocation renal

cell carcinoma carcinoma

Renal medullary

Primitive Collecting duct

neuroectodermal carcinoma
tumor/Ewing

sarcoma

|. Blastemal: loose sheets of  Polygonal, eosinophilic,

small round cells or clear
2. Epithelial: tightly cohesive ~ Psammoma bodies

cells forming small cords

borders, and intratumoral
neutrophils are common.
Lymphocytes at rim

3. Mesenchymal component
binds them

May have intranuclear
and/or intracytoplasmic

inclusions figures

Mucinous tumor cells with
hyperchromatic nuclei and
prominent nucleoli
Angiolymphatic invasion,
desmoplastic stroma, infiltrative

Hemorrhagic and geographic
necrosis, frequent mitotic

Monotonous round Poorly circumscribed,

cells similar to Wilms’  tubulopapillary tumor
tumor
Apoptotic cells and

necrosis are easily

Irregular channels lined by high-
grade hobnail cells with marked

identified desmoplastic response, brisk
neutrophilic infiltrate, mucin
production

Clusters May have microcystic change +

an atypical hyperplastic
component

Clear cell RCC in adolescents and
young adults

Epidemiology

RCC is much more common in adults than children but does
comprise 5% of pediatric renal tumors. It has an age-adjusted
incidence of 0.01 per 100,000 children, with a median age of
9—12 years. There is no significant sex predilection. Outcomes
worsen with age, but RCC has a 50%—60% survival rate
among pediatric patients. This number rises to ~90% when
confined to local lymph nodes but falls to 10%—15% when
it presents with hematogenous metastasis.'

Suh et al® reviewed 838 consecutive cases of RCC that
occurred in a single tertiary hospital. They found that 44
(5.2%) cases occurred in young adults =40 years of age (range
24-40 years). They also found a higher incidence of non-clear
cell RCC compared to older patients. For example, 12% of
the younger cohort had chromophobe RCC, while only 6%
of older patients exhibited this subtype. Similar results were
found for collecting duct carcinoma (CDC) (5% vs 0.5%).

Similarly, Rodriguez et al® reviewed the medical records
of 400 patients treated surgically for RCC between Janu-
ary 1984 and December 1999. They found that 29 (7.25%)
patients were <40 years of age. When comparing patients
<40 years to those >40 years, these researchers found
significant differences in histologic type, with only 69%
of younger patients having clear cell carcinoma compared
to 91% of patients >40 years (P=0.0001). There were also
differences in tumor stage at presentation (pT2 =34.5% vs
17.3%, P=0.04; pT3 =20.7% vs 42%, P=0.03).

Diagnosis
Pediatric RCC often presents with generalized symptoms of
malaise and abdominal pain. When present, localized signs

and symptoms include gross hematuria, flank pain, and a
palpable abdominal mass. Twelve percent of pediatric RCCs
are completely asymptomatic. However, pediatric RCCs are
easier to identify than their adult counterparts, where 50% of
cases present asymptomatically. RCC is usually first suspected
on abdominal ultrasound and then better defined by computed
tomography. Staging workup begins with computed tomogra-
phy of the lungs, as it is the most frequent site of metastasis.
Thorough investigation for disseminated metastasis is essen-
tial, as 30% of cases metastasized on initial workup.'

While histological analysis is required for definitive
diagnosis, age may guide initial clinical suspicion. For
example, mesoblastic nephroma and rhabdoid tumors pres-
ent in patients <12 months old, while Wilms’ tumor and
pediatric RCC usually present in patients =3 years old.
Immunostaining of transcription factor E3 (TTE3) should
be a part of every workup and will identify translocation
RCC, the most common subtype of pediatric RCC (discussed
later). Tumor—node—metastasis staging is felt to be a good
prognostic indicator.

