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Background: This study was aimed to investigate the prognostic factors of early breast cancer treated
with breast-conserving surgery (BCS) and radiotherapy. Besides, we focused our attention exclusively on
the comparison of the impact on prognosis between intraoperative radiotherapy (IORT) and whole-breast
external beam radiotherapy (EBRT).

Methods: An observational cohort study was performed on patients with Tis-2 NO-1 MO breast cancer
from the Surveillance, Epidemiology, and End Results (SEER) database who treated with BCS and
radiotherapy. Cox regression analysis, Kaplan-Meier analysis, and propensity score matching (PSM) were
used to estimate risk factors for overall survival (OS) and breast cancer-specific survival (BCSS).

Results: Of the 98,614 early breast cancer patients treated with BCS and radiotherapy, 97,164 (98.5%)
patients underwent EBRT and 1,450 (1.5%) underwent IORT. Multivariable Cox regression analysis showed
that early breast cancer patients with age >65, poor marital status, lack of medical insurance, histological
grade III/IV (SEER 4 grades), high T stage, high N stage, and TNBC were associated with a decreased OS/
BCSS, whereas ER-positive and PR-positive were associated with an improved OS/BCSS. No significant
difference was observed in survival between IORT and EBRT groups (P=0.213 for OS, P=0.180 for BCSS),
or between intraoperative beam radiation and intraoperative radioactive implants groups (P=0.319 for OS,
P=0.972 for BCSS).

Conclusions: Our study can help clinicians identify patients with poor prognosis after breast-conserving
therapy. IORT may be an alternative to EBRT for early breast cancer patients who are unable to complete
the long-term postoperative radiation treatment. Beam radiation and radioactive implants are both ideal

alternatives for patients who choose IORT.
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Introduction

Breast cancer is the most common malignant tumor among
women all over the world (1). Since the initial radical
mastectomy, breast cancer surgical techniques have been
continuously developed. At present, how to preserve
the appearance and function of the breast best without
affecting the efficacy of standard treatments is receiving
increasing attention (2). The NCCN clinical practice
guidelines version 2019 recommended breast-conserving
surgery (BCS) followed by whole breast radiotherapy as
the preferred treatment for early breast cancer (3). Several
randomized trials have recommended BCS followed by
radiotherapy as the primary local treatment for the majority
of stage I-II breast cancer, because it was equivalent to
mastectomy on the prognosis (4-7). Although BCS followed
by radiotherapy is effective in the treatment of early breast
cancer, postoperative local recurrence and death are not
rare. In recent years, many prognostic factors such as
tumor size, lymph node status, histological grade, hormone
receptor status, and biological subtype have been proposed
to evaluate the recurrence and survival of early breast
cancer treated with BCS and radiotherapy (8,9), while many
prognostic factors are still unknown.

The standard method of whole-breast external
beam radiotherapy (EBRT), which is administrated by
45-50 Gy in 25-28 fractions to the whole-breast for
5-7 weeks, precludes a considerable proportion of
patients from receiving the complete course of radiation
treatment (3). To shorten the course of radiotherapy, the
fractionation strategies of radiotherapy have been changed
from standard schedules (50 Gy in single fractions of
2 Gy) to hypofractionated whole-breast radiation schedules
(39-42.9 Gy in single fractions of 2.6-3.3 Gy) (10-12).
Recently, the FAST-Forward study further recommended
26 Gy in 5 fractions as a shorter course of radiotherapy,
which was expected to become the standard fractionation
strategy of postoperative radiotherapy for early breast
cancer, because it was non-inferior to 40 Gy in 15 fractions
in both local tumor control and normal tissue effects (13).
Additionally, studies reported that 44-86% of ipsilateral
breast tumor recurrences (IBTR) concentrated in the
quadrant of primary lesions (14), leading to the emergence
of the accelerated partial breast irradiation (APBI) (15).
Combining the advantages of hypofractionated radiation
and APBI, the concept of intraoperative radiotherapy
(IORT) was proposed, which referred to the delivery of
single high-dose irradiation to the tumor bed under direct
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view during the operation. IORT allows a much shorter
therapy course, a reduced volume of the irradiated breast,
and an improved beauty effect (16-18). At the same time,
it also comes at a high cost, which is leading to a higher
local recurrence rate (LRR) (19,20). At present, most of
the studies are limited to discuss the effect of IORT on the
LRR, but the impact on the survival rate of patients has
been rarely discussed.

