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Abstract

Purpose: Radiation therapy can affect normal tissues in patients with breast cancer, causing adverse effects such as fibrosis. Although
there are several interventions for radiation-induced fibrosis, the efficacy of these procedures is still unclear. The purpose of this review
is to evaluate the efficacy of interventions for radiation-induced fibrosis in patients with breast cancer.

Methods and Materials: This is a systematic review of randomized clinical trials. Studies that compared any intervention for fibrosis
to another intervention, placebo, or no intervention were included. Outcomes assessed were fibrosis, adverse events, quality of life,
treatment adherence, pain, and functionality.

Results: A total of 2501 publications were found, and 7 studies were selected because they met the inclusion criteria. The interventions
for fibrosis were pentoxifylline and vitamin E, grape seed extract, kinesiotherapy, and endermotherapy. The results showed great
heterogeneity in the treatment protocols for radiation-induced fibrosis in patients with breast cancer and in their evaluation metrics.
The meta-analyses showed no benefit in using pentoxifylline and vitamin E compared with placebo or no intervention (standardized
mean difference: —0.30; 95% confidence interval, —0.79 to 0.20; P = .24 [very low evidence]) compared with placebo and vitamin E
(standardized mean difference: —0.09; 95% confidence interval, —0.66 to 0.49; P = .77 [moderate evidence]), respectively, assessed by
the Late Effects Normal Tissue Task Force—Subjective, Objective, Management, and Analytic (LENT-SOMA) scoring scale.
Conclusions: The effectiveness of these interventions for the treatment of radiation-induced fibrosis in patients with breast cancer
could not be determined. Although isolated studies show significant results favorable to the experimental groups, caution should be
exercised in these findings because of the small number, small sample size, and high risk of bias presented by some of the included
studies, which makes the recommendation for clinical practice still weak.

© 2022 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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to structural and functional changes. Fibrosis usually
begins within 4 to 12 months after the end of radiation
therapy, with progression for years, and it can affect the
skin, underlying fascia and muscles, organs, and bones.
The perpetuation of radiation-induced fibrosis can pro-
mote decreased joint range of motion, pain, lymphatic
and vascular dysfunction, as well as breast hardening, and
lead to breast retraction and fixation.'* Currently, there
are several options available for the treatment of radia-
tion-induced fibrosis. One should be cautious with the
use of drugs because these in vitro or in animals may
show promising results, but when in humans, the doses
are extrapolated and have high toxicity.’

Treatments described in the literature include kinesio-
therapy, manual massage, endermotherapy,"®® pentoxifyl-
line,” pentoxifylline e vitamin E,''® hyperbaric oxygen
therapy,'” proteinase inhibitors,"® grape seed extract,” pir-
fenidone,” mesenchymal stem cells,”" imatinib,” superoxide
dismutase,”” > pravastatin,” and antioxidants.*®

The responses found in the studies are not uniform.
Therefore, because there are divergent studies, observed
in isolation, it is not possible to state that the intervention
in question is really effective and safe for use in clinical
practice. Thus, the objective of the present systematic
review was to evaluate the efficacy of interventions pro-
posed for the treatment of radiation-induced fibrosis in
patients with breast cancer.

Methods and Materials

A systematic review of randomized clinical trials was
performed following the Cochrane Handbook of System-
atic Reviews of Interventions methodology”” and is regis-
tered in the International Prospective Register of
Systematic Reviews (CRD42019139573). Participants
older than 18 years, with diagnosis of breast cancer at
any stage of the disease, treated with radiation therapy
(exclusively or in combination), and that reported some
intervention for radiation-induced fibrosis were eligible
for inclusion. As for the type of intervention, any type of
treatment could be performed with the intention to
improve or resolve the radiation-induced fibrosis, and
the control group could perform any other intervention,
as well as placebo treatment or no intervention. The end-
points were incidence of fibrosis, intervention-related
adverse events, quality of life, adherence, pain, and func-
tionality of the affected region.

Searches were performed in the following databases:
Cochrane Central Library of Controlled Trials, MED-
LINE, Embase, LILACS, BIREME, SciELO, Scopus, Web
of Science, Pedro, Sigma Nursing Repository, Clinical-
Trials.gov, OpenGrey, WorldCat, and University of Sao
Paulo’s Integrated Search Portal. There were no language
restrictions. The instrument used was the Revised
Cochrane risk-of-bias tool for randomized trials, RoB 2.**

Data that could be pooled were analyzed in a meta-analy-
sis using RevMan version 5.3 software.”” Studies with het-
erogeneous data were described in a narrative summary.
For continuous outcomes, mean differences between
treatment groups at the end of follow-up were pooled
across studies that measured outcomes by the same scale.
Random model effect with inverse variance was used for
the meta-analyses, and evaluation of heterogeneity by
Higgins' inconsistency test (I°) was proposed.