Treatment

RCC in adolescents and young adults may often represent a
distinct entity from adult RCC. For instance, ~75% of adult
cases are clear cell RCC, while the vast majority of pediatric
cases are translocation RCC. Consequently, treatments that
have been proven effective in adults are not necessarily appro-
priate for the younger population. So while antiangiogenic
agents and tyrosine kinase inhibitors (TKIs) are the corner-
stones of therapy for metastatic RCC in adults, it remains
unclear how effective they are in children and adolescents.
Recent investigations into the use of TKIs and antiangio-
genic agents in pediatric cases have tended to disfavor their
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use in children because of their unreliable effectiveness and
incompletely understood side-effect profile in the pediatric
population.*® These agents should be reserved for children
with unresectable metastatic or advanced-stage RCC. How-
ever, the literature does advocate continued research into
the manipulation of the vascular endothelial growth factor
(VEGF) and mammalian target of rapamycin (mTOR) path-
ways in treating younger patients. The role of newer targeted
immunotherapies in this population is largely unstudied.

For localized and resectable oligometastatic RCC, the
gold standard of treatment is radical nephrectomy with
complete tumor resection. It is unclear whether lymph node
dissection is appropriate. Children with clinical evidence of
lymph node metastases seem to benefit from resection, but
it is less clear whether patients without lymphadenopathy
derive a similar benefit.’ In fact, it has yet to be proven that
the presence of lymph node metastasis can be associated with
a worse prognosis in children. Moreover, it remains unclear
what the optimal preoperative tumor size needs to be prior
to making an attempt at a partial nephrectomy.

The role of cytoreductive nephrectomy in patients with
advanced and metastatic disease continues to be debated,
although almost everyone agrees that proper patient selection
is vital. Complete regression of metastatic disease follow-
ing surgical removal of the primary kidney tumor has been
reported but is exceedingly rare. The argument in favor of
cytoreductive nephrectomy comes from two randomized
controlled trials, both of which were conducted in the era
of immunotherapy.

A Southwest Oncology Group study found that nephrec-
tomy followed by interferon alpha versus interferon alpha
alone was associated with a significant improvement in
overall survival (OS; median 11 months vs 8§ months, respec-
tively).!” A European Organisation for Research and Treat-
ment of Cancer study similarly found an OS benefit (median
17 months versus 7 months) also favoring cytoreductive
nephrectomy prior to immunotherapy.'!

However, it is unclear whether this survival benefit
extends to patients who undergo treatment with molecularly
targeted therapies. Small retrospective studies have suggested
that there may be some OS benefit in this setting, but random-
ized trials are still ongoing.

Translocation RCC (Xpl 1.2
translocation carcinoma)
Epidemiology

Translocation RCC is the most common type of RCC in
children and occurs much more frequently in adolescents

and young adults compared to older adults.!? Although
translocation RCC has an incidence of 0.9% in the general
adult population, this subtype accounts for up to 50% of all
pediatric RCCs and occurs predominantly in children and
young adults <40 years of age.'? Xu et al'* reviewed 98 cases
of RCC in young adults (=45 years of age) at their institution
and found that 16 patients had translocation RCC.

The majority of cases are of the microphthalmia transcrip-
tion factor (MiT)-TFE3 family of translocation carcinomas that
involve the TFE3 gene on chromosome Xp11.2 or, less often,
the TFE3 gene on chromosome 6p21. Immunohistochemical
staining for TFE3 protein is the best diagnostic tool available
to identify cases of translocation RCC. In a retrospective
analysis of eight cases of translocation RCC, the most common
presenting complaints were abdominal pain and gross hema-
turia. The right kidney was involved in 75% of cases."?

Diagnosis

Translocation RCCs have their own distinct morphological
and immunohistological phenotypes that distinguish them
from other types of RCC, although they can sometimes be
difficult to distinguish from clear cell RCC and papillary RCC
due to pathological heterogeneity classically found in these
tumors. They are often papillary, high-grade tumors with bulky,
oxyphilic cells. Immunohistology reveals low or absent expres-
sion of CAMS.2, keratin 7, and epithelial membrane antigen
(EMA), but samples stain positive for CD10, cathepsin-K,
and racemase expression. TFE3 immunohistochemistry (IHC)
can be used to help distinguish translocation RCC from other
subtypes, but IHC sometimes shows low sensitivity. Florescent
in situ hybridization assays may be more accurate.

