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Objective

The prognosis of patients with breast cancer liver metastasis (BCLM) was poor. We aimed at constructing a nomogram to predict overall survival (OS) for BCLM patients using the SEER (Surveillance Epidemiology and End Results) database, thus choosing an optimized therapeutic regimen to treat.



Methods

We identified 1173 patients with BCLM from the SEER database and randomly divided them into training (n=824) and testing (n=349) cohorts. The Cox proportional hazards model was applied to identify independent prognostic factors for BCLM, based on which a nomogram was constructed to predict 1-, 2-, and 3-year OS. Its discrimination and calibration were evaluated by the Concordance index (C-index) and calibration plots, while the accuracy and benefits were assessed by comparing it to AJCC-TNM staging system using the decision curve analysis (DCA). Kaplan-Meier survival analyses were applied to test the clinical utility of the risk stratification system.



Results

Grade, marital status, surgery, radiation therapy, chemotherapy, CS tumor size, tumor subtypes, bone metastatic, brain metastatic, and lung metastatic were identified to be independent prognostic factors of OS. In comparison with the AJCC-TNM staging system, an improved C-index was obtained (training group: 0.701 vs. 0.557, validation group: 0.634 vs. 0.557). The calibration curves were consistent between nomogram-predicted survival probability and actual survival probability. Additionally, the DCA curves yielded larger net benefits than the AJCC-TNM staging system. Finally, the risk stratification system can significantly distinguish the ones with different survival risk based on the different molecular subtypes.



Conclusion

We have successfully built an effective nomogram and risk stratification system to predict OS in BCLM patients, which can assist clinicians in choosing the appropriate treatment strategies for individual BCLM patients.
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Introduction

Breast cancer is the most common cancer in women around the world and the second leading cause of cancer death after lung cancer in American women (1). Breast cancer can metastasize to bone, lung, liver, pleura, skin, soft tissue, etc. (2). Among them, breast cancer liver metastases (BCLM) are very common in the clinical treatment of breast cancer. Approximately 50% of all breast cancer will occur with metastasis and the liver represents the third most frequent site of metastasis in patients with breast cancer (3, 4). Additionally, BCLM is considered the most lethal compared with other sites of metastases (e.g., the lung, bone, or brain), with 5-year survival rates of only 3.8-12% (median survival, 4-21 months) (5). Despite systemic chemotherapy including hormonal therapy, biological therapy, palliative therapy, and radiation having been performed, the prognoses of BCLM remains poor with a median survival of only 4.8-15 months (6, 7). Besides, some patients may exhibit resistance to endocrine therapy, and some may demonstrate a poor response to chemotherapy, and the latter accounts for much of the high mortality in patients with BCLM (3, 8). However, a special forecasting tool for BCLM is lacking. Nomograms are considered to be reliable and convenient prognostic tools, and are widely used for prognostication in oncology because of their quantitative analysis of risk variables (9, 10). Thus, in this study, we propose to construct nomograms for predicting overall survival (OS) in patients with BCLM.

In the study, we used the latest data available in the SEER (Surveillance Epidemiology and End Results) population-based database. We have three objectives. First, we described the demographics and clinicopathologic characteristics of the population. Second, significant variables related to BCLM were picked out to establish the prognostic model. Third, we constructed nomograms for visualizing the model and predicting the survival of BCLM. With the help of this aiding tool, more optimized therapeutic regimen might be chosen clinically, thus helping patients obtain a better prognosis.



Materials and Methods


Study Design and Patients Selection

The patients included in this study were retrieved from the SEER 18 database by using SEER*Stat program version 8.3.5, which is a public national registry database containing data on cancer occurrences in 18 areas of United States and representing approximately 34.6% of the population. The trial population encompassed adult female breast cancer patients with liver metastases diagnosed from 2010 to 2015 because information about the molecular subtypes and sites of distant metastasis was collected in 2010. The inclusion criteria included patients who had a known history of breast cancer, active follow-up, and breast cancer as the only diagnosed or 1st of 2 or more primary cancers. We excluded patients with unknown subtype, male BC, and those who did not have complete information (grade unknown, laterality unknown, AJCC stage unknown, TNM stage unknown, surgery unknown, tumor size unknown, married status unknown, and metastatic sites unknown). A flow chart of the selection is shown in Figure 1. Eventually, we identified 1,173 eligible patients for this study. No formal consent was required for this type of retrospective study.