In this retrospective cohort study, we collected a large
number of samples from the surveillance, epidemiology,
and end results (SEER) database for retrospective analysis
to analyze the prognostic factors for early breast cancer
patients who underwent BCS and radiotherapy. Different
from the previous studies focusing on the recurrence rate
(19-21), we took survival rate as the prognostic indicator,
went through a long period of follow-up, and fully matched
the baseline clinicopathological factors with the help of
PSM, to discuss whether using IORT instead of EBRT will
affect the survival rate of patients. We present the following
article following the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/tcr-20-2441).

Methods
Data acquisition and patient selection

The SEER database of the National Cancer Institute is a
comprehensive population-based, publicly available cancer
database, covering about 26% of the U.S. population. The
SEER registry collects all data on patient demographics,
cancer incidence, primary tumor sites, cancer
histopathology, and survival rates. Our study cohort came
from the SEER 18 Regs Custom Data (with additional
treatment fields), Nov 2018 Sub (1975-2016 varying), using
the SEER*Stat software provided by the National Cancer
Institute. Informed consent is unnecessary because SEER
data are retrospective and unidentified. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013).

We collected patients with early breast cancer who
underwent BCS and radiotherapy from 2010 to 2016, this
date was used as the earliest period of this study because the
SEER registry began tracking information about HER-2
status in 2010. The inclusion criteria for this study were as
follows: (I) according to the 7th edition of the cancer staging
manual of the American Joint Commission on Cancer
(AJCC), breast cancer diagnosed with stage Tis-2 NO-1
MO; (I) histopathologically diagnosed as infiltrating duct
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carcinoma (IDC), infiltrating lobular carcinoma (ILC), IDC
mixed with other types of carcinoma, or ILC mixed with
other types of carcinoma (International Classification of
Disease for Oncology code: 8500, 8520, 8521, 8522, 8523,
8524); (III) received BCS, including partial mastectomy/
lumpectomy/re-excision of the biopsy site/segmental
mastectomy, etc. (site-specific surgery codes of 20-24); (IV)
received intraoperative or postoperative radiotherapy, the
IORT mode was beam radiation or radioactive implants, the
postoperative radiotherapy mode was beam radiation. The
exclusion criteria included: (I) race record unknown, marital
status unknown, laterality unknown, insurance record
unknown, incomplete surgical information, incomplete
radiotherapy information, or incomplete histopathological
information; (II) received preoperative radiotherapy, or
both intraoperative and postoperative radiotherapy; (11I)
multifocal or bilateral tumors.

Variables and outcomes

Demographic and disease characteristics identified in the
SEER database and collected in this analysis included: age,
year of diagnosis, race, marital status, insurance, laterality,
histological grade (SEER 4 grades), histological type, T
stage, N stage, ER status, PR status, HER-2 status, subtype,
chemotherapy record, radiotherapy record. The primary
endpoints of this study were overall survival (OS) and
breast cancer-specific survival (BCSS). OS was defined as
the duration from the day of diagnosis to death. BCSS was
defined as the time between initial diagnosis and death from
any cause related to breast cancer.

Statistical analysis

Categorical data were presented by number (n) and percentage
(%). Pearson chi-square test was used to evaluate the baseline
characteristics of patients, Monte Carlo method was adopted
when the minimum expected count <1, or more than 20%
cells have expected count <5. Univariate Cox proportional
hazards regression analysis was adopted to find potential
prognostic factors, multivariate Cox analysis was used to
predict independent risk factors for OS and BCSS, adjusting
for variables which were significant in the univariate model.
Hazard ratios and 95% confidence intervals (95% Cls) were
calculated. In the comparison of the survival for patients
treated with different radiation strategies, we included
demographic and clinicopathological characteristics in the
multivariate logistic regression model to perform propensity
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score matching (PSM) with 1:4 patient pairing and a caliper
size of 0.05, balancing the potential factors that may affect the
prognosis of patients. Kaplan-Meier analysis and log-rank test
were conducted to investigate the treatment effect on survival.
The loss to follow-up or follow-up interruption at the end of
the observation was treated as a censoring event. Moreover,
we applied a subgroup analysis to test the robustness of our
results. All the statistical analyses performed were double-
sided, P<0.1 indicated statistical significance in univariate Cox
analysis to include more risk factors in multivariate analysis,
P<0.05 indicated statistical significance in all other statistical
analyses. PSM was performed by R software (version 3.6.3), all
other data analyses were performed using SPSS (version 26,

IBM Corp.).