They are almost always primary tumors but can occa-
sionally present as secondary malignancies in children who
have been previously treated with chemotherapy.'> These
children typically present 4-13 years postchemotherapy.'* '3
Argani et al'” analyzed six cases of secondary RCC.
They were all translocation type and occurred in patients
who had been treated with topoisomerase II inhibitors
and/or alkylating agents, both drugs that cause chromosomal
destabilization.

Classification

Historically, translocation RCC has been described as an
aggressive pediatric tumor. In the study by Su et al,'? 62.5%
of patients presented with stage III or IV disease; however,
there was no statistically significant correlation between
cancer characteristics and patient survival. A more recent
analysis of pediatric cases reveals that certain subclasses are
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more indolent.'” The two most prominent subclasses involve

either the ASPL-TFE3 or the PRCC-TFE3 translocation.

They can be reliably differentiated by their variable expres-

sion of cathepsin-K; PRCC is usually positive, while ASPL

always stains negative.® A retrospective review by Ellis
et al® yielded the following key points:

e ASPL tended to present at a more advanced stage and
was more likely to present as N1 or M 1.

e Among patients with N1 stage III disease, outcomes
tended to be worse in PRCC (although the difference was
not statistically significant).

e ASPL follows a relatively indolent course. It has a low
proliferation rate and often recurs late. Consequently,
long-term follow-up is advised. This finding stands in
contrast to other forms of translocation RCC that typically
follow an extremely aggressive course.

e According to a multivariate analysis by Malouf et al,*!
advanced age was associated with poorer outcomes in
both subclasses.

Ofnote, per the International Society of Urological Patho-
logy Vancouver Classification of renal neoplasia, translocation
RCCs have been classified under the MiT family and contain
either a TFE3 or a TFEB translocation. TFE3 translocations,
such as the ASPL-TFE3 or PRCC-TFE3 translocations
discussed earlier, are significantly more common. However,
TFEB translocations may also occur and are the result of the
fusion of TFEB on chromosome 6p21 with the alpha gene on
chromosome 11q12. Regardless of subtype, both members
of the MiT family respond similarly to treatment, although
distinctions between subtypes may be more important in the
future as more targeted therapies are developed.?

Treatment
The literature has failed to reveal any consistent guidelines
for surgical or medical intervention.! In the review by Ellis
et al,® one patient with the ASPL subtype had a complete
response to sorafenib, and in another study, one patient with
the PRCC had a complete response to sunitinib.?>?* While
the use of TKIs shows some promise, many other patients
have failed to respond to TKIs. Similarly, interleukin-2 and
vaccine tumor lysate-pulsed dendritic cell therapy worked in
one patient but failed in two others. In summary, there is no
single effective treatment at this time for metastatic disease,
and further research into potential targets is needed.
Current guidelines generally support the use of partial
nephrectomy over total nephrectomy when resecting smaller
renal masses because partial nephrectomy has a lower inci-
dence of surgically induced chronic kidney disease. However,

this guideline is not uniformly appropriate. For example,
the ASPL subtype involves lymph nodes 75% of the time.
Because partial nephrectomies do not sample regional lymph
nodes, a total nephrectomy is indicated if the ASPL subtype
is identified preoperatively. If an ASPL sample is identi-
fied postoperatively, a completion nephrectomy should be
performed. Moreover, partial nephrectomy should only be
considered if clear surgical margins can be achieved; other-
wise, total nephrectomy is indicated.”

