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Abstract
Purpose Tumor Treating Fields (TTFields) therapy, an electric field-based cancer treatment, became FDA-approved for 
patients with newly diagnosed glioblastoma (GBM) in 2015 based on the randomized controlled EF-14 study. Subsequent 
approvals worldwide and increased adoption over time have raised the question of whether a consistent survival benefit has 
been observed in the real-world setting, and whether device usage has played a role.
Methods We conducted a literature search to identify clinical studies evaluating overall survival (OS) in TTFields-treated 
patients. Comparative and single-cohort studies were analyzed. Survival curves were pooled using a distribution-free random-
effects method.
Results Among nine studies, seven (N = 1430 patients) compared the addition of TTFields therapy to standard of care 
(SOC) chemoradiotherapy versus SOC alone and were included in a pooled analysis for OS. Meta-analysis of comparative 
studies indicated a significant improvement in OS for patients receiving TTFields and SOC versus SOC alone (HR: 0.63; 
95% CI 0.53–0.75; p < 0.001). Among real-world post-approval studies, the pooled median OS was 22.6 months (95% CI 
17.6–41.2) for TTFields-treated patients, and 17.4 months (95% CI 14.4–21.6) for those not receiving TTFields. Rates of 
gross total resection were generally higher in the real-world setting, irrespective of TTFields use. Furthermore, for patients 
included in studies reporting data on device usage (N = 1015), an average usage rate of ≥ 75% was consistently associated 
with prolonged survival (p < 0.001).
Conclusions Meta-analysis of comparative TTFields studies suggests survival may be improved with the addition of TTFields 
to SOC for patients with newly diagnosed GBM.
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Introduction

Despite tremendous research focus over the past two decades 
and advancements in our understanding of the disease, most 
patients with glioblastoma (GBM) continue to face a poor 

prognosis, with 5-year survival historically at ~ 5% and vir-
tually all patients experiencing tumor recurrence following 
initial treatment [1–4]. Multimodal treatment is intensive 
and has traditionally consisted of maximal safe resection 
followed by concurrent chemoradiotherapy and mainte-
nance chemotherapy with temozolomide (TMZ) (regimen 
described by Stupp et al.) [5]. In addition to age and extent 
of resection being prognostic, MGMT promoter methylation 
has been shown to associate with better response to treat-
ment with alkylating agents like TMZ [6], although only a 
minority of GBM tumors have this molecular characteristic 
[7, 8]. Unfortunately, many of the therapy classes that show 
efficacy in non-central nervous system cancers have failed to 
show benefit in GBM, underscoring the profound difficulty 
in developing new therapies for these patients [9].
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In 2015, Tumor Treating Fields (TTFields) therapy 
became an FDA-approved treatment for patients with 
newly diagnosed (nd) GBM, on the basis of the EF-14 
clinical study (NCT00916409) that showed signifi-
cant extension of progression-free and overall survival 
(OS) when TTFields therapy was added to maintenance 
TMZ [1]. TTFields are alternating electric fields that 
exert physical forces on cancer cells, and work by dis-
rupting processes in the cell that are critical for cancer 
cell viability and tumor progression [10–12]. TTFields 
therapy is delivered noninvasively and locoregionally to 
the tumor through a portable device with arrays placed 
on the surface of the skin [1]. Preclinical evidence gen-
erated across various tumor cell lines and animal mod-
els show TTFields to have a selectively cytotoxic effect 
on cancer cells—synergism with other cancer therapies 
and downstream immune-stimulating effects have also 
been observed [13–19]. In patients with newly diag-
nosed GBM, the addition of TTFields therapy to main-
tenance TMZ resulted in a median OS of 20.9 months 
compared with 16.0 months for TMZ alone, with sur-
vival improved regardless of age, extent of resection, 
or MGMT methylation status [1]. The therapy was well 
tolerated, with mild-to-moderate skin irritation from the 
arrays observed in approximately half of patients, and 
no systemic toxicities attributed to the treatment [1]. 
Because the antitumor effects of TTFields therapy are 
dose-responsive, higher levels of device usage and higher 
electric field intensity (average intensity through the 
tumor bed) were each associated with improved survival, 
independent of other factors [20, 21].

