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ABSTRACT

Objective: To investigate the clinical efficacy and safety of hyperthermic intraperitoneal chemotherapy (HIPEC) in the treatment of
recurrent nephroblastoma in children.

Study Design: Randomised controlled trial.

Place and Duration of Study: Department of Oncology, Baoding Children's Hospital, from August 2018 to November 2021.
Methodology: Sixty children with recurrent nephroblastoma treated by HIPEC in the Department of Surgical Oncology were anal-
ysed and divided into group A and group B, according to different perfused drugs. Additionally, 30 children without a history of HIPEC
were selected as the control group (group C). The changes in routine blood indices, albumin, and hepatic and renal function of the
three groups were observed before and after treatment. The clinical efficacy, frequency of adverse reactions, as well as 6-month and
1-year tumour recurrence in the three groups were compared.

Results: The efficacy in groups A and B was significantly higher than that in group C (p<0.05). Changes in routine blood indices,
albumin, and hepatic and renal function showed no statistically significant differences among the three groups during each observa-
tion period after treatment (all p>0.05). No significant differences were found in the incidence of adverse reactions among the three
groups during treatment (all p>0.05). Six months after treatment, the tumour recurrence rate presented no significant differences among
the three groups. However, at 12-months after treatment, the recurrence rate in groups A and B was lower than that in group C (p<0.05).
Conclusion: For children with recurrent nephroblastoma, intraoperative HIPEC has little impact on the body, can significantly improve the

effectiveness and reduce the recurrence rate, and does not increase the adverse reactions.

Key Words: Children, Recurrence, Nephroblastoma, Hyperthermic perfusion.

How to cite this article: Wang JR, Meng DG, Hu YN, Wang N, Wang HM, Teng HD. Hyperthermic Intraperitoneal Chemotherapy for
Recurrent Nephroblastoma in Children. J Coll Physicians Surg Pak 2023; 33(02):170-175.

INTRODUCTION

Nephroblastoma, also known as Wilms' tumour (WT), is a
common renal malignancy in children following neuroblas-
toma, with the second incidence among primary intra-abdom-
inal malignant tumours in children, accounting for more than
90%." About 75% of nephroblastomas occur before 5 years of
age; the peak ageis 2-3 years. Thereis no significant difference
in the incidence between boys and girls, but the age of onsetin
girls is higher.’In most patients, a palpable abdominal mass is
aninitial symptom,’and some patients present symptoms such
as haematuria, fever, urinary tract infection, varicocele, hyper-
tension or hypotension, anaemia, etc. At present surgery,
chemotherapy, and radiotherapy constitute the basic treat-
mentfornephroblastoma.
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Experts agree that decompression surgery should be
performed first, and then followed by radiotherapy,
chemotherapy, and adjuvant therapy. In the past, the long-
term survival rate of patients with nephroblastoma was less
than 30%, and now the overall cure rate has exceeded 90%.*
However, due to incomplete resection and delayed postopera-
tive radiotherapy and chemotherapy, children with advanced
nephroblastoma often suffer from postoperative recurrence
and metastasis, resultinginadeclineintheirsurvival rate.

In recent years, the use of hyperthermia therapy for malig-
nant tumours has become an important means in the field
of tumour therapy. It is considered after surgery, radio-
therapy, chemotherapy, and biotherapy. Although the 5-year
survival rate of nephroblastomain children has been increased
to 90% through standardised combined treatment, there is still
about15%recurrencerate. Theinvasive growthand drug resis-
tance of recurrent nephroblastoma lead to difficulties in resec-
tion and chemotherapy of recurrent nephroblastoma, so the
prognosis is poor. The 2-year tumour-free survival rate is
43-70%. The treatment of recurrent nephroblastoma is the
currentresearch focus, and there is little research on recurrent
nephroblastoma.>® The aim of this study was to evaluate the
effectiveness and safety of hyperthermic intraperitoneal
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chemotherapy (HIPEC) in children with recurrent nephroblas-
tomaandtoprovideareferencefortherelevantclinicalapplica-
tion.

