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Abstract
Objective/Hypothesis Stereotactic ablative radiation therapy (SABR) is becoming an increasingly popular treatment for patients
with recurrent non-small cell lung cancer. Thoracic reirradiation, however, can be toxic, with some institutions reporting grade 3
pneumonitis in upward of 30% of reirradiated patients. Pentoxifylline (PTX) and vitamin E (VE) have mitigated toxicity in
standard breast treatment and may be beneficial in the reduction of radiation-induced pneumonitis. The objective of this study
is to prospectively evaluate the efficacy of PTX and VE in reducing grade 3 pneumonitis in patients undergoing SABR with
locoregionally recurrent lung cancer or new lung primary tumors in the setting of prior thoracic radiation. We hypothesize that
these patients will experience rates of grade 3 pneumonitis lower than 30% at 3, 6, and 12 months post-treatment.

Materials and Methods Patients who received radiation for a prior thoracic malignancy with a diagnosis of a recurrent or new
NSCLC were recruited from our institution. PTX and VE were administered at the time of simulation, approximately 1 week prior
to starting treatment, and were continued for 12 weeks post-treatment. SABR was delivered using standard stereotactic
techniques to a dose of 50 Gy at 10 Gy per fraction over 2 weeks. Clinical and radiographic assessment of pneumonitis was
conducted at 3, 6, and 12 months post-treatment. Demographic information was collected before treatment.

Results The rate of grade 3 pneumonitis in our PTX- and VE-treated cohort was significantly lower than 30% at 3 months (0%,
95% CI 0%-11%, P = .001), 6 months (5%, 95% CI 0%-20%, P = .004), and 12 months (0%, 95% CI 0%-21%, P = .010) post-
treatment. Also, 92% of participants were medication compliant.

Conclusion PTX and VE are safe interventions that may reduce rates of grade 3 pneumonitis for patients undergoing
reirradiation for locoregionally recurrent and/or new lung primary tumors.
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Introduction
Stereotactic ablative radiation therapy

(SABR) is a versatile treatment for
patients with non-small cell lung cancer

(NSCLC) in the settings of operable
early stage disease and inoperable
late-stage disease.1 Despite advance-
ments in this radiotherapeutic techni-
que, recurrence is not uncommon, with

studies suggesting in-field failure rates of
up to 30% at 2 years post-treatment,
particularly in the setting of concurrent
chemoradiation for stage 3 NSCLC.2

Traditionally, systemic therapy was the
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choice approach for instances of
loco-recurrent relapse; however,
poor response rates prompted
investigations regarding the safety
and efficacy of reirradiation.

In addition to high rates of
local failure, patients undergoing
reirradiation with fractionated
external beam radiation therapy
have also experienced toxicities such
as esophagitis, dry desquamation,
and symptomatic pneumonitis,
arguing for the need to dose-escalate
using conventionally fractionated
regimens.3 Institutional data
evaluating SABR to treat locoregional
lung cancer recurrences and new
lung primaries in patients who have
received prior thoracic radiation
therapy is promising, with in-field
local tumor control >90% at 2 years
and 2-year overall survival (OS) and
progression-free survival of 59% and
26%, respectively.4 Unfortunately,
rates of grade 3 toxicities were
30%.4 A more recent review article
by the International Association for
the Study of Lung Cancer Advanced
Radiation Technology Committee
agrees that SABR is efficacious,
with rates of 2-year local control
ranging from 75% to 100%, despite
persistence of toxicities.5

Prior studies have attempted to
mitigate the effects of radiation on
normal lung by using radioprotective
agents such as pentoxifylline
(PTX).6-8 PTX is thought to help
prevent radiotoxicity by inhibiting
platelet aggregation and adhesion,
allowing for optimal blood flow
and increased tissue oxygenation.9

Adding PTX to the retreatment of
thoracic malignancies may aid in
further reducing radiation-induced
effects on normal adjacent tissue.
A recent randomized study in
breast cancer demonstrated that
PTX in combination with vitamin
E (VE) resulted in reduced rates
of breast fibrosis after radiation
therapy.10 A randomized controlled
trial evaluating VE and PTX in

primary lung radiation showed
increased rates of radiation-induced
lung toxicity in the control group.11

However, to date, no studies have
assessed the efficacy of PTX and VE
in the prevention of toxicities in the
setting of reirradiation using SABR
for lung malignancies.

