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Abstract

Background. The EF-14 clinical trial demonstrated the safety and efficacy of tumortreating fields (TTFields) for
newly diagnosed glioblastoma. This study aimed to clarify the current status, safety, and efficacy of TTFields in
Japanese patients who meet the EF-14 inclusion criteria.

Methods. This was a multicenter retrospective cohort study. Background, treatment, and outcome data of pa-
tients who satisfied the inclusion criteria of the EF-14 trial were collected from 45 institutions across Japan. The
rate, determinants, and current status of TTField use, including its safety and efficacy in terms of progression and
survival, were retrospectively investigated. This study was conducted in accordance with the STROBE checklist.
Results. Among the 607 patients enrolled, 70 were excluded due to progressive disease during radiation and
temozolomide therapy, age > 80 years old, and Karnofsky Performance Status score of <70. Among the remaining
537 patients, 210 (39%) underwent TTField treatment. Multivariate analysis revealed younger age and spouse as a
caregiver as significant factors forTTField use.The compliance rate of TTField use exceeded 75% in 60% of patients,
with a medianTTField usage duration of 11 months. Skin disorders requiring medical treatment occurred in 56% of
patients. Multivariate Cox proportional hazards analysis in the whole series and propensity score-matched analysis
revealed thatTTField use was not a prognostic factor for progression-free survival (PFS) or overall survival (OS).
Conclusions. TTField use did not have a substantial effect on either PFS or OS in Japanese patients with glioblas-
toma, despite compliance rates comparable to those observed in the EF-14.

Key Points

e Effect of tumor-treating fields (TTFields) on survival was analyzed based on data from 537
Japanese patients.

e Cox proportional hazards model and propensity score-matched analysis were used.

e TTField use did not show a substantial benefit for newly diagnosed glioblastomas.
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Importance of the Study

The EF-14 clinical trial has demonstrated the safety and
efficacy of tumor-treating fields (TTFields) for newly
diagnosed glioblastomas. However, the efficacy of
TTFields remains unclear in Asian populations. Based
on data obtained from 45 institutions across Japan, this
study presents data on the current status of TTField
usage and its efficacy in patients satisfying the EF-14
inclusion criteria. Notably, younger age and spouse as
a caregiver were identified as significant factors for

The standard treatment strategies for glioblastoma (GB)
include surgical resection, radiation therapy, and chemo-
therapy with temozolomide (TMZ)." Recently, studies have
confirmed the efficacy of carmustine wafer implantation?
and photodynamic therapy in prolonging the survival
of patients with GB,® leading to their approval in Japan.
However, limited evidence is available regarding their use
as standard therapy.

Besides the aforementioned therapies, tumor-treating
fields (TTFields) have been confirmed to be safe and effec-
tive for newly diagnosed and recurrent GB in randomized
clinical trials. In 2012, a randomized trial (EF-11) comparing
TTFields with physician’s choice chemotherapy for recurrent
GB showed that patients treated with TTFields had survival
times comparable to those who received chemotherapy but
showed superior health-related quality of life and subjec-
tive symptoms.® In addition, a randomized study on newly
diagnosed GB (EF-14) was conducted to compare radiation
and TMZ with radiation and TMZ plus TTFields. In the men-
tioned study, TTFields were started at the same time as ad-
juvantTMZ and continued until the second recurrence or up
to 2 years. The addition of TTFields significantly improved
progression-free survival (PFS) and overall survival (0S).”
The excellent results of the aforementioned trial resulted in
the approval of TTFields in Japan by December 2017 (https://
www.mhlw.go.jp/web/t_doc?datald=00tc3052&dataType=
1&pageNo=3). However, owing to various factors, such as
the need to carry a battery, constantly wear electrodes, and
shave their hair, TTFields have not yet been fully accepted as
a standard treatment. Socially, the TTField device requires a
caregiver for wearing and managing the device; moreover,
this device interferes with the social activities of the pa-
tients. The EF-14 trial was an open-label study with no sham
control. Due to the lack of other supportive evidence, phys-
icians were reluctant to recommend TTFields to their pa-
tients. In addition, limited understanding of the mechanism
and insights about the predictors of individual benefit® were
inhibitory factors for physicians to recommend TTFields.
In addition to these real-world obstacles, the efficiency of
TTFields in Japanese patients remains unclear, given that
only 5.9% of the patients included in the EF-14 trial were
Asian.” Several reports have demonstrated differences in
the prognosis of GB between Asian and Caucasian popu-
lations.>"" Survival data of patients with GB collected from
the Surveillance, Epidemiology, and End Results database
and clinical trials in Japan suggest that Asian patients with

TTField use. Despite excellent compliance with TTField
use, this multi-institutional study did not demonstrate
a substantial impact of TTFields on progression-free
survival or overall survival among patients newly diag-
nosed with glioblastoma. Although the actual mech-
anism remains unclear, this result can be attributed to
differences in TTField sensitivity across different races
and patient backgrounds.

