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Background: Peritoneal malignant tumors in children are rare but commonly
associated with disease progression and poor outcome. The successful
treatment experience of cytoreductive surgery (CRS) and hyperthermic
intraperitoneal chemotherapy (HIPEC) in adult peritoneal carcinoma has been
applied to pediatric peritoneal malignancy in recent years. However, patients with
desmoplastic small round cell tumor (DSRCT) accounted for the majority of
patients treated with CRS and HIPEC in previous studies. The role of CRS and
HIPEC remains controversial due to the rarity of the disease and the limited
sample size of studies. Additionally, the cases using CRS and HIPEC except
DSRCT were mainly small case reports with unclear outcomes. We present our
experience in the treatment of pediatric peritoneal malignancies using CRS and
HIPEC, with more emphasis on the safety, feasibility, and short-term outcome.
Methods: A retrospective query from December 2019 to February 2022 identified
19 children with peritoneal malignancies who underwent CRS and HIPEC in our
institution. Clinical characteristics, therapies, and outcomes were summarized
and analyzed.

Results: The median age of the patients was 6.4 years (range, 0.7-13.9 years). The
histologic types included rhabdomyosarcoma (7), Wilms tumor (2), clear cell
sarcoma of the kidney (2), undifferentiated sarcoma (2), immature teratoma (1),
peritoneal serous carcinoma (1), malignant rhabdoid of the kidney (1), malignant
germ cell tumor (1), neuroblastoma (1), and epithelioid inflammatory
myofibroblast sarcoma (1). Seven patients underwent initial operation, and 12
patients received reoperation for tumor recurrence. The median peritoneal
carcinomatosis index was 5 (range, 2—21). There were no perioperative deaths or
life-threatening complications of CRS and HIPEC. Two patients had grade 3
complications of wound infection and wound dehiscence. With a median follow-
up time of 14 months (range, 1.5—-31 months), 14 patients were alive, and 5 died
of tumor recurrence. Of the 14 patients who were alive, 2 relapsed after CRS and
HIPEC and then received radiotherapy and molecular-targeted therapy or
chemotherapy.
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Conclusions: CRS and HIPEC are safe and feasible in children, without increasing serious
complications in the peri- and postoperative periods. The complication is acceptable. The
short-term outcome shows possible effectiveness in pediatric peritoneal malignant
tumors. The long-term effectiveness needs to be verified by additional cases and long-

term follow-ups.
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Introduction

Peritoneal malignant tumors are rare in children and
(PSC).
Extensive disseminated peritoneal malignancies are usually

commonly present with peritoneal sarcomatosis
managed aggressively as high-risk disease with poor outcome.
The successful experience of cytoreductive surgery (CRS) and
hyperthermic intraperitoneal chemotherapy (HIPEC) in adult
peritoneal carcinoma (PC) has been applied to treat pediatric
peritoneal malignancy in recent years and demonstrated
possible survival benefits (1-3). Due to the rarity of pediatric
peritoneal malignancy and the limited sample size of previous
studies, CRS and HIPEC were mainly reported as small case
series and few case reports. The role of CRS and HIPEC in
children remains controversial (3-5). Hayes-Jordan et al.
began the first pediatric HIPEC program and reported the
largest numbers of pediatric CRS and HIPEC procedures,
which demonstrated that patients with DSRCT had longer
survival than those with other tumors in children (1, 4). On
the other hand, a retrospective French national study analyzed
22 pediatric patients with peritoneal tumors treated by CRS
and HIPEC over 14 years and did not find a significant
independent effect of HIPEC for DSRCT. However, patients
with mesothelioma obtained more benefits by CRS and
HIPEC (3). CRS and HIPEC also demonstrate some benefits
in other histologic types (2, 6-9), but only in small sample
size studies and case reports showing uncertain effects.
Moreover, the safety and feasibility data of CRS and HIPEC
in children have rarely been reported. Starting in 2019, we
have been performing CRS and HIPEC for the management
of pediatric peritoneal malignancies in our institution and
paying more attention to the safety and feasibility in children
and the short-term outcome in this study.

