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Abstract

Objective :

　High-grade serous ovarian cancers （HGSOC） are genomically characterized by homologous recombination 

deficiency （HRD） and TP53 mutations, which lead to intratumor heterogeneity （ITH）. This study aimed to 

reveal the relationship between HRD, ITH and prognosis and analyze their changes during treatment.

Methods :

　We obtained 573 SNP array and gene expression array data from The Cancer Genome Atlas. SNP array 

data were processed to calculate the Clonality Index （CI） and loss of heterozygosity （LOH） scores. Gene 

expression array data were used for classifying molecular subtypes. Additionally, we obtained 33 samples 

from 20 HGSOC patients, including 4 samples from interval debulking surgery （IDS） and 9 samples from 

recurrent surgery.

Results :

　We divided HGSOC samples into 2 groups. The high CI group showed a high recurrent risk, and the high 

LOH group showed a statistically good prognosis. Combining the two factors, the high LOH/low CI group 

showed a statistically good prognosis. In terms of molecular subtypes, the mesenchymal subtype, which had 

a poor prognosis, showed a high CI with statisitically significant difference and the immunoreactive subtype, 

which had a good prognosis, showed a tendency to have a high LOH score. Throughout treatment, the CI 

decreased to one at the IDS （n=4） and then increased at recurrence （n=3）. LOH scores greatly decreased in 

two cases at the IDS.

Conclusions :

　ITH and HRD were associated with prognosis in HGSOC. ITH decreased after neoadjuvant chemotherapy, 

suggesting that the chemo-resistant cancer clone remains after chemotherapy.

Keywords：�Ovarian cancer; Clonality; Loss of heterozygosity; Chemo-resistance
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１．Introduction

　Ovarian cancer has a poor prognosis among gynecologic malignancies ［1］. High-grade serous ovarian cancer 

（HGSOC）, which is the most frequent epithelial ovarian cancer, is commonly diagnosed as an advanced 

cancer ［2］. HGSOC is mainly treated by chemotherapy; however, most HGSOCs recur as a chemo-resistant 

tumor even though the first chemotherapy is usually effective and results in lethal treatment.

　The Cancer Genome Atlas （TCGA） has revealed some characteristics of the cancer genome of HGSOC. 

One of the characteristics is homologous recombination repair deficiency （HRD） ［3］. Almost half of HGSOCs 

have HRD due to BRCA1/2 mutation or other homologous recombination repair pathway-related gene 

alterations ［4］. HRD is associated with sensitivity to platinum agents ［5］ and poly- （ADP ribose） polymerase 

（PARP） inhibitors ［6−8］, and quantifying the genomic loss of heterozygosity （LOH） provides the possibility of 

measuring HRD as a biomarker ［9］. In the ARIEL2 study, the LOH score was used as a treatment biomarker 

for the PARP inhibitor, and it was shown that the PARP inhibitor was effective in cases with a high LOH 

score ［10］.

　The TP53 mutation can be detected at a high frequency in HGSOC ［3］. TP53 mutations give rise to 

chromosomal instability due to disruption of the control of the cell cycle and apoptosis ［11］. Chromosomal 

instability causes subclonal evolution, which shows different genomic characteristics in tumorigenesis and 

tumor progression and results in high intratumor heterogeneity ［12, 13］, which is associated with resistance to 

treatment and poor prognosis ［14−16］. We have already reported that a single nucleotide polymorphism （SNP） 

array with formalin-fixed paraffin-embedded specimens can be used to analyze intratumor heterogeneity ［17］. 

With this method, we can evaluate intratumor heterogeneity from various clinical specimens and apply the 

findings to clinical features, such as prediction of prognosis.

　Although each of these main characteristics of HGSOC was investigated in several studies, no reports have 

examined the association between HRD and intratumor heterogeneity and how these factors changed before 

and after chemotherapy. In the current study, we first investigated the association between prognosis and 

HRD or intratumor heterogeneity with the use of TCGA data, and second, we analyzed the changes in these 

factors throughout treatment of HGSOC with samples from our institution.

２．Materials and methods

２．１．Data sources

　We obtained TCGA CEL-formatted SNP array data from Affymetrix Genome-Wide Human SNP Array 

6.0 via the Genomic Data Commons （GDC） Data Portal （https://portal.gdc.cancer.gov） and extracted 573 

HGSOC cases with matched tumor-normal data. We obtained TCGA CEL-formatted gene expression array 

data from the GeneChip HT Human Genome U133A data via the GDC Data Portal and extracted cases 

having the same samples as the SNP array data. Additionally, we obtained TCGA XML-formatted clinical 

data for each case via the GDC Data Portal.

