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Abstract

In children, renal cell carcinoma (RCC) is rare. This study is the first report of pediatric

patients with RCC registered by the International Society of Pediatric Oncology-Renal

Tumor Study Group (SIOP-RTSG). Pediatric patients with histologically confirmed RCC,

registered in SIOP 93-01, 2001 and UK-IMPORT databases, were included. Event-free

survival (EFS) and overall survival (OS) were analyzed using the Kaplan-Meier method.

Between 1993 and 2019, 122 pediatric patients with RCC were registered. Available

detailed data (n = 111) revealed 56 localized, 30 regionally advanced, 25 metastatic and

no bilateral cases. Histological classification according to World Health Organization

2004, including immunohistochemical and molecular testing for transcription factor E3

(TFE3) and/or EB (TFEB) translocation, was available for 65/122 patients. In this group,

the most common histological subtypes were translocation type RCC (MiT-RCC) (36/64,

56.3%), papillary type (19/64, 29.7%) and clear cell type (4/64, 6.3%). One histological

subtype was not reported. In the remaining 57 patients, translocation testing could not

be performed, or TFE-cytogenetics and/or immunohistochemistry results were missing.

In this group, the most common RCC histological subtypes were papillary type (21/47,

44.7%) and clear cell type (11/47, 23.4%). Ten histological subtypes were not reported.

Estimated 5-year (5y) EFS and 5y OS of the total group was 70.5% (95% CI = 61.7%-

80.6%) and 84.5% (95% CI = 77.5%-92.2%), respectively. Estimated 5y OS for localized,

regionally advanced, and metastatic disease was 96.8%, 92.3%, and 45.6%, respectively.

In conclusion, the registered pediatric patients with RCC showed a reasonable outcome.

Survival was substantially lower for patients with metastatic disease. This descriptive

study stresses the importance of full, prospective registration including TFE-testing.

K E YWORD S

pediatric, renal cell carcinoma, survival, treatment

1 | INTRODUCTION

While renal cell carcinoma (RCC) is the most common renal tumor in

adults, it accounts for 2% to 6% of malignant renal tumors in the pedi-

atric population.1-4 Our understanding of pediatric RCC has increased

the past years; however, it still often remains based on knowledge of

adult RCC.3,5 From the few studies that have described pediatric RCC

cohorts, it has become clear that compared to RCC in adult patients,

childhood RCC has distinct clinical, histological and molecular charac-

teristics.3,6-8 In adults, clear cell RCC represents the predominant his-

tological subtype, whereas in children distribution of subtypes is

different.5,9,10 Translocation-type RCC (MiT-RCC), officially recog-

nized by the World Health Organization (WHO) in 2004, is character-

ized by translocations including transcription factor E3 (TFE3) or

What's new?

Pediatric renal cell carcinoma (RCC) is a rare malignancy,

knowledge of which is based largely on adult RCC. Here, pedi-

atric RCC was retrospectively studied using data from the

International Society of Pediatric Oncology – Renal Tumor

Study Group (SIOP-RTSG). Pediatric RCC patients had a

5-year overall survival rate of 84.5 percent, with notably lower

survival for patients with metastatic disease. In pediatric RCC

patients tested for transcription factor E3 and EB, 56.3 percent

presented with translocation type. The findings highlight the

importance of full registration of pediatric RCCs, with informa-

tion on germline genetics and transcription factor testing.
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transcription factor EB (TFEB), which are members of the micro-

phthalmia transcription factor (MiT) family. In children, this is the most

prevalent RCC type.3 The most frequent translocation affects the

TFE3 gene, located on Xp11.2.5 The diagnosis of MiT-RCC can be con-

firmed by cytogenetic analyses and/or immunohistological staining for

TFE3 or TFEB. Before the use of the WHO 2004 classification sys-

tem, pediatric RCCs most commonly described had been clear cell and

papillary RCC types, both showing a considerable morphological over-

lap with the currently acknowledged MiT-RCC.10,11

Reported 5-year (5y) survival rates for pediatric RCC vary between

60% and 85%.6,9,12 The most effective treatment of localized pediatric

RCC consists of radical tumor nephrectomy without adjuvant therapy.2

Nephron-sparing surgery (NSS) has been described as an effective

treatment option for selected cases in small pediatric cohorts.6,13 Even

despite current, novel adjuvant therapy options, survival rates for meta-

static pediatric RCC have been described to be lower than 15%.6,12,14

Most of the previously published studies describing pediatric RCC

are from the United States, Canada and national reports from

European countries.3,9,10,15 So far, the International Society of Pediat-

ric Oncology (SIOP)-Renal Tumor Study Group (RTSG) has never

reported the RCC cases registered in their database. Here, we

describe the first series of pediatric patients with RCC, prospectively

registered in the SIOP 93-01, 2001 and UK-IMPORT database. This

descriptive study focusses on patient characteristics and survival of

children in pediatric RCC.