Our phase II prospective trial
addresses this gap in the literature
by (1) evaluating the use of SABR in
treating patients with locoregionally
recurrent lung cancer or new lung
primary tumors in the setting of
prior thoracic radiation therapy and
(2) establishing the efficacy of PTX
in combination with VE in reducing
the rates of grade 3 or 4 toxicities.
Each patient was treated with VE
and PTX before, during, and after
reirradiation for lung malignancy via
SABR. We hypothesize that SABR
will be a viable treatment modality
for these patients and that PTX and
VE will reduce the rate of grade 3
pneumonitis in the cohort.

Materials and Methods
Patients were enrolled in a

prospective, single-arm trial at our
institution to assess the effects
of PTX and VE on the rates
of toxicity while using SABR in
patients with recurrent or new
lung primary after receiving prior
thoracic radiation therapy. The
criterion for patient eligibility
consisted of previous radiation
therapy for a thoracic malignancy
with a diagnosis of a recurrent
or new NSCLC. Patients either
underwent a biopsy to confirm
the diagnosis or demonstrated
a strong clinical suspicion for
new or recurrent cancer based
on the recommendations of a
multidisciplinary thoracic oncology
team. Patients were excluded for
the following reasons: <30 Gy
of overlap from prior radiation
treatment, poor pulmonary function

at baseline (FEV1 < 20% and/or
diffusing capacity of the lungs for
carbon dioxide <20% predicted),
chemotherapy within 4 weeks of
SABR initiation, and a plan to initiate
chemotherapy or immunotherapy
concurrent with SABR.

Patients were administered PTX
400 mg 3 times daily. This was the
standard starting dose for the drug as
recommended by the manufacturer.
Patients were given VE 400 IU
once daily. Dosing began 1 week
prior to treatment, approximately
at the time of simulation. The
drugs were continued for a period
of 3 months after completion of
radiation therapy. Dose delays or
modifications were based on toxicity
and made at the discretion of the
principal investigator.

All patients were prescribed 50
Gy delivered to the planned target
volume (PTV) in 5 fractions at 10
Gy per fraction. Fractions were
administered at least 36 hours
apart, and therapy was completed
within 14 days of initiation. Daily
image guidance with cone beam
CT was required. Respiratory gating
or abdominal compression was
utilized as deemed appropriate by
the treating physician and physicist.

Treatment planning was
performed using either 3-
dimensional conformal therapy
or intensity- modulated radiation
therapy. Any combination of
coplanar or noncoplanar fields
designed to cover the target volumes
while limiting dose to critical
structures was allowed. If prior
dosimetry was available, a composite
of the dosimetry plans of the
prior treatment volume and the
new treatment plan was generated.
Standard SBRT treatment planning
was utilized. Successful treatment
planning was designed to meet the
following:

1. Normalization: The plan
was normalized such that
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100% of the dose delivered
corresponded to the center of
mass of the PTV.

2. Prescription isodose surface
coverage: The prescription
isodose surface was chosen
such that 95% of the PTV
was conformally covered by the
prescription isodose surface,
and 99% of the PTV received at
least 90% of the dose.

3. High-dose spillage: Any dose
>105% of the prescription
isodose surface occurred
primarily within the PTV itself
and not within normal tissue.
The cumulative volume of
all tissue outside the target
received no more than 105%
of the prescription to 15% of
the volume. PTV conformality
was judged such that the
ratio of the volume of the
prescription isodose to the
volume of the PTV was ideally
<1.2 as outlined by the Radiation
Therapy Oncology Group.

4. Standard dose constraints to
critical structures: Outlined
in accordance with the
Quantitative Analyses of Normal
Tissue Effects in the Clinic.

The Common Terminology Criteria
for Adverse Events (v. 4.0) was used
to assess radiation- and PTX-related
toxicity. Standard radiation-related
toxicities were expected. Toxicity
was defined as acute (<3 mo
from completion), subacute (3-12
mo), and late (>12 mo). Standard
consent forms for lung irradiation
were used for informed consent.
Specifically, radiation pneumonitis
and fibrosis were assessed. The
CT appearance of the consolidation
was classified as either diffuse or
mass-like according to published
criteria.12 Diffuse consolidation was
defined as consolidation occurring
outside of the 50% isodose line.
Mass-like consolidation was defined

as a new or enlarging solid opacity
occurring within or directly adjacent
to the PTV.

