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risk in patients having breast cancer
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Abstract: To analyze the effects of metformin in reducing radiation-induced cardiac toxicity (RICT) risk during adju-
vant radiotherapy (RT) after surgery for early-stage breast cancer women. We compare the consecutive occurrence 
of major heart events (heart failure and coronary artery disease) in women with early-stage breast cancer receiving 
adjuvant breast RT with metformin and in those receiving RT without metformin. A retrospective national cohort 
study was conducted using the Taiwan Cancer Registry of 2004-2014. This study included 6,993 women with early-
stage breast cancer who received adjuvant breast RT. Metformin users were defined as patients prescribed metfor-
min for >28 days during adjuvant breast RT. An inverse probability of treatment weighting (IPTW) Cox hazards model 
was used to estimate metformin effects on the occurrence of major heart events. Among women with breast cancer 
status post-surgery under adjuvant breast RT, 2,062 were prescribed metformin and 4,931 were not prescribed 
metformin. Cox proportional hazard regression analysis, with adjustment using IPTW, indicated that metformin use 
during adjuvant breast RT significantly reduces the risk of major heart events (adjusted hazard ratio [aHR], 0.789; 
95% confidence interval [CI], 0.645-0.965; P = 0.021). In another negative control exposure, thiazolidinedione use 
during adjuvant breast RT did not statistically reduce consecutive RICT risk (aHR, 1.106; 95% CI, 0.768-1.594; P = 
0.589). Our results suggest that metformin use during adjuvant breast RT was associated with reduced RICT risk in 
women with early-stage breast cancer.
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Introduction

Adjuvant breast radiotherapy (RT) improved lo- 
coregional control and disease-specific survi- 
val among patients with early-stage breast can-
cer [1]. Studies have reported adjuvant breast 
RT alone or RT in combination with other che-
motherapy resulting in large cohorts of breast 
cancer survivors who are subject to late compli-
cations from breast RT [2-6]. These studies 
have argued that therapeutic benefits of adju-
vant breast RT might be neutralized to some 
extent through delayed effects on the heart, 
thus decreasing the benefits of adjuvant bre- 
ast RT [2-6]. Irradiation of a significant volume 
of the heart with a sufficiently high dose can 
damage virtually any component of the heart, 

including the myocardium, pericardium, coro-
nary arteries, capillaries, heart valves, and he- 
art conducting system [7]. Pericarditis is the 
typical acute manifestation of radiation-induced 
cardiac toxicity (RICT), whereas chronic RICT, 
including pericardial disease, coronary artery 
disease (CAD), cardiomyopathy, valvular disea- 
se, and conduction abnormalities, eventually 
leading to heart failure (HF) can manifest years 
or decades after adjuvant breast RT [8-10]. 
These complications can cause significant car-
diac morbidity or mortality [11]. The data on  
the late RICT come primarily from survivors of 
breast cancer, where adjuvant breast RT is a 
frequent component of the initial management 
and survival is often prolonged, especially in 
early-stage breast cancer [12-14]. An aware-
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ness of the potential for RICT led to the devel-
opment of radiation protection drugs that might 
minimize irradiation injury to the heart or coro-
nary artery.

These contemporary studies have indicated 
that metformin substantially decreases anthra-
cycline-induced cardiotoxicity [15-19], althou- 
gh whether metformin could reduce RICT risk 
remains uncertain. Randomized controlled tri-
als (RCTs) in patients with diabetes and meta-
bolic syndrome have suggested that metformin 
improves peripheral endothelial function [20, 
21]. Many preclinical studies have shown the 
protective effects of metformin on anthracy-
cline-induced cardiotoxicity [15-19]. Further- 
more, some preclinical data have shown that 
metformin has some radioprotective, antioxi-
dant, and anti-fibrotic effects [22, 23]. However, 
no clinical data are available to prove the po- 
tential effect of metformin in decreasing RICT 
risk in patients with breast cancer receiving 
adjuvant breast RT with metformin use.

Studies examining the clinical utility of metfor-
min among women with early-stage breast can-
cer receiving adjuvant breast RT are scarce 
because current studies are mostly limited by 
the number of cases, few events of RICT, or a 
lack of treatment information. To undertake 
this task, we used a cohort of patients having 
both an early-stage breast cancer identified 
from the Taiwan Cancer Registry Database 
(TCRD), which consisted of a non-screened 
detected population. In 2015, >63.39% of the 
patients diagnosed with early-stage breast  
cancer were at pathologic stages I-II [24]. This 
population provides a relatively homogenous 
patient group to examine RICT following adju-
vant breast RT. In this study, we examined the 
consecutive RICT associated with metformin 
use among women with early-stage breast can-
cer who received metformin during adjuvant 
RT.

