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Chapter 1
Personalized Treatment in Ovarian Cancer

Check for
updates

Nozomu Yanaihara, Yasushi lida, Masataka Takenaka, Ayako Kawabata,
Takafumi Kuroda, and Aikou Okamoto

Abstract Ovarian cancer (OC) is a deadly gynecological malignancy, as the major-
ity of patients are diagnosed at advanced stages. In recent years, the development
and clinical application of molecularly targeted therapies such as bevacizumab
(Bev), poly ADP-ribose polymerase (PARP) inhibitors, and anti-programmed cell
death (PD)-1 antibodies may offer potentially beneficial treatment options for
patients with advanced OC. However, the clinical utility of these therapies remains
limited because they are associated with specific molecular abnormalities. Therefore,
the identification of reliable molecular biomarkers is necessary for appropriate
patient selection for these new treatment strategies. In this review, we outline the
rationale for the selection of novel targets in advanced OC and discuss new thera-
peutic strategies that can be positioned as precision medicine for patients with
advanced OC based on their broad mechanisms of action.

Keywords Angiogenesis inhibitors - Antibody—drug conjugates - Immune
checkpoint inhibitors - Ovarian cancer - PARP inhibitors - Personalized treatment

1.1 Introduction

Ovarian cancer (OC) is a fatal gynecological malignancy that accounts for 5-6% of
all cancer-related deaths. OC generally shows few specific symptoms, and the
majority of patients are diagnosed at advanced stages. The standard treatment for
OC has been primary debulking surgery with the goal of no grossly visible residual
tumor, followed by platinum-taxane chemotherapy. Although the “one-size-fits-all”
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approach to the treatment of OC has not yielded satisfactory results, recent signifi-
cant advances in the development and clinical application of targeted therapies may
provide beneficial treatment options for a substantial population of patients with
OC. Namely, molecularly targeted therapies such as bevacizumab (Bev), poly ADP-
ribose polymerase (PARP) inhibitors, and anti-programmed cell death (PD)-1 anti-
bodies are helping to overcome the poor prognosis of OC. Since the clinical efficacy
of these therapies is thought to be associated with specific molecular abnormalities,
the identification of reliable biomarkers by molecular testing is necessary for clini-
cal application. The development of these molecular targeted therapies has garnered
attention as a new treatment for OC, but their efficacy is still limited and mortality
in advanced cases remains substantially problematic. This review outlines the ratio-
nale for the selection of novel targets in OC and discusses new treatment strategies
that can be positioned as precision medicine for patients with advanced OC based
on their broad mechanisms of action.

1.2 Angiogenesis Inhibitors

Angiogenesis is essential for survival and progression in various tumor types,
including advanced OC. Vascular endothelial growth factor (VEGF) is a protein
signaling molecule that can stimulate endothelial cells to promote angiogenesis. A
recombinant humanized monoclonal antibody against VEGF-A, Bey, is the most
widely studied antiangiogenesis agent for OC.

In 2011, the results of GOG-0218 and ICON-7, randomized phase III trials that
added Bev to frontline chemotherapy for advanced OC, were published simultane-
ously [1, 2]. Although the duration and dose of Bev were different in the two stud-
ies, both showed a significant increase in progression-free survival (PFS). When
compared with the control group, patients who received chemotherapy alone, the
median PFS of the Bev group, patients who received Bev as upfront and mainte-
nance therapy, was greater by 3.8 months (14.1 vs. 10.3 months; hazard ratio [HR]:
0.71;95% CI: 0.63-0.82) in GOG-0218 and 1.5 months (21.8 vs. 20.3 months; HR:
0.81; 95% CI 0.70-0.94) in ICON-7, respectively. In the final analysis of the two
studies, there was no significant difference in overall survival (OS) between the Bev
group and the control group in the overall population, but in the subgroup analysis
of high-risk patients, OS was increased in the Bev group compared with the control
group [3, 4]. In GOG-0218, in the subgroup patients with stage IV, the median OS
for the Bev group was 42.8 vs. 32.6 months for the control group (HR: 0.75; 95%
CI: 0.59-0.95). In ICON7, in the subgroup of patients with high risk of progression
defined as stage IV, inoperable stage III, or suboptimally debulked (>1 cm) stage III,
median OS for the Bev group was 39.7 vs. 30.2 months for the control group (HR:
0.78; 95% CI: 0.63-0.97). Regarding histological subgroup analysis, patients with
clear cell carcinoma (CCC), stage I-IIA CCC or grade 3 carcinoma, and low-grade
serous did not benefit from the addition of Bev on OS in ICON7.
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The randomized phase III trials evaluating the efficacy of Bev combined with
gemcitabine and carboplatin (GC) for patients with platinum-sensitive recurrent OC
(OCEANS) showed that the median PFS of GC + Bev was increased by 4.0 months
compared with the GC + placebo (12.4 vs. 8.4 months; HR: 0.484; 95%CI:
0.388-0.605) [5]. However, the final OS analysis of OCEANS revealed that there
was no significant difference in OS between the groups (33.6 vs. 32.9 months; HR:
0.95;95% CI: 0.77-1.18) [6]. In GOG-0213, patients with platinum-sensitive recur-
rent OC were randomized to receive standard chemotherapy with paclitaxel and
carboplatin (TC) or TC + Bev with Bev maintenance therapy [7]. Although the
median OS of the Bev group was increased by 4.9 months compared with the TC
group (42.2 vs. 37.3 months), the difference was not statistically significant (HR:
0.829; 95% CI: 0.683-1.005). Additionally, a randomized phase III study (AGO-
OVAR 2.21) comparing PFS of control group as GC + Bev with that of carboplatin
and pegylated liposomal doxorubicin (PLD) (PLD-C) + Bev showed that the median
PFES and OS of experimental group was prolonged by 1.7 and 4.1 months compared
with control group, respectively (PFS: 13.3 months vs. 11.6 months; HR:0.81; 95%
CI 0.68-0.96) (OS: 31.9 months vs. 27.8 months; HR: 0.81; 95% CI: 0.67-0.98)
[8]. Recently, a randomized phase III trial (MITO16b/MANGO-OV2) aiming to
reveal the benefit of Bev in combination with chemotherapy for patients with recur-
rent OC who have already received bevacizumab in first-line therapy showed that
the median PFS of chemotherapy with Bev group and control group was 11.8 and
8.8 months, respectively (HR: 0.51; 95% CI: 0.41-0.65) [9]. For patients with
platinum-sensitive recurrent OC, the addition of Bev to platinum-based chemother-
apy doublets, especially PLD-C, might be considered in clinical practice, even if
Bev has already been used in first-line therapy.

In the randomized phase III trial (AURELIA) designed to determine the impact
of Bev with chemotherapy for patients with platinum-resistant recurrent OC who
had received no more than two prior lines of chemotherapy, patients were randomly
assigned to control group, patients who received investigator-chosen single-agent
chemotherapy (PLD, paclitaxel, topotecan) or Bev group, patients who received
single-agent chemotherapy with Bev. The median PFS of Bev group and control
group was 6.7 and 3.4 months, respectively (HR: 0.42; 95% CI: 0.32-0.53).
However, there was no significant difference in OS between the two groups [10].

In order to identify the predictive biomarkers for selecting candidates for Beyv,
several studies have been conducted using samples from clinical trials. Five tumor
biomarkers (VEGF-A, VEGFR-2, neuropilin-1, MET, CD31) were assessed by
immunohistochemistry in GOG-0218. The effect of Bev on both PFS and OS was
associated with high microvessel density measured by CD31. VEGF-A was not a
predictor of PES, but using the third-quartile cutoff for high VEGF-A expression
showed that it could be a predictor of OS [11]. In addition, plasma samples from
GOG-0218 were analyzed for seven biomarkers (IL6, Ang-2, osteopontin (OPN),
stromal cell-derived factor-1 (SDF-1), VEGF-D, IL6-R, and GP130) that had been
previously shown to be predictive of benefit from anti-angiogenetic therapies in
other solid tumors and/or associated with outcomes with OC. Among them, IL6 was
predictive of a therapeutic benefit with Bev for PFS and OS [12]. In ICON-7, three
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candidate biomarkers including mesothelin, fms-like tyrosine kinase-3 (FLT4), and
ay-acid glycoprotein (AGP) were identified by analyzing serum samples from 10
patients who received Bev (five responders and five nonresponders). When com-
bined with CA125, those biomarkers identified therapeutic benefits with Bev for
PFS [13]. Homologous recombination (HR) repair mutations, including BRCAI and
BRCA2, significantly prolonged PES and OS in GOG-0218 cohort, had no correla-
tion with response to Bev [14]. Imaging biomarkers of Bev have been investigated.
Ascites are a feature of advanced OC, and VEGF expression has been suggested to
be involved in the pathogenesis of ascites. In the study using data from GOG-0218,
patients with ascites treated with Bev had longer PFS and OS [15]. Adiposity has
been hypothesized to interfere with the activity of Bev, so several studies had been
conducted to determine whether makers of adiposity are a potential clinical bio-
marker for the efficacy of Bev. In a study, pretreatment computed tomography (CT)
for GOG-0218 participants were analyzed, and markers of adiposity, including
BMI, surface fat area (SFA) and visceral fat area (VFA), were not predictive of
benefit with Bev [16]. In another study using CT performed after primary debulking
surgery for GOG-0218 participants, subcutaneous fat density (SFD) and visceral fat
density (VFD) were used as markers of adiposity, and median OS was prolonged
with Bev compared to placebo in the VFD high group [17]. There are no prospec-
tively established biomarkers for response to Bev, so the identification of such pre-
dictive biomarkers remains an urgent unmet clinical need in OC treatment.

1.3 PARP Inhibitors

PARP inhibitors result in an accumulation of DNA damage by multiple mecha-
nisms, including synthetic lethality and PARP trapping, leading to cell death which
has HR deficiency (HRD), such as cancer cells with pathogenic variants of BRCA1/2
genes [18]. The appearance of the PARP inhibitors has changed the standard care of
OC and dramatically improved survival in patients with specific biomarkers, such as
BRCA1/2 mutations and HRD. Recent well-conducted clinical trials have shown the
efficacy of PARP inhibitors as maintenance treatment following chemotherapy in
the setting of both newly diagnosed and recurrent OC.

In the first-line setting of advanced OC, four well-conducted clinical trials,
SOLO1, PAOLA-1, PRIMA, and VELIA trials, have shown the clinical benefit of
PARP inhibitors (Table 1.1). The SOLO1 study demonstrated the efficacy of olapa-
rib as first-line maintenance therapy in stage III and IV high-grade serous ovarian
cancer (HGSOC) and endometrioid ovarian cancer (EMOC) with germline BRCA
(gBRCA) mutation [19]. Olaparib maintenance therapy was performed in tumors of
partial or complete response to prior chemotherapy. After the 5-years follow-up
from randomization, olaparib maintenance therapy significantly improved PFS
compared with administered placebo (HR: 0.33; 95% CI: 0.25-0.43) [20]. The
study was a first phase III study that showed survival benefit of maintenance olapa-
rib in OC with gBRCA mutation in the first-line setting. In a subgroup analysis by
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clinical risk (higher-risk: stage IV, stage III with residual tumor at primary debulk-
ing surgery (PDS) or disease performed interval debulking surgery (IDS), lower-
risk: stage III disease with no residual tumor after PDS), significant improvement of
PFS was observed in both groups of higher-risk (median PFS: 40.6 months vs. 11.1
months; HR: 0.34; 95% CI: 0.24-0.49) and lower-risk (median PFS: not reached vs.
21.9 months; HR: 0.38; 95% CI: 0.25-0.59) [20]. Moreover, other detailed sub-
group analyses stratified by surgical timing, residual tumor, response after platinum-
based chemotherapy, BRCA mutational status, also confirmed the survival benefits
of olaparib maintenance therapy in patients with gBRCA mutation [21]. PAOLA-1
was a phase III randomized control study investigating the efficacy of combined
maintenance therapy with Bev and olaparib after the response to first-line platinum-
based chemotherapy in patients with stages IIl and IV disease of HGSOC and
EMOC [22]. Significant improvement of PFS was observed in patients who received
the combined maintenance therapy with Bev and olaparib compared with those who
received single agent maintenance with Bev (median PFS: 22.1 months vs. 16.6
months; HR: 0.59; 95% CI: 0.49-0.72). In the subgroup analysis, a significant
improvement of PFS was observed in patients with tumor BRCA mutation (tBRCA)
(HR:0.31; 95% CI: 0.20-0.47) and those with HRD tumors including tBRCA muta-
tion (HR: 0.33; 95% CI: 0.25-0.45). In contrast, no survival benefit was observed in
the subgroup with HR proficient (HRP) compared with placebo group (median PFS:
16.6 months vs. 16.2 months; HR: 1.00; 95% CI: 0.75-1.35). Additionally, sub-
group analyses stratified by higher-risk, lower-risk, higher-risk with tBRCA muta-
tion, lower-risk with tBRCA mutation, higher-risk with HRD and lower-risk with
HRD subgroups showed improvement of PFS. In particular, the PFS rate at 24
months was 95.5% and 89.7% in lower-risk with tBRCA mutation and lower-risk
with HRD, respectively [23]. The PRIMA study evaluated the efficacy of niraparib
maintenance therapy following first-line adjuvant chemotherapy in stages III and IV
disease after a response to platinum-based chemotherapy [24]. The important point
of the population in the PRIMA study was that only patients with stage III disease
with visible residual tumor after PDS, inoperable stage III disease, or any stage IV
disease, were recruited. In the overall population, significant benefit of PFS was
observed in niraparib maintenance group compared with placebo group (median
PFS: 13.8 months vs. 8.2 months; HR: 0.62; 95% CI: 0.50-0.76). Moreover,
improvement of PFS was seen in not only patients with HRD (median PFS:
21.9 months vs. 10.4 months; HR: 0.43; 95% CI: 0.31-0.59) but also in those with
HRP tumors (median PFS: 8.1 months vs. 5.4 months; HR: 0.68; 95% CI: 0.49-0.94).
The clinical benefit of first-line combination and maintenance therapy with velipa-
rib (veliparib throughout) was assessed in the VELIA study in patients with previ-
ously untreated stages III and IV HGSOC [25]. PFS was statistically improved in
patients with veliparib throughout patients compared with those receiving combina-
tion and maintenance placebo (control) (median PFS: 23.5 months vs. 17.3 months;
HR: 0.68; 95% CI: 0.56-0.83). In the subgroup analysis, statistically significant
benefit of PFS was observed in the patients with gBRCA mutation (median PFS:
34.7 months vs. 22.0 months; HR: 0.44; 95% CI: 0.28-0.68) or those with HRD
(median PFS: 31.9 months vs. 20.5 months; HR: 0.57; 95% CI: 0.43-0.76),
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compared with control group. However, no survival benefit of veliparib mainte-
nance therapy was observed in subgroup with BRCA wild-type (BRCAwt) (median
PFS: 18.2 months vs. 15.1 months; HR: 0.80; 95% CI: 0.64—1.00) or patients with
HRP (median PFS: 15.0 months vs. 1.5 months; HR: 0.81; 95% CI: 0.60-1.09).
Veliparib use has not been approved in the first-line setting at the moment. Based on
the results of these phase III clinical trials, ASCO guidelines of PARP inhibitors in
the management of OC recommended olaparib (for those with pathogenic or likely
pathogenic variants in BRCA1/2 genes) or niraparib (for all patients) maintenance
therapy in patients with newly diagnosed stage III-IV OC who showed CR/PR to
first-line platinum-based chemotherapy, and combined maintenance therapy with
olaparib and Bev in those with HRD [26]. However, it has been unclear whether the
addition of combined and maintenance Bev could increase clinical benefit com-
pared with olaparib maintenance therapy following platinum-based chemotherapy,
because the arm of platinum-based chemotherapy followed by olaparib mainte-
nance was not included in the PAOLA-1 study. To address this question, a population-
adjusted indirect comparison was performed, and increased benefit with Bev
addition was shown in newly diagnosed advanced OC with BRCA mutation [27].
However, indirect comparison is limited, and a further well-designed clinical trial
should be performed to answer this question. Another key question is how PARP
inhibitors should be used in treatment for newly diagnosed advanced OC with
HRP. HRP patients were included in participants of PAOLA-1, PRIMA, and VELIA
trials, and significant improvement of PES in this population was observed in only
PRIMA, but not in other two studies. One of the reasons for the effectiveness of
niraparib for not only HRD but also HRP may be due to the difference in eligibility
criteria. Since the PAOLA-1 study enrolled patients regardless of presence of resid-
ual tumor after PDS and surgical timing (PDS or IDS), Clinically higher-risk
patients, such as stage III disease with visible residual tumor after PDS, inoperable
stage III disease, or any stage IV disease, were subjected to the PRIMA study. CR
rate of the patients was 20% and 69% in PAOLA-1 and PRIMA, respectively,
although 53% of NED was included in the PAOLA-1 population. Therefore, PRIMA
population might have deeper platinum-sensitivity compared with PAOLA-1 popu-
lation. Another reason is the molecular or pharmacokinetic difference between
niraparib and other PARP inhibitors. Niraparib is characterized by higher tumor
penetration and higher PARP trapping ability compared with olaparib and rucaparib
[28]. And recent basic studies showed tumor exposure to niraparib is 3.3 times
greater than plasma exposure in tumor xenograft mouse models [29].

PARP inhibitors in second-line and beyond maintenance settings have assessed
the benefit of survival in four clinical trials (Table 1.1). Study19 investigated the
efficacy of olaparib maintenance therapy in patients with platinum-sensitive, recur-
rent, high-grade OC who had received >2 prior lines of platinum-based chemo-
therapy and had a CR/PR to the most recent treatment [30]. Olaparib maintenance
therapy demonstrated clinical benefit of PFS compared with placebo maintenance
arm (median PFS: 8.4 months vs. 4.8 months; HR: 0.35; 95% CI: 0.25-0.49). BRCA
mutation was detected in 51% of participants in the study. PFS improvement by
olaparib maintenance therapy was also observed in the patients with gBRCA
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mutation compared with those who received placebo maintenance (median PFS:
11.2 months vs. 4.3 months; HR: 0.18; 95% CI: 0.1-0.31). In the analysis for OS
after a median follow-up of 78 months, slight survival benefit for PFS was observed
in both groups of all patients (median OS: 29.8 months vs. 27.8 months; HR: 0.73;
95% CI: 0.55-0.96) and those with gBRCA mutation (median OS: 34.9 months vs.
30.2 months; HR: 0.62; 95% CI: 0.41-0.94), although the p-value was 0.025, the
threshold was not set to determine the statistical significance for the analysis, sug-
gesting the p value is nominal [31]. SOLO?2 trial demonstrated the efficacy of main-
tenance therapy in platinum-sensitive recurrent HGSOC and EMOC patients with
completion of at least two courses of platinum-based chemotherapy, CR/PR to most
recent platinum-based chemotherapy and deleterious gBRCA mutation [32]. PFS
showed significant improvement for the olaparib group compared with placebo
group (median PES: 19.1 months vs. 5.5 months; HR, 0.30; 95% CI, 0.22 to 0.41).
In the final overall survival (OS) analysis in the full analysis set, the median OS was
51.7 and 38.8 months in olaparib and placebo patients, respectively (HR, 0.74; 95%
CI, 0.54 to 1.00) [16]. Additionally, in patients with a gBRCA mutation confirmed
by Myriad Genetics BRCA test, median OS was 52.4 months and 37.4 months in
olaparib and placebo (HR, 0.71; 95% CI, 0.52 to 0.97). NOVA trial demonstrated
clinical benefit of maintenance niraparib in patients with platinum-sensitive recur-
rent OC who had a CR/PR after >2 prior regimens with platinum-based chemo-
therapy [33]. Only HGSOC was enrolled in the study. PFS was significantly
improved in niraparib compared with placebo in patients with gBRCA mutation
(median PFS: 21.0 months vs. 5.5 months; HR: 0.27; 95% CI: 0.17-0.41), HRD
with BRCAwt (median PFS: 12.9 months vs. 3.8 months; HR: 0.38; 95% CI:
0.24-0.59), non-gBRCA mutation (median PFS: 9.3 months vs. 3.9 months; HR,
0.45: 95% CI: 0.34-0.61), and HRP (median PFS: 6.9 months vs. 3.8 months; HR:
0.58; 95% CI: 0.36-0.92). Similarly, the efficacy of rucaparib was confirmed in
ARIELS3 trial in patients with platinum-sensitive, HGSOC or EMOC histologies
and recurrent OC who had a CR/PR after >2 prior regimens with platinum-based
chemotherapy [34]. Improvement of PES were confirmed in overall patients (median
PFS: 10.8 months vs. 5.4 months; HR: 0.37; 95% CI: 0.3-0.45), g/tBRCA mutation
(median PFS: 16.6 months vs. 5.4 months; HR, 0.23: 95% CI: 0.16-0.34), LOH-
high or g/tBRCA mutation (median PFS: 13.6 months vs. 5.4 months; HR: 0.32;
95% CI: 0.24-0.42), LOH-high and BRCAwt (median PFS: 9.7 months vs. 5.4
months; HR, 0.44; 95% CI, 0.29 to 0.66) and LOH-low and BRCAwt (median PFS:
6.7 months vs. 5.4 months; HR: 0.58; 95% CI: 0.4-0.8). Based on the results of
these clinical trials, PARP inhibitor monotherapy maintenance using olaparib,
niraparib, or rucaparib was recommended for treatment in patients with OC who
have responded to platinum-based therapy regardless of BRCA mutation status and
who have a pathogenic or likely pathogenic g/tBRCA mutation [26].

Monotherapy treatment with PARP inhibitors may be a possible treatment for
relapsed patients with platinum-sensitivity and HRD confirmed by Myriad
myChoice CDx, due to several clinical trials with olaparib having shown the
improvement of PFS. In SOLO3 trial, the objective response (ORR) of olaparib and
physician’s choice chemotherapy was 72% and 51%, respectively (odds ratio, 2.53;
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95% CI: 1.40-4.58; P = 0.002) in patients with gBRCA mutation [35]. Moreover,
improvement of PFS was shown in olaparib compared with physician’s choice che-
motherapy in analysis according to both independent central review (median PFS:
13.4 months vs. 9.2 months; HR: 0.62; 95% CI: 0.43-0.91) and investigator assess-
ment (median PFS: 13.2 months vs. 8.5 months; HR: 0.49; 95% CI: 0.35-0.70). In
terms of niraparib, a single-arm nonrandomized trial, QUADRA trial, studied
patients with relapsed HGSOC who had been treated with >3 prior chemotherapies.
ORR was 28% (95% CI: 15.6% to 42.6%) in those with HRD disease who received
three or four previous chemotherapy and were sensitive to most recent platinum-
based chemotherapy [36]. In addition, the median PFS was 5.5 months (95% CI: 3.5
to 8.2 months), median duration of response was 9.2 months (95% CI: 5.9 to not
estimable months) and median OS was 17.2 months (95% CI: 14.9 to 19.8 months).
Similarly, the efficacy of rucaparib monotherapy was assessed in two single-arm
clinical trials, such as ARIEL?2 [37] and Study10 [38], was confirmed in measurable
disease with gBRCA mutation.

Considering the results of the clinical trials described above, the efficacy of
PARP inhibitors seemed to be broadly accepted in the setting of first-line and sec-
ond or more lines in OC patients with platinum-sensitive, g/tBRCA mutation and
HRD status. However, treatment of any PARP inhibitor in patients with BRCAwt,
HRP status and platinum-resistant recurrent OC is not currently recommended.
Moreover, a significant limitation of clinical trials of PARPI is that the efficacy of
maintenance therapy has not been accurately investigated in CCC and MC. Most
clinical trials have focused on patients with HGSOC and/or EMOC, and did not
include patients with histologies of CCC and MC. Although, it has been reported
that the frequency of HRD including BRCA mutation has been rare, several studies
have shown a small population of CCC and MC showed molecular alteration of
HRD including BRCA mutation, suggesting that maintenance therapy for these
patients could be a treatment option for a small subset of CCC and MC patients.

1.4 Immune Checkpoint Inhibitors

Immune checkpoint inhibitors (ICIs) can be effective against OC and are expected
to become a new treatment option. Tumor-infiltrating T cells have been reported to
be an independent prognostic factor in OC [39], however, the response rate has only
been about 10-15%. CCC may be highly sensitive to ICIs. The therapeutic effects
of ICIs for OC include anti-programmed death-1 (anti-PD-1) antibodies (nivolumab
and pembrolizumab) and anti-programmed death-ligand 1 (anti-PD-L1) antibodies
(avelumab, durvalumab, and atezolizumab) are summarized.

A single-center, phase II trial of nivolumab in 20 platinum-resistant OC patients
reported that the best overall response was 15%, which included 2 cases of complete
response. The disease control rate (DCR) was 45% [40]. A subsequent phase III trial
(NINJA) comparing nivolumab with second-line chemotherapy in 300 platinum-
resistant OC patients suggested that nivolumab did not improve OS and showed
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worse PES [41]. A phase III trial (ATHENA-COMBO) comparing the combination
of rucaparib plus nivolumab with rucaparib alone following frontline platinum-
based chemotherapy is being conducted [42]. Pembrolizumab is approved for any
unresectable or metastatic solid tumor with microsatellite instability (MSI). A phase
II trial (KEYNOTE-100) of pembrolizumab in 376 platinum-resistant OC patients
reported that the ORR were 17% and 15.8% in the tumor PD-L1 expression (CPS)
and CCC groups, although the overall ORR was only 8% [43]. A phase I/II trial of
pembrolizumab plus niraparib in 60 platinum-resistant OC patients (TOPACIO/
KEYNOTE-162) showed that the response rate was 25%, DCR 67%, and median
duration of response (DOR) was 9.3 months [44]. Efficacy did not correlate with
tBRCA mutation, HRD, or PD-L1 expression. A phase III trial (ENGOT-ov43) of
pembrolizumab in combination with standard chemotherapy and pembrolizumab
plus olaparib for maintenance therapy is underway in 1086 patients with primary
advanced OC [45].

Avelumab was studied in combination with PLD in 900 platinum-resistant OC
patients (JAVELIN Ovarian 200) [46] and in combination with chemotherapy/main-
tenance in 900 patients with previously untreated OC patients (JAVELIN Ovarian
100) [47]. However, no survival benefit was seen in either of these trials, which were
suspended early. Durvalumab was shown to be effective in the treatment of platinum-
sensitive recurrence with gBRCA mutation, with a response rate of 72% in combina-
tion with durvalumab and olaparib (MEDIOLA) [48]. A phase III trial of durvalumab
in combination with chemotherapy and Bev followed by maintenance with Bev and
olaparib in advanced OC patients (DUO-O) is ongoing [49]. A phase III study
(IMaGYNO50) of atezolizumab was conducted to evaluate the efficacy of atezoli-
zumab in combination/maintenance with first-line chemotherapy plus Bev in 1300
newly diagnosed advanced OC patients, but it did not significantly prolong PFS [50].

At present, the efficacy of ICIs in OC has not been sufficiently demonstrated. In
the future, it is hoped that biomarkers will be developed to identify patients with OC
that respond to ICIs.

1.5 Antibody-Drug Conjugates

Antibody—drug conjugates (ADCs) which consist of an antibody, a payload, and a
linker, have a strong affinity for the target tumor antigen [51, 52]. ADCs bind to a
small molecule with cytotoxic drug via a linker and the compound can be released
at the target site [53]. In other words, the ADC is like the train, the payload is the
passenger, and the antigen is the station. A passenger descending at a station attacks
cancer cells in a specific area. ADCs have been already used clinically in breast and
hematological cancer [54, 55]. Several ADCs have reached clinical studies and are
being evaluated in OC (Table 1.2). Target antigens are tumor antigens selected to be
preferentially expressed on the membrane surface of tumor cells. Binding of the
antibody to the antigen leads to internalization of the complex through endocytosis
and lysosomal degradation, delivering the cytotoxic payload to the tumor cells.
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Thus, choosing the correct antigen is the first step in making it effective [56]. The
target antigens in OC include Folate receptor alpha (FRa), Mesothelin, the sodium-
dependent phosphate transport protein 2B (NaPi2b), Mucin 16 (MUC16), Tissue
Factor, T cell immunoglobulin and mucin domain-1 (TIM1), notch homolog protein
3 (NOTCH-3), AXL, Activated Leukocyte Cell Adhesion Molecule (ALCAM/
CD166), Protein Tyrosine Kinase 7 (PTK7), Claudin 6 and 9 (CLDN6 and CLDN9),
Tumor-associated calcium signal transducer 2 (TROP2), and Dipeptidase 3
(DPEP3). The functions of target antigens are diverse, including transporter, cell
adhesion, cell growth, proliferation, invasion, and immune response. Target anti-
gens with low expression in normal cells and high expression in cancer cells are
thought to enhance selectivity, and many antigens are highly expressed in cancer
cells. NaPi2b is frequently expressed in well-differentiated EMOC in addition to
HGSOC [57]. TROP2 and TIM1 are frequently expressed in EMOC and CCC,
respectively [58, 59]. Since only 1% of the administered ADC reaches the target
tumor site, the ideal payload should be a small molecule with potent activity, and to
date few molecules have been identified as optimal payload candidates for the con-
jugation process [60]. Functions of payloads in ADCs are classified as Microtubule
inhibitor, DNA minor grove cross-linking, and Topoisomerase inhibitor. In addition,
payloads include Monomethyl Auristatin E (MMAE), DM-4 (Ravtansine/soravtan-
sine), Monomethyl Auristatin F (MMAF), Hemistarlin, Eribulin, Tubulysin, and
Auristatin-0101. Payload delivery to targeted cells are limited by antigen expression
and the average of drug molecules conjugated to the antibody, so-called drug-to-
antibody ratio (DAR). In ADC:s, linkers link antibodies to drugs, and ADCs must be
kept stable because the bound drugs, which are very potent in serum, can cause side
effects if released. Linkers can be classified as cleavable or non-cleavable. These
linkers are popular in the ADC clinical pipeline with acid-sensitive linkers such as
hydrazones and silyl ethers at the forefront. These linkers are chemically labile
structures that can be cleaved depending on certain intracellular circumstances such
as acid pH levels, high levels of glutathione, some cleavable linkers can also deliver
the drug extracellularly, in the acid pH tumoral microenvironment, inducing killing
in nearby tumor cells with no expression of the targeted antigen. Most of the ADC
linkers associated with OC are cleavable linkers. Although majority are Phase I
clinical trials, the clinical trial for Mirvetuximab soravtansine was in Phase III [61,
62]. This phase III study carried out on 366 patients with OC demonstrated a clini-
cal benefit of Mirvetuximab soravtansine compared to chemotherapy. In terms of
efficacy, although a significant improvement in PFS neither Mirvetuximab soravtan-
sine nor chemotherapy-treated patients were appreciated, and responses rates were
higher in the patients treated with the ADC. In addition, CDX-014, which targets
TIM1, which is highly expressed in CCC, has completed PI and is awaiting further
development. In addition, Sacituzumab govitecan, which targets TROP2 and a
Topoisomerase inhibitor payload, which is frequently expressed in endometrial can-
cer, has been tested in endometrial cancer and may be expected to be applied
to EMOC.