Results

Study selection

A total of 2501 publications were found, resulting in
2110 publications for analysis of the inclusion and exclu-
sion criteria after duplicates were removed. We excluded
2094 after title and abstract analysis and 7 after reading
the full text. Nine publications (7 studies) were included:
Bourgeois et al,” Brooker et al'® and their protocol
NCT00041223,%° Delanian et al,'* Gothard et al,'* Jacob-
son et al'® and their protocol NCT00583700,”" Magnus-
son et al'” and Oliveira et al.” The main characteristics of
the 7 included studies are presented in Table 1.

Bias risk assessment

After judging the risk of bias, we observed methodo-
logical limitations with high risk of bias in 18% of the
domains. The highest probability of risk of bias was found
in the measurement of outcomes. The judgments for each
domain for each study can be seen in Figure 1. The narra-
tive synthesis of the data is described below and presented
in Tables 2 and 3, and the meta-analyses are presented in
Figure 2.

Similar studies that could be pooled to assess the fibro-
sis outcome were Delanian et al,'”> Magnusson et al, and
Jacobson et al. Data from these studies were pooled into 2
meta-analyses (Fig 2). In these studies, the experimental
group received treatment with pentoxifylline associated
with vitamin E and were assessed by the Late Effects Nor-
mal Tissue Task Force—Subjective, Objective, Manage-
ment, and Analytic (LENT-SOMA) scoring scale’” at 6
months in the study by Delanian et al, at 12 months in
the study by Magnusson et al, and at 18 months in the
study by Jacobson et al.

One of the meta-analyses (Fig 2A) compared treatment
with pentoxifylline and vitamin E versus placebo or no
intervention. In the study by Delanian et al,'” data from
the pentoxifylline and vitamin E group and the double
placebo group were used. The other meta-analysis
(Fig 2B) compared treatment with pentoxifylline and vita-
min E versus placebo and vitamin E. In the study by



Table 1

Characteristics of the 7 included studies

Delanian et al (2003)"*

Gothard et al (2004)'* Brooker et al (2006)"° Bourgeois et al (2008)” Magnusson et al (2009)"° Oliveira et al (2009)® Jacobson et al (2013)"¢

Number of reports
Country of origin
Number of groups
Allocation

All patients, n
Total E, n

Total C, n

Total losses, n (%)

Losses E, n
Losses C, n
Female sex, %
Male sex, %

Middle age, y

Oncologic treatment
previous to study

Did start the study
during or after RXT?

Experimental
group(s)

Control
group

Duration

Follow-up

1
France
4
1:1:1:1
24
6/6/6

Middle of 57 (£8)

RXT
w/w to QT and SUR

After; middle of
7y (£4) of RXT
Group A: PTX 800 mg
and vit. E 1000 mg oral;
Group B:
PTX 800 mg and placebo oral;
Group C:
placebo and vit. E 1000 mg oral

Group D:
just placebo oral

6 mo

NI

1

United Kingdom
2

1:1

68

35

33

5
(7.3)

NI
NI
67
1

Between 37 and 87
(63)

SUR (66), AE and RXT

After; middle of 2-41 y
of RXT; middle 15.5

PTX 800 mg and vit. E
1000 mg oral

Placebo oral

6 mo

3-6 mo

2

United Kingdom
2

2:1

66

44

22

5
(7.6)

4

1

66

0

Middle of 65

SUR and RXT
After; middle of

11y of RXT

Grape seed extract
300 mg oral

Placebo oral

6 mo

3 and 6 mo

1
France
2
1:1
20
10
10
0
(0)
0
0
20
0
Between 43 and 55

SUR and RXT
After; between 6 and

16 mo of RXT

Endermotherapy LPG
technique

Medical supervision

1 mo

1 mo

1
Sweden
2

1:1

83

42

41

23
(27.7)

12
11
83
0

Between 46 and
65 (56.5)

SUR w/w AE, assoc.
or not QT and RXT

After 1-3 mo of RXT

PTX 1200 mg and
vit. E 300 mg oral

Placebo + vit.
E 300 mg oral

12 mo

NI

1
Brazil
2

1:1

69

35

34

9
(13)

6

3

66

0

Middle of 50 (£10)

SUR w/w AE, assoc.

or not QT

During
(at first day RXT)

Kinesiotherapy

Without
kinesiotherapy

1.5 mo

The end of RXT to
6 mo after RXT

2

United States
2

1:1

53

26

27

6
(11.3)

3
3
NI
NI

Middle
of 57

SUR, SL, AE, and QT

After; next

PTX 1200 mg and
vit. E 1200 UI
oral

Standard treatment

6 mo

Middle of 51 mo

Abbreviations: AE = axillary emptying; assoc. = associated; C = control; E = experimental; NI = not informed; PTX = pentoxifylline; QT = chemotherapy; RXT = radiation therapy; SL = sentinel lymph node;
SUR = surgery; w/w = with or without; vit. = vitamin.
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Fig. 1 Graph and summary of the risk of bias judgment for each domain. (A) Graph of judgment of risk of bias for each

domain in percentages. (B) Summary of the risk of bias judgment for each included study. Abbreviations: + = low risk of

bias; ? = some concerns; - = high risk of bias.