─ 2 ─



２．２．Clonality Index （CI） estimation

　We previously reported a method to estimate the clonal composition using the OncoScan FFPE Assay 

Kit ［17］. The logR ratio （LRR） and B-allele frequency （BAF） can be calculated with the copy number of 

tumor cells, proportion of aberrant cells （%AC）, and copy number of minor alleles （NOMA）, theoretically. 

When we plot the LRR and logarithm of BAF in 2-dimensional space, if the %AC is the same and NOMA 

equals zero, the plot makes a straight line. Therefore, we can calculate the %AC from the observed LRR and 

BAF if the NOMA equals zero in a segment, and we can estimate the number of clones of the tumor as the 

CI by analyzing the distribution of a set of the %AC.

　We created an algorithm for calculating the CI under the environment of Python 3.6 and R version 3.5.0 

as described above. The segmentation data of the LRR and BAF were obtained from CEL-formatted SNP 

array data using the R package “rawcopy”［18］. We excluded segmentation data whose base pair length was 

equal to or less than the threshold （default settings = 1000 base pairs）. We calculated the weighted Euclidean 

distance between the coordinates of the observed LRR/observed BAF and the theoretical LRR/theoretical 

BAF in each %AC, and then the %AC at which the distance was minimized and less than 0.1 was determined 

as the %AC for that segment. If the number of output %AC was one or less, the CI was not unable to be 

estimated. Because the distribution of a set of %AC in the samples was unimodal or multimodal, we could 

estimate the most appropriate shape of the distribution that minimized the Bayesian information criterion 

using the R package “Mclust”, and the number of clusters of the distribution was taken as the CI. If a cluster 

included less than 1% of the total %AC, that cluster was excluded.

２．３．LOH score calculation

　CEL-formatted SNP array files were processed by Affymetrix Power Tools and PennCNV software ［19］ to 

calculate the LRR and BAF data in each probe, and then segmented copy number data were analyzed using 

the R package “ASCAT”［20］. The LOH score was calculated as the proportion of the sum of the LOH region 

whose length was equal to or greater than 15 M base pairs to the length of all chromosomes, as previously 

reported ［10, 21］. We excluded the LOH region, which was more than 90% of the short arm, long arm, or total 

chromosome, in each chromosome.

２．４．Analysis of gene expression array data

　CEL-formatted gene expression array data were normalized by the Robust Multiarray Average （RMA） 

method using the R package “aroma.light”. Single sample gene set enrichment analysis （ssGSEA） was 

performed to classify HGSOC samples into four gene expression subtypes as previously defined ［22］. 

Differential gene expression analysis was performed by Welch’s t-test, and p-values were corrected by 

the Benjamini-Hochberg method. Pathway analysis was performed by Ingenuity Pathway Analysis （IPA; 

QIAGEN）.
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２．５．Clinical data extraction

　XML-formatted clinical data files were read using Python, and the clinical information was extracted, 

including age at diagnosis, the International Federation of Gynecology and Obstetrics （FIGO） stage, 

treatment of neoadjuvant chemotherapy （NAC）, site of analyzed tumor, residual tumor size, primary 

outcome, survival data, and vital status.

２．６．Analysis of our HGSOC samples

　Thirty-three tumor samples from 20 HGSOC cases who underwent primary surgery between 1994 

and 2012 in Kindai University Hospital, including 20 samples from primary surgery （14 samples from 

ovary, 4 samples from peritoneal metastasis, and 2 samples from omentum）, 4 samples from interval 

debulking surgery （IDS） after NAC （3 samples from ovary and 1 sample from omentum）, and 9 samples 

from recurrent surgery （7 samples from peritoneal metastasis and 1 sample from lymph node and brain 

metastasis）, were retrospectively analyzed. The pathological diagnosis of HGSOC was diagnosed at the 

Central Pathological Department in Kindai University Hospital using either hematoxylin and eosin （HE）

-stained slides or additional immunohistochemistry analysis, the results of which were reviewed by at 

least one gynecologic oncologist. The formalin-fixed, paraffin-embedded （FFPE） tumor specimens stained 

with HE were reviewed to confirm the presence of more than 50% of viable tumor cells by at least one 

author specializing in gynecologic pathology and oncology after the confirmation of the Central Pathological 

Department, and the tumor regions were removed manually. Genomic DNA was extracted from FFPE 

specimens using an AllPrep DNA/RNA FFPE Kit （QIAGEN）. The quality of DNA was analyzed using a 

NanoDrop 2000/2000c Spectrophotometer （ThermoFisher Scientific）, and the quantity of DNA was measured 

using a Quant-iT PicoGreen dsDNA Assay Kit （ThermoFisher Scientific）.

