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Abstract

Introduction: Clear cell sarcoma of the kidney (CCSK) is a rare malignant childhood
renal tumour. Recently, the central nervous system (CNS) was found to be the most
frequent site of relapse associated with a poor outcome. Optimal treatment strategies
are scarce.

Patients and Methods: Retrospective data analysis of all Austrian children with CCSK.
They were enrolled in the Austrian-Hungarian Wilms Tumour Study (AHWTS) 1989,
the SIOP93-01 or the SIOP2001 study between 1990 and 2019. Demographic, diag-
nostic, treatment-related variables and survival data were analysed.

Results: We identified 12 children with CCSK (M = 7, F = 5; median age 1.6 years). All
had localised disease (stage I: 2; stage |1: 2; stage IlI: 8) at diagnosis, and a first complete
remission (CR1) was achieved in 12/12. Six patients are in an ongoing CR1 (median
follow-up 10 years). Six other patients had a relapse (local 1; brain 5) a median time of
2.4 years from diagnosis. Two patients died of the disease 4 months and 2.8 years after
first relapse. Four of five patients with CNS relapse are in CR2 with a median follow-
up time of 9.3 years after relapse diagnosis. Relapse treatment included a combination
of chemotherapy, radiation and surgery. Two children received high-dose chemother-
apy followed by autologous stem cell rescue, and one child received intrathecal mafos-
phamide. Long-term side effects after treatment were impaired tubular renal function
(n = 4), cardiomyopathy (n = 1) and growth disorders (n = 1).

Conclusions: In this series, the brain was the most common site of relapse. Long-term

survival after recurrence was achievable with intensive multimodal therapy.

KEYWORDS
central nervous system metastases, clear cell sarcoma of the kidney, relapse treatment, renal
tumour

1 | INTRODUCTION

Abbreviations: AHWTS, Austrian-Hungarian Wilms Tumour Study; AV, actinomycin-D and

vincristine; AVD, actinomycin-D, vincristine and doxorubicin; CCSK, clear cell sarcoma of the

Clear cell sarcoma of the kidney (CCSK) accounts for approximately

kidney; CE, carboplatin and etoposide; CNS, central nervous system; CR1, first complete

remission; CR2, second complete remission; CT, computed tomography; ECID, etoposide,
carboplatin, ifosfamide and doxorubicin; EFS, event-free survival; ICE, ifosfamide, carboplatin
and etoposide; MRI, magnetic resonance imaging; OS, overall survival; SIOP, International

Society of Paediatric Oncology

2-5% of all childhood renal tumours. Although it is a rare entity;, it is
the second most common type of renal malignancy in children. The

incidence rate is highest between the ages of 2 and 4 years, and the
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male-to-female ratio is approximately 2:1.2 First described in the
1970s, its initial name was ‘bone metastasizing tumour of the kidney’,
reflecting its predilection for skeletal metastases.®~>

Clinical features are nonspecific and closely resemble those of a
Wilms tumour, such as abdominal mass, abdominal pain, haematuria
or high blood pressure. Most patients present with localised disease,
only 6-7% of patients have primary metastases, mainly in lymph nodes,
bones, lungs and liver.®

CCSKs are treated with a multimodal therapy, including chemother-
apy, surgery and radiation therapy where indicated. The originally poor
prognosis was improved significantly by intensifying treatment with
anthracyclines and alkylating agents. Currently, overall survival (OS)
is reported to be approximately 85%.57 However, the outcome after
relapse remains poor with 5-year OS rates of approximately 26%.2
After treatment intensification, the pattern of relapses changed, and
they now tend to occur earlier. However, late relapses may occur up to
10 years after diagnosis, still significantly later than in Wilms tumours.
Most remarkably, the brain has now overtaken bone as the most com-
mon site of relapse.2¢-8

Herein we report on the results of Austrian children who have been
treated for CCSK over the last 30 years, with a special focus on treat-

ment of central nervour system (CNS) relapse.

