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Development of a predictive
model to identify patients most
likely to benefit from surgery

In metastatic breast cancer

Jinfeng Bai?, Zeying Li%, Junlong Guo?, Fuxin Gao?, Hui Zhou?, Weijie Zhao® & Xiang Ma'**

Primary tumor resection for metastatic breast cancer (MBC) has demonstrated a survival advantage,
however, not all patients with MBC benefit from surgery. The purpose of this study was to develop

a predictive model to select patients with MBC who are most likely to benefit from surgery at the
primary site. Data from patients with MBC were obtained from the Surveillance, Epidemiology and
End Results (SEER) cohort and patients treated at the Yunnan Cancer Hospital. The patients from the
SEER database were divided into surgery and non-surgery groups and a 1:1 propensity score matching
(PSM) was used to balance baseline characteristics. We hypothesized that patients who underwent
local resection of primary tumors had improved overall survival (OS) compared to those who did not
undergo surgery. Based on the median OS time of the non-surgery group, patients from the surgery
group were further categorized into beneficial and non-beneficial groups. Logistic regression analysis
was performed to identify independent factors associated with improved survival in the surgery group
and a nomogram was established using the most significant predictive factors. Finally, internal and
external validation of the prognostic nomogram was also evaluated by concordance index (C-index)
and using a calibration curve. A total of 7759 eligible patients with MBC were identified in the SEER
cohort and 92 with MBC patients who underwent surgery at the Yunnan Cancer Hospital. Amongst
the SEER cohort, 3199 (41.23%) patients received surgery of the primary tumor. After PSM, the OS
between the surgery and non-surgery group was significantly different based on Kaplan—Meier survival
analysis (46 vs. 31 months, P <0.001), In the surgery group, 562 (55.20%) patients survived for longer
than 31 months and were classified in the beneficial group. Significant differences were observed

in patient characteristics between the beneficial and non-beneficial groups including age, grade,
tumor size, liver metastasis, breast cancer subtype and marital status. These factors were used as
independent predictors to create a nomogram. The internally and externally validated C-indices of the
nomogram were 0.703 and 0.733, respectively, indicating strong consistency between the actual and
predicted survival. A nomogram was developed and used to identify MBC patients who are most likely
to benefit from primary tumor resection. This predictive model has the potential to improve clinical
decision-making and should be considered routine clinical practice.

Breast cancer (BC) is one of the most common tumors in females and the second leading cause of cancer-related
deaths in women'?. Approximately 5-8% of patients with BC have distant metastasis at initial presentation.
Metastatic breast cancer (MBC) is regarded as an incurable disease and has a 5-year survival of 27%*. Currently,
there are curative outcomes for patients with stage IV BC remain poor yet surgery, chemotherapy, radiotherapy,
immunotherapy and targeted therapies are commonly used.

Generally, surgical resection of the primary tumor site is used as a palliative approach in patients with
advanced disease, metastatic disease. In stage IV disease, local resection for the primary tumor with or without
radiotherapy is not usually taken as a definitive form of treatment. Increasing evidence suggests that locoregional
surgery is associated with prolonged survival in some stage IV cancers including the colon, kidney and lung®~".
In MBC, several meta-analyses of retrospective studies have shown the potential utility of surgical resection in
improving overall survival®®. However, surgical resection is likely to only perform well in MBC patients who are
young, in good physical condition and have oligometastatic disease'’. Also, not all MBC patients may benefit
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from surgery and the most appropriate method to identify patients most likely to benefit from surgery remains
unclear. Currently, the National Clinical Cancer Network (NCCN) guidelines encourage clinicians to perform
individualized decisions for local therapy in stage IV disease'!.

Nomograms have become established as reliable prediction tools that integrate various clinicopathological
data to predict the prognosis'>™*. If the survival result index is replaced with other parameters, the nomogram
may be able to predict the outcome of other parameters. In this way, predicting the probability of global
parameters obtained by the prognostic nomogram could be used to inform treatment decisions in the clinic.
Huang et al.'® established a nomogram to predict the probability of bone metastasis in BC patients. Also, a recent
study developed a predictive model to screen for the patients most likely to benefit from surgery in advanced
lung cancer!®. However, the optimum methods to select patients with MBC who are most likely to benefit from
surgery remain under investigation.

In this study, we aimed to develop a predictive model using data from the Surveillance, Epidemiology and
End Results (SEER) database to identify the optimal candidates for primary tumor resection in MBC patients.

Materials and methods

Data source and study design.  Data were extracted from the Surveillance, Epidemiology and End Results
(SEER) database. SEER is a population-based cancer dataset that stores a series of patient and tumor-related data
including incidence, survival, mortality and other characteristics'”. The SEER*Stat software was used to select
patients with MBC from 2010 to 2015 based on the site code classifications. MBC patients diagnosed with
stage IV disease based on the American Joint Committee on Cancer (AJCC) TNM stage were enrolled in the
study who had basic information including active follow-up, known cancer subtype and surgery of the primary
tumor. The clinical data for the MBC patients initially diagnosed at Yunnan Cancer Hospital between January
2012 and August 2016 were retrospectively collected and analyzed. All methods were performed in accordance
with the relevant guidelines and regulations. The research was approved by the ethics committee of Yunnan
Cancer Hospital (ethical clearance No: KYLX202123, which also waived the need for informed consent due to
retrospective nature of the study).

The exclusion criteria for the study were (1) age <18 years, (2) unknown follow-up times, (3) unknown
differentiation grade, (4) undefined TNM staging, (5) unknown histology, (6) unknown tumor size, (7) unknown
marital status, (8) unknown race,; (9) unknown survival duration and (10) patients with previous cancers or
other tumors.

