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Abstract
Background  Tumor treating fields (TTFields) is a non-invasive, antimitotic therapy. In the EF-14 phase 3 trial in newly 
diagnosed glioblastoma, TTFields plus temozolomide (TTFields/TMZ) improved progression free (PFS) and overall survival 
(OS) versus TMZ alone. Previous data indicate a ≥ 75% daily compliance improves outcomes. We analyzed compliance data 
from TTFields/TMZ patients in the EF-14 study to correlate TTFields compliance with PFS and OS and identify potential 
lower boundary for compliance with improved clinical outcomes.
Methods  Compliance was assessed by usage data from the NovoTTF-100A device and calculated as percentage per month 
of TTFields delivery. TTFields/TMZ patients were segregated into subgroups by percent monthly compliance. A Cox pro-
portional hazard model controlled for sex, extent of resection, MGMT methylation status, age, region, and performance status 
was used to investigate the effect of compliance on PFS and OS.
Results  A threshold value of 50% compliance with TTFields/TMZ improved PFS (HR 0.70, 95% CI 0.47–1.05) and OS (HR 
0.67, 95% CI 0.45–0.99) versus TMZ alone with improved outcome as compliance increased. At compliance > 90%, median 
survival was 24.9 months (28.7 months from diagnosis) and 5-year survival rate was 29.3%. Compliance was independent 
of gender, extent of resection, MGMT methylation status, age, region and performance status (HR 0.78; p = 0.031; OS at 
compliance ≥ 75% vs. < 75%).
Conclusion  A compliance threshold of 50% with TTFields/TMZ correlated with significantly improved OS and PFS versus 
TMZ alone. Patients with compliance > 90% showed extended median and 5-year survival rates. Increased compliance with 
TTFields therapy is independently prognostic for improved survival in glioblastoma.
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Introduction

Glioblastoma (GBM) is the most common and aggressive 
adult brain tumor, accounting for 56% of all gliomas and 
15% of all primary brain tumors with an annual incidence 
in the United States that increases with age—ranging from 
0.2 per 100,000 in 0–19 year old population to the highest 
rate of 15.3 per 100,000 in the 75–84 year old population 
[1]. Glioblastoma remains incurable with a median survival 
of only 15 months until recently [2]. The previous standard 
treatments for newly diagnosed GBM include maximally 
safe surgical resection followed by radiation therapy (RT) 
and adjuvant temozolomide (TMZ) chemotherapy [3].

Tumor treating fields (TTFields) are a unique treatment 
modality [4, 5] for GBM that affects rapidly dividing gli-
oma cells through the action of low-intensity, intermediate 
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frequency (200 kHz) alternating electric fields [6–9] that 
act on microtubules and septin fibers of proliferating cancer 
cells to disrupt mitosis, inducing mitotic cell death, mitotic 
catastrophe, and cellular stress characterized by autophagy, 
and endoplasmic reticulum stress [6–13]. TTFields inhibit 
DNA damage repair by the expression of DNA repair genes 
in the BRCA1 pathway [14] and impair cellular migra-
tion and invasion [15]. TTFields increases cell death when 
combined with anti-PD1, chemotherapy and radiotherapy 
[16–19].

The phase 3 EF-11 study of TTFields in recurrent GBM 
demonstrated comparable efficacy to best physician choice 
chemotherapy without treatment limiting systemic adverse 
effects [20]. Post hoc analysis of the EF-11 trial data showed 
significantly longer median OS with TTFields at compli-
ance rate of ≥ 75% (≥ 18 h daily) versus those with a < 75% 
compliance rates [21] and high compliance rates of > 90% 
with EF-11 responders [22]. The Patient Registry Dataset 
(PRiDe) showed significant improvement in median OS at 
daily compliance rates of ≥ 75% versus < 75% [23]. The 
phase 3 EF-14 study in newly diagnosed GBM demonstrated 
that TTFields plus maintenance TMZ therapy significantly 
improved PFS and OS without decline in health related 
quality of life (HRQOL) versus TMZ alone [24–26]. The 
National Comprehensive Cancer Network (NCCN) has 
recently (2018) recommended TTFields with TMZ as a 
standard Category 1 treatment option for newly diagnosed 
GBM [27].