2 | PATIENTS AND METHODS
2.1 | Patient population

This retrospective data analyses included all patients with CCSK
who were enrolled in the Austrian-Hungarian Wilms Tumour Study
(AHWTS) 1989, the International Society of Paediatric Oncology
(SIOP)93-01 Study and the SIOP2001 Study. The local ethics commit-
tee reviewed and approved the study protocols.

2.2 | Diagnosis

All eligible patients were previously untreated. Diagnostic workup
included abdominal sonography and computed tomography (CT) or
magnetic resonance imaging (MRI) with/without contrast enhance-
ment. To exclude or confirm pulmonary metastasis chest X-rays at least
were performed. In the AHWTS study, routine lung CT was recom-
mended. In the other two studies, a scan was only performed if pul-

monary lesions were suspected.
2.3 | Treatment
2.3.1 | Preoperative therapy

According to the treatment schedule for localised unilateral kid-
ney tumours without visible distant metastases (stages I-Ill), all
but one patient received 4-week preoperative chemotherapy with
actinomycin-D and vincristine (AV). The cumulative doses were the

same in all studies.”"?

2.3.2 | Surgery and histological classification

Approximately 1 week after the last preoperative chemotherapy, all
patients underwent a tumour nephrectomy. One patient had primary
surgery. Staging was done according to the Revised SIOP working
classification of renal tumours in childhood (retrospectively for the
AHWTS study).”

2.3.3 | Postoperative therapy

Adjuvant chemotherapy was given according to the respective high-
risk protocols. In AHWTS89, all patients with stages I-Ill received
a five-drug regimen including vincristine, actinomycin-D, adriamycin,
ifosfamide and etoposide for 47 weeks (cumulative doses stages
I-1ll: vincristine 24 mg/ms, actinomycin-D 600 ug/ms, adriamycin
360 mg/ms, ifosfamide 48 g/m3 and etoposide 3600 mg/ms3). In the
SIOP93-01 trial, all patients received a four-drug regimen of etopo-
side, carboplatin, ifosfamide and doxorubicin (ECID) for 34 weeks
(cumulative doses for stages I-11I: etoposide 3000 mg/ms, carboplatin
3600 mg/ms, ifosfamide 36 g/m$ and doxorubicin 300 mg/m3). In
SIOP2001, patients with local stage | disease had a three-drug reg-
imen consisting of actinomycin-D, vincristine and doxorubicin (AVD)
for 28 weeks, while patients with local stages Il or Il received a com-
parable four-drug regimen as in protocol SIOP93-01. Instead of ifos-
famide, cyclophosphamide was administered, and the dose of carbo-
platin was divided into three single doses and given on consecutive
days. The cumulative dose of doxorubicin was 250 mg/ms for stage |
and 300 mg/ms for stages Il and I11, the cumulative dose of cyclophos-
phamide was 8100 mg/ms.

All trials included additional irradiation to the flank for local stages
Il 'and Il (AHWTS89: 14.4 Gy; SIOP93-01: 30-35 Gy; and SIOP2001:
25.2-36 Gy).%77

3 | RESULTS

Between 1990 and 2019, 12 patients with CCSK were registered in
Austria (AHWTS89, n = 1; SIOP93-01, n = 5; and SIOP2001, n = 6).
Seven patients were male and five female, their ages ranged from
12 months to 6.9 years (median 1.6 years) at the time of the initial
diagnosis. Nine patients presented with an abdominal mass, three
patients additionally suffered from haematuria, one showed elevated
blood pressure and two patients had abdominal pain. The diagnostic
workup revealed eight patients with right-sided tumours and four with

left-sided tumours. All patients had localised disease (Table 1).