Statistical analyses. Our study samples were classified into surgery and non-surgery groups depending on
whether they had received surgery of the primary tumor. The variables that could potentially influence treatment
responses were extracted including demographics (age, race and gender), the year of diagnosis, marital status,
socioeconomic status (SES), primary tumor site, tumor grade, tumor size, TNM stage, BC subtype, surgery of
the primary tumor, chemotherapy, radiation therapy, distant metastatic site (bone, brain, liver, lung and multiple
organs) and survival (time and status). These parameters were used to create a composite SES variable similar
to previous studies'®2 that included education, family income and poverty level. Propensity score matching
(PSM) was used to reduce selection bias between the treatment groups and allow direct comparison of the data.
The patients in both groups were 1:1 matched with a caliper of 0.001. Categorical variables were evaluated using
a chi-squared test or a Fisher’s exact test.

Overall survival (OS) was calculated from the time of diagnosis to the time of death. OS between the surgery
and the non-surgery groups were evaluated from the Kaplan-Meier curves and the data were compared using
a log-rank test. Univariate and multivariate cox proportional hazards regression was used to identify the
independent risk factors. The parameters referred to hazard ratios (HRs) with 95% confidence intervals (CIs).
Statistical analyses were conducted using SPSS software (version 26.0) and a P-value threshold of <0.05 was
regarded as statistically significant.

Development and validation of the predictive nomogram. We hypothesized that patients who
underwent local resection of primary tumors has longer OS compared to those who did not receive surgery.
Based on the median OS time (31 months) of patients in the non-surgery group after PSM, the eligible patients
who had received surgery of primary tumors were categorized into beneficial and non-beneficial groups. Using
multivariate analysis, we screened for independent risk factors that may improve the survival time (31 months)
and evaluated these factors before surgery. These factors included age, grade, tumor size, liver metastasis, BC
subtype and marital status. Based on the results of the multivariate logistic analysis, a nomogram was constructed
to predict MBC candidates most likely to benefit from surgery.

The predictive capability of the nomogram was evaluated using the concordance index (C-index) where
larger values indicate more accurate prediction. An external validation cohort of independent Chinese patients
was used to further access the discrimination and calibration of the nomogram. The concordance between the
predicted and the actual probabilities were internally and externally measured using calibration curves and 1000
bootstrap resamples. These analyses were performed using R software (version 4.0.5, http://www.Rproject.org)
with the “rms” package.

Based on the results of the predictive model, all MBC patients in the SEER database after PSM were assigned
to three groups; a beneficial surgery group with >50% of patients assuming probability of benefit, a non-beneficial
surgery group with <50% of patients assuming the probability of benefit, and a non-surgery group. Kaplan-Meier
analyses were performed to test the ability of the predictive model to distinguish patients who could benefit from
surgical resection of the primary tumor.
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Ethics approval and consent to participate. The research was approved by the ethics committee of
Yunnan Cancer Hospital (ethical clearance No: KYLX202123, which also waived the need for informed consent
due to retrospective nature of the study).

Results

Patient characteristics. The data from a total of 18,499 MBC patients were collected from the SEER
database. An additional 92 patients with MBC who underwent surgery at the Yunnan Cancer Hospital were
also included in this study. From the SEER datasets, a rigorous filtering procedure was used and ultimately
7759 eligible patients were identified and included in the study (Fig. 1). As shown in Table 1, the patients were
categorized into surgery (n=3199) and non-surgery groups (n=4560) based on surgery to the primary tumor.
There were differences in the age, year of diagnosis, socioeconomic status, grade, tumor size, T Stage, N Stage,
chemotherapy, radiotherapy, metastasis pattern, breast subtype and marital status between both groups before
PSM. Surgery was mainly associated with younger patients and those with lower TNM stage indicating an
imbalance in the baseline characteristics between surgery and non-surgery groups.

A 1:1 PSM was performed to rematch the datasets. 1018 MBC patients treated with surgery of the primary
site and 1018 MBC patients who did not undergo surgery were enrolled in the study following the 1:1 PSM
analysis and the baseline characteristics were all balanced (all P>0.05). Most of these patients were white with
grade III tumors. The upper part of the breast was the most frequent location of the primary tumor. The largest
proportion of BC subtypes were luminal A (HR +/HER2-) tumors and bone metastasis occurred in the majority
of patients. Besides, no noticeable differences was observed between surgery cohort and Chinese cohort (all
P>0.05) (Table 2).

The efficacy of primary tumor resection on OS. The Kaplan-Meier curves comparing the OS in the
surgery and non-surgery groups are shown in Fig. 2A,B. MBC patients who underwent primary tumor resection
had significantly higher OS rates than patients who did not receive surgery (P<0.001). After PSM, the median
survival time was 46 months (95% CI 41.56-50.44) for patients in the surgery group compared to 31 months
(95% CI 28.08-33.92) for patients in the non-surgery group. Besides, cancer-specific survival (CSS) in the two
groups was also compared by the Kaplan Meier survival curve, and the result showed a significant difference
before PSM and after PSM (Fig. 2C,D).

