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A B S T R A C T   

Hepatoblastoma (HB) is the most common malignant liver tumor in childhood. Although pre-operative cisplatin 
(CDDP)-based chemotherapy is often used in cases of HB, about 20％ of HB patients exhibit resistance to CDDP. 
Forkhead box protein M1 (FOXM1) and chromo-domain-helicase-DNA-binding protein 4 (CHD4) have been 
associated with CDDP resistance in various tumors. We here analyzed the immunohistochemical expression of 
FOXM1 and CHD4 in HB specimens of 33 patients (mean age: 20 months) post-chemotherapy. The differentiation 
of specimens was assessed using the digital pathology software QuPath®, and then the relation between the 
FOXM1 or CHD4 expression and the differentiation and various other clinicopathological parameters was 
investigated. The histological type was epithelial in 19 cases (57.6%) and mixed epithelial and mesenchymal in 
14 cases (42.4%). Nine cases had only a fetal component, 1 case had only an embryonal component, 22 cases had 
both fetal and embryonal components, and 1 case had no viable tumor. Both the FOXM1 and CHD4 immu-
noexpressions were found significantly more frequently in the embryonal than fetal components (p<0.0001 and 
p<0.0001, respectively). Regarding chemotherapy efficacy, the alpha-fetoprotein (AFP) level after chemo-
therapy was correlated with both the imaging shrinkage rate (R=-0.52) and histological residual rate (the per-
centage of the viable tumors of HB after chemotherapy)(R=0.62). High FOXM1 score was correlated with a high- 
postoperative AFP value (p<0.01) and a low AFP attenuation rate (p<0.05), but the FOXM1 score was not 
correlated with the imaging shrinkage rate (p=0.4418) or histological residual rate (p=0.4418). High CHD4 
score showed a nonsignificant trend toward correlation with high postoperative AFP value (p=0.0849) and was 
not significantly correlated with the other parameters. Collectively, our results showed that FOXM1 expression 
may be useful in evaluating the response to CDDP-based chemotherapeutic regimens. Accurate measurement of 
FOXM1 expression by our scoring system using QuPath® is important in cases with mixed HB components of 
various differentiation levels.   

1. Introduction 

Hepatoblastoma (HB) accounts for about 1% of pediatric solid tu-
mors and is the most common malignant liver tumor in childhood, with 
a particularly high prevalence in children under 5 years old [1–3]. The 
incidence of HB is increasing due to improved survival of premature 
infants [2,3]. Among the current surgical therapeutic choices for HB, 
complete tumor resection remains the cornerstone of therapy for 
long-term disease-free survival. In addition, accurate risk stratification, 

effective chemotherapy, and liver transplantation have led to significant 
improvements in outcomes for patients with HB [1,4]. Many patients 
with HB have been treated with adjuvant or neoadjuvant chemotherapy 
using cisplatin (CDDP). Indeed, among patients with PRETEXT I/II tu-
mors without distant metastasis or other annotation factors, CDDP has 
achieved 5-year survival rates greater than 90% in Japan (JPLT) [1], 
North America (COG) [4] and Europe (SIOPEL) [5]. However, about 
20% of HB patients treated with CDDP-based neoadjuvant chemo-
therapy have a poor response to this treatment, and the prognosis in 
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these patients is poor. There are various studies on CDDP-resistant cases 
of HB, but none of them are conclusive, so additional studies are needed 
to determine the causes of CDDP resistance and effective treatments for 
the CDDP-resistant patient. 

The histological type of HB is divided into epithelial and mixed 
epithelial and mesenchymal [6]. About 90% cases of all HB contain both 
fetal and embryonal components in viable tumor, and they tend to be 
randomly distributed [7]. In histological grading, there is no difference 
in histology between fetal component and embryonal component [7], 
but some reports have suggested that there is a difference in prognosis 
depending on the histological grading [1,8,9]. 

Forkhead box protein M1 (FOXM1) is involved in DNA damage 
repair, cell proliferation, cell cycle progression, cell differentiation, and 
angiogenesis, and has been reported as a poor prognostic factor in 
various malignancies, and CDDP resistance has been reported in patients 
with high levels of FOXM1 [10–12]. 
Chromo-domain-helicase-DNA-binding protein 4 (CHD4) is a core 
member and the largest subunit of the nucleosome remodeling and 
deacetylase complex, which functions as a chromatin remodeler. CHD4 
is involved in cell cycle regulation and DNA repair and has also been 
reported to be associated with CDDP resistance [13]. However, there 
have been no reports on the association between CDDP resistance and 
FOXM1 or CHD4 in HB. 

