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radiotherapy technique and delivery among
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Background Patterns of practice for whole-brain radiotherapy (WBRT) for the treatment of brain metastases are variable.
Obijective To assess patterns of care with regard to WBRT in academic centers in the United States.

Methods A survey of 19 questions was sent to program coordinators at radiation oncology practices accredited by the
Accreditation Council for Graduate Medical Education. Coordinators were instructed to send the online survey to resident and
attending physicians. We received 95 responses of which 87 were considered complete for analysis. We assessed for association
between patterns of care and years in practice (0-5, 6-10, 11-20, and >21 years).

Results A maijority of respondents were physicians in practice for <5 years (70%). The most frequently used schema for WBRT
was 30 Gy in 10 fractions. A majority of patients with radioresistant tumors (52%) were treated with this schema. For radioresis-
tant tumors, those in practice for longer periods more likely to use stereotactic radiosurgery (SRS) alone (P = .027). Younger practi-
tioners ranked the status of extracranial disease for SRS alone as increasingly more important (linear trend, P = .010), and older
practitioners ranked histopathology as increasingly more important (linear trend, P = .002).With regard to reirradiation, older
practitioners placed more importance on tumor histology (P < .026).

Limitation Contact information was available only for program coordinators.

Conclusions With regard to WBRT, time in practice was the most significant predictor of treatment technique and delivery. Older
practitioners placed more importance on tumor histopathology when considering brain irradiation.

Further evidence is emerging that neurocognitive
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espite the recent advances in systemic ther-
D apy, metastatic spread to the brain contin-

ues to be the most common neurologic
complication of many cancers. The clinical incidence
of brain metastases varies with primary cancer diag-
nosis, with estimates ranging from 1.2%-19.8%."?
Metastatic spread to the brain is even more preva-
lent at autopsy, with evidence of intracranial tumor
being found in 26% of patients in some series.® It is
possible that the clinical incidence of metastatic dis-
ease to the brain will continue to increase as newer
therapeutic agents improve survival and imaging
techniques continue to improve.

The management of brain metastases has
changed rapidly as technological improvements
have made treatment increasingly safe and effica-
cious. Traditionally, treatment consisted of radio-
therapy to the whole brain, with or without surgical
resection.* More recently, stereotactic radiosur-
gery (SRS) has been adopted on the basis of evi-
dence that it is safe and efficacious alone or in com-
bination with radiotherapy to the whole brain.®

outcomes are improved when whole-brain radio-
therapy (WBRT) is omitted, which possibly con-
tributes to improved patient quality of life.” Taking
into account this and other data, the American
Society for Radiation Oncology’s Choosing Wisely
campaign now recommends not routinely adding
WBRT to radiosurgery in patients with limited
brain metastases.®

Despite this recommendation, many patients con-
tinue to benefit from WBRT, and it remains a com-
mon treatment in radiation oncology clinics across
the US for several reasons. Many patients present
with multiple brain metastases and are ineligible for
radiosurgery. Even for technically eligible patients,
WBRT has been shown to improve local control
and decrease the rate of distant brain failure over
radiosurgery alone.® With higher rates of subse-
quent failures, patients receiving radiosurgery alone
must adhere to more rigorous follow-up and imag-
ing schedules, which can be difficult for many rural
patients who have to travel long distances to centers.
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TABLE 1 Summary of survey question topics to ascertain
patterns of care with whole-brain radiotherapy technique
and delivery®

Practice setting (solo, group, academic)

Are you a board certified radiation oncologiste

Years in practice

In which region in the US do you practice?

What dose/fractionation schedule do you use for WBRT2

Do you typically treat with an additional fractionated boost
(non-stereotactic)?

If you usually use a fractionated non-stereotactic boost, to
what total dose do you treat these metastases?

Do you deviate from your typical mode/method of WBRT for
more radioresistant tumors?

What is your strategy for integrating use of steroids with
WABRT?

What techniques do you use for WBRT planning?
Which patients receive concurrent memantine with WBRT2

Does your department have SRS for treating brain
metastasese

If you have SRS, how do you integrate it with WBRT2

What factors (eg, age, performance status, number of brain
metastases) do you consider for the use of SRS2

Would you offer whole-brain reirradiation to WBRT patients
who have intracranial disease progression?

What are your considerations for using whole-brain
reirradiation?

SRS, stereotactic radiosurgery; WBRT, whole-brain radiation therapy

*Number of entries here does not equal 19, because follow-up questions for
details about responses to “Other”options are not included. *A full version of
the questionnaire, with response options, is available online.

