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Prolonged survival of patients with stage IV breast cancer could change the role of radiotherapy for
local control of breast primary, but its survival benefit remains unclear. Our aim is to investigate the
survival benefit of radiotherapy in de novo stage IV breast cancer. Stage IV breast cancer patients

who received breast surgery and have survived 12 months after diagnosis (landmark analysis) were
included in the study from 2010 to 2015 of the National Cancer DataBase. Multivariable Cox models
and a propensity score matching were used to control for confounding effects. Of 11,850 patients,
3629 (30.6%) underwent postoperative radiotherapy to breast or chest wall and 8221 (69.4%) did not.
In multivariable analysis adjusting for multiple prognostic variables, postoperative radiotherapy was
significantly associated with better survival (hazard ratio [HR] 0.74, 95% confidence interval [95%ClI]
0.69-0.80; P<0.001). Radiotherapy was associated with improved survival in patients with bone
(P<0.001) or lung metastasis (P=0.014), but not in patients with liver (P=0.549) or brain metastasis
(P=0.407). Radiotherapy was also associated with improved survival in patients with one (P<0.001) or
two metastatic sites (P=0.028), but not in patients with three or more metastatic sites (P=0.916). The
survival impact of radiotherapy did not differ among subtypes. The results of survival analysis in the
propensity score-matched sub-cohort were precisely consistent with those of multivariable analysis.
These real-world data show that postoperative radiotherapy might improve overall survival for de
novo Stage IV breast cancer with bone or lung metastasis, regardless of subtypes.

The incidence of de novo stage IV breast cancer, which comprises approximately 6% of all diagnosed breast
cancers has not declined despite widespread adoption of population screening for early detection’. Since most
of stage IV disease is considered incurable, prolonging survival time while maintaining quality of life has been
the main goal of treatment for decades. Innovations in systemic treatment have dramatically changed the man-
agement of patients with stage IV breast cancer leading to significant improvements in long term survival®®.
Several retrospective studies suggest that breast surgery might improve survival for stage IV breast cancer*”,
but the results of recent randomized controlled trials (RCTs) are inconsistent on survival benefit of surgery®-12.
In the ECOG-ACRIN E2108 trial, there was no significant difference in overall survival (OS) between de novo
stage I'V patients treated with systemic therapy alone and systemic therapy plus locoregional treatment (3-year
OS rate 67.9% in systemic therapy alone group vs. 68.4% in systemic therapy plus locoregional treatment group,
P=0.63)°. While surgical resection of a primary tumor is not currently considered the standard procedure to
improve survival of stage IV patients, some patients still undergo breast surgery for various reasons including
control of tumor bleeding or patients’ preference in actual clinical practice.

The role of local treatment with radiation for patients with Stage IV breast cancer remains unclear. Radio-
therapy (RT) has a strong impact not only on locoregional control but also on OS in patients with early breast
cancer!®!*, Several biological mechanisms have been discussed about the survival benefit of locoregional
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treatment. Irradiation to the tumor site after removing main tumor might lead to a favorable microenvironment
including activating anti-tumor immunity'>~"7, suppressing stem cell expansion'®, and reducing new metastasis
dissemination and colonization'®. Aside from these biological changes, reducing the locoregional recurrence
could contribute to the suppression of spread in distant metastatic sites. These underlying mechanisms suggest
there may be a survival benefit for use of RT in Stage IV patients but this has not been described well in the
literature. Moreover, the roles of surgery and RT may change as we gain a better understanding of breast cancer
heterogeneity and integrate molecularly targeted therapies with immune check point inhibitors to extend survival
time and improve quality of life for patients with stage IV disease.

Given that there is no RCT on the effect of postoperative RT in de novo stage IV breast cancer patients, obser-
vational studies can provide the urgently needed data on this important clinical question. Here, we conducted
the largest study to investigate the survival benefit of RT to breast or chest wall after breast surgery in de novo
stage I'V breast cancer patients using data from the National Cancer Data Base (NCDB).

Materials and methods

Data source. Patient data was retrospectively collected in the NCDB, which is a joint project of the Com-
mission on Cancer (CoC) of the American College of Surgeons and the American Cancer Society®”. This nation-
wide database collects patient-level data, clinicopathological factors, treatments, extent of disease, and survival
outcomes, from roughly 1500 CoC-accredited facilities that represent more than 70% of newly diagnosed can-
cers in the United States.

Study population. Of 1,346,759 patients diagnosed with breast cancer between January 1, 2010 and
December 31, 2015 in the NCDB, we identified 54,413 de novo stage IV female breast cancer for the compari-
son of characteristics between patients with or without breast surgery and RT after excluding patients without
information of RT-targeted sites, surgery and distant metastatic sites (Fig. 1). Then, we selected 14,791 patients
who underwent breast surgery. RT administrated to a breast or a chest wall within 12 months of breast surgery
was considered as the treatment of interest, and patients who had RT before or more than 12 months after breast
surgery were excluded. The exclusion was performed using both the radiation surgery sequence code “Radiation
therapy after surgery” and the date from surgery to RT.