Methods

A retrospective review was performed for patients with
peritoneal malignant tumors treated by CRS and HIPEC in
our institution from December 2019 to February 2022. Data
were collected from the medical files.
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The inclusion criteria were as follows: (1) age < 18 years old,
(2) good performance status, (3) normal liver and renal
functions, (4) diseases limited to the abdominal cavity, and
(5) response to initial chemotherapy. Ethical approval was
obtained from the appropriate institutional ethics boards.

CRS and HIPEC were a part of the multimodal therapy for these
patients. All patients had been treated with neoadjuvant
chemotherapy and achieved a partial response before surgery. For
most patients, neoadjuvant chemotherapy used the Children’s
Oncology Group (COG) protocol according to pathological types,
stages, and risk stratification. For patients who relapsed more than
once, individualized chemotherapy was used.

After the whole abdominal exploration during the
operation, the burden of peritoneal disease was evaluated by
the intraoperative peritoneal cancer index (PCI) of Harmon
and Sugarbaker (10). CRS was performed to remove the
visible tumors. When the patient underwent surgery with
complete cytoreduction (CC0/CC1) (10), HIPEC with the
open technique at 40.5-41.5°C for 60 min was performed.
The chemotherapy regimens of HIPEC were as follows: (1)
doxorubicin + cisplatin, (2) doxorubicin + ifosfamide, and (3)
cisplatin. The detailed doses were doxorubicin 15 mg/m?,
cisplatin 50 mg/m® and ifosfamide 1g/m> The inflow and
outflow cannulas were placed below the diaphragm and in the
pelvic cavity. Vital signs were monitored during the surgery.

The postoperative cardiac, liver, renal function, and
gastrointestinal recovery were recorded. Complications were
graded by the National Cancer Institute’s Common Terminology
Criteria for Adverse Events (NCI-CTCAE) v4.0 (https://ctep.
cancer.gov/protocolDevelopment/electronic_applications/ctc.
htm#ctc_50). The postoperative treatment and survival status
of all children were followed up. Disease-free survival (DES)
was the time from surgery (HIPEC+ CRS) to tumor
recurrence or death or the last follow-up.

Results
Clinical characteristics

Nineteen patients (11 males and 8 females) with peritoneal
malignancy were enrolled in this study. The median age was 6.4
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years (range, 0.7-13.9 years). Seven patients underwent an
initial operation (2 patients with preoperative rupture), and 12
patients underwent reoperation (2 patients with primary
preoperative rupture) for tumor relapse. The histologic types
included rhabdomyosarcoma (7), Wilms tumor (2), clear cell
sarcoma of the kidney (2), undifferentiated sarcoma (2),
immature teratoma (1), peritoneal serous carcinoma (1),
malignant rhabdoid of kidney (1), malignant germ cell tumor
(1), (1,

myofibroblast sarcoma (1). The characteristics of all the

neuroblastoma and epithelioid inflammatory

patients are shown in Table 1.

CRS + HIPEC and complications

The median PCI was 5 (range, 2-21), and the CC score was
0-1. The median operation time was 6.7 h (range, 4.5-10.5 h).
One patient underwent partial sigmoidectomy and colostomy,
1 patient underwent partial gastrectomy, 2 patients underwent
and 1
cystectomy. The other 14 patients had no organ resection.

partial hepatectomy, patient underwent partial

There were no perioperative deaths or serious adverse events
related to CRS and HIPEC in our study. Increased alanine
transaminase (ALT) was found in seven cases and returned to
the normal limit within 11 days. In two cases, serum creatine
kinase isoenzyme (CK-MB) was two times higher than the
normal value and returned to less than two times within 7 days
after the operation, and no cardiac dysfunction was observed.
No renal dysfunction occurred. All patients were routinely
placed with gastric tubes after CRS and HIPEC. The gastric
tube was removed 6 days after surgery in the patient with
colostomy, 7 days after surgery in the patient with partial
gastrectomy, and 2-3 days after surgery in the other 17
patients. All patients received oral feeding well after the
operation. No bowel obstruction occurred.

Among 19 patients, two patients had grade 3 complications.
One patient had a wound infection and needed intravenous
antibiotics. The other patient had wound dehiscence that
required suturing under general anesthesia 2 weeks after CRS
and HIPEC. There were no other severe HIPEC-associated

toxicities or complications observed.