Delanian et al,'” data from the pentoxifylline and vitamin
E group and the placebo and vitamin E group were used.
Although similar for data synthesis, the 3 studies had
some differences. Although the participants received the
same drugs (pentoxifylline and oral vitamin E), they were
applied at different doses.

The placebo group of Delanian et al'* was compared
with the no intervention group of Jacobson et al, but they
had some differences in relation to the LENT-SOMA
scale, in relation to the timing of data collection, and in
relation to the time interval from the end of radiation
therapy to the start of treatment. Delanian et al used the

LENT-SOMA Skin/Subcutaneous Tissue scale and col-
lected data 6 months after treatment, and the mean inter-
val between radiation therapy and intervention was 7
(£4) years.

The group in the study by Delanian et al'® that
received vitamin E and placebo was compared with the
group in the study by Magnusson et al that received the
same treatment. These 2 studies showed differences in
relation to the LENT-SOMA scale, in relation to the time
of data collection, and in relation to the time interval
from the end of radiation therapy to the start of treat-
ment. In the study by Magnusson et al, the LENT-SOMA



Table 2

Summary of results for fibrosis (and other related), quality of life, and functionality outcomes

Comparison of

Included study and

Treatment or

interventions sample size prevention Outcome Data collection Metric Result/effect size

Kinesiotherapy versus Oliveira et al (2009)," Prevention Scar adhesion 6 mo after RXT; Palpation of the scar and Group without kinesiotherapy had 48.8% of patients with
without N =69 adjacent area (present/ adherence, and the group with kinesiotherapy had 24%
kinesiotherapy absent); of patients with adherence (P = .04) (favoring kinesio-

therapy group).
Functionality (range of 6 mo after RXT Goniometry Kinesiotherapy group had increased flexion (3.2 degrees),
motion abduction (7 degrees), and external rotation (3.2
of the shoulder) degrees), while the group without kinesiotherapy had
decreased flexion (1.9 degrees) and abduction (0.2
degrees) and increased external rotation (0.6 degrees).
There was no difference for external rotation (P = .71)
for flexion (P = .02) and abduction (P = .006) (favoring
kinesiotherapy group).
Functional shoulder 6 mo after RXT Functional scale (0 = no diffi-  Kinesiotherapy group started the study with 5.5 (& 5.7)
capacity culty, 1 = mild, 2 = moder- and ended the 6 months with a score of 4.0 (% 5.6), and
ate, 3 = maximum, and the group without kinesiotherapy started with 3.6
4 = inability to perform)(0- (£ 4.4) and ended with 5.0 (& 5.3) (P = .43).
24)

Endermotherapy LPG Bourgeois et al (2008),” Treatment Skin tightening; 1 and 2 mo; EVA (0-10) In the endermotherapy group, 85.72% of the patients
technique versus N =20 reduced the induration in 2 mo, and in the follow-up
medical supervision group, the number of patients with induration

increased by 50%.

PTX and vit. E versus Delanian et al (2003),"” Treatment Fibrosis surface (cm?) 6 mo Clinical evaluation PTX and vit. E group decreased by 60% while double pla-
PTX and placebo N=24 cebo group reduced by 43% (P = .038). Two-way
versus placebo and ANOVA for the 4 groups without significance.
vit. E vs double
placebo

Fibrosis volume (cm?) 3 and 6 mo Ultrasound PTX and vit. E group reduced 73% while double placebo
group reduced 51% (P = .054). Two-way ANOVA for
the 4 groups without significance.

Slope of the surface and per mo Clinical evaluation PTX and vit. E group (P = .018) as a placebo group

volume of fibrosis (%) (P =.025). The PTX and vit. E group had a faster incli-
nation compared with the others (P = .036).

Fibrosis 6 mo LENT-SOMA Skin/Subcuta- There was no significant difference between the 4 groups

neous Tissue scale at 6 mo. The final results were 7.0 (1.7) for the PTX and
vit. E group, 7.6 (2.9) for the PTX and placebo group,
6.0 (2.2) for the placebo and vit. E group, and 7.4 (2.2)
for the double placebo group (data gross presented).

PTX and vit. E versus Jacobson et al (2013),"° Prevention Fibrosis 18 mo RTOG/EORTC Both groups showed similar results. Only the PTX and vit.
placebo N =53 E group had 1 patient with grade 6 (P = .60).

18 mo TCM (0-60 mm) PTX and vit. E group had an average of 0.88 (1.96) and
the placebo group 2.10 (2.16) (P = .047; favoring the
PTX and vit. E group).

18 mo LENT-SOMA Breast scale PTX and vit. E group had a final average of 1.00 (1.19)

and the placebo group had a final average of 1.59 (1.53)
(P = .1599).