Collecting duct carcinoma (of Bellini)
Background

As its name implies, CDC originates from the distal collect-
ing ducts of the kidneys. It accounts for ~1%-3% of all renal
neoplasms and tends to occur in young adults, with a male
predominance of 2:1. It is centrally located near the renal
pelvis.?® Grossly, it is gray/white in color and devoid of any
hemorrhagic or necrotic features.””-*® However, the absence
of necrosis does not preclude the diagnosis of a CDC as
anecdotal cases of necrotic features in diagnosed CDC exist.?
Microscopically, CDC displays a tubulopapillary growth
pattern associated with a prominent stromal reaction.’32
Although it is cited as one of the classic pediatric renal
tumors, CDC actually has a mean age of onset beyond the
sixth decade of life.*” When it presents in children, it exhibits
a predilection for the right kidney at a ratio of 2:1.33

Treatment

CDC is an extremely aggressive tumor and almost always fails

to respond to systemic therapy. The literature rarely describes

some success using TKIs such as sorafenib. TKIs have shown

great promise in the treatment of clear cell RCC, but aside from

some cases of CDC that have responded to TKI therapy, the evi-

dence supporting its efficacy is sporadic and inconsistent.”-**
The following diagnostic guidelines have been adopted

by the International Society of Urological Pathology:

1. Involvement of at least some of the lesions with the renal

medulla.

Prominent tubule formation.

Presence of desmoplastic stromal reaction.

High-grade cytological features.

Infiltrative growth pattern.

Absence of other RCC subtypes.

A number of similarities exist between CDC and RMC,

and one can often be misdiagnosed as the other. Some have

A

postulated that both tumors may in fact represent the same
family of cancers that exist on different ends of a single
spectrum of renal malignancies.®
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Renal medullary carcinoma
Background

RMC is a very rare and extremely aggressive neoplasm with
an often dismal prognosis that presents almost exclusively
in young patients with sickle cell trait (SCT).** RMC was
first identified by the Genitourinary Pathology Department,
Armed Forces Institute of Pathology, Washington, DC, USA
in 1995, where it was recognized as “the seventh sickle cell
nephropathy”, adding to a list that includes gross hematuria,
papillary necrosis, nephrotic syndrome, renal infarction,
the inability to concentrate urine, and pyelonephritis.’® The
original study reported a mean patient age of 22 years,
with a male predominance of 2:1. Presenting symptoms are
highly variable, but in a study by Swartz et al,** >60% of
cases presented with at least one component of the classic
renal tumor triad: flank pain, hematuria, and/or palpable
mass. Seven of the 40 cases analyzed had clinical suspicion
for urinary tract infection or renal abscess. There was also
a striking predilection for involvement of the right kidney
with a right—left ratio of 3:1. Most cases of RMC have proved
resistant to standard treatment modalities, including various
combinations of surgery, chemotherapy, immunotherapy, and
radiation.’”*° The average life expectancy from the time of
diagnosis is 4 months.*!

Pathogenesis

The pathogenesis of RMC remains poorly understood,
although one prominent theory has gained some momentum
in recent literature. It proposes that the hypoxic environment
created in the renal medulla of patients with SCT interacts
with hypoxia-inducible factor (HIF). In their study, Swartz
et al* stained eight RMC samples for HIF, VEGF, and p53
and noted increased expression of all three markers in every
sample they analyzed. In normal cells, HIF induces p53 that
activates cell death via apoptosis. In hypoxic cells, there is
an absence of p53, and HIF instead induces VEGF that con-
tributes to the angiogenic environment necessary for tumor
progression. This theory is bolstered by a study conducted by
Gatalica et al* that analyzed two cases of RMC in patients
without SCT and noted that they both contained mutations
that promoted hypoxia, suggesting that the hypoxic environ-
ment is responsible for tumor proliferation.

Genetics

Genetic analyses have thus far been inconsistent in yield-
ing potential therapeutic targets. A study by Stahlschmidt
et al*®* demonstrated evidence of a (9,22) translocation,
but the tumor did not respond to imatinib. In nine tumors

analyzed by Swartz et al,’® only one case had any aneu-
ploidy. The single aneuploidy was a loss in chromosome
22. The lack of significant aneuploidy seems at odds with
the extremely malignant nature of this tumor. A separate
study identified the absence of SMARCBI1/INI1 with loss
of heterozygosity at the SMARCBI1/INI1 gene locus on
chromosome 22.* SMARCBI is a tumor suppressor gene
involved in chromatin remodeling, cell cycle control, and
regulation of cytoskeletal dynamics. Finally, a study by
Schaeffer et al*® revealed high expression of topoisomerase
1 in a patient who achieved 9 months of complete remission
with doxorubicin.