Figure 1 | The flowchart of patients identified in the study.





Statistical Analysis

All these patients were randomly divided into 7:3 training and validation groups. Univariate COX Proportional Hazard Regression analysis was developed to identify independent prognostic factors to construct prognostic factors. Based on the results of the univariate analysis (P value<0.1), multivariate COX Proportional Hazard Regression analysis was performed to build nomograms with significant variables (P value<0.05) in the training group. We employed 1-,2-, and 3-years OS for analysis in the nomogram. Concordance index (C-index) and the calibration curves were used to evaluate the discriminative and accuracy ability of the nomogram. Both discrimination and calibration were evaluated by bootstrapping 1000 times. Otherwise, decision curve analysis (DCA) was employed to evaluate the benefits and advantages of our new predicting model over other existing tools (for example, 8th edition AJCC TNM staging system) (11). Furthermore, a risk stratification model was developed on the aggregate score of every patient in the nomogram, which was distributed into two prognostic groups (low and high) according to its median value.

All of these statistical methods were performed using R software version 3.6.3 (http://www.r-project.org) and Empower (R) (www.empowerstats.com, XY Solutions, inc.Boston MA). Statistical significance was set at P<0.05 in a two-tailed test.




Results


Patient Characteristics

A total of 1,173 female patients with BCLM were evaluated from 2010 to 2015 (1,173 patients for a primary cohort:824 patients for a training cohort and 349 for a validation cohort). The median follow-up time of the entire cohort was 18 months, and 1-, 2-, 3- year survival rates were 0.66, 0.41, 0.23, respectively. In the training cohort, more than half of the patients were over 56 years old (51.3%), white (72.9%), diagnosed between 2013 and 2015 (51.3%) and unmarried (50.4%). Moreover, Luminal A, which was the most common subtype of BCLM, was poorly differentiated (representing Grade III and IV) in 61.6 and 59.6% in the training and testing cohorts, respectively. Furthermore, the proportion of chemotherapy-received patients was much larger than the surgery and radiation therapy, 71.8%, 31.4%, and 28.4% in the training cohort, respectively. Additionally, in patients with BCLM, the incidence of bone metastatic was the highest (56.9%), and the lung metastatic was the second (34.6). The detailed demographics and clinicopathologic characteristics of the 3 cohorts were presented in Table 1.


Table 1 | Demographics and clinicopathologic characteristics of the cohort with BCLM.





Univariate and Multivariate COX Hazard Regression Analysis

The hazard ratios (HR) for OS according to all variables in the univariate and multivariate COX proportional hazard model are shown in Table 2. The univariate COX-Regression analysis demonstrated that age at diagnosis, race, marital status, grade, N stage, surgery, radiation therapy, chemotherapy, CS tumor size, CS tumor size/Ext Eval, tumor subtypes, bone metastatic, brain metastatic, and lung metastatic were associated with OS. All of these factors were entered the multivariate COX-Regression analysis, in which marital status, grade, surgery, radiation therapy, chemotherapy, CS tumor size, tumor subtypes, bone metastatic, brain metastatic, and lung metastatic were found to be final prognostic factors. These variables were further used to construct the nomogram.


Table 2 | Univariate and multivariate COX regression analysis based on all variables for OS.





Calibration and Validation of the Nomogram

The nomogram was constructed to predict 1-year, 2-year, and 3-year overall survival of patients with these ten significantly independent factors (Figure 2). The score of each category was given on the point scale axis (Table 2). The nomogram showed that chemotherapy contributed the most to prognosis, followed by tumor subtype and brain metastasis. A total score could be easily obtained by adding each single score of the selected variables, and then projecting the total score to the bottom scale can estimate the probabilities of 1-, 2-, and 3-year OS for each individual patient to some extent. The C-index of nomogram (training group=0.701, validation group=0.634) was higher than that of seventh version AJCC-TNM staging system (0.557), which demonstrated that the model had an acceptable predictive accuracy. The calibration plots of the nomogram showed excellent agreement in the training cohort and satisfactory agreement in the validation cohort between the actual observations and the predicted outcomes (Figure 3). Besides, decision curve analysis (DCA) was performed to compare the clinical application and benefits of the nomogram with that of the AJCC-TNM staging system. This analysis was performed to evaluate 3-year OS of BCLM patients. As shown in Figure 4, DCA analyses significantly demonstrated the growth of net benefits of the new model over 7th version AJCC-TNM staging system with wide and practical ranges of threshold probabilities.