To minimize the potential survivor’s bias such that patients who died earlier have no chance to receive RT,
we performed conditional landmark analysis. Of 14,791 patients, 4300 patients (29.1%) underwent RT to breast
or chest wall after surgery and 10,491 patients (70.9%) did not. Short survival time in de novo metastatic breast
cancer may not allow patients and physicians to make a RT choice because disease rapidly progress with high
pressure. We set the landmark time to be 12 months because the majority of RT was given within 1 year of diag-
nosis (Supplemental Fig. 1)*.. As shown in Supplemental Fig. 2, the proportion of RT was 3.2% among patients
who were not alive by 6 months, 17.1% among patients within the 7-12 months survival window, and about
31-38% among patients who survived more than 12 months. The stable treatment membership distribution after
12 months suggests that the choice of 12 months in landmark analysis is reasonable. A total of 2699 patients with
survival time less than 12 months were excluded. The patients who received RT after 12 months from diagnosis
(landmark time point) remained the ‘No RT group’ to ignore change in group membership after the landmark
point. After further excluding patients with missing data on bone, lung, liver or brain metastasis, 11,850 patients
were eligible for the survival analysis (Fig. 1).

Breast Cancer from 2010 to 2015 in the NCDB

(N = 1,346,759) Exclude
- Stage 0, |, Il, Ill, or unknown cases (n=1,287,636)
‘ - Male (n=12,006)
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Female Stage IV cases for the comparison among - No information of all distant metastatic sites (n=2,288)
groups with/without surgery and radiotherapy
(N =54,413)
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- Radiotherapy before surgery or more than a year after surgery (n = 1,869)
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(N=14,791)
| Excluded
| - Survival time was 12 months (landmark time point) or less (n =2,699)
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(N =8,221) (N = 3,629)

Figure 1. Consort diagram of cohort selection in National Cancer Database (NCDB).
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Variables and outcomes.  The following variables were analyzed as categorical ones; age at diagnosis (cut-
off: 55 years), race (white, black, others), the Charlson-Deyo comorbidity index (0, 1, 2 or more) which consists
of 15 health conditions®?. The following clinicopathological factors were analyzed as categorical variables: clini-
cal T stage and clinical N stage according to the American Joint Committee on Cancer (AJCC) Cancer Staging
Manual 7th edition, grade (1, 2 or 3, 4), estrogen receptor (ER), progesterone receptor (PgR), human epider-
mal growth factor receptor 2 (HER2) and breast cancer subtypes (ER positive and/or PgR positive and HER2
negative-Luminal subtype; HER2 positive-HER?2 + subtype; or ER negative and PgR negative and HER2 nega-
tive-triple negative [TN] subtype). The types of surgery (breast conserving surgery [BCS] or mastectomy), the
presence or absence of treatment such as chemotherapy (CT), endocrine therapy (ET) and RT (breast or chest
wall) were included as binary variables. Metastatic sites (bone, lung, liver, brain, distant lymph node and others)
and the number of metastatic sites (1, 2, 3, 4 or more) were also included as covariates or stratification factors.
A survival outcome was measured from date of diagnosis to date of last contact or death as an OS in this study.

Statistical analysis. Chi-square tests were used to study treatment outcomes between patients who
received postoperative RT (breast or chest wall) and those who did not receive postoperative RT. A multivariable
Cox proportional hazard model was used to evaluate the independent effects of RT on overall survival, including
calculating the adjusted hazard ratios (HR) and 95% confidence intervals (CI). We conducted the association
between RT and survival in subgroups, defined by metastatic sites, number of metastatic sites, and molecular
subtypes. We also calculated the propensity score of physician’s choices of RT using a logistic regression model
with RT use as the dependent variable and multiple statistically significant demographic and clinicopathological
factors as predictors. Patients were matched by their propensity score +0.2 using the nearest-neighbor matching
method at a 1:1 ratio between RT group and no RT group. The Kaplan-Meier method with log-rank test was
used to estimate survival curves and compare the difference of survival rates in patients between with RT and
without RT across metastatic sites, the number of metastatic sites and subtypes. All analyses except for the pro-
pensity score matching were performed using SPSS statistical software version 21 (IBM Corporation, Armonk,
NY, USA). The propensity score matching was performed using SAS software, JMP Pro 15 (SAS Corp., Cary, NC,
USA). All tests were two-sided, and a P value of < 0.05 was considered statistically significant.

Results

Patient and tumor characteristics. To compare the characteristics among 54,413 de novo stage IV breast
cancer patients with or without breast surgery and RT, we found that patients undergoing surgery were more
likely to be younger, healthier and have less distant metastasis (Supplemental Table 1). Patient and tumor char-
acteristics in the landmark cohort are shown in Table 1. Of 11,850 patients, 3,629 patients (30.6%) underwent
RT to breast or chest wall after surgery (RT group) and 8,221 patients (69.4%) did not (No RT group). Patients
with RT are more likely to be younger, have a lower Charlson-Deyo comorbidity index, larger and higher grade
tumors, increased lymph node involvement, including ER negative, PgR negative, and HER2 positive hormone
receptors. Patients in the RT group were more likely to have undergone mastectomy, chemotherapy and endo-
crine therapy, and had fewer metastatic sites, compared to patients without RT (Table 1).