Surgery to the primary site as an independent prognostic factors in MBC. Among the patient
populations after PSM, the results of the univariate analysis in OS showed that age, race, grade, socioeconomic
status, tumor size, T Stage, N Stage, radiotherapy, metastasis pattern, BC subtype, marital status and surgery to
the primary tumor were significant prognostic factors in MBC patients. Furthermore, factors with P-values <0.05
from the univariate analysis were incorporated into the multivariate Cox analysis. The results showed that
surgery to the primary tumor was an independent prognostic factor associated with better OS (HR=0.60, 95%
CI 0.54-0.68, P<0.001). Age, grade, N stage, radiotherapy, metastasis pattern, BC subtype and marital status
were also confirmed as independent predictive factors for OS in MBC patients (Table 3).
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Figure 1. A flow diagram showing the study selection process.
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Before PSM After PSM

DA Total Surgery Non-surgery Total Surgery Non-surgery
characteristic n=7759 |[n=3199 (N%) |n=4560 (N%) |P-value | n=2036 [n=1018 (N%) |n=1018 (N%) | P-value
Age

<60 3962 1777 (55.5%) 2185 (47.9%) 1067 533 (52.4%) 534 (52.5%)

>60 3797 1422 (44.5%) | 2375 (52.1%) <0.001 969 485 (47.6%) 484 (47.5%) 0963
Race

White 5756 2377 (74.3%) 3379 (74.1%) 1519 763 (75%) 756 (74.3%)

Black 1349 536 (16.8%) 813 (17.8%) 0.229 321 166 (16.3%) 155 (15.2%) 0.357
Other! 654 286 (8.9%) 368 (8.1%) 196 89 (8.7%) 107 (10.5%)

Sex

Male 93 43 (1.3%) 50 (1.1%) 22 14 (1.4%) 8(0.8%)

Female 7666 3156 (98.7%) | 4510 (98.9%) 0324 2014 1004 (98.6%) | 1010 (99.2%) 0198
Year of diagnosis

2010-2012 3594 1716 (53.6%) 1878 (41.2%) <0.001 993 498 (48.9%) 495 (48.6%) 0.894
2013-2015 4165 1483 (46.4%) 2682 (58.8%) 1043 520 (51.1%) 523 (51.4%)
Socioeconomic status

High SES 3136 1212 (37.9%) 1924 (42.2%) <0.001 |735 362 (35.6%) 373 (63.6%) 0612
Low SES 4623 1987 (62.1%) 2636 (57.8%) 1301 656 (64.4%) 645 (63.4%)
Grade

Grade I 549 182 (5.7%) 367 (8.0%) 85 45 (4.4%) 40 (3.9%)

Grade II 3135 1084 (33.9%) 2051 (45.0%) <0.001 875 429 (42.1%) 446 (43.8%) 0.684
Grade III 4025 1911 (59.7%) 2114 (46.4%) 1076 544 (53.4%) 532 (52.3%)

Grade IV 50 22 (0.7%) 28 (0.6%) 0 0 (0%) 0 (0%)
Tumor size (mm)

<20 937 354 (11.1%) 583 (12.8%) 180 94 (9.2%) 86 (8.4%)

20-50 3880 1637 (51.2%) | 2243 (49.2%) | 0.047 1128 540 (53.0%) 588 (57.8%) 0.100
>50 2942 1208 (37.8%) 1734 (38%) 728 384 (37.7%) 344 (33.8%)
T stage

T, 948 368 (11.5%) 580 (12.7%) 188 96 (9.4%) 92 (9.0%)

T, 2879 1300 (40.6%) 1579 (34.6%) 876 428 (42.0%) 448 (44.0%)

T, 1498 616 (19.3%) 882 (19.3%) <001 310 160 (15.7%) 150 (14.7%) 0821
T, 2434 915 (28.6%) 1519 (33.3%) 662 334 (32.8%) 328 (32.2%)
N stage

No 1655 520 (16.3%) 1135 (24.9%) 401 203 (19.9%) 198 (19.4%)

N, 3649 1218 (38.1%) 2431 (53.3%) 1050 521 (51.2%) 529 (52.0%)

N, 1064 653 (20.4%) 411 (9.0%) <0.001 231 123 (12.1%) 108 (10.6%) 0.681
N; 1391 808 (25.3%) 583 (12.8%) 354 171 (16.8%) 183 (18.0%)
Chemotherapy

Yes 2938 931 (29.1%) 2007 (44.0%) 778 395 (38.8%) 383 (37.6%)
No/unknown 4821 2268 (70.9%) | 2553 (56.0%) <0001 623 (61.2%) 635 (62.4%) 0384
Radiotherapy

Yes 4967 1711 (53.5%) 3256 (71.4%) <0.001 1391 694 (68.2%) 697 (68.5%) 0.886
No/unknown 2792 1488 (46.5%) | 1304 (28.6%) 645 324 (31.8%) 321 (31.5%)
Metastasis pattern (yes vs. no)

Liver metastasis 1965 633 (19.8%) 1332 (29.2%) <0.001 |335 161 (15.8%) 174 (17.1%) 0.437
Brain metastasis 473 113 (3.5%) 360 (7.9%) <0.001 |35 17 (1.7%) 18 (1.8%) 0.865
Bone metastasis 4947 1805 (56.4%) 3142 (68.9%) <0.001 | 1336 670 (65.8%) 666 (65.4%) 0.852
Lung metastasis 2367 791 (24.7%) 1576 (34.6%) <0.001 | 505 237 (23.3%) 268 (26.3%) 0.112
Multiple sites 2295 579 (18.1%) 1716 (37.6%) <0.001 | 353 174 (17.1%) 179 (17.6%) 0.770
Breast subtype

HR+/HER2- 4445 1730 (54.0%) 2720 (59.5%) 1329 661 (64.9%) 668 (65.6%)
HR+/HER2 + 1383 569 (17.8%) 819 (17.9%) <0001 295 142 (13.9%) 153 (15.0%) 0.727
HR-/HER2 + 739 325 (10.1%) 411 (9.0%) 154 79 (7.8%) 75 (7.4%)