Following approval in the US, additional regulatory 
approvals and guideline adoptions in Europe and Asia in 
recent years have expanded awareness of TTFields ther-
apy to broader patient populations and treatment centers. 
At the same time, preclinical and clinical advancements 
have added clarity to the therapy’s biological mecha-
nisms of action and have helped further optimize treat-
ment planning [22–26]. Notwithstanding this progress, 
criticism related to the perceived burdens of using the 
device and selection biases limiting the generalizability of 
EF-14 have persisted. Given the direct roles that patients 
and clinicians each play in applying treatment effectively, 
it is reasonable to expect a certain degree of variation 
in patient outcomes between the real world and clini-
cal trial settings, and thus understanding the real-world 
performance of TTFields therapy has gained increasing 
focus. Utilizing a systematic review and meta-analytic 
framework, we therefore sought to assess whether the 
addition of TTFields to standard of care (SOC) is asso-
ciated with prolonged survival for patients with newly 
diagnosed GBM, and whether greater usage of the device 
translates to benefit in the clinical practice setting.

Materials and methods

Systematic review

A systematic literature review was conducted querying Pub-
Med, Embase, and the Cochrane Library to broadly capture 
literature on clinical studies evaluating OS in patients with 
GBM treated with TTFields therapy. The search terms glio-
blastoma, TTFields OR tumor treating fields, and survival 
were utilized along with their synonyms. Literature review 
and data extraction was performed in accordance with the 
PRIMSA statement (2020). Studies published in the past 
10 years were eligible and collected until January 12, 2023. 
Studies were stratified into two groups based on the analy-
sis of interest. The first analysis included studies evaluat-
ing survival in adults with newly diagnosed GBM treated 
with TTFields and standard chemoradiotherapy (TMZ-
based standard chemoradiotherapy following maximal 
surgical resection as per the Stupp et al. protocol). Studies 
that included TTFields and non-TTFields treatment groups 
were further selected for quantitative assessment. Studies 
of newly diagnosed patients evaluating the concomitant use 
of TTFields and investigational therapies were excluded. For 
the second analysis, studies of patients with newly diagnosed  
or recurrent GBM were included if there was an evalua-
tion of survival by the level of TTFields device usage. All 
studies required objective data on hazard ratio (HR) for OS 
or Kaplan–Meier (KM) data to be reported. Articles were 
excluded if there was > 15% overlap with patients included 
in another study or if they did not provide appropriate out-
come data for analysis.

Data extraction

Prognostic data describing patient, tumor, and treatment 
characteristics were extracted for each study, or estimated 
where sufficient information was available. Collected 
data included age, sex, performance status, IDH1 status, 
MGMT promoter methylation status, extent of resection, 
and TTFields device usage. As an estimate of treatment 
effect, the outcome of interest was HR for OS and cor-
responding 95% CIs. In cases where HR information was 
not provided in the text, KM data were used to estimate 
HR according to the method described by Tierney et al., 
or were provided by authors directly [27]. For the study 
by Ballo et al., KM data for the all-comer TTFields group 
was provided by M.T.B. [28]. Other extracted endpoints 
included median OS, 2- and 4-year survival rates, and 
median OS for select patient subgroups where reported.
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Quality assessment

Study quality was assessed using the Newcastle–Ottawa 
Scale, which is a tool for evaluating the methodological 
quality of nonrandomized studies (Supporting Table S1). 
Rating categories include cohort selection, comparability, 
and outcome reporting, with higher scores indicating higher 
quality and lower risk of bias [29]. Quality assessment was 
performed by two reviewers.

