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ABSTRACT ARTICLE HISTORY

Microsatellite instability (MSI)-high status is associated with good Received 28 January

responsiveness to immune checkpoint inhibitors. Although MSI-high 2021

status has been actively investigated in pediatric brain tumors, studies ~ Revised 6 July 2021

of other pediatric solid tumors are lacking. Among 334 consecutive Accepted 17 October
N X X o o 2021

pediatric patients with solid tumors, we retrospectively analyzed

formalin-fixed paraffin-embedded tumor tissues of 36 of 74 patients KEYWORDS

(49%) who died of disease. We assessed the MSI status in these Microsatellite instability;

tissues using five multiplexed markers. The results revealed that none mismatch repair gene;

of the patients had an MSl-high status. These results indicate that  Pediatric solid tumor

MSI-high status is a rare event in pediatric patients with refractory/

relapsed solid tumors.

Abbreviations: MSI: Microsatellite instability; MMR: Mismatch repair

Introduction

Microsatellites are sets of repeating base sequences consisting of one or several bases
within a chromosome. Generally, mismatch repair (MMR) proteins correct the base
mismatches that occur during DNA replication. However, tumor cells with deficient
MMR function accumulate genetic mutations, which lead to changes in the repeat
counts at microsatellite sites; such a status is referred to as microsatellite instability
(MSI)-high status. According to recent research, MSI-high status is associated with
good responsiveness to immune checkpoint inhibitor therapy.!

MSI status has been well described in various solid tumors in adults; for example,
one of the largest studies demonstrated that 1,188 of 12,019 (9.9%) patients with various
tumor types exhibited an MSI-high signature.? The MSI-high status in pediatric patients
has been actively investigated in patients with brain tumors. Marta et al, determined the
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MSI status in 71 pediatric patients with high-grade gliomas, and MSI-high was found
in only 1 of 71 (1.4%) cases.> They also evaluated the MSI status in 36 patients with
medulloblastoma and found that only 1 case of 36 (2.8%) had an MSI-high status.*
However, determination of the MSI status in other pediatric solid tumors has been
insufficient.

Treatment outcomes of pediatric tumor patients are better than those of adults, and
most cases achieve long-term survival with existing treatments; however, new treat-
ments are needed in some cases of recurrence and relapse. Immune checkpoint inhib-
itors are a promising treatment for adult tumors with MSI-high status and are also
expected to be introduced in children. Therefore, in this study, we investigated the
MSI status in pediatric patients with various solid tumors who died from their disease.

Methods
Patients

From April 2000 to May 2019, 334 pediatric patients with solid tumors were admitted
to Nagoya University Hospital (Figure 1). Archived formalin-fixed paraffin-embedded
(FFPE) samples from 40 of the 74 (54%) patients who died were obtained from the
Department of Pathology and Laboratory Medicine, Nagoya University Hospital. Using
hematoxylin and eosin staining, tumor tissue was confirmed to be present in these
samples by a pathologist (MN).

DNA extraction

Archived FFPE samples were retrieved and deparaffinized, and the tumor and normal
tissue areas were microdissected and collected into a microtube. DNA was extracted
using a QIAamp DNA FFPE Tissue Kit (QIAGEN, Hilden, Germany) according to the
manufacturer’s instructions.

’ 334 pediatric solid tumors in our hospital from 2000 to 2018 ‘

| 260 survival cases ‘
\ 4

‘ 74 death cases

34 cases with insufficient
pathological specimens

A 4

\ 4

40 cases with pathological
specimens in our hospital

Figure 1. Flow chart of patient cohort. From April 2000 to May 2019, 334 patients with pediatric
solid tumors were admitted to the Nagoya University Hospital. Seventy-four (22%) patients died,
including 68 due to relapse or refractory tumor, 4 due to pulmonary complications after stem cell
transplantations, and 2 due to infection after chemotherapies. Formalin-fixed paraffin-embedded
tumor tissues from 40 (54%) of the 74 patients who died were retrospectively collected and assessed
the MSI status.



470 (&) T.YOSHIDAET AL.

Microsatellite instability analysis

Microsatellite instability (MSI) analysis was performed with multiplex polymerase chain
reaction (PCR) using five quasi-monomorphic mononucleotide repeat markers (MONO?27,
NR21, NR24, BAT25, and BAT26), as previously described.” We performed capillary elec-
trophoresis with a DNA sequencer using the amplified products of each microsatellite
region. We used the quasi-monomorphic variation range width of the number of repetitions
for the five types of microsatellite region markers, as previously described.® The MSI status
of the tumor samples and positive control sample (DNA derived from a cell line of
MSI-high colorectal cancer, EpiScope® Methylated HCT116 gDNA, TaKaRa Bio, Ohtsu,
Japan) was defined as MSI-high (MSI-H, instability at two or more markers), MSI-Low
(MSI-L, instability at one marker), or microsatellite stable (MSS, absence of instability).

