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Abstract
Background Tumor treating fields (TTF) harness magnetic fields to induce apoptosis in targeted regions. A 2015 landmark
randomized phase III trial of newly diagnosed glioblastoma (GBM) patients demonstrated TTF + temozolomide to be superior
to temozolomide alone. Given these results, we sought to assess practice patterns of providers in TTF utilization for GBM.
Methods A survey was administered to practices in the United States self-identifying as specializing in radiation oncology,
medical oncology, neuro-oncology, neurosurgery, and/or neurology. Responses were collected anonymously; analysis was
performed using Fisher’s exact test.
Results A total of 106 providers responded; a minority (36%) were in private practice. Regarding case volume, 82% treated
at least six high-grade gliomas/year. The provider most commonly certified to offer TTF therapy to GBM patients was the
neuro-oncologist (40%), followed by the radiation oncologist (34%); 31% reported no TTF-certified physician in their practice. TTF users were more likely to have high volume, and be aware of TTF inclusion in National Comprehensive Cancer
Network (NCCN) guidelines (p < 0.05).
Conclusions More than 80% of TTF for GBM in the United States is performed by groups who treat at least six high-grade
gliomas per year; unfortunately more than 30% were in practices bereft of anyone certified to offer TTF therapy. These
results indicate that there remains fertile soil for TTF therapy nationwide to be introduced into practices for GBM treatment. Providers seeking to refer newly diagnosed GBM patients for TTF should seek out practices with TTF user-associated
characteristics to ensure optimal access for their patients.
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Tumor treating fields (TTF) are a low-intensity, intermediate-frequency, non-invasive and regional antimitotic treatment that harnesses magnetic fields to induce apoptosis in
targeted regions [1]. In recurrent glioblastoma (GBM), a
phase III trial demonstrated TTF as superior to active chemotherapy with regard to toxicity/quality of life, and comparable with regard to overall survival; this finding led to the
approval of TTF for recurrent GBM by the Food and Drug
Adminstration (FDA) in 2011 [2, 3]. Less than 4 years later,
interim analysis of a phase III trial of newly diagnosed GBM
patients found TTF + temozolomide superior to temozolomide alone in both overall survival and progression-free survival, leading to FDA approval of TTF for newly diagnosed
GBM as well as the adoption of TTF in the 2016 National
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Comprehensive Cancer Network (NCCN) guidelines [3, 4].
Given these findings, we sought to assess practice patterns
and trends of providers in the utilization of TTF for GBM
in the United States.

Methods
A survey designed through the Oregon Clinical and Translational Research Institute and approved by the Oregon Health
and Science University Institutional Review Board was
administered in 2017 to practices in the United States which
self-identified as specializing in radiation oncology, medical
oncology, neuro-oncology, neurosurgery, and/or neurology.
The survey was designed and hosted by Research Electronic
Data Capture (REDCap), and contained screening questions
to ensure respondents were currently practicing and not in
training [5]. 2483 physicians were contacted by email and
invited to complete the survey.
Responses were collected anonymously; the survey was
constructed to identify characteristics of each respondent’s
typical practice patterns and to assess responder knowledge
of appropriate clinical scenarios for TTF, knowledge of TTF
therapy status on current NCCN guidelines, and personal
approaches for patients with recurrent GBM. Demographic
questions included the practicing status of the physician,
profession, description of practice setting, year of completed residency/fellowship training, number of physicianpartners in immediate practice group/department, region
of practice, number of high-grade gliomas treated per year,
and the presence of a certified TTF therapy provider. Based
on responses, participants were categorized as “users” or
“nonusers” of TTF for newly diagnosed GBM. Utilization
of TTF was correlated with practice patterns using Fisher’s
exact test.

Results
A total of 106 providers responded; 95% were practicing
physicians, most commonly representing Missouri (8.9%),
Massachusetts (7.9%), California (6.9%), Pennsylvania (5.9%), Oregon (5.9%), and Illinois (5.9%). The most
common responders were radiation oncologists (75%) and
neuro-oncologists (22%); medical oncologists (3%) and
neurosurgeons (1%) comprised the remaining responders.
The average number of physician-partners in a responder’s
practice group was 7.6; a minority (36%) were in private
practice. 81% of responders were aware that TTF therapy is
listed on current NCCN guidelines; the remaining responders were unaware.
With regard to case volume, only 18% treated 0–5 highgrade gliomas per year, while 24% treated 6–10 annually,
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and 58% treated at least 10 high-grade gliomas annually. The
provider most commonly reported as certified to offer TTF
therapy to GBM patients was the neuro-oncologist (40%),
followed by the radiation oncologist (34%); 31% reported
no physician in their practice being certified to administer
TTF therapy (Fig. 1).
Users of TTF were more likely to have greater high-grade
glioma volume (> 10 GBM patients/year; p = 0.024; relative
risk 1.5), be knowledgeable of TTF inclusion on the 2016
NCCN guidelines (p < 0.0001; odds ratio = 10.4; relative
risk = 3.0), and specialize in radiation oncology or neurooncology (p = 0.016) (Table 1). There was no difference in
years of practice, location of training, geographic location
of practice, number of physician-partners in immediate practice, or academic versus private practice setting between
users and nonusers of TTF.