Univariate and multivariable survival analysis. In the entire cohort for the conditional landmark
analysis, 5,421 patients (45.7%) died during the median follow-up time of 34.73 months (range from 12.02 to
95.24 months). The univariate analysis showed that almost all variables except for distant lymph node metas-
tasis (P=0.431) and other metastasis (P=0.229) were significantly associated with OS (Supplemental Table 2).
In the multivariable analysis, postoperative RT to breast or chest wall was significantly associated with lower
risk of death (HR 0.74, 95% CI 0.69-0.80; P<0.001) (Table 2). Strong prognostic factors for poor survival (all
P<0.001) include older age, higher Charlson-Deyo comorbidity index, advanced clinical T stage (cT4), higher
tumor grade, and triple-negative subtype (versus luminal subtype). HER2 + subtype was associated with favora-
ble survival compared to luminal subtype (P<0.001). The use of chemotherapy or endocrine therapy was also
associated with favorable survival (P<0.001). The presence of metastases in major four metastatic sites, namely
bone, lung, liver and brain, were significantly associated with worse prognosis in the multivariable analysis,
while higher number of distant metastatic sites was also a prognostic factor. Clinical N stage, race and the type of
surgery were not significantly associated with survival outcome in the multivariable analysis (Table 2).
According to the clinically meaningful subgroups of the metastatic sites, the number of metastatic sites and
the subtypes, we evaluated the association between overall survival and RT after adjusting all of the prognostic
variables (age, race, Charlson-Deyo comorbidity index, cT, cN, grade, subtype, surgery type, chemotherapy
and endocrine therapy). The forest plots showed that RT was associated with improved survival in patients
with bone metastasis (HR 0.69, 95% CI 0.62-0.77; P<0.001) or lung metastasis (HR 0.82, 95% CI 0.70-0.96;
P=0.014) as well as patients having only bone with or without distant lymph node metastasis (HR 0.68, 95% CI
0.60-0.77; P<0.001) (Fig. 2). In contrast, no statistically significant association for RT was observed in patients
with liver metastasis (HR 0.95, 95% CI 0.79-1.14; P=0.549) or brain metastasis (HR 0.80, 95% CI 0.47-1.36;
P=0.407), but few patients had liver or brain metastasis. Patients with bone or lung metastasis have generally
more favorable prognosis than patients with liver or brain metastasis. The result indicates that RT has more
impact on survival for patients with more favorable metastatic sites. Interestingly, the strength of the associa-
tion between RT and survival was monotonically related to the number of metastatic sites: HR=0.70 (95% CI
0.65-0.77; P<0.001) in patients with 1 metastatic site, HR=0.82 (95% CI 0.69-0.98; P=0.028) in patients with
2 metastatic sites, and HR=1.02 (95% CI 0.72-1.44; P=0.916) in patients with 3 or more metastatic sites. The
association between survival and RT was significant in all three molecular subtypes. When analyzing the impact
of RT on OS according to the type of surgery, RT was significantly associated with improved survival in patients
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RT

No RT (N=8221) (N=3629)
Variables N % N % Pvalue
Age (years) <0.001
Median (Range) 59 (18-90) | 55 (22-90)
<55 3090 37.6 1781 | 49.1
55- 5131 62.4 1848 |50.9
Race 0.191
White 6560 79.8 2855 | 78.7
Black 1259 15.3 575 15.8
Others 347 42 177 4.9
Unknown 55 0.7 22 0.6
Charlson-Deyo index <0.001
0 6772 82.4 3159 |87.0
1 1129 13.7 406 11.2
2 or more 320 3.9 64 1.8
cT <0.001
is 21 0.3 11 0.3
1 1369 16.7 428 11.8
2 2836 34.5 1111 |30.6
3 1211 14.7 619 17.1
4 1861 22.6 1238 |34.1
Unknown 923 11.2 222 6.1
cN <0.001
0 2676 32.6 702 19.3
1 2895 352 1434 |39.5
2 904 11.0 549 15.1
3 822 10.0 706 19.5
Unknown 924 11.2 238 6.6
Grade <0.001
1,2 3550 43.2 1417 |39.0
3,4 3928 47.8 1905 |52.5
Unknown 743 9.0 307 85
ER <0.001
Positive 6151 74.8 2577 |71.0
Negative 1922 23.4 1025 |28.2
Unknown 148 1.8 27 0.7
PgR 0.003
Positive 5056 61.5 2157 594
Negative 2987 36.3 1440 |39.7
Unknown 178 22 32 0.9
HER2 0.020
Positive 2084 25.3 1010 |27.8
Negative 5621 68.4 2452 | 67.6
Unknown 516 6.3 167 4.6
Subtypes <0.001
Luminal 4578 55.7 1880 |51.8
HER2 + 2065 25.1 1000 |27.6
Triple-negative 1002 12.2 553 15.2
unknown 576 7.0 196 54
Breast surgery <0.001
BCS 2276 27.7 893 24.6
Mastectomy 5945 72.3 2736 |75.4
Chemotherapy <0.001
Yes 5406 65.8 3154 |86.9
No 2688 32.7 461 12.7
unknown 127 1.5 14 0.4
Endocrine therapy 0.020
Continued
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RT
No RT (N=8221) (N=3629)

Variables N % N % P value
Yes 4969 60.4 2296 |63.3

No 2965 36.1 1242 | 34.2

unknown 287 35 91 2.5

Bone metastasis <0.001
Yes 5082 61.8 1897 |52.3

No 3139 38.2 1732 | 47.7

Lung metastasis <0.001
Yes 1903 23.1 608 16.8

No 6318 76.9 3021 |83.2

Liver metastasis <0.001
Yes 1600 19.5 493 13.6

No 6621 80.5 3136 | 86.4

Brain metastasis <0.001
Yes 271 33 47 1.3

No 7950 96.7 3582 |98.7

Distant LN metastasis <0.001
Yes 1504 183 1022 |28.2

No 5860 71.3 2301 |63.4

unknown 857 10.4 306 8.4

Other metastasis 0.007
Yes 506 6.2 277 7.6

No 6858 83.4 3046 |83.9

unknown 857 10.4 306 8.4

No. of metastatic sites 0.0 <0.001
1 6110 74.3 3032 |83.5

2 1653 20.1 513 14.1

3 388 4.7 79 2.2

4 or more 70 0.9 14 0.4

Table 1. Patient characteristics of 11,850 patients with versus without radiotherapy (RT). RT radiotherapy, cT
clinical T, ¢N clinical, ER estrogen receptor, PgR progesterone receptor, HER2 human epidermal growth factor
receptor 2, BCS breast conserving surgery, LN lymph node.