Unlike systemic therapies, TTFields are only active 
against cancer cells while the transducer arrays are placed 
on the scalp and the field generator is continuously admin-
istering alternating electric fields of a specific intensity 
(200 KHz) for GBM. There are no peak-trough fluctuations 
or half-life associated with TTFields. The specificity of 
TTFields on anti-mitotic activity of rapidly dividing gli-
oma cells, while sparing normal cell division, enables near 
continuous cancer therapy with minimal systemic adverse 
effects. Therefore, active compliance with TTFields therapy 
is a critical parameter for clinical benefit.

The objective of this subgroup analysis of the EF-14 
phase III trial data was to analyze compliance data to cor-
relate TTFields compliance with PFS and OS and iden-
tify potential lower boundary for compliance rates with 
improved clinical outcomes.

Methods

This subgroup analysis is based on TTFields plus TMZ 
and TMZ alone patient data from the EF-14 study [24]. 
The EF-14 trial was a randomized, open-label trial, 
which enrolled 695 newly diagnosed patients with GBM 
whose tumor was either resected or biopsied and had also 

completed concomitant radiation therapy with adjuvant 
TMZ therapy. Patients were randomized 2:1 to TTFields 
plus maintenance TMZ chemotherapy (n = 466) or temozo-
lomide alone (n = 229). Temozolomide was administered to 
both groups (150–200 mg/m2) for 5 days per 28-day cycle 
(6–12 cycles). The median time from diagnosis to randomi-
zation in both groups was 3.8 months [24].

The primary outcome of this subgroup analysis was to 
assess the percentage of monthly TTFields compliance as 
an independent predictor of PFS and OS compared with 
patients in the TMZ alone treatment group. Compliance data 
are derived from the internal computerized log file of each 
NovoTTF-100A (Optune®) device. Percent of the total treat-
ment time during which the NovoTTF-100A treated patients 
actually received treatment was calculated by analyzing the 
log file of each device and dividing the total device ‘ON’ 
time by the prescribed number of 1 month treatment courses.

Patient compliance was calculated as the average per-
centage of each month the system was delivering TTFields. 
Progression-free survival and OS data from the TTFields 
plus TMZ treated group were analyzed in subgroups based 
on monthly compliance levels of < 75% or ≥ 75% and finer 
monthly compliance bins of 0 to ≤ 30%, 30% to ≤ 50%, 50% 
to ≤ 60%, 60% to ≤ 70%, 70% to ≤ 80%, 80% to ≤ 90%, 90% 
to ≤ 100%.

The PFS and OS survival curves were constructed using 
the Kaplan–Meier method. Cox proportional hazards model 
was used to analyze treatment compliance as an independent 
predictor of survival controlling for treatment group, sex, 
MGMT methylation status, resection status, Karnofsky Per-
formance Status (KPS) and country of residence (United 
States versus outside the United States). The threshold for 
significant interactions in the model was specified at an α 
of 0.05.

Results

In the EF-14 study, 466 patients were randomized to the 
TTFields plus TMZ therapy group and 229 were rand-
omized to the TMZ alone group [24]. The patient disposi-
tion is shown in Supplementary Fig. 1. In summary, for the 
TTFields plus TMZ group—the majority of patients were 
men (68%) with a median age of 56 years, and a KPS of 
90% [24]. The MGMT promoter region was unmethylated 
in 54% and methylated in 36% patients in the TTFields plus 
TMZ group [24]. Table 1 shows the baseline demographic 
characteristics of the TTFields plus TMZ group separated 
into subgroups based on percent compliance. Overall, the 
separate percent compliance groups were matched in base-
line characteristics both with each other and the full data set 
of the primary study.
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Analysis of the more refined rates of compliance (smaller 
bin sizes) shows a trend in favor of longer PFS and OS 
with progressively higher levels of monthly compliance. A 
threshold value of ≥ 50% average monthly compliance with 
TTFields plus TMZ (Fig. 1) was needed to show an exten-
sion of PFS (HR 0.70, 95% CI 0.47–1.05) and OS (HR 0.67, 
95% CI 0.45–0.99) compared to TMZ alone. Both PFS and 
OS were extended when compliance was increased beyond 
50%, indicating progressively increased gains in PFS and OS 
as compliance increases.