Standard post-treatment follow-up
occurred at 6 weeks and then
every 3 months after the completion
of radiation therapy. A complete
history and physical examination
were performed at each follow-up
visit to assess for treatment-related
toxicity. Pulmonary function tests
with lung diffusion testing were
ideally obtained at 6 months post-
radiation and yearly as determined
by the treating physician. Follow-
up imaging took place 8-12 weeks
post-radiation and then every 3
months thereafter for 2 years. CT
of the chest was performed using
intravenous contrast. Surveillance CT
imaging of the chest was obtained
as recommended by the treating
physician. F-18 fluorodeoxyglucose-
positron emission tomography was
obtained at 6 months post-SABR
and then when determined clinically
relevant by the treating physician.

Statistical Design

The primary endpoint was to
estimate overall treatment-related
toxicity and assess the efficacy of
PTX in reducing grade 3 or 4 toxicity.
The study was designed to estimate
grade 3 treatment-related toxicity.
Reports from prior retreatment
series estimate >grade 3 pulmonary
toxicities to be approximately 30%.4

Our goal was to reduce this
rate to 15%.

The cumulative number of grade
3 or 4 toxic events was monitored
after each patient was enrolled.
If the cumulative number of toxic
events produced enough evidence
to conclude that the true toxicity
rate is ≥30% (Pt0 = 0.30), then the
trial was planned to stop early for
safety reasons.

Descriptive statistics were used
to summarize the demographic and
clinical features of the cohort.

Toxicity was analyzed by taking the
highest/most severe score within
the first 3 months post-treatment,
between 3 and 6 months post-
treatment, and between 6 and 12
months post-treatment. At each
point, the proportions for each
toxicity score were computed,
and the primary analysis was
based on a one-sided test that
the rate of grade 3+ toxicity is
<30%. To assess the relationship
between the ordinal toxicity scores
and demographic and clinical
characteristics, we considered
proportional odds regression. We
included time (3 mo, 6 mo, 12 mo)
as a predictor in all models and
otherwise included predictors one at
a time. As we used multiple scores
from each individual, we included a
random intercept term to introduce
correlation between the repeated
measures.13 Odds ratios were
rescaled using the random effect
variance to provide an approximately
marginal interpretation.14 Kaplan-
Meier curves of OS and for
recurrence-free survival (RFS) were
considered. Missing data were
addressed by performing an
available case analysis. Statistical
significance was defined at the
alpha = 0.05 level, and all data
analysis was performed using R
statistical software, v.4.3.3.15

Of note, noncompliant patients
were included in all analyses for
which they had available data
to contribute. One noncompliant
patient died before post-treatment
data were collected and was not
included in our results; 2 other
noncompliant patients contributed
toxicity and survival data at
each timepoint.

Results
Demographics

Demographic information about
our cohort of 40 patients, all recruited
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from our institution, is displayed
in Table 1. Of those patients, 98%
had a baseline Eastern Cooperative
Oncology Group (ECOG) status of ≤1.
The average previous radiation dose
prior to enrollment was 56.9 Gy;
individual prior radiation doses and
fractionations are listed in Table 2.
93% of participants were able to
receive the anticipated reirradiation
dose of 50 Gy. Overall, PTX and
VE were well tolerated, with only
3 patients reporting noncompliance
during the study.

Grades of Radiation Pneumonitis
and Drug-Related Toxicities

Toxicity results are outlined in
Table 3 and graphically displayed in
Figure 1. Of note, only one patient
experienced grade 3 pneumonitis,
which occurred at 6 months
post-treatment. Furthermore, there

is statistically significant evidence
that rates of grade 3 pneumonitis
are less than 30% at 3 months
(0%, 95% CI 0%-11%, P = .001),
6 months (5%, 95% CI 0%-20%,
P = .004), and 12 months (0%, 95% CI
0%-21%, P = .010) post-reirradiation
in our VE- and PTX-treated
cohort. Following analysis of patient
data, the lowest incidence of
pneumonitis was experienced at
3 months post-treatment, with
11% of our cohort experiencing
grade 1 pneumonitis and 7%
experiencing grade 2 pneumonitis.
No participants reported post-
treatment toxicities associated with
either PTX or VE during post-
treatment follow-up visits. In
accordance with proportional odds
regression (Table 4), toxicity was
significantly higher at 6 months
than at 3 months (proportional

odds ratio = 2.64, P = .029),
but no statistically significant
associations between toxicity and
other demographic/clinical factors
were found. The model used for
Table 4 uses the ordinal grade values
(0 vs 1 vs 2 vs 3), not a binary
cut-off. The proportional odds effect
reflects the odds of an increase
in grade.