Results
Patient characteristics

We collected a total of 151,614 patients with early breast
cancer who underwent BCS and radiotherapy from 2010 to
2016. A total of 53,000 patients were excluded. Finally, a total
of 98,614 patients were included in this study (Figure I).

Among the 98,614 patients eligible for analysis (Table 1),
the median survival time for all patients was 36 months
(range, 0-83 months); 59,650 (60.5%) patients were less
than 65 years old, 80,018 (81.1%) patients were white,
61,791 (62.7%) patients had marital status of married or
partner, 88,866 (90.1%) patients had medical insurance.
The proportion of left breast cancer (50.4%) was similar
to that of right (49.6%); 45,397 (46.0%) patients were
grade II and 28,168 (28.6%) were grade I; 81,231 (82.4%)
patients had IDC, which was the most common histological
type; 75,742 (76.8%) patients were T'1 stage, while 80,901
(82.0%) patients were NO stage. Most patients were ER+
(87.8%), PR+ (78.6%), and HER-2- (89.2%). The most
common subtype was HR+/HER-2- (80.3%). A total of
31,661 (32.1%) patients received chemotherapy, 97,164
(98.5%) patients underwent whole-breast EBRT, and
1,450 (1.5%) patients underwent IORT. The proportion of
patients receiving IORT has increased in recent years, from
0.20% in 2010 to 2.15% in 2016.

Radiation strategy and other prognostic factors

A total of 3,367 deaths occurred, including 1,371 breast
cancer-related deaths. Univariate and multivariate Cox
regression was used to analyze the prognostic factors for
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151,614 Patients with Tis-2 NO-1 MO breast cancer who
underwent breast conserving surgery and radiotherapy
from the SEER database between 2010-2016 years

53,000 Excluded

36,963 Did not receive IORT or whole-breast EBRT
700 Unknown ER status

362 Unknown PR status

Y

Y

3,376  Unknown HER-2 status
5,926  Did not have IDC, ILC or mixed histology
4,442  Unknown marital status

490 Unknown race

741 Unknown insurance

| 98,614 Study population

v

97,164 Received EBRT

| 1,450 Received IORT

Figure 1 Flow chart of patient selection. SEER, surveillance, epidemiology, and end results; EBRT, external beam radiotherapy; IORT,

intraoperative radiotherapy; IDC, infiltrating duct carcinoma; ILC, infiltrating lobular carcinoma.

patients treated with BCS and radiotherapy (7able 2).
Univariate Cox regression analysis for OS showed that age,
marital status, insurance, histological grade, histological
type, T stage, N stage, ER status, PR status, subtype,
and radiation strategy were potential risk factors for OS.
The results of the multivariate Cox regression analysis of
these factors indicated that patients whose age >65 had a
significantly decreased OS compared to patients whose age
<65 (HR, 2.910; 95% CI, 2.704-3.132; P<0.001). Patients
who were never married (HR, 1.316; 95% CI, 1.185-1.462;
P<0.001) or widowed/divorced/separated (HR, 1.652; 95%
CI, 1.532-1.781; P<0.001) had a worse OS compared to
patients who were married or had a partner. Patients who
were uninsured or with any Medicaid had a decreased
OS compared to patients who were insured (HR, 1.553;
95% CI, 1.403-1.719; P<0.001). Patients with grade II1/
IV tumors had a worse OS compared to patients with
grade I/II (HR, 1.447; 95% CI, 1.332-1.573; P<0.001).
Although patients with mixed type tumors had an improved
OS compared to IDC (HR, 0.870; 95% CI, 0.767-0.986;
P=0.030), we didn’t consider the histological type as a risk
factor for OS because the overall P value didn’t achieve
the remarkable level (P=0.066). T2 stage (HR, 1.641; 95%
CI, 1.523-1.768; P<0.001) and N1 stage (HR, 1.455; 95%
CI, 1.344-1.576; P<0.001) were associated with a poorer
OS, whereas ER-positive (HR, 0.790; 95% CI, 0.665-
0.937; P=0.007) and PR-positive (HR, 0.829; 95% CI,
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0.746-0.920; P<0.001) were associated with an increased
OS. Patients with TNBC had a worse OS compared to the
other three subtypes (HR, 1.262; 95% CI, 1.066-1.494;
P=0.007). The results of univariate Cox regression analysis
for BCSS were similar to those of OS, indicating that
age, race, marital status, insurance, laterality, histological
grade, histological type, T stage, N stage, ER status, PR
status, subtype, chemotherapy, and radiation strategy
were potential risk factors for BCSS. By multivariate Cox
regression analysis of these factors, it was found that the risk
factors of BCSS were the same as those of OS.