2 | PATIENTS AND METHODS

2.1 | Patient and data collection

All pediatric patients (0-18 years), diagnosed with histologically

proven RCC and registered in the SIOP (93-01 [1993-2001], 2001

[2001-2018] and UK-IMPORT [2012-2019]) databases, were

included. These clinical trials and studies were primarily focused on

Wilms' tumor patients but allowed prospective registration of pediat-

ric RCC cases and collection of observational clinical, pathological and

outcome data. Details on presenting symptoms were not available,

and are therefore not included in this report. Informed consent from

registration in the SIOP 93-01, SIOP 2001 and UK-IMPORT studies

had been obtained from parents of included pediatric patients prior to

treatment, according to national law and regulations.

2.2 | Histopathology

The SIOP-RTSG panel of pathologists centrally reviewed most included

cases within the SIOP 93-01, 2001 and UK-IMPORT protocols. Histol-

ogy was, where feasible, classified according to the 2004 “WHO Classifi-

cation of Tumours of the Urinary system and Male Genital Organs.”8,16

All effort was put into retrieving missing histopathological information

and/or slides to perform TFE-FISH and/or TFE-immunohistochemistry,

and review materials in retrospect in case of missing information.

Ultimately, for cases without available TFE-translocation testing and

without available stored materials for TFE-FISH or TFE-immunohisto-

chemistry, previous classifications were used.17

2.3 | Staging

The most commonly used staging system for RCC is the American

Joint Committee on Cancer (AJCC) TNM staging system.18 In the

SIOP database, patients had been registered according to the SIOP

Staging Criteria.19 Therefore, we reclassified the stage for all patients

identified in the SIOP 93-01, 2001 and UK-IMPORT databases and

used the 7th Edition AJCC TNM classification (group I-V) based on

primary tumor (T), nodal status (N) and presence of metastatic disease

(M). Since tumor size was reported in volume rather than in tumor

diameter, it was impossible to distinguish T1 from T2 tumors. Further-

more, relation to Gerota's fascia is not included in the SIOP Staging

Criteria, whereas tumor rupture and completeness of tumor re-

section is not specifically included in the TNM staging system. There-

fore, differentiation of T3 and T4 tumors was complicated. Since in

recent literature in RCC tumor invasion beyond Gerota's fascia seems

to be very rare, if not mostly absent, tumors with SIOP stage II or III

were classified as T3 in case of doubt (Table S1A).5,9 For the current

descriptive study, in order to use the most representative staging sys-

tem possible, a combined tumor stage was used to classify disease as

localized (T1/T2, N0, M0), regionally advanced (T3, any N, M0 or

any T, N1, M0) or metastatic (any T or N and M1) (Tables 1 and

S1B).20 Tumor volume at diagnosis and at surgery was calculated

using the following formula: 0.523 times the product of the three

tumor dimensions, if available. Since radiological data was not system-

atically captured, tumor response was, where possible, determined

using an arbitrarily decided 10% increase or decrease of tumor volume

as cutoff value, derived from the RECIST-criteria.

2.4 | Treatment

The SIOP 93-01 and SIOP 2001 protocols recommended use of pre-

operative chemotherapy for patients >6 months of age, without histo-

logical assessment for most children presenting with a renal tumor.

Only for patients aged 6 years or older, and/or in cases with unusual

clinical presentations, such as a urinary infection, and/or unusual find-

ings upon imaging, such as tumor calcification or no visible renal

parenchyma, a biopsy to obtain histological diagnosis was rec-

ommended. In UK-IMPORT and UK SIOP 2001, a biopsy for histologi-

cal assessment before preoperative chemotherapy was done in

virtually all cases until 2019. Hence, younger patients were often

treated with preoperative chemotherapy including vincristine and

actinomycin-D for a period of 4 weeks for localized disease, or in case

of metastatic disease, for a period of 6 weeks with the addition of epi-

rubicin or doxorubicin, prior to nephrectomy. The SIOP protocols

93-01, 2001 and UK-IMPORT did not provide standardized treatment

recommendation for pediatric RCC but, for the patients described in

2726 van der BEEK ET AL.