receiving BCS or mastectomy with HR=0.64 (95% CI 0.55-0.75; P<0.001) or HR=0.78 (95% CI 0.71-0.85;
P<0.001), respectively (Fig. 2).

Propensity score matching and survival analysis. Propensity score (PS) matching was applied for
the landmark cohort to adjust the biased variables between the RT group and the no RT group. 3,256 patients
without RT were successfully matched to 3,256 patients with RT; after PS matching, the two groups were well-
balanced (Supplemental Table 3). In the matched sub-cohort, 2755 patients died during a median follow-up time
of 34.99 months (range 12.02-94.69 months). The results of survival analysis in the propensity score matched
cohort were completely consistent with that of multivariable analysis in the entire cohort. Patients receiving
postoperative RT to breast or chest wall had a better survival compared to patients without RT (HR 0.76, 95% CI
0.71-0.82; P<0.001) (Fig. 3a). In the subgroup analysis of each metastatic site, RT was associated with improved
survival in patients with bone metastasis (HR 0.74, 95% CI 0.67-0.82; P<0.001), lung metastasis (HR 0.77, 95%
CI 0.66-0.91; P=0.002), or only bone with/without distant lymph node metastasis (HR 0.73, 95% CI 0.65-0.82;
P<0.001), but not in patients with liver metastasis (HR 0.85, 95% CI 0.71-1.01; P=0.093) or brain metasta-
sis (HR 0.94, 95% CI 0.57-1.55; P=0.803) (Fig. 3b-f). RT was associated with improved survival in patients
with one metastatic site (HR 0.75, 95% CI 0.68-0.81; P<0.001) or two metastatic sites (HR 0.79, 95% CI 0.66—
0.94; P=0.007), but not in patients with three or more metastatic sites (HR 0.98, 95% CI 0.68-1.41; P=0.981)
(Fig. 4a—c). RT was associated with better survival regardless of breast cancer subtypes (Fig. 4d-f).

Discussion

To our knowledge, this is the largest study evaluating the effect of postoperative RT and survival in de novo stage
IV breast cancer patients. Using granular information of metastatic sites and the number of them, breast cancer
subtypes and treatments from NCDB, we conducted multivariable analysis in conditional landmark cohort as
well as propensity score matched analysis to minimize the selection bias between groups as much as possible.
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95%CI

(lower-
Variables N Events | HR | upper) P value
All patients 8496 | 3820
Radiotherapy
No 5709 | 2804 1.00
Yes 2787 | 1016 0.74 | 0.69 |0.80 <0.001
Age
<55 3585 | 1421 1.00
55- 4911 | 2399 126 |1.18 |1.35 <0.001
Race
White 6790 | 3028 1.00
Black 1342 | 661 1.07 |0.99 |1.17 0.103
Others 364 131 094 |0.79 |1.13 0.516
Charlson-Deyo score
0 7119 | 3064 1.00
1 1089 | 584 1.29 |1.18 |1.41 <0.001
2 or more 288 172 145 124 | 1.70 <0.001
cT
1 1400 | 575 1.00
2 3181 | 1382 1.07 10.96 |1.18 0.214
3 1487 | 664 1.15 | 1.02 |1.29 0.021
4 2428 | 1199 128 |1.15 |1.43 <0.001
cN
0 2626 | 1142 1.00
1 3479 | 1525 1.03 |0.95 |1.12 0.484
2 1157 | 585 1.13 | 1.02 | 1.25 0.025
3 1234 | 568 1.04 1094 |1.17 0.439
Grade
1,2 3829 | 1463 1.00
3,4 4667 | 2357 155 |1.44 | 1.66 <0.001
Subtypes
Luminal 4897 | 2209 1.00
HER2 + 2389 | 828 0.61 |0.56 |0.67 <0.001
Triple-negative 1210 | 783 168 |1.50 | 1.89 <0.001
Breast surgery
BCS 2254 | 968 1.00
Mastectomy 6242 | 2852 1.07 10.99 |1.16 0.069
Chemotherapy
No 2215 | 1125 1.00
Yes 6281 | 2695 0.84 |0.77 | 091 <0.001
Endocrine therapy
No 3084 | 1562 1.00
Yes 5412 | 2258 0.78 |0.72 |0.86 <0.001
Bone metastasis
Yes 4939 | 2255 1.00
No 3557 | 1565 0.80 |0.73 |0.87 <0.001
Lung metastasis
Yes 1832 | 968 1.00
No 6664 | 2852 0.84 |0.76 |0.92 <0.001
Liver metastasis
Yes 1495 | 778 1.00
No 7001 | 3042 0.71 |0.64 |0.79 <0.001
Brain metastasis
Yes 209 125 1.00
No 8287 | 3695 0.70 |0.58 |0.85 <0.001
No. of metastatic sites
1 (6554 [2736 [ 1.00 ‘

Continued
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95%CI

(lower-
Variables N Events | HR | upper) P value
All patients 8496 | 3820
2 1549 | 840 1.18 | 1.07 | 1.30 <0.001
3 or more 393 244 125 | 1.03 | 1.50 0.021

Table 2. Multivariable analysis of conditional landmark cohort (N =8,496). HR hazard ratio, CI confidential
interval, ¢T clinical T, ¢N clinical N, BCS breast conserving surgery.