Although ADCs in OC are not fully developed for clinical use yet, their develop-
ment is progressing. Due to their unique mechanisms of action, ADCs have the
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potential to provide precision therapeutic benefit to populations expressing appro-
priate target antigens for which angiogenesis inhibitors, PARP inhibitors, and ICIs
have failed to improve prognosis.

1.6 Conclusion

New therapies incorporating single-agent or combination therapy with the molecu-
lar targeted agents reviewed in this chapter will prove beneficial to a significant
proportion of OC patients. In the same way that current practice guidelines are
based on evidence from several phase III clinical trials, further clinical trials focus-
ing on these molecular targeted agents may contribute to the establishment of a new
standard of care for patients with OC.
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Chapter 2

Carcinogenesis and Personalization
in HPV-Associated Precancer Lesions
of the Cervix

Kei Kawana @

Abstract Cervical cancer and other HPV-associated cancers are caused by persis-
tent infection with high-risk HPVs, mainly HPV types 16 and 18. Persistent high
expression of the £6 and E7 oncogenes of high-risk HPV is essential for cell immor-
talization and transformation into cancer. Therefore, therapeutic agents targeting
HPV EG6 and E7 have been developed. It is well-known that cervical intraepithelial
neoplasia (CIN), a precancerous lesion of cervical cancer, and cervical cancer can be
regulated by host immunity. CIN in particular often spontaneously regresses to nor-
mal, which is a result of the host’s immune response to HPV viral proteins. Therefore,
therapeutic vaccines that induce an immune response against HPV have been devel-
oped, but have not yet been commercialized. We have been developing therapeutic
vaccines against precancerous lesions by applying the mechanism of mucosal immu-
nity. By investigating the antigen expression and immunosuppressive factors
involved in the induction of host immunity, we expect to personalize patients who
will respond to HPV oncogene-targeting therapy or anti-HPV immunotherapy.

Keywords Cervical cancer - Cervical intraepithelial lesion - Human papillomavirus
- Immunotherapy - Mucosal immunology - Carcinogenesis - HPV E6 and E7

2.1 Molecular Biology and Epidemiology of Human
Papillomavirus (HPV) Infection

Human papillomavirus (HPV) is a small double-stranded DNA virus that infects
only humans. HPV has eight genes: early genes E1, E2, E4, ES, E6, and E7, and late
genes L/ and L2. However, there are more than 200 genotypes of HPV, which are
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classified according to the homology of the viral genes [1]. HPV infects the strati-
fied squamous epithelium of the skin and mucosal epithelium, and its life cycle is
completed only in the epithelium. In the parabasal cells, E6 and E7 are expressed
and promote cell proliferation. In the middle layer, E1 and E2 promote replication
of the viral genome. Near the surface, structural proteins L1 and L2 are simultane-
ously expressed to form the viral capsids. The L1/L2 capsids package the viral
genome into new viral particles that are released into the vagina, along with a
detachment of the stratified squamous epithelium. In latent infection, the viral DNA
is bound to the genome of the host cell by a small amount of E2, and is transferred
to dividing cells with the viral DNA during mitosis [2]. This mechanism allows
HPYV to continue to exist in the mucosal basal layer.

There have been many epidemiological studies on high-risk HPV associated
with carcinogenesis. HPV testing is a method of detecting HPV DNA (viral genes)
by diffusion amplification of DNA extracted from cervical exfoliated epithelial
cells. It is possible to identify more than 30 high-risk HPV types. HPV does not
cause viremia; therefore, antibody induction is weak and titer is low. The positive
rate of HPV antibodies is about 50-70%, although it is difficult to know exactly.
Based on the antibody positivity rate and HPV DNA detection rate, it is estimated
that 50%-80% of all women are exposed to HPV at least once in their lifetime [3].
In a prospective study, Ho et al. collected vaginal washes from 608 female students
at a university in the USA over a 3-year period and used PCR to detect HPV DNA
in the suspended cells. Of the group who were positive for HPV DNA (43% of 608
students), 31% became negative within 6 months, 39% became negative within
6—12 months, 11% became negative within 12—-18 months, and eventually about
90% of the HPV-DNA-positive group became negative within 2 years [4]. In Japan,
the HPV-positive rate among pregnant women in their 20s is reported to be 20-30%,
and the HPV-positive rate in Japan is equal to or higher than that in developed and
emerging countries overseas. The HPV DNA test positivity rate among Japanese
women by age is highest in teenagers, ranging from 30% to 40%. After that, the
DNA positivity rate decreases with age to 20-30% in women in their 20s, 10-20%
in women in their 30s, and 5-10% in women in their 40s [5].

2.2 Epidemiology of Cervical Cancer

According to the World Health Organization (WHO) announcement at the
International Conference on HPV Vaccines held in Geneva in February 1999, the
number of HPV carriers worldwide is estimated to increase by 300 million per year.
Of these, about 30 million will develop low-grade squamous intraepithelial lesions
(LSILs) annually. Lesions more advanced than precancers can be treated; therefore,
it is difficult to determine the frequency of cervical cancer in the natural history of
the disease, but cases are currently increasing by about 500,000 per year worldwide
[6]. The distribution of HPV genotypes in cervical cancer is as follows. In squamous
cell carcinoma, HPV 16 accounts for about half of the cases, HPV18 is the second
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most common, accounting for about 10%, followed by HPV45, 31, and 33. In con-
trast, in adenocarcinoma and adenosquamous carcinoma, HPV18 accounts for
about 40% of cases and is detected to the same extent as HPV16 [3]. HPV18 is
detected at a high rate in cervical adenocarcinoma. It has been shown that about
70% of all cervical cancers are caused by HPV 16 and 18. However, HPV 16 accounts
for about 20% of HPV detected in women with no cytological abnormalities, which
is a different distribution compared with that in cervical cancer. In Japanese data,
the detection frequency of HPV16 and 18 in normal cervical cytology is just over
10%, and HPVS52 and 58 are predominant [7]. This indicates that HPV16 and 18
have characteristics that predispose them to invasive cancer. According to the
International Agency for Research on Cancer, the odds ratio of developing cervical
cancer if any HPV type is detected is 158 times higher than if HPV is not detected.
The odds of developing cervical cancer are 434 times higher when HPV16 is
detected than when it is undetected, and 248 times higher when HPV 18 is detected.
This clearly indicates a higher risk of cervical cancer when HPV16 and 18 are
detected [3].

2.3 Molecular Biological Mechanisms of HPV
Carcinogenesis and the Potential for Therapeutics
Discovery Targeting these Mechanisms

The mechanism of HPV-induced carcinogenesis has been intensively studied since
the 1980s using molecular biological techniques (Fig. 2.1). The molecular biologi-
cal changes in HPV-infected cells correlate with the pathological development of
cervical intraepithelial neoplasia (CIN). In particular, the fact that squamous

Normal LSIL/CIN1 HSIL/CIN2 HSIL/CIN3 Invasive cancer
‘o= @ °c |
(olmbecle|m @'
[} [}
HPV O .O O .
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Fig. 2.1 Carcinogenesis of HPV-associated precancer lesions. Squamous neoplastic lesions of the
cervix can now be broadly classified pathologically into low- and high-grade squamous intraepi-
thelial lesions (LSILs and HSILs) may be the result of a better understanding of the steps in HPV
carcinogenesis. Interestingly, the molecular biological changes in HPV-infected cells correlate
with the pathological development of cervical intraepithelial neoplasia (CIN)



24 K. Kawana

neoplastic lesions of the cervix can now be broadly classified pathologically into
low- and high-grade squamous intraepithelial lesions (LSILs and HSILs) may be
the result of a better understanding of the steps in HPV carcinogenesis. The
LSIL—HSIL—squamous cell carcinoma sequence shown in Fig. 2.1 is a common
oncogenic process. In contrast, glandular lesions often progress directly from HPV
infection to adenocarcinoma in situ and/or invasive adenocarcinoma. In the Bethesda
system of cytological diagnosis, the abnormal finding of atypical gland cells
(AGC — adenocarcinoma) can be interpreted as rapid progression.

Here, we discuss the general mechanism of HPV carcinogenesis, and the LSIL
shows the morphological change of HPV-infected cells with koilocytosis. In LSILs,
HPV expresses E6 and E7 proteins to allow infected cells to proliferate near the
parabasal layer (lower third of the epithelium) while maintaining squamous differ-
entiation for viral proliferation. E1 and E2 are expressed for replication of the viral
genome and L1 and L2 for the synthesis of the viral particle capsid. These viral
proteins are expressed in an orderly fashion as the stratified squamous epithelium
differentiates. As mentioned above, HPV can always be retained in the basal cells,
and the viral genome is always supplied by the basal cells, so HPV does not disap-
pear by shedding [2]. In HISLs, the orderly expression pattern of the virus is lost in
some infected cells, and the cancer proteins E6 and E7 are highly expressed. E6
inactivates such enzymes as p5S3 and hTERT. E7 inactivates Rb protein and keeps
the cell cycle going by activating histone deacetylase and cyclin. These functions
inhibit apoptosis, enhance the cell cycle, and inhibit squamous cell differentiation.
The result is the transformation of infected cells into immortalized cells. CIN2 can
be described as a mixture of virus-infected cells and neoplastic cells, and the neo-
plastic cells can be distinguished from virus-infected cells by their different histo-
pathological features [8]. In CIN3, immortalized neoplastic cells almost completely
replace the epithelial lining, and infected cells and cells with koilocytosis are absent
from the epithelium. In this state, the squamous epithelium is no longer differenti-
ated, parabasal-like cells with a high N/C ratio proliferate abnormally, cell polarity
is disrupted, and histological architecture is lost. These morphological changes have
been proven molecularly to be the actions of E6 and E7 oncoproteins [1].

We have studied the agent of antisense RNA encapsulated in polymeric nanomi-
celles as a molecular targeted therapy to inhibit E6 and E7 expression by nucleic
acid therapeutics [9]. This is a therapy in which siRNA specific for HPV E6 and E7
is administered to inhibit transcription of E6/E7 by RNA interference. The target
molecule is an exogenous viral protein; therefore, the effect on normal tissues is
low, unlike for ordinary molecular targeted therapies. siRNA-based transcriptional
repression of viral genes can be observed in cultured cells in vitro, but there is a
problem with drug delivery for human application. Therefore, in collaboration with
Kazunori Kataoka and Kanjiro Miyata of the University of Tokyo, using nanotech-
nology, we have produced a therapeutic agent containing siRNA targeting E6/E7
(E6/E7 siRNA) encapsulated in polymeric micelles [10]. E6/E7 siRNA-encapsulated
polymeric micelles were prepared for HPV16 and HPV18. To confirm the inhibi-
tory effect of siRNA on E6/E7 expression in vivo, E6/E7 or control siRNA-
encapsulated polymeric micelles were intravenously injected into nude mice
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transplanted with cervical cancer cells. HPV16 E6/E7 siRNA-encapsulated poly-
meric micelles suppressed growth of HPV 16-positive cervical cancer cell line (SiHa
cell) tumors by about 80%, and HPV18 E6/E7 siRNA-encapsulated polymeric
micelles suppressed growth of HPV18-positive cervical cancer cell line (HeLa cell)
tumors by about 70%, compared with control micelles. The E6/E7 mRNA level in
the tumor was significantly decreased in the E6/E7 siRNA polymeric micelle group.
Moreover, in the excised tumors, p53 was rescued in a dose-dependent manner by
E6/E7 siRNA polymeric micelles [9]. The safety of polymeric nanomicelles in
humans has been confirmed for anticancer and granulocyte colony-stimulating fac-
tor agents, and the antitumor effect has been confirmed for intravenous administra-
tion, which can be used in clinical practice. The manufacturing process for micelles
is simple. In the future, there is a possibility that this technology will be developed
into a molecular therapy targeting HPV E6/E7.

2.4 HPV-Associated Carcinogenesis from the Viewpoint
of Morphology and the Possibility of Drug Discovery
Targeting These Mechanisms

High-risk HPV-associated cancers have been reported to include cervical, anal, vul-
var, vaginal, and oropharyngeal cancers, of which, cervical cancer is caused by
HPV with most highly rate (about 95%). About 70% of cervical cancer and about
90% of anal, vulvar, vaginal, and oropharyngeal cancers are caused by HPV16 or
18. Most HPV-associated carcinogenesis outside the cervix is caused by HPV16
and 18, and HPV 16 and 18 are by far the most likely HPV types to cause cancer [3].
In other words, the cervix is the only organ that is uniquely susceptible to cancer
caused by high-risk HPVs other than HPV16 or 18. High-risk HPV, in contrast,
infects every part of the external genitalia: cervix, vagina, and vulva. Why is cancer
more likely to develop in the cervix than in the other external genitalia? These ques-
tions can be answered as follows. One of the reasons is the presence of the squamo-
columnar junction (SCJ) at the cervix. Tissue stem cells called reserve cells are
localized in the SCJ. Reserve cells are referred to as stem cells because they have
the pluripotency to differentiate into squamous and glandular epithelium, and have
the ability to self-renew. HPV infection and CIN tend to occur in the SCJ or trans-
formation zone, which means that HPV has a propensity to infect self-renewing,
pluripotent cells in the SCJ. The monolayer structure of SCJ cells allows for easy
entry without the need for deep wounds. SCJ cells also have the ability to differenti-
ate by squamous stratification (squamous metaplasia), which is thought to be
induced by HPV [11] (Fig. 2.2a). HPV is able to replicate itself through stratified
squamous epithelium, and its dormancy and ability to self-renew allow for repeated
latency and viral proliferation. The SCJ is an ideal place for HPV to infect.

When tissue stem cells in the SCJ undergo malignant transformation through
HPV carcinogenesis, they have the properties of cancer stem cells (Fig. 2.2b). As a
result, they are likely to develop quickly and highly into invasive cancer cells. One of
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Fig. 2.2 HPV-associated tissue stem cell (reserve cell) and cancer stem cell in the cervix. (a)
Tissue stem cells called reserve cells are localized in the squamocolumnar junction (SCJ) at the
cervix and referred to as stem cells because they have the pluripotency to differentiate into squa-
mous and glandular epithelium, and have the ability to self-renew. SCJ cells also have the ability
to differentiate by squamous stratification (squamous metaplasia), which is thought to be induced
by HPV. (b) When tissue stem cells in the SCJ undergo malignant transformation through HPV
carcinogenesis, they have the properties of cancer stem cells. HPV-infected reserve cells are plu-
ripotent, meaning development of squamous cell carcinoma and adenocarcinoma. Stemness of the
cancer cells have been identified as a specific mechanism of HPV carcinogenesis in cervical cancer

the reasons why cervical cancer occurs at a young age may be that cervical cancer
arises from the SCJ, which has cells that have stem cell features. Furthermore, HPV-
infected reserve cells are pluripotent, meaning that a change in the squamous cells
results in the development of squamous cell carcinoma, and a change in the glandular
cells leads to development of adenocarcinoma. Stem cells and cancer stem cells have
been identified as a specific mechanism of HPV carcinogenesis in cervical cancer;
therefore, development of therapeutics targeting these stem cell features is expected.

We have succeeded in artificially generating reserve cells as stem cells in the
SCJ, and have established a technique to differentiate induced pluripotent stem cells
through intermediate mesoderm cells to reserve-cell-like cells called induced
reserve cells (iRCs). iRCs are pluripotent cells that can differentiate into both glan-
dular and squamous epithelium in 3D culture and are positive for stem cell markers,
Mullerian duct markers, and SCJ markers, making them reserve cell-like [12]. We
also have generated iRCs with E6 and E7 oncogenes of HPV16 and 18, and are
performing RNA sequencing analysis. By analysis of HPV 16 and 18 E6/E7-positive
iRCs that maintain stemness, we are exploring new targets based on the gene expres-
sion profiles that show characteristics of cancer stem cells.

2.5 Drug Discovery and Development of Immunotherapy
Targeting HPV-Associated Cancers

E6 and E7 proteins of HPV are both initiators and promoters of carcinogenesis from
HPV infection to cervical cancer (Fig. 2.1). E6 and E7 are ubiquitously expressed
in cervical cancer, precancer, and other HPV-associated cancers, and are necessary
for maintenance of malignant transformation. E6 and E7 are immunogenic in



2 Carcinogenesis and Personalization in HPV-Associated Precancer Lesions... 27

humans and are presented as antigens on the surface of cervical cancer and precan-
cer cells, making them so-called cancer antigens. Furthermore, because they are
viral proteins, they do not affect normal host cells. HPV E6 and E7 oncoproteins are
cancer antigens specific to HPV-associated cancers and are promising target mole-
cules for immunotherapy. Immunotherapies targeting these proteins have been
developed over the past two decades; however, none is clinically applicable.

Recently, the expression of immune checkpoints, programmed death (PD)-1/PD
ligand (PD-L)1, and MSI-high tumors in cervical cancer have been found, and
immunotherapy using immune checkpoint inhibitors (ICIs) has been reconsidered
[13]. PD-LI is upregulated by HPV ES, E6, and E7, and expression of PD-1 and
PD-L1 in cervical cancer or CIN is enhanced [14-16]. ICIs, anti-PD-1 and anti-PD-
L1, will be combined with HPV E6/E7-targeted cancer immunotherapy and these
biomarkers may be used for personalization in HPV-associated cancer or precancer
lesions.

2.6 Reason for Promising Immunotherapy for Precancer
Lesions CIN2/3

The only treatment available for early cervical cancer and its precancerous lesions,
which peak in women in their 20s and 30s, is surgery. At present, there is no treat-
ment available for CIN2/3. Total hysterectomy terminates fertility, and conization is
associated with poor perinatal outcomes of subsequent pregnancies. The preterm
birth rate increases about threefold in pregnancies after conization, as do the rates of
cesarean delivery and low birth weight [17]. The age of patients with CIN3 often
coincides with the age at which they become pregnant and give birth; therefore, the
increased rate of perinatal complications caused by treatment is a major problem.

In HPV-associated precursor lesions, including precancer, spontaneous regres-
sion induced by the host immune response to HPV proteins is often observed because
of viral carcinogenesis. Many cohort studies of CIN lesions have demonstrated that
within 2 years of follow-up, about 60% of CIN2 and 20% of CIN3 spontaneously
regress [18, 19]. This is thought to be a result of the spontaneous induction of host
cellular immune responses, mainly against E6 and E7 proteins, in patients with
CIN2/3. Research on the application of this natural regression to immunotherapy
with therapeutic vaccines has been initiated worldwide since the 1990s.

A large number of clinical trials (Phase I-III) have been conducted on HPV-
targeted immunotherapy in CIN2/3. Molecular targets of these studies are mostly the
E7 or E6/E7 proteins [20]. In prior clinical trials, vaccine antigen was administered
by intramuscular or subcutaneous injection to induce E6/E7-specific cell-mediated
immunity in the peripheral blood. However, the immune response does not always
correlate with clinical efficacy, and none of the therapeutic vaccines has been com-
mercialized at this time. The most advanced therapeutic vaccine currently in develop-
ment is VGX-3100 (Inovio Inc.), which is a plasmid DNA vaccine that is injected
intramuscularly [21]. In a phase IIb study of 167 patients with HPV16-positive
CIN2/3, the rate of histopathological regression and viral clearance was 40% in the
VGX-3100 group and 12% in the placebo group in modified intention to treat
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analysis. Although there was a significant difference in efficacy, inoculation site
adverse events occurred in 98% of patients. In addition, the website reports the results
of a phase III study of 201 patients with CIN2/3 as a modified intention to treat popu-
lation. The primary endpoint was a histologically confirmed LSIL/normal that was
negative for HPV 16 and/or HPV 18 DNA at week 36. The percentage of patients with
LSIL/normal and viral clearance was 22.5% with VGX-3100 and 11.1% with pla-
cebo, which was not significantly different. Comparison of the primary endpoint
results of the phase IIb and III studies showed that the efficacy of VGX-3100 was
lower in the phase III trial, although the results in the placebo group were similar. At
this point, no promising therapeutic candidates for CIN2/3 have been developed.

2.7 Development of Mucosal Immunotherapy for CIN2/3
Based on Histopathogenesis of CIN2/3

We focused on the fact that CIN2/3 is a mucosal lesion, and developed immuno-
therapy using the mucosal immune system (called mucosal immunotherapy). In
mucosal immunity of the cervical epithelium, gut-associated lymphoid tissue
(GALT), including Peyer’s patches or mesenteric lymph nodes in the intestinal
mucosa, is an organized inductive tissue (Fig. 2.3). Mucosal T cell precursors are
primed to produce antigen-specific helper and killer T cells, and are imprinted for

<Inductive site>

Gut-associated lymphoid tissue (GALT)
Peyer's patches / Mesenteric lymph nodes (MLNs)

Th Tc
Homing receptor;

Integrin 37, CCR9

' ‘ “Homing”

Th‘Tc‘

Cervical lymphocytes/TILs

I Cervical epithelium, CIN I

<Effector site>

Effector site

Fig. 2.3 Mucosal immune system in the cervix. In mucosal immunity of the cervix, gut-associated
lymphoid tissue (GALT), including Peyer’s patches or mesenteric lymph nodes in the intestinal
mucosa, is an organized inductive tissue. Mucosal T cell precursors are primed to produce antigen-
specific helper and killer T cells, and are imprinted for homing receptors (integrin f7 and CCR9) and
T helper (Th)1/Th2 polarization by dendritic cells in GALT. The primed and memory T cells “hom-
ing” to the effector sites are activated by antigen stimulation in the mucosal lesions of the cervix
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Fig. 2.4 Putative pharmacological effects of oral vaccination with E7-expressing L. casei. The
orally administered E7-expressing Lactobacillus-based therapeutic vaccine are taken up by GALT
from the intestinal tract. Mucosal T cells are primed to produce E7-specific immune cells in GALT
and home to the cervical mucosa; E7 expressed in CIN2-3 is recognized and THI1 immune
responses are elicited, resulting in antitumor effects including NK activity through TH1 cytokines

homing receptors (integrin f7 and CCR9) and T helper (Th)1/Th2 polarization by
dendritic cells in GALT. The primed and memory T cells homing to the effector
sites are activated by antigen stimulation in the mucosal lesions of the cervix.

Gut-derived mucosal T cells infiltrate CIN as tumor-infiltrating lymphocytes. We
found that 20s—40% of the lymphocytes present in the cervical epithelium of patients
with CIN were gut-derived integrin p7* and CCR9" T cells, and CIN was more
likely to regress to normal when their content was high [22]. Thus, infiltration of
integrin B7* and CCR9* T cells (especially Th1 T cells) primed and imprinted in the
intestinal mucosa contributes to spontaneous regression of CIN.

We hypothesize that by administering cancer antigen HPV E7 to the intestinal
mucosa, inducing Thl-type mucosal immunity against E7 by GALT, and homing
gut-derived mucosal T cells to the cervical epithelium, E7-specific mucosal Thl
cells recognizing E7-expressing CIN2/3 produce interferon-y and Thl responses,
including NK cell activity, leading to antitumor activity (Fig. 2.4). We generated
Lactobacillus casei expressing HPV16 E7 (code name: GLBL101c) as a vaccine
antigen for cancer immunotherapy. We confirmed the killer activity of mucosal T
cells against HPV16 E7-expressing epithelial (TC-1) cells in preclinical studies in
mice [23]. After this, a proof-of-concept clinical study was conducted at the
University of Tokyo Hospital under the approval of the Institutional Review Board.
The patients had histopathologically confirmed CIN3 that was positive for HPV 16
alone, and received GLBL101c orally once a day for 5 days/week for weeks 1, 2, 4,
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and 8. For all 17 patients, there were no adverse events of grade 2 or higher, and no
grade 1 adverse events were causally related. The clinical efficacy of GLBL101c¢ in
the 1.0-1.5 g/day group was 61.5% regression to CIN2 (partial response; PR) at
9 weeks and 38.4% regression to CINI/normal (complete response; CR) at
12 months from the start of treatment. Since the estimated rate of spontaneous
regression of CIN3 is about 10% per year, the regression rate of our study was
clearly higher than that of spontaneous regression. In addition, the group with CR/
PR had higher induction of E7-specific interferon-y-producing cells in the cervical
epithelium than the nonregressed group had [24].

We conducted a randomized, double-blind, placebo-controlled trial of GLBL101c
in CIN2 patients who were positive for HPV 16 alone. However, the results showed
limited efficacy for CIN2, suggesting higher efficacy may be expected for CIN3, in
which E7 is more abundantly expressed than in CIN2 [25]. Compared with the pla-
cebo group, there was no difference in adverse events, and safety was confirmed by
the second clinical study.

The first-generation, E7-expressing, Lactobacillus-based therapeutic vaccine,
GLBL10l1c, used in these two exploratory clinical studies was considered to have
limited pharmacological efficacy. Therefore, we developed a next-generation agent
(code name: IGMKKI16E7) with several times higher E7-specific Thl immune
responses [26]. Then, a phase I/Il investigator-initiated clinical trial of IGMKKI16E7
was conducted. This was an intergroup, parallel, randomized placebo-controlled
trial (mucosal immunotherapy using Lactobacillus for treatment of squamous
intraepithelial lesion: MILACLE trial) of four groups: placebo, low-dose, medium-
dose, and high-dose IGMKK16E7 in HPV 16-positive CIN2/3. The target number of
enrolled patients was 164 (124 with CIN3 and 40 with CIN2). The primary endpoint
was histopathological regression to normal (CR) or CIN1 (PR) at week 16 after the
start of treatment [27]. This clinical trial has already finished enrolling patients, and
the final analysis is scheduled to be published in Summer 2022.

For immunotherapy of HPV-associated cancer or precancer lesions, expression
of viral oncoproteins and/or immunosuppressive biomarkers, including immune
checkpoints, could be used to personalize treatment. It is expected that the immune
response (pharmacological effect) will differ among patients depending on the
expression level of the target molecule of immunotherapy. CIN2/3 lesions with
higher E7 expression levels are expected to induce a stronger E7-specific Thl
response, resulting in a higher therapeutic effect. If the expression of immune
checkpoints such as PD-L1 is increased by HPV E6/E7, immunosuppression may
be enhanced. In this case, a combination of ICIs may be effective. Thus, the indica-
tions for immunotherapy and combination with ICIs can be personalized according
to the characteristics of each CIN2/3 patient.
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Chapter 3
Personalized Treatment for Gestational
Trophoblastic Neoplasia

Kazuhiko Ino

Abstract Gestational trophoblastic neoplasia (GTN) arises from abnormal/neo-
plastic placental trophoblasts, and comprises a spectrum of premalignant invasive
hydatidiform moles to malignant tumors, including gestational choriocarcinoma,
and two rare types of GTN such as placental site trophoblastic tumor (PSTT) and
epithelioid trophoblastic tumor (ETT). As GTN is generally highly chemo-sensitive
and patients with GTN frequently desire the preservation of fertility, chemotherapy
is performed as an initial treatment in the majority of cases. Based on the FIGO risk
scoring system, GTN is classified as low-risk GTN and high-risk GTN, and single-
agent chemotherapy is recommended for the former and multi-agent chemotherapy
is recommended for the latter. On the other hand, surgery is recommended as the
initial treatment for PSTT and ETT. Although standard therapy results in a high
survival rate, some (approximately 10%) patients with advanced/metastatic high-
risk GTN or PSTT/ETT exhibit chemo-resistance, and the prognosis of these
patients is poor. Recently, much attention has been paid to the use of immune check-
point inhibitors, such as anti-PD-1 or anti-PD-L1 antibodies, as a single therapy or
in combination with antiangiogenic therapy, with high clinical efficacy. Although
further accumulation of evidence from clinical trials and investigation of biomark-
ers for good responders to immunotherapy is needed, individualized treatment using
immune checkpoint inhibitors may be effective for chemo-resistant/refractory GTN.
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3.1 Introduction

Gestational trophoblastic disease is a general term for diseases that arise from tro-
phoblasts that constitute the placenta during pregnancy and exhibit abnormal prolif-
eration/neoplastic changes. It is classified into five entities: hydatidiform mole,
invasive mole, gestational choriocarcinoma, placental trophoblastic tumor (PSTT),
and epithelioid trophoblastic tumor (ETT) [1, 2]. Among these diseases, hydatidi-
form mole is considered abnormal pregnancy caused by abnormality of the fertiliza-
tion mechanism rather than a neoplasm. The other four diseases are termed
gestational trophoblastic neoplasia (GTN) according to the international classifica-
tion by the International Federation of Gynecology and Obstetrics (FIGO) because
they have neoplastic features, and are clinically managed and treated as neoplastic
lesions. However, the latest WHO2020 classification [3] classifies invasive moles as
a type of molar pregnancy from a pathological viewpoint, whereas gestational cho-
riocarcinoma, PSTT, ETT, and mixed trophoblastic tumor are malignant neoplasms.

Due to advances in chemotherapy and techniques for the measurement of human
chorionic gonadotropin (hCG) in blood since the 1980s, the prognosis of GTN has
markedly improved, and survival rates of nearly 100% and approximately 90% have
been achieved for low- and high-risk GTN, respectively. Furthermore, because of
the recent decreases in the number of pregnancies and deliveries and the establish-
ment of management after molar pregnancies, the incidence of GTN has decreased,
and the disease is now regarded as a rare tumor. However, as some patients decline
treatment and occasionally die, new personalized treatment is considered necessary
in addition to multidisciplinary therapy based primarily on conventional chemo-
therapy for further improvement of the prognosis. Recently, a series of reports on
the high efficacy of immune checkpoint inhibitors against treatment-resistant GTN
has gained attention. In this review, (1) risk classification of GTN according to a
scoring system and treatment based on it, (2) histopathological and immunohisto-
chemical differential diagnosis of PSTT and ETT and therapeutic strategy, and (3)
evidence of the efficacy of immune checkpoint inhibitors against GTN and the
potential of future immunotherapy are discussed.