 10970215, 2021, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ijc.33476 by U

niversitaet D
es Saarlandes, W

iley O
nline L

ibrary on [27/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



this cohort, surgery was considered the mainstay of therapy for

nonmetastatic RCC.

2.5 | Outcome analysis

Event-free survival (EFS) and overall survival (OS) were estimated using

the Kaplan-Meier method. EFS was defined as time from diagnosis to

the first relapse, or death for any reason. Patients were censored at the

time of the last follow-up record. Outcome results are reported for the

whole RCC cohort, as well as separately for the group of patients

tested for MiT-RCC. Analysis was performed using SPSS, version 20.0.

3 | RESULTS

3.1 | Patient characteristics

In total, 6492 patients with a renal tumor were registered (SIOP

93-01 n = 1104, SIOP 2001 n = 4696, UK-IMPORT n = 692). In

this cohort, 122 patients (1.9%) were diagnosed with pediatric RCC

(SIOP 93-01 n = 39, SIOP 2001 n = 73, UK-IMPORT n = 10)

(Tables 1 and S3A,B). Twelve patients have already been reported

in the previously published study by Selle et al.9 Sixty-two out of

122 (50.8%) patients were male. Median age at diagnosis was

11.3 years (range 0.8-16.6 years). Approximately half of the

TABLE 1 Patient and disease characteristics (n = 122)

n Percentage

SIOP-protocol 93-01 39 32.0

2001 73 59.8

UK-IMPORT 10 8.2

Gender Male 62 50.8

Female 60 49.2

Age at diagnosis 0-5 years 22 16.4

6-10 years 38 31.1

11-18 years 64 52.5

Tumor side Left 60 49.2

Right 62 50.8

Lymph node statusa Positive 38 37.3

Negative 64 62.7

Missing 20 —

Stage Localized 56 50.5

Regionally advanceda 30 27.0

Metastaticb 25 22.5

Missing 11 —

Histology Not TFE-tested/testing

unknown (n = 57)

Papillary type 1/2 21 44.7

Clear cell 11 23.4

Combination clear cell and papillary type 2 4.3

Renal medullary carcinoma 3 6.4

Collecting duct carcinoma 1 2.1

Unclassified 9 19.1

Missing 10 —

TFE-tested (n = 65) MiT-family translocation type 36 56.3

Papillary type 1/2 19 29.7

Clear cell 4 6.3

Chromophobe RCC 2 3.1

Succinate dehydrogenase deficient RCC 2 3.1

Unclassified 1 1.6

Missing 1 —

Abbreviations: MiT, microphthalmia transcription factor; RCC, renal cell carcinoma.
aLymph node status was positive in case of regionally advanced disease (N1).
bMetastatic stage included positive lymph nodes classified as distant metastases (M1).

van der BEEK ET AL. 2727
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patients were diagnosed in the first decade of life (47.5%)

(Figure 1, Table 1).

3.2 | Tumor characteristics

Tumor stage was recorded for 111 patients: 56/111 (50.5%) had

localized (T1/T2, N0, M0), 30/111 (27.0%) regionally advanced (T3,

any N, M0 or any T, N1, M0) and 25/111 (22.5%) metastatic disease

(any T or N and M1) (Tables 1 and S1B). Sixty tumors (49.2%) were

left-sided and 62 tumors (50.8%) were right-sided. No bilateral RCCs

were registered. Details on regional lymph node status (N0 or N1)

were available from 102 patients (Table 1). Positive lymph nodes were

detected in 38/102 (37.3%) patients, resulting in N1 following the

TNM classification system. When lymph nodes were considered as

the site of distant metastasis (M1), this was described as such in the

database. These patients were classified as having “metastatic dis-

ease.” Rupture of the tumor capsule had occurred in 11/102 (10.8%)

patients, of which four ruptures occurred preoperatively and four dur-

ing surgery. The moment of rupturing was not reported for the

remaining three cases. Median tumor volume at diagnosis was

78.5 mL (range 0.5-1019.5 mL). The median tumor volume according

to stage, reported in 103 patients, was 69.0 mL (range 1.1-1019.5 mL)

for localized, 33.5 mL (range 0.5-878.6 mL) for regionally advanced

and 220.0 mL (30.0-790.8 mL) for metastatic disease. Median age was

equally distributed between the different disease stages, with a

median age of 11.5 years (range 0.8-16.6 years) for localized,

10.1 years (range 2.4-16.6 years) for regionally advanced and

11.5 years (range 1.2-15.3 years) for metastatic disease.