(continued on next page),
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Table 2 (Continued)

Comparison of

Included study and

Treatment or

degrees)

interventions sample size prevention Outcome Data collection Metric Result/effect size
PTX and vit. E versus Gothard et al (2004),"* Treatment Skin hardening; 12 mo Scale 0-3 (palpation) PTX and vit. E group improved 19% and PTX and pla-
PTX and placebo N =68 cebo improved 24%.
Skin appearance No information Photography No additional information (images not shown).
Quality of life 6 mo from the end of Self-application of EORTC There was no significant change in either group (data not
treatment questionnaires (QLQ-C30 shown).
and BR23)
PTX and vit. E versus Magnusson et al (2009),'”  Treatment Fibrosis 12 mo LENT-SOMA Breast scale No significant difference was found between the groups in
placebo and vit. E N=383 the total score of the scale or in the subscale of objective
fibrosis.
Grape seed extract ver-  Brooker et al (2006)," Treatment Touchable hardening 12 mo Measuring tape and electronic ~ 29.5% in the grape seed extract group reduced >50% of
sus placebo N =66 area planimetry the area and 27.3% of the patients in the placebo group
reduced >50% (P = 1.00).
Breast appearance 12 mo Photography One patient of the placebo group showed improvement
and 2 of the grape seed extract group worsened.
Self-assessment of 12 mo Self-applied questionnaire Improvement of more than 2 degrees was noted in 2.3%
hardening (score 0-3 degrees) of patients in the grape seed extract group and in 4.5%
of patients in the placebo group.Improvement of at least
1 degree was noted in 50% of the patients in the grape
seed extract group and in 45.5% of the patients in the
placebo group.
Touchable hardening 12 mo Clinical palpation (score 0-3 One patient improved 2 degrees (grape seed extract

group), 1 patient completely regressed (placebo group),
and 29.5% of patients in the grape seed extract group
and 27.3% of patients in the placebo group had an
improvement of 1 degree.

Abbreviations: EORTC = European Organization for Research and Treatment of Cancer; FACT-H&N = Functional Assessment of Cancer Therapy—Head & Neck; LENT-SOMA = Late Effects Normal Tissue
Task Force—Subjective, Objective, Management, and Analytic; PTX = pentoxifylline; RTOG = Radiation Therapy Oncology Group; TCM = tissue compliance meter; vit. = vitamin.
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Table 3

Summary of results for pain and adverse event outcomes

Comparison of
interventions

Included study and
sample size

Treatment or
prevention

Outcome

Data collection

Metric

Result/effect size

PTX and vit. E versus
placebo

Grape seed extract ver-
sus placebo

Endermotherapy LPG
technique versus
medical supervision

PTX and vit. E versus
placebo and vit. E

PTX and vit. E versus
PTX and placebo
versus placebo and
vit. E versus double
placebo

Jacobson et al
(2013),"° N =53

Brooker et al
(2006),"” N = 66

Bourgeois et al
(2008),’
N=20

Magnusson et al
(2009),"" N =83

Delanian et al
(2003),"* N = 24

Prevention

Treatment

Treatment

Treatment

Treatment

Adverse events

Pain

Breast pain, hardness,
and tenderness

Dry skin

Erythema
Itching

Pain

Adverse events

Subjective pain and pain

management

Pain and discomfort

Adverse events

During the study

18 mo

12 mo

2 mo

2 mo
2 mo

2 mo

During the study

12 mo

12 mo

During the study

Clinical evaluation

VAS

Self-applied question-
naire (0 = none,
1 = mild,
2 = moderate, and
3 = marked)

Clinical

Clinical
VAS

VAS

Clinical

LENT-SOMA

VAS (0-100 mm)

Clinical

Several patients with nausea without vomiting. Effect disappeared
after 1 wk of treatment.
Treatment interruption: 1 patient in the PTX and vit. E group
(rash).

92.3% of patients in the PTX and vit. E group had no pain, while in
the placebo group 81.48% of patients had no pain (P = .4203).

11.4% of the patients in the grape seed extract group and 9.1% of
the patients in the placebo group reduced between 1 and 2
degrees. 27.3% of the patients in the grape seed extract group
and 31.8% of the patients in the placebo group reduced between
0 and 1 degree, and 50% of the patients in the grape seed extract
group and 54.5% of the patients in the group placebo showed no
improvement or worsening.

No patient had dryness in 2 mo.

In the massage group, 2 patients remained with erythema, while
none remained with erythema in the supervision group.

One patient remained in the massage group and 3 in the supervi-
sion group.

Massage group reduced pain patients from 4 to 1 since the first
assessment. Supervision group presented 1 at the beginning, rose
to 2 (1 mo) and finished with 1 (2 mo).

Nausea, bruising, neuropathic pain, thyrotoxicosis, bleeding from
the conjunctiva, vomiting, gastritis, diarrhea, gastrointestinal
disorder, depression, dizziness, tiredness, insomnia, investiga-
tions, weight loss, headache, and increased sweating. Dose
reduction: 2 patients in the PTX and vit. E group and 1 patient
in the placebo and vit. E group. Treatment interruption: 3
patients in the PTX and vit. E group and 1 patient in the placebo
and vit. E group. (There were serious events, but none related to
the study.)