HR-/HER2- 1192 581 (18.1%) 618 (13.5%) 258 136 (13.4%) 122 (12.0%)
Location
Continued
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Before PSM After PSM
DA Total Surgery Non-surgery Total Surgery Non-surgery
characteristic n=7759 | n=3199 (N%) | n=4560 (N%) |P-value | n=2036 |n=1018(N%) | n=1018(N%) | P-value
Central? 562 233 (7.3%) 329 (7.2%) 132 74 (7.3%) 58 (5.7%)
Upper 2684 1111 (34.7%) 1573 (34.5%) 687 340 (33.4%) 347 (34.1%)
Lower 823 353 (11.0%) 470 (10.3%) 231 115 (11.3%) 116 (11.4%)
Axillary tail 48 22(0.7%) 26 (0.6%) 0% M 5(0.5%) 6 (0.6%) 0.638
Overlapping 1750 733 (22.9%) 1017 (22.3%) 476 245 (24.1%) 231 (22.7%)
Other? 1892 747 (23.4%) 1145 (25.1%) 499 239 (23.5%) 260 (25.5%)
Marital status
Unmarried 4057 1528 (47.8%) 2529 (55.5%) <0001 1065 536 (52.7%) 529 (52.0%) 0.756
Married 3702 1671 (52.2%) 2031 (44.5%) 971 482 (47.3%) 489 (48.0%)

Table 1. The patient demographics and clinic-pathologic characteristics before and after PSM. *1: American
Indian/AK Native, Asian/Pacific Islander; 2: central portion of breast or nipple; 3: Breast,NOS.

Factors associated with benefit from surgery in MBC patients. Multivariate logistic regression
analysis was used to identify the factors associated with benefit from surgery and the data are presented in Fig. 3.
The outcomes showed that age, grade, tumor size, radiotherapy, liver metastasis, BC subtype and marital status
were independent predictors for surgical intervention in MBC patients (P <0.05).

Development of a nomogram to determine optimal candidates for primary tumor
resection. Patients who underwent local resection of the primary tumor are assumed to live longer than
those who did not surgery. In the surgery cohort, 562 (55.20%) patients lived longer than 31 months who were
classified as the beneficial group. Patients who lived <31 months in the surgery cohort were assigned to the non-
beneficial group.

Based on the beneficial and non-beneficial groups, we screened the independent risk factors associated
with OS in multivariate logistic regression analysis. This approach was used to assess associations with surgery,
including age, grade, tumor size, liver metastasis, BC subtype and marital status. The key independent factors
were integrated into a nomogram to predict MBC patients most likely to benefit from primary tumor resection.
This model indicated that BC subtype had the largest impact on prognosis, followed by grade and marital status.
Other factors including age, tumor size and liver metastasis also had a moderate influence on survival. The
specific scoring system of the nomogram is shown in Fig. 4.

Nomogram validation. Internal validation showed that the nomogram could accurately predict OS
survival with a C-index of 0.703 (95% CI 0.691-0.716). Similarly, external validation using the independent
Chinese cohort showed that the C-index for the nomogram was 0.733 (95% CI 0.690-0.781). The internal and
external calibration plots showed optimal consistency between the predicted and observed results (Fig. 5). We
further validated the ability of the predictive model in the Chinese patient cohort.

The OS in the SEER three groups after PSM was assessed from the Kaplan-Meier curves and compared using
a log-rank test (Fig. 6). The results failed to show significant differences between the non-surgery and non-
beneficial surgery groups (P> 0.05). However, the patients in the beneficial surgery group had a significantly
longer survival time compared to the non-beneficial surgery (HR =2.528, 95% CI 2.090-3.059, P<0.001) or the
non-surgery groups (HR=2.611, 95% CI 2.195-3.105, P<0.001).

Clinical practice. The probability of benefit from surgery of the primary site may be obtained by adding
the points of each variable. For example, if a patient is a 65-year-old female who married and diagnosed with
moderately differentiated BC with liver metastasis that is classified as T2NxM1 stage and the BC subtype is
HR + /HER2-, the total score would be calculated as 130 points and the probability that the patient would benefit
from surgery is 63%.

Discussion

The treatment of patients with MBC is highly complex due to heterogeneity of the disease. There is an urgent
need for tailored treatment strategies based the individual biology, metastatic burden and social status of pateints.
Traditionally, primary tumor resection is used with palliative intent in the treatment of MBC. However, emerging
evidence suggests that surgical resection of the primary tumor may improve OS in patients with MBC?!-%,
Consistent with our findings, Zhao et al.** analyzed the data of 7986 patients with de novo MBC from the SEER
database between 2010 and 2016 and demonstrated a survival benefit in patients who received surgery compared
to those who did not. In their study?, nine independent factors, including age, race, marital status, grade, breast
subtype, T stage, metastatic site, surgery, and chemotherapy, were found to be independent prognostic indicators
of the OS of MBC patients. Of these, their nomogram showed that breast subtype had greatest impact on
prognosis while primary site surgery had a moderate impact on prognosis. Similarly, Cui et al.”® divided stage IV
BC patients into four groups based on the different surgical procedures and reported that the use of surgery was
related to a lower probability of breast cancer-specific death in patients with stage IV BC. In addition, the authors
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Total Surgery cohort | Chinese cohort

Demographic or characteristic | n=1111 (100%) | n=1018 (100%) | n=93 (100%) P-value
Age

<60 586 (52.7%) 533 (52.4%) 53 (57.0%) 0.392
>60 525 (47.3%) 485 (47.6%) 40 (43.0%)

Sex

Male 14 (1.3%) 14 (1.4%) 0 (0.0%) 0255
Female 1097 (98.7%) 1004 (98.6%) 93 (100%)

Year of diagnosis

2010-2012 538 (48.4%) 498 (48.9%) 40 (43.0%) 0275
2013-2015 573 (51.6%) 520 (51.1%) 53 (57.0%)
Socioeconomic status

High SES 398 (35.8%) 362 (35.6%) 36 (38.7%) 0544
Low SES 713 (64.2%) 656 (64.4%) 57 (61.3%)