Twenty-five patients presented with metastatic disease at diag-

nosis. The sites of metastases were: lungs (n = 12), abdomen (location

unspecified) (n = 9), lymph nodes (n = 7), bone (n = 3) and liver (n = 3).

In addition, nine patients were reported with metastases in more than

one location. Forty-seven patients underwent a biopsy prior to

surgery, in 26/47 (55.3%) patients this was a fine needle biopsy.
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F IGURE 1 Distribution of age at diagnosis in years. Age
distributed in age groups, in concordance with Table 1: 0 to 5 years;
6 to 10 years; 11 to 18 years

n = 122

Pediatric RCC in SIOP 93-01, SIOP 2001, and IMPORT

Biopsy
Fine needle biopsy (n = 26) 

Trucut biopsy (n = 16) 
Open biopsy (n = 4) 

Type unknown (n = 1)
No biopsy (n = 75)

Nephron sparing 
surgery
n = 20

Neo-adjuvant therapyd

Yes (n = 36)
No (n = 79)

Missing (n = 7)

Delayed nephron 
sparing surgery

n = 1

n = 6a

Surgery

Delayed total 
nephrectomy

n = 31

n = 114

Total 
nephrectomy

n = 94

No 
surgeryb

n = 4cn = 4
Missing

F IGURE 2 Overview of treatment of pediatric patients with RCC registered in the SIOP 93-01, 2001 and UK-IMPORT databases. a Patients
underwent a biopsy before or during neoadjuvant therapy; b No surgery was performed due to advanced metastatic disease; c Patients were only
treated with neoadjuvant therapy; d Neoadjuvant therapy consisted of chemotherapy, targeted therapy and radiotherapy. RCC, renal cell
carcinoma
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The biopsied patients had a median age of 11.3 years (n = 47, range

0.8-16.6 years) (Figure 2).

3.3 | Histology

In 57/122 (46.7%) patients, TFE-assessment was not performed due

to lack of upfront testing and/or unavailability of remaining slides/

tumor samples. In this group, in 10/57 patients histological subtype

was not reported. Twenty-one out of 47 (44.7%) tumors were classi-

fied as papillary type RCC, 11/47 (23.4%) tumors as clear cell RCC

and 15/47 (31.9%) tumors as other RCC subtypes (Table 1).

In 65/122 (53.3%) patients MiT-RCC status was assessed, pre-

dominantly by TFE3-immunohistochemistry. In this group, in 1/65

patients histological subtype was not reported. MiT-RCC was con-

firmed in 36 of the 64 cases (56.3%), 19/65 (29.7%) of the cases were

classified as papillary RCC, 4/64 (6.3%) of the cases as clear cell RCC

and 5/64 (7.8%) were classified as other RCC subtypes (Table 1). The

median age and median tumor volume in MiT-RCC confirmed patients

was 10.3 years (range 1.2-16.6 years) and 47.5 mL (range

3.1-807.7 mL), respectively, whereas the median age was 12.3 years

(range 0.8-15.4 years) and median tumor volume was 78.5 mL (range

7.7-1019.5 mL), in the patients without MiT-RCC, respectively.

3.4 | Initial treatment approach

Thirty-two patients had been treated with preoperative chemother-

apy (Figure 2, Table S2). Specification of preoperative chemotherapy

was available for 30 patients and had consisted of actinomycin-D and

vincristine, in three cases in combination with epirubicin or doxorubi-

cin. Response to preoperative chemotherapy was available for

23 patients, resulting in 11 patients with an evident decrease (≥10%,

range 10%-96%) of tumor volume (n = 11 treated with actinomycin-D

and vincristine only). Seven patients showed an evident increase

(≥10%, range 10%-1102%) of tumor volume (n = 5 treated with acti-

nomycin-D and vincristine only, n = 1 treated with actinomycin-D,

vincristine and epirubicin and n = 1 treated with actinomycin-D, vin-

cristine and doxorubicin). The remaining five patients showed stable

(<10%, range 0%-6%) disease (n = 4 treated with actinomycin-D and

vincristine, and n = 1 treated with actinomycin-D, vincristine and

epirubicin).