GB have a better prognosis than Caucasian patients with
GB.*"This difference can be partially attributed to the differ-
ence in the proportion of GB with epidermal growth factor
receptor (EGFR) gene amplification.'® Therefore, it remains
unclear whether the results of the EF-14 trial can be applied
to Asian GB. So far, few studies have demonstrated the effi-
cacy of TTFields in Asian populations.The EF-14 trial showed
thatTTFields prolonged the survival of 39 Korean patients,?
whereas a previous single-center retrospective study from
China reported that TTFields did not improve survival de-
spite having the highest compliance rate.'®

In this context, the present multicenter collaborative
study aimed to clarify the efficacy of TTFields on survival
as the primary endpoint, and to assess the usage rate
and determinants of TTField use and safety as secondary
endpoints, in Japanese patients who met the EF-14 inclu-
sion criteria.

Materials and Methods
Ethics

This study was approved by the Institutional Ethical
Committee of Tohoku University School of Medicine (2022-
1-345), and participants were given the option to opt out of
this study.

Patients

This retrospective cohort study was conducted at 45 insti-
tutions throughout Japan. All participating institutions are
academic centers. Of these, 42 and 3 are core and branch
hospitals, respectively, of the Board Certification System
adopted by the Japan Neurosurgical Society.

The inclusion and exclusion criteria were set according
to those described in the EF-14 trial. All patients, including
TTField users and nonusers, were registered to elucidate
the current status of the use of TTFields and determine its
efficacy. In brief, we included patients aged 18-80 years
who had histologically confirmed and newly diagnosed GB
according to the WHO Classification, revised 4th edition,
and had a Karnofsky Performance Status (KPS) score of
at least 70 before the start of adjuvantTMZ.Those who re-
ceived carmustine wafers or photodynamic therapy were
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also included. Patients with progressive disease after radi-
ation andTMZ based on the Macdonald criteria'® before ad-
juvantTMZ, those with infratentorial location and evidence
of increased intracranial pressure, and those who received
concomitant bevacizumab with radiation and TMZ were
excluded. The provision of information regarding TTFields
to patients was decided according to the practical guide
for appropriate use of TTFields of the Japanese Society of
Neuro-oncology at all institutions, and patients ultimately
decided whether to undergo treatment with TTFields.

Data Collection

We collected data from patients who completed radiation
and TMZ from the date of TTField availability at their in-
stitution to June 2020 to ensure a 2-year follow-up period
until June 2022. The following information was collected
for all patients who satisfied the inclusion criteria: patient
background characteristics, tumor-related characteristics,
and treatment-related characteristics. Patient background
characteristics included age; sex; employment status be-
fore disease onset; presence of caregivers before initial
treatment; neurological symptoms; KPS; consciousness
state defined by the Japan Coma Scale (JCS; 0=Alert,
1 =Almost fully alert, 2 = Disorientation to time or place;
3 =Unable to say own name or date of birth)'é; and pres-
ence of focal symptoms, such as paralysis and aphasia,
before adjuvant TMZ. Tumor-related characteristics in-
cluded tumor location, histological diagnosis, methyla-
tion status in the promoter of the O6-methylguanine DNA
methyltransferase (MGMT) gene, and isocitrate dehydro-
genase (IDH) gene mutation status based on an institu-
tional diagnosis. Treatment-related characteristics included
the extent of resection, residual enhancing lesion before
adjuvant TMZ, use of carmustine wafer implantation and
photodynamic therapy, and cycle number of adjuvantTMZ.
During data collection, the extent of resection was classi-
fied into biopsy, residual measurable or unmeasurable en-
hancement, and no residual enhanced lesion. We defined a
lesion with 2 perpendicular diameters of at least 10 mm as
a “measurable” residual enhanced lesion.’® A residual le-
sion before adjuvantTMZ indicates an enhanced lesion, ex-
cept the enhancement due to surgical damage, including
ischemia and contusion or implantation of carmustine
wafers. TTField-related characteristics included the use of
TTFields, duration and compliance rate, and dermal com-
plications. Progressive disease was defined based on the
response assessment criteria for neuro-oncology for high-
grade glioma.'” Data on the pattern of failure were also col-
lected. Recurrences were classified as local when within
20 mm of the resection cavity and distant when more
than 21 mm from the resection cavity or leptomeningeal
dissemination.'® In addition, we collected information on
reasons for not selecting or discontinuing TTFields.