Histopathology and IHC

RMC is histologically distinct from RCC.** RMC demon-
strates a distinct reticular appearance with sheets of poorly
differentiated tumor cells.** According to Swartz et al,
stromal dysplasia and acute and chronic inflammatory
infiltrate are a consistent finding, distinguishing RMC from
RCC. Swartz et al*® analyzed 28 tumors, and they all stained
positive for CAM 5.2, EMA, and vimentin. All tumors
showed diffuse expression of both HIF and VEGF. Eighty-
two percent had rhabdoid features, and only 11% were cys-
tic. Of note, RMC is often described as a subset of CDC in
many texts despite their pathological differences. The mean
age of onset for CDC is 53 years, whereas RMC presents
in early adolescence. Moreover, CDC is characteristic for
being cytokeratin 34BE12 positive, but all RMC samples in
the study of Swartz et al*® were negative. Limited data show
similarity to transitional cell carcinoma.*

Treatment

While most cases of RMC have proved resistant to tradi-
tional chemotherapy regimens, scattered cases exist that
report a period of disease-free survival extending beyond the
4-month life expectancy of RMC. Several studies looking
at the use of platinum-based chemotherapy regimens have
yielded incremental improvements in life expectancy. In a
retrospective review of nine patients treated for RMC, the
regimen associated with the longest survival consisted of
doxorubicin and gemcitabine followed by carboplatin and
paclitaxel.® In 2010, a regimen of carboplatin, gemcitabine,
and paclitaxel produced a complete radiological response,
with a progression-free survival of 24 months.*’ In 2006,
a case report described a complete radiological response to
a 7-month course of bortezomib.* At the time of publication,
the patient had remained without radiological evidence of
disease for 27 months. Moreover, bortezomib may exhibit a
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synergistic effect with doxorubicin.* In 2011, a case report
combined the use of bortezomib with carboplatin/paclitaxel/
gemcitabine, and the patient was alive with no signs of
disease 24 months after diagnosis.” Finally, Lipkin et al®!
started a patient on everolimus maintenance therapy after
having achieved remission with platinum-based induction
therapy, and the patient was still alive with no signs of disease
14 months later. Everolimus, an mTOR inhibitor, interferes
with the PI3K—-AKT pathway, which is one proposed mecha-
nism of RMC proliferation. Given the similarities of RMC
to transitional cell carcinoma, methotrexate, vinblastine,
doxorubicin, and cisplatin has also been investigated as a
promising chemotherapy regimen. A recent RMC case report
showed 16 months of disease-free survival using methotrex-
ate, vinblastine, doxorubicin, and cisplatin.**

Ewing sarcoma family of tumors
Background

The ESFT is a group of malignancies that includes Ewing
sarcoma, primitive neuroectodermal tumors, and Askin
tumor. They are poorly differentiated and quite aggressive.*
Although ESFT is not commonly considered a primary renal
tumor, the kidney is being increasingly recognized as an
unexpected primary ESFT site. The tumors tend to occur
in young adult patients. Although there is a general lack of
high quality studies into primary renal ESFT, a retrospec-
tive analysis of ten cases of primary renal ESFT revealed
the following:3

e Mean age of diagnosis was 24.1 years (range
16-58 years).

e All ten tumors were positive for CD99, and 7/7 tumors
had rearrangement of the EWSR1 locus.

e Gross morphology shows small, round, blue cell tumors.
They are often misdiagnosed as Wilms’ tumor because
both Wilms’ tumor and ESFT are monotonous round
cell tumors.

e Forty percent had metastasized at presentation. All meta-
static cases involved the lungs. Two cases also presented
with bone metastasis.