Four patients with metastatic disease had only been treated with

neo-adjuvant therapy and did not undergo surgery. Their treatment

consisted of a variety of combinations of targeted therapy and che-

motherapy (Figure 2, Table S3A,B). For these patients, data regarding

effect on tumor volume were lacking.

3.5 | Surgical approach

Surgical details were available for 114 patients. Ninety-four patients

underwent a total nephrectomy and 20 patients underwent NSS

(Figure 2). Patients who underwent NSS had smaller tumor volumes

(median 38.6 mL [range 1.1-611.9 mL]), compared to tumors that

underwent a total nephrectomy (median 89.4 mL [range 0.5-1019.5]).

Of these 20 patients, nine had localized, three regionally advanced

and three metastatic disease at diagnosis. For five patients, disease

stage was unknown. Data on lymph node dissection were not

available.

3.6 | Postoperative treatment

Disease stage and postoperative treatment were available of only

96 patients (Table 2). Forty-one out of 46 patients with localized dis-

ease received no adjuvant treatment, three received postoperative

chemotherapy (predominantly actinomycin-D, vincristine and etoposide),

and two patients received radiotherapy. Among the 26 patients with

regionally advanced disease, five were treated with various combina-

tions of postoperative chemotherapy (predominantly carboplatin,

etoposide, ifosfamide, doxorubicin and vinblastine), six underwent

radiotherapy and three patients had received immunotherapy with

interleukin-2 and/or interferon-α (Table 2).

TABLE 2 Postoperative treatment in pediatric patients with RCC shown per disease stage (n = 96)

Postoperative treatment
Localized (n = 46) Regionally advanced (n = 26) Metastatic (n = 24) (n = 96)
T1/2-N0-M0 T3-N0/1-M0 Any T-N1-M0 Any T-Any N-M1 Total

None 41 18 12 71

Chemotherapya 3 5 7 15

Immunotherapyb 0 3 3 6

Targeted therapyc 1 1 3 5

Radiotherapy 2 6 3 11

Abbreviation: RCC, renal cell carcinoma.
aVarious combinations, consisting of vincristine, etoposide, carboplatin, ifosfamide, doxorubicin, vinblastine, cyclophosphamide, cisplatin, gemcitabine,

adriamycin, actinomcyin-D, epirubicin and paclitaxel.
bConsisting of monotherapy or a combination of interleukin-2 and interferon-α.
cNew agents, consisting of axitinib, sorafenib, nivolumab, sunitinib and bortezomib.
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Seven out of 24 patients with metastatic disease received various

combinations of adjuvant chemotherapy (predominantly etoposide,

doxorubicin, cyclophosphamide, cisplatin, vinblastine, gemcitabine,

capecitabine, vincristine, actinomycin-D, carboplatin, ifosfamide and

paclitaxel). Immunotherapy had been administered in three patients,

and three patients underwent radiotherapy. This study did not focus on

relapse patterns. However, with the growing interest in targeted ther-

apy, we report on the data that were captured in the database. In five

cases, targeted therapy agents (axitinib, sorafenib, nivolumab, sunitinib

and/or bortezomib) had been administered (Table 2). Two patients, one
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with localized and one with regionally advanced disease, had a relapse

after a total nephrectomy, whereas one patient with metastatic disease

relapsed after preoperative chemotherapy and a total nephrectomy. In

the remaining two patients with metastatic disease, one relapsed, but

data on preoperative therapy and surgery were missing.

3.7 | Outcome

Estimated 5y EFS and 5y OS of the total group (n = 122) was 70.5%

(95% CI = 61.7%-80.6%) and 84.5% (95% CI = 77.5%-92.2%), respec-

tively, after median follow-up of 3.9 years (95% CI = 3.0-5.1 years).
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Twenty-nine out of 122 (23.8%) patients suffered a relapse, within a

median time of 8.1 months (range 1-67.6 months). Eighteen out of

these 29 relapsed patients had metastatic disease at diagnosis. Seven-

teen out of these 29 relapsed patients died within a median time of

1.3 years (range 1.2 months to 9.5 years).