　DNA extracted from FFPE specimens was analyzed with an OncoScan FFPE Assay Kit （ThermoFisher 

Scientific）. CEL-formatted files were output with Affymetrix GeneChip Command Console software version 

4.0 and converted to OSCHP files with OncoScan Console software 1.3. The number of clones was estimated 

with the OncoClone Composition program ［17］ using OSCHP files. OSCHP files including the LRR and BAF 

data in each probe were analyzed by ASCAT to generate copy number segmented data, and the LOH score 

was calculated. Samples with aberrant cell fractions less than 30% were excluded as previously reported ［23］. 

GISTIC 2.0 ［24］ was used to identify copy number aberrations in tumors.

２．７．Statistical Analysis

　The correlation analysis between the CI and the LOH score was performed with Spearman correlation 

coefficient. The comparison between molecular subtypes was performed with the Kruskal-Wallis test. The 

CI was dichotomized based on a median split as performed in previous studies, where authors performed a 

median split to dichotomize samples into two subgroups ［25−27］ to illustrate the association between the CI 
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and survival time. The LOH score was also dichotomized based on the Gaussian mixture model. The survival 

curves were described with Kaplan-Meier estimation, and survival analysis was performed with the log-rank 

test. To consider confounding factors with respect to the survival analysis, covariates such as age at diagnosis 

（as a continuous variable）, FIGO stage （I/II vs III/IV）, and residual tumor size （no macroscopic disease 

vs 1-10 mm vs > 10 mm） were applied to the Cox proportional hazards model along with the CI and the 

LOH score to examine the association with the CI or the LOH score on survival time after adjusting these 

covariates. All statistical tests were performed with R, and a p-value of < 0.05 was considered statistically 

significant.

３．Results

　CI and LOH scores could be estimated in 536 and 542 samples out of 573 samples, respectively. Both 

CI and LOH scores could be calculated in 502 samples, so 502 samples were subjected to analysis. The 

background data for patients in each sample set are shown in Supplementary Table 1. The averages and 

standard deviations of the CI and LOH scores were 3.53±1.95 and 17.90±9.41, respectively （Figure 1A, 1B）. 

The correlation coefficient between the CI and LOH scores was -0.176, which indicated a slight negative 

correlation （Figure 1C）.

Supplementary Table 1．Background of TCGA patients
All cases（N=573） Analyzed（N=502）

Age, median（range） 59（26-89） 59（30-89）
FIGO stage （n, %）

I 17（3.0%） 14（2.8%）
II 29（5.1%） 29（5.8%）
III 436（76.1%） 386（76.9%）
IV 86（15.0%） 73（14.5%）
N/A 5（0.8%） 0（0%）

Neoadjuvant chemotherapy （n, %）
No 571（99.6%） 502（100%）
Yes 1（0.2%） 0（0%）
N/A 1（0.2%） 0（0%）

Residual tumor size （n, %）
No macroscopic disease 118（20.6%） 110（21.9%）
1-10mm 250（43.6%） 219（43.6%）
11-20mm 34（5.9%） 30（6.0%）
>20mm 104（18.2%） 92（18.3%）
N/A 67（11.7%） 51（10.2%）

Site of analyzed tumor tissue （n, %）
Ovary 567（99.0%） 497（99.0%）
Omentum 4（0.7%） 3（0.6%）
Peritoneum 2（0.3%） 2（0.4%）

FIGO; International Federation of Gynecology and Obstetrics, N/A; not available
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　We divided samples into 2 groups based on a median split: a high CI group, which had scores of three or 

higher, and a low CI group, which had scores lower than 3. In the survival analysis, the median progression-

free survival （PFS） of the high and low CI groups was 16.6 months vs 20.6 months （p-value = 0.0097）, 

respectively, with a significant difference observed. However, the median overall survival （OS） in the high 

and low CI groups was 44.5 months and 48.2 months （p-value = 0.419）, respectively （Figure 2A, 2B）.

　We set a cut-off value of 16 for the LOH score based on the Gaussian mixture model and divided the 

samples into 2 groups: the high LOH group, which had scores of 16 or more, and the low LOH group, which 

had scores lower than 16. In the survival analysis, the median PFS and OS in the high LOH and low LOH 

groups was 19.3 months vs 16.3 months （p-value = 0.0056） and 50.0 months vs 38.6 months （p-value < 0.001）, 

respectively, with significant differences observed （Figure 2C, 2D）.