Figure 2 | Nomograms for predicting 1-, 2-, 3-year overall survival (OS) for female patients with breast cancer liver metastasis (BCLM). HER2, Human epidermal growth factor receptor 2; TNBC, triple-negative breast cancer.






Figure 3 | Calibration plots in the training (A–C) and validation (D–F) cohorts for 1-year, 2-year, and 3-year overall survival (OS).






Figure 4 | Decision curve analyses (DCA) of the nomogram and 7th edition AJCC-TNM staging system for 3-year overall survival. The x-axis represents the threshold probabilities, and the y-axis measures the net benefits. The horizontal line parallel to the axis shows that overall death occurred in no patients, while the solid grey line demonstrates that all patients will have overall death at a specific threshold probability. The black and red dashed line represents the nomogram and 7th edition AJCC-TNM staging system, respectively.





Risk Stratification System

Because these results showed excellent prediction efficiency in survival of the nomogram, we calculated total points based on the predicted score calculated by the nomogram. According to the cutoff value (median points), all the patients were separated into low risk (total points <171.95) and high risk (total points ≥171.95) groups. In the entire cohort, 2-year OS rate of patients with low risk, and high risk were 0.55 and 0.28. The 581 low-risk patients had significantly better OS than the 592 high-risk patients (P<0.0001) by Kaplan-Meier analyses (Figure 5A). Furthermore, as molecular subtype was an important prognostics factor for OS, we stratified the patients on the basis of their ER, PR, and HER 2 statuses to figure out the effects of the risk stratification system. From the study cohort, the patients in Luminal A, Luminal B, HER2 enriched, and Triple-negative breast cancer were 501, 271, 200, and 201 cases, respectively. Regardless of the patients’ subtype, high-risk groups had much worse outcomes than low-risk groups (P<0.05) (Figures 5B–E). Ultimately, all these results proved the robust prognostic value of the risk stratification system among molecular subtype.




Figure 5 | Kaplan-Meier curve to test the stratification system between the entire cohort (A) and each subtype (B–E).






Discussion

As is well known, BCLM is a heterogeneous disease characterized by diverse histopathologic and molecular features, which are associated with distinct clinical outcomes (12). There are remarkable advances in system treatment, the prognosis of patients with BCLM is dismal (13). For example, traditional palliation locoregional treatment [transarterial embolization (TAE), and transarterial chemoembolization (TACE)] often combined with personalized drug therapy to treat BCLM (4, 14). Therefore, establishing a model to predict the risk for BCLM is necessary, which can aid the development of therapeutic strategies for these patients. Although the 7th AJCC-TNM staging system is acceptable for predicting the prognosis in BCLM patients, it neglects some important variables such as marital status, age, and race, etc. (14, 15). Thus, in this study, we constructed a more comprehensive model for better prediction of prognosis in BCLM patients. In order to better understand the use of this nomogram, we can take a patient with BCLM as an example. A married woman with 62mm liver metastases from breast cancer, grade IV, luminal B, received radiation and chemotherapy without surgery, and no metastases beyond the liver. The patient has approximately 82%, 67% and 55% survival probability the first, second and third year, respectively. This well-development clinical nomogram is a good decision-tool, which can be used to predict the outcome of an individual, bringing benefits to both clinicians and patients.