Two out of 11 patients (18.2%) with a capsule rupture undergoing

a total nephrectomy, one with regionally advanced disease at diagno-

sis and a major rupture during surgery and one with metastatic dis-

ease at diagnosis without further information available, relapsed and

died after treatment. They had been treated with interleukin-2 and/or

interferon-α after relapse, followed by gemcitabine and irinotecan in

the regionally advanced case. Of the 20 patients that underwent NSS,

four patients relapsed, of which three patients had metastatic disease

at diagnosis, and for one patient disease stage was unknown. Two of

these patients died, of which one after treatment with cisplatin,

gemcitabine and paclitaxel.

Survival according to disease stage showed an estimated 5y EFS

(n = 111) of 89.7% (95% CI = 80.2%-100%) for localized disease,

75.8% (95% CI = 60.3%-95.2%) for regionally advanced disease and

30.5% (95% CI = 16.5%-56.2%) for metastatic disease (Figure 3A).

Patients with localized disease had an estimated 5y OS (n = 111) of

96.8% (95% CI = 90.8%-100%), with regionally advanced disease

92.3% (95% CI = 82.6%-100%), and patients with metastatic disease

45.6% (95% CI = 28.5%-72.9%) (Figure 3B). Of the 11/122 patients

without available disease stage, 7/11 belonged to the TFE-tested

group, whereas 4/11 lacked available TFE-test results.

Focusing on the TFE-tested group with adequate outcome data,

the estimated 5y EFS of MiT-RCC patients (n = 36) was 64.3%

(95% CI = 47.9%-86.5%). The MiT-RCC-negative patients (n = 27)

showed a 5y EFS of 90.5% (95% CI = 78.8%-100%) (Figure 4A). The

estimated 5y OS of the MiT-RCC patients (n = 36) was 86.2%

(95% CI = 72.4%-100%) and of the MiT-RCC-negative patients

(n = 27) was 93.3% (95% CI = 81.5%-100%) (Figure 4B). In the TFE-

tested group, 7/9 (77.8%) metastatic cases, 11/14 (78.6%) regionally

advanced cases and 13/34 (38.2%) localized cases were TFE-positive.

Patients with N1M0 (n = 21) had an estimated 5y EFS and 5y OS

of 72.8% (95% CI = 52.2%-93.4%) and 89.7% (95% CI = 76.2%-

100%), respectively, whereas patients with N0M0 (n = 54) had an esti-

mated 5y EFS and 5y OS of 86.8% (95% CI = 75.4%-98.2%) and

96.6% (95% CI = 90.0%-100%), respectively (Figure S1A,B).

4 | DISCUSSION

Pediatric RCC is a very rare tumor, and only a few reports are avail-

able that describe patient characteristics and survival in cohorts with

substantial numbers.3,5,6 The current retrospective descriptive study

is the first report of the SIOP-RTSG describing the clinical characteris-

tics and outcome of patients with pediatric RCC under the age of

19 years.