The placebo and vit. E group showed a significant reduction
(P =.0022) while the PTX and vit. E group did not obtain signif-
icance (P = .35). Pain management showed an increase in medi-
cation use in the PTX and vit. E group (P = .0248).

There was significantly decreased pain (skin stiffness) in the PTX
and vit. E group (P =.0001) but not in the placebo and vit. E
group (P =.77).

A total of 10 of 22 patients experienced adverse events.
PTX and vit. E group: hot flashes (1), asthenia (1), vertigo and
headache (1).
PTX and placebo group: nausea and epigastric pain (2), hot
flashes (1), asthenia (3).
Placebo and vit. E group: no adverse events.
Double placebo group: nausea and epigastric pain (3), hot
flashes (1).

Abbreviations: LENT-SOMA = Late Effects Normal Tissue Task Force—Subjective, Objective, Management, and Analytic; PTX = Pentoxifylline; VAS = visual analog scale; Vit. E = Vitamin E.
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(A) Experimental Control Std. Mean Difference Std. Mean Difference Risk of Bias
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI ABCDETFG
Delanian 2003 717 6 74 22 6 19.0% -0.03 [-1.16, 1.10) 9200007
Jacohson 2013 1119 25 15 153 27 81.0% -0.36 [-0.91, 0.19) 27700000
Total (95% Cl) 31 33 100.0% -0.30 [-0.79, 0.20]
Heterogeneity: Tau®= 0.00; Chi*= 0.26, df = 1 (P = 0.61); 1= 0% 2 1 5 1 2
Test for overall effect: Z=1.17 © = 0.24) Favours [experimental] Favours [control]
Risk of hias legend
(A) Randorrization process
(B) Effect of assignment to intervention
(C) Effect of adhering to intervention
(D) Missing outcome data
(E) Measurement of the outcome
(F) Selection of the reported result
(G) Overall risk of bias

Experimental Control Std. Mean Difference Std. Mean Difference Risk of Bias

(B) Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, R , 95% CI IV, R 95% CI ABCDEFG
Delanian 2003 7 17 8 68 22 6 21.6% 0.47 [-0.69, 1.62] ®790008 2
Magnusson 2009 04 065 32 058 082 34 784% -0.24[-0.72,0.25] PP90088®
Total (95% CI) 38 40 100.0% -0.09 [-0.66, 0.49]
Heterogeneity: Tau®= 0.05; Chi*=1.23,df=1 (P=0.27), F=19% !2 41 B + %

Test for overall effect Z=030{P=0.77)

Risk of bias [egend

(A) Randomization process

(B) Effect of assignment to intervention
(C) Effect of adhering to intervention
(D) Missing outcome data

(E) Measurement of the outcome

(F) Selection of the reported result

(G) Overall risk of hias

Favours [experimental] Favours [control]

Fig.2 Forest plots of the meta-analyses. (A) Forest plot of comparison: pentoxifylline and vitamin E versus placebo or no
intervention. Outcome: fibrosis measured by the LENT-SOMA scoring scale. (B) Forest plot of comparison: pentoxifylline
and vitamin E versus placebo and vitamin E. Outcome: fibrosis measured by the LENT-SOMA scale. Abbreviations: + =
low risk of bias; ? = some concerns; - = high risk of bias; CI = confidence interval; IV = inverse variance; LENT-
SOMA = Late Effects Normal Tissue Task Force—Subjective, Objective, Management, and Analytic; SD = standard devia-

tion; Std. = standardized.

Breast scale was used, data collection occurred for 12
months, and the intervention started 1 to 3 months after
the end of radiation therapy.

Narrative data synthesis

The other 4 included studies”®'*'” could not be
grouped because they had differences in protocols, met-
rics, or outcomes assessed and had their results described
under each outcome of interest in this review.

Delanian et al,'* Gothard et al,"* Magnusson et al, and
Jacobson et al used in the experimental group the oral
administration of the association of the drugs pentoxifyl-
line and vitamin E. Delanian et al and Gothard et al used
the same dosage for both drugs (pentoxifylline 800 mg/d
and vitamin E 1000 mg/d), but could not have their data
pooled owing to different metrics in the evaluation of the
outcomes. Brooker et al orally administered grape seed
extract (300 mg) and 2 other studies used physical resour-
ces such as endermotherapy’ and kinesiotherapy.®
Regarding the outcomes of interest in this review, none of
the studies evaluated all the outcomes. Only the fibrosis
outcome was evaluated by the 7 studies. Some studies
evaluated this outcome directly and others indirectly.