3.1 | Initial diagnosis

In accordance with the SIOP guidelines for childhood kidney tumours,

all but one patient received preoperative chemotherapy. In a particular
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TABLE 1 Clinical features, first-line treatment and outcome of Austrian patients with CCSK
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Follow-
up from
Age Signs/ Local  Preop. Postop. Radiation diagnosis
Patient (y) Sex Site symptoms Protocol stage therapy Surgery therapy (boost), Gy Relapse Outcome (y)
1 14 F Right  Abd mass AHWTS89 1 AV Yes HR-AVDIE 14.0 CNS DOD 2.2
2 55 M Right  Pain; haem SIOP2001 1 AV Yes HR-ECCD 27.0 CR1 12.7
3 10 F Right Haem SIOP2001 1 AV Yes HR-ECCD 255 CR1 16.8
4 10 F Left Abd mass SIOP93-01 11 AV Yes HR-ECID 12.0(18.0) CNS CR2 17.0
5 16 M Right  Abd mass SIOP93-01 11 AV Yes HR-ECID 19.5(10.5) CR1 14.1
6 37 M Left Abd mass; SIOP93-01 | AV Yes HR-ECID  No CR1 11.2
haem
7 69 M Right  Pain SIOP93-01 11 None Yes HR-ECID 20.4,12 Local DOD 6.0
(lung)
8 10 M Right  Abd mass SIOP93-01 11 AV Yes HR-ECID 30.0 CNS CR2 215
9 17 F Right  Abd mass SIOP2001 11 AV Yes HR-ECCD 25.5 CR1 8.7
10 15 M Left Abd mass; hyp SIOP2001 1 AV Yes HR-ECCD 25.2 CNS CR2 6.6
11 12 F Left Abd mass SIOP2001 1l AV Yes HR-ECCD 10.8 CNS CR2 2.8
12 23 M Right  Abd mass SIOP2001 | AV Yes HR-ECID  No CR1 1.6
Abbrevations: Abd mass, abdominal mass; AHWTS, Austrian Hungarian Wilms Tumour Study; AV, actinomycin-D/vincristine; AVDIE,

adriamycin/vincristine/actinomycin-D/ifosfamide/etoposide; CCSK, clear cell sarcoma of the kidney; CNS, central nervous system; DOD, died of dis-
ease; ECCD, etoposide/cyclophosphamide/carboplatin/doxorubicin; ECID, etoposide/carboplatin/ifosfamide/doxorubicin; haem, haematuria; HR, high risk;
hyp, hyertension; Preop., preoperative; SIOP, International Society of Paediatric Oncology; y, year(s).

patient (Pat No. 7), neither imaging nor a fine needle biopsy could pro-
vide an unambiguous diagnosis. This patient therefore underwent pri-
mary surgery. All other patients had radical tumour nephrectomy after
4 weeks of VA. Histology revealed eight children to have local stage Ill,
two had local stage Il and two had local stage | (Table 1). Of the stage Il
patients, five had lymph node involvement, one patient had local spread
to the mesocolon (Pat No. 8) and one patient had positive resection
margins (Pat No. 9). In the single case of upfront surgery (Pat No. 7),
the tumour infiltrated the diaphragm and intraoperative tumour rup-
ture occurred.

Postoperatively, all patients were assigned to the high-risk treat-
ment arm of the respective treatment protocols and received an
anthracycline and alkylating agent-based chemotherapy (Table 1). One
patient received only four of six anthracycline doses (Pat No. 5) due to
cardiac dysfunction. Apart from this, no serious acute chemotherapy-
related side effects occurred, and the chemotherapy was given as
scheduled.

All stages Il and Il patients received flank irradiation involving the
area of lymph node metastases (median dose 25.5 Gy, range 10.8-30.0)
(Table 1). In the patient with diaphragmatic infiltration and tumour rup-
ture (Pat No. 7), the entire abdomen (20.4 Gy) and lungs (12 Gy) were
irradiated.

After a median follow-up of 10 years (range 1.7-21.5), six of 12
patients are in an ongoing first complete remission (CR1). The 5-year
event-free survival (EFS) was 45% + 0.15% (95% Cl,0.17-0.71) and 5-
year OS 90% + 0.09% (95% Cl,0.47-0.99). Chemotherapy-related long-
term side effects were observed in two of six patients in CR1, one suf-

fering from impaired renal function (Pat No. 5) and one from cardiomy-
opathy (Pat No. 9).