Furthermore, there is some suggestion that this decreased
failure rate may result in improved survival in highly
selected patients with excellent disease and performance
status.” Controversies exist, however, and strong institu-
tional biases persist, contributing to significant differences
in practice. We surveyed academic radiation oncologists
and in an effort to identify and describe practice patterns in
the delivery of WBRT at academic centers.

Methods

We conducted a thorough review of available literature
on radiation for brain metastases and based on our find-
ings, devised a survey 19 questions to ascertain prac-
tice patterns and treatment delivery among US academic
physicians (Table 1). After obtaining institutional review
board approval to do the study, we sent the survey to pro-
gram coordinators at radiation oncology programs that
are accredited by the Accreditation Council for Graduate
Medical Education. We instructed coordinators to e-mail
the survey to their practicing resident and attending physi-
cians. The surveys were created using SurveyMonkey soft-
ware. We obtained informed consent from the providers. A
total of 3 follow-up e-mails were sent to each recipient of
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TABLE 2 Respondent demographics

No. of

respondents (%)

Question/variable

| am a radiation oncologist at a
Solo practice
Group private practice
Academic practice
Academic practice - resident
Other
No response

Are you a board-certified radiation oncologist?

Yes, | have passed my radiobiology,
physics, clinical radiation

oncology written and oral boards, and
10-year recertification

Yes, | have passed my radiobiology,
physics, clinical radiation
oncology written and oral boards

Yes, | have passed my radiobiology,
physics, clinical radiation
oncology written boards

Yes, | have passed my radiobiology
and physics boards

No, | am not board certified

No response

How many years have you been in practice?
0-5
6-10
11-20
>21
No response

In which region of the US do you practice?
California
East Central (OH, PA)
Eastern (NJ, NY)
Florida (FL, PR)

Great West (AK, AZ, CO, ID, MT, NV,
NM, ND, OR, UT, WA, WY)

High Plains (HI, KS, MO, NE, OK, TX)
Lakeshore (IL, IN, MI)

Midsouth (AL, AR, KY, LA, MS, TN)
Midwest (IA, MN, SD, WI)

New England (CT, ME, MA, NH, R,
V)

South Atlantic (DC, DE, GA, MD, NC,
VA, W)

No response

(N = 87)

0 (0)
0 (0)
82 (94)
4 (3)
0 (0)
1)

7 (8)

27 (31)

4(5)

7(8)

41 (47)
1(1)

61 (70)
12 (14)
7 (8)
6(7)
1(1)

S (6)
25 (29)
12 (14)

1(1)

7 (8)

4(5)
4(5)
14 (16)
2(2)
8 (9)

4(5)

1(1)

the survey to solicit responses, similar to the Dillman Total

Design Survey Method.!

SPSS version 22.0 was used to analyze the data in an
exploratory fashion. Statistical methods were used to assess
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the association of demographic data with SRS and WBRT
delivery and treatment technique items when the analyses
involved percentages that included the Pearson chi-square
statistic and the chi-square test for linear trend. When the
analysis focused on ranking data, the Kruskal-Wallis test,
Mann-Whitney U test, the Jonckheere-Terpstra and the
Kendall tau-b rank correlation were used as appropriate.
If there were small sample sizes within some groups, then
exact significant levels were assessed. Statistical signifi-
cance was set by convention at P < .05.

Results

We received 95 responses of which 87 were consid-
ered complete for analysis. Forty-seven percent of the 87
respondents were not board-certified, and the remainder
had passed their radiobiology and physics boards exams.
A majority of respondents (70%, 61 of 87) were physicians
who had been in practice for <5 years. Fifty-four percent
of respondents were located in the Northeast US, 22% in
the South, 14% in the West, and 10% in the Midwest and
Hawnaii (Table 2).

Respondents said that their most frequently used whole-
brain fractionation schema for WBRT was 30 Gy in 10
fractions. A majority of patients with radioresistant tumors
(melanoma or renal cell carcinoma, 52%) were treated with
this schema. In regard to pharmacotherapy, respondents
were asked about their use of steroids and memantine when
delivering whole-brain radiation. Only 8% of academic
practitioners gave steroids to all of their patients. About
about one-third gave memantine, which was reserved
for patients who had a favorable prognosis, regardless of
histopathology.

We used the chi-square test for linear trends to assess
for a relationship between years of practice and whether
respondents deviated from their typical method of WBRT
therapy when treating more radioresistant tumors (mela-
noma, renal cell carcinoma). Respondents were classified
by years in practice: 0-5, 6-10, 11-20, and >21 years. The
results showed a linear association, with those in practice
for longer periods more likely to use SRS alone, P = .027
(Figure 1).