Patients and methods

Data source and study cohort

From the TCRD, we identified patients who had 
received a diagnosis of breast cancer between 
January 1, 2004 and December 31, 2015. The 
follow-up duration was from the index date to 
December 31, 2013. Our protocols were revi- 
ewed and approved by the Institutional Review 
Board of Taipei Medical University (TMU-JIRB 

201712019). The cancer registry database of 
the Collaboration Center of Health Information 
Application contains detailed cancer-related in- 
formation regarding clinical or pathological 
stages, pathological types, RT doses, and che-
motherapy regimens used [25-32]. In this st- 
udy, the diagnoses of the selected patients 
with left side breast cancer were confirmed 
according to their pathological data, and pa- 
tients who had received a diagnosis of left si- 
de breast invasive ductal carcinoma (IDC) were 
confirmed to have no other cancer or distant 
metastasis.

Selection of cases and controls

Inclusion criteria were a diagnosis of left side 
breast IDC, age >20 years, received adjuvant 
breast RT, and American Joint Committee on 
Cancer (AJCC) pathologic stage I-II cancer with-
out metastasis. The AJCC 7th edition was used 
for staging the breast IDC in all patients. 
Exclusion criteria were a history of cancer, HF, 
and CAD before breast IDC diagnosis, distant 
metastasis, male sex, in situ carcinoma, ciga-
rette smoking habit, non-IDC pathology, end-
stage renal disease, and use of anthracyclines 
or trastuzumab. The index date was the date on 
which patients finished adjuvant breast RT. 
Moreover, patients having left side breast IDC 
who did not receive sufficient adjuvant RT dose 
(≥50 Gy) to left side breast, dead before major 
heart events, adjuvant breast RT >2 months, or 
who did not receive breast surgery were exclud-
ed. Women with breast IDC who were pre-
scribed metformin of ≥28 Gy defined daily dose 
(DDD) during adjuvant breast RT comprised  
the case group and those who were prescribed 
metformin of <28 Gy DDD during adjuvant 
breast RT comprised the control group. Among 
women who received and did not receive met-
formin during adjuvant breast RT, 2.43% and 
1.98%, respectively, did not complete the adju-
vant breast RT course (≥50 Gy) within 2 mon- 
ths; these patients were excluded. No statisti-
cal difference was observed in the completion 
rate of the adjuvant breast RT course between 
the metformin and non-metformin use groups. 
Patients who had undergone hypofraction br- 
east irradiation, modern techniques such as 
Intensity Modulation Radiation Therapy, Volu- 
metric Arc Therapy, or respiratory gating were 
not included in the current study. We only 
included women with left side breast IDC who 
were prescribed metformin (≥28 DDD) or not 
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Statistical analysis

The cumulative incidence of major heart ev- 
ents was estimated using the IPTW-adjusted 
Kaplan-Meier method, and differences betwe- 
en both groups were determined using the Cox 
model test. After adjustment for confounders, 
the Cox proportional hazards method was used 
to model the time from the index date to major 
heart events among both groups. In the multi-
variate analysis, HRs were adjusted for age, 
COPD, DCSI, HTN, TIA, ischemic heart disease, 
and metformin use. All analyses were perfor- 
med using R Core Team (2018; version 3.5.1; R 
Foundation for Statistical Computing, Vienna, 
Austria). A two-tailed p value of <0.05 was con-
sidered statistically significant.