Statistical Analysis

Statistical analysis was performed using JMP Pro 16.0
(SAS Institute Japan) and R software (version 4.4.1; R
Foundation). Linear regression analysis was used to ex-
amine the correlation between 2 continuous variables. To

compare proportions betweenTTField users and nonusers,
parametric data were compared using Pearson’s chi-
square test. PFS was defined as the time between the
date of adjuvant TMZ initiation and progression or last
follow-up without recurrence, whereas OS was defined as
the time between the date of adjuvant TMZ initiation and
death or last follow-up. Multivariate logistic regression
analysis was performed for the use of TTFields, with age,
sex, caregiver, social status, JCS, paresis and aphasia be-
fore adjuvant TMZ, and extent of resection as covariates.
Multivariate analysis using Cox proportional hazards anal-
ysis was planned for recurrence and survival with the use
of TTFields as a covariate in addition to age, sex, KPS be-
fore adjuvant TMZ, extent of resection, and carmustine
wafer implantation,”’® as these were previously reported
as prognostic factors in the EF-14 trial and other reports.”'®
Cox proportional hazards analysis was performed for pa-
tients for whom information on the promoter methylation
status of MGMT was available or after multiple imput-
ations via a chained equations model of missing data on
the methylation status of MGMT as a sensitivity analysis.
The pool of 50 imputed datasets was analyzed, and a
pooled analysis was performed.

In addition, propensity score matching was performed to
reduce selection bias caused by the difference in patients’
backgrounds between TTField users and nonusers.?’ The
model used to construct the propensity score included con-
founding factors such as age, sex, tumor location, extent
of resection, KPS before adjuvant TMZ, JCS before adju-
vant TMZ, and mutation status in /IDH as predictors using
TTFields.?-2* A 1:1 neighbor ratio matching was performed
between the 2 groups, with a caliper set to 0.2.To compare
the mean or prevalence of baseline covariates, we calcu-
lated the standardized difference betweenTTField users and
nonusers.? In addition, the distribution of patient’s age, a
strong confounding factor between TTF use and prognosis,
was compared with the variance ratio and 5 number sum-
maries.?® After propensity score matching, the PFS and OS
rates were compared using Kaplan-Meier analysis.

Results
Patient Background

In total, 607 patients from 45 institutions were enrolled
(Figure 1). However, 70 (12%) patients, including 7 over 80
years of age, 16 with a KPS score below 70 at the start of
adjuvant TMZ, 38 with progressive disease, and 10 other
study participants (KPS score of 60, 1 duplicate over 80
years of age) were excluded. Finally, 537 patients were
analyzed in this study. Among them, 210 (39%) and 327 pa-
tients (61%) did and did not receive TTFields, respectively.
The follow-up period was 1-55 months, with a median of
21 months.

Determinant of TTField Usage

The reason for not choosing TTFields was determined from
297 of 327 patients (91%) using a multiple-response ques-
tionnaire. The reasons included patient refusal in 174 cases
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Newly diagnosed GB (n = 607)

- 18-80 years
- KPS 70-100

Excluded cases (n = 70)
>80 years of age (n = 7)*
KPS <60 (n = 16)*
PD before adjuvant TMZ (n = 38)
Other study participants (n = 10)

‘ Eligible cases (n = 537) ‘

TTField use group
(n=210)

Whole series
(Unmatched)

TTField nonuse group
(n=327)

Determinant of TTField usage (Logistic regression analysis)
Effectiveness of TTFields (Multivariate analysis with Cox proportional hazards model)

TTField use group
(n =165)

PSM group
(Matched)

TTField use group
(n =165)

Effectiveness of TTFields (Kaplan—Meier analysis: Log-rank test)

Figure 1.

Patient flow in this retrospective study. GB, glioblastoma; KPS, Karnofsky Performance Status; *One patient was over 80 years old and

had a KPS score of <60. A total of 537 patients in the whole series and 330 patients after propensity score matching (PSM) were analyzed. Logistic
regression analysis was conducted to identify determinants of TTField usage, while multivariate analysis using the Cox proportional hazards
model was performed to estimate the effectiveness of TTFields in the whole series. Kaplan—-Meier analysis with the log-rank test was used to es-

timate the effectiveness of TTFields in the PSM group.

