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Smoking increases breast toxicity despite
adjuvant hypofractionated IMRT in early
breast cancer
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Abstract

Objective To evaluate the impact of smoking on acute and chronic toxicity in early breast cancer patients treated
with hypofractionated intensity-modulated radiation therapy (IMRT) and a brachytherapy boost following breast-
conserving surgery.

Methods A retrospective study of 638 patients treated between 2009 and 2017, with 566 having recorded smoking
status. Acute toxicity was assessed at treatment end and chronic toxicity at least one-year post-treatment, using
Common Terminology Criteria for Adverse Events v4.0. Statistical analyses included chi-square tests and relative risk
(RR) calculations.

Results A total of 566 patients were included in the study, with 31.3% being smokers. The cohort was followed for
a median of 6 years (range: 1-11 years). Acute toxicity was primarily characterized by radiodermatitis, with 87.6%
of patients developing grade 1 and 5.5% experiencing grade 2. No cases of grade > 3 were observed, and 6.9% of
patients did not experience radiodermatitis. Bleeding was rare (1.1%) and infections occurred in 2.0% of patients.
Regarding chronic toxicity, 67.1% of patients had no fibrosis, while 27.4% had grade 1 fibrosis. Grade 2 and grade

3 fibrosis were observed in 4.9% and 0.6% of patients, respectively, with no cases of grade 4 fibrosis. Edema was
present in 8.0%, and 4.4% of patients reported chronic pain. When comparing smokers and nonsmokers, acute
toxicity incidence, particularly radiodermatitis, was similar between the two groups. Smokers had a significantly
higher incidence of chronic fibrosis (35.6% vs. 24.7%, p=0.013) and chronic pain (7.9% vs. 3.3%, p=0.024) compared
to nonsmokers. However, there were no significant differences in the occurrence of edema between smokers and
nonsmokers (7.9% vs. 8.0%, p=0.879).

Conclusion While advanced radiation techniques such as hypofractionated IMRT improve overall toxicity profiles,
smoking significantly exacerbates chronic toxicity in breast cancer patients. This study underscores the urgent need
for comprehensive smoking cessation programs as part of cancer care, addressing lifestyle factors to improve patient
outcomes and quality of life.
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Introduction

Radiation therapy (RT) plays a fundamental role in the
adjuvant treatment of breast cancer (BC), offering a sig-
nificant increase in local control and overall survival
[1]. Modern irradiation techniques, such as intensity-
modulated radiation therapy (IMRT), reduce the toxic-
ity of adjuvant RT in BC by delivering the dose uniformly
throughout the breast while ensuring strict compliance
with dose-volume constraints of adjacent organs at risk,
including the skin [2]. Furthermore, the widespread use
of moderate hypofractionation protocols (40 Gy/15 ses-
sions) has reduced toxicity to the breast while maintain-
ing oncological efficacy [3].

The deleterious effects of smoking are well-known,
not only for its carcinogenic impact but also for its nega-
tive influence on tumor control, survival, quality of life,
and the toxicity of oncological treatments [4, 5]. Previ-
ous research has indicated that smoking can worsen the
side effects of adjuvant RT in BC. In patients who have
received adjuvant 2D/3D RT with conventional fraction-
ation (50 Gy/25 sessions), smoking is associated with a
higher risk of complications in breast reconstruction or
severe skin reactions [6]. Although the biological mech-
anism is not fully understood, it appears that inhaled
tobacco promotes inflammation and oxidative stress,
leading to a hypoxic microenvironment that exacerbates
radiation-induced damage [7].

Recent evidence suggests that smoking still has a del-
eterious effect on breast toxicity in patients treated
with hypofractionated adjuvant RT, indicating that the
improvement in the breast toxicity profile provided by
this fractionation scheme does not fully counteract the
negative impact of smoking [8]. Additionally, it is not
entirely clear whether the negative influence of tobacco
smoking is mitigated when hypofractionated RT is per-
formed using a highly conformal technique such as IMRT
and to what extent it does so.