Results

In total, 6,993 women with early pathologic 
stage (stage I-II) left side breast IDC who under-
went breast surgery and completed adjuvant 
breast RT were enrolled (Table 1). Of these, 
2,062 and 4,931 women belonged to the met-
formin use and non-metformin use groups, 
respectively. The mean follow-up duration after 
the index date was 5.14 years (standard devia-
tion, 1.44 years). No significant differences 
were observed between the prevalence of 
COPD, TIA, and DCSI ≥1 in the two groups. In 
addition, the median ages were similar between 
the two groups (59.89 versus 59.35 years old 
in groups 1 and 2, respectively). However, in 
group 1, the percentage of old (age ≥60 years) 
patients was significantly higher than that in 
the group 2, 54.42% versus 44.62%, respec-
tively. The proportion of women with HTN in 
group 1 (73.86%) was higher than that in gr- 
oup 2 (58.99%). Furthermore, significantly mo- 
re patients had ischemic heart disease in group 
1 (27.55%) than in group 2 (22.49%; Table 1). 
Subsequent HF were identified in 241 (4.98%) 
and 74 (3.59%) patients in group 2 and group 
1, respectively (Table 2). Moreover, consecu-
tive CAD were identified in 236 (4.79%) and 72 
(3.49%) patients in group 2 and group 1, re- 
spectively. All consecutive major heart events 
were identified in 419 (8.50%) and 129 (6.26%) 
patients in group 2 and group 1, respectively. 
The median adjuvant breast RT dose and dura-
tion were 50.4 (50-59.4) Gy and 6.9 (5.8-8.0) 
weeks, respectively.

prescribed metformin (<28 DDD) during adju-
vant breast RT, but regardless of metformin 
use before or after the adjuvant breast RT. The 
enrolled patients were categorized into the fol-
lowing groups on the basis of their treatment 
modality to compare their consecutive major 
heart events (RICT) as the endpoint of interest 
(i.e., HF and CAD): group 1, metformin use dur-
ing adjuvant breast RT; and group 2, non-met-
formin use during adjuvant breast RT. The end-
points of RICT were defined based on previous 
studies about risk of ischemic heart disease 
(i.e., HF and CAD) in women after RT for breast 
cancer [5, 33].

Study covariates

Comorbidities were determined according to 
International Classification of Diseases, Ninth 
Revision, Clinical Modification (ICD-9-CM) co- 
des in the main diagnosis of inpatient records 
or if the number of outpatient visits was ≥2 
within 1 year. Comorbidities with onset 6 mo- 
nths before the index date were recorded. 
Continuous variables are presented as mean  
± standard deviation or median (1st quartile, 
3rd quartile), where appropriate. The significant 
independent predictors, such as chronic ob- 
structive pulmonary disease (COPD), diabetes 
complications severity index (DCSI), hyperten-
sion (HTN), transient ischemic attack (TIA), and 
ischemic heart disease, were determined using 
multivariate Cox proportional hazards regres-
sion analysis models, adjusted by using the 
inverse probability of treatment weighting (IP- 
TW) to determine the hazard ratios (HRs). Ge- 
neralized boosted models were used for esti-
mating the necessary propensity score weights 
based on Daniel’s study [34, 35]. Independent 
predictors were adjusted in the analysis, and 
major heart events among both groups were 
considered as end points, with group 2 (non-
metformin use) as the control. For negative 
control exposure, we used Cox proportional 
hazard regression analysis using IPTW adjust-
ment for the risk of major heart events in pa- 
tients with left side early breast cancer who 
were prescribed thiazolidinedione or not during 
adjuvant breast RT. Patients taking thiazolidin-
edione in combination with metformin during 
adjuvant RT were excluded from the study. The 
duration and total dose of adjuvant RT were 
noted for each patient from the claims data.
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age ≥60 years, HTN, TIA, ische- 
mic heart disease, and metform- 
in use during adjuvant breast  
RT were significant independent 
prognostic factors (Table 3). Age 
≥60 years (adjusted HR [aHR], 
1.355; 95% confidence interval 
[CI], 1.132-1.621; P<0.001), HTN 
(aHR, 1.412; 95% CI, 1.161-1.716; 
P<0.001), TIA (aHR, 1.400; 95% 
CI, 1.009-1.941; P = 0.044), and 
ischemic heart disease (aHR, 
1.500; 95% CI, 1.123-1.954; P< 
0.001) were significant indepen-
dent prognostic factors for major 
heart events (Table 3). Metform- 
in use ≥28 DDD during adjuvant 
breast RT could significantly re- 
duce the risk of major heart ev- 
ents (aHR, 0.789; 95% CI, 0.645-
0.965; P = 0.021). 