Adherence to the intervention and number of partici-
pants lost were reported in all studies. In the study by
Gothard et al,"* there were 5 losses (adherence 93%) and
analysis was performed per protocol. Bourgeois et al
obtained 100% adherence and performed analysis by
intention to treat. In the study by Brooker et al, there
were 5 losses (4 in the experimental group and 1 in the
control group) at the 12-month reevaluation and the anal-
ysis was performed by intention-to-treat. Magnusson et al
lost 23 participants (27.7%). Of these, 4 dropped out of
the study because of adverse effects (3 from the experi-
mental group and 1 from the control) and 7 were with-
drawn during the study (4 from the experimental group
and 3 from the control) because of tumor progression
during treatment. Eight participants (4 from each group)
dropped out of the study owing to less than 75% research
compliance and 4 participants dropped out (1 from the
experimental group and 3 from the control). Magnusson
et al performed an intention-to-treat analysis as well as a
protocol analysis. In the study by Delanian et al,'* there
were 2 losses (1 in group A and 1 in group B) and analysis
by protocol was performed. In the study by Jacobson et al,
there were 6 losses. One patient in the experimental group
did not adhere to treatment and stopped treatment before
the 7-month follow-up (1/26). All controls completed the
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Table4 GRADE judgment of the quality of evidence for the fibrosis outcome

Judgment of the quality of evidence of the fibrosis outcome analyzed in Delanian et al (2003)'* and Magnusson et al (2009)"°

Patients: women treated for breast cancer
Context: treatment for radiation-induced fibrosis
Intervention: pentoxifylline with vitamin E
Comparison: placebo and vitamin E

Pentoxifylline with vitamin E compared with placebo and vitamin E for women treated for breast cancer with radiation-induced fibrosis

Anticipated absolute effects* (95% CI)

Risk with Risk with Number of
placebo and  pentoxifylline Relative effect participants Certainty of the
Outcome vitamin E and vitamin E (95% CI) (studies) evidence (GRADE) Comments
Fibrosis assessed with LENT-SOMA ~ The mean SMD: 0.09; SD lower 78 (2 RTCs) Pentoxifylline with vitamin E proba-
scoring scale. Follow-up: fibrosis (0.66 lower to 0.49 bly results in very little or no dif-
6-12 mo score was higher) MODERATE ference in fibrosis. The study by
3.29. Delanian et al'” presented meth-

odologic limitations and impreci-
sion of the results. In addition,
both studies did not show signifi-
cant differences between groups.

Judgment of the quality of evidence of the fibrosis outcome analyzed in Delanian et al (2003)'” and Jacobson et al (2013)'®

Patients: women treated for breast cancer
Context: treatment for radiation-induced fibrosis
Intervention: pentoxifylline with vitamin E
Comparison: placebo or standard follow-up

Pentoxifylline with vitamin E compared with placebo or standard follow-up for women treated for breast cancer with radiation-induced fibrosis

Anticipated absolute effects* (95% CI)

LENT-SOMA scoring was 4.45. (0.79 lower to 0.2
scale. Follow-up: higher)
6-18 mo

Risk with
Risk with placebo pentoxifylline Relative effect Number of Certainty of the
Outcome and vitamin E and vitamin E (95% CI) participants (studies) evidence (GRADE) Comments
Fibrosis assessed with The mean fibrosis score ~ SMD: 0.3; SD lower 64 Pentoxifylline with vitamin E proba-

(2 RTCs) bly results in very little or no dif-
ference in fibrosis. The study by
Delanian et al'> and Jacobson

et al'® presented methodologic
limitations, and the study by Dela-
nian et al presented imprecision of
the results. In addition, the studies
did not show significant differen-
ces between groups.

2ab
VERY TOW

SMD = standardized mean difference.
(and its 95% CI).
The GRADE Working Group grades of evidence are the following:

possibility that it is substantially different.

effect.

Abbreviations: CI = confidence interval; GRADE = Grading of Recommendations Assessment, Development and Evaluation; LENT-SOMA = Late
Effects Normal Tissue Task Force—Subjective, Objective, Management, and Analytic; RCT = randomized clinical trials; SD = standard deviation;

* The risk in the intervention group (and its 95% CI) is based on the risk assumed by the comparator group and the relative effect of the intervention
® High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.
® Moderate certainty: We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a

® Low certainty: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
® Very low certainty: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of

7-month follow-up. Three patients in the experimental
group and 3 in the control group did not return for the
18-month follow-up. Twenty-three patients in the experi-
mental group and 24 in the control group had their evalu-
ation after 18 months of treatment. This study performed
analysis by protocol. In the study by Oliveira et al, there
were 9 losses. Three patients in the experimental group
were discharged between the first and second evaluation,
either owing to infection and complications of chemo-
therapy (n = 2) or by withdrawal from treatment (n = 1).
These patients' data were not considered in the analysis.
Another 6 patients did not receive the third evaluation,
either because they died (2 in the experimental group and
1 in the control group) or because they changed address
(1 in the experimental group and 2 in the control group).

However, the data from these patients were considered in
the analysis.