In the present study, we analyzed the immunohistochemical ex-
pressions of FOXM1 and CHD4 in patients with HB, according to the 
histological differentiation. We also investigated the relationship be-
tween FOXM1 or CHD4 expression and clinicopathological parameters, 
and discussed the association of this relationship with CDDP resistance. 

2. Materials and methods 

2.1. Patients and tumor samples 

Of the HB patients who underwent surgery at Kyushu University, 
Japan, between January 2001 and September 2022, 33 patients who 
received preoperative chemotherapy including CDDP were included. Six 
of 33 cases also included biopsy specimens prior to chemotherapy. We 
investigated the clinical data (serum alpha-fetoprotein (AFP) levels at 
the initial visit before neoadjuvant chemotherapy and again before 
surgery) by referring to the patients’ medical records. The AFP attenu-
ation rate was determined as the difference between the AFP level after 
chemotherapy and that at the initial visit divided by that at the initial 
visit. The tumor volume reduction by preoperative chemotherapy was 
evaluated by imaging using RECIST criteria [14] and also by histology. 
Tumor tissue from 33 post-chemotherapy resection specimens and 6 
pre-chemotherapy biopsy specimens was fixed in formalin, embedded in 
paraffin, cut to a slice thickness of 3 μm, and stained with hematoxylin 
and eosin. All specimens of the maximally cut surface of the tumor were 
evaluated for viable cells and classified according to tumor differentia-
tion (fetal or embryonal); the open-source, digital pathology software 
QuPath® was used to measure the percentages of fetal and embryonal 
differentiation (Supplementary figure 1). An average of 9 slide glasses 
(range 2–23), depending on tumor size, were reviewed for each case. We 
defined the histological residual rate as the percentage of the viable 
tumors of HB after chemotherapy. Because HB forms a fibrous capsule, 
we considered the area surrounded by the capsule as the original tumor, 
including any necrosis or fibrosis, and histological residual rate was 
calculated as the percentage of the area of viable tumor cells out of the 
area of the tumor surrounded by the capsule. The institutional review 
board at Kyushu University approved this study (No. 22293–01). 

2.2. Immunohistochemistry 

Surgically resected specimens were available in all 33 patients and 
pre-chemotherapy biopsy specimens were available in 6 patients. 
Immunohistochemical staining using the universal immunoperoxidase 

polymer method (Envision-kit; Dako-Japan, Tokyo) was performed for 
all available cases. Antigen retrieval was carried out by boiling slides 
with target retrieval solution (TRS; Dako, Carpinteria, CA). The primary 
antibody was rabbit monoclonal anti-FOXM1 (1:100 dilution in PBS; 
ab207298; Abcam, Cambridge, UK) or mouse monoclonal anti-CHD4 
(1:500 dilution in PBS; ab70469; Abcam, Cambridge, UK). 

The IHC specimens were independently evaluated by three pathol-
ogists (YH, KK, YO) who were blinded to the clinical data. The average 
score in each case was calculated. The FOXM1 positive rate was 
measured at 3 locations in each fetal or embryonal component of the 
representative sections, and the mean value was defined as the FOXM1 
positive rate for each fetal or embryonal component. The CHD4 score 
was calculated by multiplying the intensity score (0,1,2,3) and propor-
tion score (0: ≤10%; 1: 10–25%; 2: 25–50%; 3: ≥50%) in each fetal and 
embryonal component of the representative sections. 

The FOXM1 score index and CHD4 score index were calculated for 
each case by multiplying the FOXM1 positive ratio and CHD4 score by 
the percentage of residual fetal or embryonal tumor, respectively 
(Supplementary figure 1). 

2.3. Statistical analysis 

All statistical analysis was performed using the JMP Pro software 
program (version 16.0; SAS Institute, Cary, NC). To evaluate correla-
tions with the chemotherapy effect (serum AFP levels after chemo-
therapy, image shrinkage rate, and histological residual rate), 
Spearman’s rank correlation coefficient and scatter plotting analyses 
were performed. A correlation coefficient of |R|>0.4 was considered 
significant. The Mann-Whitney U test was used to compare the fetal and 
embryonal component for the FOXM1 positive rate or CHD4 score, and 
between FOXM1 and CHD4 high/low index score groups and chemo-
therapy efficacy. Values of p<0.05 were considered significant. 