3.2 Diagnosis and Treatment for Low- and High-Risk GTN

3.2.1 Diagnosis of GTN by Scoring System

As GTN originates from placental trophoblasts, it develops after a preceding preg-
nancy. Invasive moles occur following 15-20% of complete hydatidiform moles
and 0.5-2% of partial hydatidiform moles, the interval from the previous pregnancy
to the onset is often within 6 months, and the disease is usually diagnosed during
follow-up of serum hCG after removal of the hydatidiform mole. On the other hand,
gestational choriocarcinoma may originate from all pregnancies, including term
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‘ Suspected gestational trophoblastic neoplasia (GTN)

Imaging l

‘ Ultrasonography/Color Doppler, Chest X-P, CT (chest, abdomen, brain), MRI

Lesions not detected
No surgery Nfgery performed

|FIG02000 staging and risk factor scoring| Pathological diagnosis
Spontaneous for the uterus/metastasis

hCG regression FIGO Score 0-6 FIGO Score 7<
or persistently low
level of hCG

| Low-risk GTN | | High-risk GTN | | Choriocarcinoma| PSTT
\ / T
Strict hCG Single-agent therapy Multi-agent chemotherapy with Surgery w/wo multi-
follow-up with MTX or ACTD EMA/CO or MEA w/wo surgery agent chemotherapy

Fig. 3.1 Flowchart of diagnosis and treatment for gestational trophoblastic neoplasia. On the basis
of FIGO2000 risk factor scoring, single-agent therapy is selected for low-risk GTN, whereas
multi-agent chemotherapy is selected for high-risk GTN and pathologically diagnosed choriocar-
cinoma. Surgery and multi-agent chemotherapy are selected for pathologically diagnosed
PSTT or ETT

delivery and abortion, and hydatidiform moles. As tumor cells derived from tropho-
blasts secrete hCG in both conditions, serum hCG is a useful diagnostic and thera-
peutic marker.

The flowchart of the diagnosis and treatment for GTN is shown in Fig. 3.1. If
GTN is suspected based on the clinical course or symptoms or changes in the serum
hCG level after a previous pregnancy, imaging examinations are performed first.
Ultrasound tomography (combined with color Doppler) and magnetic resonance
imaging (MRI) of the pelvis are useful for detecting uterine lesions. Contrast-
enhanced computed tomography (CT) is used to detect metastatic lesions. Lung
metastases are observed in approximately one-third of patients with invasive moles
or vaginal metastasis in rare cases. However, lung metastasis is observed in approxi-
mately two-thirds of patients with choriocarcinoma, possibly with metastases to the
liver and brain. Therefore, CT of the chest, abdomen, and head is necessary. As
GTN occurs in the 20s—40s, many patients wish to retain fertility. Moreover, as the
disease responds to chemotherapy, most patients select chemotherapy as the first-
line treatment, in which case, a pathological diagnosis is not obtained. For this rea-
son, if a lesion is detected by imaging examinations, the type of antecedent
pregnancy, interval between pregnancy and onset, serum hCG level, lesion size, and
site and number of metastatic lesions are rated according to the FIGO2000 staging
and risk factor scoring system [4], and lesions with a score of 0—6 points and those
with a score of 7 points or above are respectively classified as low- and high-risk
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GTN. The former mostly corresponds to invasive moles and the latter to gestational
choriocarcinoma. If the primary lesion of the uterus or metastatic lesion is treated
surgically, the disease may be pathologically diagnosed. On the other hand, patho-
logical examination is essential for the diagnosis of PSTT and ETT, which are rare
GTN originating from intermediate-type trophoblasts, and risk factor scoring is not
applied. In addition, if the serum hCG level demonstrates a slight natural decrease
or remains low while lesions cannot be detected by imaging examinations, careful
follow-up may be selected. Based on the clinical or pathological diagnosis accord-
ing to the scoring method described above, GTN is classified as in the lower part of
the flowchart, and the strategy for first-line treatment is decided (Fig. 3.1).

3.2.2 Standard Treatments for GTN

Standard treatments for GTN by dividing cases into three groups are summarized in
Table 3.1. Refer to NCCN guidelines [5] or ESMO guideliens [6] for details of the
dosage and regimen of individual chemotherapies. Single-agent therapy using
methotrexate (MTX) or actinomycin D (ACTD) is recommended as the first-line
treatment for low-risk GTN, including invasive moles [5, 6]. The remission rate
after first-line treatment is 60—80%. In patients resistant to first-line treatment or
who exhibit serious adverse events to first-line MTX, MTX is changed to ACTD,
etoposide (ETP) alone, or a multi-agent combination (e.g., EMA/CO) is adopted as
the second-line treatment. After the serum hCG level decreases below the cutoff
level (0.2-2.0 mIU/mL), 1-3 courses of additional chemotherapy are necessary.

Table 3.1 Standard treatment for gestational trophoblastic neoplasia (GTN)

Low-risk GTN
First line ¢ Single-agent therapy with methotrexate (MTX) or actinomycin D (ACTD)

Second line | ¢ Change from MTX to ACTD (or from ACTD to MTX)
Single-agent therapy with etoposide (ETP)
Multi-agent chemotherapy (EMA/CO)

High-risk GTN“
First line * Multiagent chemotherapy with EMA/CO or MEA

Second line |+ EP/EMA (ETP/Cisplatin(CDDP) + ETP/MTX/ACTD)
TP/TE (paclitaxel/CDDP + paclitaxel/ETP)
Surgery for chemoresistant lesions, stereotactic radiotherapy for brain lesions

PSTT/ETT » Hysterectomy, surgical resection for metastatic lesions

Multiagent chemotherapy with EP/EMA

MTX Methotrexate, ACTD Actinomycin D, ETP Etoposide, EMA/CO Etoposide + Methotrexate +
Actinomycin D / Cyclophosphamide + Vincristine, MEA Methotrexate + Etoposide + Actinomycin
D, EP/EMA Etoposide + Cisplatin / Etoposide + Methotrexate + Actinomycin D, TP/TE Paclitaxel
+ Cisplatin / Paclitaxel + Etoposide

AIncluding pathologically-diagnosed choriocarcinoma
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Patients who wish to have children are allowed to have the next pregnancy if the
serum hCG level remains normal for 1 year after remission of GTN. The survival
rate of low-risk GTN patients is nearly 100%.

Next, as the first-line treatment for high-risk GTN, including pathologically
diagnosed choriocarcinoma, multi-agent chemotherapy, such as EMA/CO (ETP,
MTX, ACTD, cyclophosphamide, vincristine) or MEA (MTX, ETP, ACTD), is rec-
ommended [5, 6]. The remission rate by the first-line treatment is approximately
80%. As the second-line treatment, EP/EMA including cisplatin or TP/TE includ-
ing paclitaxel is used [5, 6]. After the serum hCG level decreases below the cutoff
level, 3—4 courses of additional chemotherapy are performed, and a judgment of
remission is made if no increase in hCG is observed. The survival rate of high-risk
GTN patients is approximately 90%, and the disease becomes resistant to chemo-
therapy and refractory in approximately 10% of patients, with some cases resulting
in death.

Indications of surgery for high-risk GTN are limited, but surgical removal is
selected if bleeding is difficult to control, or for uterine lesions or isolated metastatic
lesions resistant to chemotherapy [5, 6]. Surgery may be performed for brain metas-
tases if there is a disturbance of consciousness or symptoms of intracranial hyper-
tension. Stereotactic radiotherapy, such as the y-knife, may also be selected for
brain metastases [5, 6].

3.3 Diagnosis and Treatment for PSTT and ETT

3.3.1 Origins and Histological Characteristics
of PSTT and ETT

PSTT and ETT are both rare GTN that originate from intermediate-type tropho-
blasts, and histopathological evidence is indispensable for their diagnosis [7-9].
Both tumors develop after pregnancy, including hydatidiform moles and term deliv-
ery. Tumor cells of PSTT and ETT have a lower ability to secrete hCG than those of
choriocarcinoma, and the serum hCG level is generally low. Although choriocarci-
noma responds to chemotherapy, PSTT and ETT are usually poorly responsive to
chemotherapy, thus the pathological differentiation of the three diseases is impor-
tant. Histologically, tumor cells of choriocarcinoma, which resemble two types of
trophoblasts, i.e., syncytiotrophoblasts and cytotrophoblasts, form a 2-cell pattern,
and, with the addition of tumor cells that resemble intermediate-type trophoblasts,
they exhibit a characteristic 3-cell pattern lacking chorionic morphology. In con-
trast, PSTT characteristically demonstrates monotonous proliferation and myome-
trial invasion of round or fusiform tumor cells resembling implantation site
intermediate trophoblasts, with rich and mildly eosinophilic or clear cytoplasm and
infiltration of tumor cells thrusting into gaps among uterine smooth muscle fiber
bundles [7]. On the other hand, in ETT, tumor cells resembling chorionic-type
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intermediate trophoblasts derived from the chorion laeve in the egg membrane pro-
liferate characteristically, exhibiting nest-like, cord-like, and geographical patterns,
and invade while maintaining the epithelioid morphology [8].

3.3.2 Differential Diagnosis of GTN by
Immunohistochemical Staining

The points of differentiation of choriocarcinoma, PSTT, and ETT by immunostain-
ing are summarized in Table 3.2. All three tumors are positive for cytokeratin (CK),
which is an epithelial cell marker, positive for inhibin-a, which indicates the tropho-
blast origin, and generally positive for placental alkaline phosphatase.
Choriocarcinoma is strongly positive, but PSTT and ETT are focally positive or
negative, for hCG. PSTT is diffusely and strongly positive, but choriocarcinoma and
ETT are focally positive or negative, for hPL and Mel-CAM, which are markers of
implantation site intermediate trophoblasts. However, as chorionic-type intermedi-
ate trophoblasts are positive for p63, the nucleus of ETT, which originates from
them, is diffusely and strongly positive, but as PSTT is generally negative for p63,
the staining behavior of PSTT and ETT to hPL/Mel-CAM and p63 is useful for their
differentiation [7-9]. Recently, choriocarcinoma was reported to be positive,
whereas PSTT and ETT are negative, for SALL4, which is a marker of germ cell
tumors [10], and SALL4 can be a marker useful for the differentiation of the three
diseases. The Ki-67 (MIB-1) index is high, being >50%, in choriocarcinoma, but is
lower, by a few percent to 30%, in PSTT and ETT. The site of origin of ETT is the
cervix to the lower body of the uterus in 30-50% of patients, and its differentiation
from squamous cell carcinoma of the uterine cervix based on histomorphological

Table 3.2 Immunohistochemical characteristics of choriocarcinoma, PSTT, and ETT

Markers Choriocarcinoma PSTT ETT

CK (CAMS.2) + + +

hCG ++ + (focal)~ - + (focal)~ —
hPL + ++ + (focal) ~ —
Mel-CAM (CD146) +~+ ++ — ~ + (focal)
p63 + — ++

SALL4 + ~ o+ - -

PLAP + + +~ =+
Inhibin-o + + +
Ki-67(MIB-1) index >50% 7~20% 10~30%

CK cytokeratin, ACG human chorionic gonadotropin, ~PL human placental lactogen, PLAP pla-
cental alkaline phosphatase
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features is necessary. Both lesions are positive for p63, but although ETT is negative
for p16, positive for inhibin-a, and positive for CK18, squamous cell carcinoma is
generally positive for p16, negative for inhibin-a, and negative for CK18, making
differentiation possible.

3.3.3 Treatments for PSTT and ETT

PSTT and ETT are generally less responsive to chemotherapy than choriocarci-
noma, and their basic treatment is surgery. For FIGO stage I, in which the lesion is
localized in the uterus, total hysterectomy is recommended as the first choice [5, 6,
9]. In stage I, adjuvant therapy after total hysterectomy is considered unnecessary,
but adjuvant chemotherapy using EP/EMA is recommended recently if there are
any of the following risk factors: the period from antecedent (responsible) preg-
nancy to the onset is 2 years or longer, or there is a pathological finding of deep
invasion, necrosis, or high mitotic rate (>5/10HPF) [5]. The survival rate of stage I
patients is high at >90%. On the other hand, chemotherapy using EP/EMA in addi-
tion to maximum possible surgery is recommended for FIGO stage II or higher
disease with metastasis or recurrence [5], but the survival rate of such cases is low,
being 30—-60%. Fertility preserving treatment for PSTT or ETT has not been estab-
lished, and further accumulation of data is necessary.

3.4 Personalized Treatment for GTN—Future Potential
and Perspectives

3.4.1 Anti-Angiogenic Therapy for GTN

GTN usually has a rich blood supply. It has also been reported to frequently
express vascular endothelial growth factor (VEGF) and its receptors [11].
However, there has been no clinical trial that demonstrated the efficacy of antian-
giogenic agents for the treatment of GTN or evidence of the effectiveness of their
combination with chemotherapy. There have been reports of the use of bevaci-
zumab (anti-VEGF-A antibody) for refractory GTN, although they are few in
number. Recently, Worley Jr. et al. reported a case of choriocarcinoma that resisted
many kinds of chemotherapy regimens, but in which remission was achieved as
the serum hCG level was normalized as a result of a marked response to two drug
combination therapy using bevacizumab and anti-endoglin antibody (TRC105)
[12]. Endoglin is a TGF-B1 co-receptor that plays an important role in vascular
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modeling. There are reports that endoglin is also expressed in human choriocarci-
noma cells and that MTX, which is a key drug for choriocarcinoma, increases
endoglin expression in choriocarcinoma cells [12, 13]. Indeed, endoglin was dem-
onstrated to be expressed in tumor cells by immunohistochemical staining of lung
metastases of choriocarcinoma, and the possibility that simultaneous inhibition of
the VEGF and TGF-p/endoglin pathways is effective for the treatment of chorio-
carcinoma has been suggested [12]. From the above observations, VEGF and
endoglin are expected to be potential targets of new targeted therapies against
refractory GTN, and implementation of clinical trials and further basic studies is
awaited.

3.4.2 Immune Tolerance Systems in GTN and Its
Targeted Therapy

From the viewpoint that tumor cells of GTN originate from trophoblasts during
pregnancy, GTN may be regarded as an “allograft or semi-allograft tumor” having
paternal (partner) alloantigens. For GTN with such immunological characteristics
to proliferate by escaping the attack of host immune cells, it is considered to have a
powerful immune tolerance system similar to feto-maternal immune tolerance dur-
ing pregnancy. Previous studies reported suppression of natural killer (NK) cells
and activation of regulatory T cells (Treg) by the expression of human leukocyte
antigen-G (HLA-G) in choriocarcinoma cells [14, 15] and immunosuppression via
induction of Treg by hCG secreted from tumor cells and promotion of Th2 cytokine
secretion [16]. In addition to these reports, it has been reported recently that there
are immune tolerance systems in which immune checkpoint molecules play major
roles in GTN as in many solid cancers. Programmed cell death 1 ligand 1 (PD-L1)
is an immune checkpoint molecule expressed on the surface of tumor cells that
binds to programmed cell death 1 (PD-1) on activated T cells and suppresses its
function, and it is a major immune tolerance pathway of solid cancers [17]. In recent
studies using immunohistochemistry, PD-L.1 molecules were reported to be
expressed in most tumor cells of GTN [18-21]. In contrast, indoleamine
2,3-dioxygenase (IDO), which is an enzyme that metabolizes tryptophan, strongly
suppresses CD8 + cytotoxic T cells (CTL) and NK cells by depleting tryptophan
and stimulating kynurenine production in the tumor microenvironment, is expressed
in many solid cancers, and functions as an immune tolerance molecule [17, 22, 23].
According to our immunohistochemical evaluation of IDO expression in GTN, IDO
was expressed in most tumor cells of choriocarcinoma and PSTT (unpublished
data). Furthermore, interferon-y (IFN-y) secreted by CTL and NK promotes PD-L1
and IDO expression on the tumor side. For these reasons, PD-L1, IDO, and HLA-G
are considered to be expressed in GTN and to be inducing tumor immune tolerance
(Fig. 3.2).
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Fig. 3.2 Immunotolerance-inducing molecules in GTN and their targeting therapy. When CTL
and NK cells recognize and attack GTN with paternal alloantigens, interferon (IFN)-y is locally
produced. On the tumor cell side, the expression of PD-L1 or IDO, which are IFN-y-dependent
immunotolerant molecules, is considered to be induced, and they are considered to establish an
immunotolerant condition by cooperating with HLA-G and other immunosuppressive factors.
Immunotherapies using anti-PD-1 antibody, anti-PD-L1 antibody, or IDO inhibitor are expected to
break through the immune tolerance and to be highly effective for the treatment of GTN. IFN-y
interferon-y, PD-LI programmed cell death 1 ligand 1, PD-1 programmed cell death 1, NK natural
killer, /DO indoleamine 2,3-dioxygenase, HLA-G human leukocyte antigen-G

3.4.3 Immunotherapy for Chemo-Resistant GTN and Its
Clinical Efficacy

Recently, a series of reports about the clinical efficacy of immune checkpoint
inhibitors against refractory choriocarcinoma and PSTT/ETT based on evidence of
induction of immunotolerance of GTN was published and is attracting attention.
Reports published to the present are summarized in Table 3.3. Ghorani et al.
administered pembrolizumab (anti-PD-1 antibody) to four patients with chemore-
sistant GTN (2 with choriocarcinoma, 1 with PSTT, and 1 with ETT) and reported
that the treatment was ineffective in the ETT patient, but that the other three exhib-
ited normalization of the hCG level by pembrolizumab single-drug therapy
(4-8 cycles) and obtained durable complete response (CR) [24]. In this report,
immunohistological evaluation was also performed, and in the patients with
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choriocarcinoma who obtained CR, tumor cells were positive for PD-L1 expres-
sion, CD8* tumor-infiltrating lymphocytes (TIL) were observed in large numbers,
and many TIL were PD-1 positive. Tumor cells were also positive for HLA-G. In
the ETT patient who was judged as having progressive disease (PD), tumor cells
were PD-L1-positive, but no TIL accumulation was observed in the tumor, and
HLA-G was negative. In the other patient who obtained CR, tumor cells were posi-
tive for PD-L1 and HLA-G, and a rich accumulation of PD-1-positive CD56*NK
cells was observed in the tumor [24]. Huang et al. administered pembrolizumab
(2 cycles) to patients with treatment-resistant choriocarcinoma, and reported nor-
malization of the hCG level and tumor cells positive for PD-L1 [25]. Similarly,
Choi et al. administered pembrolizumab to two patients with treatment-resistant
GTN (1 with PSTT and 1 with ETT), and reported remission and PD-L1-positive
tumor cells by immunostaining [26]. Furthermore, according to the report by
Goldfarb et al., pembrolizumab was administered to a patient with multidrug-
resistant choriocarcinoma, resulting in negative conversion of hCG and remission,
and tumor cells in this patient were PD-L1 positive [27]. Recently, You et al. car-
ried out a phase II clinical trial of the PD-L1 inhibitor avelumab (TROPHIMMUN;
NCTO03135769) in 15 GTN patients with resistance to single-agent chemotherapy
(12 with low-risk GTN and 3 with high-risk GTN), and reported that negative con-
version of hCG and CR were obtained in 53.3% (8/15), that the profile of adverse
events was safe, and remission was achieved by second-line chemotherapy in
seven patients resistant to avelumab [28]. In this phase II trial, GTN patients resis-
tant to multi-agent chemotherapy, including EMA/CO and EP/EMA, were also
enrolled in Cohort B, and the results in this cohort are awaited. Lastly, Cheng et al.
carried out a phase II trial (CAPO1) of the combination of the PD-1 inhibitor cam-
relizumab and the VEGF receptor inhibitor apatinib in 20 GTN patients who were
chemoresistant or had recurrence (19 with choriocarcinoma and 1 with PSTT), and
reported that CR was obtained in 10 patients (50%) and that toxicity was within the
acceptable range [29], suggesting the effectiveness of a combination of an immune
checkpoint inhibitor and an anti-angiogenic agent. Although the number of reports
is still small, the combination of PD-1 inhibitor/PD-L1 inhibitor may be effective
for the treatment of refractory GTN, and PD-L1 and HLA-G expression in tumor
cells and TIL accumulation in tumors may be biomarkers of responders to this
treatment (Fig. 3.2). Moreover, recently, cases of refractory choriocarcinoma in
which CR was obtained [30] and cases of ETT achieving PR [31] by treatment
with pembrolizumab have been reported. Collectively, the CR achievement rate
was high at nearly 50% or more, and the response rate of GTN to immune check-
point inhibitors was higher than that of other solid cancers (Table 3.3). In the
future, new personalized therapeutic strategies, such as combinations of these
immune checkpoint inhibitors with the IDO inhibitor epacadostat [32], antiangio-
genic agents, and existing chemotherapeutic agents, are expected to be developed.
Theoretically, GTN with paternally derived alloantigens is a good target for
immune checkpoint inhibitors, and implementation of further clinical trials of
these immunotherapies for refractory chemoresistant cases and the establishment
of their clinical use are urgently needed.
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Table 3.3 Reports on immunotherapy using immune checkpoint inhibitors for chemo-refractory
gestational trophoblastic neoplasia (GTN)

Author [Ref #] | Disease PD-L1 Clinical
(Year) (Patient number) Drug used expression outcome (CR%)
Ghorani [24] | Choriocarcinoma (N =2) | Pembrolizumab | All positive | CR3 (75%)
2017 PSTT (N= 1) PDI

ETT(N=1)
Huang [25] Choriocarcinoma (N =1) | Pembrolizumab | Positive CR (100%)
2017
Choi [26] PSTT(N=1) Pembrolizumab | Positive CR2 (100%)
2019 ETT(N=1)
Goldfarb [27] | Choriocarcinoma (N=1) | Pembrolizumab | Positive CR (100%)
2020
You [28] Low-risk GTN (N = 12) Avelumab None CR8 (53%)
2020 High-risk GTN (N = 3)
Cheng [29] Choriocarcinoma (N = 19) | Camrelizumab | None CR10 (50%)
2021 PSTT(N=1) (in combination

with apatinib)

Paspalj [30] Choriocarcinoma (N =1) | Pembrolizumab | None CR (100%)
2021
Bell [31] ETT(N=1) Pembrolizumab | None PR
2021

CR complete response, PD progressive disease, PR partial response, PSTT placental site tropho-
blastic tumor, ETT epithelioid trophoblastic tumor
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Sarcoma

Ken Yamaguchi ®

Abstract Uterine sarcomas, including leiomyosarcoma and low- and high-grade
endometrial stromal sarcoma, are rare but aggressive malignant diseases. Recent
sequencing technology has identified pathogenic mutations and fusions of these
malignancies. Leiomyosarcoma harbors frequent 7P53 and RB/ mutations. Low-
grade endometrial stromal sarcomas typically possess a JAZFI-SUZI2 fusion,
whereas high-grade endometrial stromal sarcomas harbor YWHAE-NUTM2A/B or
ZC3H7B-BCOR fusions, or BCOR internal tandem duplications. Perivascular epithe-
lioid cell tumors show inactivating mutations of 7SC1/TSC2 (which lead to activation
of the mTOR pathway) or TFE3 fusions. Fibrosarcoma-like tumors originating in the
cervix and/or lower uterine segment sometimes harbors NTRK gene rearrangements
or COLIAI-PDGFB translocation. Somatic DICER] mutations are identified in a
small subset of embryonal rhabdomyosarcoma of the cervix. Molecular targeting
strategies based on these genomic alterations are needed to treat uterine sarcomas.

Keywords Leiomyosarcoma - Endometrial stromal sarcoma - Undifferentiated
uterine sarcoma - Perivascular epithelioid cell tumor: PEComa - Adenosarcoma -
Rhabdomyosarcoma - Mutation - Fusion gene

4.1 Introduction

Gynecologic sarcomas represent 3—4% of all gynecologic malignancies and 13% of all
mesenchymal malignancies [1]. The uterus is the most frequent primary site (83%),
whereas the ovary (8%), vulva and vagina (5%), and other gynecologic organs (2%) are
less frequently involved. Gynecologic sarcomas, especially uterine sarcomas, exhibit
extremely aggressive behaviors with poor prognosis and a high mortality rate. Benign
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mesenchymal tumors and those with uncertain malignant potential also affect the gyne-
cological tract and have similar morphology with more aggressive sarcomas. In recent
years, the discovery of genetic abnormalities and molecular alterations has led to a
deeper understanding of gynecologic sarcomas, indicating refined classification sys-
tems and individualized therapies. A dynamic evolution from “morphological classifi-
cation” to “molecular classification” has occurred in this field of uterine sarcoma.

In this chapter, “molecular classification” and “personalized therapies” in uterine
sarcoma will be described according to the “morphological classification” of uterine
sarcoma.

4.2 Leiomyosarcoma

Uterine leiomyosarcoma is a malignant mesenchymal tumor of myometrial smooth
muscle cells. Leiomyosarcomas are the most common type of uterine sarcoma
(30-50%) but only account for 1-2% of all uterine malignancies [2]. These tumor
cells express desmin, h-caldexmon, and SMA. When the tumor is a poorly differen-
tiated or myxoid subtype, these expressions may be weak and/or patchy [3, 4].
Positivity for CD10, EMA, and cytokeratin is common in epithelioid tumors [5, 6].
ER, PR, p16, and p53 also show positive expression [4, 5].

The Stanford criteria are used to classify uterine leiomyosarcoma based on the
frequency of atypical mitosis, cytological atypia, and tumor cell necrosis. Because
the Stanford criteria are composed of factors related to morphological aggressive-
ness, the criteria are associated with the prognosis and aggressive behaviors. Ki67
is the standard for the evaluation of the proliferative activity of tumors. Ki67 label-
ing index >10% was reported as a prognostic factor in uterine leiomyosarcoma [7].

Various molecular abnormalities have been identified in uterine leiomyosarco-
mas, but none are considered definitive pathogenesis. 7P53 mutations are identified
in 30-60% of uterine leiomyosarcomas, followed by RBI (50%), ATX (—30%),
MEDI2 (-20%), PTEN (—20%), and BRCA2 (8%) mutations [8—10]. Clinical ben-
efit was reported in patients with uterine leiomyosarcoma with somatic BRCA2
alterations treated with PARP inhibitors [8].

Hormonal therapies are alternative strategies, especially for advanced and recur-
rent diseases. In uterine leiomyosarcoma, ER and/or PR expression is positive in
approximately 40-80% [1]. Small retrospective studies have reported a limited effi-
cacy of aromatase inhibitors in patients with advanced and metastatic uterine leio-
myosarcoma. Although the response rate is low, a relatively prolonged
progression-free survival has been observed.

4.3 Low-Grade Endometrial Stromal Sarcoma

Low-grade endometrial stromal sarcoma is a malignant stromal tumor with cells
resembling proliferative-phase endometrial stroma and displaying infiltrative
growth. Immunohistochemically, low-grade endometrial stromal sarcoma usually
shows a diffuse expression of CD10, IFITM1, ER, and PR, with focal cyclin D1
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positivity [5, 11-15]. Tumors may be positive for cytokeratins [16], muscle markers
(desmin, SMA, and h-caldesmon in areas of smooth muscle differentiation), and are
often positive in sex cord-like elements, which also express inhibin, calretinin,
melan-A, WT1, and CD99 [5, 17-21].

Two-thirds of low-grade endometrial stromal sarcoma harbor genetic fusions
involving polycomb family genes, with JAZFI-SUZI2 being most common, fol-
lowed by JAZFI1-JJAZI, JAZFI1-PHFI1, EPCI-PHFI, MEAF6-PHF1, MBTDI-
EZHIP, BRDS-PHF 1, EPC2-PHFI1, EPCI1-SUZI2, and ZC3H7-BCOR [17,22-42].
The presence or absence of known detectable translocations is not associated with
distinct clinical behavior in low-grade endometrial stromal sarcoma [43]. Case
series identified that the ESR/ p.Y537S hotspot mutation in low-grade endometrial
stromal sarcoma with high-grade histologic transformation might be associated
with endocrine resistance in these lesions [44]. The molecular classifications of
low-grade endometrial stromal sarcoma are listed in Table 4.1.

Table 4.1 Molecular classification of low-grade endometrial stromal sarcoma

Gene Fusion Diagnostic
rearrangement | gene Protein function method
t(7;17) JAZF1- JAZF1: A nuclear protein with zinc fingers and FISH, PCR
(p15:;921) SUZI2 functions as a transcriptional repressor.

SUZ12: Polycomb protein and functions with
chromatin silencing using its zinc-finger domain to

bind RNA.
t(6;7)(p21;plS) | JAZFI- JAZF1: A nuclear protein with zinc fingers and FISH
PHF1 functions as a transcriptional repressor.

PHF1: Polycomb group protein, a component of a
histone H3 lysine-27 (H3K27)-specific methyltransferase
complex, and functions with transcriptional regulation by
influencing chromatin structure.

t(6;10) EPCI- EPC1: Polycomb protein, a component of the NuA4 | FISH
(p21;pl1) PHF1 histone acetyltransferase complex, and functions with
a transcriptional activator and repressor.

PHF1: Polycomb group protein, a component of a
histone H3 lysine-27 (H3K27)-specific
methyltransferase complex, and functions with
transcriptional regulation by influencing chromatin

structure.
t(1;6)(p34;p21) | MEAF6- | MEAFG6: A component of the NuA4 histone FISH
PHF1 acetyltransferase complex and functions with a

transcriptional activator and repressor.

PHF1: Polycomb group protein, a component of a
histone H3 lysine-27 (H3K27)-specific
methyltransferase complex, and functions with
transcriptional regulation by influencing chromatin

structure.
t(X;17) CXorf67- | CXorf67: A repressor of PRC2/EED-EZH1 and FISH, PCR
(pl1;q21) MBTDI PRC2/EED-EZH2 complex function by inhibiting

EZH1/EZH?2 methyltransferase activity.
MBTDI: Putative polycomb group protein and
functions with the maintenance of the
transcriptionally repressive state of genes

(continued)
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Table 4.1 (continued)

Gene Fusion Diagnostic
rearrangement | gene Protein function method
t(X;22) ZC3H7B- | ZC3H7B: A possible regulator of miRNA biogenesis | FISH, PCR
(pll;ql3) BCOR BCOR: An interacting corepressor of BCL6, a POZ/

zinc finger transcription repressor, and functions by

interacting with class I and II histone deacetylases.