Subgroups N Events HR 95% CI P value
Overall 8496 3820 —— 0.74 0.69-0.80 <0.001
Bone metastasis 4939 2255 —— 0.69 0.62-0.77 <0.001
Lung metastasis 1832 968 ¢ 0.82 0.70-0.96 0.014
Liver metastasis 1495 778 — 095 0.79-1.14 0.549
Brain metastasis 209 125 ¢ . * 0.80 0.47-1.36 0.407
Bone *distant LN metastasis 3511 1467 —— 0.68 0.60-0.77 <0.001
1 metastatic site 6554 2736 —— 0.70 0.64-0.77  <0.001
2 metastatic sites 1549 840 ————¢ 0.82 0.69-0.98 0.028
3 or more metastatic sites 393 244 * d . 1.02 0.72-1.44 0.916
Luminal type 4897 2209 —— 0.73 0.66-0.81  <0.001
HER?2 type 2389 828 ————— 0.79 0.67-0.93 0.005
TN type 1210 783 — 0.74 0.63-0.87 <0.001
Breast conserving surgery 2254 968 —— 0.64 0.55-0.75 <0.001
Mastectomy 6242 2852 —— 0.78 0.71-0.85 <0.001
0.4 0.6 0.8 1.0 1.2 1.4

< OS improved with RT

Figure 2. The forest plots showed the hazard ratio (HR) and 95% confidential interval (CI) of radiotherapy in
selected subgroups after adjusting for prognostic variables (age, race, Charlson-Deyo comorbidity index, clinical
T stage, clinical N stage, grade, subtype, surgery type, chemotherapy, endocrine therapy, bone, lung, liver, brain
metastasis and the number of metastatic sites) in multivariable Cox models. LN lymph node, HER2 human
epidermal growth factor receptor 2, TN triple negative.

We found that postoperative RT was associated with improved survivals in patients with one (hazard ratio 0.70)
or two metastatic sites (hazard ratio 0.82), but not in patients with three or more metastatic sites. Regarding de
novo Stage IV patients with bone metastasis only, our findings were consistent with the report from a multi-
center prospective registry study (BOMET MF 14-01)%. The results identified a population of Stage IV patients
likely to receive the benefit, including increased survival rates, while also providing physicians and patients with
real-world data to improve medical decision-making.

There have been four previous studies which retrospectively evaluated the efficacy of RT after surgery in de
novo stage IV breast cancer patients??". A single institutional study in France with 581 patients showed that
locoregional radiotherapy was associated with improved survival?’. Using data from 2,207 patients from the
Surveillance, Epidemiology, and End Results (SEER) database, Kim Y], et al. concluded that postoperative RT
significantly improved survival rates compared with surgery alone especially in patients with synchronous bone
metastasis®®. However, specific information including treatment sites of RT (radiation field) are not available
in the SEER database, and as described in their report, the inability to identify whether RT targeted the breast
tumor bed or other organs involved as metastases could limit the interpretation of the reported results. Another
study using the SEER database has faced the same limitation?. Out of 54,413 stage IV female patients studied
in the NCDB 2010-2015, 6169 (11.3%) patients received breast or chest wall irradiation and 11,627 (21.4%)
patients received RT targeting other organs outside the primary site (the data is not shown in this study). To
eliminate this critical contamination, we included only the patients receiving postoperative RT to the breast or
chest wall in our study. We also constructed the study cohort for conditional landmark analysis as shorter survival
time does not allow some patients to receive RT. In a sensitivity analysis, we found that including patients with
survival time less than 12 months overestimated the effect of RT (data not shown). Including this population of

Scientific Reports|  (2023) 13:2880 | https://doi.org/10.1038/s41598-023-29888-z nature portfolio



www.nature.com/scientificreports/

A B C
9 —RT (N =3256) o —RT  (N=1811) 9 —RT (N = 596)
— No RT (N = 3256) — No RT (N=1834) — No RT (N = 588)
0.8+ 0.8 0.84
E E E
0.6 0.6 0.6
N
w 7] ) N
$ oaf § o] § o N \“\““«
5 SR RS- e
0.2 - 0.2 ., 0.2 ey
P <0.001 P <0.001 P =0.002 -
0.01 0.01 0.01
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Time after diagnosis (months) Time after diagnosis (months) Time after diagnosis (months)
D E F
1.04 1.04 1.04
— RT (N = 486) — RT (N =1380)
— No RT (N =463) — No RT (N =1413)
0.8+ 0.8 0.8
E 5 E
E 0.61 x\*\..\ E 0.64 S 067
7 3 3
‘='5 04 ‘\" E 04 E 0.4
o 047 N, o 047 o 7 "\
8 2\ 8 5 b
Yo L
0.2 L 0.2 021 b
P =0.092 P =0.802 P <0.001
0.01 0.0 0.01
0 20 40 60 80 100 0 20 40 60 80 0 20 40 60 80 100