　In the Cox proportional hazards model adjusting for age, FIGO stage, and residual tumor size, high CI was 

independently associated with a shorter PFS （adjusting hazard ratio （HR）= 1.473, 95% CI: = 1.140-1.904, 

p-value = 0.003, Supplementary Table 2） and high LOH score was independently associated with a longer 

PFS and OS （adjusting HR = 0.698 and 0.644, 95% CI = 0.538-0.905 and 0.501-0.828, p-value = 0.007 and < 0.001, 

respectively, Supplementary Table 3）. When both the CI and the LOH score were simultaneously included in 

the Cox model with the covariates, the CI remained significantly associated with a shorter PFS （adjusting HR 

= 1.392, 95% CI = 1.072-1.808, p-value = 0.0132）, and the LOH score remained indicative of a better prognosis 

（OS: adjusting HR = 0.648, 95% CI = 0.502-0.834, p-value < 0.001, PFS: adjusting HR = 0.747, 95% CI = 0.574-

0.973, p-value = 0.031）.

Figure 1．�Histogram and boxplot of Clonality Index （CI） （A） and LOH scores （B） and pair plot 
of CI and LOH scores （C）. The mean CI was 3.53, and the median was 3. The mean 
LOH score was 17.9, and the median was 17.26. Correlation between CI and LOH 
score. The Spearman correlation coefficient for the CI and LOH scores was -0.176.
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　We stratified samples into 4 groups based on the combination of the CI and LOH scores: a high LOH/

high CI group, a high LOH/low CI group, a low LOH/high CI group, and a low LOH/group LOH group. We 

subsequently performed a survival analysis. Comparing the high LOH/low CI group with the high LOH/high 

CI, low LOH/high CI, and low LOH/low CI groups, the median PFS was 22.6 months vs 16.8, 16.6, and 15.0 

months （p-value < 0.001）, and the median OS was 55.1 months vs 49.5, 38.6, and 38.6 months （p-value < 0.001）, 

respectively. There were statistically significant differences （Figure 2E, 2F）.

Supplementary Table 2．�Cox proportional hazards model for overall survival and progression free survival 
in TCGA dataset with the Clonality Index adjusted for covariates

Overall survival Progression free survival

Variable HR 95% CI p-value HR 95% CI p-value

CI （high vs low） 1.095 0.853 - 1.406 0.475 1.473 1.140 - 1.904 0.003

Age at diagnosis 1.026 1.014 - 1.037 < 0.001 1.007 0.995 - 1.018 0.244
FIGO stage
 （I/II vs III/IV） 2.323 0.736 - 7.337 0.151 7.196 1.773 - 29.205 0.006

Residual disease
（no macroscopic disease vs 
1-10 mm vs >10 mm）

1.420 1.184 - 1.703 < 0.001 1.308 1.096 - 1.561 0.003

CI; Clonality Index, FIGO; International Federation of Gynecology and Obstetrics, 
HR; hazard ratio, 95% CI; 95% confidence interval

Supplementary Table 3．�Cox proportional hazards model for overall survival and progression free survival 
in TCGA data set with the LOH score adjusted for covariates

Overall survival Progression free survival

Variable HR 95% CI p-value HR 95% CI p-value

LOH score （high vs low） 0.644 0.501 - 0.828 < 0.001 0.698 0.538 - 0.905 0.007

Age at diagnosis 1.021 1.010 - 1.033 < 0.001 1.005 0.993 - 1.017 0.466
FIGO stage
 （I/II vs III/IV） 2.033 0.643 - 6.428 0.227 6.588 1.623 - 26.765 0.008

Residual disease
（no macroscopic disease vs 
1-10 mm vs >10 mm）

1.435 1.197 - 1.721 < 0.001 1.273 1.066 - 1.520 0.008

LOH score; loss of heterozygosity score, FIGO; International Federation of Gynecology and Obstetrics, 
HR; hazard ratio, 95% CI; 95% confidence interval
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　Five hundred and twenty-two gene expression array data from the TCGA database were subject to 

ssGSEA with the CLOVAR gene set to classify 4 molecular subtypes: differentiated, immunoreactive, 

mesenchymal, and proliferative. Subsequently, 454 samples were analyzed based on the CI, LOH score, and 

molecular subtype. The average CI values in differentiated, immunoreactive, mesenchymal, and proliferative 

subtypes were 3.26, 3.69, 3.85, and 3.52, respectively. The mesenchymal subtype, which had a poor prognosis, 

showed a high CI （Figure 3A, p-value = 0.0403）. The average LOH scores in each subtype were 17.5, 19.2, 

17.3, and 16.2, respectively. There was no significant difference in the LOH score between molecular subtypes, 

but the immunoreactive subtype, which had a good prognosis, showed a tendency to have a high LOH score 

（Figure 3B, p-value = 0.0762）.