4.4 High-Grade Endometrial Stromal Sarcoma

High-grade endometrial stromal sarcoma is a malignant endometrial stromal tumor
with uniform high-grade round and/or spindle morphology, sometimes with a low-
grade component. The WHO classifications have been changed according to genetic
backgrounds. High-grade endometrial stromal sarcoma and undifferentiated uterine
sarcoma were categorized together in the 2003 World Health Organization (WHO)
classification. In the 2014 WHO classification, however, high-grade endometrial
stromal sarcoma was categorized independently from undifferentiated uterine sar-
coma because YWHAE-NUTMZ2A/B (previously referred to as YWHAE-FAM22A/B)
fusion genes were identified in high-grade endometrial stromal sarcoma [45]. BCOR
internal tandem duplications (ITD) were identified as an oncogenic alternative to
YWHAE-NUTM? fusion in high-grade uterine sarcomas [46]. Therefore, demon-
stration of gene fusion or ITD may be useful for diagnosing high-grade endometrial
stromal sarcoma. The high-grade component of this disease with YWHAE-
NUTM?2A/B fusion is positive for cyclin D1, BCOR, KIT, CD56, and CD99; nega-
tive for CD10 and DOGH; and either negative or weakly positive for ER and PR
[47—49]. No mutations of the KIT gene have been detected [50]. The morphologi-
cally low-grade spindle cells are positive for CD10, ER, and PR and negative for
cyclinD1; BCOR is variable.

Other pathogenetic gene alterations include ZC3H7B-BCOR fusions [42, 51—
53], or BCOR 1TD [46, 49, 54], EPCI-BCOR, JAZF1-BCORLI, and BRDS-PHF ]
fusions [41, 42, 55]. ZC3H7B-BCOR high-grade endometrial stromal sarcomas are
typically positive for cyclin D1, whereas only about 50% of the cases express
BCOR. CD10 with variable ER and PR positivity shows diffuse positive in the typi-
cal cases. SMA and caldesmon show focal positive expression, but the expression
of desmin is negative. Although the tumors show pan-TRK staining, it is not related
to NTRK rearrangement [56], suggesting the limited efficacy of TRK inhibitors.
BCOR ITD tumors have a distinct immunoprofile from those of ZC3H7B-BCO
tumors: expression of CD10 is less positive, cyclin D1 and BCOR are diffuse posi-
tive, and ER and PR are negative. They are positive for desmin but are negative for
SMA and caldesmon [46, 49, 57]. Positive immunohistochemistry for cyclin D1
and positive immunohistochemistry for ZC3H7B-BCOR, YWHAE-NUTM2A/B
(FAM22A/B), or BCOR ITD should be essential for the diagnosis of high-grade
endometrial stromal sarcoma. Table 4.2 summarizes the immunophenotype of uter-
ine mesenchymal tumors, including endometrial stromal tumors.
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4.5 Undifferentiated Uterine Sarcoma

In the 2014 WHO classification, undifferentiated uterine sarcoma was again recat-
egorized independently from high-grade endometrial stromal sarcoma.
Undifferentiated uterine sarcoma is a malignant mesenchymal tumor that originates
in the uterus, lacking evidence of specific lines of differentiation. Therefore, this is
a heterogeneous group and a diagnosis of exclusion. YWHAE, JAZF1, and NTRK
rearrangements should not be classified in the category. Undifferentiated uterine
sarcomas are positive for p53 and p16, and some of them are positive for ER and/or
PR and variable positivity for CD10 [58]. Some undifferentiated uterine sarcomas
are associated with a low-grade endometrial stromal component and diffusely
express cyclin D1. Positive immunohistochemistry for ZC3H7B-BCOR, YWHAE-
NUTM2A/B (FAM22A/B), and BCOR ITD should be classified in high-grade endo-
metrial stromal sarcoma.

4.6 Perivascular Epithelioid Cell Tumor: PEComa

Perivascular epithelioid cell tumors (PEComas) are mesenchymal neoplasms com-
posed of perivascular epithelioid cells that express melanocytic and smooth muscle
markers. Although most PEComas are benign with no recurrence potential after
complete surgical excision, some of them exhibit malignant behavior. The criteria
of malignant PEComa are proposed by Schoolmeester et al. [59]. The presence of
more than four features (gross size >5 cm, high-grade nuclear features, necrosis,
vascular invasion, or a mitotic rate > 1/50 HPF) indicates malignant PEComas.
Inactivating mutations of 7SC1/TSC?2 are observed in PEComa. Some have TFE3,
RADS5IB, or HTR4-ST3GALI fusions [60-63]. TSC mutations and TFE3 fusions
are mutually exclusive [64]. Inactivating mutations of TSCI1/TSC2 activate the
mTOR pathway [65], indicating that mTOR inhibitors are a rational targeting ther-
apy in PEComa [66]. Conventional PEComas exhibit high sensitivity for HMB45
and are specific for melan-A. PEComas express SMA, dsmin, and h-caldesmon.
Cathepsin K is positive in essentially all tumors, whereas only a minority of PEComa
patients express S100, MITF, and tyrosinase. TFE3 translocation-associated
PEComas show diffuse positive for TFE3, HMB34, and cathepsin K, with focal to
absent melan-A.

4.7 Adenosarcoma

Adenosarcoma is a biphasic neoplasm comprising a benign epithelial component
and a malignant stromal component and, in the 2014 WHO classification, is catego-
rized as a mixed epithelial and mesenchymal tumor. When the sarcoma component



4 Personalized Treatment in Uterine Sarcoma 53

is more than 25%, it is defined as sarcomatous overgrowth, which is transformed
into high-grade sarcoma. Immunohistochemistry exhibits positive for CD10, ER,
and PR, although these are often negative in sarcomatous overgrowth [67, 68].
There are definitive pathogenic molecular alterations. However, mutations of the
PIK3/AKT/PTEN pathway are described in 70% of adenosarcomas [69]. Although
TP53 mutation is uncommon, 7P53 mutation is associated with sarcomatous over-
growth and aggressive behavior [70-72].

4.8 NTRK-Rearranged Spindle Cell Neoplasm
Resembling Fibrosarcoma

Neoplasm originating in the cervix and/or lower uterine segment with fibrosarcoma-
like morphology often harbors NTRK gene rearrangements. Patients with NTRK-
rearranged cervical sarcoma range in age from 20 to 45 years [73, 74]. The
NTRK-rearranged spindle cells express S100, CD34, TRK, and cyclin D1. No
expression of CD10, SMA, desmin, BCOR, ER, or PR is observed [73, 75]. NTRK
inhibitors have shown dramatic and durable responses in advanced NTRK-
rearranged sarcoma cases.

49 COL1A1-PDGFB
Translocation-Associated Fibrosarcoma

Uterine and vaginal sarcomas resembling fibrosarcoma sometimes harbor the
COLIAI-PDGFB fusion. Uterine and vaginal sarcomas with COLIAI-PDGFB
translocation were seen in older patients (more than 45 years old) [75]. They
strongly express CD34 but not S100, Trk, ER, PR, or desmin [75]. Imatinib (tyro-
sine kinase inhibitor) is a promising agent against COLIAI-PDGFB translocation-
associated sarcoma.

4.10 Rhabdomyosarcoma

Rhabdomyosarcomas are malignant mesenchymal tumors exhibiting skeletal/mus-
cle differentiation. Three subtypes are listed in the 2014 WHO classification; pleo-
morphic rhabdomyosarcoma, embryonal rhabdomyosarcoma, and alveolar
rhabdomyosarcoma. Pleomorphic rhabdomyosarcoma is typically originated in the
uterine corpus. Embryonal rhabdomyosarcoma is most common in the vagina in
children and the cervix and corpus in adolescents and adults. Alveolar rhabdomyo-
sarcoma commonly occurs in the vulva [76-80]. Somatic DICERI mutations have
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been reported in a small subset of embryonal rhabdomyosarcoma of the cervix [81,
82]. In alveolar rhabdomyosarcoma, PAX3-FOXOI or PAX7-FOXO] fusion genes
encoding transcript factors that activate PAX3/PAX7 target genes are occasionally
identified. Among metastatic childhood alveolar rhabdomyosarcoma, PAX3-
FKHR-positive patients exhibited a poorer prognosis than PAX7-FKHR-positive
patients [83]. Rhabdomyosarcomas are positive for myogenin and MYOD1, which
is more diffuse in alveolar rhabdomyosarcoma than embryonal rhabdomyosarcoma
[84]. MSA, desmin, myoglobin, and myosin may be positive, but negative for SMA.

4.11 Conclusion

Sequencing technology allows us to categorize uterine mesenchymal malignant
tumors based on the pathogenic molecular alterations. Several mesenchymal tumors
may be treatable using therapies focused on promising targets: mTOR inhibitors for
PEComa, NTRK inhibitors for NTRK-rearranged sarcoma, and Imatinib (tyrosine
kinase inhibitor) for COLIAI-PDGFB translocation-associated sarcoma. Further
novel targeted therapies should be developed based on the molecular pathogenesis
of the aggressive disease uterine sarcoma.
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Chapter 5

Clinical Relevance of BRCA1/2 Pathogenic
Variants and Impaired DNA Repair
Pathways in Ovarian Carcinomas

Akira Nishijima, Michihiro Tanikawa, and Katsutoshi Oda

Abstract Genetic analysis of BRCA1/2 pathogenic variants has become indispens-
able in clinics, especially for advanced ovarian cancer patients. The frequency of
BRCA1/2 pathogenic variants is significantly higher in high-grade serous ovarian
carcinomas (HGSOC), and the clinical benefit of PARP inhibitors was proven in
many clinical trials, whose patients were predominantly HGSOC. As tumor-only
NGS analysis, including Myriad myChoice® CDx, has been commonly performed,
distinction of germline and somatic pathogenic variants is needed in patients whose
tumors harbor BRCA1/2 pathogenic variants. As sensitivity of both PARP inhibitors
and platinum chemotherapy is deeply associated with homologous recombination
deficiency, the knowledge of DNA repair pathways has become essential in the
treatment of ovarian cancer. We discuss mutational analysis of BRCA /2 and other
homologous recombination pathway genes, DNA repair pathways for PARP inhibi-
tors and platinum chemotherapy, genomic instability analysis for detection of
homologous recombination deficiency, and reversion mutations of BRCA1/2 from
cell-free DNA in liquid biopsy.
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5.1 Introduction

High-grade serous ovarian carcinoma (HGSOC) is the most common histology type
in ovarian carcinomas. The ratio of stage III/V is high, and the prognosis is poor in
HGSOC. An important risk factor for HGSOC is germline BRCA I or BRCA2 patho-
genic variants (i.e., gBRCApv), known as hereditary breast and ovarian cancer
(HBOC) [1-3]. As well, somatic BRCA 1/2 pathogenic variants (i.e. SBRCApv) are
commonly observed in various types of cancers, including HGSOC [4-6]. Therefore,
the distinction of germline and somatic pathogenic variants is needed to appropri-
ately diagnose HBOC when BRCA/2 pathogenic variants are detected in tumor
tissues (tBRCApv).

Both BRCA1 and BRCA2 are indispensable in DNA double-strand break (DSB)
repair by homologous recombination (HR) [7-9]. The poly(ADP-ribose) poly-
merase (PARP) is an essential enzyme for the base excision repair (BER) pathway
and PARP inhibitors cause synthetic lethality in cancer cells with HR deficiency
(HRD) [10, 11]. Indeed, gBRCApv is shown to be a strong biomarker of various
PARP inhibitors in ovarian carcinoma, as well as other HBOC-related (breast, pros-
tate, and pancreatic) cancers [12—14]. In this review, we focus on BRCA1/2 patho-
genic variants, HRD status, DNA repair pathways, and their clinical relevance in
ovarian cancer.

5.2 Mutational Analysis of BRCA1/2 (gBRCApv, sBRCApyv,
and tBRCApv)

The ratio of gBRCApv is detected at 10-15% of ovarian cancer, and at 14-28%
in HGSOC [3, 4]. gBRCA genetic testing with blood samples (such as
BRACAnalysis CDx) is directly linked to the diagnosis of HBOC and is also used
as companion diagnostics (CDx) for maintenance treatment with olaparib. Since
2020, gBRCA genetic testing was covered by health insurance in any ovarian
cancer patients in Japan, regardless of timing and histologic types. Therefore, the
status of gBRCApv is more broadly evaluated, and can be used as a biomarker for
PARP inhibitors (either olaparib or niraparib) in platinum-sensitive, relapsed
ovarian cancer. The ratio of gBRCApv in endometrioid, clear cell, mucinous and
low-grade serous carcinomas was reported to be 6.7% (8/120), 2.1% (4/187), 0%
(0/19), and 20% (1/5) in Japan Charlotte study [3]. A meta-analysis also sup-
ported the low ratio of gBRCApv in clear cell (3%) and mucinous (2.5%) ovarian
carcinomas [15].

tBRCApv can be analyzed by using tumor tissues (or serum by liquid biopsy),
however, the distinction between gBRCApv and sBRCApv is not confirmatory
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Fig. 5.1 Classification by BRCApv and HRD in ovarian carcinomas. Germline BRCA test only
verifies gBRCApv, while MyChoice®® CDx test analyzes both tBRCApv and HRD. gBRCApv
and sBRCApv are usually mutually exclusive, and either gBRCApv or sSBRCApv is accompanied
by loss of heterozygosity (LOH) of the opposite allele. HRD-positive tumors without tBRCApv
should have other mechanisms of HRD, instead of tBRCApv

(Fig. 5.1). Therefore, gBRCApv assessment is needed to definitely diagnose sBR-
CApv. myChoice® CDx from Myriad is a test to evaluate tBRCApv, as well as
HRD status by genomic instability scores [16, 17], and is approved as CDx for pri-
mary, advanced ovarian carcinomas (and platinum-sensitive ovarian carcinomas
with 3 or more regimens) in Japan (Fig. 5.1). Information about the exact ratio of
sBRCApv is limited, compared with that of gBRCApv or tBRCApv, due to the
necessity of assessment with both tumor and normal DNA. The ratio of SBRCApv
is estimated to be 5-7%, which is compatible with the first whole-exome report
from the Cancer Genome Atlas (TCGA) Research Network [4, 18, 19]. ASCO
guideline recommended that all epithelial ovarian cancer patients should be offered
gBRCA genetic testing and other ovarian cancer susceptibility genes, irrespective of
their clinical features or family cancer history [20]. Moreover, testing for tBRCApv
should be recommended in ovarian cancer patients, even without carrying a gBR-
CApv [20]. The concordance rate of BRCA pathogenic variant status in tumor (tBR-
CApv) versus blood (gBRCApv) was high in phase III SOLO?2 trial [21]. Among
241 patients, there was 98% and 100% concordance between tumor and germline
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testing for BRCA1pv and BRCA2pv, respectively, and discordance was found only
in four patients (2%) [21]. Considering the high concordance rate, tBRCApv testing
may be performed prior to gBRCApv testing. When MyChoice® CDx is initially
tested and the tBRCApv is positive, gBRCA genetic testing is needed to diagnose
gBRCApv (HBOC) or sBRCApv. If tBRCApv is negative, gBRCA genetic testing
may be omitted, although both physicians and patients should realize that discor-
dance (i.e., false negative) rate is not 0%. When gBRCA genetic testing is per-
formed first and gBRCApv is negative, myChoice® CDx testing would be needed
to evaluate the status of SBRCApv and HRD. As the main aim of CDx for primary
advanced ovarian cancer patients is to determine the treatment strategy, patients
may prefer to take myChoice® CDx testing in the beginning. Regardless of the
order and the timing of each test, appropriate informed consent and genetic counsel-
ing should be ensured for all the patients who are potentially HBOC.

Another approach to assess the mutational status of BRCA1/2 is comprehensive
genomic profiling (CGP) tests, such as FoundationOne® CDx Comprehensive
genomic profiling [22-24]. Although tumor-only (T-only) CGP is more frequently
tested, a tumor-normal paired (T-N paired) CGP, OncoGuide™ NCC Oncopanel
system, is also available in Japan, which can simultaneously diagnose both gBR-
CApv and sSBRCApv [25-28]. The other T-N paired CGP, named Todai OncoPanel,
which is composed of both DNA and RNA panel, has also been in progress for
approval from Pharmaceuticals and Medical Devices Agency (PMDA) in Japan [29,
30]. TruSight Oncology 500 (TSO500) Assay is another T-only CGP panel [31],
which is currently examined in solid tumors under Advanced Medical Care Category
B for future PMDA approval in Japan. Liquid biopsy is the other option as CGP
testing, including FoundationOne Liquid® CDx and Guardant360 [32, 33]. Liquid
biopsy focuses on cell-free circulating tumor DNA (ctDNA) to identify pathogenic
variants in tumors, but can also identify germline variants. Therefore, liquid biopsy
alone cannot be a direct test of gBRCApv, as same as T-only panel. However, the
variant allele frequency (VAF) from ctDNA is often much lower than the VAF from
germline variants, which may make us more easily assume presumed gBRCApv.
Indeed, presumed gBRCApv has been identified in various types of cancers from
ctDNA analysis in liquid biopsy [34]. From the point of view of ovarian cancer
treatment, the utility of CGP in Japan is still limited for both diagnosis of HBOC
and CDx for PARP inhibitors, as the CGP testing under health insurance coverage
can be applied only to cancer patients who have (already or almost) finished all the
standardized treatments. This means that most ovarian cancer patients can receive
CGP tests only after acquisition of platinum resistance. Therefore, gBRCApv test-
ing and/or myChoice® CDx are preferentially performed beforehand of the CGP
tests, if available. Biomarkers and CDx for PARP inhibitors in ovarian carcinomas
are summarized in Table 5.1, including information about treatment regimen and
clinical applications (such as SOLO-1, SOLO-2, PAOLA-1, Study 19/0OPINION,
PRIMA, NOVA, QUADRA, and OReO) [35-43].
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5.3 DNA Repair Pathway for Single-Strand
and Double-Strand Breaks

Cells have diverse DNA damage response pathways to protect the genome and
maintain genomic homeostasis. Single-strand breaks (SSBs) are easily caused by
endogenous DNA damage (i.e., methylation, cytosine deamination, and oxygen
radicals), UV light and any other genotoxic agents [44]. SSBs can be repaired by
base excision repair (BER). PARP-1 binds to SSBs and activates synthesis of
poly(ADP-ribose) polymers, which subsequently allows BER proteins to access
the SSB and complete the BER process [45]. DSBs can be generated by either
endogenous sources (such as reactive oxygen species) or exogenous sources (such
as ionizing radiation and chemotherapeutic agents). In addition, DSBs are also gen-
erated by replication-associated errors, during meiosis, and unrepaired SSBs [46].
Double-strand breaks (DSBs) are highly lethal to cells, and the types of DSB repair
pathways are crucial to cells to survive (Table 5.2) [46, 47]. DSB repair pathways

Table 5.2 DNA repair pathways

Interstrand
DNA Single-strand crosslink
damage break (SSB) Double-strand break (DSB) (ICL)
Causal Endogenous, Meiosis, ROS, X-rays, Unrepaird SSB etc. Genotoxic
factors UV-light, agent
Genotoxic (cisplatin, etc)
agent, etc
Types of | SSB repair DSB repair ICL pathway
repair
DNA Base excision NHEJ Alt- SSA HR FA pathway
repair repair NHEJ Nucleotide
pathways excision
repair
Translesion
synthesis
HR
Key PARP-1 Ku80-Ku70 | PARP-1 |CtIP ATM, ATR | FANCM-
molecules heterodimer FAAP24-
MHF1/2
complex
0GG1 DNA-PK MRN/ MRN MRN FANCAV/E/
Ctlp complex | complex D2/1
complex
XRCCl1 Atemis XRCC1 | XPF/ BRCA1/2, | FANCP/SLX4
ERCC FANCD
Polf XRCC4 RAD52 |RAD52 |RADSI, REV1, pol £.
FANCF
PCNA Pole Pol6 Pold, Pole | BRCA1/2,
RADS1
DNA ligase III | DNA ligase | DNA DNA And other HR
v ligase I1I ligase I pathway
molecules
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include canonical nonhomologous end-joining (C-NHEJ), alternative NHEJ (Alt-
NHEYJ), single-strand annealing (SSA), and homologous recombination (HR). In
addition to c-NHEJ pathway, Alt-NHEJ pathway has been proven to be a leading
actor [48, 49]. C-NHE] is an error-prone repair pathway, which does not require a
DNA template and is mediated by the direct joining of the two broken ends [46].
Alt-NHEJ repair, also known as microhomology-mediated end joining (MMEJ)
pathway, requires from 2 to 20 nucleotides of sequence homology at DNA ends of
DSBs to start repair [48, 49]. SSA requires annealing of a relatively long tract
(more than 20-50 bp) of complementary sequence in resected overhangs [49-53].
As both Alt-NHEJ and SSA do not operate with a DNA template strand (sister
chromatid), they cannot restore original DNA sequence, and are error prone [48,
50]. These error-prone repair of DSBs can result in miss joining of DNA repair
components with DNA ends, which leads to genomic instability with various dele-
tions, inversions, or complex rearrangements of chromosomes (i.e., genomic scar)
[46, 51-53]. In contrast, HR requires a homologous DNA template (sister chroma-
tid) to start the repair. Only HR has the potential to be restorative, as the template
for recombination is the identical sister chromatid [51-53]. In summary, HRD is
highly associated with genomic instability, due to the dependency on non-HR DSB
repair pathways.

5.4 Cytotoxicity of PARP Inhibitors
and Platinum Chemotherapy

PARP-1 is indispensable for both BER and Alt-NHEJ. Inhibition of PARP causes
DSB accumulation by blocking BER of SSBs [52]. In HRD tumor cells, DSB
should be repaired without HR, which leads to dependency on error-prone repair
pathways, such as NHEJ and SSA (Table 5.2). Therefore, PARP inhibitors are theo-
retically effective to HRD cancer cells.

DSBs are also induced during the repair process of DNA interstrand cross-link
(ICL), which is generated by platinum chemotherapy [46, 54]. To repair ICL, vari-
ous types of DNA repair pathways are indispensable, including Fanconi Anemia
(FA) pathway, nucleotide excision repair (NER) pathway, Translesion synthesis
(TLS) pathway, as well as HR pathway (Table 5.2) [54-57]. The Fanconi anemia
(FA) family includes 19 distinct functional complementation groups (A, B, C, D1,
D2,E,E G, LJ,L,M,N,O,P,Q,R, S, T), and BRCAI, BRCA2 and other HR
repair genes, such as BRIPI and RAD51, encode a subset of FA proteins. FA gene
products play key roles in both inhibiting ICL formation and repairing the ICL
[51, 54] (Table 5.3). FA pathway in ICL repair includes the processes of recogni-
tion of ICL by BRCA1 and RADS]1, recruitment of the core FA complex, and
ubiquitination of FA core complex (FANCI/D2). Then, endonucleolytic incision is
mediated by SLX4 (FANCP), which recruits multiple nucleases (ERCC1-XPF,
SLX1, and MUS81-EME) in the NER pathway. Nucleolytic incisions unhook the
ICL, and the defective lesion can be recovered by translesion synthesis, mediated
by REV1 or Poltheta polymerases, to generate templates for HR repair. Finally,
HR repair is conducted by using the templates [54, 58, 59]. As both BRCA1 and
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Table 5.3 Fanconi Anemia genes and main functions

Gene Synonym | Main protein functions

FANCA Component of FA core complex

FANCB

FANCC

FANCD1 BRCA2 HR repair; loads RAD51 onto DNA; interacts with FANCD2 and
FANCN; stalled replication fork protection

FANCD?2 Ubiquitinated after DNA damage; MCM interaction; stalled
replication fork protection

FANCE Component of FA core complex

FANCF

FANCG XRCCY

FANCI Ubiquitinated after DNA damage; activates dormant origins

FANCJ BACH, FA repair; HR repair; 3" to 5 helicase; interacts with BRCAL;

BRIPI checkpoint activation

FANCL Component of FA core complex

FANCM DNA helicase/translocase; localises the core complex to DNA

FANCN PALB2 HR repair; promotes BRCA?2 function; interacts with BRCA1 and
BRCA2

FANCO RAD5IC | HR repair; promotes RADS1 nucleoprotein filament stability; ICL

(provisional) repair

FANCP SLX4 Coordinates XPF-ERCC1, MUS81-EME]1 and SLX1 nucleases;
resolves Holliday junctions

FANCQ ERCCH4, Endonuclease; binds to ERCC1; crosslink unhooking

XPF

FANCR RADS1 HR repair; ICL repair; protection of nascent strands from
DNA2- and WRN-mediated resection; stalled replication fork
protection

FANCS BRCAI HR repair; promotes RAD51 loading; ICL repair; chromatin
dissociation of replicative helicase; stalled replication fork
protection; interacts with FANCD2 and FANCN

FANCT UBE2T E2 ubiquitin-conjugating enzyme for FANCI-FANCD?2 complex;
interacts with FANCL

BRCA2 cooperate with other factors to repair ICL, as well as HR, ICL deficiency
by tBRCApv may be also associated with platinum sensitivity.

The effect of PARP inhibitors is not limited to their catalytic activities (i.e. accu-
mulation of DSBs through unrepaired SSBs). PARP-DNA complexes by PARP
trapping interfere with DNA replication, transcription, and repair, resulting in repli-
cation fork collapse and cell death [53, 60—62]. PARP trapping is more toxic than
the accumulation of unrepaired SSBs, and the potency of PARP trapping is distinct
among the PARP inhibitors [60, 61]. The trapping potencies of PARP inhibitors are
the strongest in Talazoparib, and the weakest in Veliparib [60]. The potencies are
comparable among Niraparib, Olaparib, and Rucaparib, but the potency of Niraparib
was reported to be stronger than that of Olaparib and Rucaparib. As the mean half-
life is also longer in Niraparib, the PARP trapping potency may be more robustly
maintained in Niraparib compared with Olaparib and Rucaparib. As PARP-DNA
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complex is more toxic and cannot be repaired by HR alone, PARP inhibitors may be
effective for HR-proficient cancer cells. Indeed, Niraparib maintenance therapy was
shown to improve progression-free survival of HR-proficient ovarian cancers in
both the first line setting and the recurrent setting with platinum sensitivity [36, 41].
Taken together, repair of PARP-DNA complex may need some common processes
with repair of ICL. Further study is warranted to fully understand the molecular
mechanism of PARP inhibition.

5.5 PARP Inhibitors in BRCA1/2 Mutated
Ovarian Carcinomas

Before being established as an HRD biomarker, gBRCApv was broadly tested in
HGSOC, especially with a family history of breast and/or ovarian cancer to diag-
nose HBOC [63, 64]. Olaparib monotherapy was first approved by FDA (U.S. Food
and Drug Administration) in 2014 in patients with deleterious gBMCAm ovarian
cancer (with three or more lines of chemotherapy) [65, 66]. Two phase 3 trials of
olaparib maintenance therapy (SOLO1 and SOLO2) enrolled exclusively gBR-
CApv patients and showed significant improvement of PES in gBRCApv patients
with high-grade serous or endometrioid ovarian cancer in complete or partial
response to platinum-based chemotherapy (HR 0.30, 0.23-0.41, and HR 0.30,
0.22-0.41, respectively) [35, 37]. The prognostic impact of gBRCApv has also been
shown in clinical trials with other PARP inhibitors (niraparib, rucaparib, and velipa-
rib) [36, 41, 67, 68]. Thus, gBRCApv has been the main target of PARP inhibitors.
Up to now, Olaparib has been approved only in patients with breast, prostate and
pancreatic carcinomas with BRCApv (either gBRCApv and/or tBRCApv) in Japan
[4, 12]. In ovarian carcinomas, all the regimens in the clinical trials with Olaparib
(SOLO-1, PAOLA-1, Study 19 (OPINION), and SOLO-2) or Niraparib (PRIMA,
NOVA, and QUADRA) have been approved in Japan, whereas regimen with
Rucaparib and Veliparib are not [35-43]. Although the number of sBRCApv in
clinical trials with a PARP inhibitor was small (n = 20/209, 9.6% in Study 19 and
n = 47/553, 8.5% in NOVA trial), sSBRCApv group showed favorable prognosis,
compared with the placebo group (HR 0.23, 0.04—1.12 in Study 19 and HR 0.27,
0.08-0.90 in NOVA trial) [35, 36, 69]. Therefore, tBRCApv, as well as gBRCApyv,
is currently tested as a CDx for PARP inhibitors in ovarian cancer.

5.6 Genomic Scar (Chromosomal Rearrangements) Assays
for Genomic Instability

Chromosomal aberrations are induced by defective DNA repair, and gross chromo-
somal rearrangements are associated with HRD [69, 70]. Such genomic scar, repre-
sented by LOH, can be scored by using SNP array data (or array CGH) [71]. The
Genomic Instability score by MyChoice® CDx includes loss of heterozygosity
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(LOH), telomeric allele imbalance (telomeric allelic The sum of the three scores is
42 or more to be considered HRD positive [16].

FoundationOne CDx LOH Score was used in the ARIEL-2 and ARIEL-3 studies
of the PARP inhibitor rucaparib in platinum-sensitive patients with recurrent ovar-
ian cancer. Initially, the threshold was set at 14% or higher as HRD positivity
(ARIEL-2), but in ARIEL-3, the LOH score threshold was set at 16% or higher for
analysis [67, 72]. Although the case backgrounds differ, and further validation of
the consistency between the two tests is desirable, both tests are useful for estimat-
ing HRD. Currently, the LOH score in the FoundationOne CDx is not covered by
insurance as a cCDx, and is only listed as a reference value in the report of the CGP
test for ovarian carcinomas. If the timing of cancer gene panel testing could be
accelerated, the data would be more helpful in considering the introduction of PARP
inhibitors (even if they cannot be used as CDx).