Statistical analysis

Pooled-effect analyses were conducted using STATA 17.0 
software (StataCorp, College Station, TX, USA). A ran-
dom-effects model was used to assess pooled HRs, with the 
DerSimonian-Laird estimation method applied. Inter-study 
heterogeneity in effect estimates was evaluated using the 
Cochran Q (chi-squared) test and the  I2 statistic. Heterogene-
ity level was considered moderate if  I2 values were > 25% 
[30, 31]. To examine the impact of individual studies on 
overall effect, sensitivity analyses were performed using a 
sequential study elimination approach and carried out with 
RevMan v5.4. To assess median OS and survival rate end-
points, pooled analysis of KM curves for the comparative 
studies was conducted following a method described by 
Combescure et al. [32]. Published KM curves were digi-
tized, utilizing Digitzelt, and numbers of at-risk patients 
were extracted at fixed intervals where available, or esti-
mated following methodology proposed by Tierney et al. 
[27]. The R MetaSurv package was used to estimate pooled 
median OS, survival rates, and 95% CIs for both TTFields 
and non-TTFields treatment groups. Pooled survival curves 
were illustrated. For all analyses, significance was estab-
lished using 95% CIs or p < 0.05.

Results

Study identification and patient characteristics

Following a systematic review of the literature, nine stud-
ies were identified that reported on patients treated with 
TTFields and SOC in the newly diagnosed GBM setting. 
SOC predominantly included maximal surgical resection and 
TMZ-based standard chemoradiotherapy according to the 
Stupp et al. protocol [5]. A PRISMA flow diagram is shown 
in Fig. 1. Overall, the group consisted of one randomized 
control trial (695 patients) and eight retrospective cohort 
studies: two single-cohort studies and six comparative stud-
ies (735 patients), in which an intra-study control group of 
patients not treated with TTFields was used for compari-
son. Among the cohort studies, three were conducted in 
the United States, two in Europe, and three in Asia. The 

six comparative studies included 282 patients treated with 
TTFields therapy plus SOC, and 453 patients treated with 
SOC alone. With the exception of 19 patients that were 
treated with TTFields therapy in earlier clinical trials as 
reported in the Vymazal study [33], patients in the com-
parative cohort studies were representative of a real-world 
dataset. All studies reported OS data.

Study and patient characteristics for the included stud-
ies are tabulated in Table 1 for both the TTFields and non-
TTFields treatment groups. Median age varied between 
48–61 years for the TTFields groups, and 48–65 years for 
the non-TTFields groups. Maximum age ranged between 
63–81 and 75–83 years of age, respectively, for patients in 
the cohort studies. IDH1 was mutated in ≤ 10% of evalu-
able patients across all comparative studies, regardless of 
TTFields treatment. The ratio of unmethylated-to-methyl-
ated MGMT promoter status was higher for the TTFields 
group compared with the non-TTFields group for all but 
one of the studies. Differences in extent of resection varied 
9–13% between the two treatment groups across studies. The 
proportion of patients with gross total resection (GTR) was 
> 5% higher for the non-TTFields group compared with the 
TTFields group in three of the five studies with resection 
data available and was > 5% lower for the two remaining 
studies. In total, rates of GTR differed from EF-14 by > 10% 

Fig. 1  PRISMA flow chart. GBM glioblastoma
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in six of the 10 real-world cohorts, and in all six groups, the 
rate of GTR was higher than the respective group in EF-14.

Meta‑analysis for overall survival

Meta-analysis of patients with newly diagnosed  GBM 
revealed significantly improved OS when patients were 
treated with TTFields therapy and SOC compared with 
SOC alone (HR: 0.63; 95% CI 0.53–0.75; p < 0.001) (Fig. 2). 
Heterogeneity among studies was low (I2 = 21%, p = 0.27) 
and a sensitivity analysis indicated that the pooled effect 
was robust and not dependent on any individual study. A 
subgroup analysis was conducted to reduce the influence of 
large datasets and assess survival impact of TTFields in the 
real-world setting more specifically. In this analysis the Stupp 
2017 dataset was removed [1], and a smaller propensity-score 
matched dataset within the Chen 2022 study was utilized 
[34]. Meta-analysis of the post-approval studies was consist-
ent with the full dataset in showing a survival benefit with 
TTFields added to standard chemoradiotherapy (HR: 0.66; 
95% CI 0.54–0.82; p < 0.001) (Supporting Fig. S1).