3. Results 

3.1. Patient characteristics 

The clinical and pathological characteristics of the 33 (male, n=12 
[36.4%]; female, n=21 [63.6%]) patients with HB are summarized in  
Table 1. Median age at diagnosis was 20 months (range: 3–183 months), 
PRETEXT stage at diagnosis was I in 2 cases (6.1%), II in 13 cases 
(39.4%), III in 7 cases (21.2%), and IV in 11 cases (33.3%). Six patients 
(18.2%) had distant metastases, including 5 patients with lung and 1 
with bone metastasis. Only 1 case (3.0%) had rupture. The procedure 
performed in the first surgery was subsegmentectomy in 6 cases 
(18.2%), segmentectomy in 1 case (3.0%), right lobectomy in 7 cases 
(21.2%), left lobectomy in 1 case (3.0%), extended right hepatectomy in 
5 cases (15.2%), extended left hepatectomy in 2 cases (6.0%), tri-
segmentectomy in 4 cases (12.1%), and explant in 7 cases (21.2%). The 
tumors in all but 1 case (97.0%) could be completely resected, including 
in 7 cases (21.2%) in which explantation was performed. Among the 33 
patients, 26 survived and 5 died. The decedents included 3 patients who 
died of HB, 1 patient with acute myelocytic leukemia after chemo-
therapy, and 1 patient whose death had no known relationship to tumor 
or treatment. According to the WHO classification [6] for residual tumor 
after chemotherapy, the histological type was epithelial in 19 cases 
(57.6%) and mixed epithelial and mesenchymal in 14 cases (42.4%). 
Nine cases had only a fetal component, 1 case had only an embryonal 
component, 22 cases had both fetal and embryonal components, and 1 
case had no viable tumor—i.e., no fetal component or embryonal 
component in the residual tumor. 

3.2. Immunohistochemical findings 

The expression of FOXM1 was significantly higher in the embryonal 
component (median 35.4% (14.7–70.7)) than in the fetal component 
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(median 3.7% (0.4–7.9)) (p<0.0001). The expression of CHD4 was 
significantly higher in the embryonal component (median 9 (3− 9)) than 
in the fetal component (median 0 (0− 6)) (p<0.0001) (Fig. 1). 

There was generally no difference in FOXM1 expression among 
either the pre-chemotherapy biopsy or post-chemotherapy resection 
specimens with the same pathological differentiation (Supplementary 
table). 

3.3. Clinical and histological findings 

Clinical and histopathological findings related to chemotherapy ef-
ficacy are shown in Table 2. The median serum AFP level in the serum of 
patients before chemotherapy was 484,000 (3985–2622,926) ng/ml, 
and that after chemotherapy was 5573 (14.6–342,615) mg/ml. The 
median attenuation rate of AFP was 98.5 (-307.68–99.99)%. Median 
imaging tumor shrinkage rate was 43.2 (-21.8–62.5)%. The median 
histological residual rate was 28.4 (0–81.2)%, and the median 

percentages of viable tumor cells in the fetal and embryonal components 
were 11.6 (0–74.2)% and 1.4 (0–81.2)%, respectively (Table 2). The 
AFP value after chemotherapy was correlated with both the imaging 
shrinkage rate (R=-0.52) and histological residual rate (R=0.62) 
(Fig. 2). When post-chemotherapy AFP values were divided by median 
values into high and low groups, the fetal component percentage of the 
viable tumor was significantly greater for the low-AFP group than the 
high-AFP group (p<0.01), and the embryonal component percentage of 
the viable tumor was significantly greater for the high-AFP group than 
the low-AFP group (p<0.0001) (Supplementary figure 2). 

3.4. Comparison of FOXM1 expression with indices of chemotherapy 
efficacy 

High FOXM1 score was correlated with high postoperative AFP value 
(p<0.01), or low AFP attenuation rate (p<0.05), but not with imaging 
shrinkage rate (p=0.4418) or histological residual rate (p=0.4418) by 
Mann-Whitney U test, when the FOXM1 score index was divided into 
high and low groups by a median value of 8.39 (Fig. 3). 

