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Abstract
In the present survey of 309 US radiation oncologists on how they treat limited-stage small-cell lung cancer,
substantial variation was found in the dosing and fractionation for thoracic radiotherapy (TRT). Three quarters
of the respondents administered once-daily TRT more commonly than twice daily. For twice-daily TRT, most
preferred a dose of 45 Gy. For once-daily TRT, the disagreement was greater, with a 60-Gy dose the most
common.
Background: Thoracic radiotherapy (TRT) with concurrent chemotherapy is standard for limited-stage small-cell lung
cancer (LS-SCLC). However, the optimal dosing and fractionation remain unclear. The National Comprehensive
Cancer Network guidelines have recommended either 45 Gy delivered twice daily (BID) or 60 to 70 Gy delivered once
daily (QD). However, the current practice patterns among US radiation oncologists are unknown. Materials and
Methods: We surveyed US radiation oncologists using an institutional review board-approved questionnaire. The
questions covered demographic data, self-rated knowledge of key trials, and treatment recommendations. Results:
We received 309 responses from radiation oncologists. Of the 309 radiation oncologists, 60% preferred TRT QD and
76% acknowledged QD to be more common in their practice. The respondents in academic settings were more likely
to endorse BID treatment by both preference (P ¼ .001) and actual practice (P ¼ .009). The concordance between
preferring QD and administering QD in practice was 100%. In contrast, 40% of respondents who preferred BID
actually administered QD more often. Also, 15% of physicians would be unwilling to switch from QD to BID and 3%
would be unwilling to switch from BID to QD, even on patient request. Most respondents (88%) recommended a dose
of 45 Gy for BID treatment. For QD treatment, the division was greater, with 54% recommending 60 Gy, 30%
recommending 63 to 66 Gy, and 10% recommending 70 Gy. Conclusion: Substantial variation exists in how US
radiation oncologists approach TRT dosing and fractionation for LS-SCLC. Three quarters of our respondents re-
ported administering TRT QD most often. The most common doses were 60 Gy QD and 45 Gy BID. The results of the
present survey have provided the most up-to-date information on US practice patterns for LS-SCLC.
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Introduction
Small-cell lung cancer (SCLC) represents 10% to 15% of lung

cancer cases and carries a poor prognosis.1 At diagnosis, 24% of
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Small-cell Lung Cancer Practice Patterns
definitive radiotherapy.2 The standard treatment for LS-SCLC in-
volves concurrent chemoradiotherapy and, for patients with a good
objective response, prophylactic cranial irradiation.3-6 Meta-ana-
lyses7,8 and a retrospective analysis9 showed significant improve-
ment in overall survival when thoracic radiotherapy (TRT) was
added to chemotherapy. However, the optimal dose and fraction-
ation schedule remain unclear.10

NCCN guidelines—both the version available when the survey
was completed11 and the most recent version at the writing of this
report2—have recommended 1 of 2 treatment strategies: twice-daily
(BID) TRT in 1.5-Gy fractions over 3 weeks to a total dose of 45
Gy or once-daily (QD) TRT in 2.0-Gy fractions over 6 to7 weeks
to a total dose of 60 to 70 Gy. The recommendation for BID TRT
stemmed from the 1999 Intergroup 0096 study reported by Turrisi
et al3—a randomized controlled trial of 417 LS-SCLC patients.
They demonstrated that the regimen of 45 Gy BID in 3 weeks
improved survival compared with 45 Gy QD in 5 weeks, although
with a greater rate of grade 3/4 esophagitis using the predominately
2-dimensional treatment planning of that era.3

Although the Intergroup 0096 trial established 45 Gy BID as
standard treatment, adoption of this regimen has been minimal.
Only 11.3% of patients undergoing TRT for LS-SCLC from 1999
to 2012 were treated with this regimen, determined from an analysis
of 25,045 patients in the National Cancer Database.12 Various
concerns regarding this schedule have been raised, including the
increased toxicity, logistical challenges, and that the dose in the QD
arm of the Intergroup 0096 study was not biologically equivalent to
the dose in the BID arm. Doses as great as 70 Gy have been shown
to be safe for QD administration in LS-SCLC patients.13,14