5.7 Mutational Analysis of HRR-Related Genes

HR repair needs multiple steps and multiple molecules, pathogenic variants in other
HR repair (HRR) genes are also important. In addition, epigenetic changes (hyper-
methylation in the promoter region) are also reported to be associated with HRD in
ovarian cancer [4]. The FDA approval of olaparib in prostate cancer covers the fol-
lowing HRR pathogenic variants: BRCAI/2, ATM, BARDI, BRIPI, CDKI2,
CHEKI, CHEK2, FANCL, PALB2, RAD51B, RAD51C, RAD51D and RAD54L [14],
although the approval is limited to those with gBRCApv and/or tBRCApv in Japan.
Ratio of deleterious germline pathogenic variants in BRIPI (1.36%), PALB2
(0.62%), RAD51C (0.57%), RAD51D (0.57%), and BARD1 (0.21%) were all sig-
nificantly higher in ovarian cancer patients (n = 1345, including 1118 HGSOC) than
in control [73]. Germline pathogenic variants in CHEK2, ATM, and NRN were also
identified at 0.47-0.57% in this study [73]. In triple-negative breast cancers
(n =1824), 3.7% of deleterious germline pathogenic variants were identified in 15
non-BRCA predisposition genes, including PALB2 (1.2%), BARDI, RAD5ID,
RADS5IC, and BRIPI [74]. As the ratio of other HRRm was low (germline patho-
genic variants at 6.0% and somatic pathogenic variants at 2.7%) in 390 ovarian
carcinomas [4], other HRRm status has not been established as a biomarker to
PARP inhibitors. However, other HRRm was associated with prognosis in several
retrospective studies. Other HRRm group showed longer progression-free survival
(PES) by olaparib maintenance therapy, compared with the group with no detectable
BRCApv or other HRRm in Study 19 (hazard ratio:HR 0.21, 0.04-0.86) [75].
Adjusted hazard for PES was lower in patients with other HRRm (n = 81 of 1195:
6.8%) in 14 genes (ATM, ATR, BARDI, BLM, BRIPI, CHEK2, MREI1A, NBN,
PALB2, RAD51C, RAD51D, RBBPS8, SLX4 and XRCC?2), compared with patients
with no HRRm (HR 0.73, 0.57-0.94) in GOG-218 study (a randomized phase III
trial in advanced ovarian carcinoma of bevacizumab added to paclitaxel and carbo-
platin) [76].
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Loss of function of BRCAI and RADS51C by hyper-methylation is also frequently
observed in ovarian cancer [4, 77, 78]. The ratio of methylation of BRCA1 and
RADS51C is 6-11% and 3% in HGSOC, respectively [4, 78]. Epigenetic silencing of
these genes was mutually exclusive with BRCApv and other HRRm, and was con-
sidered as one of the mechanisms of HRD in HGSOC [4]. However, prognosis of
patients with epigenetic silencing of BRCAI was not as favorable as those with
BRCApv [4, 79]. Therefore, hypermethylation may not be functionally equivalent
to BRCApv in mediating platinum sensitivity. One possible reason may be rever-
sion from hypermethylation to hypomethylation in relapsed tumors.
Hypermethylation status of BRCAI (or RAD51C) may be often modified by the
platinum-based chemotherapy.

5.8 Reversion Mutation

Acquired (secondary) BRCA reversion mutations are key resistance mechanism to
platinum-based chemotherapies and PARP inhibitors [80]. Reversion mutations in
BRCA should recover the function of BRCA, which is distinct from other resistant
pathogenic variants in oncogenes, such as EGFR. The method to detect BRCA
reversion mutations is to analyze cfDNA by liquid biopsy, including FoundationOne
Liquid CDx and Guardant 360 [81]. Taking advantage of liquid biopsy in sample
availability and detection of heterogeneity, reversion mutations of BRCA have been
reported in ovarian cancer patients who were treated with PARP inhibitors [82, 83].
Notably, multiple reversion mutations can happen in the same patient, suggesting
the heterogeneity of resistant clones [80, 83]. Currently, lower limit of detection of
VAF is approximately 0.4% or lower for substitutions and insertions/deletions in
FoundationOne Liquid CDx, which may fail to detect reversion mutations from
minor clones [32]. cfDNA analysis was reported in ovarian cancer patients with
deleterious germline or somatic BRCA pathogenic variants treated with a PARP
inhibitor, rucaparib [80]. The ratio of BRCA reversion mutations identified in tBR-
CApv ovarian cancer patients in ARIEL2 study was 18% (2/11) from pretreatment,
13% (5/38) from platinum-refractory, and 2% (1/48) from platinum-sensitive
cfDNA [80]. Progression free survival by Rucaparib was significantly shorter in the
group with reversion mutations (median 1.8 months), suggesting the recovery of
HR repair pathway [80]. According to a meta-analysis, the ratio of reversion muta-
tions in patients with tBRCApv on progression after platinum or PARPi treatment
across the different tumor types was 26.0%, and the ratio in ovarian cancers was
21.4% (33/154) in BRCAI mutated and 27.8% (22/80) in BRCA2 mutated patients
[83]. A Phase IIIb trial, OReO/ENGOT Ov-38, with maintenance olaparib rechal-
lenge in ovarian cancer patients previously treated with a PARP inhibitor, indicated
that PFS was significantly improved by olaparib rechallenge (Median PFS was
4.3 months in olaparib arm vs 2.8 m in placebo arm: hazard ratio 0.57; 95% CI
0.37-0.87; P = 0.022) [42]. However, reversion mutations were not evaluated, and
it is less likely that olaparib rechallenge was effective in the patients with BRCA
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reversion mutations. Real world data of the reversion mutations by liquid biopsy
analysis is highly warranted to appropriately address the clinical impact of PARP
rechallenge.

5.9 Conclusion

Although the functions of BRCA1/2 genes and other HRR genes have been well
studied, clinical applications of PARP inhibitors (including the regimen with other
molecular targeted drugs) convey various clinical questions to be solved. The ques-
tions include pharmacodynamics and effect of PARP trapping by each PARP inhibi-
tor, mechanism to repair PARP-DNA complex, efficacy of PARP inhibitors in
HR-proficient tumors, mechanism of reversion mutations of BRCA, and mechanism
of acquired resistance in non-BRCApv tumors. Combination therapy of PARP
inhibitors and other drugs (such as antiangiogenic inhibitors and immune check-
point inhibitors) also highlights the significance of the molecular mechanism of
PARP inhibitors in ovarian carcinomas.
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Chapter 6
Personalized Treatment in Immunotherapy
for Gynecologic Cancer

Check for
updates

Junzo Hamanishi

Abstract Recent cancer treatments have entered a new era with novel types of
immunotherapies. In particular, immune checkpoint signals mediated by the immu-
nosuppressive cofactors programmed cell death 1 (PD-1) and PD-1 ligand 1 (PD-
L1), are the most promising targets for new cancer treatments.

Several clinical trials of various types of gynecologic cancers have been com-
pleted and revealed a modest antitumor effect with monotherapy with immune
checkpoint inhibitors (ICIs; anti-PD-1 antibody and/or anti-PD-L1 antibody).
However, genetic and/or molecular biomarker-selected endometrial cancer and cer-
vical cancers are more promising for treatment with ICIs. Some ICIs have been
approved by the FDA and the combination of ICIs with other agents has yielded
good results in trials for these cancers. Therefore, the selection of patients who
would benefit from ICI immunotherapy is quite important.

Keywords Immune checkpoint inhibition - PD-1 - PD-L1 - MSI - TMB

6.1 Introduction

In the last decade, cancer treatment has been revolutionized by new types of immu-
notherapies, mainly immune checkpoint inhibitors (ICIs) such as anti-programmed
cell death 1 (PD-1) antibodies and/or anti-PD ligand 1 (PD-L1) antibodies
(Table 6.1), which have become standard treatments for several advanced solid
tumors [1, 2] (Table 6.2). Based on the mechanism of action of these agents, sev-
eral biomarkers to measure the response to treatment have been investigated in
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Table 6.1 Immune checkpoint inhibitors (PD-1 signal inhibitors) in gynecologic cancers

Target Agent Brand name Company
PDI Nivolumab Opdivo Bristol-Meyers Squibb/Ono
Pembrolizumab Keytruda MSD
Dostarlimab-gxly Jemperli GSK
Cemiplimab-rwlc Libtayo Sanofi
Balstilimab Agenus
PD-L1 Atezolizumab Tecentriq Roche
Durvalumab Imfinzi AstraZeneca
Avelumab BAVENCIO Pfizer

Table 6.2 FDA approved PD-1 signal inhibitors in gynecologic cancers

Tumor type Biomaker Agent Company
Cervical cancer PD-L1 Pembrolizumab MSD
PD-L1 Pembrolizumab+TC+Bmab MSD
Endometrial cancer MSS Pembrolizumab-+lenvatinib MSD/Eisai
dMMR/MSI-High Dostarlimab-gxly GSK
Solid tumor dMMR/MSI-High Dostarlimab-gxly
Pembrolizumab MSD
TMB-High Pembrolizumab

*MSI-High, microsatellite instability-high; MSS, microsatellite stable; MMRd, mismatch repair
deficiency; TC+Bmab, paclitxel+bevacizumab

clinical trials and have led to the approval of ICI-based treatments [3, 4]. More
recently, some clinical trials using ICI monotherapy have demonstrated promising
antitumor effects for gynecologic cancers such as mismatch repair deficient
(MMRAJ) or microsatellite instability (MSI)-high cases of endometrial cancers and
PD-L1-expressing cervical cancer [5]. However, gynecologic cancers, particularly
ovarian cancer, represent a heterogenous subgroup of histologies, and thus their
responses to ICIs cannot be fully predicted using known biomarkers. Therefore,
the optimal biomarkers for specific subtypes of patients with cancer are urgently
required [4].

Conversely, combination immunotherapies with other antitumor therapies such
as chemotherapy, targeted therapy, radiotherapy, or other immunotherapies have
been expected to enhance the antitumor effect of ICIs in gynecologic cancers, and
some of these have demonstrated promising synergistic effects.

This chapter highlights the mechanism of action of ICIs and recent clinical trials
of ICIs used to treat gynecologic cancers, including specific molecular- or genetic-
based personalized immunotherapies (Fig. 6.1).
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Fig. 6.1 Precision
biomarkers in gynecologic
cancers. MSI,
microsatellite instability;
TMB, tumor mutational
burden; GIS, genomic
instability score;
SMARCA4, SWI/
SNF-related, matrix-
associated, actin-dependent
regulator of chromatin,
subfamily A, member 4

|| ovarian cancer

SMARCA4 7

uterine cancer
ovarian cancer

ovarian cancer
cervical cancer

6.2 PD-1 Signal

PD-1 (CD279) is an immunosuppressive co-inhibitory molecule that belongs to the
CD28 family of receptors on T cells. PD-1 was discovered in 1992 and is known to
be an induced molecule on T cells undergoing apoptosis [6]. Additional studies
demonstrated PD-1 expression on mature hematopoietic cells such as T and B cells,
as well as monocytes, following activation [7]. The cognate ligands for PD-1 are the
B7-family molecules, PD-L1 (CD274, B7-H1), and PD-L2 (CD273, B7-H2).
PD-L1 is expressed in human tonsils, placenta, monocytes, and lungs, where it
plays a role in immune tolerance. PD-L2 is mainly expressed in dendritic cells
(DCs) under normal physiological conditions [8]. The PD-1/PD-L1/L2 signaling
pathway has been shown to control excessive autoimmune and inflammatory
responses. This pathway plays a key role in immune homeostasis, together with the
B7-1/2/CTLA-4 signaling pathway described above [9]. The CTLA-4 signaling
pathway is primarily involved in the process of antigen presentation in lymph nodes,
whereas the key role of the PD-1 signaling pathway is to suppress the immune
response to target cancer cells in peripheral tissue.

6.3 PD-1 Signal Inhibitors

Several clinical trials have utilized humanized anti-PD-1 antibodies (pembroli-
zumab, nivolumab, dostarlimab-gxly, cemiplimab-rwlc, and balstilimab) and anti-
PD-L1 antibodies (atezolizumab, durvalumab, avelumab) for solid tumors as PD-1
signal inhibitors (Table 6.1). Subsequently, some antibodies have been approved by
the FDA for gynecologic cancers (Table 6.2). Pembrolizumab, an anti-PD-1
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antibody, was first approved for melanoma in 2014 and dostarlimab-gxly, another
anti-PD-1 antibody, has been approved for mismatch repair deficient (MMRA)
recurrent or advanced solid tumors. To date, at least 200 clinical studies have been
carried out using some type of PD-1 signal inhibitors in gynecologic cancers
(ClinicalTrials.gov) [10].

6.4 Personalized PD-1 Signal Inhibitors

Based on the mechanism of action of PD-1 signal inhibitors, several biomarkers for
the response to treatment have been investigated in various clinical trials, including
gynecologic cancers, and this has led to the approval of PD-1 signal inhibitors.
Recent clinical trials of PD-1 signal inhibitors for gynecological cancer have dem-
onstrated promising results in endometrial cancers and cervical cancers. Because
gynecological cancers represent a heterogeneous group of tumors, the optimal bio-
markers for a specific type of cancer have not yet been fully determined; some
biological biomarkers known to be useful for the treatment of gynecologic cancers
are shown in Fig. 6.1.

6.5 PD-L1 Expression

PD-L1 protein expression is a predictive biomarker of the efficacy of PD-1 inhibi-
tors in several types of cancer including cervical cancer, but not in endometrial
cancer and ovarian cancer, as demonstrated in previous immunotherapeutic clini-
cal trials [11, 12]. PD-L1 gene amplification has been reported in 0.7% of 100,000
cases of more than 100 types of solid tumors, and specifically in 2.7% (10/374)
cases of cervical cancer. Furthermore, although the number of cases is small, the
response rate (RR) to PD-1 pathway inhibitors was 66.7% (6 responses) in 9 solid
tumors with PD-L1 gene amplification [10], and the same has been reported in
multiple cancer types including lung cancer and breast cancer. Therefore, PD-1
pathway inhibitors are often recommended for cancers with high PD-L1 gene
expression including cervical cancers, and not for endometrial and ovarian
cancers.

In the KEYNOTE-158 trial of pembrolizumab in previously treated recurrent
cervical cancer, the RR was 14.6% in patients with high PD-L1 expression and 0%
in patients with low expression. The FDA approved pembrolizumab for PD-L1-
positive recurrent cervical cancer in 2018 [13]. The KEYNOTE-826 trial studied
the use of pembrolizumab in untreated metastatic/advanced cervical cancer and
combined standard chemotherapy with bevacizumab with or without pembroli-
zumab. This study found that both progression-free survival and overall survival
improved in the pembrolizumab group, and following this, the FDA approved
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pembrolizumab as a first-line treatment for PD-L1 positive cervical cancer in 2022
[14]. Furthermore, in the randomized phase IIl EMPOWER-Cervical 1/GOG-3016/
ENGOT-cx9 study with the novel anti-PD-1 antibody cemiplimab, cemiplimab
demonstrated significantly longer overall survival compared to chemotherapy [11].
In the RaPiDS trial, another anti-PD-1 antibody, balstilimab, also demonstrated that
the objective response rate (ORR) in PD-L1-positive patients was 20% and 8% in
PD-L1 negative patients. The combination immunotherapy of balstilimab and the
CTLA-4 inhibitor zalifrelimab resulted in an ORR of 27% and 11% in the PD-L1-
positive and PD-L1-negative cohorts, respectively [15].

On the other hand, previous clinical trials of PD-1 signal inhibitors have shown
no significant effect on PD-L1 expression in other gynecologic cancers [16].

6.6 Microsatellite Instability

Recent reports identified the frequency of genetic mutations derived from high mic-
rosatellite instability (MSI-High) with DNA mismatch repair deficiency (MMRA) in
cancer cells as a candidate biomarker [17]. Many mutated antigens (called neoanti-
gens) produced by MSI expressed on the surface of cancer cells are recognized by
T cells and B cells as foreign antigens, either directly or through the APC system.
Cancer cells exposed to IFN-y released from activated T cells express PD-LI,
thereby establishing an acquired immune resistance [18]. In this case, PD-1 signal
inhibitors are more likely to be effective.

The frequency of MMRd /MSI-High in cancer varies by cancer type. In an analy-
sis of 12,019 patients with MSI with 32 different types of cancer, MSI-High was
identified in patients with 24 different carcinomas (2.2%). Endometrial cancer was
the most common (17%) cancer with MSI-High, while ovarian cancer (3%) and
cervical cancer were rare [5]. Therefore, MMRd/MSI-High endometrial cancer has
become the focus of research as a good target for PD-1 signal inhibitors.

In the KEYNOTE-058 study of pembrolizumab in MMRdA/MSI-High solid
tumors, a high response rate was reported for MSI-H endometrial cancer in 28 of 49
patients (RR: 57%) and also for MMRd/MSI-High ovarian cancer in 5 of 15 patients
(RR: 33%). The FDA has approved pembrolizumab for MMRd/MSI-High solid
tumors across cancer types [19]. In addition to pembrolizumab, several other PD-1
pathway inhibitors such as dostarlimab-gxly (PD-1) and the antibodies avelumab
(PD-L1) and durvalumab (PD-L1) have also been shown to be significantly more
effective in patients with MMRd or MSI-High [20-22].

On the other hand, the KEYNOTE146 trial (Phase I/II), which investigated the
efficacy of combination therapy of pembrolizumab with the multi-kinase inhibitor
lenvatinib, showed a high RR of 57%, and was approved by the FDA for microsatel-
lite stable (MSS)/mismatch repair proficient (MMRp) in 2019. The
KEYNOTE-775/309 trial (phase III) demonstrated pembrolizumab in combination
with lenvatinib prolonged overall survival, regardless of MMR abnormality [23].
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6.7 Tumor Mutational Burden (TMB)

Recent comprehensive genetic mutation analysis of cancer tissues using next gen-
eration sequencing has revealed that, among the same cancer types, patients with
high somatic gene mutations (tumor mutational burden-high: TMB-High) have high
immunogenicity (immunoreactivity) due to the release of neoantigens, and the PD-1
pathway is induced by immune homeostatic reactions. In this situation, PD-1 path-
way inhibitors reactivate the antitumor effect with increased immune cell infiltra-
tion into the tumor [24].

The KEYNOTE-158 trial of pembrolizumab in multiple solid tumors showed
that the RR of the TMB-High group (TMB >10 mut/Mb, n = 102) was 29%, while
that of the Non-TMB-High group (n = 688) was 6% [25]. In 2020, the FDA approved
pembrolizumab for TMB-High solid tumors (>10 mut/Mb), including gynecologic
cancers.

The threshold of 10 mut/Mb of TMB-High is open to some debate. Recent
research has demonstrated that not all types of TMB-High tumors such as brain
tumors, unselected colon cancer, and esophageal cancer have demonstrated a favor-
able response to PD-1 signal inhibitors [26]. As for gynecological cancers, TMB-H
predicts good responses in endometrial cancer but not in cervical cancer and ovarian
cancer [27, 28].

6.8 Genomic Instability Score

Genomic Instability Score (GIS) is an algorithmic measurement of loss of hetero-
zygosity, telomeric allelic imbalance, and large-scale state transitions by a next
generation sequencing-based in vitro diagnostic test of tumor tissue specimens
[29]. The results of the test are used to aid the identification of patients with ovarian
cancer with positive homologous recombination deficiency status, who are eligible
for treatment with poly (ADP-ribose) polymerase (PARP) inhibitors. It is thought
that GIS-high will become a good biomarker of combination immunotherapy for
ovarian cancer [30]. In the phase II study of the PARP inhibitor olaparib with the
anti-PD-L1 antibody durvalumab (MEDIOLA doublet cohort) for germline BRCA-
mutated platinum-sensitive relapsed (PSR) ovarian cancer, high ORR (72%) and
disease control rates (81%) were observed with 19% of complete response (CR)
cases [31]. Additionally, in the MEDIOLA triplet cohort, the triple combination
immunotherapy of olaparib, durvalumab, and the anti-VEGF antibody bevaci-
zumab for non-gBRCAm PSR ovarian cancer demonstrated an incredible antitu-
mor effect in biomarker selected patients. Subgroup analysis revealed that a 100%
RR (10 of 10 patients) was reported in GIS-positive cases (Foundation Medicine
tumor analysis), while a 75% RR (6 of 8 patients) was reported in GIS-negative
patients [32].
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6.9 SMARCA4

SWI/SNF-Related, Matrix-Associated, Actin-Dependent Regulator of Chromatin,
Subfamily A, Member 4 (SMARCAA4) (also known as BRG1) is a subunit of the
SWI/SNF chromatin remodeling complex, which regulates the expression of several
genes [33]. Alterations in the SWI/SNF complex, and in particular, the loss of
SMARCA4 expression, are well documented in several types of cancers including
ovarian cancer. Small cell carcinoma of the ovary, hypercalcemic type (SCCOHT),
is arare, highly aggressive form of ovarian cancer seen primarily in younger patients,
and has low survival rates for later-stage disease. Although low TMB with high
intratumoral immune cell infiltration of SCCOHT would not predict responsiveness
to an immune checkpoint blockade, a combination of PD-1 inhibitors with pembro-
lizumab have shown substantial and durable responses in selected patients [34].

6.10 Summary

Advances in clinical oncology and novel drug discoveries are playing a major role
in personalized medicine in gynecologic cancers. The final goal of treatment for
cancer is focused on patient specificity so that effective treatment is given to the
right patient. The heterogeneity between gynecologic cancers among patients and
within the same patient must be accounted for in personalized medicine. Therefore,
genomic analyses with next generation sequencing and/or gene expression profiling
using DNA microarrays along with bioinformatics will comprehensively reveal the
diversity of the genome, epigenome, and expression profiles of gynecologic cancers
that can be treated with immunotherapies. In the real-world clinical practice in med-
ical oncology, we should perform reverse-translational research by using patients’
samples such as tumor biopsies and/or blood samples to find and develop the next
biomarkers or immunoreactive factors [35], which are related not only to antitumor
effects but also treatment-refractory/resistant factors to prolong the survival of
patients with gynecologic cancers.
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Chapter 7 )
Risk Assessment and Prevention Strategies <
for Hereditary Gynecological Cancers

Sayaka Ueno and Akira Hirasawa

Abstract A variety of hereditary cancer syndromes contribute to the develop-
ment of gynecological cancers. These syndromes are caused due to germline
pathogenic variants (GPVs) in tumor supressor genes or DNA repair genes. With
the increasing use of genomic sequencing in clinical practice, the number of indi-
viduals diagnosed with GPVs in genes associated with hereditary cancer syn-
dromes is increasing. Hereditary cancer syndromes differ in the types of cancer
susceptible to develop, the risk of developing certain cancer, cancer treatment
strategies, and possible cancer preventive strategies, depending on the gene
responsible for the syndrome. Thus, physicians involved in the management of
gynecological cancers perform accurate genetic risk assessments based on accu-
rate knowledge about each syndrome and provide proper medical intervention to
prevent developing cancer or to detect cancers in their early stage. Genetic risk
assessments also helps in the selection of appropriate fertility preservation meth-
ods and treatment strategies for hormonal imbalances in women. Knowledge
about significance and accuracy of various genetic tests may be helpful in inter-
preting the results of the test and in determining the appropriate medical interven-
tions. Here, we reviewed mechanisms of cancer development and clinical features
of hereditary gynecological cancers, as well as genetic risk assessment and cancer
prevention strategies for those syndromes.
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7.1 Introduction

All cancers develop as a result of mutations in certain genes, such as those involved
in the regulation of cell growth and/or DNA repair [1, 2]. Mutations can be classi-
fied into two types: germline mutations (recently described as germline variants)
and somatic mutations. Germline variants can be passed on to the next generation
and may be shared among relatives. Variants associated with certain diseases are
defined as germline pathogenic variants. Some germline variants are the causes of
hereditary cancer syndrome, which is defined as “a type of inherited disorder in
which there is a higher-than-normal risk of certain types of cancer” according to the
National Cancer Institute. Most hereditary cancer syndromes exhibit autosomal
dominant inheritance, and the responsible genes are mostly tumor suppressor genes.
By contrast, somatic mutations are acquired in somatic cells during their lifespan
and are restricted to the individual in whom they occur.

RBI1 is the first human tumor suppressor gene to be described; it plays an inte-
gral role in the development of retinoblastoma. In 1993, the 180-kb genomic
region encoding the RB1 transcript was sequenced; at the time, this was the lon-
gest stretch of human DNA sequence [3]. In the early 1990s, a number of tumor
suppressor genes responsible for hereditary gynecological cancers were identi-
fied including BRCAI, BRCA2, MLHI, MSH2, MSH6, and PMS2 [4-9]. BRCA1/2
are most common causes of hereditary breast and ovarian cancers; MLHI, MSH2,
MSH6, and PMS2, which are generally referred to as mismatch repair (MMR)
genes, are responsible for Lynch syndrome. To date, more than 50 hereditary
cancer syndromes have been described, and the responsible genes have
been cloned.

Germline pathogenic/likely pathogenic variants (GPVs) were found in 8% of
10,389 adult cancer patients across 33 cancer types in the TCGA cohort [10]. The
frequency of GPVs varied greatly among cancer types. In gynecological cancer, the
prevalence rates of GPVs were 19.9% in ovarian serous cystadenocarcinoma, and
6.8% in uterine endometrial cancer (EC), and 6.6% in cervical cancer. The highest
rate was observed in pheochromocytoma and paraganglioma (22.9%) followed by
ovarian serous cystadenocarcinoma. Although not all of the GPVs identified were
associated with the development of cancer that each individual was currently suffer-
ing from, the associations between BRCA1/2 GPVs and ovarian cancer, MSH6 and
PTEN GPVs and EC were identified in this study.

This chapter summarizes the molecular mechanisms, clinical features, genetic
risk assessment, and prevention strategies for hereditary gynecological cancers pre-
sented in Table 7.1.
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Table 7.1 Molecular and clinical features of hereditary gynecological cancers

Related Common
Responsible | gynecological | histological Other nongynecological
Syndrome genes cancers subtypes tumors
BRCA-related BRCAI, Ovarian cancer | Serous Breast cancer, prostate
breast/ovarian BRCA2 non-mutinous cancer, pancreatic
cancer syndrome cancer
Lynch syndrome | MLHI, Endometrial | Endometrioid Colorectal cancer,
MSH?2, cancer non-serous gastric cancer, small
MSHG6, Ovarian cancer | Endometrioid bowel cancer, urothelial
PMS2, cancer, pancreatic
EPCAM cancer
PTEN PTEN Endometrial Breast cancer,
hamartoma cancer pancreatic cancer,
tumor syndrome colorectal cancer, gastric
(Cowden cancer, small bowel
syndrome) cancer, thyroid cancer
Peutz-Jeghers STK11 Non-epithelial | Sex cord tumor with | Breast cancer,
syndrome ovarian tumor | annular tubules pancreatic cancer,
Cervical Gastric type colorectal cancer,
cancer mucinous carcinoma, gastric cancer, small
LEGH bowel cancer
DICER1 DICERI Non-epithelial | Sertoli-Leydig cell | Pleuropulmonary
syndrome ovarian tumor | tumor blastoma, pulmonary
Cervical tumor | Embryonal cysts, thyroid gland
rhabdomyosarcoma | neoplasia, cystic
of the cervix nephroma
Rhabdoid tumor | SMARCA4 | Non-epithelial | Hypercalcemic type | Rhabdoid tumors of
predisposition ovarian tumor | of small cell central nervous system,
syndrome carcinomas renal rhabdoid tumors
Other cancer- RADSIC, Ovarian cancer Breast cancer
susceptible RAD5ID
genes BRIP] Unknown
ATM Breast cancer,
pancreatic cancer
PALB2 Breast cancer,

pancreatic cancer

7.2 Biological Impacts of the Germline Variants
in Hereditary Cancer

Cancer driver genes are classified as oncogenes or tumor suppressor genes, depend-
ing on whether their activation or inactivation contributes to cancer development.
Although a single mutation in an oncogene can be sufficient for tumorigenesis,
inactivation of both alleles of a tumor suppressor gene is often required.

In 1971, Alfred Knudson proposed the “two-mutation hypothesis” (now known
as the two-hit theory), which states that in familial retinoblastoma cases, individuals



90 S. Ueno and A. Hirasawa

N

Fig. 7.1 Various events account for the second hit in a cell with a pathogenic germline variant. (a)
De novo mutation of the wild-type allele. (b—d) Three mechanisms of LOH: chromosomal loss,
gene deletion, and somatic recombination (copy neutral LOH). Copy neutral LOH is a special case
of LOH in which the wild-type allele is replaced with a mutant allele. (e) Promoter methylation of
the wild-type allele. LOH loss of heterozygosity

possess one mutant RB allele due to an inherited or de novo germline mutation in
the RB gene (first hit), and when a retina cell acquires a somatic mutation in the
remaining wild-type allele (second hit), the cell will be transformed into a retino-
blastoma cell [11]. The second hit described by Knudson could be accounted for via
alternative molecular events, such as deletion of the wild-type allele, which is
referred to as loss of heterozygosity (LOH), or DNA methylation changes in the
wild-type allele (Fig. 7.1).

Although the patterns of somatic second-hit events differ depending on the tissue
and genes, LOH is thought to be the most common second-hit event. LOH for the
wild-type allele was reported in 92—-100% and 70-76% of patients with germline
BRCAI and BRCA?2 truncating variants in ovarian cancer [12, 13]. LOH events
occurred more rarely in patients with germline missense variants of BRCAI and
BRCA2 than those with truncating variants, with a rate of 11% [13]. Cooperation
between germline variants and somatically acquired alterations within not only the
same gene but also different genes has been recently described in several tumor
localizations [13]. In MMR gene-related cancer, LOH occurred in almost half of the
patients with GPVs in MMR genes [14, 15]. Somatic single nucleotide variants
were reported as the second most common mechanism of two-hit inactivation of
MMR genes [14]. Another second-hit event, promoter methylation in MLHI, has
been reported in colorectal cancer and ECs with MLHI GPVs [15, 16].

Although the two-hit theory is a clear model for explaining the contribution of
tumor suppressor genes in tumorigenesis, even partial inactivation of tumor sup-
pressor genes can also critically contribute to tumorigenesis [17]. In some tumor
suppressor genes, a single copy of the wild-type allele is not enough to provide suf-
ficient gene function, and thus called haploinsufficiency. Tumors in patients with
Li-Fraumeni syndrome, which is caused by 7P53 GPVs, do not always exhibit loss
of the wild-type TP53 allele, suggesting that haploinsufficiency of 7P53 may be
sufficient for tumor initiation [18]. BRCAI/2 also show haploinsufficiency.
Microscopically normal tissues in carriers of BRCAI/2 GPVs have altered mRNA
profiles compared with BRCA wild-type cells, suggesting an impact of one-hit
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events on tumorigenesis [19]. In addition, single-copy mutation of a tumor suppres-
sor gene sometimes interferes with the function of the wild-type gene product,
which is described as a dominant negative mutation. Certain missense variants in
ATM have been reported to act in a dominant-negative manner to increase breast
cancer risk, relative to truncating mutations [20-23].