METHODOLOGY

The study was approved by the Institutional Ethics Committee of
the hospital (No.: 2018-02). Written informed consent were
obtained from all participants. Ninety children with recurrent
nephroblastoma, admitted to the Department of Surgical
Oncology of Baoding Children's Hospital from August 2018 to
November 2021, were selected for this study. Patients were
randomly divided into three groups using random number table
methods, Group Aand Group B were treated with different HIPEC,
and Group C had not been treated with HIPEC. The inclusion
criteriawereachildmeetingthediagnosticcriteriaofnephroblas-
toma in Chinese'Expert Consensus on Diagnosing and Treating
Pediatric Wilms’ Tumour,’the primary tumour having poor prog-
nosis type of COG Il and lll of patients with recurrent nephroblas-
toma,**and the guardians accepting the study and signing the
informed consent. The exclusion criteria were complicated with
othermalignanttumours, andallergictothe medicines used.

Allpatients underwentresection of recurrentlesions by the same
surgical team after admission. Intraoperatively, group A was
treated with normal saline + 20 ml/L cisplatin 50 ml/m* (body
surface area) + doxorubicin 15/m’ (body surface area) by circu-
lating perfusion at 41°C for 60 minutes. Group B underwent
normal saline + ifosfamide 1 g/m* (body surface area) + doxoru-
bicin 15/m’ (body surface area) by circulating perfusion at 41°C
for 60 minutes. Group C received no HIPEC. Postoperatively, the
three groups were all given 4-6 cycles of ICE chemotherapy
regimen (ifosfamide + carboplatin + etoposide), because group
A and group B were treated with different HIPEC. In addition to
routine chemotherapy, they were taken as the experimental
groups, and group C was treated with chemotherapy only, so it
wasusedastheobservation (control) group.

The clinical efficacy was evaluated according to the criteria
published by the Union for International Cancer Control (UICC)
and the World Health Organization (WHO). The efficacy response
to treatment was assessed via complete response (CR), partial
response (PR), stable disease (SD) or progressive disease (PD),
overallresponserate =(CR + PR)/total cases x 100%.

Routine blood indices including white blood cell (WBC), red blood
cell (RBC), haemoglobin (HB) and platelet (PLT), as well as
biochemicalindicesincluding albumin, hepatic function (alanine
aminotransferase, aspartate aminotransferase), and renal func-
tion (creatinine, urea nitrogen) of the three groups, were
observed before surgery and 2 hours(h), 24 h and 72 h after
HIPEC. In addition, adverse reactions during treatment: fever,
nausea and vomiting, myelosuppression, haematuria and
cystitis, as well as postoperative pulmonary infection were
recorded.

A specially assigned person followed up all patients for 1 year
aftertreatment. Tumourrecurrence ofthethreegroupswaseval-
uated at6-monthfollow-upandatthe end of follow-up.

Statistical analysis was carried out using SPSS 22.0. The data
were tested for normal distribution by Shapiro-Wilk(S-W)
method. Normaldistributiondata were expressed by medianand
IQR and analysed by one-way ANOVA. The skewed distribution
data were expressed by median (IQR); non-normal distribution
data used Kruskal-Wallis test. The enumeration data were
expressed as n (%), and compared between groups using the X?
test. Avalue of p<0.05 was considered statistically significant.

RESULTS

In group A, there were fourteen boys (46.6%) and sixteen girls
(53.3%) withanaverage age of 6.70 + 3.27 years. Twenty (66.6%)
children with left-sided nephroblastoma, ten (33.3%) with right-
sided nephroblastoma, and intra-abdominal metastasis were four-
teenin eight (26.6%) children. Ingroup B, seventeen boys (56.6%)
andthirteengirls (43.3%) wereincluded, theaverageage was 6.60
+ 3.36 years, seventeen (56.6%) children had left-sided
nephroblastoma, thirteen (43.3%) has right-sided nephroblas-
toma, with intra-abdominal metastasis in nine (30%) children.
Group C enrolled thirteen boys (43.3%) and seventeen (56.6%)
girlswithanaverageageof6.27 + 3.27years, fourteen (46.6%) left-
-sided nephroblastoma, sixteen (53.3%) right-sided nephroblas-
toma, and intra-abdominal metastasisin eleven (36.6%). The data
ofthethreegroupswerebalancedandcomparable, withoutstatisti-
callysignificantdifferences (p>0.05).