Patients with TTFields plus TMZ compliance levels of 
> 90% showed maximum survival benefits (Fig. 2), with a 

median PFS of 8.2 months for the TTFields plus TMZ group 
compared to 4.0 months in the TMZ alone group (HR 0.538, 
95% CI 0.365–0.794; p = 0.0047) and an OS of 24.9 months 
(28.7 months from diagnosis since time from diagnosis to 
randomization was 3.8) in the TTFields plus TMZ arm com-
pared to 16.0 months in the TMZ alone group respectively 
(HR 0.522, 95% CI 0.347–0.787; p = 0.0007). TTFields 
plus TMZ treated patients with > 90% compliance rate had 
a 5-year survival rate of 29.3% (Fig. 3).

A compliance level of ≥ 75% monthly duration of treat-
ment with TTFields plus TMZ was an independent predic-
tor of OS, as was methylated MGMT status, age and KPS 

Table 1   Baseline demographics by TTFields percent average daily compliance

% Compliance 0 to ≤ 30
(n = 22)

30 to ≤ 50
(n = 40)

50 to ≤ 60 
(n = 42)

60 to ≤ 70
(n = 46)

70 to ≤ 80
(n = 91)

80 to ≤ 90
(n = 166)

90 to ≤ 100
(n = 43)

TMZ alone
(n = 229)

Median age, 
years (range)

55.5 (30–70) 57.5 (25–78) 54.5 (22–79) 55.0 (20–83) 56.0 (30–78) 56.0 (28–80) 52.0 (19–68) 57.0 (19–80)

KPS, median 
(range)

80.0 (70–100) 90.0 (70–100) 90.0 (70–100) 90.0 (60–100) 90.0 (70–100) 90.0 (70–100) 90.0 (70–100) 90.0 (70–100)

Extent of resection, n (%)
 Biopsy only 6 (27) 4 (10) 2 (5) 8 (17) 10 (11) 23 (14) 5 (12) 29 (13)
 Partial/com-

plete
5 (23) 14 (35) 18 (43) 15 (33) 34 (37) 52 (31) 11 (26) 77 (34)

 Gross total 
resection

11 (50) 22 (55) 22 (52) 23 (50) 47 (52) 91 (55) 27 (63) 123 (54)

MGMT tissue 
available and 
tested, n (%)

16 (73) 34 (85) 39 (93) 35 (76) 71 (78) 142 (86) 37 (86) 185 (81)

 Methylated 5 (31.3) 14 (41.2) 12 (30.8) 13 (37.1) 24 (33.8) 49 (34.5) 15 (40.5) 77 (41.6)
 Unmethyl-

ated
10 (62.5) 15 (44.1) 24 (61.5) 20 (57.1) 41 (57.7) 76 (53.5) 17 (45.9) 95 (51.4)

 Invalid 1 (6.3) 5 (14.7) 3 (7.7) 2 (5.7) 6 (8.5) 17 (12.0) 5 (13.5) 13 (7.0)

Fig. 1   Forest plots show the effect of treatment compliance with 
TTFields plus TMZ on PFS and OS. A threshold value of 50% com-
pliance with TTFields plus TMZ was needed to show a significant 
extension of OS compared to TMZ alone. Both PFS and OS were 

extended with treatment compliance levels > 50%. A trend in favor of 
longer PFS and OS was seen with higher rates of treatment compli-
ance
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(Table 2) regardless of treatment arm (reference values—
compliance < 75%), sex (male), resection (biopsy), MGMT 
(negative), and region (USA).

Discussion

In this subgroup analysis of EF-14 study patients receiving 
TTFields plus TMZ treatment, a threshold value of ≥ 50% 
average compliance with TTFields plus TMZ showed an 
extension of PFS and OS compared to TMZ alone. Fur-
ther, patients with monthly compliance > 90% had maxi-
mal survival benefit with a median survival of 24.9 months 
(28.7 months from diagnosis) and a 5-year survival of 29.3%. 
This effect was independent of other prognostic factors such 
as performance status, age, and MGMT methylation status. 

Compliance was an independent predictor of OS in the full 
5-year dataset (≥ 75% vs. < 75%) [24].