Given the incidence of BC, with over two million cases
diagnosed annually worldwide, it is critical to identify not
only treatment-related factors that may cause unwanted
side effects but also lifestyle habits, especially those that
are preventable.

Materials and methods

The objective of this study was to evaluate the impact
of smoking on acute and chronic toxicity in early breast
cancer (BC) patients treated with hypofractionated
intensity-modulated radiation therapy (IMRT) and a BT
boost following breast-conserving surgery (BCS).

This descriptive, retrospective, longitudinal, and obser-
vational study was approved by the local Research and
Ethics Committee (code 2020/UEMO1). The protocol
and the oncological and toxicity outcomes of the entire
cohort have been previously published [9]; this is a post-
hoc sub-analysis focusing on the impact of smoking on
the toxicity profile.

Patients with ductal carcinoma in situ (DCIS) and early
invasive carcinomas without indication for elective nodal
irradiation (therefore, the PTV-planning target volume-
is the volume of the breast) were included. All patients
received hypofractionated adjuvant whole-breast for-
ward-planned-IMRT (40.05 Gy in 15 sessions) followed
by a single session of HDR-BT boost under local anesthe-
sia on an outpatient basis.

Radiodermatitis at the end of the external RT and
hemorrhagic or infectious complications during the
month following HDR-BT were defined as acute toxicity.
Chronic events, evaluated at least one year after the end
of treatment and always according to the physical exami-
nation performed at the last follow-up visit to which the
patient attended, included fibrosis, breast edema and
pain requiring daily analgesia of > 1st step of the analgesic
ladder. Only patients with explicitly recorded and graded
toxicity in their medical records, using The Common
Terminology Criteria for Adverse Events (CTCAE) v4.0
scale, were considered. Patients who had never smoked
or had quit smoking more than one year prior to onco-
logical treatment were considered non-smokers. Active
smokers or those who had quit smoking in the year prior
to diagnosis were considered smokers.

Chi-square tests were used to assess the association
between toxicity, its severity, and smoking habits. Addi-
tionally, regression analyses were conducted to estimate
the relative risk (RR) associated with smoking, adjust-
ing for clinical and treatment variables: PTV volume
in cc, maximum PTV dose, minimum PTV dose, PTV
D95, PTV D2, prior chemotherapy treatment, hormonal
treatment, diabetes mellitus, and obesity. Results were
reported as adjusted RR with 95% confidence inter-
vals (CI 95%) and adjusted p-values. An ordinal regres-
sion analysis was used to assess the association between
smoking and the severity of radiodermatitis and fibrosis
(in grades). The model estimated regression coefficients,
95% confidence intervals (CIs), and p-values. Statisti-
cal analyses were performed using IBM SPSS v.27, and a
p-value of <0.05 was considered statistically significant.
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Results

Between 2009 and 2017, a total of 638 patients were
treated according to this protocol. The relationship
between tobacco use and toxicity was studied in 566
patients, whose smoking data were known and who were

Table 1 Clinical characteristics of BC patients treated with
adjuvant hypofractionated IMRT after BCS and known smoking
status