After treatment, the efficacy in group A (90.00%) and B (86.66%)
was higher than that in group C (66.67% X?=6.237, p=0.044).
Before and after treatment, each routine blood and biochemical
indices showed no statistically significant differences among the
threegroups(p>0.05).asseeninTablel.

During treatment, adverse reactions occurred in all three groups.
The incidence of cystitis was the highest in group A (13.33%) and
group C (13.33%), and the incidence of haematuria was the
highest in group B (13.33%). However, no statistically significant
differences were found in the incidence of adverse reactions
amongthethreegroups (X?=0.278,p=0.875).

The 6-month follow-up after treatment showed no statistically
significant differences in the recurrence rate among the three
groups (p>0.05). The follow-up after 1 year of treatment demons-
trated thatthe recurrence rate in group C was significantly higher
thanthatingroupAandB(p=0.026),asdisplayedinTablell.

DISCUSSION

At present, nephroblastoma is one of the most common renal
malignant solid tumours in children, with unknown aetiology.
Most children present as an asymptomatic abdominal mass,
and others due to clinical manifestations such as abdominal
pain, microscopic haematuria or gross haematuria. These clin-
ical manifestations are not typical for the diagnosis of
nephroblastoma, which is easy to lead to delayed diagnosis.
Most patients were in the late clinical stage when diagnosed,
with poortreatment effect and easy to relapse after treatment.
At present, there is a clinical consensus on its treatment
regimen.
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Table I: Comparison of routine blood and biochemical indices among three groups (Median, IQR).

Item Group A (n = 30) Group B (n = 30) Group C (n = 30) t square p*
WBC (10°/L) Before surgery 6.80(2.12) 6.93(2.22) 7.34(2.12) 0.635 0.728
2 h after surgery 7.83(2.09) 7.96(2.22) 8.37(2.17) 0.467 0.792
24 h after surgery 5.73(2.12) 5.90(2.22) 6.31(2.12) 0.493 0.781
72 h after surgery 5.18(2.22) 5.31(1.88) 5.68(2.22) 0.469 0.791
RBC (10"/L) Before surgery 4.42(1.15) 4.52(1.29) 4.47(1.08) 0.121 0.941
2 h after surgery 5.13(1.12) 5.13(1.19) 5.11(0.97) 0.055 0.973
24 h after surgery 3.77(1.44) 3.91(1.64) 3.86(1.08) 0.116 0.944
72 h after surgery 4.14(1.21) 4.19(1.28) 4.28(1.01) 0.037 0.982
HB (g/L) Before surgery 97.50(25.25) 98.00(17.00) 98.00(18.25) 0.137 0.934
2 h after surgery 94.50(16.25) 94.50(8.25) 96.00(12.50) 0.541 0.763
24 h after surgery 92.00(13.75) 91.00(10.50) 93.00(11.75) 0.331 0.847
72 h after surgery 88.00(12.50) 87.00(10.75) 90.00(10.25) 0.984 0.611
PLT (10°/L) Before surgery 197.50(26.25) 201.50(17.00) 200.50(17.25) 0.050 0.975
2 h after surgery 123.00(17.75) 123.00(16.25) 124.50(18.00) 0.356 0.837
24 h after surgery 102.50(26.25) 103.00(17.50) 103.00(16.25) 0.073 0.964
72 h after surgery 121.00(26.25) 125.50(18.00) 124.50(17.00) 0.214 0.898
Albumin (g/L) Before surgery 49.05(8.70) 49.25(8.70) 48.85(8.50) 0.095 0.954
2 h after surgery 48.85(8.70) 49.05(8.70) 49.35(8.50) 0.082 0.960
24 h after surgery 42.55(8.88) 42.75(8.88) 42.35(8.50) 0.053 0.974
72 h after surgery 37.55(8.25) 37.75(8.15) 37.50(8.20) 0.064 0.969
Alanine Before surgery 60.25(8.05) 60.45(8.05) 60.15(8.38) 0.223 0.894
aminotransferase
(UL)
2 h after surgery 112.85(8.70) 113.30(9.03) 109.35(8.75) 2.198 0.333
24 h after surgery 183.95(12.27) 183.15(10.23) 180.95(8.22) 2.389 0.303
72 h after surgery 192.65(11.15) 192.85(9.93) 189.55(11.03) 0.311 0.856
Aspartate Before surgery 43.75(7.33) 43.95(7.78) 43.70(7.50) 0.042 0.979
aminotransferase
(UL)
2 h after surgery 88.00(6.50) 89.45(5.60) 87.15(5.42) 0.453 0.797
24 h after surgery 135.90(7.05) 136.10(6.20) 134.75(6.15) 0.927 0.629
72 h after surgery 113.50(6.40) 113.40(5.40) 110.15(5.48) 3.549 0.170
Creatinine Before surgery 75.80(10.05) 76.00(8.50) 73.60(6.65) 0.961 0.619
(umol/L)
2 h after surgery 81.10(11.67) 81.40(8.50) 77.75(6.60) 1.611 0.447
24 h after surgery 84.40(10.05) 84.60(8.50) 82.20(6.30) 0.979 0.613
72 h after surgery 74.50(9.98) 74.70(8.60) 72.30(6.65) 0.873 0.646
Urea nitrogen Before surgery 5.20(7.53) 5.30(6.80) 4.00(4.55) 0.622 0.733
(mmol/L)
2 h after surgery 8.20(8.00) 8.30(7.10) 6.65(5.38) 1.274 0.529
24 h after surgery 8.50(8.00) 8.00(6.95) 6.80(5.37) 0.898 0.638
72 h after surgery 6.60(7.00) 6.10(6.65) 5.25(4.58) 0.480 0.787