To further assess survival outcomes for patients treated 
with and without TTFields, survival curves were pooled 
across comparative studies comprising the real-world dataset 
(Fig. 3). Among post-approval studies, the pooled median 
OS was 22.6 months (95% CI 17.6–41.2) for TTFields-
treated patients and 17.4 months (95% CI 14.4–21.6) for 
patients not receiving TTFields. Two-year OS rate was 
46.8% (95% CI 33.8–64.8) and 32.3% (95% CI 22.5–46.5) 
for the TTFields and non-TTFields groups, respectively. 

Four-year OS rate was 22.7% (95% CI 12.5–41.4) and 8.0% 
(95% CI 3.8–16.6), respectively.

Overall survival by TTFields usage

In addition to the assessment of survival in the newly diag-
nosed setting, six studies were identified in the review that 
evaluated the impact of device usage rate on patient survival, 

Source

Stupp et al. 2017

Liu et al. 2020

Chen et al. 2022

Ballo et al. 2022

Pandey et al. 2022

Vymazal et al. 2023

She et al. 2023
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59

55
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with five of the six studies utilizing HR as the metric for 
evaluation. Survival was evaluated across the 75% device 
usage rate threshold (average of 18 h/day), which most cent-
ers have established as the recommended minimum level 
of device usage for optimal benefit. Patient characteristics 
and survival outcomes are tabulated in Supporting Table S2. 
Meta-analysis indicated an improvement in OS when aver-
age device usage was ≥ 75% compared with < 75% (HR: 
0.60; 95% CI 0.48–0.73; p < 0.001; I2 = 15%) (Fig. 4). In 
a subgroup analysis of patients treated exclusively in the 
real-world setting, the survival benefit was maintained 
with higher device usage (HR: 0.56; 95% CI 0.41–0.76; 
p < 0.001), with inter-study heterogeneity at a low-to-mod-
erate level (I2 = 28%, p = 0.24).

Discussion

Increases in global approvals and collective experience with 
TTFields therapy in recent years have given way to a num-
ber of institution-led studies and case reports of TTFields 
use among patients with newly diagnosed GBM, a reflec-
tion of clinical uptake and potential utility. However, a clear 
understanding of how TTFields therapy performs within its 
approved indications is lacking, and perception of clinical 
benefit continues to vary across treatment centers. From a 
comprehensive pooled analysis of comparative studies span-
ning multiple geographic regions, we found that adding 
TTFields therapy to standard of care treatment was signifi-
cantly associated with improved survival for patients with 
newly diagnosed GBM. Additionally, the magnitude of the 
survival benefit with TTFields in the real-world setting was 
shown to be consistent with that of the pivotal EF-14 trial, 

with an increase in median OS of approximately 5 months, 
and an overall reduction in risk of death in the 30–40% range 
versus standard chemoradiotherapy alone.