A review of the literature conducted by Rowe et al*?
identified 97 relevant cases and revealed the following back-
ground information:

e Only one of three patients with primary ESFT underwent
diagnostic biopsy before surgery.

e An EWS-FLII fusion was noted in 33 of 35 tumors
analyzed.

e In >95% of cases (25), t(11;22)(q24;q12) was
observed.

e Forty-four percent had evidence of distant metastasis at
diagnosis. Of note, this is a significantly greater rate than
is typical for bone or soft tissue ESFT that presents with
metastatic spread only 25% of the time.

e The tumors often grew to large volume before detection,
usually due to their occult intra-abdominal location.
These last two points are associated with unfavorable

outcomes.****

Treatment

Primary renal manifestations of ESFT are treated in much
the same way as those originating in bone or soft tissue.
Aggressive chemotherapy regimens include cycles of vin-
cristine, adriamycin, and cyclophosphamide, dactinomycin,
or ifosfamide and etoposide for 8—12 weeks. Once the tumor
has shrunk to an operable size, local control (nephrectomy)
can be attempted and followed up with postoperative che-
motherapy if possible. The rationale behind postponing
surgical intervention is that many first-line chemotherapy
agents — such as ifosfamide — are nephrotoxic, and a prior
nephrectomy would preclude their use. However, while this
remains the current standard of treatment, there is no reliable
evidence to suggest that it is superior to local control with
only postoperative chemotherapy, and more data are needed
before any conclusion can be drawn.™

Wilms’ tumor

Wilms’ tumor, the most common pediatric renal malignancy
among younger pediatric patients, is relatively rare among
young adults and adolescents. The median age at diagnosis
of Wilms’ tumor is ~3.5 years.”® The principles of treat-
ment involve both surgical and neoadjuvant therapies, with
radiation therapy reserved for patients with advanced disease.
With the current multimodal therapy, >90% of children
diagnosed with Wilms’ tumor are expected to be long-term
survivors.*

Future directions

During the past decade, major advances in the understanding
of the underlying biology of clear cell RCC have led to the
approval of several targeted agents (VEGF-targeted TKIs and
mTOR inhibitors) for the treatment of unresectable or meta-
static clear cell RCC. These therapies improve the quality
of life and, when used sequentially, are thought to improve
survival, but they are primarily targeted to the molecular
drivers of clear cell carcinoma. Despite their efficacy, they do
not elicit cures. The efficacy of these therapies in adolescent
and young adult patients is not fully understood.
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Tremendous efforts are underway to develop new and
innovative therapies for RCC and other kidney tumors.
While none of these efforts specifically targets patients
who are adolescents or young adults, patients in this unique
age group may benefit from these potential future therapy
options. Newer therapies that block the interaction of the
PD-1 receptor and PD-L1/PD-L2 ligands have gained US
Food and Drug Administration approval for metastatic
melanoma and unresectable lung cancer. These therapies
work by blocking inhibitory signals that suppress T-cell-
mediated antitumor immune responses, essentially upregu-
lating T-cell immunity against cancer cells. Such targeted
immunotherapy has shown promise in RCC in early studies
and at least theoretically would not be specifically targeted
against clear cell RCC only, instead potentially having
broad implications in the management of many subtypes of
RCC and other forms of kidney cancer. Likewise, several
autologous vaccine technologies are being studied for RCC
and may have therapeutic utility in various types of renal
malignancies seen in younger patients. Certainly, wider
studies are needed to determine how these new targeted
immunotherapies may aid in the management of kidney
cancers in adolescents and young adults.

Conclusion

RCC is uncommon in adolescents and young adults, although
some subtypes of kidney cancers do occur at higher rates in
younger patients. The mainstay therapy for most forms of
pediatric renal cancer, similar to their adult counterparts, is
surgical tumor removal. While significant advances in treat-
ments for metastatic clear cell carcinoma have been made
in the last decade, these therapies have been studied much
more extensively in the adult population, and more data are
needed to ascertain their effectiveness and toxicities in the
adolescent and young adult population. As less selective
targeted immunotherapies are developed and more informa-
tion is ascertained regarding their application to children and
young adults, we anticipate an imminent expansion in the
treatment options available to treat renal cancer in younger
patients.
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