Postoperative treatment and follow-ups

All
radiotherapy (n=12) according to the different diagnoses.

19 patients received chemotherapy (n=18) and

The chemotherapy used the COG protocol or individualized
adjuvant chemotherapy. Two patients received molecular-
targeted drugs. All patients were followed up. The median
follow-up time was 12.5 months (range, 1.5-31 months).
and five died
recurrence. Of the 14 patients who were alive, 2 relapsed after

Fourteen patients were alive, of tumor
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CRS and HIPEC and then received radiotherapy and
molecular-targeted drugs or chemotherapy. The other 12
patients had no sign of recurrence. Of the seven patients with
recurrence, five patients discontinued treatments and died,
one patient received radiotherapy and molecular-targeted
drugs and was alive without disease, and one patient was
undergoing chemotherapy and was alive with disease. The
median DFS was 12 months (range, 1-31 months). Table 1
shows the treatment and follow-ups of 19 patients treated
with CRS and HIPEC.

Discussion

This report described the early experience of CRS and
HIPEC in the treatment of pediatric peritoneal malignant
tumors in our institute, one of the largest childcare centers in
China. This finding supports that this aggressive surgery is
safe and feasible in children, with a limited patient sample.
Although two patients suffered from grade 3 complications, it
was acceptable. There was no significant organ dysfunction
after surgery. CRS and HIPEC may play a role in the local
control of pediatric rare malignant peritoneal tumors in the
short term.

Peritoneal malignant tumors are uncommon in children
with unknown incidence. Pediatric peritoneal malignancy
usually manifests as PSC (11, 12). In comparison, PCs are
more common in adults. Systemic chemotherapy has little
effect on peritoneal malignancy because of the limitation of
peritoneal penetration. The recurrence rate of peritoneal
disease is higher than that of other anatomic sites and lacks
standard treatment. Peritoneal malignancy in children is
usually treated as a high-risk disease with multimodal therapy,
including chemotherapy, surgery, and radiotherapy, but still
has a poor long-term prognosis (1, 4).

Peritoneal malignancy is most commonly metastatic in
children, usually after the neoplasm breaks through the organ
capsule, through hematogenous dissemination of primary
tumors, tumor spillage from incomplete surgical resection, or
Effective
treatment for free tumor cells and microscopic disease in the

local spread of malignant peritoneal tumors.
peritoneal cavity after surgery is a strategy to prevent
peritoneal dissemination. In recent years, CRS and HIPEC, as
successful local control approaches in adult PC, have been
applied to pediatric peritoneal malignancies. The majority of
reports are in children with DSRCT (1, 3, 4, 13, 14, 16).

For patients with pediatric peritoneal mesothelioma, studies
in the literature have reported a positive effect of HIPEC.
Scalabre et al. demonstrated that pediatric patients with
peritoneal mesothelioma treated by CRS and HIPEC had a
significantly better overall survival (OS) (p=0.015) and DFS
(p=0.028) in mesothelioma (n=7) than other histological
types (3). A retrospective study investigated a prospective

frontiersin.org


https://doi.org/10.3389/fsurg.2022.1078039
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

10.3389/fsurg.2022.1078039

Zhu et al.

(panuijuoo)

(w)
°9JUal1indal
s4a o1 swil

9dUalinday snlelsg

(W)