7.3 Hereditary Gynecological Cancers

Gynecological cancers often overlap with hereditary cancer syndromes, therefore,
gynecologists need to have a proper insight into hereditary cancer syndromes. The
prevalence of GPVs in gynecological cancers and breast cancer is shown in Fig. 7.2.
The frequency of GPVs in breast cancer patients was 9.9% [10]. About 10-20% of
epithelial ovarian cancer patients are estimated to have GPVs in ovarian cancer
susceptibility genes [24-26]. Some genes are associated with the development of
non-epithelial ovarian cancer. About 5-10% of EC patients are estimated to have
GPVs in EC-related genes [27-29]. Cervical cancer is in most cases caused by the
human papillomavirus, and is thus very unlikely to be hereditary. To date, two types
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Fig. 7.2 Prevalence of GPVs in breast, ovarian, endometrial and cervical cancers/tumors. The
shaded area in the pie chart represents the probability of detecting GPVs in cancer susceptibility
genes. Genes in which GPVs are commonly detected are listed on the right side of the pie chart.
GPV germline pathogenic/likely pathogenic variants, HR genes genes involved in homologous
recombination repair pathway; ATM, BRIP1, PALB2, RAD51C, RAD51D, etc.
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of cervical cancer have been reported to be associated with hereditary tumors. This
section outlines the typical gynecological hereditary cancers shown in Table 7.1.

7.3.1 BRCA-Related Breast/Ovarian Cancer Syndrome
(Hereditary Breast and Ovarian Cancer: HBOC)

GPVs in BRCA1/2 are associated with susceptibility to breast, ovarian, prostate, and
pancreatic cancers. BRCAI and BRCA2 are located on chromosome 17q21 and
13q12, respectively, and both genes encode proteins involved in DNA repair dam-
age via the homologous recombination repair pathway and serve as tumor suppres-
sors. The cumulative risks of developing breast and ovarian cancers by the age of 80
years are 72% and 44% for women with GPVs in BRCA1, 69% and 17% for those
with GPVs in BRCA2, respectively [30].

GPVs in BRCA1/2 are responsible for at least 10% of epithelial ovarian cancers
[24, 31, 32]. Ovarian cancer in the context of BRCA1/2 GPVs is characterized by a
high proportion of serous carcinoma, advanced disease stage, and younger disease
onset [24, 31-34].

It remains unknown whether BRCA1/2 GPVs are associated with an increased
risk of EC or not. A precious prospective cohort study showed a slightly increased
risk of EC in a median follow-up of 5.7 years, with a standardized incidence ratio
(SIR) of 1.91 (95% confidence interval [CI]: 1.06-3.19) for BRCAI carriers and
1.75 (95% CI: 0.55-4.23) for BRCA?2 carriers, which was not statistically significant
[35]. In this study, tamoxifen use was identified as the most relevant risk factor for
EC. Tamoxifen use significantly increased the SIR in BRCAI carriers from 1.91 to
4.43 (95% CI: 1.94-8.76), whereas in BRCA?2 carriers the association was not sta-
tistically significant (SIR = 2.29, 95% CI: 0.38-7.59). In another study including
1083 BRCAI/2 carriers who underwent risk-reducing salpingo-oophorectomy
(RRSO) without hysterectomy, the risk of developing EC did not increase within a
median follow-up of 5.1 years [36]. However, of the eight incident uterine cancers
observed, five were serous/serous-like and four of the five occurred in BRCAI car-
riers, indicating increased risk for serous/serous-like EC in BRCAI carriers.

7.3.2 Lynch Syndrome

Lynch syndrome (LS) is a hereditary cancer syndrome caused by GPVs in DNA
mismatch repair (MMR) genes such as MLHI, MSH2, MSH6, and PMS2 [37].
Additionally, deletion of the last exon of EPCAM, which is located upstream of
MSH?2, also causes LS through hypermethylation of the MSH2 promoter and subse-
quent MSH2 silencing [38].

Individuals with LS are at a heightened risk of developing several types of can-
cers, which vary based on the affected MMR genes and age. An international, mul-
ticenter prospective observational study including 6350 participants with GPVs in
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MMR genes showed that the cumulative risks of developing ECs by the age of 75
years were 37.0% for MLH1, 48.9% for MSH2, 41.1% for MSH6, and 12.8% for
PMS?2 carriers [39]. For ovarian cancer, the cumulative risks were 11.0% for MLH1,
17.4% tor MSH2, 10.8% for MSH6, and 3.0% for PMS?2 carriers.

Gynecological cancers in the context of LS are mainly EC and characterized by a
younger disease onset [40—42]. The prevalence rates of LS have been reported to be
5.8-7.2% in EC patients [28, 29], and 0.4-3% in epithelial ovarian cancer patients
[24, 43, 44]. Synchronous endometrial and ovarian cancers were reported in 21.6% of
LS-associated EC patients and also in LS-associated ovarian cancer patients [40, 45].
In 81.4% of individuals with LS, EC was first cancer in that individuals. The lower
uterine segment was involved in 25% of LS-associated EC patients [40].

7.3.3 PTEN Hamartoma Tumor Syndrome
(Cowden Syndrome)

PTEN hamartoma tumor syndrome is a multiple hamartoma syndrome frequently
associated with GPVs in PTEN [46]. PTEN, located on chromosome 10q23, encodes
a phosphatase involved in cell signaling pathways that affect cell proliferation and
survival.

Hamartomas are benign tumors that result from overgrowth of normal tissues.
Multiple hamartomas occurring in various organs are a common manifestation of
this syndrome. Individuals with this syndrome often exhibit other characteristic fea-
tures, such as macrocephaly and multiple mucocutaneous lesions, therefore, most
patients would be clinically diagnosed.

This syndrome is also associated with an increased risk of developing several
types of cancer, including breast, endometrial, thyroid, and colorectal cancer.
Among all, breast cancer is the most common type of cancer in patients with this
syndrome, with a lifetime risk of up to 85% [47]. The lifetime risk of developing EC
is estimated to be 28%, with the risk beginning to increase at the age of 25 years and
rising to 30% by the age of 60 years [28, 47].

7.3.4 Peutz-Jeghers Syndrome

Peutz-Jeghers syndrome (PJS) is characterized by multiple hamartoma polyps in the
gastrointestinal tract, pigmentation of the skin mucosa as well as increased suscep-
tibility to cancer in the gastrointestinal tract, uterine cervix, testes, ovary, and breast
[48, 49]. Most of the PJS cases are due to GPVs in the STK11 (LKBI) gene [50, 51].
STK11, located on chromosome 19p13, encodes a serine-threonine kinase involved
in cell polarity, metabolism, and growth.

Gynecological tumors associated with PJS are sex cord tumor with annular
tubules (SCTAT) of ovary and cervical gastric type mucinous carcinoma of the
endocervix (G-ECA). The lifetime risks of developing SCTAT and G-ECA was
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reported to be 21% and 10%, respectively, with the average ages at diagnosis of 28
years for SCTAT and 34-40 years for G-ECA [49, 52]. Among all patients with
ovarian SCTAT, approximately one-third have PJS [53]. PJS-related G-ECAs are
extremely well-differentiated forms of G-ECA known as adenoma malignum or
minimal deviation adenocarcinoma (MDA). Among patients with MDA, 11-17%
have PJS [54, 55]. Although lobular endocervical glandular hyperplasia (LEGH) is
a basically benign gastric type mucinous lesion of cervix, LEGH with atypia could
be a precursor of MDA [56]. The first case of LEGH in a patient with a STK// GPV
who was diagnosed PJS was reported in 2012 [57]. Since then, a few case reports
have shown that LEGH can be associated with PJS [58-60].

7.3.5 DICERI Syndrome

DICERI syndrome is characterized by pediatric pleuropulmonary blastoma, nodu-
lar hyperplasia of the thyroid, cystic nephroma, Sertoli-Leydig cell tumors of the
ovary (SLCT), and other rare types of tumors [61, 62]. This syndrome is caused by
GPVs in DICERI, located on chromosome 14q32, which encodes an RNase III
endonuclease involved in posttranscriptional gene expression by modulating
microRNAs [63, 64]. In most cases, biallelic variants in DICERI have been detected
in tumors: usually a loss-of-function GPV in one allele and a tumor-specific somatic
hotspot variant in the second allele [65]. Monoallelic loss of DICERI can promote
tumorigenesis, indicating its haplo-insufficient function as a tumor suppressor
gene [60].

The lifetime risk of developing SLCTs was estimated to be 21.2% with the aver-
age age at diagnosis of 16.9 years [67, 68]. In SLCT patients, DICERI GPVs were
identified in 18 of 26 patients (69%) [69].

Embryonal rhabdomyosarcoma of the cervix (cERMs) is a rare type of tumor
that occurs in older children, adolescents and young adults with a median age of
13—14 years [70]. The association between cERMs and SLCT was later reported in
a cohort of 14 patients [71]. Although the lifetime risk of developing cERMs in
DICERI carriers has not been reported, most of the cERMs (18 of 19 patients, 95%)
were reported to have DICER mutations, 50% of which were of germline origin (6
of 12 patients tested) [72].

7.3.6 Rhabdoid Tumor Predisposition Syndrome

SMARCAA4, located on chromosome 19p13, is a chromatin remodeling gene and
encodes BRGI1. Recently, biallelic inactivation of SMARCA4 and the consequent
complete loss of BRGI1 protein have been identified as molecular event defining
small cell carcinoma of the ovary, hypercalcemic type (SCCOHT) [73-75].
SMARCA4 GPVs were identified in 43% of SCCOHT patients (26/60), with sig-
nificantly younger age at diagnosis than those without GPVs [76]. SMARCA4
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carriers also develop rhabdoid tumors involving the central nervous system or kid-
neys [77]. Since the incidence of GPVs is high, the International SCCOHT
Consortium recommends referral of all patients with SCCOHT to a clinical genetics
service and offering genetic tests for SMARCA4 GPVs [78].

7.3.7 Other Cancer-Susceptible Genes

Recently, several genes that are involved in the development of hereditary ovarian
cancers have been identified. Compared with BRCA1/2 and MMR genes, the pene-
trance of these genes is lower, but not negligible. Among these genes, ATM, BRIP1,
PALB2, RADS5IC, and RADS5ID are involved in the homologous recombination
repair pathway as well as BRCA1/2.

ATM GPVs were found in 0.64-0.87% of ovarian cancer patients, which was
significantly greater than the 0.1% frequency in healthy controls [79]. ATM GPVs
were estimated to slightly increase the risk of developing ovarian cancer [80].

BRIP1 GPVs were found in about 1% of ovarian cancer patients [24, 25]. A pre-
vious large case control study showed that BRIP] is associated with an increased
risk of developing ovarian cancer, especially high-grade serous ovarian cancer, with
a relative risk of 14.09 (95% CI, 4.04—45.02, p < 0.001). In BRIP]I carriers, the
cumulative lifetime risk of developing ovarian cancer by the age of 80 years was
estimated to be 5.8% [81].

PALB2 GPVs were found in about 0.38-0.62% of ovarian cancer patients [24,
25]. Whether PALB2 GPVs increase the risk of developing ovarian cancer remains
unknown. Although two previous studies demonstrated an association, three other
studies did not show a statistically significant association between PALB2 GPVs
and increased ovarian cancer risk [24, 81-84].

RAD51C and RAD51D GPVs were found in about 0.5% of ovarian cancer
patients respectively [24, 25]. Previous case control studies identified an association
between RADS51C and RAD51D GPVs and increased ovarian cancer risk, with odds
ratios of 3.4-5.2 and 4.78-12.0, respectively [24, 83, 85].

7.4 Genetic Risk Assessment

The typical clinical features of hereditary cancers are as follows: (1) younger age of
onset, (2) accumulation of certain types of cancers in the family members, (3) pres-
ence of multiple types of cancer in one person, and (4) occurrence of cancer in both
paired organs. The purpose of genetic risk assessment is to identify the individuals
who may be at risk of hereditary cancer syndromes and may benefit from genetic
testing, additional screening, or preventive medical interventions. In many cases,
gynecologists will play an important role in the identification and referral of women
at risk for these conditions. In this section, we will summarize the clues for evaluat-
ing the personal risk of hereditary cancer syndromes.
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7.4.1 Personal and Family History of Cancer

Collecting a detailed personal and family history is the first step in genetic risk
assessment. Accurate genetic risk assessment requires, at a minimum, family his-
tory of first- and second-, and hopefully third-degree relatives of both maternal and
paternal sides. Personal and family history will change over time; therefore, clini-
cians are required to update the data. History of cancer should be collected, includ-
ing age at diagnosis, subtype, pathology, and laterality of the disease. Surgical
history, such as salpingo-oophorectomy for benign ovarian tumors or total hysterec-
tomy for uterine myomas, is an important information since these may serve as
risk-reducing surgeries for ovarian or endometrial cancers. Hormonal therapy his-
tory, the use of oral contraceptive, carcinogen exposure history, and ethnic back-
ground can also influence the results of genetic risk assessment.

To identify candidates for genetic services, clinicians can use published categori-
cal guidelines available through professional organizations [86-90]. In addition,
some models are provided to predict the probability that an individual has GPVs in
BRCA1/2 or any of the MMR genes. These include the BRCAPRO and BOADICEA
models in BRCA1/2 and the PREMMS, MMRpredict, and MMRpro for MMR
genes [91-95]. Because each model is developed based on a study of a certain popu-
lation, the use of these models is appropriate only when the patient’s characteristics
and family history are similar to those of the study population. Ethnicity, the histol-
ogy of cancer, and laterality of cancer can influence the accuracy of the models
[96-100]. In addition, BRCAPRO was insufficient to predict BRCA1/2 GPVs in
ovarian cancer patients [101].

7.4.2 Characteristic Physical Findings Other than Cancer

Some hereditary cancer syndromes are accompanied by distinctive clinical findings
other than the development of certain cancers. Detection of trichilemmomas or oral
mucosal papillomatosis on dermatologic examination, macrocephaly on measure-
ment of head circumference, and multinodular goiter on thyroid palpation can be
helpful in the diagnosis of PTEN hamartoma tumor syndrome (Cowden syndrome).
In addition, hamartomas or esophageal glycogenic acanthoses can be detected inci-
dentally during gastrointestinal endoscopy.

Hyperpigmentation of the mouth, lips, nose, eyes, genitalia, or fingers on inspec-
tion, or hamartomatous polyps of the gastrointestinal tract on endoscopy can be
helpful in the diagnosis of PJS.

7.4.3 Result of Prior Genetic Tests in Family

The results of prior genetic tests of other family members would be helpful for the
assessment. If a GPV has already been identified in other family members, search-
ing only for the same location in the gene can be a reasonable and cost-effective
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diagnostic approach. However, more than one GPV may be present in a single fam-
ily; thus, broader testing should be considered if multiple GPVs are suspected.

Pharmacogenetic tests, such as microsatellite instability (MSI) testing of tumor
tissue, tumor testing for homologous recombination deficiency (HRD), or tumor
clinical sequencing, could reveal the possibility of hereditary cancers. LS was iden-
tified in 16.3% of patients with MSI-high tumors [102]. BRCA1/2 play central roles
in the homologous recombination pathway; thus, the HRD status indicates the pos-
sibility of BRCA1/2 GPVs. GPVs of other genes involved in the homologous recom-
bination pathway may cause HRD. Mutations found in clinical tumor sequencing
could be of germline origin; therefore, offering opportunity to take the confirmation
tests should be considered [103].

These results should be obtained from laboratories certificated for genetic test-
ing. Recently, the genetic test results obtained through direct-to-consumer (DTC)
services have been increasing. DTC genetic testing can be performed directly by
an individual because DNA sampling from oral mucosa or hair is easily per-
formed as it does not require for special equipment and is usually less expensive
than clinical genetic testing. Given the limited testing methods and the higher rate
of false-positive and false-negative results compared with clinical genetic testing,
the results of DTC genetic testing should be re-evaluated by experts in genet-
ics [104].

7.4.4 Clinical use of Multigene Panel Testing

Historically, genetic testing for cancer patients has been conducted by first inferring
the most likely hereditary cancer syndromes based on genetic risk assessment, and
then testing for the single genes associated with these syndromes.

Genetic risk assessment plays an important role in the identification of individu-
als at risk of hereditary cancer syndrome, however, multiple factors may influence
the accuracy of assessment. These factors include small family size, unknown fam-
ily history, early deaths, and de novo pathogenic variants. In addition, with the rapid
advances in sequencing technology, a number of genes with low to moderate cancer
susceptibility have been identified. This variability in the penetrance of pathogenic
variants may influence the risk assessment as well as the patterns of inheritance and
mosaicism.

Moreover, several studies have reported that GPVs in cancer predisposition
genes were identified not only in those who met the previous National Comprehensive
Cancer Network (NCCN) testing criteria based on the genetic risk assessment but
also in those who did not meet the criteria [ 105, 106]. Another retrospective analysis
showed that only 18.9% of positive results in genetic test were consistent with the
suspected syndromes and associated genes [107].

Now, next generation sequencing technology has enabled the simultaneous test-
ing of a set of genes at low cost, that is, a multigene panel testing (MGPT). The
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introduction of MGPT should increase the number of individuals diagnosed with
GPVs in hereditary cancer-associated genes that cannot be identified by conven-
tional single gene tests. Indeed, in clinical settings, with growing evidence showing
that certain genes other than BRCA 1/2 confer an increased risk of cancer predisposi-
tion, MGPT replaced the BRCA1/2-only tests in 2014 [108]. In 2020, the NCCN
guidelines underwent a major paradigm shift by changing the description to con-
sider MGPT first among genetic tests.

As mentioned above, MGPT is a useful and cost-effective tool for diagnosing
hereditary cancer syndromes. However, for many of genes with low to moderate
cancer susceptibility, only limited data are available on the degree of cancer risk,
and no clear guidelines on risk management have been established. Therefore, med-
ical intervention for individuals with GPVs in these genes should be considered
based on the results of genetic risk assessment; genetic risk assessment remains
important in management of hereditary cancer syndromes.

7.5 Cancer Prevention Strategies for Hereditary
Cancer Syndromes

Individuals who are presumed to be at risk of hereditary cancer syndromes or who
are concerned about these syndromes should be provided with the opportunity to
receive genetic counseling prior to making any decisions regarding genetic testing.
Genetic counseling has been defined as “the process of helping people understand
and adapt to the medical, psychological, and familial implications of genetic contri-
butions to disease” [109]. Through this process, individuals will be informed about
the genes they may be tested, possible results and medical management associated
with the results, and the implications of genetic testing for other family members.
The benefits, risks, and limitations of genetic testing should also be discussed. This
process facilitates informed decision-making and adaptation to the results of genetic
testing.

Genetic testing is not always necessary for individuals who have already been
diagnosed with certain hereditary cancer syndromes according to the clinical
diagnostic criteria, as in most of such cases, the results of the test will not change
medical management. Though, if a GPV was identified in the individual diag-
nosed with the disease, this information can also be used for genetic testing in
other family members and can help predicting the inheritance manner. As such,
identified genetic information can be information that can be of medical or psy-
chological benefit to family members. The results of genetic testing should be
carefully evaluated and disclosed to individuals along with the medical manage-
ment options that could be offered to them. In this section, the recommended
cancer risk management based on the genetic test results are summarized
(Table 7.2).
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Table 7.2 Prevention strategies for hereditary gynecological tumors

Gynecological
Gene organs Screening® Risk-reducing surgery | Other options
BRCAI, Ovary Consider serum Recommend Oral
BRCA2 CA125 and TVUS salpingo-oophorectomy | contraceptives
MLHI, Endometrial Consider endometrial | Consider hysterectomy
MSH?2, biopsy and TVUS
MSHG, Ovary Consider serum MLHI, MSH2, EPCAM:
PMS2, CA125 and TVUS Consider salpingo-
EPCAM oophorectomy MSH6,
PMS?2: Insufficient
evidence to recommend
PTEN Endometrial Consider endometrial | Discuss option of
biopsy and TVUS hysterectomy
STK11 Cervix/Ovary | Annual pelvic exam Consider hysterectomy
with annual pelvic
ultrasound and pap
smear
Endometrial biopsy if
abnormal bleeding
BRIP] Ovary Consider serum Consider
CA125 and TVUS salpingo-oophorectomy
RADS5IC, Ovary Consider serum Consider
RADSID CA125 and TVUS salpingo-oophorectomy
ATM Ovary Consider serum Consider salpingo-
CA125 and TVUS oophorectomy based on
family history
PALB2 Ovary Consider serum Consider salpingo-
CA125 and TVUS oophorectomy based on
family history

TVUS transvaginal ultrasound

Table was created based on NCCN Guidelines Genetic/Familial High-Risk Assessment: Colorectal
Version 1.2022, and Genetic/Familial High-Risk Assessment: Breast, Ovarian, and Pancreatic
Version 2.2022

aScreening for ovarian cancer and endometrial cancer is of uncertain benefit

7.5.1 BRCA1/2

BRCA1/2 GPV carriers have an extremely high risk of developing breast and ovar-
ian cancers, as well as an increased risk for pancreatic and prostate cancers.

As BRCA1/2 GPVs are associated with early-onset breast cancer, breast cancer
screening should be initiated earlier than the standard recommendation [110]. For
women with BRCA1/2 GPVs, training in breast awareness starting at the age of 18
years, clinical breast examination every 6—12 months and annual breast MRI screen-
ing with contrast starting at the age of 25 years, and additional annual mammogra-
phy with consideration of tomosynthesis beginning at the age of 30 years are
recommended. In a prospective screening trial evaluating the performance of annual
MRI and mammography in women with BRCA1/2 GPVs, the sensitivity of MRI
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was significantly higher than that of mammography [111]. Furthermore, the major-
ity or cancers detected by MRI screening are early-stage tumors. Another study
reported that breast MRI had sensitivity rates of 79% for all cancers and 88.5% for
invasive cancers, and a specificity rate of 86% [112]. Risk-reducing mastectomy
(RRM) reduces the risk of developing breast cancer, although there is still no con-
sensus on whether RRM reduces mortality. Therefore, the option of RRM should be
carefully discussed during genetic counseling.

In contrast to breast cancer, RRSO is the current standard of care for ovarian
cancer risk management in women with BRCA1/2 GPVs [88, 113, 114]. In patients
with BRCA1/2 GPVs, the effectiveness of RRSO in reducing the risk of ovarian or
fallopian cancer was reported to be 80-85%, with reduced mortality [115-117].
RRSO may provide an opportunity to detect clinically occult gynecologic cancers,
especially serous tubal intraepithelial carcinoma (STIC), which is considered to be
an early precursor lesion for serous ovarian cancers, in approximately 5-8% of
patients [118, 119].

As described above, RRSO is an effective approach to reduce the risk of ovarian
cancer in patients with BRCAI/2 GPVs. However, before deciding to undergo
RRSO, several topics should be discussed, such as the reproductive impact, residual
risk of peritoneal cancer, and premature menopause. Even after RRSO, a 1-4.3%
risk of developing peritoneal carcinoma remains, with the older age at RRSO and
the presence of STIC in the RRSO specimen as the risk factors [120, 121].
Premenopausal women who undergo RRSO will experience acute climacteric
symptoms of hormonal withdrawal.

Hormone replacement treatment (HRT) will not only attenuate these symptoms,
but will also prevent the occurrence of osteoporosis and cognitive decline and help
maintain cardiovascular health. HRT after RRSO for a short period has no reported
effect on the breast cancer risk [122, 123]. Another study showed that short-term
HRT use (mean duration: 4.3 years) did not increase breast cancer risk in female
BRCAI GPV carriers without RRSO [124]. Although there have been no data about
association between long-term use of HRT in BRCA1/2 GPV carriers and breast
cancer risk, in general population, the long-term use of HRT (median: 5.6 years)
was associated with higher breast cancer incidence [125]. Therefore, information on
the benefits and risks of HRT in individuals with BRCA1/2 GPVs should be pro-
vided to them and the choice of whether to use HRT and for how long should be
carefully discussed.

Salpingectomy with delayed oophorectomy could be another option for pre-
menopausal women. Although several studies have shown the safety and feasibility
of this procedure, more data are needed to determine its efficacy in reducing the risk
of ovarian cancer [126, 127]. For those who have not elected RRSO, screening with
transvaginal ultrasound and measurement of serum CA-125 levels may be consid-
ered in the clinical setting, although the clinical benefits remain uncertain.

The use of oral contraceptives (OCs) was reported to reduce the cumulative inci-
dence of ovarian cancer from 1.2% to a maximum of 0.7% in general population;
the incidence became lower the longer the OCs were used [128]. Three meta-anal-
ysis studies showed that the use of OCs reduces the risk of developing ovarian
cancer by approximately 50% in BRCA1/2 carriers [129-131].
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Previous data showed conflicting data on the effect of OC use on breast cancer
risk among BRCA1/2 carriers [132—-135]. Two meta-analyses showed no significant
association between OC use and breast cancer risk in BRCA /2 carriers [129, 131].
Taken together, OC can be used to prevent ovarian cancer risk; however, physicians
should be aware that the preventive effect is smaller than that of RRSO, and the
appropriate duration of OC use remains uncertain.

Men with BRCA1/2 GPVs have an increased risk of developing breast cancer,
with the cumulative lifetime risks of 1.2% for those with BRCAI GPVs and 7-8%
for those with BRCA2 GPVs, compared with the cumulative lifetime risk of 0.1% in
the general population [136—139]. For men with BRCA1/2 GPVs, training in breast
self-examination starting at age of 35 years is recommended, while starting annual
mammography should be considered at age 50 or 10 years prior to the earliest
known breast cancer in the family for those with gynecomastia.

Men with BRCA1/2 GPVs also have an increased risk of developing prostate
cancer [140-143]. Prostate cancer in male BRCAI/2 carriers were often at an
advanced or metastatic stage. Screening for prostate cancer using serum PSA start-
ing at the age of 40 years should be recommended for those with BRCA2 GPVs and
should be considered for those with BRCAI GPVs [142].

If at least one first- or second-degree relative developed pancreatic cancer, pancreas
cancer screening may be considered [144]. Pancreas cancer screening contributes to the
earlier detection of pancreatic cancer and the improvement of resection rates, which
may decrease the mortality rate [145, 146]. Screening may be performed using con-
trast-enhanced MRI/MRCP and/or endoscopic ultrasound starting at the age of 50 years
or 10 years younger than the earliest pancreatic cancer diagnosis in the family [144].

7.5.2 MMR Genes (Lynch Syndrome)

Individuals with LS have an increased lifetime risk of developing several types of
cancers, particularly colorectal and endometrial cancer. Although different genes
carry different risks, the lack of large-scale cohort studies on the risks among specific
variant carriers has resulted in the application of the same management at present.

Annual or semiannual colonoscopy starting at the age of 20-25 years or 2-5
years younger than the youngest diagnosis age in the family is recommended
[147-152].

In women with LS, endometrial cancer is the second most common type of can-
cer, with a lifetime risk of up to approximately 50%; the risk varies by gene [39].
Due to the lack of sufficient evidence for specific routine screening, uniform guide-
lines for the surveillance of endometrial cancer in patients with LS are not currently
available. However, in the clinical setting, endometrial biopsy in combination with
transvaginal ultrasound is often performed with the expectation of improving the
rate of endometrial cancer detection [153—155]. Women with LS are also at a higher
risk of developing ovarian cancer. However, there has been no data supporting rou-
tine screening for ovarian cancer. Total hysterectomy and bilateral salpingo-
oophorectomy can be performed as risk-reducing surgery [156].
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There is no clear evidence to support the appropriate method for screening other
types of cancer, including gastric, small bowel, urothelial, and pancreatic cancer.
However, individuals with a familial history of each cancer may benefit from upper
endoscopy, urinalysis, or imaging of the pancreas using MRI/MRCP or
EUS. Recently, a PSA screening study in those with GPVs in MMR genes was
conducted, demonstrating a higher prostate cancer incidence in MSH2 and MSH6
GPV carriers than in noncarrier controls and the usefulness of PSA screening in
detecting prostate cancer [157].

7.5.3 PTEN (PTEN Hamartoma Tumor Syndrome/
Cowden Syndrome)

In PTEN hamartoma tumor syndrome, the cumulative lifetime risk for any types of
cancer is estimated to be more than 80%, with a twofold greater cancer risk in
women compared with that in men [158, 159]. The recommended screening strat-
egy for breast cancer is similar to that for BRCA1/2 GPV carriers. Although there
has been no data regarding the efficacy of risk reduction surgery for breast cancer,
RRM could be an option for women with this syndrome. For endometrial cancer, no
study has reported the efficacy of screening; however, endometrial biopsy combined
with transvaginal ultrasound could be considered. An annual thyroid ultrasound
starting at the age of 7 years should be performed [160]. For risks of other cancers,
colonoscopy, renal ultrasound, or upper endoscopy should be considered.

7.5.4 STKI11 (Peutz-Jeghers Syndrome)

Individuals with this syndrome have increased risks of developing several types of
cancers, including colorectal, breast, pancreatic, ovarian and gallbladder cancer.
Surveillance for the multiple organs mentioned above is recommended, although
there exist limited data regarding the efficacy of the screening modalities in this
syndrome. For cervical and ovarian cancer, annual pelvic examination and pap
smear should be considered. Pap smear alone reported to have limited diagnostic
power for PJS-related cervical neoplasm, therefore, combination of MRI, Pap
smears, and testing for gastric mucin may improve the accuracy of diagnosis [161].

7.5.5 BRIP1I/RADS1C/RADS1D/ATM/PALB2

These genes are involved in the homologous recombination repair pathway as well
as BRCA1/2, therefore, the risk prevention strategies for ovarian cancer should be
similar to those for BRCA1/2.
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Among them, BRIPI, RAD51C, and RAD5ID are associated with a relatively
higher risk of ovarian cancer, with estimated lifetime risk of over 10%. Therefore,
RRSO should be considered in individuals with GPVs of these genes, although the
optimal age for surgery remains unclear. Since the risk of ovarian cancer in ATM
and PALB2 GPYV carriers is estimated to be relatively low, RRSO might be an option,
depending on the family history.