3.2 | Relapse

In six patients, the tumour relapsed. The median time from initial diag-
nosis to relapse was 2.4 years (range 1.6-4.1). The median age at the
time of relapse was 3.7 years (range 2.8-10.1). Five of six relapses
occurred in the CNS, three patients had a single metastasis in the cere-
bellum (Pat No. 4, 8, 10), two had multiple infra- and supratentorial
lesions (Pat No. 1, 11). The patient with intraoperative tumour rup-
ture (Pat No. 7) suffered a local recurrence within the irradiation field
3years after primary disease. All but one patient had local stage Ill dis-
ease at initial diagnosis, and one had local stage Il (Tables 1 and 2).

Of the six patients with relapse, three received front-line therapy
according to SIOP93-01 study and two were treated according to
SIOP2001 protocol. The only patient treated in the AHWTS89 study
also relapsed (Table 2). None of the patients had dose reductions dur-
ing first-line treatment, and all patients received local radiotherapy.

In total, five of six patients achieved a second CR (CR2) after the
relapse therapy. Four of six are in an ongoing CR2 with a median follow-
up time of 9.3 years (range 1.3-17.4). Two patients died 4 months (Pat
No. 1) and 2.8 years (Pat No. 7) after relapse diagnosis (Table 1). Due
to high doses of alkylating agents, three of five patients (Pat No. 4, 8,
10) in CR2 suffer from impaired tubular renal function with preserved
glomerular filtration rate.
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TABLE 2 Clinical features, treatment and outcome of patients with CNS relapse

Time to
relapse from Follow-up
First-line initial Site/solitary after relapse
Patient treatment diagnosis(y)  or multiple Relapse treatment Outcome  diagnosis(y)
CHT Surgery Radiation (Gy) HD-CHT + ASCT
1 AHWTS89 1.8 Supra- and No No No No DOD 04
infratento-
rial/multiple
4 SIOP93-01 2.6 Cerebellum, CEx6 Yes (in toto) 30.0 (focal) No CR2 14.4
solitary
8 SIOP93-01 4.1 Cerebellum, ICEX2; M Yes (in toto) 30.6 (focal) Yes (CET) CR2 174
solitary ith x4
10 SIOP2001 2.2 Cerebellum, ICE x4; CE Yes (in toto) 25.0 (focal) No CR2 4.3
solitary X2
11 SIOP2001 1.6 Supra- and ICE x4;CE Yes 19.8 (whole Yes (Mel) CR2 1.3
infratento- X2 brain +
rial/multiple spinal axis)

Abbrevations: AHWTS, Austrian Hungarian Wilms Tumour Study; CE, carboplatin/etoposide; CET, carboplatin/etoposide/thiotepa; CHT, chemotherapy; CR2,
second complete remission; DOD, died of disease; F, female; HD-CHT + ASCT, high-dose chemotherapy followed by autologous stem cell transplantation; ICE,
ifosfamide/carboplatin/etoposide; M, male; Mel, melphalan; M ith, mafosphamide intrathekal; SIOP, International Society of Paediatric Oncology; v, year(s).

As there were no uniform treatment guidelines for recurrences,
different treatment approaches were applied. The patient (Pat No. 1)
who was treated according to the AHWTS89 study, suffered an early
CNS relapse with multiple supra- and infratentorial lesions that were
not amenable for surgical resection. Palliative care was initiated, and
the patient died 4 months after relapse diagnosis. The remaining four
patients with CNS relapse (Pat No. 4, 8, 10, 11) all underwent upfront
CNS surgery. In all patients with singular cerebellar metastasis (Pat No.
4, 8, 10), a macroscopically total resection was achieved. In the patient
with multiple cerebral lesions (Pat No. 11), four were completely
resected and two suspicious cerebellar lesions disappeared under
chemotherapy. All patients with singular cerebellar metastasis had
local cranial irradiation with cumulative doses of 25.0-30.6 Gy. The
patient with multiple cerebral lesions (Pat No. 11) received irradiation
of the spinal axis with a total dose of 19.8 Gy in addition to whole-brain
irradiation. One patient (Pat No. 8) received additional intrathecal
therapy with mafosphamide (Table 2). Postoperative chemotherapy
consisted of ifosfamide, carboplatin, etoposide (ICE) and/or carbo-
platin, etoposide (CE). Two patients (Pat No. 8, 11) received high-dose
chemotherapy (one with carboplatin, etoposide, thiotepa and one with
melphalan) followed by autologous stem cell rescue (Table 2).