Prognostic value of radiation strategy

In our study, we further focused our attention exclusively
on the comparison of the impact on prognosis between
IORT and whole-breast EBRT. After conducting PSM
with 1:4 patient pairing to balance the demographic and
disease characteristics (1able 3), it was found that almost all
characteristics achieved a good match between two groups
except marital status and histological type, which was
considered acceptable because they were multi-categorical
variables. We observed a better BCSS (P=0.006) and a trend
to better OS (P=0.070) in the IORT group compared to the
EBRT group in Kaplan-Meier analysis before PSM, but no
significant difference was observed in OS/BCSS between
the two groups after PSM (P=0.213 for OS, P=0.180 for
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Table 1 Basic characteristics of patients with breast cancer who
underwent breast-conserving surgery and radiotherapy (n=98,614)

Characteristics N (%)
Age
<65 years 59,650 (60.5)
>65 years 38,964 (39.5)
Race
White 80,018 (81.1)
Black 9,706 (9.8)
Other 8,890 (9.0)

Marital status
Married/unmarried or domestic partner
Never married
Widowed/divorced/separated

Insurance
Insured/insured no specifics
Any Medicaid/uninsured

Laterality
Left
Right

Histological grade
I
I
I
[\

Histological type
IDC
ILC
Mixed

T stage
Tis
T1
T2

N stage
NO
N1

ER status
ER-

ER+

61,791 (62.7)
13,646 (13.8)
23,177 (23.5)

88,866 (90.1)
9,748 (9.9)

49,680 (50.4)
48,934 (49.6)

28,168 (28.6)

45,397 (46.0)

24,908 (25.3)
141 (0.1)

81,231 (82.4)
8,022 (8.1)
9,361 (9.5)

13 (<0.1)
75,742 (76.8)
22,859 (23.2)

80,901 (82.0)
17,713 (18.0)

12,063 (12.2)
86,551 (87.9)

Table 1 (continued)
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Table 1 (continued)
Characteristics N (%)
PR status
PR- 21,073 (21.4)
PR+ 77,541 (78.6)
HER-2 status
HER-2- 87,924 (89.2)
HER-2+ 10,690 (10.8)
Subtype
Luminal A (HR+/HER-2-) 79,233 (80.3)
Luminal B (HR+/HER-2+) 8,090 (8.2)
HER-2 enriched (HR-/HER-2+) 2,600 (2.6)
TNBC (HR-/HER-2-) 8,691 (8.8)
Chemotherapy
No/unknown 66,953 (67.9)
Yes 31,661 (32.1)
Radiation strategy
EBRT 97,164 (98.5)

IORT 1,450 (1.5)

EBRT, external beam radiotherapy; IORT, intraoperative
radiotherapy.

BCSS), in Figure 2 and Table 4. We also didn’t observe any
prognostic difference in OS between IORT and EBRT
groups in further subgroup analysis classified by histological
grade, T stage, N stage, and molecular subtype (Figure 3).
We didn’t carry out the subgroup analysis of BCSS because
the amount of breast cancer-specific deaths was too small.

Prognostic value of IORT mode

IORT methods included beam radiation and radioactive
implants, so we further compared the survival between these
two methods, and we observed no prognostic difference
in OS/BCSS between the beam radiation group and the
radioactive implants group in Kaplan-Meier analysis
(P=0.319 for OS, P=0.972 for BCSS, Figure 4 and Table 5).