7.6 Conclusions

Recent advances in DNA sequencing technology and development of molecularly
targeted drugs have increased opportunity to identify GPVs in cancer-susceptible
genes. Whole exome and genome sequencing, which will be used in clinical prac-
tice in near future, will further increase such opportunities. Genetic information
will not change over lifetime, can predict the onset of disease, and may be shared
with blood relatives. Hence, diagnosing an individual with hereditary cancer syn-
drome is equivalent to diagnosing an entire family with a hereditary cancer
syndrome.

To know the genetic information will be the first step toward preventing cancer in
families with hereditary cancer syndromes. The second step will be to understand the
exact risk of developing susceptible cancers and preventive strategies for these condi-
tions, and the third will be to share the genetic information with at-risk relatives. As
gynecologists will be involved in each of these steps, it is essential to be familiar with
gynecological hereditary cancers. Thus, gynecologists are encouraged to perform
proper assessment of genetic risk, provide accurate information about the syndromes,
and discuss with the patients how to share and effectively use the genetic information
obtained for the health management of other family members. Last but not least, to
collaborate with specialists in other departments is also important as multiple organs
other than gynecological organs are involved in hereditary cancer syndrome.
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Chapter 8

How Genome-Wide Analysis Contributes
to Personalized Treatment in Cancer,
Including Gynecologic Cancer?

Hisamitsu Takaya

Abstract Cancer omics analysis, which started with large-scale cancer genome
data analysis, is becoming in this era multiomics analysis, which integrates multiple
omics analyses with the development of analytical technologies. Omics analysis is
being conducted in many parts of the world, the accumulated analysis data are rap-
idly growing, and new clinical trials are often conducted based on omics analysis. It
is anticipated that future cancer treatments will require skills to search and analyze
omics data more efficiently. In addition, different approaches are being used to vali-
date data obtained from omics analyses in clinical practice compared to those used
in the past. Master protocols are protocols designed with multiple subtrials within
the framework of an overall trial structure, and they represent a paradigm shift in
clinical trials, such as biomarker-driven clinical trials across cancer types or adap-
tive designs that allow for the interruption and addition of new subtrials. They are
expected to play a role in the development of personalized treatment, which will
become even more individualized in the future.

Keywords Cancer genome - Omics - Precision medicine - Master protocol -
Umbrella trial - Basket trial - Platform trial

8.1 Introduction

Large-scale cancer genome analysis, which began with The Cancer Genome Atlas
(TCGA), has spread widely as next-generation sequencers (NGS) have become
more widely available, research costs have decreased, and research has been con-
ducted into a variety of cancer types. As a result, not only genome analysis but also
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various omics analyses, such as gene expression, protein, and metabolite analyses,
have been conducted, and knowledge of cancer omics has become indispensable to
current cancer research. Drug discovery and clinical trials using these omics data
are also being conducted, and knowledge in this field is becoming indispensable for
clinicians.

In this chapter, we introduce the basic knowledge about omics data, databases
required for actual handling of omics data, and analysis methods for actual cancer
genome data using mainly TCGA data to understand personalized therapy using
cancer genome data. Clinical trials using the new technology are also discussed, as
well as the current status of clinical trials in gynecological oncology.

8.2 Omics Analysis

The word “genome” was coined by H. Winkler in 1920 [1] as “the set of chromo-
somes carried by gametes” and later redefined by Hitoshi Kihara [2] as “the mini-
mum set of chromosomes essential to make an organism what it is.” It was coined
using the Greek suffix “-ome,” meaning “all.” Subsequently, as the analysis of
genomes progressed, analysis to grasp the entire picture of mRNA and proteins,
which are gene transcripts, as well as metabolic products, was promoted, giving rise
to the terms “transcriptome,” “proteome,” and “metabolome,” with “-ome” as a
derivative of genome. In addition to molecular information, there are many other
terms with “-ome,” such as interactome, which is comprehensive information on
interactions between molecules in living organisms, and microbiome, which is
comprehensive information about bacterial flora. The term “omics” refers to the
field of research that addresses these “-omes”’; the comprehensive analysis of each
is collectively called “omics analysis,” and the information obtained by the analysis
is called “omics information.”

Cancer is a disease that encompasses an extremely complex system. As a system,
cancer cells are intricately involved in interactions with surrounding tissues, such as
the microenvironment and immune system, interactions between tumor cells, and
factors such as transcriptional regulation, gene coexpression, signal transduction,
metabolic pathways, and protein interactions within tumor cells; these layers of fac-
tors must be elucidated to understand the phenomenon of cancer as a disease [3, 4].
Therefore, a method called multiomics analysis, which integrates omics informa-
tion involving cancer, is now being used to characterize the cancer system at a phe-
nomenological level [5, 6]. The main omics analyses used in multiomics analysis
include genomics, which addresses genomic sequences and their mutations, such as
insertions, deletions, single nucleotide variations, and copy number variations;
epigenomics, which analyzes DNA methylation, histone modifications, chromatin
accessibility, and chromosomal 3D structure; transcriptomics, which analyzes
quantitative gene expression and measures transcripts, such as microRNAs and long
noncoding RNAs; proteomics, which analyzes protein expression and quantifica-
tion, posttranslational modifications and protein—protein interactions; and
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metabolomics, which analyzes the quantification of metabolites of small molecules,
such as amino acids, fatty acids, and carbohydrates. NGS is mainly used for genom-
ics, epigenomics, and transcriptomics, while various mass spectrometers are used
for proteomics and metabolomics. With the spread and advancement of next-gener-
ation sequencing technologies, more high-throughput omics analyses can be per-
formed at a lower cost, and statistical tools, such as machine learning, are becoming
more widely used, making it possible to integrate multiple omics analyses.

In the case of solid tumors, it is necessary to collect tumor tissue itself by some
method for omics analysis. Recently, however, a method called liquid biopsy has
sometimes been used to extract the genome from cancer cell-derived DNA (cell-free
DNA) [7-9] or circulating tumor cells [10, 11] in the blood for analysis, rather than
extracting the cancer genome from the tumor tissue itself. With liquid biopsy, can-
cer genome information can be obtained only by blood sampling, even in cancer
types for which tumor tissue is difficult to obtain, and changes over the course of
treatment can also be analyzed because the test can be performed many times [12,
13]. Tissues collected by biopsy or surgery contain not only tumor cells but also
stromal cells, lymphocytes, vascular endothelial cells, and many other types of
cells, which sometimes interfere with accurate analysis by constituting noise in
genome analyses [14—16]. Therefore, a method called single-cell analysis has been
developed, in which the collected tumor tissue is separated into single cells, and
genomics analysis is performed on each cell [17, 18]. This method makes it possible
to analyze the genomic data of each cell, and the characteristics of tumor cells and
the relationships between cells are being clarified [19, 20] (Fig. 8.1).
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Fig. 8.1 Concept of omics analysis. Omics analysis is the analysis of the genome, transcriptome,
epigenome, proteome, metabolome, and other information obtained from tumors. Bioinformatics is
necessary for multiomics analysis that integrates these data. Liquid biopsy, which obtains omics
information from circulating tumor cells in the blood, and single-cell analysis, which analyzes
single cells constituting a tumor, have been developed, and their integrated analysis is also underway
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8.3 Omics Databases and Analysis Tools

With the development of next-generation sequencing technology, sequencing has
become faster and less expensive, and an enormous number of omics analyses are
being conducted worldwide, resulting in an explosive increase in the amount of data
accumulated. Conversely, the increase in the number of public databases around the
world has made it difficult for users to obtain the data that they need for their
research purposes. In Japan, the National Bioscience Database Center (NBDC) was
established in 2011 to integrate various life science databases and promote data
sharing and utilization. The database catalog [21] is available to the public, facilitat-
ing database searches. The main databases are listed below.

* Nucleotides
GenBank [22, 23] is a nucleic acid sequence database maintained by the National
Center for Biotechnology Information (NCBI). It is part of the International
Nucleotide Sequence Database Collaboration (INSDC), which is operated by the
NCBI, the Nucleotide Archive (ENA) [24], and the DNA Data Bank of Japan
(DDBJ) [25], and data are exchanged between these organizations.

e Genomes
The UCSC Genome Browser [26, 27] is a project of UCSC that automatically
annotates eukaryotic organisms with genomes that have been decoded and
publishes the results in a database. The genome information used is the same as
that of NCBI and Ensembl, but the annotated information is diverse, including
originally calculated information and information from NCBI and Ensembl. One
of the characteristics of this system is that the annotated information itself is
often newer because of the high-speed automatic annotation.

Ensembl [28, 29] which is a joint project of the European Molecular Biology
Laboratory (EMBL)-European Bioinformatics Institute (EBI) and the Sanger
Centre, performs automated annotation of eukaryotic organisms with genomes
that have been decoded and publishes the results in a database. The information
provided by Ensembl is the same as the NCBI and UCSC browsers for genomes,
but the annotations are predicted by Ensembl’s own pipeline. Therefore, the
information differs slightly from that of NCBI Mapviewer and others. The pre-
diction pipeline focuses on predicting protein-coding genes as accurately as pos-
sible, so the prediction accuracy is high.

NCBI Genome [30] is a database of genome information managed and oper-
ated by NCBL. In recent years, genome information about many new species of
organisms has been registered, and one can quickly determine how much nucleo-
tide sequence information has been revealed for the species in which one is inter-
ested. The Genome Data Viewer allows users to visualize molecular data in a
genomic context and graphically display data about a given experiment or sam-
ple. Genome information about species commonly used in research can be
organized for easy visual and understandable retrieval from a phylogenetic tree,
or genomes can be compared [31].
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* Epigenomes
The International Human Epigenome Consortium (IHEC) is an international
consortium that aims to map the human epigenome in relation to various diseases
and life phenomena, and the IHEC-Data Portal [32] is populated with data from
various databases. By selecting the species, tissue, assay method, and provider,
one can view the available datasets in a grid view, track them in the UCSC
Genome Browser, and download the data in batches [33].

The NIH Roadmap Epigenomics Mapping Consortium aims to provide epig-
enomic maps of histone modifications and DNA methylation in various tissues
and cell types related to human diseases. The Roadmap Epigenomics Project
[34] allows users to browse data by adult, fetal, brain, stem cell, etc., and to view
genomic information in the USCS Genome Browser. Protocols, tools, and proj-
ect information are also provided [35].

* Gene Expression
The NCBI Gene Expression Omnibus (GEO) [36, 37] is a database of gene
expression information provided and maintained by NCBI. GEO mainly con-
tains data obtained by microarrays, and the amount of registered data is very
large. Not only can one search for gene expression datasets and gene profiles of
interest among them, but one can also freely download the raw data.

ArrayExpress [38, 39] is a database of gene expression information provided
and maintained by EBI, and similar to NCBI-GEO, it mainly stores data obtained
by microarrays and allows users to search for expression datasets and gene pro-
files and obtain raw data from them.

* Proteins

The Universal Protein Resource (UniProt) [40, 41] operated and maintained by
EMBL-EBI, the Swiss Institute of Bioinformatics (SIB), and the Protein
Information Resource (PIR), is a database of protein UniProt consisting of
UniProt Knowledgebase (UniProtKB), UniProt Reference Clusters (UniRef),
and UniProt Archive (UniPrac). UniProtKB publishes SwissProt, which is man-
ually annotated with high-quality annotations based on information from the lit-
erature, and TrEMBL (Translated EMBL Nucleotide Sequence Data Library),
which is mechanically annotated. UniRef provides the results of preformed
sequence homology searches, and UniPrac compiles information, such as IDs of
other databases by sequence ID.

InterPro [42, 43] is an integrated database that collects descriptions of protein
family classifications, domains, and functional sites based on EBI. It brings
together multiple databases that contain the characteristics of various proteins
and provide protein characteristics at various levels. Using InterProScan, a data-
base search tool, a single amino acid sequence can be searched in multiple data-
bases integrated by InterPro to efficiently infer protein families and domain
repeat structures that match the queried sequence.

The PRIDE (Proteomics Identifications Archive) database [44, 45] is a public
repository of proteomics data operated by EMBL-EBI.
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e Other
ENCODE [46] is a database that aims to compile a comprehensive list of func-
tional factor parts of the human genome. It contains information about factors
that function at the protein and RNA levels, as well as regulatory factors that
control the environment in which cells and genes are activated, including meth-
ods of analysis, sample outlines, replicon types, experimental conditions, and
analysis flow for the studies [47].

The Cancer Genome Atlas (TCGA) is the largest and most comprehensive can-
cer genome database launched by the National Institutes of Health (NIH) in 2006.
The TCGA dataset contains more than 10,000 cases of 33 different cancer types,
and omics information, such as cancer genomes, epigenomes, and transcriptomes,
is publicly available. The level at which this omics information is used (raw data or
data after being processed by multiple software) depends on the researcher’s
intended use, but software for multiomics analysis is needed to analyze the data in
an integrated manner. Such software is developed by bioinformaticians around the
world, and most of it is available as freeware, so it can be installed and used accord-
ing to the purpose of use, but to use such software, some knowledge of program-
ming languages such as R, Python, Perl, etc., is needed. Many cancer researchers
have not mastered the art of bioinformatics analysis and find it difficult to explore
TCGA data resources, but several web tools have been developed that allow them to
analyze TCGA data. cBioPortal for Cancer Genomics [48-50] is a web tool devel-
oped at Memorial Sloan Kettering Cancer Center that integrates omics data from
multiple public databases, including TCGA data, and integrates omics and clinical
data for analysis and visualization. Broad GDAC Firehose [51] is a pipeline for
processing and analyzing large datasets via dozens of quantitative algorithms devel-
oped at the Broad Institute and the results of these analyses, which can be explored
and visualized using FireBrowse [52]. UCSC Xena [53, 54] is a web browser-based
visualization and analysis tool for large public cancer genome datasets from TCGA,
ICGC (International Cancer Genome Consortium), GDC (Genomic Data Commons),
and other databases. It is possible to freely combine and analyze SNVs (single
nucleotide variants), INDELs, large-scale structural variations, CNVs (copy num-
ber variations), gene expression, DNA methylation, ATAC-seq, and other data from
each database. LinkedOmic [55, 56] includes multiomics data from 32 TCGA car-
cinomas, as well as proteomics data from breast, ovarian, and colorectal cancer
TCGA was generated by the Clinical Proteomics Tumor Analysis Consortium
(CPTACQ). It is a web tool that analyzes, compares, and makes biological sense of
data using three modules: LinkFinder, LinkInterpreter, and LinkCompare. In addi-
tion to the above, there are many web tools, including The Cancer Proteome Atlas
Portal (TCPA) [57, 58], which is an integrated data portal for analyzing and visual-
izing TCGA proteomic data; MEXPRESS [59, 60], which enables visualization of
TCGA clinical data, gene expression data, and DNA methylation data; and GEPIA2
[61, 62], which can analyze and visualize data from the GTEx (Genotype Tissue
Expression) project, which examined gene expression in TCGA, human body
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tissue, and genotypes. As described, there are a vast number of analysis tools in
existence, and it is difficult to determine which tool to use. For major tools, there are
often videos on how to use them and the features of the tools, which can be used as
a reference.

8.4 Cancer Clinical Trials Using Omics Data

With technological advances in omics analysis, molecular markers that are useful
for predicting therapeutic efficacy have been identified in various types of cancer.
Molecularly targeted drugs that are expected to be effective against patients with
such biomarkers have been developed, and their efficacy has been reported in mul-
tiple clinical trials. Representative examples include vemurafenib for metastatic
malignant melanoma with the BRAF V600OE mutation [63], gefitinib for EGFR
mutation-positive non-small cell lung cancer [64], cetuximab [65], and panitu-
mumab [66] for KRAS wild-type colon cancer, crizotinib [67], alectinib [68], and
ceritinib [67] for ALK fusion gene-positive non-small cell lung cancer, and so on. In
the development of such molecular-targeted drugs, which are expected to be effec-
tive against a specific biomarker, problems in terms of development cost and time
have been considered, such as the need to conduct as many clinical trials as the
number of drugs to be developed to verify their efficacy and the need to verify effi-
cacy for each cancer type when biomarkers are detected across multiple cancer
types. Therefore, a comprehensive clinical trial protocol called a master protocol
has been proposed and implemented in recent years [69]. The draft guidance pub-
lished by the US FDA in 2018 defined a master protocol as a single protocol
designed with multiple subtrials that evaluate the effects of one or more investiga-
tional drugs on one or more disease subtypes with different objectives within the
framework of the overall study structure and within the overall clinical trial frame-
work. Each subtrial is often categorized by population based on cancer type, histol-
ogy, and biomarkers, and by conducting each subtrial in parallel based on a
comprehensive protocol, more hypotheses can be tested efficiently and in less time.

Master protocols are classified into three categories according to the characteris-
tics of the target population and the type and number of study treatments: basket
trials, umbrella trials, and platform trials. Basket trials are trials designed to validate
a single investigational drug or drug combination in different populations defined
by specific genetic/molecular biomarkers, rather than patient eligibility being lim-
ited to a specific cancer type. Thus, each subtrial (basket) is composed of different
types of cancer, and each subtrial tests a different treatment (Fig. 8.2). The advan-
tages of a basket trial include the potential to offer patients with a broad range of
cancer types a treatment option with a molecular-targeted agent that might not have
been tested in clinical trials for their disease, the short time from initial diagnosis
and eligibility to subsequent cohort assignment and initiation of treatment, and the
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Fig. 8.2 Scheme of basket trials. Basket trials are master protocols for targeted therapy based on
specific biomarkers from multiple cancer types. Each subtrial is often a single-arm explor-
atory study

often small number of patients in each cohort, resulting in a short time to results
being reported. One problem is that the basket trial assumes that classification by
molecular characteristics of the tumor can substitute for classification by tumor his-
tology but that histology might be a stronger predictor of response to targeted ther-
apy than biomarkers [70].

Umbrella trials evaluate targeted therapies in specific cancer types by assigning
patients to one of a number of subtrials defined by genetic mutations or biomarkers.
Subtrials are often single-arm or randomized subtrials for validation purposes,
whereas basket trials are generally single-arm subtrials for exploratory purposes
(Fig. 8.3). By fixing the cancer type of interest, umbrella trials are able to draw
cancer-specific conclusions with less heterogeneity that might exist within a given
cohort compared to basket trials. In addition, randomized trials of targeted and non-
targeted therapies in subtrials can evaluate the presumed mechanism of action of a
therapeutic agent and empirically distinguish between prognostic and efficacy-
predicting markers. However, the feasibility of targeting a single cancer type creates
problems. Particularly for rare diseases, allocation to subtrials by biomarker can
slow enrollment within a cohort and thus slow trial progression. There is also the
challenge that, if a large, long-term protocol design is needed, changes in treatment
status, such as the emergence of a new standard of care during the period, might
render the subtrial less clinically meaningful in its original setting, further lengthen-
ing the duration of the trial [70].
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Fig. 8.3 Scheme of umbrella trials. Umbrella trials are master protocols in which targeted therapy
is administered in each subtest defined by multiple biomarkers for a specific cancer type. Each
subtrial is a single-arm or randomized trial and is often a validation trial

Platform trials are a generic term for randomized designs with a common control
group and several different targeted treatment groups and trials that allow for the
addition or exclusion of new treatments or eligible patients during the trial (Fig. 8.4).
Platform trials evaluate the efficacy and futility of each targeted therapy in an interim
analysis, and the treatment effect is often modeled as an independent parameter across
biomarker-defined subtypes according to a Bayesian hierarchical model. Platform
trials are often long-term trials because new trials can be added, and as with umbrella
trials, the standard of care can change during the trial period due to the emergence of
new treatments (and possibly the trial itself, which was originally conducted) [71]. In
such cases, the protocol, statistical analysis plan, informed consent document, etc.,
might need to be modified, and the trial might have to be suspended [72].

Examples of these master protocol trials are listed below:

* Basket Trials
The NCI-MATCH (NCI Molecular Analysis for Therapeutic Choice) trial con-
sists of 24 substudies evaluating the efficacy of at least 17 targeted therapies in
patients with solid tumors and lymphomas who have received at least one regi-
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Fig. 8.4 Scheme of platform trials. Platform trials are randomized designs, in which several dif-
ferent targeted therapy arms share a common control group. New target treatment groups can be
added during the trial, and existing treatment groups can be excluded

men of therapy. The primary endpoint of each subtrial was tumor shrinkage, with
a single-arm design based on a binomial distribution to enroll 35 patients and an
important secondary endpoint of 6-month progression-free survival [73]. The
NCI-MATCH study can be interpreted as a basket study because it evaluates the
efficacy and safety of targeted agents across cancer types in a molecular marker-
positive population. In contrast, subtrials might be conducted to evaluate the effi-
cacy and safety of multiple targeted agents against a molecular marker of interest
in a specific cancer type, which can be interpreted as an umbrella study. Thus, the
NCI-MATCH study can be described as a study with the characteristics of both
a basket study and an umbrella study.

The AcSé€ study is a phase II study of various solid tumors (e.g., gastrointesti-
nal, breast, kidney, ovarian, and thyroid cancers), consisting of 23 substudies
evaluating the efficacy and safety of crizotinib alone in patients with at least one
ALK, MET, RON, or ROS-1 mutation [74]. Each substudy is defined by mutation
and pathology and is designed according to a two-stage design. NSCLC with
ROS-1 translocation and esophageal/gastric cancer with MET amplification has
been reported thus far [75, 76].

The KEYNOTE-158 trial is a phase II study of solid tumors refractory to
standard chemotherapy with MSI-high—a condition in which microsatellite
instability (MSI) due to abnormal DNA mismatch repair (AIMMR) is frequently
observed, except for unresectable or metastatic colorectal cancer—which evalu-
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ated the efficacy and safety of pembrolizumab, an anti-PD-1 antibody. The pri-
mary endpoint was the objective response rate (ORR), with a median ORR of
34.3% [77].

e Umbrella Studies
The ALCHEMIST (The Adjuvant Lung Cancer Enrichment Marker
Identification and Sequencing Trial) trial is a randomized umbrella trial for
patients with ALK- or EGFR-positive high-risk lung adenocarcinoma. Patients
with ALK- or EGFR-positive disease will be enrolled in a randomized phase III
subtrial of crizotinib versus placebo or erlotinib versus placebo. The primary
endpoint of each trial will be overall survival, and interim analyses are planned;
if both ALK and EGFR are negative, PD-L1 expression will be measured, and
enrollment in a randomized subtrial of nivolumab plus observation will be con-
sidered. The primary endpoints of this subtrial are overall survival and disease-
free survival [78].

The Lung-MAP trial was initiated as an umbrella study to test the efficacy of
multiple targeted therapies in advanced or recurrent squamous non-small cell
lung cancer. All subtrials were designed as randomized phase II/III or single-arm
phase II trials, with biomarker screening resulting in taselisib being assigned for
PIK3CA-positive patients, palbociclib for patients positive for cell cycle gene
mutations, rilotumumab plus erlotinib for patients positive for c-MET, and
ADZA4547 for FGFR-positive patients; patients with positive homologous recom-
bination repair abnormalities were assigned to tarazoparib and a control group.
Biomarker-negative patients were randomized to durvalumab plus docetaxel,
nivolumab plus ipilimumab or nivolumab alone for anti-PD-(L)1 therapy-naive
patients as an unmatched subtrial and durvalumab plus tremelimumab for
patients relapsing after anti-PD-(L)1 therapy. The primary endpoint of the sub-
study was progression-free survival or overall survival [79].

The plasmaMATCH trial is a nonrandomized, phase Ila trial to test the effi-
cacy of targeted therapy in advanced recurrent breast cancer by detecting tar-
geted gene mutations and testing circulating tumor DNA (ctDNA). ctDNA
testing identified ESRI, HER2, AKTI, and PTEN mutations. Patients were clas-
sified into four cohorts according to mutations and tumor estrogen receptor sta-
tus and were treated with fulvestrant, neratinib, and capibasertib as single agents
or in combination. The primary endpoint was the objective response rate [80].

e Platform Trials

The FOCUS4 trial is a placebo-controlled, multiarm, multistage, randomized
trial testing the efficacy of multiple targeted therapies for untreated colorectal
cancer. In a population of patients with specific molecular markers, safety is
evaluated in the first stage, proof of concept is confirmed in the second stage,
short-term efficacy is evaluated in the third stage, and long-term efficacy is eval-
uated in the fourth stage. The efficacy endpoints are progression-free survival
and overall survival. In such a multiarm, multistage trial, new treatments can be
added during the trial, or treatments that prove to be futile can be excluded before
the third or fourth stage, corresponding to a Phase III trial. All FOCUSA4 trials are
open to patients with negative molecular markers [81].
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The STAMPEDE trial is a randomized platform trial with a multiarm, multi-
stage design in high-risk prostate cancer patients. The trial was originally initi-
ated as a five-arm study comparing a control group with a single agent or a
combination of zoledronic acid, docetaxel, and celecoxib in patients initiating
hormone therapy [82]. It was subsequently modified multiple times, with the
addition of treatment groups with abiraterone and enzalutamide administered as
single agents or in combination with radiation therapy [83, 84]. The current pro-
tocol continues to study metformin and transdermal estradiol.

The I-SPY?2 trial is a phase II, adaptive, randomized, controlled trial evaluat-
ing the efficacy of a new investigational agent in combination with standard neo-
adjuvant chemotherapy for stage II/III high-risk breast cancer [85]. In this trial,
enrolled patients will be classified into ten molecular subtypes and assigned to a
study arm according to subtype based on an adaptive randomization engine using
predictive probability. The primary endpoint is pathologic complete response
(pCR) or a residual cancer burden (RCB) of 0. A Bayesian design is used, in
which the predictive probabilities are updated as needed based on treatment
results, and new predictive probabilities are assigned. When the predicted prob-
ability of a study drug reaches a predefined level of efficacy in one or more sub-
types, the drug is “graduated” and proceeds to Phase III trials. Up to five study
drugs can be evaluated in parallel at the same time, including combinations. To
date, graduation has occurred for neratinib [86], veliparib with carboplatin [87],
MK-2206 [88], and pembrolizumab [89].

There are several other issues that have been discussed regarding cancer clinical
trials with master protocols, in addition to those listed in the brief description of
each trial. Ethical issues include that the complexity and duration of the trials cause
the informed consent documents to be more complex, so patients might not be able
to understand the documents or the trial concept itself to the degree necessary to
provide correct informed consent. In addition, in trials in which the concept of a
final dose has not yet been fully established, the adaptive plan could lead to the
abandonment of suboptimal dose regimens as the trial progresses, and the benefit-
risk ratio might change during the dose optimization process [72]. A master proto-
col is a single clinical trial that encompasses multiple subtrials, but each subtrial is
independently validated, requiring very sophisticated and complex statistics. For
example, statistical power could be lost if a single master protocol is hypothesized
to be accepted by the results of the subtrials, resulting in the closure or opening of
study groups even though no adjustments are specified in the protocol. Another
complication noted for the control of Type I error is that multiplicity adjustment
might be required for one treatment comparison but not for another [71, 90].
However, master protocols offer tremendous advantages in flexibility and efficiency
in drug development, and it is anticipated that many trials will be designed in per-
sonalized therapy using cancer genomics data. Trial designs are also expected to
increase the sensitive allocation of patients to matched therapies, including combi-
nation therapies according to multiple driver mutations, biomarkers, and pathways.
Master protocols could also provide insights into the molecular mechanisms of
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exceptional responders, in whom drugs that are not effective in other patients are
found to be significantly effective, which could be useful in designing future master
protocols for specific disease types.

8.5 Genomic Analysis and Personalized Treatment

in Gynecologic Cancer

There are four types of gynecological cancers for which integrated genome analysis
was performed by TCGA—ovarian cancer (high-grade serous carcinoma; HGSC),
endometrial cancer, cervical cancer, and uterine sarcoma—and analysis results have
been reported for HGSC [91], endometrial cancer [92], and cervical cancer [93].

HGSC

Whole-exome sequencing analysis of 316 HGSCs identified 7P53 somatic muta-
tions in 96% of HGSCs. In addition, mutations in the BRCA1/2 gene were found
in approximately 20% of both germline and somatic cases. BRCA1/2 is involved
in the DNA homologous recombination repair pathway, and mutations in genes
encoding proteins involved in homologous recombination repair other than
BRCA1/2 were also observed in HGSCs, suggesting that approximately 50% of
HGSCs have abnormal homologous recombination repair (HRD).

Endometrial Cancer

Genomic analysis of 373 cases of endometrial cancer classified cancers into the
following four categories: (1) POLE type (ultramutated) with a very high fre-
quency of gene mutations; (2) MSI type (hypermutated) with a high frequency of
gene mutations and methylation of the MLH promoter region in many of them;
(3) copy number low type (endometrioid), in which the frequency of mutations
is low and microsatellite stable; and (4) copy number high type (serous-like),
consisting mainly of serous-like tumors with significant copy number changes
and low frequency of genetic mutations.

Cervical Cancer

Integrated genomic analysis of 228 cervical cancer cases revealed genomic alter-
ations in either or both the PI3K-MAPK and TGFf signaling pathways in more
than 70% of cases. In addition, amplification of the CD274 gene encoding PD-L1
and the PDCDILG2 gene encoding PD-L2 was observed in approximately 20%
of the cases.

Although the integrated genome analysis of these three gynecological cancers

has revealed new cancer genome features, there are only two targeted therapies in
practical use in the field of gynecological cancer: PARP inhibitors (olaparib, nirapa-
rib, etc.) for BRCA1/2 mutations or HRD-positive ovarian cancer [94-96]; and
PD-1 inhibitors (pembrolizumab) for endometrial cancer with dMMR [97].
Compared to other types of cancer, personalized treatment in gynecological cancer
has not progressed very much. However, efficient clinical trial designs for new
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therapies based on master protocols have recently become possible, and new clini-
cal trials based on master protocols are being conducted in gynecological cancers.