Discussion
With the most recent evidence firmly in support of TTF plus
temozolomide increasing median overall survival in newly
diagnosed GBM by 4.9 months over temozolomide alone
(more than a 30% increase in life span), it is becoming more
imperative for TTF to be made available to GBM patients
[6]. We sought to assess the nationwide trends and practice
patterns of TTF application in the United States.
Our results indicate that TTF for newly diagnosed GBM
in the United States is administered by providers who are
knowledgeable of its inclusion in the 2016 NCCN guidelines, have elevated high-grade glioma volume, and specialize in radiation oncology or neuro-oncology. Knowledge of
TTF inclusion in the 2016 NCCN guidelines roughly tripled
the likelihood of TTF utilization for newly diagnosed GBM,
and GBM volume of at least 10 patients/year increased the

Cerfied to offer TTF for GBM
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Medical Oncology
Radiaon Oncology
Neuro-Oncology
Neurology
Neurosurgery
Radiology
No one

Fig. 1  Depiction of subspecialties certified to offer tumor treating
fields (TTF) for glioblastoma (GBM)
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Table 1  Association between clinical practice variables and use versus non-use of tumor treating fields (TTF) for newly diagnosed glioblastoma
(GBM)
Clinical demographic

Clinical practice variable

TTF nonuser

TTF user

Practice setting

Academic
Private practice
Fewer than 10
10 or more patients
0–4
5–9
10+
Radiation oncology
Medical oncology
Neuro-oncology
Neurological surgery
0–4
5–9
10–19
20+
Yes
No

18 (58.1%)
13 (41.9%)
19 (61.3%)
12 (38.7%)
16 (51.6%)
8 (25.8%)
7 (22.6%)
27 (87.1%)
2 (6.5%)
2 (6.5%)
0 (0%)
3 (9.7%)
4 (12.9%)
7 (22.6%)
17 (54.8%)
17 (54.8%)
14 (45.2%)

46 (65.7%)
24 (34.3%)
23 (32.9%)
47 (67.1%)
26 (37.1%)
23 (32.9%)
18 (25.7%)
48 (68.6%)
1 (1.4%)
20 (28.6%)
1 (1.4%)
12 (17.1%)
16 (22.9%)
22 (31.4%)
20 (28.6%)
65 (92.9%)
5 (7.1%)

GBM patients treated yearly
Number of physician-partners in immediate practice

Subspecialty

Years of independent practice

Awareness of TTF therapy on National Comprehensive
Cancer Network (NCCN) guidelines

likelihood of TTF utilization by roughly 50%. Despite widespread implementation of TTF, there remains a substantial
portion of medical practices (31%) unable to offer TTF as
a treatment modality to GBM patients, and 1/5 of providers remain unaware of the inclusion of TTF in the NCCN
guidelines for newly diagnosed GBM. Furthermore, because
more than 80% of TTF is performed by groups who treat at
least six high-grade gliomas per year (with nearly 60% performed by groups treating more than 10 high-grade gliomas/
year), it becomes increasingly imperative for GBM patients
to be referred towards high-volume centers to optimize their
likelihood of being offered TTF as a treatment modality.
This becomes problematic when examining the racial and
socioeconomic realities of brain tumor patients, as poor and
nonwhite patients are the least likely to be referred to highvolume centers for neuro-oncologic care [7, 8].
Limitations of this study include its low response rate,
given that only 106 of the 2483 physicians contacted chose
to participate (4.3% response rate); this is unfortunately similar to low response rates reported in studies involving other
subspecialties [9]. Because responses were in the format of
multiple choice, the full range of opinions may not have
been adequately captured. Third, survey fatigue can result
in responses that are not genuine; we sought to curb this by
not offering an incentive (financial or otherwise) to complete
the survey that we hope maximized the rate of legitimate
responses. Finally, an important consideration is the lack
of granularity in addressing the socioeconomic and racial
demographic of patients, the latter of which may impact the
applicability of randomized controlled trials comprised of

P value
0.462
0.024
0.484

0.016

0.112

< 0.001

inadequately low nonwhite patient participation, as has been
recently noted in localized prostate cancer [10, 11].
In conclusion, the vast majority of TTF for GBM in the
United States is administered by neuro-oncologists and
radiation oncologists, usually in an academic setting involving 7–8 physician-partners. However, one-fifth of providers were unaware of TTF therapy being listed on current
NCCN guidelines for GBM treatment, and more than 30%
were in practices bereft of anyone certified to offer TTF
therapy. These results indicate that opportunities exist for
TTF therapy nationwide to be introduced into practices for
GBM treatment. Given the continued promising results of
TTF for newly diagnosed and recurrent GBM in clinical trials thus far, this opportunity should be seized energetically
[6, 12]. Providers seeking to refer newly diagnosed GBM
patients for TTF should seek out practices with multiple
characteristics (i.e. high volume, NCCN guideline inclusion
knowledge, radiation oncologist or neuro-oncologist, etc.) to
ensure optimal TTF access for their patients.
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