Figure 2．�Kaplan-Meier curve of TCGA data stratified with the Clonality Index （CI） value （A, 
B）, LOH score （C, D）, and a combination of both （E, F） for overall survival （OS） 
（A, C, E） and progression-free survival （PFS） （B, D, F）. The low CI group showed 
significantly prolonged PFS but not OS. The high LOH group showed prolonged 
OS and PFS with significant differences. The combined high LOH and low CI group 
showed good prognosis compared with the other groups.
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　We performed downstream effect analysis with IPA comparing high CI and low CI, high LOH and low 

LOH, and high LOH and low CI and other groups （Supplementary Table 5-7）. In the high LOH group and 

high LOH/low CI group, it was predicted that the activation, migration, and adhesion of immune cells were 

activated.

　Next, we analyzed 33 HGSOC samples from 20 cases from Kindai University Hospital. Patient 

characteristics are shown in Table 1. We divided 20 samples before chemotherapy into a high CI group （CI 

was 3 or more） and a low CI group （CI less than 3） and performed survival analysis. The low CI group 

showed a significantly longer PFS and OS （Supplementary Figure 1, p-value = 0.0351, 0.0385, respectively）. 

In the Cox proportional hazards model with adjusting for clinical information, a high CI value was associated 

with a shorter PFS （adjusting HR = 8.078, 95% CI: = 1.117-58.413, p-value = 0.0385, Supplementary Table 

4）. We analyzed the change in the CI throughout the time of treatment in 4 cases that could be analyzed 

for tumor samples at IDS after NAC, including one case that could not be analyzed at recurrence. The CI 

at primary surgery was 3 in 3 cases and 2 in 1 case, and at IDS, the CI decreased to 1 in all 4 cases, and 

then the CI increased at the recurrent surgery in all 3 cases （Figure 4A）. It was found that the tumor clone 

consisted of multiple clones before chemotherapy. However, after chemotherapy, the chemo-sensitive clone 

decreased and appeared to decrease the CI, and at the time of recurrence, the tumor clone increased again. 

We analyzed changes in the LOH score in the same way, and the LOH score did not change in 2 cases （30.2 

→ 29.2, 27.3 → 25.4） and greatly decreased in 2 cases from primary surgery to IDS and then increased at 

recurrent surgery （15.7 → 5.7 → 16.5, 28.6 → 12.0 → 30.0） （Figure 4B）. In 6 cases whose samples were 

analyzed at primary and recurrent surgery, CI did not change in 4 cases and increased and decreased in one 

case each. The LOH score did not change in 5 cases and decreased in one case （Figure 4C, 4D）. With GISTIC 

analysis, a pattern of the copy number variant compared between primary and recurrent surgery had few 

differences, but amplification of 8q24 was found at IDS with statistical significance （Figure 5A-C）.

Figure 3．�Pair plot and boxplot between each gene expression subtype and CI （A） and LOH 
scores （B）. The mesenchymal subtype had a higher CI than the other subtypes, and 
the immunoreactive subtype had the highest LOH score.
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Figure S1．�Kaplan-Meier curve of our institutional data. The high CI group prolonged overall 
survival （A） and progression-free survival （B） with statistically significant 
differences.

Figure 4．�The transition of CI and LOH scores throughout the treatment. The CI was reduced 
to 1 at interval debulking surgery （IDS） and increased at recurrence in all 4 cases 
（A）. The LOH score was prominently reduced at IDS and increased at recurrence 
in 2 cases, but in the other 2 cases, the LOH score was not changed （B）. In 6 cases 
without IDS data, the CI did not change in 4 cases （C）, and LOH scores were almost 
the same （D）.
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Table 1．Patient characteristics

（N=20）

Age, median（range） 56（42-82）

FIGO stage

I/II 2

III/IV 18

Primary surgery

Maximum cytoreductive 14

Probe laparotomy/laparoscopy 6

Size of residual tumors

No macroscopic disease 7

1-10mm 8

>10mm 5

Sites of recurrence

Peritoneal dissemination 7

Lymph node 1

Organ metastasis 2

FIGO; International Federation of Gynecology and Obstetrics

Figure 5．�Amplification of HGSOC samples at primary surgery （A）, interval debulking surgery 
（B）, and recurrent surgery （C） from GISTIC analysis. Chromosome 8q24 was 
amplified at all three surgical times.