Whole Smokers Non- P
cohort (n=177) smokers value
(n=566) (n=389)
Age at diagnosis, me- 53.0[47; 51[46,59] 54[47,64] 0.009
dian [Q1; Q3] 63]
Menopause (n, %) 288(509) 82(49.7) 206(529) 0.144
Breast laterality (n, %) 0.184
Right 292 (51.6) 84(475) 208(535)
Left 274 (484) 93(525) 181 (46.5)
Pathologic diagnosis 0410
(n, %)
IDC 444 (78.6) 145 (81.9) 299 (76.8)
DCIS 73(12.9) 20(113)  53(13.6)
ILC/Other 48 (8.5) 12(6.8)  36(93)
Subtype (n, %) 0518
DCIS 70(124) 20(11.3)  50(129)
Luminal phenotype
Luminal A 208 (36.8) 66 (37.3) 142 (36.5)
Luminal B HER2- 109 (19.3) 37(209) 72(185)
Luminal B HER2+ 42 (7.4) 13(7.3) 29 (7.5)
Luminal A/B* 75(13.3) 22(124)  53(13.6)
Pure HER2+** 10 (1.8) 1(0.6) 9(2.31)
Triple negative 43 (7.6) 17 (9.6) 26 (6.7)
Unknown 8(1.4) 1(0.6) 7(1.8)
pT (n,%) 0.119
T0 35(6.5)
TX 4(0.7) 0(0.0) 4(1.0)
Tis 72 (134) 20(11.3)  52(13.4)
Tia 32(5.9) 6(3.4) 26 (6.7)
Tb 129 (24.0) 48(27.1)  81(20.8)
Tic 221 (41.1) 75(424) 146 (37.5)
T2 45 (84) 11(6.2) 34(8.7)
13 0(0.0) 0(0.0) 0(0.0)
PN (n, %) 0.222
NO/NOitc 480(91.3)  146(82.5) 334(85.8)
N1/N1mic 46 (8.7) 18(10.2) 28(7.2)
>N2 0(0.0) 0(0.0) 0(0.0)
Chemotherapy (n,%) 0.729
No 368 (65.4) 118 (66.6) 250 (64.3)
Neoadjuvant 66 (11.7) 22(124)  44(113)
Adjuvant 129 (22.9) 37(209) 92 (23.6)
Hormonotherapy (n, %) 462 (85.2) 148 (83.6) 314(80.7) 0.718

IDC: Infiltrating ductal carcinoma; DCIS: Ductal carcinoma in situ; ILC: Infiltrating
lobular carcinoma; pT: patological tumour size (patient may have received
neoadjuvant treatment); Tis: Tumour in situ; pN: pathologic node status (patient
may have received neoadjuvant treatment); mic: micrometastasis; itc: isolated
tumour cells; * Luminal, unknown if A or B; ** HER2+, negative estrogen and
progesterone receptors
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the target of this substudy. Of these, 31.3% were identified
as smokers. The clinical characteristics of patients are
described in Table 1. The clinical characteristics of both
groups (smokers and nonsmokers) were well balanced,
except for a slight difference in mean age, this being mar-
ginally higher in nonsmokers. The mean follow-up time
was 6 years [1-11].

Globally, acute toxicity was similar between smokers
and non-smokers. However, chronic fibrosis and pain
were more likely to occur in smokers (35.6% vs. 24.7%,
p=0.013, RR=1.393, 95% CI [1.076-1.802] and 7.9% vs.
3.3%, p=0.024, RR=2.271, 95% CI [1.094—4.715], respec-
tively). In a univariate analysis, significant associations
were observed between various clinical and treatment-
related variables (PTV volume, maximum and minimum
PTV doses, PTV D95, PTV D2, prior chemotherapy,
hormonal therapy, diabetes mellitus, and obesity) and
the evaluated toxicities. For radiodermatitis, diabetes
mellitus and obesity were significantly associated with
increased risk (RR: 1.077, 95% CI [1.045-1.109], p <0.001
for both). For post-BT bleeding, obesity showed a high
relative risk (RR: 1.70e-11, 95% CI [1.45e-11-1.99e-11],
p<0.001). Regarding chronic toxicity, smoking was asso-
ciated with an increased risk of pain (RR: 2.271, 95% CI
[1.094-4.715], p=0.028), a larger PTV volume was sig-
nificantly associated with an increased risk of edema (RR:
1.001, 95% CI [1.000-1.002] p <0.001), and finally, smok-
ing and a larger PTV volume were significantly associ-
ated with a higher incidence of fibrosis (RR: 1.388, 95% CI
[1.074-1.794], p=0.012; RR: 1.001, 95% CI [1.000-1.002]
p<0.001). In the multivariate analysis, smoking, diabetes,
obesity and PTV volume were significantly associated
with toxicity. Smoking was positively related to the risk of
fibrosis (RR: 1.369, 95% CI [1.065-1.760]; p =0.014) and
chronic pain (RR: 3.338, 95% CI [1.461-7.625]; p =0.004).
PTYV volume increased the risk of edema (RR: 1.001, 95%
CI [1.000-1.002], p<0.001) and fibrosis (RR: 1.001, 95%
CI [1.000-1.002], p<0.001). Diabetes was also identified
as a significant factor associated with an increased risk
of fibrosis (RR: 1.670, 95% CI [1.113-2.505]; p=0.013).
Regarding acute toxicity, diabetes and obesity were sig-
nificantly associated with an increased risk, particularly
for radiodermatitis (diabetes: RR 1.049, 95% CI [1.025—
1.074], p <0.001; obesity: RR 1.047, 95% CI [1.016—1.078],
p=0.003). Smoking showed no significant association
with acute toxicity outcomes.

