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Purpose: We aim to construct a nomogram to predict breast cancer survival and guide
postoperative adjuvant chemotherapy in China.

Patients and methods: A total of 5,504 breast cancer patients from the Tianjin Breast
Cancer Cases Cohort were included. Multivariable Cox regression was used to investigate
the factors associated with overall survival (OS) and a nomogram was constructed based on
these prognostic factors. The nomogram was internal and external validated and the perfor-
mance was evaluated by area under the curve (AUC) and calibration curve. The partial score
was also constructed and stratified them into low, moderate and high-risk subgroups for death
according to the tripartite grouping method. Multivariate Cox regression analysis and the
propensity score matching method were respectively used to test the association between
adjuvant chemotherapy and OS in different risk subgroups.

Results: Age, diameter, histological differentiation, lymph node metastasis, estrogen, and
progesterone receptor were incorporated into the nomogram and validation results showed
this nomogram was well-calibrated to predict the 3-year [AUC =74.1%; 95% confidence
interval (CI): 70.1-78.0%] and 5-year overall survival [AUC =72.3%; 95% CIL: 69.6—
75.1%]. Adjuvant chemotherapy was negatively associated with death in high risk sub-
group [Hazard Ratio (HR) = 0.54; 95% CI: 0.37-0.77; P<0.001]. However, no significant
association were found in groups with low (HR=1.47; 95% CI: 0.52—4.19; P=0.47) and
moderate risk (HR=0.78; 95% CI: 0.42—-1.48; P=0.45). The 1:1 PSM generated 822 pairs
of well-matched patients and Kaplan-Meier showed the high-risk patients could benefit
from chemotherapy, whereas low risk and moderate risk subjects did not appear to benefit
from chemotherapy.

Conclusion: Not all of the breast cancer patients benefit equally from chemotherapy. The
nomogram could be used to evaluate the overall survival of breast cancer patients and predict
the magnitude of benefit and guide adjuvant chemotherapy for breast cancer patients after
surgery.

Keywords: breast cancer, prognostic prediction, cohort study, adjuvant chemotherapy

Introduction

Breast cancer is the most common carcinoma in women with high morbidity, and its
sharply increasing mortality is affecting women in developing countries, especially
in China.' The development of novel systemic adjuvant therapies has contributed
to significant progress in the management of breast cancer.*> Adjuvant chemother-
apy, which exhibits great improvement in prognosis for postoperative breast cancer
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patients, remains as a frequently used treatment option in
the adjuvant settings.®® Survival prediction based on the
patients’ clinical characteristics such as age, tumor size,
and hormone receptor status are very important in pre-
scribing of chemotherapy regimens in clinical practice’
Moreover, studies also showed not all patients benefit the
same degree of cancer recurrence and death reduction
from chemotherapy.'®'? Accordingly, the selection of
adjuvant chemotherapy should not only consider the clin-
ical characteristics, but also the potential benefit of
patients.>'>'* However, how to comprehensively utilize
the aforementioned factors to predict breast cancer survi-
val and provide beneficial postoperative adjuvant che-
motherapy guidelines for patients remains a complex
issue.

A number of models tried to assess breast cancer patient’s
survival using clinical prognostic variable and gene expres-
sion profiling PREDICT'* MammaPrint'’
OncotypeDX'*'® and the MSKCC nomogram'’ however,
few studies have been conducted in China until now.
(Table S1) “Adjuvant! Online” is an another well-calibrated
and widely used appraisal tool for estimating breast cancer

such as

survival and is also recommended by the National
Comprehensive Cancer Network (NCCN) to guide post-
operative adjuvant chemotherapy.'®>? However, it was
developed based on the Surveillance, Epidemiology, and
End-Results (SEER) dataset, whose incidence of breast can-
cer much higher than that in Chinese women.***> Moreover,
the distributions of reproductive factors that may contribute
to breast cancer development and prognosis were different
between Asian and American women.****Additionally, vali-
dation studies also showed the Adjuvant! Online was over-
optimistic in predicting breast cancer survival for patients in
China.”**” Additionally, de Glas and colleagues also com-
mented that the relatively younger patients included in the
study and benefits of therapy were mainly evaluated based on
clinical trials that with relatively few proportions of older
patients, thus it could not be extrapolated to the general breast
cancer patients®® Therefore, Adjuvant! Online could not be
applied for prognosis prediction in Chinese breast cancers
and a more suitable prognostic model was warranted to
develop and apply in Chinese clinical settings.