3.5. Comparison of CHD4 expression with indices of chemotherapy 
efficacy 

In analysis by Mann-Whitney U test using a median CHD4 score of 
3.6 to divide samples into high and low CDH4 groups, there was a 
nonsignificant trend toward correlation of the CHD4 group with the 
postoperative AFP value (p=0.0849), and no significant correlation 
between the CHD4 group and the AFP attenuation rate (p=0.2413), 
imaging shrinkage rate (p=0.9451) or histological residual rate 
(p=0.9817) (Fig. 4). 

4. Discussion 

CDDP is the key drug in preoperative chemotherapy for HB and has 
been used consistently for over 30 years worldwide [1,15,16]. However, 
about 20% of HB patients have chemoresistance to CDDP, poor 

Table 1 
Characteristics.  

Age at diagnosis (months)  

Median (range) 20 (3− 183) 
Gender (%)  

Male 12 (36.4%) 
Female 21 (63.6%) 

PRETEXT (%)  
I 2 (6.1%) 
II 13 (39.4%) 
III 7 (21.2%) 
IV 11 (33.3%) 

Metastasis (%)  
No 27 (81.8%) 
Yes 6 (18.2%) 

Rupture (%)  
No 32 (97.0%) 
Yes 1 (3.0%) 

Outcome (%)  
Alive 26 (78.8%) 
Dead 5 (15.2%) 
Unknown 2 (6.0%) 

Operation (%)  
Subsegmentectomy 6 (18.2%) 
Segmentectomy 1 (3.0%) 
Right lobectomy 7 (21.2%) 
Left lobectomy 1 (3.0%) 
Extended right hepatectomy 5 (15.2%) 
Extended left hepatectomy 2 (6.0%) 
Trisegmentectomy 4 (12.1%) 
Explant 7 (21.2%) 

Resection (%)  
Complete resection 32 (97.0%) 
Incomplete resection 1 (3.0%) 

Histological type (%)  
Epithelial 19 (57.6%) 
Mixed epithelial and mesenchymal 14 (42.4%)  

Fig. 1. Immunohistochemical findings. a-c: embryonal component; HE (a), FOXM1 positive rate 35.8％ (b), CHD4 staining score of 9 (proportion score 3, intensity 
score 3) (c). d-f: fetal component; HE (d), FOXM1 positive rate 5.4％ (e), CHD4 staining score of 0 (proportion score 0, intensity score 0) (f). g: FOXM1 positive rate in 
embryonal component 35.4% (14.7–70.7), FOXM1 positive rate in fetal component 3.7% (0.4–7.9) (p<0.0001). h: CHD4 staining score in embryonal component 9 
(3− 9), CHD4 staining score in fetal component 0 (0− 6) (p<0.0001). 

Table 2 
Clinical and histologiacl findings of chemotherapy efficacy.  

Serum AFP before chemotherapy (ng/ml)  

Median (range) 484,000 (3985 – 2622,926) 
Serum AFP after chemotherapy (ng/ml)  

Median (range) 5573 (14.6 – 342,615) 
Attenuation rate of AFP (%)  

Median (range) 98.5 (-307.68 – 99.99) 
Imaging tumor shrinkage rate (%)  

Median (range) 43.2 (-21.8 – 62.5) 
Histological viable tumor rate (%)  

Median (range) 28.4 (0 – 81.2) 
-Fetal component 11.6 (0 – 74.2) 
-Embryonal component 1.4 (0 – 81.2)  
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prognosis, and high recurrence rate [17,18]. Therefore, new markers are 
needed to predict the response to CDDP-based chemotherapy for HB. In 
our present study, we focused on the association of FOXM1 and CHD4 
immunoexpression with the response to CDDP-based chemotherapy. 
Our results indicated that FOXM1 expression after chemotherapy is 
associated with the chemotherapy response, suggesting that FOXM1 
may be useful in determining the response to CDDP-based chemo-
therapy for HB. 