After adjusting for these variables, the statistical signifi-
cance remained for the association between smoking and
the risk of fibrosis and chronic pain (RR: 1.369, 95% CI
[1.065-1.760]; p=0.014) and (RR: 3.338, 95% CI [1.461—
7.625]; p=0.004), while no significance was found for
acute toxicity, particularly for radiodermatitis (RR: 1.028,
95% CI [0.983 - 0.075]; p=0.253; adjusted: RR: 1.021, 95%
CI[0.978-1.066]; p=0.348) (Table 2).
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Table 2 Acute and chronic toxicity in smokers and non-smokers BC patients treated with adjuvant hypofractionated IMRT following

BCS between 2009 and 2017

Smokers (n1=177) Nonsmokers (n=389) p-value RR (95% Cl)

Adjusted p-value** Adjusted RR (95% Cl)**

Acute toxicity

Radiodermatitis (n, %) 168 (94.9%) 359(923) 0.253
Bleeding (n, %) 2 (1.1%) 4(1.0 0915
Infection (n, %) 6 (3.4%) 5(1.3) 0.108
Chronic toxicity

Fibrosis (n, %) 63 (35.6%) 96 (24.7) 0.013
Edema (n, %) 14 (7.9%) 31(8.0) 0.879
Pain (n, %) 14 (7.9%) 1333) 0.024

1.028 (0.983-0.075) 0.348 1.021 (0.978-1.066)
0.551(0.062-0.898)  0.878 1.096 (0 0.202- 5.939)
2618(0.809-0463) 0.395 1.776 (0.473-6.661)

1.393 (1.076-0.802) 0.014
0.954 [0.521-0.0745)  0.644
2.271(1.094-0.715) 0.004

1.369 (0.473-6.661)
0.860 (0.456-1.625)
3.338(1.461-7.625)

** Adjusted relative risk for the following variables: PTV volume in cc, maximum PTV dose, minimum PTV dose, PTV D95, PTV D2, prior chemotherapy treatment,
hormonal treatment, diabetes mellitus, obesity; RR: Relative risk; Cl: Confidence interval

Table 3 Relationship between tobacco consumption and degree of toxicity

Smokers (n, %) Non-Smokers (n, %) Total (n, %) Regression coefficient P value Cl(95%)
(n=177) (n=389) (n=566)
Acute radiodermatitis
No 9(5.1%) 30 (7.7%) 39 (6.9%) -2477 <0,001 -2.828,-2.126
Grade 1 155 (87.6%) 341 (87.7%) 496 (87.6%) 3016 <0,001 2.591,3.440
Grade 2 0 (0.0%) 31 (7.9%) 31 (5.5%) 5281 <0.001 4.135,6427
Grade>3 0 (0.0%) 0(0.0%) 0 (0.0%)
Smokers (n, %) Non-Smokers (n, %) Total (n, %) Regression coefficient P value Cl (95%)
(n=155) (n=334) (n=486)
Fibrosis
No 90 (58.1%) 238 (71.3%) 328 (67.1%) -0.146 0014 -0.262,-0.030
Grade 1 44 (28.3%) 90 (27.0%) 134 (27.4%) 3.032 <0.001 2612,3451
Grade 2 18 (11.6%) 6 (1,8%) 24 (4.9%) 5.281 <0.001 4.135,6.427
Grade 3 3(1.9%) 0(0.0%) 3(0.6%) 6.000 0.001 2.000, 10.000
Grade 4 0 (0%) 0(0.0%) 0 (0%)