Prognostic Factors of Patients With BCLM

By COX regression analyses, we identified marital status, grade, surgery, radiation therapy, chemotherapy, CS tumor size, tumor subtypes, bone metastatic, brain metastatic, and lung metastatic as independent predictors of overall survival. A previous study by Lin et al. has shown that sex, age at diagnosis, grade, N stage, ER status, PR status, and HER2 status can be risk factors for BCLM (8). Yang et al. have reported that HER2 status, tumor size, and lymph node metastasis were independent prognostic factors for survival in BCLM (16). It is obvious that tumor subtype is a significant risk factor for OS of patients with BCLM because we can choose molecular targeted therapy or endocrine therapy for the corresponding molecular subtype, which can greatly improve the prognosis (17). Our study found that married patients have better prognosis than the unmarried ones, which is not shown in other studies. The reason for this may be that single patients are faced with more distress, depression, and anxiety than married counterparts. Moreover, the adherence with prescribed treatment is associated with marital status. Married patients are more likely to follow treatment than unmarried ones, which may have a better control of BCLM (18). It was shown that tumor differentiation was an independent factor for predicting overall survival in similar reports, which was consistent with our results (19). However, contrary to other studies, age is not an important prognostic factor in our study. The small amount of data is one possible reason. Other factors mentioned above, radiation therapy, chemotherapy, and metastases other than liver metastases were also identified as significant predictors of prognosis. These results were consistent with many previous reports (16, 18–20).



Predictive Efficacy of the Nomograms

We constructed nomograms based on the Cox proportional hazards model for visualizing survival. The nomograms were validated internally and their performance was evaluated by calibration and discrimination. In the present study, the calibration curves performed optimal agreement in predicting OS, which guaranteed the reliability of the established nomograms. Also, the C-index was much higher compared with the 7th AJCC-TNM staging system (0.701 vs 0.557), suggesting the high discrimination ability of the nomogram. According to the previous studies regarding the BCLM, the C-index was between 0.6 and 0.8, indicating that our nomograms showed a moderate predictive effect on prognosis (5, 8, 19). In addition, DCA also showed that our nomograms have potentially higher predictive value regarding prognosis. The nomograms showed that chemotherapy contributed the most to prognosis, the patients without chemotherapy had a much worse prognosis than those who had chemotherapy treatment. Also, the patients in TNBC suffered from the worst prognosis among all the molecular subtypes, which is consistent with other studies (17, 20, 21).

Our outcomes also indicated the magnitude of poor prognosis as the tumor grade changed from well to poorly differentiated. Moreover, the idea of constructing a risk stratification system to verify the robust prognosis of nomograms is novel. All in all, our nomograms can make an accurate estimate for prognosis of patients with BCLM. And this was a rare study that constructed a visual prediction model aiming at improving the survival rate of patients with BCLM and it provided such useful information.



Limitations

Nevertheless, this study has several limitations. First, because of the lack of information on the treatment of liver metastasis, some common treatment options, such as transarterial embolization (TAE), transarterial chemoembolization (TACE), and selective internal radiotherapy (SIRT) were not included in this study (22, 23). Second, SEER database did not record variables such as occupation, education, and family history, which may potentially affect the results derived from the Cox proportional hazard model (24). Third, our study was definitely a retrospective analysis, so the hypotheses raised remained to be proven in future investigation with larger data volume. At last, the drug information is also one of the important factors that we need to consider, as some studies presented that low doses of paclitaxel enhanced liver metastasis of breast cancer cells in the mouse model (25).




Conclusion

The current study comprehensively analyzed the prognosis of patients with BCLM on the basis of the SEER population level database, and constructed a nomogram for accessing the individualized survival estimates for patients with BCLM. The outcome showed that marital status, grade, surgery, radiation therapy, chemotherapy, CS tumor size, tumor subtypes, bone metastatic, brain metastatic, and lung metastatic are considered to be the ten independent risk factors. We have confirmed the excellent and clinical application of the nomograms by comparing them to the 7th AJCC-TNM staging system.
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No Reference Reference 0
Yes 219 (1.62, 2.95) <0.0001 1.58 (1.14, 2.19) 0.0064 48
Lung metastatic
No Reference Reference 0
Yes 1.75 (1.47, 2.08) <0.0001 1.38 (1.15, 1.65) 0.0006 38

HER2, Human epidermal growth factor receptor 2. For marital status, unmarried consists of single, divorced, separated, and widowed. For race, ‘other’ includes American Indian, AK
Native, Asian and Pacific Islander. Laterality is defined as the laterality of tumor primary sites. For grade, well differentiated including Grade I and II, poorly differentiated including Grade
m and IV.