Predictions of chemotherapy response are usually made using biopsy 
specimens collected at the time of initial diagnosis. However, HB is often 
diagnosed based on clinical findings and AFP levels and treated without 
biopsy. In such cases, a prechemotherapy specimen to evaluate FOXM1 
is not obtained, but confirmation of chemotherapy susceptibility may be 
a factor in estimating prognosis if chemotherapy is continued after 
surgery. Since there was generally no difference in FOXM1 expression 
among either the pre-chemotherapy biopsy or post-chemotherapy 
resection specimens with the same pathological differentiation in our 

6 cases, we believe that the post-chemotherapy resection specimen can 
be substituted if a pre-chemotherapy biopsy specimen cannot be ob-
tained. FOXM1 expression has been implicated in chemoresistance [19]. 
It has been reported that CDDP administration increases FOXM1 
expression in CDDP-resistant breast cancer [10] and nasopharyngeal 
carcinoma [20] cell lines, but this is the first time that FOXM1 has been 
evaluated by the differentiation level in HB. Although further accumu-
lation of cases will be needed, our present results suggest that a higher 
dose or duration of CDDP than is used in current regimens may be 
required to increase FOXM1 expression in HB. 

In our present study, when examined by degree of differentiation, 
FOXM1 was significantly more highly expressed in the embryonal than 
the fetal component. It has been reported that the presence of a fetal 
component of HB is a favorable prognostic factor compared with other 
histologic types [1,8], especially the embryonal component [9]. FOXM1 
has been reported as a proliferative and poor prognostic factor in a va-
riety of tumors [11,12,21,22]. These results may indicate differences in 

Fig. 2. Correlates of AFP value after chemotherapy, imaging shrinkage rate, and histological residual rate. Scatter plot of chemotherapy effects: AFP value after 
chemotherapy and imaging shrinkage rate (R=-0.52, a), and AFP value after chemotherapy and histological residual rate (R=0.62, b) were correlated between the 
two groups. Imaging shrinkage rate and histological residual rate (R=-0.32, c) were not correlated. 

Fig. 3. Comparison of FOXM1 expression with indices of chemotherapy efficacy. The median FOXM1 score of 8.39 was used to divide patients into high and low 
FOXM1 groups, and high FOXM1 score was correlated with high postoperative AFP value (p<0.01, a) or low AFP attenuation rate (p<0.05, b), but not with imaging 
shrinkage rate (p=0.4418, c) or histological residual rate (p=0.4418, d) by Mann-Whitney U test. 

Y. Hino et al.                                                                                                                                                                                                                                    



Pathology - Research and Practice 258 (2024) 155348

5

histological proliferative activity. Therefore, accurate assessment of 
FOXM1 expression in case with mixed components of various differen-
tiation should be evaluated with our scoring system using QuPath®. 

The high-FOXM1 score index group showed significantly higher AFP 
values and lower AFP attenuation rates after chemotherapy, compared 
with the low-FOXM1 score index group. Therefore, it was suggested that 
a high-FOXM1 score index was associated with a poor chemotherapy 
response including chemoresistance. AFP is known to represent disease 
activity in HB, and AFP is an indicator of risk classification [23]. The 
post-chemotherapy AFP value and the AFP attenuation rate (AFP 
decline) have been used to evaluate chemotherapy efficacy [17,24–26] 
and as indicators of tumor recurrence [24,27]. It has also been reported 
that AFP at the time of surgery in liver transplant cases affects event-free 
survival [28]. On the other hand, FOXM1 has also been reported to be 
associated with resistance to CDDP-based and other chemotherapeutic 
regiments in various tumors such as breast cancer [10], metastatic 
nasopharyngeal carcinoma [20], non-small cell lung cancer [29], and 
osteosarcoma [30]. CDDP administration increased FOXM1 expression 
and downregulation of FOXM1 expression enhanced the sensitivity to 
CDDP in cell lines of CDDP-resistant breast cancer [10] and of 
CDDP-resistant nasopharyngeal carcinoma [20]. Therefore, FOXM1 
expression in HB may also be involved in the tumor’s inherent CDDP 
resistance because we have now reported a correlation between FOXM1 
immunoexpression and CDDP chemotherapy response in HB. 

Imaging evaluation of chemotherapy response in HB has also been 
reported, but RECIST criteria has shown to be difficult to predict prog-
nosis [26,31], because of heterogeneous shrinkage due to central ne-
crosis [32], hemorrhage, and fibrosis associated with postchemotherapy 
changes [26]. Histological evaluation has been reported to correlate 
with prognosis in terms of the percentage of viable tumor [33] and 
percentage of tumor necrosis [32], and multifocal tumor [33,34], 
vascular invasion, and metastasis [34] are poor prognostic factors. 