Tumor Recurrence and Overall
Survival

Of our initial cohort of 40
patients, 5 were lost to follow-up
after treatment completion and were
excluded from the survival analysis.
Of the remaining 35 patients, 14
(40%) had an observed recurrence, 2
of which were local, 6 of which were
regional recurrences, and 6 of which
were distant. 27 (77%) patients died
during the study. Figure 2 reports
the Kaplan-Meier plots for RFS and
OS. Median RFS was 10 months (95%
CI 6-30 mo) and median OS was
20 months (95% CI 12-50 mo). The
1-year RFS rate was 44% (31%-55%)
and 1-year OS was 66% (51%-85%).

Discussion
SABR is a valuable reirradiation

modality for patients with new or
recurrent lung malignancies. VE and
PTX are well-tolerated medications
that are potentially efficacious in
preventing grade 3 and higher rates
of radiation-induced pneumonitis.
92% of our patients were medication-
compliant and reported little or
no side effects associated with
VE and PTX. Of our cohort of
40 patients, only one experienced
grade 3 pneumonitis, with most
experiencing grade 0 pneumonitis.
Median OS was 20 months, and
median RFS was 10 months. To date,
our trial is the first to assess the
utility of these agents for patients
being reirradiated via SABR for
locoregionally recurrent disease or
new primary malignancies.

Table 1. Participant Demographics

COLUMN1 MEAN/COUNT STANDARD
DEVIATION

RANGE MISSING

Patients 40

ECOG 0

  0 15 38%

  1 24 60%

  2 1 3%

Previous radiation dose
(Gy)

56.9 10.8 30-73.5 6

Interval between doses
(mo)

Median 12 IQR 12–27 8-120 4

  >12 mo 17 47% 4

Dose at retreatment (Gy) 0

  50 37 93%

  25 1 3%

  40 2 5%

Central tumor (vs
peripheral)

6 16% 3

Noncompliant 3 8% 0

Pretreatment FEV1 1.52 0.65 0.78-3.66 20

Eastern Cooperative Oncology Group (ECOG) performance status scale, patients scoring 0 are fully
independent, patients scoring 1 are restricted in strenuous activity but able to perform basic ADLS,
patients scoring 2 are ambulatory however limited in daily work activities.

Forced expiratory lung volumes (FEV1) as measured on pulmonary function tests (PFTs).

RESEARCH ARTICLE Effect of Pentoxifylline and Vitamin E in Preventing Grade 3 Radiation Pneumonitis

4 Applied Radiation Oncology June 2025



Data regarding the rates and
predictors of radiation-induced
pneumonitis in the setting of
primary radiation vs reirradiation
have been published previously. In
the primary setting, Schallenkamp
et al16 reported a rate of 13% in
grade 2 or greater pneumonitis
in the setting of conventional
radiation, which may be related
to the percentage of total lung
volume minus gross tumor volume
receiving ≥10 Gy. Accordingly, lower

radiation doses to larger volumes
of lung may induce a significant,
symptomatic, and more aggressive
inflammatory response than that
experienced with higher doses of
radiation. Patients with subclinical
interstitial lung disease (ILD) have
been found to be at greater risk
for higher grades of pneumonitis
—of 87 patients with subclinical
ILD, 11.5% experienced grade
3 pneumonitis, 3.4% experienced
grade 4 pneumonitis, and 5.7%

experienced grade 5 pneumonitis,
and the cumulative incidence of
these high grades of pneumonitis
was significantly higher in patients
with subclinical ILD involving ≥25%
of the lungs (46.1% vs 16.3%,
P = .004).17

Systemic therapies may similarly
influence the rates of grade
3 or higher primary radiation-
induced pneumonitis. Neoadjuvant
therapy with gemcitabine has been
associated with a significantly
higher incidence of grade 3
or higher pneumonitis (32.3%
vs 13.3%, P = .023).17 Of 106
patients treated with concurrent
chemoradiation, pneumonitis ≥grade
2 occurred in 47 patients (44.3%),
and pneumonitis ≥grade 3 occurred
in 6 (5.7%).18 Among this cohort,
adjuvant therapy with immune
checkpoint inhibitors (durvalumab,
atezolizumab, pembrolizumab, or
nivolumab) significantly influenced
the rate of grade 2 or higher
pneumonitis but not rates of grade
3 or higher pneumonitis.18