(59%), physician’s decision in 106 cases (36%), no caregiver
in 36 cases (12%), and high cost in 6 cases (2%). Compared
with chemotherapy and radiotherapy, the intention of the
patient, family, and physician for or againstTTField use was
more strongly reflected in the determination of TTField use.
The proportion of TTField usage was compared ac-
cording to multiple factors, such as institution, patient
background, neurological findings, and treatments other
than TTFields. TTField usage rates varied according to the
institution. Moreover, no correlation was observed be-
tween the number of enrolled cases and the percentage of
TTField use according to the institution (R? =0.01, P=.49)
(Figure 2A). An imbalance in the distribution of age and
categorical variables was observed between TTField users
and nonusers (Table 1). Logistic regression analysis was
performed to identify factors influencing TTField usage.
Our analysis identified young age and spouse as a care-
giver as significant factors for choosing TTFields. The odds
ratio (95% confidence interval [Cl]) for each significant
factor was as follows. spouse versus others (2.1; 95% ClI
1.3-3.4; P<.005), spouse versus living alone (8.0; 95% CI
18-35.5; P<.001), and age (0.97, 0.96-0.99; P< .0005).

Status After Starting TTFields

Information on the mean compliance rate during the period
of use was collected for 187 patients (89%).The median com-
pliance rate was 78.8%, with 113 (60%) and 92 patients (49%)
achieving a compliance rate of >75% and >80%, respectively
(Figure 2B). After examining the timing and reasons for the

discontinuation of TTFields, we found that 185 of the 210 pa-
tients had discontinuedTTField use at the time of the survey.
Kaplan—-Meier analysis revealed that the time from initiation
to discontinuation ranged from 0 to 54 months (median 11
months). Among the patients that had discontinued TTField
use, 61 (33%) did so within 1 month of the first recurrence.
The reasons for discontinuing TTFields were determined
in 173 (94%) patients. The most common reasons for dis-
continuation according to the duration of TTField usage
were patients’ will (17 of 40 cases: 43%) at 1-3 months after
TTField initiation, tumor progression (51 of 67 cases: 76%)
at 4-12 months after initiation, and tumor progression (41 of
66 cases: 61%) at 13 months or later after initiation.

Dermal Adverse Events in TTField Users

Skin disorders were present in 56% of the patients, among
whom 48% had disorders requiring medical treatment and
8% had grade 3 or higher disorders based on Common
Toxic Criteria for Adverse Events, version 4. Wound dehis-
cence was observed in a relatively high percentage of pa-
tients (6.7%).

Effectiveness of TTFields

Univariate and multivariate analyses were performed to
evaluate recurrence and survival in 537 patients who sat-
isfied the EF-14 inclusion criteria. TTField users were more
likely younger, had a job before disease onset, and had a
spouse than nonusers (Table 1). The proportion of patients
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Figure 2. Tumor-treating field (TTField) usage rates according to institution and compliance rates with TTFields. (A) Scattered graph
demonstrating the relationship between the total number of patients that met the inclusion criteria during the study period and patients who re-
ceived TTField treatment at the 45 institutions. (B) Bar graph demonstrating the distribution of the average daily compliance rate with TTFields.

with a JCS of 0 before adjuvant treatment, which indi-
cates alert consciousness, also tended to be higher among
TTField users than among nonusers (Table 1).

During the study period, 166 (79.1%) TTField users and
251 (76.8%) nonusers had a recurrence. Supplementary
Table 1 summarizes the pattern of recurrence in these
TTField users and nonusers. Although the Pearson’s chi-
square test showed no significant difference in the pattern
of recurrence betweenTTField users and nonusers, a trend
toward fewer local recurrences and more distant recur-
rences was observed amongTTField users.

The median PFS was 11 and 10 months in TTField users
and nonusers, respectively. When defining “TTFields be-
yond progression” as the date of discontinuation >2 months
after the date of recurrence, 53 (32.7%) of 162 patients with
recurrence continued to use TTFields beyond progression.
During the study period, 126 (60.0%) TTField users and
192 (58.7%) TTField nonusers died. The median OS was 25
months in both groups, whereas the 2-year OS rate was
51.7% and 50.3% in TTField users and nonusers, respec-
tively. No significant differences in PFS and OS were ob-
served between TTField users and nonusers (P=.83 and
.57; log-rank test) (Figure 3A and B). Univariate analysis was
also performed for other factors. Notably, prognostic fac-
tors for PFS included sex, caregiver, tumor location, JCS,
aphasia before adjuvantTMZ, MGMT promoter methylation
status, and /DH gene mutation status (Supplementary Table
2). Prognostic factors for OS included age, sex, residual le-
sion, KPS, consciousness level before adjuvantTMZ, MGMT
gene promoter methylation status, and /IDH gene mutation
status (SupplementaryTable 2).