Two trials were designed to compare the 45-Gy BID regimen
and dose-escalated QD TRT. The European Organization for
Research and Treatment of Cancer 08072/CONVERT (concurrent
once-daily vs. twice-daily radiotherapy) trial, which enrolled 547
patients with LS-SCLC, found no significant differences in survival
and no major differences in toxicity between 45 Gy BID over 3
weeks and 66 Gy QD over 6.6 weeks.4 The ongoing Alliance/
CALGB (Cancer and Leukemia Group B) 30610/RTOG (Radia-
tion Therapy Oncology Group) 0538 trial is comparing 45 Gy BID
over 3 weeks and 70 Gy QD over 7 weeks (a third arm was closed to
accrual).15 The primary endpoint is overall survival. The power
analysis is based on the assumption that the 2-year survival will be
8.8% greater in the QD arm than in the BID arm.

Given the ongoing debate and that the NCCN guidelines have
endorsed 2 different strategies, it is unknown how patients with LS-
SCLC are actually being treated in the United States. We designed
an online survey to learn how US radiation oncologists treat LS-
SCLC patients. We hypothesized that substantial variation in the
practice patterns would be found regarding dosing and
fractionation.

Materials and Methods
Survey Instrument Development

The Oregon Health & Science University institutional review
board approved the present study (institutional review board
approval no. 000149). The online survey was designed using
REDCap, which is managed by the Oregon Clinical & Trans-
lational Research Institute.
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The survey contained 39 questions. The questions covered de-
mographic information and treatment recommendations for pa-
tients with LS-SCLC, including dose, fractionation schedule, timing
of TRT with chemotherapy, target volume, elective nodal irradia-
tion, prophylactic cranial irradiation, and memantine use.

Respondents were asked to provide the reasons they preferred
QD versus BID TRT. They were given prepared answers and
instructed to select all that applied. An “other” option was also
provided, allowing respondents to type in their own reasons. Finally,
the respondents were asked to rate their knowledge of 3 studies
relevant to our analysis—the Intergroup 0096 trial,3 CONVERT
trial,4 and CALGB 30610 trial. The following options were pro-
vided in each case: “I am not familiar with this trial,” “I am familiar
with this trial but could not provide specific details,” and “I am very
familiar with this trial and could provide specific details.” For the
recent CONVERT trial and ongoing CALGB 30610 trial, a fourth
option was provided: “I participated in this trial and enrolled
patients.”

Data Collection
The data sample was collected through an anonymous online

questionnaire of US radiation oncologists. Using REDCap, elec-
tronic mail invitations were sent to 6954 potential participants from
a public database of US radiation oncologists. The invitations
contained information about the study, a link to the survey,
instructions for completion, and contact information. Invitations
were sent in October 2016, and the survey was closed to further
responses in December 2016.

Statistical Analysis
The respondents were characterized by self-reported practice

setting, practice region, years since completing residency training,
number of lung cancer patients treated with definitive intent in the
previous year, number of LS-SCLC patients treated in the previous
year, and self-rated knowledge of the relevant trials. These charac-
teristics were analyzed for correlations with the responses regarding
treatment practice. The c2 test or Fisher’s exact test in the case of
small sample sizes was used to determine differences between groups
for categorical variables. The Cochran-Armitage test was used to
analyze trends in ordinal variables between groups. Kendall’s rank
correlation tau was used to evaluate the concordance between
physician preference and actual treatment practice for the frac-
tionation schedule. A P value < .05 was deemed statistically
significant. R, version 3.3.3, software (2017-03-96; R Foundation
for Statistical Computing, Vienna, Austria; available at: http://www.
r-project.org/) was used for statistical analysis.