Post hoc analysis of the EF-11 trial data demonstrated 
longer median OS in TTFields treated recurrent GBM 
patients with a compliance rate of ≥ 75% compared to those 
with a < 75% compliance rate (7.7 vs. 4.5 months; p = 0.042) 
[21]. This early analysis supported a preliminary target level 
for treatment compliance (≥ 75%) in clinical practice as well 
as evidence for a trend suggesting that higher levels of sur-
vival benefit were associated with increasing compliance 
[21]. Data from the PRiDe registry—using data from real-
world recurrent GBM patients—also demonstrated improved 
OS with daily compliance rates ≥ 75% [23]. The results of 
the EF-14 sub-group analysis further support a threshold 
compliance rate of ≥ 75% for a survival benefit when com-
pared to a compliance rate of < 75% in newly diagnosed 

Fig. 2   Newly diagnosed GBM patients had maximal treatment benefit from TTFields plus TMZ with compliance rates > 90% with a median 
overall survival of 24.9 months (28.7 months from diagnosis)

86.0

54.7

29.3 29.3 29.3

65.3

30.7

16.3

7.9
4.5

0

10

20

30

40

50

60

70

80

90

100

1 2 3 4 5

S
ur

vi
va

l r
at

e 
(%

)

Time from randomization (years)

TTFields/TMZ TMZ alone

Fig. 3   The annual survival rate was highest for newly diagnosed 
GBM patients with compliance rates > 90% with a 29.3% survival 
rate over 5 years from randomization

Table 2   Cox proportional hazards model for OS in TTFields/TMZ 
patients

Parameter Parameter value Hazard ratio Two-sided p-value

Treatment arm Compli-
ance ≥ 75%

0.781 0.031

Sex Female 0.800 0.069
Resection status Gross total 

resection
0.789 0.202

Partial resection 0.777 0.181
MGMT status Methylated 0.510 < 0.001

Unknown 0.810 0.131
Region Outside the USA 1.157 0.199
Age 1.021 < 0.001
KPS 0.984 0.006
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GBM patients treated with TTFields plus TMZ. This study 
demonstrates that a minimal compliance threshold of > 50% 
with TTFields plus TMZ treatment correlated with signifi-
cantly improved survival outcomes compared to TMZ alone 
for newly diagnosed GBM. TTFields were administered to 
GBM patients with recurrent disease as monotherapy in the 
EF-11 study and as combination therapy with TMZ in newly 
diagnosed GBM patients in the EF-14 study. The earlier dis-
ease stage and combined treatment may account for the sur-
vival benefits seen at a lower minimal compliance threshold 
in this subgroup analysis of the EF-14 study.

A variety of social and clinical factors contribute to 
patient compliance with TTFields therapy. Though TTFields 
are non-invasive and the Optune device is designed to pre-
serve patient functioning during daily activities, initiating 
TTFields therapy requires some lifestyle modifications when 
compared to RT or systemic therapies. Some patients may 
be reluctant to comply with the head shaving required with 
every array change and wearing the arrays on a shaved head 
may make some patients self-consciousness, calling atten-
tion to their condition [28]. Healthcare providers experi-
enced with TTFields therapy can provide patients assistance 
with incorporating the therapy in their daily life [28].

TTFields, like oral cancer treatment regimens, are admin-
istered in the home and outpatient setting and places the 
burden of compliance on the patient and their caregivers. 
Patient, healthcare provider, and treatment related factors 
can contribute to improved adherence or compliance with 
oral cancer therapy regimens [29]. Patient related factors 
include physical limitations, psychological, and social issues 
such as religious or cultural factors and the lack of a support 
system. The healthcare provider can also negatively influ-
ence compliance with therapy through poor communica-
tion and relationship with the patient, as well as failing to 
optimally select appropriate patients for oral cancer therapy 
regimens [29].

A good home support system is critical when consid-
ering TTFields therapy for a GBM patient [28]. A patient 
should have at least one support person who can assist with 
the Optune device operation, assist with managing adverse 
events, scalp maintenance and array placement. Patients with 
cognitive issues or poor performance status have been sug-
gested to be more likely to be less compliant with TTFields 
treatment without home support [28]. However, the current 
study showed compliance to be independent of KPS and age 
as a predictor of PFS and OS, contradicting this suggestion. 
Treatment-related factors influencing compliance include 
complex treatment regimens, concomitant treatments and 
side effects. TTFields are not associated with systemic side 
effects and are less likely to affect concomitant systemic 
therapy.