Due to the fact that the SIOP 93-01, 2001 and UK-IMPORT data-

bases were designed to register mainly Wilms' tumor patients, pediat-

ric RCC was likely underreported and registration was potentially

biased. Nevertheless, in accordance with previously published results,

our series does not show gender predisposition, and an age distribu-

tion (median age of 11.3 years) consistent with a survey conducted by

the Japanese Society of Pediatric Surgeons showing that 52.6% of the

pediatric RCC patients is aged 10 to 15 years.3,21-23 Geller et al

reported a median age of 12.9 years (range 1.9-22.1 years) in a cohort

of 120 pediatric and adolescent RCC patients.5 Pediatric RCC has

been shown to present with classic symptoms such as hematuria,

abdominal/flank pain and/or palpable mass.15,24 Since details on pre-

senting symptoms were not captured in our databases, and details in

medical records were incomplete, we could not show the presenting

symptoms of the included patients. Furthermore, data on potential

associated syndromes or association with Wilms' tumors had not been

systematically collected in previous SIOP-databases. Future registries

including SIOP-RTSG UMBRELLA 2016 will include registration of

underlying syndromes such as von-Hippel-Lindau, Birt-Hogg-Dubé

syndrome and tuberous sclerosis complex in pediatric RCC, since a

variety of genes and syndromes are associated with an increased risk

of this renal tumor.9,25-27

About 50% of the pediatric RCC patients presented with stage I-II

disease, concordant with other available pediatric RCC regis-

tries.6,13,22 We found 22.5% metastatic cases, consistent with the per-

centages of stage IV disease in the previous reports.3,5,9,12 With the

knowledge about pediatric RCC increasing over the past decades, no

clear observable trend toward less advanced cases was observed over

time, in accordance with RCC studies in children and young adoles-

cents published from 1970 until 2018.28

Based on the epidemiological suspicion of a Wilms' tumor in the

majority of children ≤ 10 years with renal tumors, many pediatric RCC

cases had been pretreated with chemotherapy according to the SIOP-

protocols. We observed a decrease of ≥10% in tumor volume in

11/23 of the patients treated with preoperative chemotherapy and

with available response data. However, administration of and

response to preoperative chemotherapy was not captured systemati-

cally in the database for all patients, hence no firm conclusions can be

drawn. Discrimination of RCC from Wilms' and other non-Wilms'

tumors at initial presentation with the use of innovative radiology and

other research strategies will be of great value for the future.29,30 For

instance, the direct correlation of diffusion weighted imaging and

associated apparent diffusion coefficients combined with other imag-

ing characteristics are anticipated to be of added value in the differen-

tiation between different types of renal tumors and are therefore

prospectively integrated in the current SIOP-RTSG UMBRELLA 2016

protocol.31,32

In our series, 94 patients underwent a total nephrectomy, and

20 patients underwent NSS. Even though there are a number of stud-

ies describing NSS for selected cases, the use of a less radical surgical

approach is generally reserved for selected cases with a low stage

tumor and potentially in cases of syndrome-associated RCC with a

risk of metachronous and recurrent RCC, but only whenever obtaining

negative margins seems feasible.5,13,33 Furthermore, the implications

of extensive lymph node dissection and second look surgery for addi-

tional lymph node sampling are still being debated.2,5,34 Future studies
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should focus on the role of lymph node dissection in the treatment of

pediatric RCC.35,36

Adjuvant therapy strategies consisted of (combinations of) radio-

therapy, chemotherapy, immunotherapy and/or targeted therapy. In

this study, it was not systematically captured whether adjuvant ther-

apy strategies in relapsed patients were administered postoperatively

prior to relapse, as a treatment for relapse, or a combination of these

situations. Furthermore, evidence for adjuvant therapy in stage III

pediatric RCC is lacking, and the treatment approach in regionally

advanced disease remains debatable.22,37 In our cohort, 14 patients

with regionally advanced disease received combined chemotherapy,

radiotherapy and/or immunotherapy. Targeted therapy was registered

for only one patient with regionally advanced disease. Based on lack

of evidence for benefit in the SIOP-RTSG UMBRELLA study, it was

therefore decided not to recommend any adjuvant therapy in stage III

pediatric RCC.10,37,38

The SIOP 93-01, 2001 and UK-IMPORT protocols did not pro-

vide a standardized treatment recommendation for metastatic RCC. In

our RCC-cohort, patients with metastatic disease received a variety of

treatment strategies, predominantly consisting of postoperative che-

motherapy. Targeted agents were administered in only three patients

with metastatic disease. The UMBRELLA 2016 protocol recommends

the use of sunitinib in metastatic pediatric RCC as the first-line adju-

vant drug, since it improved progression-free survival in adult

metastatic clear cell RCC and in adult and pediatric metastatic MiT-

RCC.39-41 Nevertheless, there is a lack of evidence for treatment of

other histological subtypes of RCC in children and the potential bene-

ficial effect of combining sunitinib with other agents.41 Future studies

may focus on the value of novel targeted agents.42 A recent report

showed that axitinib (a vascular endothelial growth factor inhibitor)

might have a potentially beneficial effect in refractory pediatric solid

tumors.43 Furthermore, there are recent results showing an increased

progression-free survival in advanced adult RCC when combining

axitinib with avelumab, or with pembrolizumab.44,45 Recently, in

advanced adult RCC the multiple kinase inhibitor cabozantinib and

several combinations of immune check point inhibitors showed an

increased progression-free survival.46

Translocation type RCC (MiT-RCC) was formally recognized by

the WHO in 2004 as a separate histological subtype with characteris-

tic morphology, and by TFE3- and TFEB-related translocations.16

Since then, in published series a shift in histological diagnoses was

observed, which is also reflected in this current SIOP-RTSG registered

cohort when comparing the patients assessed according to the WHO

2004 classification to patients assessed following previous classifica-

tions. Central review by the SIOP-RTSG pathology panel for

UMBRELLA 2016 is currently performed following the most recent

“2016 WHO Classification of Tumours of the Urinary system and

Male Genital Organs.”47 For this cohort, it was impossible to reclassify

the histological subtypes using the most recent WHO 2016

classification.