To avoid analytic flaws, we used 
analogous negative control to id- 
entify and resolve confounding as 
well as other sources of errors 
[36]. In Table 4, we chose analo-
gous oral hypoglycemic drugs (thi-
azolidinediones) as negative con-
trol exposure. After Cox propor-
tional hazard regression analysis 
using IPTW adjustment, similar re- 
sults indicated that age ≥60 ye- 
ars, HTN, TIA, and ischemic heart 
disease were significant indep- 
endent prognostic factors (Table 
4), but thiazolidinedione use ≥28 
DDD during adjuvant breast RT 
could not significantly reduce the 
risk of subsequent major heart ev- 
ents (aHR, 1.106; 95% CI, 0.768-
1.594; P = 0.589).

The estimates of the cumulative 
incidence of major heart events in 
women with left side breast IDC, 
obtained using the IPTW-adjusted 
Cox model method, were used to 
analyze the risk of major heart 
events associated with metformin 
use or not during adjuvant bre- 
ast RT (Figure 1). To investigate 

Cox proportional hazard regression analysis 
was conducted to investigate the risk of major 
heart events among the patients, with adjust-
ment using IPTW; the results indicated that  

the risk of major heart events after metformin 
use during adjuvant breast RT, the non-metfor-
min group was used as the control. After IPTW 
adjustment for age, COPD, HTN, DCSI, ischemic 

Table 1. Characteristics of women with early stages breast 
cancer who were and were not given metformin during adju-
vant breast radiotherapy interval

Metformin dose 
<28 DDD during 
RT (n = 4,931)

Metformin dose 
≥28 DDD during 
RT (n = 2,062) P-value

N (%) N (%)
Age <0.001
    <60 2,731 55.38 981 47.58
    ≥60 2,200 44.62 1,081 52.42
COPD 0.363 
    No 4,806 97.47 2,018 97.87
    Yes 125 2.53 44 2.13
HTN <0.001
    No 2,022 41.01 539 26.14
    Yes 2,909 58.99 1,523 73.86
TIA 0.100 
    No 4,788 97.10 1,986 96.31
    Yes 143 2.90 76 3.69
Ischemic heart disease <0.001
    No 3,822 77.51 1,494 72.45
    Yes 1,109 22.49 568 27.55
DCSI ≥1 0.750
    No 4,776 96.86 2,000 97.00
    Yes 155 3.14 62 0.30
RT, radiotherapy; DDD, defined daily dose; COPD, chronic obstructive pulmo-
nary disease; DCSI, Diabetes Complications Severity Index; HTN, hyperten-
sion; TIA, transient ischemic attack.

Table 2. Major heart events of women with early stage breast 
cancer who were and were not given metformin during adju-
vant breast radiotherapy interval

Metformin dose 
<28 DDD during 
RT (n = 4,931) 

Metformin dose 
≥28 DDD during 
RT (n = 2,062) P-value

N (%) N (%)
Heart failure 0.020
    No 4,690 95.11 1,988 96.41
    Yes 241 4.89 74 3.59
CAD 0.019 
    No 4,695 95.21 1,990 96.51
    Yes 236 4.79 72 3.49
All heart events 0.002 
    No 4,512 91.50 1,933 93.74
    Yes 419 8.50 129 6.26
RT, radiotherapy; DDD, defined daily dose; CAD, coronary artery disease.
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heart disease, and TIA, the Cox model p value 
of the cumulative incidence of major heart 
events was <0.021 (Figure 1). The higher cu- 
mulative incidence of major heart events was 
observed in the non-metformin use group. Ir- 
respective of thiazolidinedione use during adju-
vant breast RT, the Cox model p value after 
IPTW adjustment was 0.589 (Figure 2).

Discussion

Breast cancer has been the most commonly 
diagnosed cancer worldwide [37, 38]. Breast 
cancer incidence has decreased in North 
America but not in Asia, where it continues to 
show an increasing trend [38]. A notable ma- 
nifestation of the bimodal age distribution of 
breast cancer is observed in women [39]. The 
occurrence of early-onset breast cancer in the 

Asian population is earlier than that in the 
Western population, resulting in a higher inci-
dence of breast cancer in young Asian women 
[40-42]. Moreover, the occurrence of late-on- 
set breast cancer in Asian women is earlier  
(40-50 years) than in the Western countries 
(60-70 years), peaking at the age of 45-50 
years in most women [40-42]. In our previous 
study, adjuvant breast RT was found to increa- 
se RICT risk in patients with breast cancer, par-
ticularly in younger patients [35]. Therefore, it 
should be offered with optimal heart-sparing 
techniques or radioprotection drugs, particu-
larly in younger patients with early-stage breast 
cancer with good prognosis and long life ex- 
pectancy [35]. In this study, we evaluated the 
radioprotective effect of metformin on RICT. 
Furthermore, this is the first study to estimate 
the effect of metformin use in reducing RICT 