Discussion

BCS for breast cancer is a breakthrough in the history of
surgery, and the postoperative adjuvant radiotherapy is an
important part of the treatment. NCCN clinical practice
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Table 3 Clinicopathological characteristics of patients who underwent breast-conserving surgery and radiotherapy before and after PSM

Before PSM (n=98,614), n (%) After PSM' (n=7,250), n (%)

Characteristics
EBRT (n=97,164) IORT (n=1,450) Pvalue EBRT (n=5,800) IORT (n=1,450) %* P value

Age 92.876 <0.001* 0.232 0.630
<65 years 58,951 (60.7) 699 (48.2) 2,755 (47.5) 699 (48.2)
>65 years 38,213 (39.3) 751 (51.8) 3,045 (52.5) 751 (51.8)

Race 22.508 <0.001* 2.815 0.245
White 78,778 (81.1) 1,240 (85.5) 4,876 (84.1) 1,240 (85.5)
Black 9,613 (9.9) 93 (6.4) 445 (7.7) 93 (6.4)
Other 8,773 (9.0) 117 (8.1) 479 (8.3) 117 (8.1)

Marital status 14.933 0.001* 22.989 <0.001*
Married/unmarried or domestic 60,889 (62.7) 902 (62.2) 3,653 (63.0) 902 (62.2)
partner
Never married 13,400 (13.8) 246 (17.0) 730 (12.6) 246 (17.0)
Widowed/divorced/separated 22,875 (23.5) 302 (20.8) 1,417 (24.4) 302 (20.8)

Insurance 14.081 <0.001* 0.912 0.339
Insured/insured no specifics 87,517 (90.1) 1,349 (93.0) 5,353 (92.3) 1,349 (93.0)
Any Medicaid/uninsured 9,647 (9.9) 101 (7.0) 447 (7.7) 101 (7.0)

Laterality 0.509 0.476 0.093 0.760
Left 48,963 (50.4) 717 (49.4) 2,842 (49.0) 717 (49.4)
Right 48,201 (49.6) 733 (50.6) 2,958 (51.0) 733 (50.6)

Histological grade 142.408 <0.001* 2.131 0.528"
| 27,619 (28.4) 549 (37.9) 2,228 (38.4) 549 (37.9)
Il 44,680 (46.0) 717 (49.4) 2,767 (47.7) 717 (49.4)
1] 24,724 (25.4) 184 (12.7) 803 (13.8) 184 (12.7)
\% 141 (0.1) 0(0.0) 2 (<0.1) 0 (0.0

Histological type 16.968 <0.001* 19.121 <0.001*
IDC 80,026 (82.4) 1,205 (83.1) 4,696 (81.0) 1,205 (83.1)
ILC 7,941 (8.2) 81 (5.6) 524 (9.0) 81 (5.6)
Mixed 9,197 (9.5) 164 (11.3) 580 (10.0) 164 (11.3)

T stage 81.504 <0.001* 0.010 0.919
Tis 13 (<0.1) 0(0.0) 0(0.0) 0(0.0)
T 74,492 (76.7) 1,250 (86.2) 4,994 (86.1) 1,250 (86.2)
T2 22,659 (23.3) 200 (13.8) 806 (13.9) 200 (13.8)

N stage 185.184 <0.001* 0.391 0.532
NO 79,514 (81.8) 1,387 (95.7) 5,569 (96.0) 1,387 (95.7)
N1 17,650 (18.2) 63 (4.3) 231 (4.0 63 (4.3)

Table 3 (continued)
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Table 3 (continued)
Before PSM (n=98,614), n (%) After PSM' (n=7,250), n (%)
Characteristics
EBRT (n=97,164) IORT (n=1,450) Pvalue EBRT (n=5,800) IORT (n=1,450) * P value
ER status 80.866 <0.001* 0.001 0.978
ER- 11,997 (12.3) 66 (4.6) 265 (4.6) 66 (4.6)
ER+ 85,167 (87.7) 1,384 (95.4) 5,535 (95.4) 1,384 (95.4)
PR status 62.872 <0.001* 0.854 0.356
PR- 20,886 (21.5) 187 (12.9) 802 (13.8) 187 (12.9)
PR+ 76,278 (78.5) 1,263 (87.1) 4,998 (86.2) 1,263 (87.1)
HER-2 status 46.562 <0.001* 1.415 0.234
HER-2- 86,551 (89.1) 1,373 (94.7) 5444 (93.9) 1373 (94.7)
HER-2+ 10,613 (10.9) 77 (5.3) 356 (6.1) 77 (5.3)
Subtype 114.638 <0.001* 1.928 0.587
Luminal A (HR+/HER-2-) 77,911 (80.2) 1,322 (91.2) 5,239 (90.3) 1,322 (91.2)
Luminal B (HR+/HER-2+) 8,020 (8.3) 70 (4.8) 313 (5.4) 70 (4.8)
HER-2 enriched (HR-/HER-2+) 2,593 (2.7) 7 (0.5) 43 (0.7) 7 (0.5)
TNBC (HR-/HER-2-) 8,640 (8.9) 51 (3.5) 205 (3.5) 51 (3.5)
Chemotherapy 305.676 <0.001* 0.003 0.955
No/unknown 65,660 (67.6) 1,293 (89.2) 5,175 (89.2) 1,293 (89.2)
Yes 31,504 (32.4) 157 (10.8) 625 (10.8) 157 (10.8)