The largest series published so far by Cajaiba et al, reported the

incidence of MiT-RCC to be approximately half of all pediatric RCCs.3

Despite our conceivable registration bias, our SIOP-RTSG series

reveals a similar frequency (36/64) of MiT-RCC in the tested series.

Such percentages need however to be interpreted with caution. RCC

with TFE3 arrangements should reliably be detected using a combina-

tion of characteristic morphologic features, under expression of epi-

thelial markers and nuclear TFE3 immunohistochemical expression.

Cajaiba et al stated that although TFE3 overexpression by immunohis-

tochemical staining for the diagnosis of MiT-RCC is highly specific, it

needs to be carefully considered in the context of appropriate histo-

logic and other immunophenotypic appearance.3,48 Given the low

numbers of pediatric MiT-RCC and the need for a combination of

immunohistochemistry and molecular analysis, central review in cen-

ters providing these analyses is preferable. The most common

histological subtypes in the group of patients not tested for TFE-

translocations were papillary type RCC and clear cell RCC, which is in

line with previously published pediatric RCC data using older classifi-

cation systems.8,49,50 Furthermore, while 26/208 patients with renal

medullary carcinoma were reported by Cajaiba et al, we found only

three cases.3 The percentage of clear cell RCC (6.3%) in TFE-tested

patients is in line with previously published results.3,9 Last, in our

series in the TFE untested group 15.8% of the pediatric RCCs

remained unclassified. This might illustrate that TFE-testing enhances

classification of difficult cases that occurred in the past.

In our cohort, the 5y EFS and 5y OS of MiT-RCC-positive

patients were 64.3% and 86.2%, respectively, which appears to be

lower in comparison to TFE-negative patients in the TFE-tested

group. For the cohort in which translocation testing was performed,

the patients with MiT-RCC accounted for the majority of metastatic

(77.8%) and regionally advanced (78.6%) cases. This is in line with the

previously mentioned increased risk of disseminated disease at pre-

sentation and a more aggressive course in case of MiT-RCC.11,51,52

However, as TFE-testing was only feasible in a subset of this small

pediatric RCC cohort, and registration may be biased, it is difficult to

draw firm conclusions on the impact of positive TFE-testing on sur-

vival in our descriptive study. Furthermore, outcome of different his-

tological subtypes could not correctly be interpreted given the small

number of patients and potential shift in histological diagnoses due to

TFE-testing.

Reported outcomes of pediatric RCC are variable, probably due

to the small cohorts and lack of large prospective multicenter stud-

ies.9,13,53 In our cohort, the estimated 5y EFS and 5y OS were 70.5%

and 84.5%, respectively. The 5y OS is consistent with the range of

the previous reported North-American and European studies that

reported survival rates of 70% to 92%.6,9,10 However, follow-up time

in previous studies is highly variable, as well as whether the events

registered for the included patients solely defined the occurrence of a

relapse or death. Therefore, comparison of our EFS- and OS-rates

with other studies is challenging.

Metastatic disease is associated with substantially lower survival.

In previous studies, about 20% of children with RCC had been

reported to present with distant metastases, which was associated

with adverse outcome.1,6,12,15 Our series showed an estimated 5y OS

of 45.6% for patients with metastatic disease, whereas outcome for

localized and regionally advanced disease, according to previous
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results, is excellent.1,6,12 Previous reports have suggested several

other factors that influence survival in pediatric RCC, which included

tumor size, pathologic stage, lymph node status, MiT-RCC and

age.1,6,9,11,22 We observed a decreased outcome in patients with

N1M0 disease compared to patients with N0M0 disease. Remarkably,

pediatric patients with regional lymph node invasion without distant

metastases seem to have a better outcome compared to adult

patients with comparable RCC disease status.1,5,9 The relative few

events in our cohort did not allow a proper multivariable analysis of

potential prognostic factors.

Recently, the SIOP-RTSG UMBRELLA 2016 protocol has been

launched. The study aims for full registration of all pediatric RCCs

including germline genetics information, high quality TFE-testing, bio-

banking and development of tumor models for target identification

and compound screening, in order to provide enhanced targeted

treatment options for children with pediatric RCC in the future.
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