The Jonckheere-Terpstra test was used to assess the lin-
ear trend of years of practice on the median rankings of
the SRS- and WBRT-related factors. The Kendall tau-b
was performed to assess the effect sizes for these analyses.
The analysis revealed that younger practitioners ranked the
status of extracranial disease for SRS alone as increasingly
more important than older practitioners (effect size, 0.26;
P =010, Figure 2), and older practitioners ranked the his-
topathology as increasingly more important (effect size,
-.30; P =.002, Figure 3).

With regard to WBRT reirradiation, the Kruskal-Wallis
test showed differences among how long respondents
had been in practice and the importance placed on brain
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tumor histology when considering treatment (P =.02). The
Mann-Whitney U post hoc test showed that practitioners
who had been in practice for 21 years or more placed more
importance on histology than did younger practitioners

(Table 3, p. 93; Figure 4).
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FIGURE 1 Use of stereotactic radiosurgery and length of time in practice.
Physicians in practice for longer periods are more likely to use SRS alone
(P=.027).
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FIGURE 2 Use of stereotactic radios with consideration of extracranial dis-
ease. The status of extracranial disease for patients receiving SRS was
more important for younger practitioners than older practitioners.
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7 Jonckheere-Terpstra Test for Linear Trend: P=0.002
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FIGURE 3 Use of stereotactic radios with consideration of histo-
pathology. Tumor histopathology was ranked as more important
for older practitioners than younger practitioners.
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FIGURE 4 Whole-brain reirradiation with consideration of tumor
histology. Older practitioners placed more importance on tumor
histology than younger practitioners when considering whole-
brain reirradiation.

There was no significant difference between physicians
who are board certified and those who are not with regard
to treatment technique and delivery. Likewise, no associa-
tions were found between what region of the country the
academic physician practiced in and their treatment tech-
nique and delivery.
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Discussion

The incidence of brain metastases is increasing because
of improvements in diagnostic imaging techniques and
advancements in systemic therapy control of extracra-
nial disease but not of intracranial disease or metastasis,
because therapies do not cross the blood-brain barrier.!?
Brain metastases are the most common type of brain
tumor. Given that most chemotherapeutic agents cannot
cross the blood-brain barrier, radiotherapy is considered
a means of treatment and of controlling brain metastases.
Early data from the 1950s" and 1960s'* have suggested
clinical improvement with brain radiation, making radio-
therapy the cornerstone for treatment of brain metastases.

The Radiation Therapy Oncology Group (RTOG) has
evaluated several fractionation schedules, with 5 schemas
evaluated by the RTOG 6901 and 7361 studies: 30 Gy in
10 fractions, 30 Gy in 15 fractions, 40 Gy in 15 fractions,
40 Gy in 20 fractions, and 20 Gy in 5 fractions. The com-
bined results from these two trials showed that outcomes
were similar for patients treated with a shorter regimen
than for those treated with a more protracted schedule. In
our study, respondents reported that they most frequently
treated brain metastases to a total dose of 30 Gy in 10 frac-
tions. Given the results of the aforementioned RTOG tri-
als and practice patterns among academic physicians, we
recommend all practitioners consider a shorter hypofrac-
tioned course when treating brain metastases with WBRT.
This will also reduce delays for patients who are likely to
benefit greatly from earlier enrollment into hospice care,
because protracted radiation schedules typically are not
covered while a patient is in hospice.

Pharmacologic management for patients with brain
metastases is important for symptomatic improvement.
Glucocorticoids are important for palliation of symptoms
from edema and increased intracranial pressure.’ However,
steroids have a multitude of side effects and their use in
asymptomatic patients is unnecessary. Improvements in
imaging and detection' have allowed us to find smaller and
asymptomatic brain tumors. In our survey, it was promising
to see a change in former practice patterns, with only 8% of
academic practitioners regularly prescribing steroids to all
of their patients receiving whole-brain radiation.

Diminished cognitive function and short-term mem-
ory loss are troublesome side effects of WBRT. As cancer
patients live longer, such cognitive dysfunction will become
more than just a nuisance. The RTOG has investigated the
use of prophylactic memantine for patients receiving whole-
brain radiation to determine if it would aid in the preser-
vation of cognition. It found that patients who received
memantine did better and had delayed time to cognitive
decline and a reduced rate of memory decline, executive
function, and processing speed.’ In our study, about a third
of practitioners prescribed memantine and it was reserved
for patients who had an otherwise favorable prognosis.
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TABLE 3 Rank order of importance for consideration of stereotactic radiosurgery and whole-brain reirradation stratified by years in practice

0-5

Survey question Response option (n =52)
Please rank in order  Age 4 (1-6)
of importance (1-7)  performance status 2 (1-4)
your considerations Hi hol 5 (26
for the use of SRS, i@zl Cle)y (2:6)
rank (min-max) Status of extracranial disease 3(1-5)