*, P<0.05 indicated statistical significance. ', matched by age, race, marital status, insurance, laterality, histological grade, histological
type, T stage, N stage, ER status, PR status, HER-2 status, subtype, and chemotherapy. ¥, Monte Carlo method was adopted because
the minimum expected count <1, or more than 20% cells have expected count <5; Pearson chi-square test was used for all others. PSM,
propensity score matching; EBRT, external beam radiotherapy; IORT, intraoperative radiotherapy.

guidelines version 2019 strongly recommended whole-
breast irradiation with or without a boost to tumor bed for
patients after BCS (3). This recommendation was supported
by EBCTCG's meta-analysis, which demonstrated that
patients who received whole-breast irradiation had a 16%
reduction in 10-year risk of recurrence and a 4% reduction
in 15-year risk of breast cancer death than those who did
not (4). In our study, we found that age >65, poor marital
status, lack of medical insurance, histological grade II1/
IV, high T stage, high N stage, and TNBC were associated
with a poorer OS/BCSS, whereas ER-positive and PR-
positive were associated with an improved OS/BCSS.
Several studies in related fields demonstrated similar results.
A retrospective study by Kim er 4/. indicated that high T
stage and positive lymph node metastasis were associated
with a worse OS, while positive lymph node metastasis and
high histological grade were associated with a poor local

© Translational Cancer Research. All rights reserved.

recurrence-free survival (LRFS) for breast cancer treated
with BCS and radiotherapy (9). Wang et 4l. reviewed cases
receiving postmastectomy radiotherapy (PMRT) and found
that TNBC and high N stage were independent predictors
of a poor LRFS (8). Another retrospective study by Lei
et al. indicated that the high T stage was associated with a
poorer OS, whereas ER-positive tumors were associated with
an increased OS for early breast cancer treated with BCS
and radiotherapy (22). The results of a recent randomized
controlled trial indicated that large tumor size, high tumor
grade, more positive nodes, and TNBC were associated with
a higher IBTR rate, whereas ER-positive was associated with
a lower one (20). The prognostic factors found in our study
were consistent with those of previous studies, enhancing
the reliability of our results. Besides, the results of our study
indicated that marital status and insurance status, two factors
that were rarely involved in studies before, were independent

Transl Cancer Res 2020;9(11):7125-7139 | http://dx.doi.org/10.21037/tcr-20-2441
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Figure 2 Kaplan-Meier survival curves in early breast cancer patients who underwent EBRT and IORT for overall survival before (A) and

after (C) PSM, and breast-cancer specific survival before (B) and after (D) PSM. PSM, propensity score matching; EBRT, external beam

radiotherapy; IORT, intraoperative radiotherapy.

prognostic factors for early breast cancer treated with BCS
and radiotherapy. We believed that marital status could
affect the emotional state of patients, and insurance status
was closely related to economic condition, hence these two
factors had an impact on the survival of patients. The impact
of these sociological factors on the prognosis should be paid
more attention in future studies.

Radiotherapy plays an essential part in BCS, however
whole-breast EBRT precludes a considerable proportion
of patients from receiving the complete course of
radiation treatment due to the long course. Combining
the advantages of hypofractionated radiation and APBI,
the strategy of IORT allows a shorter therapy course and
a reduced volume of irradiated breast (16). Furthermore,
IORT is a more cost-effective strategy for early breast

© Translational Cancer Research. All rights reserved.