Multivariate analysis using the Cox proportional hazards
model revealed that age and sex were prognostic factors
for PFS, whereas age, sex, and KPS before adjuvant TMZ
were prognostic factors for OS. However, TTField use was
not a prognostic factor for PFS or OS (Table 2). In addition,
we performed a multivariate analysis using MGMT methyl-
ation status for 241 cases, including 135 TTField users and

106 nonusers, for whom data on the methylation status of
the MGMT promoter were available (Supplementary Table
3).The MGMT methylation status was a prognostic factor for
recurrence and survival, whereas TTField use was not. The
pooled analysis of 50 datasets with multiple imputation of
data on MGMT gene promoter methylation status revealed
that TTField use was not a prognostic factor for PFS (hazard
ratio: 0.90, 95% Cl 0.74-1.11; P=.32) or OS (hazard ratio:
0.95, 95% CI 0.75-1.20; P=.65).

After propensity score matching, we confirmed the bal-
ance between TTField users (n = 165) and nonusers (n =
165) according to the standardized difference (Figure 1,
Supplementary Table 4). The standardized difference was
<0.1 for all covariates, except the prevalence of patients
with basal ganglia glioblastoma. In addition, we confirmed
that patients’ age was balanced based on the variance ratio
(0.92: variance inTTField users to that inTTField nonusers)
and 5 number summaries of patients’ age (Supplementary
Table 5). These results suggested that the model based on
propensity score matching had a balanced background
between TTField users and nonusers. Consistent with the
results of the univariate and multivariate analyses of all
cases, no differences in PFS and OS were observed be-
tween TTField users and nonusers in propensity score
matching (Supplementary Figure 1).

We further analyzed the relationship between survival
and the compliance rate. No improvements in PFS or
OS were found at cutoff values of 75% (Supplementary
Figure 2), 80%, 85%, and 90% (data not shown).

Discussion

This study provides data onTTField usage rates in patients
satisfying the EF-14 trial inclusion criteria. This study also
identifies determinants of TTField use; duration, compli-
ance rates, and discontinuation after TTField introduction;
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Table 1.

Age

Sex

Social status before disease onset

Caregiver

Tumor location

Extent of resection

Implantation of carmustine wafers

Photodynamic therapy

Residual lesion before adjuvantTMZz?

KPS before adjuvantTMZ

Japan Coma Scale before adjuvantTMZ

Paresis before adjuvantTMZ

Apasia before adjuvantTMZ

Cycles of adjuvantTMZ

MGMTpromoter methylation status

Mutation status in the IDH gene

Characteristics of Patients According to TTField Use

(years old) (mean + SD)
Male

Female

Employed
Unemployed

Spouse

Others

Solitude

Frontal

Temporal

Parietal

Occipital

Insula

Basal ganglia
Thalamus

No residual enhancing lesion
Unmeasurable residual enhancement
Measurable residual enhancement
Biopsy

Yes

No

Yes

No

No enhancing lesion
Residual enhancement
100

90

80

70

0

1-3

Absent

Present

Absent

Present

(Median cycles)
Methylated
Unmethylated

No data

Wild-type

Mutant

TTFields (n=210) (%)
54.0 +12.3
132 (63)
78 (37)
152 (73)
57 (27)
172 (82)
36 (17)
2(1)
81(39)
59 (28)
50 (24)
5(2)
3(1)
4(2)
7(3)
126 (60)
39 (19)
31(15)
14(7)
64 (30)
146 (70)
18 (9)
192 (91)
132 (63)
78 (37)
36 (17)
92 (44)
40 (19)
42 (20)
181 (86)
29 (14)
175 (84)
34 (16)
190 (90)
20 (10)
0-53(12)
44 (21)
62 (30)
104 (49)
192 (92)
16 (8)