The most common side effect in clinical trials was skin 
irritation for patients treated with TTFields [20, 24, 25]. 

Dermatological adverse events were the most common 
adverse events associated with TTFields; 52% of TTFields 
plus TMZ patients in the EF-14 trial reported mild to moder-
ate skin irritation [24]. Skin irritation is due primarily to the 
nearly continuous contact of the transducer arrays with the 
patients shaved scalp between array changes. These events 
include allergic and irritant dermatitis, mechanical lesions, 
ulcers and skin lesions [30]. However, most of these der-
matological AEs can either be prevented with proper shav-
ing techniques, skin care and array relocations, or treated 
with appropriate topical regimens as required [30]. Effec-
tive skin care strategies can maximize compliance with 
TTFields therapy and maintain patient QoL over the course 
of treatment.

A limitation of this study is that it is based on a subgroup 
analysis of the phase 3 EF-14 trial, and inherently subgroup 
analyses are prone to type I errors limiting the veracity of 
the results [31]. In this instance, the subgroup analysis was 
prespecified in the protocol. However, the results of this 
investigation corroborate the results of similar analyses of 
prior clinical investigations [21–23].

Conclusions

In this subset analysis of the EF-14 trial, a compliance 
threshold of 50% with TTFields plus TMZ treatment cor-
related with significantly improved outcomes compared to 
TMZ alone. Higher levels of treatment compliance with 
TTFields plus TMZ were associated with increased dura-
tions of progression free- and overall-survival suggesting 
a dose response mechanism for TTFields. This effect was 
independent of other prognostic factors such as performance 
status, age, and MGMT methylation status. Patients with 
compliance over 90% had a median survival of 24.9 months 
(28.7 months from diagnosis) and a 3-, 4-, and 5-year sur-
vival of 29.3%. This plateau effect on long term survival has 
been identified in other GBM treatments which have known 
immunologic mechanisms of action [32, 33]. The impor-
tance of compliance with TTFields therapy in real world 
clinical settings should be strongly conveyed to patients 
by their treating physicians and other allied healthcare 
providers.

Funding  The study was funded by Novocure Ltd. Novocure Ltd. had 
a role in the design and conduct of the study; collection, management, 
analysis, and interpretation of the data; preparation and review of the 
manuscript.

Compliance with ethical standards 

Conflict of interest  S. A. Toms, C. Y. Kim and G. Nicholas have noth-
ing to disclose. Z. Ram reports a research grant (principal investigator 



472	 Journal of Neuro-Oncology (2019) 141:467–473

1 3

and consultant) with Novocure, Ltd. and ownership interest (stock) in 
Novocure, Ltd.

Open Access  This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat​iveco​
mmons​.org/licen​ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

	 1.	 Ostrom QT, Gittleman H, Liao P, Vecchione-Koval T, Wolinsky 
Y, Kruchko C, Barnholtz-Sloan JS (2017) CBTRUS statistical 
report: primary brain and other central nervous system tumors 
diagnosed in the United States in 2010-2014. Neuro-oncology 
19:v1–v88

	 2.	 Koshy M, Villano JL, Dolecek TA, Howard A, Mahmood U, 
Chmura SJ, Weichselbaum RR, McCarthy BJ (2012) Improved 
survival time trends for glioblastoma using the SEER 17 popula-
tion-based registries. J Neuro-oncol 107:207–212

	 3.	 Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, 
Taphoorn MJ, Belanger K, Brandes AA, Marosi C, Bogdahn 
U, Curschmann J, Janzer RC, Ludwin SK, Gorlia T, Allgeier A, 
Lacombe D, Cairncross JG, Eisenhauer E, Mirimanoff RO (2005) 
Radiotherapy plus concomitant and adjuvant temozolomide for 
glioblastoma. N Engl J Med 352:987–996

	 4.	 Mun EJ, Babiker HM, Weinberg U, Kirson ED, Von Hoff DD 
(2018) Tumor-treating fields: a fourth modality in cancer treat-
ment. Clin Cancer Res 24:266–275