─ 11 ─



Supplementary Table 4．�Cox proportional hazards model for overall survival and progression free survival 
in our institutional data with the LOH score adjusted for covariates

Overall survival Progression free survival

Variable HR 95% CI p-value HR 95% CI p-value

CI （high vs low） 2.862 0.517 - 15.831 0.228 8.078 1.117 - 58.413 0.0385

Age at diagnosis 1.019 0.934 - 1.112 0.672 1.068 0.968 - 1.178 0.189

FIGO stage
 （I/II vs III/IV） 0.360 0.016 - 7.968 0.518 0.461 0.020 - 10.820 0.631

Residual disease
（no macroscopic disease vs 
1-10 mm vs >10 mm）

3.336 0.861 - 12.921 0.081 7.483 1.234 - 45.363 0.0286

CI; Clonality Index, FIGO; International Federation of Gynecology and Obstetrics, 
HR; hazard ratio, 95% CI; 95% confidence interval

Supplementary Table 5．Downstream effect analysis of high CI vs. low CI

Disease and Functions Annotation p-value Predicted Activation State Activation z-score

Accumulation of myeloid cells 0.00119 Decreased -2.387

Accumulation of leukocytes 0.00208 Decreased -2.387

Growth of malignant tumor 0.00316 Decreased -2.336

Proliferation of cancer cells 0.00913 Decreased -2.201

Endotoxin shock response 0.00165 Decreased -2

Angiogenesis of tumor 0.00697 Decreased -2
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Supplementary Table 6．Downstream effect analysis of high LOH vs. low LOH

Disease and Functions Annotation p-value Predicted Activation State Activation z-score