NoTTFields (n = 327) (%)
60.0 + 13.8
185 (57)
142 (43)
188 (58)
137 (42)
221 (68)
85 (26)
21 (6)
110 (34)
103 (32)
80 (25)
12 (4)
10 (3)
4(1)
6(2)
219 (67)
42 (13)
42 (13)
24 (7)
97 (30)
229 (70)
23(7)
304 (93)
215 (66)
111 (34)
40 (12)
132 (40)
73 (22)
82 (25)
259 (80)
66 (20)
280 (86)
46 (14)
280 (86)
45 (14)
0-43(12)
69 (21)
66 (20)
192 (59)
301 (95)
17(5)

Abbreviations: IDH, isocitrate dehydrogenase; KPS, Karnofsky Performance Status; MGMT, 06-methylguanine DNA methyltransferase; TMZ,

temozolomide; TTFields, tumor-treating fields.
a0ne case was not examined due to asthma.
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Figure 3. Progression-free survival (A) and overall survival (B) in all patients who received radiation and temozolomide therapy with or without
tumor-treating fields (TTFields). The median PFS was 11 and 10 months in TTField users and nonusers, respectively. The median 0S was 25
months in both groups. There were no significant differences in PFS and 0S between TTField users and nonusers (P = .83 and .57; log-rank test).

Table 2. Multivariate Analysis of the Progression-Free and Overall Survival Rates in This Study

Progression-Free Survival Rate

Overall Survival Rate

Adjusted HR (95% Cl) PValue Adjusted HR (95% Cl) PValue
Age Age 1.01 (1.00-1.01) .014 1.01 (1.00-1.02) .006
Sex Female (reference) 1 1
Male 1.31 (1.08-1.61) .0075 1.43 (1.14-1.81) .002
Extent of resection Biopsy (reference) 1 1
Measurable residual en- 1.00 (0.64-1.57) .31 0.83 (0.51-1.37) 47
hancement
Unmeasurable residual 0.85 (0.54-1.35) .15 0.73 (0.44-1.21) .22
enhancement
No residual enhancing 0.93 (0.65-1.45) .89 0.71 (0.46-1.09) 12
lesion
Implantation of No 1 1
carmustine waters Yes 110 (0.88-1.36) 41 113 (0.88-1.45) 33
KPS before adjuvant 70 (reference) 1 1
T™Z
80 0.92 (0.68-1.23) .58 0.76 (0.55-1.05) .097
90 0.81 (0.63-1.05) 1 0.65 (0.49-0.87) .004
100 0.77 (0.55-1.10) .15 0.54 (0.36-0.81) .003
TTFields use No use (reference) 1 1
Use 0.98 (0.80-1.20) .81 0.99 (0.78-1.25) .93

Values in bold indicate statistical significance at P<.05.

Abbreviations: Cl, confidence interval; HR = Hazard ratio; KPS, Karnofsky Performance Status; TMZ, temozolomide; TTFields, tumor-treating fields.

safety; and effects of TTField on recurrence and survival
based on data obtained from 45 institutions 2 years after
the approval of TTFields in Japan. Notably, our analysis
identified age and caregiver status as independent de-
terminants of TTField use. A large proportion of patients
discontinued treatment of their own volition, especially

within 3 months of TTField initiation. Our univariate and
multivariate analyses and comparison of 2 groups after
propensity score matching revealed no difference in PFS
and OS betweenTTField users and nonusers.

Unlike in clinical trials, decisions regarding TTField use in
actual clinical practice are made by the patients themselves,
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their caregivers, and medical doctors after considering the
burden of continuing TTField therapy, including the need
for shaving, 24-hour electrode application, assistance with
TTField device application, skin complications, and ex-
pected real-world benefits on tumor control. In the present
study, only 39% of the patients who satisfied the EF-14 in-
clusion criteria accepted TTField therapy. This percentage
was comparable to the 36% obtained from real-world data
for single centers in the United States and Germany.?627 A
subgroup analysis of the EF-14 trial revealed that elderly
patients are expected to benefit more from TTFields than
younger patients.” However, a single-center study in the
United States and Germany reported that elderly patients
tend to avoid the use of TTFields in the real world.?-23
Consistent with their data, our findings showed that aging
was a negative independent factor that influenced TTField
use. In addition, this study revealed that the type of care-
giver was an independent determinant of TTField usage.
These results suggest that patient’s living environment
and characteristics strongly influence their acceptance of
TTFields in the real world. Moreover, since EF-14 was an
open-label trial without a sham device, the results could
have been influenced by patient adherence, selection, or
other biases.® Moreover, these study design characteristics
could influence the acceptance of TTFields as a standard
of care provided by physicians for newly diagnosed GB.
Differences in the interpretation of EF-14 may have con-
tributed to large differences in the rate of its introduction
among institutions, as shown in Figure 2A.