Results
Survey Respondents

Survey invitations were sent to 6954 electronic mail addresses,
including many that were inactive or duplicates, because the data-
base contained both personal and institutional electronic mail
addresses. Thus, the true number of potential participants was
unknown. For context, recent estimates have suggested 4500 to
5000 radiation oncologists are practicing in the United States.16 We
received 732 undeliverable or failed automatic replies, 11 ineligible
responses, and 315 completed responses, 309 of which were from

http://www.r-project.org/
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Table 1 Demographic Information for Radiation Oncologists
Who Completed the Survey (n [ 309)

Variable Respondents, n (%)

Practice setting

Private 182 (58.9)

Academic 127 (41.1)

Practice region

Central 79 (25.6)

Northern 72 (23.3)

Pacific 58 (18.8)

Southern 66 (21.4)

Western 31 (10.0)

Other 3 (1.0)

Duration since residency training, y

Currently in residency training 11 (3.6)

0-2 20 (6.5)

3-5 49 (15.9)

6-10 61 (19.7)

>10 168 (54.4)

Lung cancer patients treated with definitive
intent in previous year, n

None 6 (1.9)

1-2 7 (2.3)

3-4 13 (4.2)

5-10 41 (13.3)

>10 242 (78.3)

LS-SCLC patients treated in previous year, n

<5 137 (44.3)

�5 172 (55.7)

Abbreviation: LS-SCLC ¼ limited-stage small-cell lung cancer.
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radiation oncologists. Only the responses from the 309 radiation
oncologists were analyzed, and their characteristics are summarized
in Table 1.

QD Versus BID TRT
Of the respondents, 60% preferred to administer TRT QD

compared with 40% who preferred BID fractionation (Figure 1A).
When asked which TRT schedule was more common for their
patients, 76% selected QD and 24% selected BID TRT
(Figure 1B). Physicians in academic settings, compared with those
in private practice, were more likely to prefer BID TRT (51% vs.
33%; P ¼ .001) and to use this regimen more commonly in practice
(32% vs. 19%; P ¼ .009).

Physician preference and actual treatment practice were highly
correlated (P < .0001), indicating that the actual practice frequently
aligned with physician preference. Every respondent who preferred
QD TRT did use a QD schedule most often with their patients. In
contrast, 40% of respondents who preferred BID TRT actually used
a QD schedule more commonly. In addition, even if requested by
patients, 15% of the respondents would be unwilling to switch from
QD to BID therapy, and 3% would be unwilling to switch from
BID to QD therapy. The respondents unwilling to switch schedules
were more likely to have > 10 years of experience after residency
training (P ¼ .048).

Physician Reasoning for Fractionation Choice
The respondents were asked why they preferred QD to BID

fractionation, and the results are summarized in Figure 2. For those
preferring QD TRT, 19 (10%) chose “other.” Ten reported they
were not convinced by the data supporting BID over QD therapy,
with most citing flaws with the Intergroup 0096 study, in particular,
the lack of a biologically equivalent dose in the QD arm. Four cited
patient preference or that many patients could not arrange travel for
2 daily visits for treatment. Two reported they were more
comfortable with the QD schedule owing to their training and
experience. Two referenced the greater rates of esophagitis with BID
therapy, which could lead to patients not being able to complete
treatment uninterrupted. Finally, 1 noted that QD and BID ther-
apy appeared equivalent based on the data from their home
institution.

For those who preferred BID TRT, 15 (12%) chose “other.”
Nine reported that BID therapy appears superior to QD based on
the best available data, including the Intergroup 0096 and
CONVERT trials. Three expanded on the shorter treatment
duration with BID therapy, which they argued was important for a
fast-growing cancer such as SCLC. Two referenced the lower total
lung dose with BID therapy and the uncertainty of how high to
increase the dose for QD treatment. One noted better local control
with BID treatment based on personal experience.