Table 3. Cox proportional hazard regression analysis using inverse probability of treatment weighting 
adjustment for the risk of major heart events in women with early stages breast cancer who were and 
were not given metformin during adjuvant breast radiotherapy interval

Crude HR (95% CI) Adjusted HR (95% CI) P-value
Age ≥60 1.560 (1.318-1.846) 1.355 (1.132-1.621) <0.001
COPD 1.704 (1.078-2.694) 1.451 (0.916-2.301) 0.113 
HTN 1.595 (1.332-1.910) 1.412 (1.161-1.716) <0.001
TIA 1.775 (1.295-2.434) 1.400 (1.009-1.941) 0.044 
Ischemic heart disease 1.884 (1.306-2.543) 1.500 (1.123-1.954) <0.001
DCSI (ref. = 0)
DCSI ≥1 1.353 (1.140-1.605) 1.121 (0.930-1.352) 0.231
Metformin DDD (ref. <28 DDD)
DDD ≥28 0.885 (0.726-1.078) 0.789 (0.645-0.965) 0.021
DDD, defined daily dose; COPD, chronic obstructive pulmonary disease; DCSI, Diabetes Complications Severity Index; HTN, 
hypertension; TIA, transient ischemic attack; HR, hazard ratio; CI, confidence interval.

Table 4. Cox proportional hazard regression analysis using inverse probability of treatment weighting 
adjustment for the risk of major heart events in women with early stages breast cancer who were and 
were not given thiazolidinediones during adjuvant breast radiotherapy interval

Crude HR (95% CI) Adjusted HR (95% CI) P-value
Age ≥60 1.450 (1.229-1.757) 1.350 (1.129-1.616) <0.001
COPD 1.693 (1.167-2.585) 1.481 (0.935-2.347) 0.094 
HTN 1.584 (1.441-1.821) 1.376 (1.132-1.672) <0.001 
TIA 1.864 (1.286-2.223) 1.406 (1.014-1.951) 0.041
Ischemic heart disease 1.795 (1.328-2.461) 1.501 (1.125-1.998) <0.001
DCSI (ref. = 0)
DCSI ≥1 1.342 (1.211-1.598) 1.086 (0.901-1.309) 0.386 
Thiazolidinedione DDD (ref. <28 DDD)
DDD ≥28 1.213 (0.844-1.743) 1.106 (0.768-1.594) 0.589 
DDD, defined daily dose; COPD, chronic obstructive pulmonary disease; DCSI, Diabetes Complications Severity Index; HTN, 
hypertension; TIA, transient ischemic attack; HR, hazard ratio; CI, confidence interval.
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Figure 2. Estimates of the cumulative incidence of 
major heart events in women with early stages breast 
cancer who were and were not given thiazolidinedio-
nes during adjuvant breast radiotherapy interval, as 
obtained using the inverse probability of treatment 
weighting-adjusted Kaplan-Meier method. Note: P 
value of Cox model test for cumulative incidence of 
major heart events of the two groups was 0.589.

risk in patients with breast cancer receiving 
adjuvant breast RT.

The proportion of people in old age and with 
HTN and ischemic heart diseases in group 1 
was greater than that in group 2, and the differ-
ences between the two groups in terms of 
COPD, TIA, and DCSI were nonsignificant (Table 
1). Age, HTN, and ischemic heart diseases are 
major risk factors for CAD or HF [43-51]. HTN 
increases the risk of CAD or HF at all ages [46, 
47]. The prevalence of CAD or HF has been 
increasing due to an increase in the aging pop-
ulation [43-45]. Ischemic heart diseases are a 
dominant cause of CAD or HF [49-51], adjuvant 
breast RT with scatter irradiation to coronary 
artery or heart might aggravate and speed up 
the process of CAD or HF [5, 35]. Patients with 
ischemic heart disease may have CAD or HF 
because of prior myocardial infarction followed 
by left ventricular dysfunction and remodeling, 
or hibernating myocardium due to chronic but 
potentially reversible ischemic dysfunction [50, 
51]. In addition, CAD may be present in pati- 
ents with HF from other causes and may some-
times be overlooked as a contributing factor 
[49]. Therefore, in our study, the endpoints of 
major heart events include CAD and HF (Table 
2). In the metformin use group, the number of 
patients with comorbidities such as old age, 
HTN, and ischemic heart diseases is greater 
but that with major heart events is lower than 
that of the non-metformin use group (Table 2). 
For the competing event, metformin users had 