Grade

Grade I 48 (4.3%) 45 (4.4%) 3(3.2%)

Grade II 473 (42.6%) 429 (42.1%) 44 (47.3%) 0.586
Grade III 590 (53.1%) 544 (53.4%) 46 (49.5%)
Tumor size (mm)

<20 108 (9.7%) 94 (9.2%) 14 (15.1%)

20-50 585 (52.7%) 540 (53.0%) 45 (48.4%) 0.187
>50 418(37.6%) 384 (37.7%) 34 (36.6%)
T stage

T, 108 (9.7%) 96 (9.4%) 12 (12.9%)

T, 466 (41.9%) 428 (42.0%) 38 (40.9%) 0732
T; 175 (15.8%) 160 (15.7%) 15 (16.1%)

T, 362 (32.6%) 334 (32.8%) 28 (30.1%)

N stage

No 216 (19.4%) 203 (19.9%) 13 (14.0%)

N, 570 (51.3%) 521 (51.2%) 49 (52.7%)

N, 133 (12.0%) 123 (12.1%) 10 (10.8%) 0338
N; 192 (17.3%) 171 (16.8%) 21 (22.6%)
Chemotherapy

Yes 433 (39.0%) 395 (38.8%) 38 (40.9%) 0.697
No/unknown 678 (61.0%) 623 (61.2%) 55 (59.1%)
Radiotherapy

Yes 757 (68.1%) 694 (68.2%) 63 (67.7%) 09
No/unknown 354 (31.9%) 324 (31.8%) 30 (32.3%)

Metastasis pattern (yes vs. no)

Liver metastasis 170 (15.3%) 161 (15.8%) 9 (9.7%) 0.116
Brain metastasis 19 (1.7%) 17 (1.7%) 2(2.2%) 0.732
Bone metastasis 730 (65.7%) 670 (65.8%) 60 (64.5%) 0.801
Lung metastasis 261 (23.5%) 237 (23.3%) 24 (25.8%) 0.582
Multiple sites 194 (17.5%) 174 (17.1%) 20 (21.5%) 0.283
Breast subtype

HR+/HER2- 713 (64.2%) 661 (64.9%) 52 (55.9%)

HR +/HER2 + 160 (14.4%) 142 (13.9%) 18 (19.4%) o127
HR-/HER2 + 91 (8.2%) 79 (7.8%) 12 (12.9%)

HR-/HER2- 147 (13.2%) 136 (13.4%) 11 (11.8%)
Location

Central® 80 (7.2%) 74 (7.3%) 6 (6.5%)

Upper 372 (33.5%) 340 (33.4%) 32 (34.4%)

Lower 125 (11.3%) 115 (11.3%) 10 (10.8%) 0.101
Axillary tail 8 (0.7%) 5 (0.5%) 3 (3.2%)

Overlapping 265 (23.9%) 245 (24.1%) 20 (21.5%)

Other? 261 (23.5%) 239 (23.5%) 22 (23.7%)

Marital status

Continued
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>

Total Surgery cohort | Chinese cohort
Demographic or characteristic | n=1111 (100%) | n=1018 (100%) | n=93 (100%) P-value
Unmarried 577 (51.9%) 536 (52.7%) 41 (44.1%) 0113
Married 534 (48.1%) 482 (47.3%) 52 (55.9%)

Table 2. Patient demographics and clinicopathologic characteristics in surgery cohort and Chinese validation

cohort. *1: American Indian/AK Native, Asian/Pacific Islander; 2: central portion of breast or nipple; 3:

Breast,NOS.
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Figure 2. Kaplan-Meier survival analysis of OS in the surgery and non-surgery group before PSM (A) and after
PSM (B), and CSS in the surgery and non-surgery group before PSM (C) and after PSM (D).

also determined the factors associated with bone-only and visceral metastases in BC patients using competing
risk models, resulting in the development of two competing risk nomograms. Both these nomograms reflected
that, apart from breast subtype, surgery of the primary site appeared to be the most influential factor in assessing
the prognosis of stage IV BC patients. However, not all MBC patients appear to benefit equally from surgery and
the effects of primary tumor resection should be clarified for those patients. Primary tumor resection is beneficial
in reducing tumor burden and metastatic spread” but may contribute to the restoration of immunocompetence
as anti-cancer immune responses can be modulated by the primary tumor?. So it is necessary to identify which
patients are most likely to benefit based on their clinical features.

In this study, we developed a predictive model to identify the patients most likely to benefit from surgery.
After adjusting for the baseline characteristics, the patients who received surgery and were not re-matched
were removed to avoid selection bias. Patients from the surgery group had significantly longer OS compared to
patients in the non-surgery group (46 vs. 31 months). Based on the median OS data from the non-surgery group
(31 months), the surgery patients were classified into beneficial and non-beneficial groups in which the patients
who underwent local resection of the primary tumor had lived longer than the 31 months benefit from surgery.
Next, the preoperative baseline characteristics were compared between the beneficial and non-beneficial groups.
Multivariate logistic regression was used to identify the risk factors associated with the benefit from surgery.
These data were used to construct a predictive nomogram to identify the optimal MBC patients for surgery.
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Univariate analysis Multivariate analysis

Variables HR 95% CI P HR 95% CI P
Age

<60 1 1

=60 1454 | 1.289-1.640 | <0.001 | 1.448 | 1.278-1.642 | <0.001
Race

White 1 1

Black 1.325 | 1.131-1.552 | <0.001 | 1.163 | 0.986-1.373 | 0.073
Other! 0.879 |0.707-1.092 | 0.243 0915 |0.735-1.140 | 0.430
Sex