OEBPS/Images/fonc-11-600768-g001.jpg
SEER 18 Registries Database
(20102015) BC and liver
‘metastasis at presentation,

Breast cancer as the only
diagnosed or 1% of 2 or more

Excluded

Unknown subtype(N=383)

Male BC(N=12)

Unknown grade (N=335)
Unknown laterality(N=6)
Unknown T stage and TX(N=183)
Unknown N stage and NX(N=75)
Unknown surgery(N=7)

AJCC stage NOS(N=1)

Unknown tumor size(N=72)
Unknown married status(N=67)

Female BC and liver metastasis at
presentation
N=1,247

Excluded

Unknown bone metastasis (N=13)
Unknown brain metastasis (N=37)
Unknown lung metastasis (N=24)

Patients included in this study
N=1,173






OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-11-600768-g003.jpg





OEBPS/Images/table1.jpg
Variables Total Training Validation

cohort cohort cohort
No. (%) No. (%) No. (%)
Year of diagnosis
2010-2012 590 (50.3) 401 (48.7) 189 (54.2)
2013-2015 583 (49.7) 423 (51.3) 160 (45.8)
Age
18—56 years 570 (48.6) 401 (48.7) 169 (48.4)
>56 years 603 (51.4) 423 (51.3) 180 (51.6)
Race
White 840 (71.6) 601 (72.9) 239 (68.5)
Black 208 (17.3) 127 (15.4) 76 (21.8)
Other 130 (11.1) 96 (11.7) 34 (9.7)
Marital status
Married 566 (48.3) 409 (49.6) 157 (45.0)
Unmarried 607 (51.7) 415 (50.4) 192 (55.0)
Grade
Well differentiated 457 (39.0) 316 (38.4) 141 (40.4)
Poorly differentiated 716 (61.0) 508 (61.6) 208 (59.6)
Laterality
Left 630 (53.7) 453 (55.0) 177 (50.7)
Right 543 (46.3) 371 (45.0) 172 (49.3)
T stage
T1 118 (10.1) 94 (11.4) 24 (6.9)
T2 408 (34.8) 275 (33.4) 133 (38.1)
T3 235 (20.0) 164 (19.9) 71(20.3)
T4 412 (35.1) 291 (35.3) 121 (34.7)
N stage
NO 213 (18.2) 155 (18.8) 58 (16.6)
N1 626 (53.4) 435 (52.8) 191 (54.7)
N2 157 (13.4) 105 (12.7) 52 (14.9)
N3 177 (16.1) 129 (16.7) 48 (13.8)
Surgery
No 807 (68.8) 565 (68.6) 242 (69.3)
Yes 366 (31.2) 259 (31.4) 107 (30.7)
Radiation therapy
No 833 (71.0) 590 (71.6) 243 (69.6)
Yes 340 (29.0) 234 (28.4) 106 (30.4)
Chemotherapy
No 324 (27.6) 232 (28.2) 92 (26.4)
Yes 849 (72.4) 592 (71.8) 257 (73.6)
CS tumor size
<50mm 610 (52.0) 426 (51.7) 184 (52.7)
>50mm 563 (48.0) 398 (48.3) 165 (47.3)
CS Tumor Size/Ext Eval
0 370 (31.5) 268 (32.5) 102 (29.2)
1—6 803 (68.5) 556 (67.5) 247 (70.8)
Tumor subtypes
Luminal A 501 (42.7) 338 (41.0) 163 (46.7)
Luminal B 271 (23.1) 199 (24.2) 72 (20.6)
HER?2 enriched 200 (17.1) 142 (17.2) 58 (16.6)
Triple-negative breast 201 (17.1) 145 (17.6) 56 (16.1)
cancer
Bone metastatic
No 505 (43.1) 362 (43.9) 142 (41.0)
Yes 668 (56.9) 462 (56.1) 206 (59.0)
Brain metastatic
No 1089 (92.8) 766 (93.0) 323 (92.5)
Yes 84 (7.2 58 (7.0) 26 (7.5)
Lung metastatic
No 767 (65.4) 535 (64.9) 232 (66.5)
Yes 406 (34.6) 289 (35.1) 117 (33.5)

HER2, Human epidermal growth factor receptor 2. For marital status, unmarried consists
of single, divorced, separated, and widowed. For race, ‘other’ includes American Indian,
AK Native, Asian, and Pacific Islander. Laterality is defined as the laterality of tumor primary
sites. For grade, well differentiated including Grade I and II, poorly differentiated
including Grade Il and V.
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