Dose for TRT
When administering QD TRT, more than one half (54.4%) of

the respondents preferred a total dose of 60 Gy, followed by 20.4%
opting for 66 Gy, 10.0% for 70 Gy, 9.4% for 63 Gy, 5.2% for <
60 Gy, and 0.6% for > 70 Gy (Figure 3A). When administering
BID TRT, the vast majority (87.9%) preferred a total dose of 45
Gy, with 5.9% choosing 54 Gy, 2.9% choosing 50 Gy, 2.9%
choosing > 54 Gy, and 0.3% choosing 30 Gy (Figure 3B). For QD
TRT, the physicians who had treated more lung cancer patients in
the previous year were increasingly likely to recommend doses > 60
Gy (P ¼ .01). For BID TRT, physicians with > 10 years of
experience after residency training were more likely to recommend
doses > 45 Gy (18% vs. 4%; P ¼ .0004).

Self-rated Knowledge of Relevant Trials
The respondents’ self-rated knowledge of the relevant trials is

summarized in Table 2. The respondents familiar with the CALGB
30610 trial3 were more likely to prefer BID TRT (P ¼ .003).
Knowledge of the CONVERT trial4 was not significantly associated
with a preference for QD versus BID therapy (P ¼ .10). Regarding
the dose for QD TRT, the respondents who preferred doses > 60
Gy were more likely to be familiar with the CALGB 30610 trial
independently (P ¼ .004), the CONVERT trial independently
(P ¼ .02), or with both trials (P ¼ .01).

Discussion
Fractionation: A Tale of 2 Schedules

The current NCCN guidelines present a fork in the road for
treatment of LS-SCLC, endorsing TRT in the form of either 45-Gy
Clinical Lung Cancer January 2019 - 15



Figure 1 Once-daily (QD) Versus Twice-daily (BID) Thoracic Radiotherapy (TRT). (A) As a General Rule, 184 of 308 Respondents
(59.7%) Preferred to Administer QD TRT Compared With 124 (40.3%) Who Preferred BID. (B) When Asked Which Schedule
Was More Common With Their Actual Patients, 235 of 309 Respondents (76.1%) Selected QD TRT and 74 (23.9%) Chose
BID TRT

Small-cell Lung Cancer Practice Patterns
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BID or 60- to 70-Gy QD.2 Our survey results have shown that
most respondents preferred QD over BID fractionation and more
than three quarters administered QD TRT more often to their
patients. The present survey was conducted after results of the
landmark CONVERT trial had been presented at the 2016
American Society of Clinical Oncology Annual Meeting17 but
before publication of the report in June 2017.4 The investigators of
the CONVERT trial argued that BID TRT should remain the
standard of care, because the trial had been designed to show the
Figure 2 Physician Reasoning Behind the Choice Between Once-da
Respondents Were Provided With a Set of Prepared Answe
Respondents Who Preferred QD RT, 130 (70.7%) Selected th
(B) Of the 124 Respondents Who Preferred BID RT, 63 (50.8
the Third
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superiority of QD treatment and failed to do so. Furthermore, in
the BID arm, a nonsignificant trend was found toward improved
survival, along with lower than expected toxicity, better compliance,
and a shorter treatment time. However, because no significant
survival differences were found, it remains to be seen to be seen
whether radiation oncologists will interpret these results as justifi-
cation for prescribing QD TRT with an escalated dose. Almost two
thirds of our respondents (63%) were familiar with the CONVERT
trial, and 99% were familiar with the Intergroup 0096 trial,3 which
ily (QD) and Twice-daily (BID) Thoracic Radiotherapy (RT).
rs and Asked to Select All Answers That Applied. (A) Of the 184
e First Option, 79 (42.9%) the Second, and 109 (59.2%) the Third.
%) Chose the First Option, 72 (58.1%) the Second, and 52 (41.9%)



Figure 3 Preferred Doses for Once-daily (QD) and Twice-daily (BID) Thoracic Radiotherapy (TRT). (A) For QD TRT, 16 of 309
Respondents (5.2%) Recommended < 60 Gy as the Total Dose, 168 (54.4%) Chose 60 Gy, 29 (9.4%) Chose 63 Gy, 63 (20.4%)
Chose 66 Gy, 31 (10.0%) Chose 70 Gy, and 2 (0.6%) Chose > 70 Gy. (B) For BID TRT, 1 (0.3%) of 307 Respondents
Recommended 30 Gy, 270 (87.9%) Chose 45 Gy, 9 (2.9%) Chose 50 Gy, 18 (5.9%) Chose 54 Gy, and 9 (2.9%) Chose > 54 Gy
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showed the superiority of 45-Gy BID compared with 45-Gy QD.
Nonetheless, BID treatment was recommended by only a minority
of the respondents.