Cell proliferation of fibroblasts 0.00066 Increased 2.945

Migration of mononuclear leukocytes 0.00138 Increased 2.901

Accumulation of granulocytes 0.000114 Increased 2.595

Accumulation of phagocytes 0.00105 Increased 2.589

Lymphocyte migration 0.00254 Increased 2.583

Cell movement of muscle cells 0.00114 Increased 2.566

Cell movement of smooth muscle cells 0.0024 Increased 2.566

Migration of phagocytes 0.000299 Increased 2.444

Antimicrobial response 0.00133 Increased 2.433

Accumulation of myeloid cells 0.000147 Increased 2.421

Accumulation of neutrophils 0.00011 Increased 2.413

Degeneration of connective tissue 0.000486 Increased 2.382

Cell movement of T lymphocytes 0.000285 Increased 2.375

Activation of neutrophils 0.000143 Increased 2.366

Chemotaxis of granulocytes 0.000686 Increased 2.327

Morbidity or mortality 0.00192 Increased 2.303

Organismal death 0.00281 Increased 2.279

Accumulation of leukocytes 0.00279 Increased 2.242

Inflammatory response 0.0000403 Increased 2.24

Mobilization of leukocytes 0.0000429 Increased 2.219

Cell proliferation of tumor cell lines 0.00000266 Increased 2.211

Mobilization of cells 0.00011 Increased 2.198

Interaction of lymphoma cell lines 0.00263 Increased 2.197

Homing of T lymphocytes 0.001 Increased 2.193

Chemotaxis of T lymphocytes 0.00232 Increased 2.193

Abnormality of cartilage tissue 0.000163 Increased 2.173

Damage of cartilage tissue 0.00185 Increased 2.173

Deterioration of connective tissue 0.000901 Increased 2.157

Chemotaxis of neutrophils 0.00141 Increased 2.107

Inflammation of joint 0.000553 Increased 2.104

Migration of neutrophils 0.000188 Increased 2.01

Interphase of breast cancer cell lines 0.00323 Decreased -2

Growth of bacteria 0.00108 Decreased -2.207

Locomotion 0.000608 Decreased -2.395
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Supplementary Table 7．Downstream effect analysis of high LOH/low CI vs. others
Disease and Functions Annotation p-value Predicted Activation State Activation z-score
Inflammatory response 8.52E-08 Increased 3.167
Activation of neutrophils 1.05E-08 Increased 3.046
Activation of granulocytes 1.22E-08 Increased 3.039
Migration of carcinoma cell lines 0.0000888 Increased 2.945
Migration of neutrophils 0.00000451 Increased 2.933
Replication of HIV 0.0000876 Increased 2.775
Activation of myeloid cells 0.000000351 Increased 2.654
Endotoxin shock response 0.0000273 Increased 2.611
Angiogenesis of lesion 0.000527 Increased 2.611
Septic shock 0.000812 Increased 2.611
Activation of phagocytes 5.51E-08 Increased 2.6
Invasion of cells 0.000295 Increased 2.6
Replication of HIV-1 0.000286 Increased 2.592
Differentiation of bone cells 0.00138 Increased 2.426
Chemotaxis of granulocytes 0.000197 Increased 2.411
Damage of cartilage tissue 0.000327 Increased 2.382
Abnormality of cartilage tissue 0.00116 Increased 2.382
Deterioration of connective tissue 0.00127 Increased 2.377
Uptake of 2-deoxyglucose 0.000977 Increased 2.338
Development of vasculature 0.00000349 Increased 2.27
Migration of granulocytes 0.000000834 Increased 2.259
Synthesis of nitric oxide 0.000397 Increased 2.251
Production of reactive oxygen species 0.000141 Increased 2.25
Invasion of tumor 0.00001 Increased 2.249
Chemotaxis of leukocytes 0.000022 Increased 2.236
Production of hydrogen peroxide 0.0000837 Increased 2.236
Migration of squamous cell carcinoma cell lines 0.000529 Increased 2.236
Angiogenesis 0.00011 Increased 2.227
Biosynthesis of hydrogen peroxide 0.00000825 Increased 2.206
Chemotaxis of neutrophils 0.000379 Increased 2.196
Cell movement of neutrophils 0.0000928 Increased 2.192
Proliferation of connective tissue cells 0.0000626 Increased 2.186
Chemotaxis of myeloid cells 0.00000685 Increased 2.182
Activation of antigen presenting cells 0.00000348 Increased 2.177
Fever 0.000199 Increased 2.155
Synthesis of reactive oxygen species 0.000101 Increased 2.152
Influx of neutrophils 4.33E-08 Increased 2.138
Invasion of malignant tumor 0.000151 Increased 2.138
Accumulation of myeloid cells 0.00000668 Increased 2.109
Advanced malignant tumor 0.000137 Increased 2.101
Synthesis of DNA 0.000254 Increased 2.086
Cell movement of smooth muscle cells 0.0000235 Increased 2.08
Cell movement of granulocytes 0.0000156 Increased 2.07
Cell proliferation of vascular endothelial cells 0.00056 Increased 2.07
Growth of connective tissue 0.0000263 Increased 2.067
Invasion of tumor cells 0.00000234 Increased 2.051
Adhesion of neutrophils 0.0000502 Increased 2.049
Accumulation of cells 0.000569 Increased 2.048
Migration of myeloid cells 0.000000223 Increased 2.027
Adhesion of myeloid cells 0.0000785 Increased 2.019
Quantity of blood cells 0.000447 Increased 2.017
Adhesion of phagocytes 0.0000356 Increased 2.009
Secretion of peptide 0.000576 Increased 2
Blood pressure 0.00016 Decreased -2.154
Failure of kidney 0.000032 Decreased -2.159
Contraction of muscle cells 0.000127 Decreased -2.196
Contraction of cells 0.000275 Decreased -2.196
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４．Discussion

　We analyzed intratumor heterogeneity and HRD in HGSOC with SNP array data in the current study. 

Some methods to analyze the intratumor heterogeneity of malignant tumors, including ovarian cancer, 

have previously been reported, such as multi-region sequencing ［28］, deep sequencing ［29］, and single-cell 

sequencing ［30］. We could analyze intratumor heterogeneity from a single sampling of a tumor by applying 

a previous method ［17］, which we reported in the current study. The merit of this method is as follows: 1） 

public data such as TCGA data can be applied, 2） residual tumors after chemotherapy can be analyzed as 

FFPE tumor specimens, and 3） easy application in clinical settings is possible because the cost of analysis is 

relatively low compared with that of sequencing methods.

　In this study, we report two findings regarding the association between intratumor heterogeneity and 

the prognosis of HGSOC: PFS in the high intratumor heterogeneity group was shorter than that observed 

in the low intratumor heterogeneity group as an independent factor, and there was no difference in OS 

with respect to intratumor heterogeneity. Several studies have reported that a high degree of intratumor 

heterogeneity-induced resistance to treatment leads to poor prognosis in various types of cancer. Oh et al. 

reported that tumors with high intratumor heterogeneity of colorectal cancer had a shorter PFS ［16］. Andor 

et al. analyzed the relationship between the number of clones and prognosis using 12 types of cancer with 

TCGA data and reported that a high clone number was related to poor prognosis across cancer types ［31］. 