However, the post-chemotherapy surgical specimen usually demon-
strates regressive and necrotic changes, and changes in the nuclei, 
sometimes making it difficult to evaluate the characteristics of persistent 
viable tumor [8]. Although previous reports indicate that AFP, imaging, 
and histological evaluation can be indicators of chemotherapy efficacy, 
our present results newly show that the post-chemotherapy AFP value is 
correlated with both the imaging shrinkage rate and histological resid-
ual rate. 

On the other hand, CHD4 expression levels have also been reported 
to be associated with CDDP resistance in ovarian cancer [13,35,36] and 
colorectal cancer [37]. In our present study, the CHD4 score in the 
embryonal component was significantly higher than that in the fetal 
component. These results, like those of FOXM1, may indicate differences 
in histological proliferative activity. While high CHD4 score group 
tended to have higher AFP values after chemotherapy and was not 
significantly correlated with the other parameters. These results showed 
that CHD4 expression had weaker relation with CDDP chemotherapy 
response comparing to the FOXM1 expression. 

The present study had some limitations. First, the study was con-
ducted at a single institution; a study with a larger number of cases is 
needed, including data from patients with relapsed disease. Second, the 
direct anti-tumor effects of the cell-line experiments have not been 
verified; this task remains for a future study. Third, only 6 pre-
chemotherapy biopsy specimens could be evaluated of the 33 cases for 
which resection specimens were available in this study. Although the 
present report was based on postchemotherapy resection specimens, it 
may be possible to predict the chemotherapy efficacy in the future with 
the accumulation of cases of prechemotherapy biopsy specimens. 

In conclusion, our study suggested that FOXM1 expression is asso-
ciated with CDDP chemotherapy response in patients with HB. There-
fore, FOXM1 expression may be useful in evaluating the response to 
CDDP-based chemotherapeutic regimens. FOXM1 expression could be 

Fig. 4. Comparison of CHD4 expression with various indices of chemotherapy efficacy. In analysis by Mann-Whitney U test using a median CHD4 score of 3.6 to 
divide samples into high and low CDH4 groups, there was a nonsignificant trend toward correlation of the CHD4 group with the postoperative AFP value (p=0.0849, 
a), and no significant correlation between the CHD4 group and the AFP attenuation rate (p=0.2413, b), imaging shrinkage rate (p=0.9451, c) or histological residual 
rate (p=0.9817, d). 
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treated as a biomarker that predict CDDP chemotherapy response in HB 
treatment, that would help HB treatment in a different way from AFP in 
the future. 
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[8] D. López-Terrada, R. Alaggio, M.T. De Dávila, P. Czauderna, E. Hiyama, 
H. Katzenstein, I. Leuschner, M. Malogolowkin, R. Meyers, S. Ranganathan, 
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H. Reijenstein, V. Meza, M. Gole, A. Jacobo Dillon, A. Rose, O. Imventarza, 
Prognostic factors for event-free survival in liver transplantation for 
hepatoblastoma: A single-center experience, Pedia Transpl. 23 (2019), https://doi. 
org/10.1111/petr.13581. 

[29] Y. Liu, X. Chen, Y. Gu, L. Zhu, Y. Qian, D. Pei, W. Zhang, Y. Shu, FOXM1 
overexpression is associated with cisplatin resistance in non-small cell lung cancer 
and mediates sensitivity to cisplatin in A549 cells via the JNK/mitochondrial 
pathway, Neoplasma 62 (2015) 61–71, https://doi.org/10.4149/neo_2015_008. 

[30] X. Chen, Q. Zhang, X. Dang, T. Song, Y. Wang, Z. Yu, S. Zhang, J. Fan, F. Cong, 
W. Zhang, N. Duan, Targeting the CtBP1-FOXM1 transcriptional complex with 
small molecules to overcome MDR1-mediated chemoresistance in osteosarcoma 
cancer stem cells, J. Cancer 12 (2020) 482–497, https://doi.org/10.7150/ 
jca.50255. 

[31] H.M. Katzenstein, W.L. Furman, M.H. Malogolowkin, M.D. Krailo, M.B. McCarville, 
A.J. Towbin, G.M. Tiao, M.J. Finegold, S. Ranganathan, S.P. Dunn, M.R. Langham, 
E.D. McGahren, C. Rodriguez-Galindo, R.L. Meyers, Upfront window vincristine/ 

irinotecan treatment of high-risk hepatoblastoma: A report from the Children’s 
Oncology Group AHEP0731 study committee, Cancer 123 (2017) 2360–2367, 
https://doi.org/10.1002/cncr.30591. 