Patient health and treatment conditions will typically 
vary more widely for patients treated in clinical practice 
as opposed to a trial setting, with prognosis often worse 
for many patients. As expected in this analysis, variability 
between real-world cohorts and EF-14 was observed across 
several baseline factors. Interestingly, the rate of GTR was 
the only factor that consistently differed from the EF-14 
study, with rates generally higher for both treatment groups. 
When comparing between patients treated with and with-
out TTFields therapy, variability was also observed across 
certain prognostic factors, notably MGMT methylation sta-
tus and resection status, but the direction of variation was 
mixed with respect to favoring the TTFields group or the 
non-TTFields group. While patients treated with TTFields 
appeared to have a slightly younger median age than those 
who did not receive TTFields (up to 4 years), it was not 
clear if this translated into meaningful differences in func-
tional status or patient well-being. The median age range of 
patients treated with TTFields varied between 48 years and 
61 years of age, but there was no consistent age difference 
between patients in the real world and EF-14. This is in line 
with findings from a recent post-market safety study and 
suggests that age is not a barrier in a patient’s candidacy for 
TTFields therapy [35]. Higher rates of GTR, measurement 
of survival from time of surgery, and general population-
level improvements in patient health and care may explain 
the modest extensions in survival rates when compared with 
the earlier EF-14 trial. Despite these differences, patients 
treated with TTFields continued to show an improvement 
in OS in the real-world setting.
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Prior analyses of patients treated with TTFields have 
shown correlation of OS with both device usage rate and 
field intensity within the tumor bed [20, 26, 28, 36]. The 
EF-14 and EF-11 (NCT00379470) studies in patients with 
newly diagnosed and recurrent GBM, respectively, showed 
significant survival improvements when TTFields device 
usage was ≥ 75% compared with < 75% [1, 37]. Based 
on these findings and the fact that most patients in the tri-
als achieved these thresholds, an average monthly device 
usage rate of 75% became the recommended target level 
for patients and is what most treatment centers communi-
cate as part of their education to patients and caregivers. 
When assessing survival across this threshold in the real-
world setting, a consistent survival benefit was observed for 
patients with usage of ≥ 75%. A previous analysis indicated 
that patients meeting this usage threshold may also be more 
likely to sustain treatment with TTFields for a longer period 
of time, suggesting a link between usage and duration of 
treatment [28]. Indeed, it has been shown that for patients 
with recurrent GBM treated with TTFields therapy, time 
to response is often slow and can take several months in 
some cases [38], consistent with a potential immune system 
role. As with usage rate, the length of time patients receive 
treatment with TTFields may vary in clinical practice, and 
depends in part on the continuation of TTFields through 
first tumor progression, as was allowed in the pivotal EF-14 
trial. The impact of treatment duration (e.g., length of sus-
tained treatment after treatment start) on survival outcomes 
is unclear and warrants further investigation.

Beyond the studies identified in this review, additional 
investigations have highlighted the use of TTFields therapy 
in subsets of patients with high disease burden, and con-
comitant with other therapeutic modalities. A small cohort 
study of patients in the UK with unmethylated MGMT status 
showed a prolongation of 3.3 months with TTFields added 
to standard therapy [39], although the sample size was small 
and did not reach statistical significance. Recent meta-anal-
yses of TTFields concomitant with various other therapies 
have also suggested survival improvements [40–42]. Our 
analysis builds on a growing body of research evaluating the 
efficacy of TTFields therapy in GBM, and brings particular 
focus to the survival impact of adding TTFields to standard 
of care therapy in newly diagnosed patients.

There are several limitations of this meta-analysis worth 
noting. As with all non-prospective and non-randomized 
studies, risks of bias and overestimations of treatment effect 
can exist. While all studies included in this analysis were 
retrospective, we did not detect any significant imbalances 
in patient prognostic factors that were in favor of either treat-
ment group, or that otherwise indicated risk of bias in patient 
selection or treatment. Overall, patients in the comparative 
studies were well described in terms of known prognostic 
factors. Additionally, as TTFields therapy is a relatively new 

treatment, it remains possible that additional prognostic fac-
tors, beyond those routinely captured for GBM patients, may 
exist, including those related to caregiver/family support and 
patient socio-economic factors. Regarding treatment-specific 
factors, patterns related to how long patients sustain treat-
ment with TTFields, as well as sources of variability in treat-
ment duration, remain unknown and will be important to 
examine. Understanding the role that these factors, as well 
as additional device- and molecular-based factors, might 
play in impacting survival will help further guide clinical 
decision making.

In conclusion, the results of this meta-analysis suggest 
the addition of TTFields to standard chemoradiotherapy 
significantly prolongs OS for newly diagnosed patients 
with GBM treated in the real-world setting. While device 
usage rate appears to vary in clinical practice, the asso-
ciation of high device usage rate and survival is consist-
ent with patients treated in the pivotal clinical trials, with 
many patients able to attain high usage. Future studies will 
be important to investigate the role of TTFields treatment 
duration in patient outcomes, and further assess clinical ben-
efit in high-unmet need populations, including patients with 
unmethylated MGMT promoter status.
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