When evaluating the severity of fibrosis and radioder-
matitis based on tobacco consumption, it was found that
smoking was significantly associated with an increased
risk of developing fibrosis, particularly in its more severe
grades. Smokers were more likely to develop grade 1 and
grade 2 fibrosis, with regression coefficients of 3.032 (95%
CI [2.612-3.451], p<0.001) and 5.281 (95% CI [4.135-
6.427], p<0.001), respectively. Regarding radiodermatitis,
the majority of patients developed some degree of this
toxicity, predominantly grade 1. Among smokers, 168 of
177 patients (94.9%) presented radiodermatitis, while in
non-smokers, 359 of 389 patients (92.3%) developed this
condition. The ordinal regression analysis showed a coef-
ficient of 0.518 (95% CI [0.118-0.918], p=0.010), suggest-
ing that tobacco consumption is associated with a higher
likelihood of developing more severe grades of radioder-
matitis, although this was not statistically significant on a
global level (Table 3).

Discussion

In the realm of BC treatment, adjuvant RT remains a
cornerstone for enhancing local control and overall sur-
vival. Advanced techniques such as IMRT and hypofrac-
tionation have significantly improved toxicity profiles;

however, our study highlights a persistent issue: smoking
exacerbates chronic toxicity even when advanced radia-
tion protocols or techniques are employed.

Numerous studies have shown the harmful effect of
smoking on RT-related BC skin toxicity, most of them
in patients treated with non-conformal 2D/3D-RT and/
or conventional fractionation. A systematic review of
71 articles, 28 of which focused on this issue, found
that overall skin side effects were significantly worse in
patients with a history of smoking, although results were
conflicting when each type of toxicity was evaluated
independently, especially for acute dermatitis, fibrosis,
and pain [7]. Sharp et al. identified smoking as a major
predictor of severe radiodermatitis, with smokers expe-
riencing a risk up to 2.5 times higher than non-smokers
[6], but Hughes et al. [10] found that while smoking did
not significantly affect acute toxicity, it did contribute to
chronic side effects. This included fibrosis and pain with
an incidence of grade (G) 2 and G3 toxicity (including
fibrosis, pain, edema, and hyperpigmentation) of 18.2%
and 1.9%, respectively. Although the likelihood of side
effects in this last study is significantly higher than our
previously reported data (fibrosis G2, and G3 of 4.6%,
and 0.5%, respectively), probably due to the combination
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of hypofractionation with IMRT [9], the relationship
between smoking and RT toxicity aligns with our find-
ings: the observation of a significant association between
smoking and chronic fibrosis and pain but no notable
impact on acute toxicity.

In our study, although tobacco consumption was linked
to an increased risk of chronic fibrosis, the results for
radiodermatitis were more nuanced. Both regression and
adjusted regression analyses did not show a significant
relationship between smoking and acute skin toxicity.
However, ordinal regression revealed that smokers were
more likely to develop severe grades of radiodermatitis.
This suggests that while smoking did not increase the
overall incidence of acute toxicity, it may influence the
severity of skin reactions in patients who experienced
this toxicity, consistent with previous findings that smok-
ing can exacerbate radiodermatitis.