The patient (Pat No. 7) who presented with a local recurrence had
a total of four abdominal relapses. Surgical resection was performed
three times (first (again with minor spillage), second and third relapse).
He received chemotherapy with four CE and two topotecan cycles
(first relapse), five ICE cycles (third relapse) and two irinotecan, carbo-
platin, one topotecan, cyclophosphamide cycle and vinblastine (fourth
relapse), and was locally irradiated with a cumulative dose of 20.8 Gy
during his third relapse. He died of the disease 2.8 years after relapse
diagnosis.

4 | DISCUSSION

This report provides a retrospective overview of paediatric patients
treated for CCSK in Austria over a period of 30 years with a median
follow-up time of 10 years (up to 21.5 years) after primary diagnosis
and 9.3 years (up to 17.4 years) after relapse diagnosis. Since CCSK is
an ultra-orphan childhood malignancy, the number of patients included
in this analysis is limited and allows only a descriptive presentation of
the data.

All our patients initially received an intensive chemotherapy regi-
men combined with surgery and, in the case of local stages Il or 11, addi-
tionally local radiotherapy. With more intensive adjuvant therapies,
including anthracyclines, alkylating agents, topoisomerase Il inhibitors
and platinum compounds, EFS and OS rates in patients with CCSK
have improved dramatically in recent decades.27:12 The intensified
chemotherapy regimens also influenced the clinical course of the dis-
ease, with relapses occurring now earlier and the brain becoming
the most frequent site of relapse.'® Our data confirm these observa-
tions and provide evidence that long-term survival after CNS relapse
is achievable with an intensive multimodal therapy approach. In our
cohort, six of 12 patients relapsed, five of which occurred in the brain.
The time to relapse was relatively late, ranging from 1.6 to 4.1 years
from initial diagnosis. Four of five patients with CNS relapse are in an
ongoing stable CR2 after a median follow-up time of 9.3 years from
relapse diagnosis. In fact, this is a surprisingly good result at a relevant
follow-up time, and therefore deserves attention. In addition, the only
deceased patient was diagnosed as early as 1992 and received pallia-
tive care only.

In the largest published series of Gooskens et al, 13 of 37 relapses
occurred in the brain, and after a median follow-up time of 58 months,
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three patients were alive without (including 2/4 of our survivors) and
one with evidence of disease.® Though in this series, two patients died
from cerebral haemorrhage at diagnosis, these results were sugges-
tive of dismal outcome of CNS relapse in patients suffering from CCSK.
However, already in 2008 Radulescu et al had described eight patients
with recurrent CCSK involving the brain, six of them were in an ongo-
ing CR2 after a median follow-up time of 30 months.2* Our results are
in line with this report, supporting a curative treatment approach with
eventually encouraging outcome in these patients.

There are only few therapy recommendations available, and an
optimal treatment strategy has not yet been determined.’** Compar-
ing the treatment modalities of surviving patients after CNS recur-
rence, some similarities can be found. Taking the two cited stud-
ies by Radulescu and Gooskens as well as the results of our cohort,
eight of the 12 surviving patients with CNS relapse (Radulescu et al:
6 survivors; Gooskens et al: 2 survivors; our cohort: 4 survivors)
achieved complete surgical remission. Although oligo-metastasised
cases account for the majority of survivors, it is important that in the
above-mentioned series, patients with multiple-site relapses achieved
sustained CR2. Also in these cases, a combination of surgery and radio-
therapy was used for local control. Sufficient local control thus appears
to be a cornerstone of relapse management in patients with CNS
recurrences.