One of the characteristics of this treatment is the high
rate of discontinuation at an early stage due to patient re-
fusal despite the absence of tumor progression. Some
patients may perceive more psychological and emotional
burdens than expected and discontinue TTFields early after
initiation. However, the median treatment duration was
11 months, which was longer than that in the EF-14 trial
(8.2 months)” and other studies (7.2-9 months).?”?8 Only
17 of 173 patients with available information had discon-
tinued early based on the patient’s will, and tumor pro-
gression was the main cause of TTF discontinuation after
3 months. Therefore, the difference in the treatment dura-
tion of TTFields may reflect the duration of PFS (11 and 6.7
months in the present study and EF-14 trial, respectively).

Regarding adverse events, a high rate of skin problems
was expected due to the hot and humid climate in Japan
and the longer treatment period; however, only 56% of our
patients developed skin symptoms, which was similar to
the 54% in the EF-14 trial.”

The effect of TTFields on recurrence patterns, PFS, and OS
was analyzed. Regarding recurrence pattern, the rate of local
recurrence was lower in TTField users than in nonusers,
consistent with a previous report.” This finding suggests
thatTTFields contribute to local tumor control. TTField users
had a median survival of 25.0 months and a 2-year sur-
vival rate of 51.7%. This survival rate was comparable to the
2-year survival rate of 53.6% in a Japanese post-marketing
study of 40 newly diagnosed cases of GB, in which no differ-
ence in age (median age: 59 years), KPS (65% with a score
of 90-100), and resection rate (gross total resection of en-
hanced lesion: 57.5%) was observed.?® However, univariate
and multivariate analyses showed no difference in PFS or
OS between TTField users and nonusers. This could be

attributed to several possible reasons. The first is the under-
estimation of the effect of TTFields due to low compliance
rates. Indeed, only 49% of the patients included in this study
achieved at least 80% compliance. This compliance rate
was comparable to the 46% in the EF-14 trial,*® suggesting
that a low compliance rate was an unlikely reason for the
lack of efficacy. The second reason is the excellent survival
rate of TTField nonusers in this study (25 months) com-
pared with that of TTField nonusers in the EF-14 trial (16.0
months). To clarify the reason for this difference, we com-
pared the backgrounds of TTField nonusers in our series and
those in the EF-14 trial. Accordingly, more TTField nonusers
in the present study than those in the EF-14 trial had total
resections of contrast-enhancing lesions (67% vs. 54%, re-
spectively) and MGMT gene promoter methylation (52% vs.
36%, respectively); however, fewer TTField nonusers in the
present study than those in the EF-14 trial had KPS scores
of 90-100 (52% vs. 65%, respectively) and age of < 65 years
(54% vs. 80%, respectively).” Based on these findings, the
patient background in the present study is not biased toward
a favorable prognosis. Alternatively, multiple reports have
suggested biological differences between Caucasian and
Asian GBs."%%' Therefore, we compared the survival time in
this study to that in a prospective study conducted in Japan
from 2010 to 2012° and in a retrospective study based on a
large number of Korean patients using real-world data.3?
The median OS time following the Stupp regimen was 20.3
months in the JCOGO0911 study, which explored the addi-
tive effect of interferon-beta to radiation and temozolomide
on newly diagnosed glioblastoma.® The median patient
age was comparable between the RT/TMZ group in the
JCOG0911 study and TTField nonusers in our study (61 vs.
64 years). However, the percentage of patients with total
resection of enhanced lesion was lower in the JCOGO0911
study than in our study (49% vs. 67%; Table 1). Roh et al. re-
ported a median OS time of 20.8 months among patients
treated from 2005 to 2013 at Yonsei University.3? Although
the median age was 57 years in the previous study,’? the
preoperative and postoperative median KPS was 70, and
66% of patients had an unmethylated promoter in MGMT.
Since our study excluded patients with a KPS <70 and only
48% of our patients had an unmethylated MGMT promoter,
a longer OS time is expected in our patients than in those in
Roh et als study. In addition, Kim et al. reported the OS time
based on the response following concomitant radiation and
temozolomide and 6 cycles of adjuvant temozolomide.33The
OS times were 8.0 and 25.0-27.0 months in patients with and
without progression during the initial and adjuvant phases
of treatment, respectively. Although there was a difference
between the end of the concomitant and adjuvant treatment
phases, the exclusion of patients with progression during
the initial treatment phase from the analysis could have
significantly impacted the survival time. Based on these
reports and considering the backgrounds of the patients in
this study, the median survival time of 25 months for RT/
TMZ was considered valid in this report. We considered the
possibility that such racial differences may have influenced
survival differences in the control group and that this pop-
ulation may benefit less from TTFields. Third, certain clin-
ical and molecular characteristics may predispose patients
to benefit more from TTFields. A subgroup analysis of the
EF-14 trial showed that patients who underwent incomplete
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resection were elderly, and those with poor KPS tended to
have decreased hazard ratios and increased benefits from
TTFields.” This study found a trend toward complete resec-
tion of enhanced lesions, elderly patients, and poor KPS,
where the latter 2 factors potentially increased the bene-
fits from TTFields. On the contrary, considering that TTField
therapy targets local control,3* it may not have been effec-
tive in patients with more complete resection and a lower
local failure rate.®® Regarding molecular predictive factors,
comprehensive genomic profiling revealed predictive bio-
markers associated with response to TTFields.3¢ Driver al-
terations in the Neurofibromatosis type 1 (NF7) gene and
wild-type Phosphatidylinositol-4,5-Bisphosphate 3-Kinase
Catalytic Subunit Alpha (PIK3CA) gene and the absence of
aberrations in EGFR, such as amplification and mutations,
including the type lll variant or fusion, were predictive for
the effect of TTFields. Although the mutation frequency
in NF1 and PIC3CA was comparable, the low frequency of
the amplification or alteration of EGFR is a characteristic
of Asian patients with GB."%3" Unfortunately, these differ-
ences in molecular profile do not explain the underlying
mechanism for the ineffectiveness of TTFields in this study.
A more comprehensive molecular analysis of Japanese pa-
tients with GB may help answer this question.