	 5.	 Hottinger AF, Pacheco P, Stupp R (2016) Tumor treating fields: 
a novel treatment modality and its use in brain tumors. Neuro-
oncology 18:1338–1349

	 6.	 Kirson ED, Gurvich Z, Schneiderman R, Dekel E, Itzhaki A, 
Wasserman Y, Schatzberger R, Palti Y (2004) Disruption of 
cancer cell replication by alternating electric fields. Cancer Res 
64:3288–3295

	 7.	 Kirson ED, Dbaly V, Tovarys F, Vymazal J, Soustiel JF, Itzhaki A, 
Mordechovich D, Steinberg-Shapira S, Gurvich Z, Schneiderman 
R, Wasserman Y, Salzberg M, Ryffel B, Goldsher D, Dekel E, 
Palti Y (2007) Alternating electric fields arrest cell proliferation 
in animal tumor models and human brain tumors. Proc Natl Acad 
Sci USA 104:10152–10157

	 8.	 Kirson ED, Schneiderman RS, Dbaly V, Tovarys F, Vymazal J, 
Itzhaki A, Mordechovich D, Gurvich Z, Shmueli E, Goldsher D, 
Wasserman Y, Palti Y (2009) Chemotherapeutic treatment effi-
cacy and sensitivity are increased by adjuvant alternating electric 
fields (TTFields). BMC Med Phys 9:1

	 9.	 Giladi M, Weinberg U, Schneiderman RS, Porat Y, Munster M, 
Voloshin T, Blatt R, Cahal S, Itzhaki A, Onn A, Kirson ED, Palti 
Y (2014) Alternating electric fields (tumor-treating fields therapy) 
can improve chemotherapy treatment efficacy in non-small cell 
lung cancer both in vitro and in vivo. Semin Oncol 41(Suppl 
6):S35–S41

	10.	 Gera N, Yang A, Holtzman TS, Lee SX, Wong ET, Swanson KD 
(2015) Tumor treating fields perturb the localization of septins 
and cause aberrant mitotic exit. PLoS ONE 10:e0125269

	11.	 Silginer M, Weller M, Stupp R, Roth P (2017) Biological activity 
of tumor-treating fields in preclinical glioma models. Cell Death 
Dis 8:e2753

	12.	 Porat Y, Shteingauz A, Giladi M, Schneiderman RS, Voloshin 
T, Munster M, Blat R, Kirson ED, Weinberg U, Palti Y (2017) 
Abstract 3315: cancer cells upregulate autophagy as a survival 

mechanism in response to tumor treating fields (TTFields). Cancer 
Res 77:3315–3315

	13.	 Shteingauz A, Porat Y, Voloshin T, Schneiderman RS, Munster M, 
Zeevi E, Kaynan N, Gotlib K, Giladi M, Kirson ED, Weinberg U, 
Kinzel A, Palti Y (2018) AMPK-dependent autophagy upregula-
tion serves as a survival mechanism in response to tumor treating 
fields (TTFields). Cell Death Dis 9:1074, https​://doi.org/10.1038/
s4141​9-018-1085-9

	14.	 Karanam NK, Srinivasan K, Ding L, Sishc B, Saha D, Story MD 
(2017) Tumor-treating fields elicit a conditional vulnerability to 
ionizing radiation via the downregulation of BRCA1 signaling and 
reduced DNA double-strand break repair capacity in non-small 
cell lung cancer cell lines. Cell Death Dis 8:e2711

	15.	 Kim EH, Song HS, Yoo SH, Yoon M (2016) Tumor treating fields 
inhibit glioblastoma cell migration, invasion and angiogenesis. 
Oncotarget 7:65125–65136

	16.	 Giladi M, Voloshin T, Shteingauz A, Munster M, Blat R, Porat 
Y, Schneiderman RS, Cahal S, Itzhaki A, Kirson E, Weinberg 
U, Palti Y (2016) Alternating electric fields (TTFields) induce 
immunogenic cell death resulting in enhanced antitumor efficacy 
when combined with anti-PD-1 therapy. J Immunol 196:75.26