Note: *All applied Kruskal-Wallis test.

Table II: Comparison of recurrence among three groups [n (%)].

Group 6-month 12-month
follow-up follow-up
Group A (n = 30) 1(3.33) 3(10.00)
Group B (n = 30) 1(3.33) 2 (6.67)
Group C (n = 30) 3(10.00) 9 (30.00)
c? 1.694 7.274
0.429 0.026*

p
Note: *X? test.

With the improvement in medical management, the overall
survival rate of nephroblastoma has reached more than
75% in China and 90% in developed countries after surgery
and chemoradiotherapy. Although the survival rate of chil-
dren with nephroblastoma has greatly improved after
multidisciplinary treatment, the recurrence rate after treat-
ment is still about 15%, and the survival rate of patients
with recurrence after secondary treatment is only about

30%.° Therefore, how to treat recurrent nephroblastoma is
the current research highlights.

In 1886, Dr. Bush reported for the first time that hyper-
thermia therapy could regress tumours. After more than a
century of research, it has been confirmed that hyperthermia
therapy denatures cell membrane proteins at the molecular
level, affects the synthesis and proliferation of DNA/RNA in
tumour cells, and then kills tumour cells, especially sensitive
to tumour cells at S and M stages. The heat shock protein
produced by cell necrosis is released into the blood circula-
tion and activates the body’s immune system, thus elimi-
nating tumour cells in the body. Therefore, clinically, some
scholars believe that hyperthermia therapy is one of the most
effective methods to treat malignant tumours.'**