This study had some limitations. First, the EF-14 trial ran-
domly stratified their patients based on MGMT promoter
methylation status; however, insufficient data on the pro-
moter methylation status of MGMT is a limitation of this
study. The promoter methylation status of MGMT was
obtained only for 106 patients (50.5%) in the TTField user
group and 135 patients (41%) in the TTField nonuser group,
and the methylation analysis method may differ between
institutions. Consequently, the proportion of patients with
MGMT promoter methylation may be biased between the
2 groups. However, multivariate analysis in patients with
information on the promoter methylation status and in all
patients using multiple imputations of missing data on
the promoter methylation status did not demonstrate the
effect of TTField on PFS or OS. Second, given that we did
not collect information on salvage treatment, the effect of
TTFields may have been masked by differences in salvage
treatment. However, the median PFS was comparable be-
tween the 2 groups. In standard clinical practice, the treat-
ment modalities for progressive GB are limited; therefore,
the effect of salvage treatment on OS time was limited.
Third, although we included most patients who met the in-
clusion criteria during the study period, this retrospective
study could not eliminate biases such as variations in im-
aging timing, inconsistencies in treatment schedules, and
patient preferences influencing treatment selection.

Conclusions

This multi-institutional study retrospectively reviewed and
presented data on TTField use among patients who satis-
fied the EF-14 trial inclusion criteria 2 years after the ap-
proval of TTFields in Japan. Notably, we found that only
39% of patients opted to receive TTFields after radiation
and TMZ therapy. Moreover, our findings identified age
and caregiver as independent determinants of TTField

use. A significant proportion of patients discontinued their
treatment of their own volition, especially within 3 months
afterTTField initiation. Despite the comparable compliance
rates between our study and the EF-14 trial, substantial ef-
fects on PFS and OS were not observed in univariate and
multivariate analyses and in comparison between TTField
users and nonusers after propensity score matching.
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Supplementary material is available online at Neuro-
Oncology Advances (https://academic.oup.com/noa).
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LAY SUMMARY

Glioblastoma is a very aggressive brain tumor. Tumor-treating
fields (TTFields) use electric fields to interfere with tumor growth
and have been shown to help patients with glioblastoma live
longer when they are combined with surgery, chemotherapy,
and radiation. The authors of this study wanted to better under-
stand the use of TTFields in Japan. To do this, they collected and
combined data from 45 different Japanese institutions. Their re-
sults showed that 210 of the 607 patients with newly diagnosed
glioblastoma used TTFields. Younger patients and patients with
a supportive caregiver were more likely to use the treatment.
The treatment used by patients for 11 months, on average. A
total of 56% of patients developed skin problems from treatment
that required medical attention. Their results showed that the
use of TTFields did not increase how long patients lived com-
pared to those who did not use the treatment.
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