Time after diagnosis (months)

Time after diagnosis (months) Time after diagnosis (months)
Figure 3. Overall survival of patients with or without radiotherapy in the overall propensity score matched
cohort (A), the subgroups of bone metastasis (B), lung metastasis (C), liver metastasis (D), brain metastasis

(E), and bone + /- distant lymph node metastasis (F). Log-rank test was used to test the significance of survival
difference and P values were shown in the figure. In Cox regression models, radiotherapy was significantly
associated with improved survival in the overall cohort (HR 0.76, 95% CI 0.71-0.82; P<0.001) (A), with bone
metastasis (HR 0.74, 95% CI 0.67-0.82; P<0.001) (B), lung metastasis (HR 0.77, 95% CI 0.66-0.91; P=0.002)
(C) or bone + /- distant lymph node metastasis (HR 0.73, 95% CI 0.65-0.82; P<0.001) (F), but not in patients
with liver metastasis (HR 0.85, 95% CI 0.71-1.01; P=0.093) (D) or brain metastasis (HR 0.94, 95% CI 0.57-1.55;
P=0.803) (E). HR, hazard ratio; CI, confidence intervals.

shorter survival in previous studies might have led to overstated recommendations about benefit**-*. Our study
addresses those limitations by providing detailed characteristics of de novo stage IV patients with or without
surgery and RT in the real world.

The survival benefit of RT has been proven in early breast cancer'*'*??_This study provides further evidence
about potential benefit in a subset of de novo stage IV patients. On account of adequate control after novel effec-
tive systemic therapies, patients with prolonged survival time may further benefit from the addition of RT for
loco-regional control of the breast primary. Unfortunately, the underlying mechanism of how RT brings about
survival benefits has not been clearly elucidated even though some potential mechanisms are proposed'>'.
Biological mechanisms related to RT efficacy could be observed regardless of tumor stages. The abscopal effect
that RT leads to regression of tumor at distant metastatic sites that are not irradiated'>~" might be the reason why
RT improved the survival of patients with low distant disease burden across subtypes in our study. Furthermore,
the shapes of the Kaplan-Meier curves indicate that the survival advantages of RT became wider over time in
patients with bone, lung, or only bone with/without distant lymph node metastasis as well as patients with 1 or
2 metastatic sites. Of a separate note, locoregional treatment had an OS benefit in the present TN subtype cohort
(Fig. 4) whereas most of previous reports showed no benefit from locoregional treatment in TN patients. Of 1555
TN patients in the study, 1214 (78%) patients have one metastatic site, 275 (18%) patients have two metastatic
sites and 66 (4%) patients have three or more metastatic sites. We can suggest that patients in our study cohort
tend to have lower number of distant metastatic site compared to the cohorts of previous reports and this would
be the potential reason why locoregional treatment showed an OS benefit in the present TN cohort. When con-
sidering insufficient evidence of RT efficacy in stage IV patients, our findings suggest that RT may be considered
for these subgroups to achieve the appropriate decision-making. Because there is a physiological and financial
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Figure 4. Overall survival of patients with or without radiotherapy in the subgroups of 1 metastatic site

(A), 2 metastatic sites (B), 3 or more metastatic sites (C), Luminal subtype (D), HER2 + subtype (E), and
triple-negative subtype (F) in the overall propensity score matched cohort. Log-rank test was used to test the
significance of survival difference and P values were shown in the figure. In Cox regression models, radiotherapy
was significantly associated with improved survival in patients with 1 metastatic site (HR 0.75, 95% CI
0.68-0.81; P<0.001) (A), or 2 metastatic sites (HR 0.79, 95% CI 0.66-0.94; P=0.007) (B), but not in patients
with 3 or more metastatic sites (HR 0.98, 95% CI 0.68-1.41; P=0.981) (C). Radiotherapy was also significantly
associated with improved survival in patients with Luminal subtype (HR 0.74, 95% CI 0.66-0.82; P<0.001)

(D), HER2 + subtype (HR 0.74, 95% CI 0.63-0.88; P<0.001) (E) and triple-negative subtype (HR 0.78, 95% CI
0.66-0.92; P=0.003) (F). HR, hazard ratio; CI, confidence intervals.

burden involved for those patients treated with RT, additional investigational approaches are required in order
to ensure the greatest benefit versus risk for those receiving this treatment.

Regarding to the indication of RT in actual clinical practice, physicians might consider RT more for the
patients who responded very well to initial systemic therapy and had stabilization of their distant metastasis
quickly. Although there was no information of response to initial systemic therapy in NCDB, we performed
the additional analysis regarding to the sequence of systemic therapy and surgery. The median duration from
diagnosis to surgery is 46 days. 45% of patients received surgery before systemic therapy and 43% of patients
received surgery within 2 months after systemic therapy started. The remaining patients received surgery 2 or
more months after systemic therapy started. Namely, most of patients were treated with surgery before efficacy
of systemic treatment was evaluated. We compared the time duration from systemic therapy to surgery between
RT and No RT group among patients who initially received systemic therapy (chemotherapy, antibody drug,
hormone therapy and immunotherapy) before surgery. As a result, the median time from systemic therapy to
surgery in RT and No RT group is 155 days and 173 days, respectively with no significant difference. Further-
more, the duration from surgery to RT might be better to be discussed because the longtime of period between
surgery to RT might associate with RT for locoregional progression or persistent status of metastasis after first
treatments. When exploring the days from surgery to RT, 77% of patients received RT within 3 months after
surgery and 90% of patients received RT within 6 months after surgery. Therefore, there is a high possibility that
almost all patients received so-called ‘planned adjuvant RT” (Supplemental Fig. 3). The result might support the
similarity of two groups in terms of the therapeutic efficacy of initial systemic therapy to distant metastasis. The
ECOG-ACRIN E2108 trial reported the favorable locoregional control by locoregional therapy even though

Scientific Reports |

(2023) 13:2880 | https://doi.org/10.1038/s41598-023-29888-z nature portfolio



www.nature.com/scientificreports/

patients who did not respond to systemic therapy were excluded’. It is unfortunate that there is no information
regarding the other endpoints including locoregional recurrence in NCDB.