Tables 2 and 3 show the narrative synthesis of the data
of the other outcomes analyzed with their respective
results and related studies. The studies that obtained
favorable results for the experimental group are listed at
the beginning of the tables.

Regarding the fibrosis outcome, 4 studies showed sig-
nificant results favorable to the experimental groups: Oli-
veira et al, Bourgeois et al, Delanian et al,'” and Jacobson
et al. Although these studies evaluated the same outcome
(fibrosis), they did not have the same intervention (except
2),’>'® which made it impossible to analyze the data
together to obtain reliable evidence, and they also had few
participants (between 20 and 78). Only the study by
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Gothard et al'* analyzed the quality of life outcome, find-
ing no significant differences between the groups. For
functionality, only the study by Oliveira et al analyzed
this outcome and showed results significantly favorable
with improvement in shoulder joint range of motion in
the experimental group (kinesiotherapy). For the pain
outcome, the 2 studies that showed significantly favorable
results for the experimental group were Bourgeois et al
and Magnusson et al.

Four studies reported adverse events: Delanian et al,”?
Jacobson et al, Magnusson et al, and Bourgeois et al. The
first 3 studies'>'>'® had significant adverse events that led
to discontinuation of some participants. The daily dose of
1200 mg pentoxifylline was the highest dose used in the
studies in this review. The studies by Jacobson et al and
Magnusson et al used the 1200 mg/d dose of pentoxifyl-
line and were the ones that reported the most important
adverse events. With the exception of the Magnusson et al
study, which had a longer duration (12 months), all other
studies that used pentoxifylline and vitamin E had a dura-
tion of 6 months.

Oliveira et al was the only study that obtained signifi-
cantly favorable results for the experimental group (kine-
siotherapy) in 2 outcomes (functionality and fibrosis).

An overall judgment of the quality of evidence
(Table 4) was performed using the GRADEpro GDT
(Grading of Recommendations Assessment, Development
and Evaluation) software. The quality of evidence was
considered very low on the fibrosis outcome when the
pentoxifylline with vitamin E group was compared with
the placebo group or standard follow-up, as both
studies'>'” had methodologic limitations. The study by
Delanian et al'* also showed imprecision of the results
(Table 4).

The analysis of the studies by Delanian et al'* and
Jacobson et al, shown in Figure 2A, included 64 partici-
pants and there was no significant difference (P = .24) in
favor of the experimental group (standardized mean dif-
ference: —0.30; 95% CI, —0.79-0.20).

The quality of evidence was judged as moderate for the
fibrosis outcome when the pentoxifylline and vitamin
E group was compared with the placebo and vitamin
E group, because the Delanian et al study'” had methodo-
logic limitations and imprecision of results (Table 4). The
analysis of the Delanian et al'* and Magnusson et al stud-
ies, shown in Figure 2B, included 78 participants and
also showed no significant difference (P = .77) in favor
of the experimental group (standardized mean difference:
—0.09; 95% CI, —0.66-0.49).

Discussion

From the studies included in this systematic review, it
is not yet possible to conclude on the efficacy of treatment
protocols for radioinduced fibrosis in patients with breast

cancer. Although the database search may have been quite
comprehensive (2501 references obtained), the number of
randomized clinical trials on the topic is still scarce
(n = 7). The studies are very heterogeneous methodologi-
cally, which makes it difficult to group them into further
meta-analyses. It was not possible to perform subgroup
analysis.

The investigations of Oliveira et al and Bourgeois et al
were the nonpharmacologic studies that showed favorable
results to the experimental group in the fibrosis outcome
and were shown to be safe by the absence of adverse
effects. The effects reported in the study by Bourgeois
et al (erythema and itching) do not seem to be related to
the treatment itself but to the post—radiation therapy
effects.

Although the results of Oliveira et al and Bourgeois
et al were significant, there is uncertainty about the poten-
tial effect of these interventions, considering that the sam-
ples of the included studies were too small for us to
ensure a good external validity of these protocols.

In addition, we found 18% of the domains evaluated in
the included studies with high risk of bias. This result
should be taken into consideration when interpreting the
results presented. Even with results favorable to the exper-
imental group, the reliability of obtaining these is poor.
Therefore, the evidence presented by the studies included
in this review lacked rigorous control for the randomiza-
tion process, for the masking of patients and researchers
or evaluators, and for the measurement of results, which
creates uncertainty about the efficacy or otherwise of the
findings of these primary studies and meta-analyses.

The causes of the high risk of bias observed in this
review stem mainly from the lack of standardization and
reliability of assessment methods for fibrosis, as many
proved to be inadequate, nonstandardized, and subjective.
Another factor that increased the risk of bias was the
small sample size. Delanian et al'” reported that larger
randomized studies are needed to confirm the antifibrotic
action of the association pentoxifylline and vitamin E.

The difficulty of standardization and the use of inade-
quate metrics or reporting of results increase the risk of
study bias. Helping to minimize methodological limita-
tions, some studies used quantitative methods to assess
fibrosis. In the study by Bourgeois et al, a 3-dimensional
profilometric analysis of skin contours obtained by a sili-
cone skin replica was used, and in the study by Jacobson
et al, a mechanical tissue compliance meter was used to
measure fibrosis.