Understandably, toxicities are
more prominent in the setting of
reirradiation with SBRT. Data from
the MD Anderson Cancer Center
suggest a rate of grade 3 pneumonitis
ranging from 18.9%19 to 30%.4 Rates
of toxicity may be influenced by the
following factors: ECOG score of 2 or
3, an FEV1 ≤ 65%, a previous PTV
spanning the bilateral mediastinum,
and V20 ≥ 30% on composite (previous
RT + SABR) plans.19 Others report
comparable rates of toxicity, with
26% of a cohort experiencing grade
3 or greater toxicity. However, among
this same cohort, 14% ultimately died
from a post-treatment lung-related
event other than bacteria-associated
pneumonitis or disease progression.
Subsequent chemotherapy, rather
than radiation therapy factors such
as total dose, lung dose, or interval
between doses, was significantly
related to such lethal events
(P = .009).20 Finally, out of a cohort

Table 2. Individual Prior Radiation Doses and Fractionation

NUMBER OF
PATIENTS

PREVIOUS RADIATION
DOSE (GY)

PREVIOUS FRACTIONS PREVIOUS BIOLOGICAL
EQUIVALENT DOSE

1 30 10 39

1 33 10 43.8

1 37.5 15 46.8

1 45 15 58.5

1 45 25 53.1

3 48 4 105

1 50 5 100

2 50.4 28 59

3 54 3 151

2 59.4 33 70

5 60 30 72

1 61.2 30 71

1 63 30 73

1 65 33 71

4 66 33 72

1 66.4 35 74

1 66.4 33 72

1 66.6 33 72

1 68.4 38 80

1 73.5 35 74

Table 3. Toxicity Results at 3, 6, and 12 Mo Post-Treatment

GRADE 0 GRADE 1 GRADE 2 GRADE 3 GRADE 3 < 30% MISSING

N % N % N % N %

3 mo 22 79 3 11 2 7 0 0 P = .001 13

6 mo 12 55 5 23 4 18 1 5 P = .004 18

12 mo 7 54 6 46 0 0 0 0 P = .010 27
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Figure 1. Trends in grades of pneumonitis at 3, 6, and 12 mo post-treatment.

Table 4. Results From Proportional Odds Model on Toxicity Grade

ODDS RATIO CONFIDENCE INTERVAL P VALUE MISSING OBSERVATIONS

Time (mo) .005

  3 Ref

  6 2.64 1.10–6.31 .029

  12 2.63 0.97–7.14 .057

ECOG

  0 Ref

  1 or higher 0.87 0.38-1.97 .733

Previous radiation dose (Gy) 0.84 (10-unit change) 0.53-1.35 .477 10

Interval between doses >12 mo 0.56 0.22-1.53 .226 8

Central tumor (vs peripheral) 1.97 0.62-6.25 .249 4

Noncompliant 2.22 0.57-8.65 .251

Pretreatment FEV1 2.00 (1-unit change) 0.38-10.40 .410 27

Model is fit using all available toxicity grades (n = 62), and random effects are used to control for correlation between multiple scores from the same
individual. The effect for each variable is assessed by controlling for time (3 mo, 6 mo, 12 mo).

Abbreviations: ECOG, Eastern Cooperative Oncology Group; FEV, forced expiratory lung volume.
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of 70 patients followed throughout
their primary and reirradiation
treatments, 15 (21.4%) developed
pneumonitis ≥grade 3 in the
reirradiation setting.21

Given the prominence
of symptomatic pneumonitis,
particularly in the setting of
reirradiation, clinicians should aim
to limit such toxicities while
maintaining ideal dose prescription
and treatment parameters. VE and
PTX are tools that can potentially
help treating physicians achieve
this goal. PTX is a nonselective
phosphodiesterase inhibitor that
increases intracellular cyclic GMP
levels, resulting in greater flexibility
of the red blood cell and
leukocyte membrane. This permits
greater passage of oxygen and
nutrients through microvessels and,
ultimately, into tissue. VE is
a fat-soluble vitamin principally
found in the cell membrane.
It is also thought to contribute
to membrane flexibility and may
offer vascular protection and
anti-inflammatory and antifibrosis
capabilities.22 Notably, they are well
tolerated; the most common side
effects of each medication are

nausea, vomiting, and diarrhea,
none of which were experienced
by patients in our cohort.9,23 Several
studies have evaluated the efficacy
of these agents, albeit outside of
the setting of reirradiation with
SABR for thoracic malignancy.
For patients with breast cancer,
randomized controlled trials suggest
that VE and PTX lessen the degree
of radiation-induced fibrosis but
may not significantly impact OS or
progression-free survival.10,24 They
are similarly beneficial in the
setting of primary radiation for lung
cancer, with PTX and VE patients
experiencing a lower burden of lung
toxicities compared with placebo-
treated patients.11