dn-

MO[|0} Juswsbeuew

1seq

9A11e19d01s0d

e
Bunessdo  D3dIH HDD IDd

awibal

=2INpPad0id

24nydnu
aAel1adoald

sisoubeiq

jua.lindal

sawi

(s1eak)
aby

Awoyajuawo
‘Awroyoauoyad Jouwm)
vl — ON| @aN| #1 Aderyoway) 9 daa z [enaed 34 | 10 wial jueudieN 0 671 S[ewag 1
Awoypayuawo
Tenred
Aderoyjorpex daa Awoydauojirad
661 — ON AIN|  ssT Aderatouray) T8 XOoda z [enreq sax | ewooresofwopqeny 0 76 Sewa, 01
Awoyajuawo
Aderoyjorpex OdI Awoydauojrrad
ST SLT wnauoNRdg | AMV| €81 “Aderaoway) 89 XOa 9 [enieq ON | eurooresofwopqety I 6T SeN 6
Awoydajuawo
Aderayjorper OdI1 “Awoydauoyrrad
61 — oN| aaN| 61 “Adesaypoway) L XOa 3 [enieq ON | eurooresofwopqety 0 9 aewa] 8
Adexay) pajadiey Awoyoaruawo
“Aderaorper Jdaa ‘Auwroyoauoyrad BUIOUIDIRD
[ S/ wnauojiradonay @IN|  S61 “Aderapowray) 6 X0oda 12 QAISUIXE] ON SNOJAS [BIUOILIDJ 0 8¢ Srewna, L
Awoydauoyrrad
L A wmnauoypdonay | dod 8 Aderapowray) 8/ daa L [enred ON BWO)SL[QOININ 1 [ AN 9
UOISIOXd
110008 [ened
Awoyauojirad
0z — oN| a@aN| oz Adezaypoway) 59 daa 6 [enred ON[| ewoje1d} dInjEW] 1 L0 e S
daa Awoyauoyrad Kaupry jo
ST ST umduoypdonay | qoal| s Aderayroway) 8's Xoa z [eneq $9X | propqey jueusiey z L1 RN 4
AuroyouspeydwA]
oapd
Aderoyjorpex daa ‘Awroyoauoyrad
ST — oN| aaN| sez “Adesaypoway) L XOa z [enieq ON | eurooresofwopqety 0 L1 RN 3
Awoyauojuad
Tenaed
OdI1 “Kwoyajeday BUIODIES
4 4 wderyderq|  god| o1 Aderoyroway) LS Xoda S [enteq ON parenuasdpIpun 4 TL aewd] 4
Awoyauoyrad
renred
OdI “Awoypajeday
1€ - ON dIN 1€ Aderaroway) L9 XOoa ¥ [enreq ON ewojsejqorydon [4 81 SN 1

#

Iapusn 1jusned

'SOWO2}N0 dWI}-}0YS pue ‘syudwiealy ‘soisiaioeieyd juaned T 319v.L

frontiersin.org

04

Frontiers in Surgery


https://doi.org/10.3389/fsurg.2022.1078039
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

10.3389/fsurg.2022.1078039

Zhu et al.

‘Adesasyyowayd |eauociiadeul
SlWIBYMRdAY ‘“DIdIH ‘UONDNPaIOIAD JO SSBUDIBIAWOD YD ‘Xapul Jadued Jeauoyuad ‘|Dd ‘Uuneidsid ‘daa ‘oplweysoyl ‘4| ‘UIdIgnioxop ‘XOd ‘9seasip JO peap ‘O ‘9Sessip JO 9d2UdPIAS OU ‘QIN ‘9Sessip Yim aAlle ‘my