Another issue observed was in relation to patient fol-
low-up. Two of the 7 studies did not report whether they
performed follow-up,'>'® one study performed for 1
month,” and 2 others performed for 3 to 6 months.'*"”
Because radiation-induced fibrosis is a chronic condition
that can appear late and evolve for many months or years,
it is essential that follow-up be done for a long period,
especially in preventive interventions that begin
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simultaneously or soon after radiation therapy. The ques-
tion of the interval between radiation therapy and the ini-
tiation of treatment for fibrosis should be analyzed with
caution. The presence of a wide interval between patients
in the same group may lead to heterogeneity and the need
for subgroup analysis.

The performance of immediate reconstruction
presents benefits (aesthetic, psychological and economic)
for the patient, but one must take into consideration the
adverse effects of radiation therapy in breast reconstruc-
tion. Reconstruction before radiation therapy has been a
factor that may lead to a higher incidence of fibrosis or
contracture of the breast in the long term, as well as
impairing the oncologic safety of the patient. A consensus
has been formed to perform reconstruction after radiation
therapy is completed.”*

Although there are still studies with controversial
results, an association between immediate reconstruction
with silicone implant and adjuvant radiation therapy has
been established, with cosmetic impairment, in addition
to loco-regional complications and systemic symptoms,
such as breast implant disease.”” Immediate reconstruc-
tion with implant has relative contraindication when it is
known that adjuvant radiation therapy will be required.
To minimize the complications of radiation therapy and
obtain cosmetic improvement, it is necessary to opt for a
2-stage reconstruction using an expander. Regarding
immediate autologous reconstruction, they also have con-
troversial results, but are shown to be less severe than
immediate reconstructions with silicone implants.*®

Dewael et al’” evaluated late complications in patients
who underwent immediate autologous reconstruction
compared with patients who underwent late autologous
reconstruction (after radiation therapy). The results
showed an incidence of fibrosis or contracture in 60% of
the women who underwent immediate autologous recon-
struction and in 2.5% of the women who underwent late
autologous reconstruction.””

A systematic review’ was conducted of 292 studies
that evaluated acute and late complication rates, and
found that both did not differ between postmastectomy
irradiated patients who underwent immediate or delayed
autologous breast reconstruction. The authors of this
study conclude that due to the benefits, immediate breast
reconstruction may be feasible for patients eligible for
adjuvant radiation therapy, but further studies are needed
due to limitations found (absence of data on the occur-
rence of fibrosis). Of the 44 studies included in the meta-
analysis, only 9 of them quantified fibrosis or contracture.
These 9 studies evaluated fibrosis in women with immedi-
ate reconstruction, and all (except one) reported incidence
of fibrosis. No meta-analysis of this variable was per-
formed due to lack of data likely caused by difficulty in
standardization.”’

Delayed autologous reconstruction is a possibility to
minimize the adverse effects of radiation therapy,

presenting better cosmetic results, lower complication
rates and greater patient satisfaction, but not all are candi-
dates for late autologous reconstruction or because they
do not want the technique, opting for silicone implant.*®

The results of the present systematic review point to the
need for new multicenter randomized clinical trials to
obtain larger samples and with better methodological
designs. In addition, it is suggested that the time gap
between the end of radiation therapy and the beginning of
the intervention should be as short as possible to achieve
better treatment results. New studies with the drugs pentox-
ifylline and vitamin E, with similar protocols and dosage to
the existing studies described in this review, are suggested,
so that a future update of this review can elaborate an evi-
dence of the effects of this intervention. We encourage
researchers to develop protocols with the use of kinesiother-
apy and endermotherapy for the treatment of radiation-
induced fibrosis since these therapies showed significantly
favorable outcomes and no adverse events.

Conclusion

It is not possible to conclude on the effectiveness of any
intervention studied to treat radiation-induced fibrosis in breast
cancer patients. The studies included a diversity of treatments
and metrics for outcomes. The results of this review should be
viewed with caution due to the small number and sample size
of studies, and the high risk of bias presented by some of the
included studies. Some isolated randomized controlled trials
indicate effectiveness in reducing radiation-induced fibrosis
with endermotherapy, kinesiotherapy as assessed by the
LENT-SOMA scale, as well as the combination of pentoxifyl-
line with vitamin E when assessing fibrosis by the Tissue Com-
pliance Meter. Kinesiotherapy also indicated a benefit in
shoulder function. Grape seed extract was also analyzed but
did not show effectiveness. More studies analyzed the effect of
pentoxifylline associated with vitamin E, and although some
indicated effect with proposed statistical analysis, when the rela-
tive risk was analyzed, the results did not hold, even when
meta-analysis was possible. All studies with pentoxifylline and
vitamin E had clinically relevant adverse events, unlike the
other interventions investigated.
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