Cisplatin is the main chemotherapeutic agent for a variety of
abdominal malignant solid tumours in children. It is consid-
ered an ideal intraperitoneal chemotherapeutic drug
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because of its low liposolubility. The thermal effect produced
by hyperthermic perfusion can improve the sensitivity of
tumour cells to cisplatin, resulting in doubled therapeutic
effect. The mechanisms of hyperthermic perfusion are
multifile Cisplatin has high molecular weight and low liposolu-
bility, so it is not likely to penetrate the thoracic (abdominal)
membrane, resulting in a small amount of medicines
entering the blood circulation, and low systemic toxicity and
side effects. In addition, it can form and maintain a medicine
concentration higher than the plasma concentration in the
body cavity. Moreover, it has strong penetration and can
penetrate into the tumour to kill deep tumour cell. The blood
vessels of tumour tissue lack smooth muscle and have poor
expansibility, so hyperthermic perfusion can destroy the
blood vessels and cut-off the blood supply of tumours. It has
been shown that the perfusion solution above 42°C for one
hour can significantly kill tumour cells, and increase the
vascular permeability of tumour tissues, which is conducive
to the infiltration of chemotherapeutic drugs into tumour
cells to kill them. With the scouring effect, hyperthermic
perfusion can flush out and expel tumour cells from the body
cavity."””™* At present, cisplatin is most commonly used in
HIPEC, and the best dose and time is 70 mg/m? at 42°C for
60 minutes. Zivanovic and other studies also confirmed that
the pharmacokinetic and pharmacodynamic characteristics
of cisplatin used by HIPEC at all dose levels are the best,
especially at 100 mg/m’. The dose recommended by NCCN
guidelines in 2020 is 100 mg/m®. Chinese studies suggest
that the maximum dose for patients should be less than 85
mg/m2.15,16

As mentioned above, hyperthermic perfusion can destroy
tumour cells and improve drug efficacy, thereby reducing
tumour recurrence. Theoretically, normal tissue cells are
more resistant to high temperatures than tumour cells and
can withstand 60 min at 47°C, while tumour cells can only
withstand 60 min at 43°C."""'* Additionally, it has been
reported that the clinical efficacy of HIPEC is remarkable in
adults.”?® However, for children, whether hyperthermic
perfusion also affects normal cells is a problem worth
exploring. Therefore, in the present study, combined with
clinical literature and guidelines for the treatment of paedia-
tric nephroblastoma, cisplatin combined with doxorubicin
and ifosfamide combined with doxorubicin were used for
HIPEC of recurrent nephroblastoma in children. In addition,
it was compared with patients receiving no hyperthermic
perfusion in the past, so as to observe the clinical efficacy
and safety of HIPEC.

This study showed that the total remission rate in the two
groups treated with HIPEC was higher than that in the
control group. At the 6-month follow-up, no significant differ-
ences were found in the recurrence rate between group A
and B and the control group, but at the 12-month follow-up,
the recurrence rate of group A and B was lower than that of
the control group, with statistically significant differences.

This indicates that HIPEC can improve the clinical efficacy of
patients and reduce recurrence, which is consistent with the
results reported in the literature.”” Same as some studies,
in this study, the incidence of adverse reactions presented
no significant differences during treatment among the three
groups, suggesting that HIPEC does not increase the inci-
dence of adverse reactions.”?’

Moreover, the short-term safety of HIPEC for recurrent
nephroblastoma in children was investigated, revealing that
after treatment, the children’s vital signs remained stable,
and there were no significant changes in WBC count, RBC
count or HB. Only the PLA count decreased. The authors
analysed the causes and considered that myelosuppression
caused by chemotherapeutic drugs was related to the self-
-loss of tumours, but its specific impact duration and impact
on treatment still need to be further determined by clinical
observation. In this study, in a short time after treatment,
alanine aminotransferase and aspartate aminotransferase in
the three groups were significantly higher than those before
treatment. However, after liver-protecting therapy, all
patients showed no obvious hepatic injury. The cause may
be that the high temperature of hyperthermic perfusion
leads to ischemic changes in the liver and mild hepatic
injury, thus resulting in increased alanine aminotransferase
and aspartate aminotransferase in a short time. In future,
the observation time still needs to be prolonged to deter-
mine the duration of damage to hepatic function. As for
renal function, the study found that after HIPEC, creatinine
and urea nitrogen increased slightly in a short time and
soon returned to the levels before treatment, which may be
related to the surgery itself. The specific causes still need
further clinical research. However, this study also has some
limitations. The study had a small sample size, suboptimal repre-
sentativeness and some confounding factors. In addition, the
observation time of this study is short, and it is not clear whether
HIPEC can effectively prolong the survival time of children with
recurrent nephroblastoma. The findings still need to be further
confirmed by more in-depth studies in the future.

CONCLUSION

In conclusion, the application of HIPEC in the treatment of
recurrent nephroblastoma in children has fewer adverse
reactions, improves clinical efficacy, reduces the recurrence
rate, and has high clinical safety.
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