All 12 surviving patients had whole (10.8-30 Gy) or partial brainirra-
diation with or without boost (up to 55 Gy), though the optimal dose
has not yet been defined (Radulescu et al: range 30.6-55 Gy; Gooskens
et al: range 12-32 Gy; our cohort: range 19.8-30.6 Gy). However, good
local control for macroscopically completely resected CCSK can be
achieved with 10.8 Gy.® Considering the specific surgical situation of
CNS, a focal boost to the former tumour region seems reasonable and
has been applied in the majority of the above-mentioned cases.

Due to the evident sensitivity to alkylating agents, particularly
in combination with topoisomerase Il inhibitors and platinum com-
pounds, the most frequently used chemotherapeutic agents were ifos-
famide, carboplatin and etoposide, combined as ICE or CE cycles. The
topoisomerase Il inhibitor etoposide and the platinum compound car-
boplatin were already used in the SIOP93-01 study in the adjuvant
first-line treatment of stage | CCSK. The combination of four drugs
(etoposide, carboplatin, ifosfamide, doxorubicin) resulted in better out-
comes than the combination of three drugs (actinomycin-D, vincristine,
doxorubicin) used in the SIOP2001 study.” To overcome the reduced
drug levels caused by the blood-brain barrier, ifosfamide was also rein-
troduced into first-line treatment by SIOP-Renal Tumour Study Group
(RTSG).© The role of high-dose chemotherapy is difficult to evaluate. In
our cohort, two of four survivors after CNS relapse received high-dose
chemotherapy followed by autologous stem cell rescue. In Radulescus
series three of six survivors and in Gooskens’ series one survivor being
treated for a second relapse at the time of publication had high-dose
chemotherapy. Additionally, Yumura-Yagi and colleagues published a
case of relapsed CCSKin the brain, rescuing the child with tandem high-
dose chemotherapy.!®> Overall, only half of the survivors were treated

with high-dose chemotherapy. One of our patients received intrathecal
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mafosphamide, its benefit remains unclear, but it might be discussed in
multilocular cerebral metastasis.

Aggressive anticancer therapy in children is associated with a
high risk of chemotherapy-related long-term sequelae. Anthracy-
clines carry the lifelong risk of cardio-toxicity.’1” Renal dysfunc-
tion, infertility and an increased risk of secondary malignant neo-
plasms are associated with the use of alkylating agents such as ifos-
famide. Radiation therapy further increases the risk of secondary
malignancies.!® In our series, follow-up examinations revealed one
patient with cardiomyopathy, four patients with impaired renal func-
tion and one with hypogonadism and growth retardation (after cranial
radiotherapy).

Major limitations of this report include the retrospective nature of
the investigation and the small number of patients analysed. Further-
more, oligo-metastatic presentation at relapse made radical local con-
trol measures possible in all patients. Three of five patients had only
a solitary metastasis in the cerebellum, allowing for a successful gross
total resection combined with local radiotherapy. Even in the patient
with multiple CNS metastases (Pat No. 11), surgical resection and local
radiotherapy were feasible for all radiologically confirmed metastases.

Conclusions on maintained second remission in CCSK can be lim-
ited by its well-known propensity for late relapses. However, with the
exception of the latter patient (Pat No. 11), who is now 1.3 years after
relapse diagnosis, the extended median follow-up of 9.3 years is reas-
suring in our cohort.

Hence, we provide evidence that long-term survival is possible in
patients with a CNS relapse of CCSK. A prerequisite is sufficient local
tumour control, which is achieved by a combination of surgery and
radiotherapy, as well as the administration of an intensive multiagent
chemotherapy regimen. Further intensification of systemic therapy is
not possible, taking into account the potential acute and long-term side
effects. Therefore, alternative therapeutic strategies will be in demand
in the future.

5 | CONCLUSIONS

Relapses of CCSK often occur inthe CNS. To diagnose CNS recurrences
at an early stage, regular cranial MRI controls directly after definitive
histological diagnosis and during follow-up period are indicated to pre-
vent irreversible CNS damage in a potentially curable relapse. By com-
bining intensive chemotherapy, surgery and radiotherapy, a long-term
cure is possible even in the case of relapse. The optimal treatment
strategy and thus uniform treatment guidelines for recurrent CCSK are

pending.
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