In our study, several limitations exist. Even though we thoroughly made an effort to minimize confounding
between groups in observational studies, we could not control for unmeasured biases such as performance status
and the detailed regimens of chemotherapy. Multicollinearity may exist so we examine the correlation among
all variables used in the multivariable regressions (Supplemental Table 4). Several factors have influenced each
other, e.g. subtype and endocrine therapy, but none of the covariates are strong correlated with radiotherapy, the
main variable of interest, so multicollinearity has less impact on the main conclusion. Only future randomized
clinical trials can eliminate these unmeasured confounding bias. Our results were generated based on the detailed
information in terms of the metastatic site and the number of distant metastases. However, even if there are two
or more metastatic sites in the other organs except bone, lung, liver, brain and distant LN metastasis, it has been
recorded as one metastatic site or ‘the other metastasis’ in NCDB. Bone, lung, liver, brain and distant lymph
node are the main metastatic sites for breast cancer, so the situation that a patient has two or more metastatic
sites except the five main sites (bone, lung, liver, brain and distant LN) would be quite rare. This occurred in
4.1% patients in the no RT group and 4.8% in RT group, suggesting that the issue related to the number of
metastatic sites except the five main sites was small. The landmark analysis makes the study findings only appli-
cable to patients who have survived 12 months after diagnosis, and should not be generalizable to patients who
have survival time < 12 months. The patient background of the cohort might affect the result of multivariable
analysis. Some kind of information including direct intervention to metastatic sites, regimen and duration of
chemotherapy was not available in NCDB. And the use of endocrine therapy was evaluated in the entire cohort
including ER negative tumor as well as the other variables. Regarding of chemotherapy or endocrine therapy,
the result needs to be carefully interpreted.

Conclusion

The results imply that RT to breast or chest wall after surgery might improve survival of de novo stage IV breast
cancer patients with bone or lung metastasis who have two or less metastatic sites, except for liver and brain
regardless of breast cancer subtypes. Our findings likely have plausible biological mechanisms related to RT that
are beyond the scope of this study. Nonetheless, this is the largest study to date and further advances the use of
real-world data for medical decision-making about postoperative RT in patients with Stage IV breast cancer who
have survived 12 or more months after diagnosis.

Data availability

The data that support the findings of this study are available from the National Cancer Database but restrictions
apply to the availability of these data, which were used under data use agreement for the current study, and so are
not publicly available. Data are however available from the American College of Surgeons and the Commission
on Cancer upon directly data application.

Received: 29 July 2022; Accepted: 11 February 2023
Published online: 18 February 2023

References
1. Siegel, R. L., Miller, K. D. & Jemal, A. Cancer statistics, 2018. CA Cancer J. Clin. 68, 7-30 (2018).
2. Caswell-Jin, J. L. et al. Change in survival in metastatic breast cancer with treatment advances: Meta-analysis and systematic review.
JNCI Cancer Spectr. 2, pky062 (2018).
3. Malmgren, J. A. et al. Metastatic breast cancer survival improvement restricted by regional disparity: Surveillance, Epidemiology,
and End Results and institutional analysis: 1990 to 2011. Cancer 126, 390-399 (2020).
4. Babiera, G. V. et al. Effect of primary tumor extirpation in breast cancer patients who present with stage IV disease and an intact
primary tumor. Ann. Surg. Oncol. 13, 776-782 (2006).
5. Rapiti, E. et al. Complete excision of primary breast tumor improves survival of patients with metastatic breast cancer at diagnosis.
J. Clin. Oncol. 24, 2743-2749 (2006).
6. Gnerlich, J. et al. Surgical removal of the primary tumor increases overall survival in patients with metastatic breast cancer: Analysis
of the 1988-2003 SEER data. Ann. Surg. Oncol. 14, 2187-2194 (2007).
7. Gera, R. et al. Locoregional therapy of the primary tumour in de novo stage IV breast cancer in 216 066 patients: A meta-analysis.
Sci. Rep. 10, 2952 (2020).
8. Badwe, R. et al. Locoregional treatment versus no treatment of the primary tumour in metastatic breast cancer: An open-label
randomised controlled trial. Lancet Oncol. 16, 1380-1388 (2015).
9. Khan, S. A. et al. Early local therapy for the primary site in de novo stage IV breast cancer: Results of a randomized clinical trial
(EA2108). J. Clin. Oncol. 40, 978-987 (2022).
10. Soran, A. et al. Randomized trial comparing resection of primary tumor with no surgery in stage IV breast cancer at presentation:
Protocol MF07-01. Ann. Surg. Oncol. 25, 3141-3149 (2018).
11. Fitzal, F. et al. Impact of breast surgery in primary metastasized breast cancer: Outcomes of the prospective randomized phase III
ABCSG-28 POSYTIVE trial. Ann. Surg. 269, 1163-1169 (2019).
12. Soran, A. et al. Primary surgery with systemic therapy in patients with de novo stage IV breast cancer: 10-year Follow-up; protocol
MF07-01 randomized clinical trial. J. Am. Coll. Surg. 233, 742-751.e745 (2021).
13. Darby, S. et al. Effect of radiotherapy after breast-conserving surgery on 10-year recurrence and 15-year breast cancer death:
Meta-analysis of individual patient data for 10,801 women in 17 randomised trials. Lancet 378, 1707-1716 (2011).
14. McGale, P. et al. Effect of radiotherapy after mastectomy and axillary surgery on 10-year recurrence and 20-year breast cancer
mortality: Meta-analysis of individual patient data for 8135 women in 22 randomised trials. Lancet 383, 2127-2135 (2014).
15. Twyman-Saint Victor, C. et al. Radiation and dual checkpoint blockade activate non-redundant immune mechanisms in cancer.
Nature 520, 373-377 (2015).
16. Voorwerk, L. et al. Immune induction strategies in metastatic triple-negative breast cancer to enhance the sensitivity to PD-1
blockade: The TONIC trial. Nat. Med. 25, 920-928 (2019).
17. Ngwa, W. et al. Using immunotherapy to boost the abscopal effect. Nat. Rev. Cancer 18, 313-322 (2018).