Of note, a brief discussion is
warranted regarding the concerns
that have arisen from recent studies
over the detrimental effects of VE
supplementation. A meta-analysis of
19 trials found increased overall
mortality in patients taking high
doses of VE (over 400 IU daily
for at least 1 y).25 Another analysis
indicated increased mortality from
VE and β-carotene supplementation
in the prevention of gastrointestinal
cancers.26 Additionally, the Selenium

and Vitamin E Cancer Prevention
Trial demonstrated that 400 IU
VE supplementation raised prostate
cancer rates in men after a follow-
up of at least 7 years.27 However,
these findings are based on long-
term and/or high-dose VE use,
contrasting with our trial’s short-
term, standard supplementation.
Moreover, our cohort differs
significantly from those studied,
possibly explaining the benefits
associated with supplementation for
patients undergoing reirradiation
who are under significant
physiological stress, which in turn
may help explain the pneumo-
protective impact of short-term
antioxidant use. Lastly, variations
in supplement quality, alternative
isoforms of VE, patient-to-patient
CYP450 metabolism, and drug-
drug interactions impacting VE
metabolism—none of which have
been accounted for in these studies
—may also influence individual
VE susceptibilities and outcomes,
further complicating interpretations.

Future studies are warranted
to further address the tolerability
and effectiveness of VE and
PTX. Double-blind, randomized

Figure 2. Kaplan-Meier estimates for (A) recurrence-free survival and (B) overall survival.

A B
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controlled trials will help better
elucidate the clinical utility of these
pharmaceutical agents. Additionally,
studying these agents in the
setting of other radiotherapeutic
treatments for other malignancies
such as gastrointestinal cancers,
head and neck cancers, and/or
gynecologic and urologic cancers
could be beneficial.

Strengths and Limitations
Given the simple design of this

prospective study, we were able
to clearly identify and accurately
evaluate our principal outcome
of rates of grade 3 pneumonitis
in our cohort of patients with
recurrent NSCLC. VE and PTX are
well tolerated, allowing for a high
compliance rate and suggesting they
can be safely and similarly studied in
the setting of reirradiation for other
disease sites. Regarding limitations,
as this was a single-arm clinical
trial, we are unable to compare
the utility and efficacy of VE and
PTX compared with placebo, which
would be afforded in the design
of a randomized, double-blind,
placebo-controlled trial. Our sample
size is small and from a single
institution; recruiting a more diverse
cohort from across the United States
would be beneficial. Also, some
participants were lost to follow-up
at different times post-treatment,
possibly introducing a bias in
our results if those participants
ultimately developed different health
outcomes secondary to late toxicities
associated with the study drugs
and/or radiation course compared
with the participants who remained
in the study.

Finally, further collecting
pretreatment physiological and
radiotherapeutic data to help better
identify predictors of toxicity, a
topic that was briefly explored in
our discussion, would be warranted.
Particularly, obtaining accurate

pretreatment isodose volumes in
addition to pretreatment dose/
fractionation would be warranted.
Many of the patients in this
study were referrals from rural
communities, where they may have
received incomplete treatment for
their primary malignancies, thus
explaining the wide range of
previously administered radiation
dose. We did not have access to
data for the specific circumstances
dictating original radiotherapeutic
dose selection or other pretreatment
factors that may have influenced
each patient’s response and/or
compliance to the study at hand.
We also do not have pretreatment
radiotherapeutic data beyond that
of prior dose and fractionation to
correlate with reirradiation toxicity.

Conclusion
PTX and VE are safe interventions

that may prophylactically reduce
rates of grade 3 pneumonitis for
patients receiving subsequent SABR
for recurrent NSCLC. Additional
studies should be performed to
evaluate the use of PTX and VE in the
retreatment setting.