Male 1 -

Female 0.889 |0.503-1.571 | 0.685
Grade

Grade I 1 1

Grade II 1.328 |0.934-1.886 | 0.114 1.31 0.918-1.869 | 0.136
Grade III 2.292 | 1.622-3.238 | <0.001 |2.074 | 1.447-2.972 | <0.001
Socioeconomic status(SES)

High-ESE 1 1

Low- ESE 1.15 1.013-1.304 | 0.03 1.063 | 0.935-1.210 | 0.349
Tumor size (mm)

<20 1 1

20-50 1.109 | 0.877-1.403 | 0.386 0.952 | 0.661-1.371 | 0.790
>50 1.612 | 1.271-2.046 | <0.001 |1.114 |0.763-1.627 | 0.575
T Stage

T, 1 1

T, 1.108 | 0.872-1.408 | 0.401 1.142 | 0.784-1.662 | 0.489
T, 1.406 | 1.077-1.834 | 0.012 1.263 |0.834-1.912 | 0.270
T, 1.786 | 1.406-2.270 | <0.001 | 1.374 | 0.942-2.003 | 0.099
N stage

N, 1 1

N, 0.906 |0.772-1.062 | 0.223 0.810 | 0.684-0.960 |0.015
N, 0.961 |0.769-1.201 | 0.726 0.809 |0.637-1.028 | 0.082
N; 1.229 |1.017-1.484 | 0.033 0.907 |0.734-1.120 | 0.365
Chemotherapy

No/unknown 1 -

Yes 0.900 |0.796-1.017 | 0.090
Radiotherapy

No/unknown 1 1

Yes 0.809 |0.709-0.922 | 0.001 0.858 |0.745-0.989 | 0.034
Metastasis pattern (yes vs. no)

Liver metastasis 1.357 | 1.162-1.585 | <0.001 | 1.369 | 1.097-1.709 | 0.005
Brain metastasis 2.101 |1.461-3.021 | <0.001 |1.872 |1.253-2.796 |0.002
Bone metastasis 0.824 |0.727-0.934 | 0.003 1.111 | 0.923-1.337 | 0.265
Lung metastasis 1.498 | 1.313-1.709 | <0.001 | 1.098 |0.904-1.333 | 0.347
Multiple sites 1.550 | 1.342-1.791 | <0.001 | 1.237 |0.943-1.624 |0.125
Breast subtype

HR+/HER2-(Luminal A) 1 1

HR+/HER2 + (Luminal B) 0.710 |0.583-0.864 |0.001 0.524 | 0.440-0.668 | <0.001
HR-/HER2 + (HER?2 enriched) 0.879 |0.683-1.132 | 0.317 0.605 | 0.458-0.800 | <0.001
HR-/HER2-(Triple negative) 2,633 |2.245-3.089 | <0.001 |1.900 | 1.574-2.295 | <0.001
Location

Central? 1 -

Upper 1.037 |0.796-1.351 | 0.789

Lower 1.044 |0.771-1.414 | 0.780

Axillary tail 1.001 | 0.403-2.487 | 0.998

Overlapping 1.102 | 0.839-1.447 | 0.487

Other? 1.294 | 0.988-1.695 | 0.062
Continued
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Univariate analysis Multivariate analysis
Variables HR 95% CI P HR 95% CI P
Marital status
Unmarried 1 1
Married 0.687 |0.608-0.776 | <0.001 |0.763 |0.672-0.866 | <0.001
Surgery to primary site
No 1 1
Yes 0.633 |0.561-0.715 | <0.001 |0.604 |0.535-0.683 | <0.001

Table 3. Cox proportional hazards regression model analysis of OS in the PSM population. *1: American
Indian/AK Native, Asian/Pacific Islander; 2: central portion of breast or nipple; 3: Breast, NOS.

Variables OR 95%CI p-Value

Age =60 - Reference
<60 —_—— 1.396 1.061-1.838 0.017

Race Others - Reference
White —t— 1.094 0.683-1.752 0.708
Black r——— 0.742 0.421-1.308 0.302

AJCC T Stage Ts L Reference
T, — 0.692 0.325-1.475 0.341
T, byt 0.772 0.482-1.238 0.284
Ts e it 1.189 0.764-1.849 0.443

Grade Grade Il - Reference
Grade | e ———— 1.651 0.854-3.193 0.136
Tumor Size Grade II 11— 1.554 1.155-2.09 0.004

>50mm - Reference
<20mm 1.831 0.834-4.019 0.132
20-50mm - 1.883 1.14-3.111 0.014

Breast Subtype Triple Negative - Reference
Luminal A - 4.302 2.472-7488 <0.001
Luminal B - 5.699 3.078-10.552 <0.001
HER2 Enriched - 4.259 2.132-8.507 <0.001

Bone matastases Yes - Reference
No ——t 1.01 0.732-1.392 0.954

[.iver matastascs Yes - Reference
No —_—— 1.709 1.144-2.552 0.009

[Lung matastases Yes - Reference
No =t 0.965 0.682-1.365 0.839

Radiation Yes — Reference
No ——y 0.695 0.517-0.933 0.016

Marital Status Yes - Reference
No —— 0.651 0.495-0.855 0.002

I 1 1 I T 1 | 1
0.5 1 2 3 4 5 6 7
Non-beneficial Benelicial

Figure 3. Forest plots of the multivariate logistic regression analysis.

In our model, BC subtype had the strongest impact on patient benefit from surgery. The HR*/HER2* subtype
had the best score, followed by the HR"/HER2* and HR*/HER2~ subtypes. The worst score was observed in
patients with the HR"/HER2" subtype. A prospective trial in Turkish patients suggested improvements in
5-year survival following surgery in patients with HR (+) BC?. Also, a multicenter study in the Netherlands
demonstrated that MBC patients with HR +/HER2 + disease had longer survival®. However, there was no notable
treatment outcome in patients with triple-negative breast cancer®*’!. These results indicate that for patients with
advantaged molecular BC subtypes, surgery is a beneficial therapeutic option.