The AMBITION trial is an umbrella study of platinum-resistant recurrent ovar-
ian cancer that uses HRD and PD-L1 biomarkers to allocate treatment groups, with
HRD-positive patients receiving olaparib plus cediranib or durvalumab and HRD-
negative patients receiving durvalumab plus chemotherapy or durvalumab plus
tremelimumab plus chemotherapy based on PD-L1 expression; the primary end-
point is the objective response rate [98]. The BOUQUET trial (NCT04931342) [99]
is a biomarker-driven phase II study of recurrent epithelial ovarian cancer in patients
with non-high-grade serous carcinoma and non-high-grade endometrial carcinoma,
including ipatasertib plus paclitaxel for patients with PIK3CA/AKTI/PTEN muta-
tions, obimetinib for patients with BRAF/NRAS/KRAS/NF-1 mutations, trastuzumab
emtansine for patients with ERBB2 amplification or mutations, and atezolizumab
plus bevacizumab for the unmatched group. The primary endpoint is the objective
response rate, and the study is designed as a platform trial. In addition, a project to
develop a new adaptive platform trial called Ovarian CanceRx was announced in
2021 [100], and master protocol trials for recurrent ovarian cancer are expected to
increase in the future. In endometrial cancer, a phase II umbrella study is underway
of retifanlimab alone or in combination with epacadostat or pemigatinib in patients
with advanced or metastatic endometrial cancer that has progressed on or after
platinum-based chemotherapy (NCT04463771) [101], and more clinical trials based
on similar master protocols are expected to follow.

8.6 Conclusion

Cancer genomics (omics) analysis is expected to become more comprehensive and
detailed in the future, and more personalized medicine based on cancer characteris-
tics is being sought. As cancer research progresses, a new clinical trial framework
called “master protocols” has been proposed and implemented to promote more
efficient and flexible clinical trials. With the rapid evolution of cancer omics analy-
sis from bulk tumor analysis to single-cell analysis and from single-omics analysis
to multiomics analysis, it is highly likely that such omics analysis will be applied in
clinical practice. Although it is impossible for clinicians to examine each individual
datum, it is necessary to accumulate knowledge to prepare for the advent of omics
medicine in the trend of genomic medicine.
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Chapter 9

Personalized Treatment of Gynecological
Cancer According to Age and Symptom
Benefit

Check for
updates

Yoshio Yoshida and Daisuke Inoue

Abstract Since established guidelines for the treatment of gynecological cancers
in the elderly are lacking, decisions regarding the treatment plan and policy are cur-
rently made in consultation with the patient and family based on the doctor’s experi-
ence, referring to data from non-elderly and healthy elderly patients. Recently, a
new concept of individualized treatment for gynecological cancer in the elderly has
started to be established. In the treatment of cancer in the elderly, patients who can
receive the standard treatment applicable to healthy non-elderly patients are consid-
ered “fit,” while those who cannot receive such treatment are considered “unfit.”
Judgment of suitability requires a comprehensive evaluation of not only individual
differences and calendar age, but also physical and mental disabilities, social and
economic problems, and medical policy decisions in the case of elderly patients. In
particular, when cognitive functions are declining, confirmation of the patient’s
intentions can represent an obstacle to determining a treatment plan. In such cases,
a comprehensive evaluation of the elderly is used to achieve functional assessment.
The purpose of this review was to clarify the current status of surgery and chemo-
therapy for elderly gynecological cancer patients and to discuss future issues.
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9.1 Introduction

Cancer is recognized as a common disease of the elderly, with more than 50% of
new cases diagnosed after 65 years old, and more than 70% of cancer deaths
occurring in this age strata [1]. Ovarian cancer is the seventh most common can-
cer among women worldwide, accounting for approximately 40% of new cancer
cases in women [2]. Ovarian cancer has been reported to have an extremely poor
prognosis among gynecological cancers [3], and is also the eighth most common
cause of cancer deaths worldwide. Approximately 50% of ovarian cancers are
diagnosed among women over 65 years old [1, 3]. This percentage is expected to
increase in the coming decades as the population ages and life expectancy
increases. Results from the EUROCARE-5 study showed that 5-year survival
rates for women diagnosed between 2000 and 2007 were 57% overall, 82% for
breast cancer, 76% for uterine cancer, 62% for cervical cancer, 38% for ovarian
cancer, 40% for vaginal cancer, and 62% for vulval cancer. Survival rates
decreased with increasing age and were more pronounced for ovarian cancer
(71% for 15-44 years old, 20% for >75 years old) and breast cancer (86% and
72%, respectively) [3].

Various theories have been proposed to explain the lower survival rates of elderly
women with cancer, including (a) the older the patient, the more aggressive cancer,
including higher grade and more advanced stage; (b) cancers occurring in elderly
women are more resistant to chemotherapy; (c) multiple medical comorbidities and
individual patient factors such as polypharmacy, functional dependence, and cogni-
tive medical bias against the elderly, resulting in inadequate surgery, suboptimal
chemotherapy, and poor enrollment in clinical trials [4].

Improving the prognosis of elderly patients with gynecological cancers requires
a better understanding of the differences in tumor biology between younger and
elderly patients and methods of distinguishing between patients who can and can-
not tolerate standard cytoreductive surgery and chemotherapy. Not all of the
elderly cancer patients we manage can participate in conventional clinical trials
and many are vulnerable elderly patients. Differences also exist in the value of
outcomes sought from cancer treatment between elderly cancer patients and
younger patients. Not only do objective outcomes such as prolonged survival and
adverse events need to be evaluated, but also subjective outcomes such as changes
in quality of life (QOL). Currently, patient-reported outcomes, in which patients
themselves report on treatment effects and QOL without interpretation by clini-
cians or others, are gaining popularity [5, 6]. To reduce the disadvantages of treat-
ment for vulnerable patients, changes in the appropriateness of surgical treatment,
chemotherapy dose, schedule, and timing (neoadjuvant or postoperative) may
need to be considered.
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9.2 Current Status and Problems of Surgical Treatment
for Elderly Gynecological Cancer Patients

An analysis of more than 12,000 patients found that ovarian cancer patients over 80
years old were less likely to undergo surgery and less likely to undergo optimal
tumor reduction procedures [7]. In addition, Fairfield et al. reported regional differ-
ences in ovarian cancer mortality among Medicare patients, and those with poor
access to facilities that can perform surgery for cancer treatment may not be ade-
quately treated, which may contribute to the poor outcomes seen in elderly
women [8].

However, aggressive primary surgical cytoreduction in elderly patients is clearly
quite invasive, according to Surveillance, Epidemiology, and End Results (SEER)
Medicare analysis. Among women >65 years old with stage III or IV ovarian cancer
who underwent primary cytoreduction, the 30-day mortality rate was 5.6% among
those admitted on a waitlist and 20.1% among patients admitted on an emergency
basis. In contrast, patients >75 years old with stage III or IV disease and one or more
comorbidities showed a 30-day mortality rate of 12.7% even with elective hospital-
ization [9]. A further concern is that the degree of surgical invasiveness may result
in patients not receiving additional adjuvant chemotherapy. In one retrospective
report of 85 patients >80 years old who underwent tumor reduction surgery (pri-
marily primary surgery), 13% died before discharge and 20.1% died within 60 days
of surgery. Thirteen percent received no adjuvant therapy, and of those who did
receive chemotherapy, 43% received three or fewer cycles of treatment [10]. These
and other results illustrate that the more invasive nature of primary cytoreductive
surgery in elderly patients has led to increased use of neoadjuvant chemotherapy
and interval cytoreductive surgery in the elderly [11].

Although older cancer patients often show poor prognosis, some patients can
achieve a status of no residual disease with cytoreductive surgery. The Asian
Oncological Group found that the percentage of patients in clinical trials with no
residual disease after primary surgery was 45.1% in patients <50 years old, 25.7%
in patients 50-64 years old, and 25.7% in patients >65 years old [12]. In a series of
280 consecutive patients >65 years old who underwent primary surgery at the Mayo
Clinic, the percentage with residual lesions >1 cm was 43% among women >80
years old and 25% in women 65-69 years old. The 3-month mortality rate was 25%
in women >80 years old and 4% in women 65—69 years old [13].

Thus, even in the same elderly population, accurate assessment is needed before
surgery to clarify which patients deserve aggressive tumor reduction surgery fol-
lowed by standard chemotherapy and which patients should be offered alternative
therapies such as neoadjuvant chemotherapy followed by interval cytoreductive sur-
gery or primary chemotherapy alone.
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9.3 Current Status of Problems with Chemotherapy
for Elderly Gynecological Cancer Patients

Elderly women are less likely to receive any chemotherapy, let alone standard che-
motherapy. A SEER Medicare analysis found that among women >65 years old
diagnosed with ovarian cancer between 2001 and 2005, 29% did not receive any
chemotherapy, 25% received only partial chemotherapy, and only 47% completed
the scheduled chemotherapy. In addition, patients >80 years old were twice as
likely not to complete chemotherapy, and patients with two or more comorbidities
were 83% more likely not to complete chemotherapy. Those results were consid-
ered to indicate that chemotherapy may be underused in older women, and that
high-level retrospective analysis cannot determine whether “underuse” of chemo-
therapy was actually medically appropriate [14].

Observational studies have shown that first-line chemotherapy improves sur-
vival in elderly women with ovarian cancer. Unfortunately, only half of this popu-
lation receive platinum-based chemotherapy, according to SEER demographics,
which included approximately 8000 women >65 years old with stage III or IV
epithelial ovarian cancer [15]. A multivariate review that took into account cancer
type, comorbidities, and other factors suggested that patients who received sur-
gery alone displayed similar survival rates compared with those who received no
treatment (22 months vs. 17 months, respectively), but patients who received che-
motherapy as the only treatment achieved prolonged overall survival (14.4
months) [16].

The most common toxicities of platinum-taxanes, as the usual first-line agents
for ovarian cancer, are cytopenia and neuropathy. This was demonstrated in a large
retrospective analysis of the outcomes and toxicities in 620 patients >70 years old
enrolled in GOG 182, a phase III trial investigating triple therapy in patients with
newly diagnosed ovarian cancer [4]. Although elderly women enrolled in such trials
were more likely to be healthy than the average older ovarian cancer patient, older
patients still showed lower performance status (PS), lower rates of completion of all
eight chemotherapy cycles, and increased toxicity, particularly grade 3 neutropenia
and grade 2 or higher neurological disability (36 vs. 20% for younger women in the
standard carboplatin/paclitaxel arm).

Although the difference in median time to disease progression was only 1 month,
elderly women displayed significantly shorter median overall survival (37 months)
than younger women (45 months, P < 0.001). This shows that elderly patients are
more vulnerable to the toxicities of certain chemotherapies.

As previously mentioned, age is a strong predictor of survival in ovarian cancer
and often influences treatment strategy. The basis of cancer treatment is surgery and
chemotherapy. To improve the utility and tolerability of treatment (surgery and che-
motherapy) for elderly patients with gynecological cancer, better geriatric assess-
ment tools specific to the elderly need to be developed.
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9.4 Personalized Assessment of Treatment for Elderly
Cancer Patients

In cancer treatment, elderly patients are considered “fit” (a condition in which the
patient can receive the same standard treatment as a younger adult) or “unfit” (a
condition in which the patient is unable to receive the same standard treatment as a
younger adult). To evaluate the suitability or unsuitability of highly invasive treat-
ment for “unfit” elderly cancer patients, the following classifications should be
used: “Frail patients: Patients whose condition is considered unsuitable for aggres-
sive cancer treatment. Vulnerable patients: Patients considered ineligible for active
cancer treatment, i.e., the condition is so bad that the patient cannot expect or toler-
ate treatment.” Not only is determining which stage of disease the patient is impor-
tant (i.e., “the patient cannot receive the same standard treatment as healthy adults,
but can receive less intense treatment or treatment with less toxicity”), but also
discussing this with the patient and family in order to decide on a treatment plan
[17] (Fig. 9.1).

Although there is no standard tool for differentiating between fit and unfit
patients that can be used to examine common indicators for all cancer types, the
elderly vary greatly from person to person, and determination of a medical
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Fig. 9.1 Conceptual division of the target population when treatment is performed. Fit: A condi-
tion in which invasive treatment is available as standard treatment. Frail: A condition not meeting
the indications for active cancer treatment. Vulnerable: A condition in which the standard treatment
for healthy adults cannot be provided, but less toxic treatment can be applied
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treatment policy must be based on a comprehensive evaluation of physical and men-
tal disabilities, social and economic problems, and calendar age. Particularly in
cases of cognitive impairment, confirmation of the patient’s will becomes an issue
in determining the medical treatment policy. Comprehensive geriatric assessment
(CGA) is a patient assessment method that focuses on these issues.

CGA is a multidimensional assessment tool that provides a complete picture of
the elderly individual. CGA is a tool for comprehensively assessing daily living
functions, including activities of daily living (ADL), instrumental ADL (IADL),
cognitive function, mood, social factors, and home environment, in addition to dis-
ease assessment. CGA in older cancer patients includes assessment of functional
status, comorbid medical conditions, cognition, nutritional status, psychological
status, social support, and medication status. In the field of geriatric oncology, CGA
is a concept that combines assessment and intervention. In oncology, such assess-
ment is described as geriatric assessment (GA), with the implication that only a
comprehensive assessment is performed to determine treatment strategy [17, 18].

9.5 Personalized Treatment Based on Preoperative
Assessment in the Elderly

GA is undoubtedly a well-established method for assessing the elderly and optimiz-
ing preoperative diagnostic and treatment planning. A Cochrane meta-analysis of 22
clinical trials of more than 10,000 emergency admissions comparing GA with stan-
dard care found that patients who underwent GA assessment displayed improved
survival and home discharge rates at both 6- and 12-month follow-ups [19].
Robinson et al. reported a difference in the incidence of postoperative complica-
tions among 72 patients with colorectal cancer classified as fit, vulnerable, or frail
[20]. Clough-Gorr et al. evaluated several GA domains associated with clinically
important outcomes in elderly breast cancer survivors and found a difference in the
incidence of postoperative complications [21]. Longitudinal evidence suggests that
GA domains are associated with decreased treatment tolerance, independent of age
and stage, and predict mortality at 7 years of follow-up [22]. Among patients who
underwent pancreaticoduodenectomy, older age and poorer GA scores were associ-
ated with longer hospital stays and admission to the surgical intensive care unit [23].
In surgical practice, the Preoperative Assessment of Cancer in the Elderly (PACE),
a preoperative assessment method recommended by the International Society of
Geriatric Oncology (SIOG), which is based on the GA, the Physiological &
Operative Severity Score for PACE, which integrates GA, the Physiological &
Operative Severity Score for numeration of Mortality and Morbidity (POSSUM),
the Portsmouth modification (P-POSSUM), and the American Society of
Anesthesiologists (ASA) physical status classification system are valuable tools for
identifying vulnerable elderly cancer patients. These tools can also reduce inappro-
priate inequities due to age in patients scheduled to undergo surgery [24].
However, GA requires experience, is time consuming to assess, and is not neces-
sary for all patients. Several screening methods have thus been developed.
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Table 9.1 List of screening methods for CGA commonly used in oncology for elderly patients

Test Patients Number of domains | Range Cut-off scores | Ref.
VES-13 General 13 0-15 >3 Saliba S
TRST Emergency 5 0-6 >1 Meldon SW
G8 Oncology 8 0-17 <14 Soubeyran P
GFI General 15 0-15 >4 Slaets JP
aCGA Oncology 15 ADL:3 | >1dependence | Overcash JA

IAD:4 | >1 dependence

GDS:4 |>2

MMS: 4 <6
Rockwood | General 4 0-3 >2 Rockwood K
Balducci General 4 04 1 Balducci L
Fried score | General 5 0-5 >3 Fried LP

Abbreviations: VES-13 Vulnerable Elderly Survey-13, TRST Triage Risk Screening Tool, GFI
Groningen Frailty Index, aCGA abbreviated Comprehensive Geriatric Assessment, ADL Activities
of Daily Living score, JADL Instrumental Activities of Daily Living score, GDS Geriatric

Depression Scale, MMS Mini Mental Health Status

Table 9.2 Overview of the diagnostic efficiency of screening tests

Test Sensitivity range (%) | Specificity range (%) | PPV range (%) | NPV range (%)
VES-13 39-88 62-100 65-100 48-52

TRST 64-91 42-100 81-100 47-63

G8 77-92 52-75 78-86 61-78

GFI 39-66 69-87 86-90 40-59

aCGA 51 97 97 43

Rockwood |47 88 - -

Balducci 94 50 - -

Fried score |23-37 86-96 77 66

A dash indicates the data were not available

Diagnostic efficiency of screening methods for CGA commonly used in oncology

PPV positive predictive value, NPV negative predictive value. Studies that did not provide confi-
dence intervals were excluded from the studies reviewed

Alternatives to the full GA that are commonly used in oncology include Fried’s
Flail Diagnostic Criteria [25], Balducci’s Diagnostic Criteria [26], the Vulnerable
Elderly Survey (VES-13) [27], Triage Risk Screening Tool [28], Geriatric 8 (G8)
[29], Groningen Frailty Index [30], abbreviated Comprehensive Geriatric
Assessment [31], and Rockwood [32]. Screening methods and the reported diagnos-
tic efficiency for each method are shown in Table 9.1.

According to reported meta-analyses, the median prevalence of vulnerable status
based on screening scores is 49% (range, 12-83%). On the other hand, the preva-
lence of pre-frail status based on GA is 68% (range, 28-94%) [33-37] (Table 9.2).
However, some caution must be exercised in interpreting the results of the above
studies. First, many articles have included cancer patients undergoing chemotherapy,
and few have examined patients scheduled for surgery. Furthermore, the domains of
the reference Gas used varied, and the variability in Gas presented must be taken into
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account. Most studies have considered at least three of the following domains: cogni-
tive functioning, mood and depression, nutritional status, ADL, IADL, comorbidity,
polypharmacy, mobility, and social support. However, in order to consider problem-
atic areas, each domain of GA and the cutoff used for this purpose may differ. These
methodological differences significantly complicate comparisons with GA results;
the SIOG states that Gas, at least for elderly cancer patients, should include assess-
ment domains for functional status, cognition, and mood [38]. In addition, it should
be noted that many of the published articles do not directly evaluate patients consid-
ered for surgery, present GA before adjuvant treatment, or mix patients with different
malignancies (gastrointestinal, breast, and hematological cancers), and some studies
do not mention the type of treatment [33-37].

For the general cancer patient population, the screening method offering the
highest sensitivity is the G8 [33-37]. The G8 is based on the Mini Nutritional
Assessment (MNA). Among the GA domains, the accuracy of the MNA in predict-
ing frailty is about 80%, and a significant correlation between the two variables has
been observed [29]. However, specificity is not as high for G8, at 39-75% [33-37].
One of the most important characteristics of the screening tool, however, is exclu-
sion of the possibility of vulnerable status, corresponding to a negative predictive
value (NPV). G8 shows a high NPV, but includes subjects other than those sched-
uled for cancer surgery. Kenis et al. found that in 937 patients with various cancers,
G8 offered high sensitivity (84%) and NPV (91%) but low specificity (31% for both
ADL and TADL) for functional declines in ADL and IADL. Elderly patients with
normal G8 are at lower risk of functional declines in ADL and less pronounced
declines in IADL. Patients with non-normal G8 require further evaluation during
extended follow-up [35]. The same group of investigators also examined the occur-
rence of adverse events during treatment in the above groups of patients. G8 showed
significant prognostic improvement for OS (median survival: 31.8 months in abnor-
mal G8; not reached in normal G8 [hazard ratio 0.38; 95% confidence interval
0.27-0.52; P < 0.001]). Elderly patients with normal G8 displayed a 62% lower
chance of death after a median follow-up of 18.95 months [36]. Liuu et al. examined
the survival of 518 patients with various cancers. In multivariate analysis, G8 abnor-
malities were associated with increased 6-month mortality (hazard ratio 6.68; 95%
confidence interval 1.63-27.35; P =0.001) [39].

NRG Oncology devised their own GA-GYN score. This was an attempt to pre-
dict postoperative prognosis by scoring: 1 point for IADLs requiring medication
management, 2 points for ADLs with limited mobility, 1 point for occasional dete-
rioration in high-level ADL due to physical or mental reasons, 1 point if the patient
had experienced a fall in the past 6 months, 2 points if the patient was deaf, 2 points
if the patient was >72 years old, 3 points for hemoglobin level <10 g/dl, and 3 points
for creatinine clearance <34 ml/min. Preoperative GA-GYN assessment did not
prove useful in predicting the occurrence of serious complications after ovarian
cancer surgery. However, the score was associated with the occurrence of serious
postoperative complications in patients who underwent stage III-IV open cytore-
duction surgery [40]. Further studies of preoperative assessment for gynecological
diseases are needed.
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9.6 Personalized Treatment Based on Pre-chemotherapy
Assessment in the Elderly

For chemotherapy in the elderly, the American Society of Clinical Oncology pub-
lished a guideline on “Practical assessment and interventions for vulnerable cancer
patients starting chemotherapy” in 2018. The guideline comprises four major points.
(1) When chemotherapy is given to patients >65 years old, GA (assessment of phys-
ical function, physical performance and risk of falls, comorbidities, depression,
social activities/support, nutritional status, and cognitive function) should be used to
identify vulnerabilities. (2) The Expert Panel recommended the following GA tools
for their usefulness and ease of use in predicting adverse events: (a) at a minimum,
assess physical function, comorbidity, falls, depression, cognitive function, and
nutrition; (b) TADL (physical functioning), careful history taking or assessment
tools (comorbidities), questions about falls, Geriatric Depression Scale (depres-
sion), Mini-Cog or Blessed Orientation-Memory-Concentration (BOMC) test (cog-
nitive functioning), and weight loss (nutrition); or (c) Chemotherapy Risk
Assessment Scale for High-Age Patients (CRASH) score [41] (Tables 9.3 and 9.4)
or Cancer Aging Research Group (CARG) toxicity scores [42] (Table 9.5). The

Table 9.3 Chemotherapy Risk Assessment Scale for High-Age Patients (CRASH) score

Scores
Predictors 0 ‘ 1 ‘ 2
Hematologic score (predictors of Grade 4 hematologic toxicity)
Diastolic BP (mmHg) <72 >72
IADL 26-29 10-25
LDH (if ULN 618 U/L; otherwise, 0.74/L*ULN) 0-459 >459
Chemotox 0 1 2
Nonhematologic score (predictors of grade 3/4 nonhematologic toxicity)
ECOG PS 0 1-2 34
MMS 30 <30
MNA 28-30 <28
Chemotox 0 1 2

Abbreviations: BP blood pressure, Chemotox toxicity of the chemotherapy regimen (see Table 9.4),
ECOG PS Eastern Cooperative Oncology Group performance status, JADL Instrumental Activities
of Daily Living score, LDH lactate dehydrogenase, MMS Mini Mental Health Status, MNA Mini
Nutritional Assessment, ULN upper limit of normal

CRASH score, an evaluation tool for predicting adverse reactions to chemotherapy in elderly can-
cer patients. (1) Predictors of grade 4 hematological toxicity are associated with instrumental
activities of daily living (IADL), lactate dehydrogenase (LDH), diastolic blood pressure (BP), and
the published toxicity of anticancer drugs (Chemotox) (risk categories: low (0-1 points), 7%;
medium-low (2-3 points), 23%; medium-high (4-5 points), 54%; and high (>6 points), 100%,
respectively; P < 0.001). (2) Predictors of grade 3/4 non-hematological toxicity are associated with
malnutrition (Mini Nutritional Assessment score; MNA), cognition (Mini-Mental State
Examination score; MMSE), Eastern Cooperative Oncology Group performance status (ECOG
PS) score, and Chemotox (risk categories: low (0-2 points), 33%; medium-low (3—4 points), 46%;
medium-low (5-6 points), 67%; and high (>6 points), 93%, respectively; P < 0.001). Combined
risk categories are 50%, 58%, 77%, and 79%, respectively (P < 0.001)
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Table 9.4 Anticancer drug toxicity (Chemotox) score

CRASH score
0 1 2
Docetaxel weekly Carboplatin/gemcitabine AUC Carboplatin/docetaxel q3w
4-6/1 g days 1 and 8
Paclitaxel weekly Carboplatin/paclitaxel q3w Cisplatin/docetaxel 75/75
Gemcitabine 1g q3w | Cisplatin/gemcitabine days 1 and 8 | Cisplatin/gemcitabine days 1, 8 and 15
Gemcitabine 1.25g | Gemcitabine q7w then q3w Cisplatin/paclitaxel 135-24 h q3w
q3w
Dacarbazine Gemcitabine/irinotecan Paclitaxel q3w
PEG doxorubicin 50 mg q4w Docetaxel q3w
Topotecan weekly Doxorubicin q3w
Irinotecan q3w
Topotecan monthly

Abbreviations: CRASH Chemotherapy Risk Assessment, AUC area under the concentration-time
curve, PEG pegylated, g3w every 3 weeks, g4w every 4 weeks

Toxicity of the chemotherapy regimen as calculated using the MAX2 method. The MAX?2 index is
the average of the most frequent grade 4 hematological toxicities and the most frequent grade 3—4
non-hematological toxicities as reported in publications of a regimen. This index correlates well
with the average overall risk of severe toxicity for that regimen. Boundaries between points are:
MAX2 < 0-0.44 = 0; 0.45-0.57 = 1; >0.57 = 2. A list of scores is available online (https://moffitt.
org/eforms/crashscoreform/; accessed March 5, 2021). This figure shows only the most commonly
used regimens, particularly for gynecological cancer patients

Table 9.5 CARG toxicity score

Score
Risk factor 0 1 2 3
Age (years) <72 >72
Cancer type Others Gl or
GU

Chemotherapy dosing, standard dose Reduced Standard
No. of chemotherapy drugs, polychemotherapy No Yes
Hemoglobin (g/dl) Male >11 <I1

Female | =10 <10
Creatinine clearance (Jelliffe, ideal weight) (ml/min) >34 <34
Hearing, fair or worse No Yes
No. of falls in last 6 months, 1 or more None >1
IADL: taking medications, with some help/unable No Yes
MOS: walking 1 block, somewhat limited/limited a lot No Yes
MOS: decreased social activity because of physical/emotional | No Yes
health, limited at least sometimes

Abbreviations: GU genitourinary, JADL instrumental activities of daily living, MOS Medical
Outcomes Study

CARG score (an evaluation tool for predicting adverse reactions to chemotherapy in elderly cancer
patients) data from 500 elderly individuals added to the CRASH database. Risk scores are divided into
three categories based on the risk of grade 3-5 toxicity: low risk, 0-5 points; intermediate risk, 6-9
points; and high risk, 10-19 points. The low-risk group comprises 70% of total patients with a 30%
incidence of grade 3-5 adverse events, the intermediate-risk group comprises 48% of patients with a
52% incidence of adverse events, and the high-risk group comprises 17% of patients with an 83% of
incidence of adverse events. Toxicity profiles differ significantly among risk groups (P < 0.001)
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CARG is a total risk score derived from a GA consisting of 11 predictors of serious
adverse events. This score can predict the toxicity of chemotherapy, which is rarely
predicted by conventional measures of PS. CRASH score is characterized by sepa-
rate analyses of hematological and non-hematological toxicities, including
Hematological score, non-Hematological score, and Total score. A high correlation
is seen between Hematological score and the incidence of hematological toxicities
in G4. As for other Gas, G8 or VES-13 is used to predict prognosis. (3) Clinicians
should use one of the validated tools described in ePrognosis to estimate life expec-
tancy over 4 years. (4) The process of managing elderly cancer patients by GA as a
consensus of experts using the Delphi method is recommended: (a) use the GA
results to predict the risk of adverse events to develop an individualized treatment
plan, identify non-cancer problems, and intervene; (b) share the GA results with
patients and their families to develop a treatment plan; and (c) share GA results with
patients and their families to assist treatment decision-making, and provide
GA-based interventions for non-oncology problems [43].

Several reports have described clinical trials using GA in cancer pharmacother-
apy for gynecological cancer. A clinical research group at GINECO in France devel-
oped a new prognostic tool in the treatment of cancer in the elderly. The Geriatrics
Vulnerability Score (GVS) consists of ADL, IADL, albumin level, lymphocyte
count, and HADS score. A positive score in three of these items is associated with a
lower treatment completion rate, increased grade 3/4 non-hematological toxicity,
and unexpected hospitalization [44]. Recently, the same group conducted a prospec-
tive, randomized clinical trial in 120 elderly, vulnerable patients with ovarian can-
cer. The study compared the feasibility, efficacy, and safety of single-agent
carboplatin every 3 weeks, weekly carboplatin and paclitaxel, and conventional car-
boplatin and paclitaxel every 3 weeks. The results showed that single-agent carbo-
platin was associated with lower feasibility and activity than carboplatin and
paclitaxel, completing six cycles is 48%, 60%, and 65%, respectively, and signifi-
cantly worse progression-free and overall survivals compared to the conventional
3-week carboplatin-paclitaxel regimen, leading to early termination of the trial [45].
An Italian group conducted a prospective clinical trial to determine whether the
VES-13, as a comprehensive assessment of the elderly, could predict the prognosis
of elderly gynecological cancer patients >70 years old. They reported that 42.9% of
patients were considered vulnerable elderly, and that serious hematological and
non-hematological toxicities were frequently observed in this group, leading to dis-
continuation of drug reduction [46].

9.7 Summary of the Basic Concept of Individualized
Medicine in the Treatment of Elderly Cancer Patients

1. Do not provide highly invasive treatment to patients unwilling to receive treat-
ment, or to patients capable of making treatment decisions who refuse treatment
after presenting various treatment options. In addition, the content and intensity
of supportive and palliative care should be discussed with the patient and family
regarding the level to which these should be implemented.
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2. Regardless of age, appropriate medical care should be provided to fit patients
who are eligible and able to receive standard treatment. Efforts should be made
to avoid both under- and overtreatment. For this purpose, multidisciplinary care
involving local medical institutions is required.

3. For vulnerable patients who are eligible for treatment but for whom standard
treatment is difficult to implement, less-invasive surgical techniques with fewer
side effects and reduced treatment intensity (dose intensity, irradiation field, and
radiation dose) should be selected over standard treatment, to achieve a balance
between efficacy and adverse events, and to allow flexible response.

4. Conservative medical care should be provided for patients who have difficulty
with aggressive treatment (frail patients).

5. Supportive and palliative care should be based on the same concept, with active
treatment for fit and vulnerable patients, and symptom relief for frail patients. In
other words, adverse events caused by supportive and palliative medicine should
be avoided, as should overtreatment of patients who are at the end-of-life stage.

6. Our ultimate goal is for all cancer patients, young and old, to achieve a cure with
good QOL in the curable stage, and that even in the difficult-to-cure stage,
patients can live out the rest of their lives with minimal pain by making full use
of supportive and palliative medicine while receiving various medical interven-
tions (irrespective of fit, vulnerable or frail status).
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