a relatively high risk of major heart events com-
pared with non-metformin users. Despite the 
competition of unclear bias to the endpoint, the 
Cox model would be biased toward null with 
regard to the effect of metformin users hav- 
ing greater than expected proportions of under-
lying diseases and old age; hence, the conclu-
sions of the current study should remain valid.

HTN, TIA, old age, and ischemic heart disease 
were independent risk factors after Cox propor-
tional hazard regression analysis using IPTW 
adjustment for the risk of major heart events in 
patients with left side breast cancer irrespec-
tive of whether they were prescribed metformin 
during adjuvant breast RT (Tables 3 and 4). The 
findings were compatible with previous studi- 
es about risk factors for CAD or HF [43-51]. To 
avoid analytic flaws, we used analogous nega-
tive control to identify and resolve confounding 
as well as other sources of error [36]. In Table 
4, we choose analogous oral hypoglycemic 
drugs (thiazolidinediones) as negative control 
exposure because metformin and thiazolidine-
diones have similar efficacy as monotherapy 
and similar indications for patients with diabe-
tes [52]. After Cox proportional hazard regres-
sion analysis using IPTW adjustment, the simi-
lar results indicated that age, HTN, TIA, and 
ischemic heart disease were significantly inde-
pendent prognostic factors (Table 4), but thia-
zolidinedione use ≥28 DDD during adjuvant 
breast RT could not significantly reduce the risk 
of subsequent major heart events (Table 4  

Figure 1. Estimates of the cumulative incidence 
of major heart events in women with early stages 
breast cancer who were and were not given metfor-
min during adjuvant breast radiotherapy interval, as 
obtained using the inverse probability of treatment 
weighting-adjusted Kaplan-Meier method. Note: P 
value of Cox model test for cumulative incidence of 
major heart events of the two groups was 0.021.
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and Figure 2). If our results were highly affect-
ed by user bias, we would have found reduced 
RICT risk in all patients who received thiazoli-
dinediones or metformin. Although we cannot 
totally remove the potential user bias from our 
study because of the nature of an observa- 
tional study, all our analogous negative control 
analyses support the robustness of our results.

The strengths of this study were its large sam-
ple size, homogenous population, and the nov-
elty of the treatment for reducing RICT risk. This 
large-scale cohort study with a relatively long 
follow-up period evaluated the long-term RICT 
risk in patients with breast cancer patients. 
This is the first study to reveal that metformin 
use during adjuvant breast RT could lower RICT 
risk in patients with early-stage breast cancer. 
In clinical practice, metformin may be prescri- 
bed for patients with left side breast cancer 
patients receiving adjuvant breast RT. Metfor- 
min use specifically during adjuvant breast RT 
can be considered for clinical practice or fur-
ther selection of thoracic RT with scatter irradi-
ation dose to heart or coronary artery in future 
clinical trials.

This study had some limitations. First, because 
all patients in this study were Asian, the corre-
sponding ethnic susceptibility is unclear; hen- 
ce, our results should be cautiously extrapolat-
ed to non-Asian populations. Second, comor-
bidities were diagnosed solely according to 
ICD-9-CM codes. However, the Bureau of Na- 
tional Health Institute randomly reviews charts 
and interviews patients to verify the diagnosis 
accuracy. Thus, hospitals with outlier chargers 
or practices may be audited and subsequently 
charged with heavy penalties if instances of 
malpractice or discrepancies are identified. 
Finally, the TCRD does not contain information 
on dietary habits, socioeconomic status, or 
body mass index, which may be risk factors for 
major heart events. Therefore, a large-scale 
randomized trial of carefully selected patients 
receiving suitable treatments is essential to 
obtain crucial information on population speci-
ficity and disease occurrence. Considering the 
magnitude and statistical significance of the 
observed outcomes in this study, these limita-
tions probably did not affect the conclusions.

Conclusions

Metformin use significantly reduces RICT in 
patients with left side breast cancer receiving 
adjuvant breast RT.
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