Liver metastasis was also shown to strongly predict patients who may not benefit from surgery. Compared to
metastasis to the bones, lung or brain, BC with liver metastasis is regarded as the most lethal form of the disease
which has a 5-year survival rate of 3.8-12%2. Walsum et al.** found that treatment options for BC patients with
liver metastasis generally remain restricted to palliative systemic therapy. Given that it is relatively uncommon
for isolated liver metastasis to occur in BC, local treatment is still rarely proposed and so the usual treatment
modalities may not be suitable for BC patients with liver metastasis. Primary tumor resection may play a minor
role in prolonging the survival of patients with MBC.

In our study, marital status and younger age were found to be associated with survival benefits after primary
tumor resection. A recent study reported that surgery to the primary site can improve outcomes for younger
MBC patients®. This may be because younger patients usually have a higher performance and physical status
which helps them to tolerate surgery. Marital status is an independent prognostic factor for OS in MBC patients®.
Considering the decreased psychological burden and increased emotional support of married patients, they may
be more likely to benefit from primary tumor resection.
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Figure 4. A nomogram to predict optimal candidates for primary tumor resection in MBC patients.
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Figure 5. Calibration curves of the nomogram to predict the patients most likely to benefit from surgery in the
SEER (A) and the Chinese cohorts (B).

Wang et al.** divided 2056 patients with breast infiltrating duct carcinoma (BIDC) into surgery and non-
surgery groups according to whether or not surgery was undertaken, and showed that resection of the primary
tumor was associated with improved survival in MBC patients. At the same time, they constructed a nomogram
based on the independent factors affecting the benefit of locoregional surgery in patients with stage IV BIDC
to predict the probability of surgical benefit. In their model*, stage IV BIDC patients with low histologic grade,
low T-stage, non-triple-negative subtype, non-lung metastasis, non-liver metastasis, non-brain metastasis, or
married status were regarded as more suitable candidates for resection. On the basis of these previous studies,
we extended the inclusion criteria to all pathological types of stage IV BC patients, not just patients with stage
IV BIDC, allowing greater coverage by the model. In addition, it is worth noting that we also used the Chinese
population as an external validation of the model, and the results showed that the model still had good predictive
ability. But this study had several potential limitations. The study was retrospective and so may be impacted by
selection bias related to the study design. Also, specific information about systemic treatments such as HER2
targeted therapy, endocrine therapy and immunotherapy were lacking in the SEER database and so it is unclear
if primary tumor resection combined with therapies could result in survival benefits. Finally, important details
including the number of metastatic sites, complications and treatment duration were unavailable in the SEER
database. Further validation of our data is required in large-scale prospective studies.
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Figure 6. Kaplan-Meier curves to differentiate beneficial and non-beneficial groups based on the predictive
model in patients from the SEER database after PSM.

In summary, our predictive model showed that surgery to the primary tumor had a beneficial effect on the
OS of patients with MBC yet not all were amenable to surgery. Specifically, patients < 60 years old, those with
grade I tumors with diameters < 20 mm, non-liver metastasis, HR+ /HER2 + and married patients who are eligible
for primary tumor resection and could potentially benefit more from surgery. Our predictive model should be
considered for use in clinical practice as it has the potential to identify the optimal candidates for surgery to the
primary site in MBC patients.

Data availability
The datasets used during the current study are available from the corresponding author on reasonable request.