Morris et al. analyzed the relationship between intratumor heterogeneity and prognosis using 9 types of 

cancer with TCGA data and reported high intratumor heterogeneity related to shorter OS in several types 

of cancer ［14］. In the current study, our results on PFS were similar with those of previous reports, although 

the finding regarding the OS was different from that observed in previous studies. However, pan-cancer 

studies reported by Andor et al. and Morris et al. did not include ovarian cancer, so it is difficult to directly 

compare their reports with our study. Moreover, Andor et al. revealed the association between OS and the 

number of clones across all cancer types but not individual cancer type. Additionally, the association between 

intratumor heterogeneity and OS was not shown in bladder cancer, lung adenocarcinoma, and lung squamous 

cell carcinoma in the study from Morris et al.. Thus, from these previous studies, the association between 

intratumor heterogeneity and OS might be different by cancer type.

　HRD related to platinum sensitivity and prognosis, and the proportion of the LOH could be a biomarker 

of HRD ［5, 32, 33］. In the current study, HGSOC cases with high LOH scores were associated with a good 

prognosis （Figure 2C, D） as an independent factor. Furthermore, molecular subtypes of HGSOC had different 

prognoses ［22］; the CI was high in the mesenchymal subtype, which had a poor prognosis, and LOH tended 

to be high in the immunoreactive subtype, which had a good prognosis （Figure 3A, 3B）. Additionally, the 

pathways related to immune function were upregulated in cases with high LOH scores （Supplementary 

Tables 6, 7）. Consequently, intratumor heterogeneity and HRD status are partially related to differences in 

prognosis between molecular subtypes. In a previous study, cases in the immunoreactive subtype had a high 
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frequency of BRCA1 mutations ［34］.

　This study is the first to analyze the changes in intratumor heterogeneity before and after NAC in HGSOC. 

We revealed that the CI of the tumor that remained at the IDS decreased; hence, chemo-sensitive clones are 

thought to disappear and chemo-resistant clones are thought to remain after chemotherapy. Additionally, 

chromosome 8q24 amplification was detected in the tumors remaining after chemotherapy （Figure 5B）. 

Several tumor-related genes, such as MYC, PVT-1, PSCA, and TNFRSF11B, were located on chromosome 

8q24, and amplification of this region was related to poor prognosis in gastric cancer, breast cancer, 

colorectal cancer, and ovarian cancer in a previous study ［35–38］. The LOH score prominently decreased after 

chemotherapy in two cases （Figure 4B）. This result indicated that intratumor heterogeneity of HRD status 

decreased after chemotherapy, that is, non-HRD clones were selected. On the other hand, in another two 

cases, the LOH score did not decrease after chemotherapy. Although these cases had high LOH scores, which 

represent HRD, the LOH score did not change; hence, this result showed that the chemosensitivity was not 

always consistent with HRD status. We analyzed only 4 cases in the current study, so we need to increase 

the number of cases in future analyses.

　Comparing the tumor at primary and recurrent surgery, there were few changes in the CI, LOH score, and 

patterns of copy number variation. In a previous study, mutation status or copy number variation detected 

by target sequencing ［29］ or whole exome sequencing ［39］ drastically changed between primary and recurrent 

tumors; however, one study reported that HRD status did not change ［39］. The current study indicated 

that the tumor that remained after chemotherapy was very different from the recurrent tumor. Therefore, 

we should analyze the tumor that remained after chemotherapy precisely to investigate the mechanism of 

chemo-resistance.

　There are some limitations of this study. First, the method developed to calculate the CI in this study 

cannot be applied to any cancer, since its use depends on amount of LOH region of the cancer genome. When 

a cancer has few copy number variations, the CI of the cancer can be underestimated. Second, the number 

of samples was limited in our own data. Both the total number of cases and NAC samples was inadequate 

to draw any statistically meaningful conclusions. Thus, further studies with additional samples are needed 

to confirm the current conclusion. Third, when we compared the CI values and the LOH scores before and 

after chemotherapy, the analyzed tumor tissue was obtained from different site of lesions in the same case. 

Because genetic or phenotypic variations between tumors would occur at different sites in the same patients, 

which is known to be intertumoral heterogeneity ［40］, comparing the CI values of different tumors before 

and after chemotherapy in the same patients many not adequately allow the effect of chemotherapy on the 

tumors to be evaluated.

５．Conclusion

　We have shown that both the CI and LOH in HGSOC is related to prognosis using SNP array data from 
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a single sample. Furthermore, we have shown that the intratumor heterogeneity of chemo-resistant tumors 

that remained at IDS after NAC decreased compared with that of primary tumors. This study indicated 

that for analysis of tumors that remain after chemotherapy, investigation of the mechanism underlying the 

development of chemoresistance is important; thus, further studies are needed.
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