A common concern with BID therapy has been its associated
toxicity. In the Intergroup 0096 trial, the rate of grade 3/4 esoph-
agitis was significantly greater in the BID arm (32% vs. 16%).3

More than one half of our respondents who preferred QD ther-
apy based their decision on the assumption that it will be better
tolerated, especially by patients with a low performance status. The
CONVERT trial included only patients with a moderate-to-good
performance status (Eastern Cooperative Oncology Group perfor-
mance status of 0-2) and found no significant differences in toxicity
rates between the groups, with the exception of the incidence of
grade 4 neutropenia being higher in the BID group (P ¼ .05). The
rate of grade 3/4 esophagitis was 19% in both groups (P ¼ .85),
lower than expected from the Intergroup 0096 results, perhaps
owing to the omission of elective nodal irradiation and advances in
the precision of radiation delivery during the past several decades.
Table 2 Self-rated Knowledge of Relevant Clinical Trials

Knowledge Intergroup 0096 (1999)3 E

Not familiar 3 (1.0)

Familiar 85 (27.5)

Very familiar 221 (71.5)

Participated or enrolled patients NA

Abbreviations: CONVERT ¼ concurrent once-daily versus twice-daily radiotherapy; EORTC ¼ Europea
Therapy Oncology Group.
The ongoing CALGB 30610 trial has mandated elective irradiation
of the ipsilateral hilar lymph nodes. Thus, it will be interesting to see
how the rates of esophagitis compare with those in the CONVERT
trial, which omitted elective nodal irradiation completely. In both
trials, 3-dimensional conformal radiotherapy was mandatory, and
intensity-modulated radiotherapy was allowed.

A full 40% of those preferring BID TRT did not treat according
to this preference, instead using QD TRT with most of their pa-
tients. Perhaps this resulted from the logistical difficulty—for both
provider and patient—of arranging 2 treatments daily. The most
frequently chosen reason for preferring QD therapy was patient
convenience, with another common choice being the logistical ease
of clinic scheduling—both reasons not tied to the inherent efficacy
or toxicity of the treatment. Some facilities might simply not be set
up for BID therapy, especially smaller private practices. This could
explain why respondents in academic settings were more likely to
prefer and use BID therapy, consistent with previous studies
showing BID therapy to be more common in academic
ORTC 08072/CONVERT (2017)4
CALGB 30610/RTOG 0538

(Ongoing)

115 (37.2) 32 (10.4)

139 (45.0) 136 (44.2)

51 (16.5) 99 (32.1)

4 (1.3) 41 (13.3)

n Organization for Research and Treatment of Cancer; NA ¼ not applicable; RTOG ¼ Radiation
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institutions.12,18 The difficulty in arranging BID therapy might also
be why 15% of the physicians who preferred QD TRT would not
switch to BID TRT, even if requested by their patients.

Dose: Agreement for BID; Disagreement for QD
For BID TRT, the overwhelming majority of our respondents

recommended a total dose of 45 Gy, in line with the NCCN
guidelines.2 Doses > 45 Gy represent overtreatment, because no
clinical trial results have supported higher doses. Also, evidence has
indicated 45 Gy to be the maximum tolerable dose for BID treat-
ment delivered over 3 weeks.13 However, 12% of our respondents
recommended doses > 45 Gy for BID TRT. The respondents with
> 10 years of experience after residency were > 4 times more likely
to exceed the recommended dose of 45 Gy than those with less
experience. This suggests the need for ongoing education of phy-
sicians throughout their careers.