Received: 29 March 2022; Accepted: 1 March 2023
Published online: 08 March 2023

References
1. Ferlay, J. et al. Cancer incidence and mortality worldwide: Sources, methods and major patterns in GLOBOCAN 2012. Int. J.
Cancer 136(5), E359-E386 (2015).
2. Siegel, R. L., Miller, K. D. & Jemal, A. Cancer statistics, 2020. CA Cancer J. Clin. 70(1), 7-30 (2020).
3. DeSantis, C. E. et al. Breast cancer statistics, 2019. CA Cancer J. Clin. 69(6), 438-451 (2019).
4. 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(4), 62 (2018).
5. Lemini, R. et al. Is metastasectomy a worthy option?-The role of surgery in metastatic colon cancer to liver and lungs. J. Gastrointest.
Oncol. 10(6), 1032-1048 (2019).
6. Shankar, G. M. et al. Survival after surgery for renal cell carcinoma metastatic to the Spine: Impact of modern systemic therapies
on outcomes. Neurosurgery 87(6), 1174-1180 (2020).
7. Le Pimpec Barthes, F. et al. The place of surgery in metastatic non-small cell lung cancer. Rev. Mal. Respir. 29(3), 376-383 (2012).
8. Ruiterkamyp, J., Voogd, A. C., Bosscha, K., Tjan-Heijnen, V. C. G. & Ernst, M. F. Impact of breast surgery on survival in patients
with distant metastases at initial presentation. A systematic review of the literature. Breast Cancer Res. Treat. 120(1), 9-16 (2010).
9. Harris, E., Barry, M. & Kell, M. R. Meta-analysis to determine if surgical resection of the primary tumour in the setting of stage
IV breast cancer impacts on survival. Ann. Surg. Oncol. 20(9), 2828-2834 (2013).
10. Tosello, G. et al. Breast surgery for metastatic breast cancer. Cochrane Database Syst. Rev. 3(3), 011276 (2018).
11. National Comprehensive Cancer Network (NCCN) Clinical Care Guidelines. Breast Cancer Version 4.2017. 2017. https://www.
nccn.org/professionals/physician_gls/pdf/breast.pdf (Accessed 5 March 2018).
12. Wang, J., Wu, Y., He, W,, Yang, B. & Gou, X. Nomogram for predicting overall survival of patients with bladder cancer: A
population-based study. Int. J. Biol. Markers 35(2), 29-39 (2020).
13. Cao, J. et al. Clinical nomogram for predicting survival of esophageal cancer patients after esophagectomy. Sci. Rep. 6, 26684 (2016).
14. 1i, Y. et al. Nomograms for predicting long-term overall survival and cancer-specific survival in patients with major salivary gland
cancer: A population-based study. Oncotarget 8(15), 24469-24482 (2017).
15. Huang, Z. et al. Risk factors, prognostic factors, and nomograms for bone metastasis in patients with newly diagnosed infiltrating
duct carcinoma of the breast: A populationbased study. BMC Cancer 20(1), 1145 (2020).
16. Liang, H. et al. Identifying optimal candidates for primary tumor resection among metastatic non-small cell lung cancer patients:
A population-based predictive model. Transl. Lung Cancer Res. 10(1), 279-291 (2021).
17. Doll, K. M., Rademaker, A. & Sosa, J. A. Practical guide to surgical data sets: Surveillance, epidemiology, and end results (SEER)
database. JAMA Surg. 153, 588-589 (2018).
18. Du, X. L. et al. Racial disparity and socioeconomic status in association with survival in older men with local/regional stage prostate
carcinoma: Findings from a large community-based cohort. Cancer 106(6), 1276-1285 (2006).
19. Sun, M. et al. Racial disparities and socioeconomic status in men diagnosed with testicular germ cell tumors: A survival analysis.
Cancer 117(18), 4277-4285 (2011).
20. Robert, S. A. et al. Socioeconomic risk factors for breast cancer: Distinguishing individual- and community-level effects.
Epidemiology 15(4), 442-450 (2004).
21. Lane, W. O. et al. Surgical resection of the primary tumor in women with de novo stage IV breast cancer: Contemporary practice
patterns and survival analysis. Ann. Surg. 269, 537-544 (2019).
22. Arciero, C,, Liu, Y,, Gillespie, T. & Subhedar, P. Surgery and survival in patients with stage IV breast cancer. Breast J. 25, 644-653
(2019).

Scientific Reports |

(2023) 13:3845 | https://doi.org/10.1038/s41598-023-30793-8 nature portfolio


https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf

www.nature.com/scientificreports/

23. Li, X,, Huang, R., Ma, L, Liu, S. & Zong, X. Locoregional surgical treatment improves the prognosis in primary metastatic breast
cancer patients with a single distant metastasis except for brain metastasis. Breast 45, 104-112 (2019).

24. Zhao, W. et al. A nomogram for predicting survival in patients with de novo metastatic breast cancer: A population-based study.
BMC Cancer 20(1), 982 (2020).

25. Cui, H. et al. Nomogram predicts the role of primary tumor surgery on de novo stage-IV breast cancer patients: A SEER-based
competing risk analysis model. Front. Oncol. 4(12), 819531 (2022).

26. Fields, R. C. et al. Surgical resection of the primary tumor is associated with increased long-term survival in patients with stage
IV breast cancer after controlling for site of metastasis. Ann. Surg. Oncol. 14(12), 3345-3351 (2007).

27. Gnerlich, J. et al. Surgical removal of the primary tumor increases overall survival in patients with metastatic breast cancer: Analysis
of the 19882003 SEER data. Ann. Surg. Oncol. 14(8), 2187-2194 (2007).

28. 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(11), 3141-3149 (2018).

29. Lobbezoo, D. . et al. Prognosis of metastatic breast cancer subtypes: The hormone receptor/HER2-positive subtype is associated
with the most favorable outcome. Breast Cancer Res. Treat. 141(3), 507-514 (2013).

30. Zumsteg, Z. S. et al. Breastconserving therapy achieves local-regional outcomes comparable to mastectomy in women with T1-2N0
triple-negative breast cancer. Ann. Surg. Oncol. 20, 3469¢76 (2013).

31. Bhoo-Pathy, N. et al. Prognostic role of adjuvant radiotherapy in triple-negative breast cancer: A historical cohort study. Int. J.
Cancer 137, 250412 (2015).

32. Ruiz, A. et al. Predictive profile-nomogram for liver resection for breast cancer metastases: An aggressive approach with promising
results. Ann. Surg. Oncol. 24, 535-545 (2017).

33. van Walsum, G. A. et al. Resection of liver metastases in patients with breast cancer: Survival and prognostic factors. Eur. J. Surg.
Oncol. 38,910-917 (2012).

34. Wang, Z. et al. A novel nomogram model to identify candidates and predict the possibility of benefit from primary tumor resection
among female patients with metastatic infiltrating duct carcinoma of the breast: A large cohort study. Front. Oncol. 14(12), 798016
(2022).

Author contributions
J.B. and X.M. designed the study; J.B. wrote the manuscript; Z.L., ].G. and E.G. prepared statistical analysis; H.Z.
and W.Z. drew tables and figures. All authors reviewed and approved the final manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to X.M.

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) 13:3845 | https://doi.org/10.1038/s41598-023-30793-8 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Development of a predictive model to identify patients most likely to benefit from surgery in metastatic breast cancer
	Materials and methods
	Data source and study design. 
	Statistical analyses. 
	Development and validation of the predictive nomogram. 
	Ethics approval and consent to participate. 

	Results
	Patient characteristics. 
	The efficacy of primary tumor resection on OS. 
	Surgery to the primary site as an independent prognostic factors in MBC. 
	Factors associated with benefit from surgery in MBC patients. 
	Development of a nomogram to determine optimal candidates for primary tumor resection. 
	Nomogram validation. 
	Clinical practice. 

	Discussion
	References