(CY)
S5Ua1INd3l
01 awi|

9duUalinday snlels

(w)
dn-

MO[|0} Juswbeuew

1seq

9A11eI19d01S0d

(4) swn
punesadp

awibal

D3dIH ¥2D IDd

=2INpPad0id

24nidnu
aAel1adoald

sisoubeiq

Awoyajuawo BWODIES
Adexarp) pajadrey renred Jse[qoIquoAur
“Aderaorper OdI “Kwopauoytrad Arorewrurepyur
s — ON| @aN| ¢ “Adezagpowray) S Xoa 4 [ensed ON prorpyndg 1 €5 orewag 61
Aderayorper OdI1 Awoyauoyrad Aaupny 2y Jo
€6 - ON dIN €6 “Aderapoway) 4 XOoa 9 [enreq ON| ®eOdIes [[23 €3]0 1 € Seto] 81
AuroyoaprowSis
[enaed
daa ‘Awroyoauoyrad
1 1 wmnauoydd | dod ST — ¢/ Xod 8 [enieq umowun ewoysejqorydaN 4 $'G Jrewa] LT
Awoyonsed
Tenaed
Aderayjorpex OdI1 ‘Awroyoauoyrad Aaupny 2y Jo
71 — ON AN 1 “Aderaypoway)) €9 XOod / [enaeq sax | ewoores [0 rea) 1 $'9 Jewa, 91
Aderoyjorper OdI Awoyauojrad
4 ON dIN 4! “Aderaypoway) 9 XOoa 6 [enreq ON | Bwod1EsOAWOpqety 0 86 Seto] ST
Awoypayuawo
Aderayorper OdI1 ‘Awroyoauoyrad
x4 - ON| aaN| sar “Aderaowayy 9 Xoa 4 aATsuRIXy ON | wooresoAwopqey 0 8 apewag At
Awoydardyuasawr
renred
‘Awroyoauawio
Aderayjorpex OdI “Awopauoyrrad BWODIES
01 01 wmuoiRd | dod 4! ‘“hderaoway)d L XOoa 11 [enreq ON pajenuaiogipun i4 L'L SN €1
Aderayjorper OdI Awoyouoyrad
el — ON aaN| el AderaourayD) L Xoda ¢ [enreq ON | ewooresofwopqeqy 1 8T AN 71

sawin

(s1e3K)
juaundal  aby

#
Iapusn 1usned

panunuo) T 3719VL

frontiersin.org

05

Frontiers in Surgery


https://doi.org/10.3389/fsurg.2022.1078039
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Zhu et al.

database including patients with malignant peritoneal
mesothelioma who underwent CRS and HIPEC from 1994
through 2014 in the United States. A total of 71% (5/7) of
patients were reported to be alive more than 5 years after
treatment; however, the historic median survival was 11
months in young patients (15). However, tumors with other
histologic types treated with CRS and HIPEC were small case
series, and  the effect is uncertain, including
rhabdomyosarcoma, angiosarcoma, and colon cancer (2, 4, 6—
9, 16).

In our study, more than half of the cases (10/19) presented
with peritoneal sarcomatosis, and the other nine cases presented
with various histologic types, including a case of peritoneal
adenocarcinoma. There were 12 patients with postoperative
recurrence before CRS and HIPEC, most of whom were
treated with multimodal therapy, including chemotherapy and
radiotherapy, and even molecular-targeted drugs in some
patients. Two of them relapsed four times. Therefore, we
performed this study to explore the treatment for these
troublesome diseases. The preliminary results showed that 6
of the 12 patients (50%) had no recurrence after CRS and
HIPEC, and the median DFS was 8.7 months. The other six
patients with initial surgery had no evidence of disease except
lonepatient with diffuse peritoneal adenocarcinoma, who
relapsed 7.5 months after CRS and HIPEC and was alive
without disease after receiving molecular-targeted drug and
radiotherapy. Although five patients died from relapse after
CRS and HIPEC, they belonged to those who relapsed at least
one time and were difficult to treat. The short-term outcome
showed possible local control and possible survival benefits of
CRS and HIPEC in our study. However, the follow-up period
was short, and longer follow-up is needed to determine the
long-term effect.

CRS and HIPEC are aggressive operations, and the
operative morbidity reported in adults is approximately 40%.
However, the morbidity in children is lower. The common
complications reported in the literature in children were
nephrotoxicity, neurogenic bladder, urinary tract infections,
wound infection, abscess and enterocutaneous fistula, and
partial small bowel obstruction (1, 3, 17). In our study, no
small bowel obstruction or nephrotoxicity was observed. Two
patients had grade 3 complications of wound infection and
wound dehiscence after CRS and HIPEC.

Limitations of this study include various pathological types,
relatively few cases of each type, and a short follow-up time.
This is mainly due to the rare incidence of peritoneal tumors
in children and the short period in which we have been
performing this approach. For future work, it is necessary to
cooperate with multiple centers, expand the sample size,
conduct prospective studies, extend the follow-up time, and
obtain long-term results.
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In conclusion, CRS and HIPEC procedures are safe and
feasible in children, without increasing serious complications
in the peri- and postoperative periods. The adverse event is
acceptable. The short-term outcome showed possible
effectiveness in pediatric peritoneal malignant tumors. The
long-term effectiveness needs to be verified by additional cases
and long-term follow-ups.
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