	17.	 Giladi M, Schneiderman RS, Voloshin T, Porat Y, Munster 
M, Blat R, Sherbo S, Bomzon Z, Urman N, Itzhaki A, Cahal 
S, Shteingauz A, Chaudhry A, Kirson ED, Weinberg U, Palti Y 
(2015) Mitotic spindle disruption by alternating electric fields 
leads to improper chromosome segregation and mitotic catastro-
phe in cancer cells. Sci Rep 5:18046

	18.	 Giladi M, Munster M, Schneiderman RS, Voloshin T, Porat Y, 
Blat R, Zielinska-Chomej K, Haag P, Bomzon Z, Kirson ED, 
Weinberg U, Viktorsson K, Lewensohn R, Palti Y (2017) Tumor 
treating fields (TTFields) delay DNA damage repair following 
radiation treatment of glioma cells. Radiat Oncol (London) 12:206

	19.	 Kim EH, Kim YH, Song HS, Jeong YK, Lee JY, Sung J, Yoo SH, 
Yoon M (2016) Biological effect of an alternating electric field on 
cell proliferation and synergistic antimitotic effect in combination 
with ionizing radiation. Oncotarget 7:62267–62279

	20.	 Stupp R, Wong ET, Kanner AA, Steinberg D, Engelhard H, 
Heidecke V, Kirson ED, Taillibert S, Liebermann F, Dbaly V, 
Ram Z, Villano JL, Rainov N, Weinberg U, Schiff D, Kunschner 
L, Raizer J, Honnorat J, Sloan A, Malkin M, Landolfi JC, Payer F, 
Mehdorn M, Weil RJ, Pannullo SC, Westphal M, Smrcka M, Chin 
L, Kostron H, Hofer S, Bruce J, Cosgrove R, Paleologous N, Palti 
Y, Gutin PH (2012) NovoTTF-100A versus physician’s choice 
chemotherapy in recurrent glioblastoma: a randomised phase III 
trial of a novel treatment modality. Eur J Cancer (Oxford, Eng-
land: 1990) 48:2192–2202

	21.	 Kanner AA, Wong ET, Villano JL, Ram Z (2014) Post hoc analy-
ses of intention-to-treat population in phase III comparison of 
NovoTTF-100A system versus best physician’s choice chemother-
apy. Semin Oncol 41(Suppl 6):S25–S34. https​://doi.org/10.1053/j.
semin​oncol​.2014.09.008

	22.	 Vymazal J, Wong ET (2014) Response patterns of recurrent 
glioblastomas treated with tumor-treating fields. Semin Oncol 
41(Suppl 6):S14–S24

	23.	 Mrugala MM, Engelhard HH, Dinh Tran D, Kew Y, Cavaliere R, 
Villano JL, Annenelie Bota D, Rudnick J, Love Sumrall A, Zhu 
JJ, Butowski N (2014) Clinical practice experience with Novo-
TTF-100A system for glioblastoma: the patient registry dataset 
(PRiDe). Semin Oncol 41 Suppl 6: S4–S13

	24.	 Stupp R, Taillibert S, Kanner A et al (2017) Effect of tumor-
treating fields plus maintenance temozolomide vs maintenance 
temozolomide alone on survival in patients with glioblastoma: a 
randomized clinical trial. JAMA 318:2306–2316

	25.	 Stupp R, Taillibert S, Kanner AA, Kesari S, Steinberg DM, Toms 
SA, Taylor LP, Lieberman F, Silvani A, Fink KL, Barnett GH, 
Zhu JJ, Henson JW, Engelhard HH, Chen TC, Tran DD, Sroubek 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/s41419-018-1085-9
https://doi.org/10.1038/s41419-018-1085-9
https://doi.org/10.1053/j.seminoncol.2014.09.008
https://doi.org/10.1053/j.seminoncol.2014.09.008


473Journal of Neuro-Oncology (2019) 141:467–473	

1 3

J, Tran ND, Hottinger AF, Landolfi J, Desai R, Caroli M, Kew Y, 
Honnorat J, Idbaih A, Kirson ED, Weinberg U, Palti Y, Hegi ME, 
Ram Z (2015) Maintenance therapy with tumor-treating fields 
plus temozolomide vs temozolomide alone for glioblastoma: a 
randomized clinical trial. JAMA 314:2535–2543