Scientific Reports |

(2023) 13:2880 | https://doi.org/10.1038/s41598-023-29888-z nature portfolio



www.nature.com/scientificreports/

18. Karnoub, A. E. et al. Mesenchymal stem cells within tumour stroma promote breast cancer metastasis. Nature 449, 557-563 (2007).

19. Formenti, S. C. & Demaria, S. Local control by radiotherapy: Is that all there is?. Breast Cancer Res 10, 215 (2008).

20. Bilimoria, K. Y., Stewart, A. K., Winchester, D. P. & Ko, C. Y. The National Cancer Data Base: A powerful initiative to improve
cancer care in the United States. Ann. Surg. Oncol. 15, 683-690 (2008).

21. Dafni, U. Landmark analysis at the 25-year landmark point. Circ. Cardiovasc. Qual. Outcomes 4, 363-371 (2011).

22. Deyo, R. A, Cherkin, D. C. & Ciol, M. A. Adapting a clinical comorbidity index for use with ICD-9-CM administrative databases.
J. Clin. Epidemiol. 45, 613-619 (1992).

23. Soran, A. et al. The Effect of primary surgery in patients with de novo stage IV breast cancer with bone metastasis only (Protocol
BOMET MF 14-01): A multi-center, prospective registry study. Ann. Surg. Oncol. 28, 5048-5057 (2021).

24. Kim, B. H., Kim, S., Kim, Y. I. et al. Development of an individualized prediction calculator for the benefit of postoperative radio-
therapy in patients with surgically resected de novo stage IV breast cancer. Cancers (Basel) 12(8), 2103 (2020).

25. Kim, K. N. et al. The impact of locoregional treatment on survival in patients with metastatic breast cancer: A national cancer
database analysis. Clin. Breast Cancer 20, €200-¢213 (2020).

26. Kim, Y.J., Jung, S. Y. & Kim, K. Survival benefit of radiotherapy after surgery in de novo stage IV breast cancer: A population-based
propensity-score matched analysis. Sci. Rep. 9, 8527 (2019).

27. Le Scodan, R. et al. Breast cancer with synchronous metastases: Survival impact of exclusive locoregional radiotherapy. J. Clin.
Oncol. 27, 1375-1381 (2009).

28. Miyashita, M. et al. Role of postmastectomy radiotherapy after neoadjuvant chemotherapy in breast cancer patients: A study from
the Japanese breast cancer registry. Ann. Surg. Oncol. 26, 2475-2485 (2019).

29. Rusthoven, C. G. et al. The impact of postmastectomy and regional nodal radiation after neoadjuvant chemotherapy for clinically
lymph node-positive breast cancer: A National Cancer Database (NCDB) analysis. Ann. Oncol. 27, 818-827 (2016).

Acknowledgements

This research is partially supported by the Agency for Healthcare Research and Quality (R03 HS025806) and
Breast Cancer Research Foundation (BCRF 22-071). The data used in the study are derived from a de-identified
NCDB file. The American College of Surgeons and the Commission on Cancer have not verified and are not
responsible for the analytic or statistical methodology employed, or the conclusions drawn from these data by
the investigator.

Author contributions
M.M. and D.H. conceived the study; M.M. and D.H. conducted the analysis; M.M. wrote the initial draft of the
manuscript; All authors reviewed the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-023-29888-z.

Correspondence and requests for materials should be addressed to D.H.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:2880 | https://doi.org/10.1038/s41598-023-29888-z nature portfolio


https://doi.org/10.1038/s41598-023-29888-z
https://doi.org/10.1038/s41598-023-29888-z
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	The optimization of postoperative radiotherapy in de novo stage IV breast cancer: evidence from real-world data to personalize treatment decisions
	Materials and methods
	Data source. 
	Study population. 
	Variables and outcomes. 
	Statistical analysis. 

	Results
	Patient and tumor characteristics. 
	Univariate and multivariable survival analysis. 
	Propensity score matching and survival analysis. 

	Discussion
	Conclusion
	References
	Acknowledgements