Results

In all, 334 pediatric patients with solid tumors were admitted to Nagoya University
Hospital from April 2000 to May 2019. The 5-year overall survival rate of the 334
cases was 77.5% (95% confidence interval; 72.3%-81.8%), and the median (range)
follow-up time was 1,826 (81-6,416) days (Figure 2). Of the 334 pediatric patients
with solid tumors, 74 died, including 68 due to relapse or refractory tumors, 4 due
to pulmonary complications after stem cell transplantations, and 2 due to infection
after chemotherapy treatment. The MSI status was assessed in FFPE tumor tissues
from 40 of the 74 patients (54%) who died (Table 1). Of these 40 patients, 17 (43%)
were male and 23 (58%) were female, and the median (range) age was 2 (0-19) years.
The diagnoses included neuroblastoma in 14 cases, medulloblastoma in 6 cases,
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Figure 2. Overall survival of 334 cases with pediatric solid tumors. The Kaplan-Meier estimates of
overall survival (OS). Five-year OS rate was 77.5% (95% confidence interval; 72.3%-81.8%) with
median (range) follow-up of 1,826 (81-6,416) days.
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rhabdomyosarcoma in 3 cases, PNET in 3 cases, AT/RT in 2 cases, Ewing sarcoma in
2 cases, and one case each of glioblastoma, retinoblastoma, pineoblastoma, liver ana-
plastic sarcoma, hepatoblastoma, germ cell tumor, clear cell sarcoma of the kidney,
adrenal cortical cancer, malignant ameloblastoma, and renal cell carcinoma. The causes
of death included recurrence/exacerbation of underlying disease in 36 cases,
treatment-related mortality in 3 cases, and infection in 1 case. The results demonstrated
that 36 of the 40 cases were microsatellite stable and that none of the patients had
an MSI-high status; however, this observation could not be confirmed in the remaining
4 patients due to poor sample quality. Supplemental Figure 1 shows the electrophoresis
plots of the positive control and of one of the negative samples (Case number 34).

Discussion

Of the 334 consecutive pediatric patients with solid tumors who were treated at our
institution, we analyzed the MSI status in 40 of 74 children who died of their disease.
Unfortunately, MSI-high status, a biomarker that is correlated with treatment response
to immune checkpoint inhibitors, was found to be a very rare event in these patients,
who therefore require novel, more promising treatments. Although several case reports
have been published on the efficacy of checkpoint inhibitors in pediatric MSI-high
tumors,” a recent interim analysis of data from KEYNOTE-051,® a study of pembroli-
zumab treatment, reported a response in only 6% of pediatric solid tumors other than
Hodgkin’s lymphoma, despite the finding that the cohort was limited to PD-L1 immu-
nostaining positivity. Our results and these findings suggest that surveillance of bio-
markers for immune checkpoint inhibitors, ie, MSI status and PD-L1 immunostaining,
may need to be reevaluated in the future in larger trials of pediatric solid tumors.

The outcomes of standard treatment with conventional chemotherapy for pediatric
solid tumors are generally good.” The first limitation of this study is that we assessed
the MSI status only in patients with poor prognosis for whom the use of immune
checkpoint inhibitors may be clinically justified. This resulted in a relatively small
sample size, especially that of cases of medulloblastoma (n=6) and high-grade glioma
(n=1), for which sporadic MSI-high cases have been reported in previous studies.’*
The second limitation is that we did not evaluate other biomarkers used to predict
response to immune checkpoint inhibitors, such as PD-L1 immunostaining, tumor
mutation burden, presence of constitutional mismatch repair deficiency syndromes,
and next generation sequencing-based MSI analysis.!? In the future, multiple biomarkers
need to be evaluated in a larger, unbiased cohort of pediatric solid tumor patients.

In conclusion, our study demonstrated that MSI-high status is a rare event in
refractory/relapsed pediatric solid tumors. To efficiently identify pediatric patients who
may be eligible for immune checkpoint inhibitor treatment, a better understanding of
the potential biomarkers that predict response to immune checkpoint inhibitors in
pediatric solid tumors is needed.

Funding
This study was supported by funding from the Nagoya Pediatric Cancer Fund.
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