Less unity was found in the recommendations for QD dosing,
not surprising given that the NCCN guidelines have endorsed any
dose from 60 to 70 Gy. The most commonly chosen reason for
preferring BID TRT was that the optimal BID dose was established
but the optimal QD dose was not.

The respondents familiar with the CONVERT and CALGB
30610 trials—which used doses of 66 Gy and 70 Gy, respectively—
were more likely to recommend doses > 60 Gy for QD TRT.
Perhaps knowledge of, or participation in, these trials allowed
physicians to be more comfortable with dose escalation.

Study Limitations
The greatest limitation of our study was the low response rate, with

a sample size of 309 eligible responses. This low response rate could
have resulted from the relative infrequency of treating LS-SCLC pa-
tients, the subspecialization of radiation oncology practices, and survey
fatigue. Response or participant bias could have affected the results,
because differences could have been present between those who
completed the survey and those who did not. Our findings should be
interpreted with caution, because they might not be representative
of US radiation oncologists as a whole. In comparing our sample
of radiation oncologists to samples from other recent surveys and
an online directory of radiation oncologists, we did not find
substantial differences in the demographic data, in terms of practice
setting,19,20 practice region,21 or number of years in practice.20

Also, any unintended bias from us in how the questions were
worded or ordered in the survey could have affected the answers given.
Recall bias could also have influenced the accuracy of the responses,
given that some responses relied on the physicians’memory of recent
practice patterns. Finally, it is unknownwhether the respondents self-
primed their knowledge of the clinical trials asked about in our survey
by researching the trials as they completed the survey.

Conclusion
The goal of the present survey was to broadly sample radiation

oncologists in the United States on their management of LS-SCLC.
Our survey revealed disunity in how US radiation oncologists
approach dosing and fractionation. It was conducted before publi-
cation of the landmark CONVERT trial report, which failed to
show superiority of 66 Gy QD over the standard schedule of 45 Gy
BID. Our data can be used to track changes in practice patterns in
Clinical Lung Cancer January 2019
the wake of the CONVERT trial to determine whether more
physicians do as the investigators of the CONVERT trial suggest
and embrace 45 Gy BID as the standard of care. The ongoing
CALGB 30610 trial is still many years from completion. If the
results are positive, it might bring US providers to a consensus on
management; however, if negative, our survey results might hold for
years to come.

Clinical Practice Points

� For patients with LS-SCLC, current NCCN guidelines have
recommended 2 different treatment strategies: BID TRT deliv-
ered in 1.5-Gy fractions to a total dose of 45 Gy or QD TRT
delivered in 2.0-Gy fractions to a total dose of 60 to 70 Gy.

� The 1999 Intergroup 0096 trial reported by Turrisi et al3

established 45-Gy BID as the standard regimen by demon-
strating its superiority over 45-Gy QD.

� The 2017 CONVERT trial was designed to show the superiority
of 66-Gy QD over 45-Gy BID but failed to do so, finding no
significant differences in survival and no major differences in
toxicity.

� Our survey of 309 radiation oncologists revealed wide variability
in dose and fractionation usage among clinicians.

� Of the respondents, 60% preferred QD over BID fractionation
as a general rule, and more than three quarters reported they used
QD treatment more commonly with their patients.

� All respondents who preferred QD TRT used QD treatment in
actual practice.

� In contrast, 40% of those preferring BID TRT still used QD
TRT more commonly.

� Regarding radiation dose, nearly 9 of 10 respondents recom-
mended a total dose of 45 Gy for BID TRT.

� However, for QD TRT, more variation was found, with the
most common recommendation being 60 Gy.

� The present survey was conducted before final report of the
CONVERT trial; however, our data can be used to track the
practice patterns in the aftermath of this landmark trial.

� The ongoing Alliance/CALGB 30610/RTOG 0538 trial—
comparing 45 Gy BID and 70 Gy QD—is still years from
completion.
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