	26.	 Taphoorn MJB, Dirven L, Kanner AA, Lavy-Shahaf G, Weinberg 
U, Taillibert S, Toms SA, Honnorat J, Chen TC, Sroubek J, David 
C, Idbaih A, Easaw JC, Kim CY, Bruna J, Hottinger AF, Kew Y, 
Roth P, Desai R, Villano JL, Kirson ED, Ram Z, Stupp R (2018) 
Influence of treatment with tumor-treating fields on health-related 
quality of life of patients with newly diagnosed glioblastoma: a 
secondary analysis of a randomized clinical trial. JAMA Oncol. 
4:495–504

	27.	 National Comprehensive Cancer Network (NCCN) Guidelines® 
(2018) Central nervous system cancers (version 1.2018) https​://
www.nccn.org/profe​ssion​als/physi​cian_gls/pdf/cns.pdf. Accessed 
20th June 2018

	28.	 Murphy J, Bowers ME, Barron L (2016) Optune(R): practical 
nursing applications. Clin J Oncol Nurs 20:S14–S19

	29.	 McCue DA, Lohr LK, Pick AM (2014) Improving adherence 
to oral cancer therapy in clinical practice. Pharmacotherapy 
34:481–494

	30.	 Lacouture ME, Davis ME, Elzinga G, Butowski N, Tran D, Vil-
lano JL, DiMeglio L, Davies AM, Wong ET (2014) Characteri-
zation and management of dermatologic adverse events with the 
NovoTTF-100A System, a novel anti-mitotic electric field device 

for the treatment of recurrent glioblastoma. Semin Oncol 41(Suppl 
4):S1–S14

	31.	 Wang R, Lagakos SW, Ware JH, Hunter DJ, Drazen JM (2007) 
Statistics in medicine—reporting of subgroup analyses in clinical 
trials. N Engl J Med 357:2189–2194

	32.	 Liau LM, Ashkan K, Tran DD, Campian JL, Trusheim JE, Cobbs 
CS, Heth JA, Salacz M, Taylor S, D’Andre SD, Iwamoto FM, 
Dropcho EJ, Moshel YA, Walter KA, Pillainayagam CP, Aiken R, 
Chaudhary R, Goldlust SA, Bota DA, Duic P, Grewal J, Elinzano 
H, Toms SA, Lillehei KO, Mikkelsen T, Walbert T, Abram SR, 
Brenner AJ, Brem S, Ewend MG, Khagi S, Portnow J, Kim LJ, 
Loudon WG, Thompson RC, Avigan DE, Fink KL, Geoffroy FJ, 
Lindhorst S, Lutzky J, Sloan AE, Schackert G, Krex D, Meisel HJ, 
Wu J, Davis RP, Duma C, Etame AB, Mathieu D, Kesari S, Pic-
cioni D, Westphal M, Baskin DS, New PZ, Lacroix M, May SA, 
Pluard TJ, Tse V, Green RM, Villano JL, Pearlman M, Petrecca 
K, Schulder M, Taylor LP, Maida AE, Prins RM, Cloughesy TF, 
Mulholland P, Bosch ML (2018) First results on survival from a 
large phase 3 clinical trial of an autologous dendritic cell vaccine 
in newly diagnosed glioblastoma. J Transl Med 16:142

	33.	 Desjardins A, Gromeier M, Herndon JE 2nd, Beaubier N, Bolog-
nesi DP, Friedman AH, Friedman HS, McSherry F, Muscat AM, 
Nair S, Peters KB, Randazzo D, Sampson JH, Vlahovic G, Har-
rison WT, McLendon RE, Ashley D, Bigner DD (2018) Recurrent 
glioblastoma treated with recombinant poliovirus. N Engl J Med. 
https​://doi.org/10.1056/NEJMo​a1716​435

https://www.nccn.org/professionals/physician_gls/pdf/cns.pdf
https://www.nccn.org/professionals/physician_gls/pdf/cns.pdf
https://doi.org/10.1056/NEJMoa1716435

	Increased compliance with tumor treating fields therapy is prognostic for improved survival in the treatment of glioblastoma: a subgroup analysis of the EF-14 phase III trial
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Discussion
	Conclusions
	References