cancer, providing greater quality-adjusted life years
(QALY) at a decreased cost compared with whole-breast
EBRT (23-25). Despite all these advantages of IORT,
clinicians may still think that IORT is not comparable to
EBRT, because of concerns that it may lead to a higher
recurrence rate. The emergence of two randomized
controlled equivalence trails, the TARGIT-A trial and the
ELIOT trial, dispelled their scruples. The TARGIT-A trial
went through a median follow-up period of 29 months,
demonstrating that the 5-year LRR in single-dose targeted
intraoperative radiotherapy (TARGIT) group was within
the non-inferiority criteria compared with the EBRT
group (19). The ELIOT trial went through a median
follow-up of 5.8 years, suggesting that compared with the
EBRT group, the 5-year IBTR rate in the intraoperative
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electron radiotherapy (IOERT) group was also within the
non-inferiority criteria preset in the trial (20). However,
there were some limitations in the two randomized
controlled trials above. The TARGIT-A trial only went
through a median follow-up period of 29 months (26),
and the number of patients in the IORT group of the
ELIOT trial was insufficient, which was only 651 (27).
Besides, the main outcome indicator of the two studies was
the recurrence rate, and there was little discussion on the
survival rate. In our study, we focused on the survival rate in
the IORT and the EBRT group, with a median follow-up
period of 36 months, up to 1,450 patients included in the
IORT group, and the baseline clinicopathological factors
fully matched by PSM. The results of our study proved
that IORT wasn’t inferior to EBRT in terms of short-term
survival, no matter on OS or BCSS. To summarize, IORT
allows a shorter therapy course and a reduced radiation
volume, although it leads to an acceptable increase in
recurrence rate, there is no difference between IORT and
EBRT in terms of short-term survival rate, which fully
proves the advantages of IORT and shows that it is a good
alternative to EBRT for early breast cancer patients who
were unable to complete the long-term postoperative
radiation treatment. So how to find the suitable population
of patients for IORT? Some researchers believed that
patients with high ER/PR, low HER-2, low ki67 index,
and low tumor grade were suitable for IORT, but there was
still a lack of effective data to prove it (28,29). In our study,
no prognostic difference was observed in survival between
IORT and EBRT groups in subgroup analysis classified by
histological grade, T stage, N stage, and molecular subtype,
indicating that the suitable population for IORT was
not clear yet. Furthermore, no significant difference was
observed in survival between intraoperative beam radiation
and intraoperative radioactive implants, indicating that
beam radiation and radioactive implants were both ideal
alternatives for patients who chose IORT.

The major strength of this study was that we collected
data based on the national population and included many
clinicopathological factors to explore the prognostic factors
of early breast cancer treated with BCS and radiotherapy.
Besides, different from the previous studies on the
recurrence rate, we took survival rate as the prognostic
indicator, went through a long period of follow-up,
with 1,450 patients included in the IORT group and the
baseline clinicopathological factors fully matched with
the help of PSM owing to the huge sample size obtained
from the SEER database. We would like to acknowledge
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some limitations of our study: (I) the SEER database
didn’t record information about recurrence and irradiation
dose, so the recurrence rate and irradiation dose couldn’t
be incorporated into analyses. It is important to design
rigorous studies with our data and incorporate these
factors into analyses in the future. (II) The SEER database
didn’t have a comprehensive record of radiotherapy,
chemotherapy and endocrine therapy, so we were unable
to extract much data about the dose and frequency of
radiotherapy, the regimen of chemotherapy, and endocrine
therapy, and we were unable to distinguish between non-
chemotherapy and chemotherapy unknown. These factors
that couldn’t be included in the study might have an impact
on prognosis. (III) Patients with Tis-2 NO-1 MO breast
cancer in this study had a relatively good prognosis, which
was beneficial to produce a non-inferior result. Therefore,
the current study results should be interpreted with caution.
(IV) Although the study indicated that IORT is non-
inferior in prognosis, there was a lack of data on the side
effects of IORT. (V) We excluded samples with incomplete
demographic and clinicopathological information, which
might contribute to the selection bias. (VI) In our study, a
median of 36 months of follow-up was still not long enough
compared with the development of the disease. (VII) As we
only collected data from the SEER database, further work is
required to address the universality of these results.

Conclusions

Our study demonstrated that age >65, poor marital status,
lack of medical insurance, histological grade III/IV, high
T stage, high N stage, and TNBC were associated with a
decreased OS/BCSS, whereas ER-positive and PR-positive
were associated with an improved OS/BCSS for early breast
cancer treated with BCS and radiotherapy. IORT allows
a shorter therapy course and a reduced radiation volume,
although it leads to an acceptable increase in recurrence
rate, there is no difference between IORT and EBRT in
terms of short-term survival rate, which fully proves the
advantages of IORT and shows that it is a good alternative
to EBRT for early breast cancer patients who were
unable to complete the long-term postoperative radiation
treatment. Beam radiation and radioactive implants are both
ideal alternatives for patients who choose IORT.
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