No. of brain metastasis 1(1-6)

Presence of symptoms from 6(17)

brain metastasis

Other 7 (1-7)

(n = 45)

Please rank in order  Age 5(17)
of importance (.]‘8) Performance status 3 (1-5)
your considerations Histol 6117
for use of whole-brain istelogy (17)
reirradation, rank Interval since completion of 2 (1-8)
(min-max) prior WBRT

Status of extracranial disease 5(1-7)

No. of brain metastasis 6(1-8)

Presence of symptoms from 4(17)

brain metastasis

Other 8 (2-8)

Median years in practice, y

6-10 11-20 >21
(n=12) (n=7) (n = 5) P value®
4 (3-6) 4 (1-6) 3 (2-¢) 172
2 (1-4) 3(1-3) 3 (1-5) A79
4.5 (2-6) 4 (1-6) 2 (1-3) .002
3.5 (2-¢) 5 (2-6) 4 (4-6) .010
1(1-5) 2 (1-5) 2 (1-5) 511
6 (37) 6 (1-6) 6 (5-6) .365
7 (37) 7 (77) 7 (77) 767
(I'I='|'|) (n=5) (n=5)
5 (4-7) 6 (3-6) 4 (4-6) 751
2 (1-5) 4 (2-5) 5(1-8) 137
6 (1-8) 6 (4-7) 2 (1-5) .020°
2 (1-5) 2 (1-3) 2 (1-5) .602
3 (27) 5(27) 6 (3-7) .694
5(1-7) 3 (1-5) 3(27) 119
5 (1-7) 6 (1-7) 6 (3-7) 147
8 (7-8) 8 (8-8) 8 (1-8) 361

°P value reflects the Jonckheere-Terpstra test unless otherwise noted. °P value reflects the Kruskal-Wallis test.

The RTOG has also investigated adjusting treatment
technique for patients who receive WBRT. RTOG 0933
was a phase 2 trial that evaluated hippocampal avoidance
during deliverance of WBRT with intensity-modulated
radiation therapy (IMRT). Results showed that avoid-
ing the hippocampus during WBRT was associated with
improved memory preservation and patient quality of life."”
In a survey of practicing radiation oncologists in the US,
most reported that they did not use memantine or IMRT
for hippocampal sparing when delivering whole-brain
radiation.’® Given the positive results of RTOG 0933 and
0614, the NRG Oncology research organization is con-
ducting a phase 3 randomized trial that compares meman-
tine use for patients receiving whole-brain radiation with
or without hippocampal sparing to determine if patients
will have reduced cognitive decline. All patients receiving
WBRT should be considered for enrolment on this trial if
they are eligible.

The delivery of brain radiation has continued to change,
especially with the introduction of SRS. Recent publication
of a meta-analysis of three phase 3 trials evaluating SRS
with or without WBRT for 1-4 brain metastases showed
that patients aged 50 years or younger experienced a sur-
vival benefit with SRS, and the omission of whole-brain
radiation did not affect distant brain relapse rates. The
authors recommended that for this population, SRS alone
is the preferred treatment. In our study, physicians who
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had been in practice for a longer time were more likely to
treat using SRS alone. The results showed a linear associa-
tion, with those in practice for a longer time being more
likely to use SRS alone compared with those practicing for
a shorter time (P =.027). Accordingly, 67% of respondents
(8 of 12) who had been in practice for 11 or more years
used SRS alone, whereas 24% (14 of 58) who had practiced
for 0-5 years and 42% (5 of 12) who had practice from 6-10
years used SRS alone (Figure 1). When treating with SRS,
younger practitioners placed more importance on the status
of extracranial disease, whereas older practitioners placed
more importance on tumor histopathology.

The use of repeat whole-brain reirradiation is more con-
troversial among practitioners.?>*? Son and colleagues eval-
uated patients who needed whole-brain reirradiation after
intracranial disease progression.?? The authors noted that
patients with stable extracranial disease benefited from
reirradiation. In our study, we found that when considering
whole-brain reirradiation, older practitioners placed more
importance on tumor histology than other factors.

As far as we know, this is the first study evaluating the
practices and patterns of care with regard to the delivery of
brain radiation in academic centers in the US. We found
that time in practice was the most significant predictor of
treatment technique and delivery. We also found that older
practitioners place more importance on tumor histopathol-
ogy compared with younger practitioners. A limitation of
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this study is that we had contact information only for pro-
gram coordinators at ACGME-accredited programs. As
such, we were not able to assess practice patterns among
community practitioners. In addition, it seemed that resi-
dents and junior faculty were more likely to respond to this
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