[32] R. Venkatramani, L. Wang, J. Malvar, D. Dias, R. Sposto, M.H. Malogolowkin, 
L. Mascarenhas, Tumor necrosis predicts survival following neo-adjuvant 
chemotherapy for hepatoblastoma, Pedia Blood Cancer 59 (2012) 493–498, 
https://doi.org/10.1002/pbc.24038. 

[33] K.G. Kiruthiga, B. Ramakrishna, S. Saha, S. Sen, Histological and 
immunohistochemical study of hepatoblastoma: Correlation with tumour 
behaviour and survival, J. Gastrointest. Oncol. 9 (2018) 326–337, https://doi.org/ 
10.21037/jgo.2018.01.08. 

[34] G.L. Qiao, L. Li, W. Cheng, J. Ge, Z. Zhang, Y. Wei, Predictors of survival after 
resection of children with hepatoblastoma: A single Asian center experience, Eur. J. 
Surg. Oncol. 40 (2014) 1533–1539, https://doi.org/10.1016/j.ejso.2014.07.033. 

[35] S. Guillemette, R.W. Serra, M. Peng, J.A. Hayes, P.A. Konstantinopoulos, M. 
R. Green, M.R. Green, S.B. Cantor, Resistance to therapy in BRCA2 mutant cells due 
to loss of the nucleosome remodeling factor CHD4, Genes Dev. 29 (2015) 489–494, 
https://doi.org/10.1101/gad.256214.114. 

[36] A.R. Chaudhuri, E. Callen, X. Ding, E. Gogola, A.A. Duarte, J.E. Lee, N. Wong, 
V. Lafarga, J.A. Calvo, N.J. Panzarino, S. John, A. Day, A.V. Crespo, B. Shen, L. 
M. Starnes, J.R. De Ruiter, J.A. Daniel, P.A. Konstantinopoulos, D. Cortez, S. 
B. Cantor, O. Fernandez-Capetillo, K. Ge, J. Jonkers, S. Rottenberg, S.K. Sharan, 
A. Nussenzweig, Replication fork stability confers chemoresistance in BRCA- 
deficient cells, Nature 535 (2016) 382–387, https://doi.org/10.1038/ 
nature18325. 

[37] C.Lo Chang, C.R. Huang, S.J. Chang, C.C. Wu, H.H. Chen, C.W. Luo, H.K. Yip, Chd4 
as an important mediator in regulating the malignant behaviors of colorectal 
cancer, Int J. Biol. Sci. 17 (2021) 1660–1670, https://doi.org/10.7150/ijbs.56976. 

Y. Hino et al.                                                                                                                                                                                                                                    

https://doi.org/10.1016/j.ejca.2005.02.004
https://doi.org/10.1007/s10147-018-1285-4
https://doi.org/10.1007/s00247-014-3000-6
https://doi.org/10.1007/s00247-014-3000-6
https://doi.org/10.1111/petr.13581
https://doi.org/10.1111/petr.13581
https://doi.org/10.4149/neo_2015_008
https://doi.org/10.7150/jca.50255
https://doi.org/10.7150/jca.50255
https://doi.org/10.1002/cncr.30591
https://doi.org/10.1002/pbc.24038
https://doi.org/10.21037/jgo.2018.01.08
https://doi.org/10.21037/jgo.2018.01.08
https://doi.org/10.1016/j.ejso.2014.07.033
https://doi.org/10.1101/gad.256214.114
https://doi.org/10.1038/nature18325
https://doi.org/10.1038/nature18325
https://doi.org/10.7150/ijbs.56976

	FOXM1 and CHD4 expression is associated with chemoresistance in hepatoblastoma
	1 Introduction
	2 Materials and methods
	2.1 Patients and tumor samples
	2.2 Immunohistochemistry
	2.3 Statistical analysis

	3 Results
	3.1 Patient characteristics
	3.2 Immunohistochemical findings
	3.3 Clinical and histological findings
	3.4 Comparison of FOXM1 expression with indices of chemotherapy efficacy
	3.5 Comparison of CHD4 expression with indices of chemotherapy efficacy

	4 Discussion
	Compliance with ethical standards
	Author contributions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	Appendix A Supporting information
	References