References
1) Chang JY, Mehran RJ, Feng L,
et al. Stereotactic ablative radiotherapy
for operable stage i non-small-cell lung
cancer (revised STARS): long-term results
of a single-arm, prospective trial with
prespecified comparison to surgery. Lancet
Oncol. 2021;22(10):1448-1457. doi:10.1016/
S1470-2045(21)00401-0

2) Curran WJ Jr, Paulus R, Langer CJ, et al.
Sequential vs. concurrent chemoradiation
for stage III non-small cell lung cancer:
randomized phase III trial RTOG 9410. J
Natl Cancer Inst. 2011;103(19):1452-1460. doi:
10.1093/jnci/djr325

3) Wu K-L, Jiang G-L, Qian H, et al.
Three-dimensional conformal radiother-
apy for locoregionally recurrent lung
carcinoma after external beam irradiation:
a prospective phase i-II clinical trial. Int J
Radiat Oncol Biol Phys. 2003;57(5):1345-1350.
doi:10.1016/s0360-3016(03)00768-5

4) Kelly P, Balter PA, Rebueno N, et al.
Stereotactic body radiation therapy for
patients with lung cancer previously treated
with thoracic radiation. Int J Radiat Oncol
Biol Phys. 2010;78(5):1387-1393. doi:10.1016/j.
ijrobp.2009.09.070

5) Brooks ED, Verma V, Senan S, et al.
Salvage therapy for locoregional recur-
rence after stereotactic ablative radiother-
apy for early-stage NSCLC. J Thorac Oncol.
2020;15(2):176-189. doi:10.1016/j.jtho.2019.10.
016

6) Dion MW, Hussey DH, Doornbos JF,
et al. Preliminary results of a pilot study
of pentoxifylline in the treatment of late
radiation soft tissue necrosis. Int J Radiat
Oncol Biol Phys. 1990;19(2):401-407. doi:10.
1016/0360-3016(90)90549-y

7) Dion MW, Hussey DH, Osborne JW.
The effect of pentoxifylline on early and
late radiation injury following fractiona-
ted irradiation in C3H mice. Int J Radiat
Oncol Biol Phys. 1989;17(1):101-107. doi:10.
1016/0360-3016(89)90376-3

8) Ozturk B, Egehan I, Atavci S, Kitapci M.
Pentoxifylline in prevention of radiation-
induced lung toxicity in patients with
breast and lung cancer: a double-blind
randomized trial. Int J Radiat Oncol Biol
Phys. 2004;58(1):213-219. doi:10.1016/s0360-
3016(03)01444-5

9) Ward A, Clissold SP. Pentoxifylline.
a review of its pharmacodynamic and
pharmacokinetic properties, and its
therapeutic efficacy. Drugs. 1987;34(1):50-97.
doi:10.2165/00003495-198734010-00003

10) Jacobson G, Bhatia S, Smith BJ, et al.
Randomized trial of pentoxifylline and
vitamin E vs standard follow-up after
breast irradiation to prevent breast fibrosis,
evaluated by tissue compliance meter. Int
J Radiat Oncol Biol Phys. 2013;85(3):604-608.
doi:10.1016/j.ijrobp.2012.06.042

11) Misirlioglu CH, Demirkasimoglu T,
Kucukplakci B, Sanri E, Altundag K.
Pentoxifylline and alpha-tocopherol in
prevention of radiation-induced lung toxicity
in patients with lung cancer. Med
Oncol. 2007;24(3):308-311. doi:10.1007/s12032-
007-0006-z

12) Dunlap NE, Yang W, McIntosh A,
et al. Computed tomography-based anatomic
assessment overestimates local tumor
recurrence in patients with mass-like
consolidation after stereotactic body
radiotherapy for early-stage non-small
cell lung cancer. Int J Radiat Oncol
Biol Phys. 2012;84(5):1071-1077. doi:10.1016/j.
ijrobp.2012.01.088

13) Tutz G, Hennevogl W. Random effects
in ordinal regression models. Comput Statist
Data Anal. 1996;22(5):537-557. doi:10.1016/
0167-9473(96)00004-7

RESEARCH ARTICLE Effect of Pentoxifylline and Vitamin E in Preventing Grade 3 Radiation Pneumonitis

8 Applied Radiation Oncology June 2025



14) Zeger SL, Liang KY. An overview of
methods for the analysis of longitudinal
data. Stat Med. 1992;11(14-15):1825-1839. doi:
10.1002/sim.4780111406