This finding may be attributed to the low incidence of
severe radiodermatitis within our study cohort. The lim-
ited number of grade 2 cases, coupled with the absence
of grade 3 or 4 cases, likely diminished the power of the
analysis to detect significant differences in acute skin
toxicity between smokers and non-smokers. Although
ordinal regression indicated that smokers had a higher
likelihood of developing more severe radiodermatitis,
the overall rarity of severe cases may have played a role
in the lack of a clear, statistically significant association
in the broader analysis. Furthermore, the use of highly
conformal techniques, such as intensity-modulated radi-
ation therapy (IMRT), along with the implementation of
hypofractionation, may have contributed to the reduced
overall toxicity observed in our cohort. These factors help
explain why our findings differ from previous studies,
which reported stronger associations between smoking
and skin toxicity, particularly in cohorts treated with less
advanced radiation methods.

However, while advanced radiation techniques such as
IMRT and hypofractionation have shown improvements
in the overall toxicity profiles of breast cancer treatment
[11], our study did not include data on non-smokers
treated with 3D RT. Consequently, it remains unclear
how these techniques may interact with the long-term
toxic effects of smoking. What can be concluded is that
smoking remains to be a significant factor contributing to
chronic toxicities across all patient groups. However, the
precise relationship between smoking and these newer
radiation protocols will only be fully understood through
comparative studies specifically designed to examine this
interaction. Until then, smoking cessation should there-
fore be a priority in the care of BC patients, particularly
those undergoing RT. Integrating smoking cessation pro-
grams into standard cancer care could potentially reduce
the risk of chronic toxicity and improve overall patient
outcomes and quality of life. By reinforcing smoking
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cessation efforts and providing support for patients to
quit smoking, healthcare providers can enhance the ben-
efits of advanced RT and improve long-term quality of
life for BC patients [12].

While the study provides valuable insights into the
impact of smoking on chronic toxicity after RT for BC,
several limitations should be considered. The study is ret-
rospective, which inherently limits the ability to establish
causal relationships. The reliance on historical data may
introduce biases related to patient recall or incomplete
medical records, particularly concerning smoking his-
tory, including duration, intensity, and cessation patterns.
Furthermore, the cohort studied was relatively homo-
geneous and may not fully represent the broader popu-
lation of BC patients, especially those with more varied
smoking habits or different treatment regimens.

Another limitation is the difficulty in accurately differ-
entiating between active smokers and recent ex-smokers,
which limited the ability to analyze the specific impact
of smoking during treatment on radiation-related toxic-
ity. The low incidence of severe radiodermatitis (grades
2—-4) in our cohort may also have reduced the power of
the analysis to detect significant associations between
smoking and acute skin toxicity. This, combined with the
focus on a specific patient population treated with hypo-
fractionated protocols, may limit the generalizability of
the findings to other breast cancer populations.

In future research, it would be essential to conduct
prospective studies with more comprehensive and accu-
rate data collection regarding smoking habits, including
self-reported smoking duration, objective measures for
smoking status, intensity, and timing of cessation [13, 14].
This approach would allow for a more precise evaluation
of how these factors influence both acute and chronic
radiation therapy toxicities. By obtaining detailed infor-
mation about smoking history, we could better under-
stand the dose-response relationship between tobacco
consumption and radiation-induced side effects. Such
studies would offer important insights into the long-term
effects of smoking, helping to refine treatment protocols
and potentially leading to more personalized care for
breast cancer patients.

Despite these limitations, the importance of this work
cannot be overstated. The study clearly demonstrates that
even with advancements in radiation techniques, smok-
ing continues to significantly exacerbate chronic toxicity,
reinforcing the need for targeted smoking cessation pro-
grams in cancer care. By highlighting the persistent risks
associated with smoking, this research underscores the
necessity of integrating lifestyle interventions into stan-
dard treatment protocols.
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Conclusions

While advancements in RT such as IMRT and hypo-
fractionation have reduced the overall toxicity of BC
treatment, smoking remains a significant factor that
exacerbates chronic fibrosis and pain after hypofraction-
ated IMRT in early BC. Our findings underscore the crit-
ical need for comprehensive smoking cessation programs
as part of cancer care. By addressing lifestyle factors
alongside advanced treatment modalities, we can bet-
ter manage and potentially mitigate long-term toxicities,
ultimately improving patient outcomes and quality of life.
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