15) R Core Team. A Language and
Environment for Statistical Computing; 2024.
https://www.R-project.org/

16) Schallenkamp JM, Miller RC, Brink-
mann DH, Foote T, Garces YI. Incidence
of radiation pneumonitis after thoracic
irradiation: dose-volume correlates. Int J
Radiat Oncol Biol Phys. 2007;67(2):410-416.
doi:10.1016/j.ijrobp.2006.09.030

17) Li F, Liu H, Wu H, Liang S, Xu Y. Risk
factors for radiation pneumonitis in lung
cancer patients with subclinical intersti-
tial lung disease after thoracic radiation
therapy. Radiat Oncol. 2021;16(1):70. doi:10.
1186/s13014-021-01798-2

18) Jang JY, Kim SS, Song SY, et al. Radiation
pneumonitis in patients with non-small-
cell lung cancer receiving chemoradio-
therapy and an immune checkpoint
inhibitor: a retrospective study. Radiat Oncol.
2021;16(1):231. doi:10.1186/s13014-021-01930-
2

19) Liu H, Zhang X, Vinogradskiy YY,
et al. Predicting radiation pneumonitis after
stereotactic ablative radiation therapy in
patients previously treated with conventional
thoracic radiation therapy. Int J Radiat Oncol
Biol Phys. 2012;84(4):1017-1023. doi:10.1016/j.
ijrobp.2012.02.020

20) Yang WC, Hsu FM, Chen YH, et al.
Clinical outcomes and toxicity predictors
of thoracic re-irradiation for locoregionally
recurrent lung cancer. Clin Transl Radiat
Oncol. 2020;22:76-82. doi:10.1016/j.ctro.2020.
03.008

21) Patel R, Rezaei A, Zhang Y, Podder
T, Biswas T. EP08.04-02 evaluating safety
profiles of radiation-related toxicities in
thoracic re-irradiation. J Thorac Oncol.
2023;18(11):S591. doi:10.1016/j.jtho.2023.09.
1111

22) Pareek P, Sharma A, Thipparampalli
JR, et al. Pentoxifylline and vitamin E
alone or in combination for preventing and
treating side effects of radiation therapy and
concomitant chemoradiotherapy. Cochrane
Database Syst Rev. 2016;2021(10):CD012117.
doi:10.1002/14651858.CD012117

23) Rodrigo R, Guichard C, Charles R.
Clinical pharmacology and therapeutic
use of antioxidant vitamins. Fundam Clin
Pharmacol. 2007;21(2):111-127. doi:10.1111/j.
1472-8206.2006.00466.x

24) Magnusson M, Höglund P, Johansson
K, et al. Pentoxifylline and vitamin
e treatment for prevention of radiation-
induced side-effects in women with
breast cancer: a phase two, double-blind,
placebo-controlled randomised clinical trial
(ptx-5). Eur J Cancer. 2009;45(14):2488-2495.
doi:10.1016/j.ejca.2009.05.015

25) Miller ER 3rd, Pastor-Barriuso R, Dalal
D, et al. Meta-analysis: high-dosage vitamin
e supplementation may increase all-cause
mortality. Ann Intern Med. 2005;142(1):37-46.
doi:10.7326/0003-4819-142-1-200501040-00110

26) Bjelakovic G, Nikolova D, Simonetti
RG, Gluud C. Antioxidant supplements for
prevention of gastrointestinal cancers: a
systematic review and meta-analysis. Lancet.
2004;364(9441):1219-1228. doi:10.1016/S0140-
6736(04)17138-9

27) Klein EA, Thompson IM Jr, Tangen
CM, et al. Vitamin E and the risk
of prostate cancer: the selenium and
vitamin E cancer prevention trial (SELECT).
JAMA. 2011;306(14):1549-1556. doi:10.1001/
jama.2011.1437

Effect of Pentoxifylline and Vitamin E in Preventing Grade 3 Radiation Pneumonitis RESEARCH ARTICLE

June 2025 Applied Radiation Oncology 9

https://www.R-project.org/

	The Effect of Pentoxifylline and Vitamin E in Preventing Grade 3 Radiation Pneumonitis: A Single-Arm, Phase II Prospective Study
	Introduction
	Materials and Methods
	Statistical Design

	Results
	Demographics
	Grades of Radiation Pneumonitis and Drug-Related Toxicities
	Tumor Recurrence and Overall Survival

	Discussion
	Strengths and Limitations
	Conclusion