In the current study, we aim to construct a survival
predictive score for predicting breast cancer OS based on a
hospital-based breast cancer survival cohort in Tianjin,
PR. China, so as to assist the clinicians in guiding the
implementation of individualized adjuvant chemotherapy
regimen for breast cancer patients in China.

Materials And Methods

Study Population
Tianjin Breast Cancer Cases Cohort (TBCCC) was estab-
lished in 2007. All the pathologically confirmed breast
cancer patients who were diagnosed or received treatment
in the Tianjin Medical University Cancer Institute and
Hospital were included. The epidemiological, clinical and
therapeutic information were collected by one professional
full-time personnel using a structured face-to-face question-
naire. An experienced staff was employed for chasing the
survival status once a year by telephone. Moreover, the
database was annually updated by checking medical records
and by linking to the Tianjin Cancer Death Registry System.
The external validation cohort was abstracted from the
Surveillance, Epidemiology, and End Results (SEER) 18
registries cohort”® SEER program was established in 1973,
which is an important data source for cancer epidemiolo-
gical analyses that comprising approximately 30% of the
total US population. SEER*Stat version 8.3.5 was applied
to generate the case listing.

Factors And Outcome Definition

Estrogen receptor (ER) and Progesterone receptor (PR)
status of breast cancer were assessed by immunohisto-
chemistry and were considered positive if > 1% of positive
stained cells.***%*' Human epidermal growth factor recep-
tor-2 (HER-2) status was determined by immunohisto-
chemistry and the subjects with suspicious positive (2+)
were additionally tested by fluorescent in situ hybridiza-
tion. The primary outcome of our study was OS, which
was defined as the time from the diagnose date of breast
cancer to the date of all-cause death.

Inclusion Criteria

The patients included in the present study fulfilled the
following criteria: 1) aged 18-90 years females with uni-
lateral malignant breast cancer; 2) after radical mastect-
omy; 3) without receiving preoperative chemotherapy or
radiotherapy; 4) without distant metastasis. For the SEER
cohort, the Chinese female malignant breast cancer
patients who were aged 18-90 years, with only one pri-
mary site of malignant cancer, TNM I-III stage, histologi-
cal grade I-1V, diagnosed between 2010 and 2012 (at least
3 years follow-up, as all of the patients, were followed up
until 2015), underwent breast surgery, with known ER and
PR status and did not have distant metastasis were
included.
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Ethics Statement

The written informed consent was obtained from each breast
cancer patient or each patient’s guardian in TBCCC and the
current study was approved by the research ethics board of
the Tianjin Medical University Cancer Institute and Hospital.
The SEER is an open database, and the release of data from
the SEER database does not require informed patient consent
because cancer is a reportable disease in every state of the
United States.

Statistical Analysis

Normally distributed data such as age was summarized as
mean+ standard deviations (SD). Categorical variables
were presented as counts and percentages and the differ-
ence between groups were tested by Pearson’s chi-square
test or Wilcoxon rank-sum test. Multivariable Cox propor-
tional hazards regression was applied to investigate the
possible prognostic factors for OS. On the basis of the
identified prognostic factors, a nomogram was constructed.
The discrimination of the nomogram was evaluated by
the receiver operating curve (ROC) and Harrell’s
Concordance-index (C-index)’? Area under the curve
(AUC) or C-index value of 0.5 indicated no discrimination
and a value of 1.0 indicated the perfect separation of
patients. Calibration was evaluated by plotting the mean
Kaplan-Meier estimate versus the mean nomogram-pre-
dicted probability for patients by bootstrapping with
1000 resamples. In order to examine the generalizability
of the nomogram, external validation was conducted using
the SEER cohort.

The partial score method was used to construct the
prognostic partial score (PPS).>*** Moreover, the PPS was
classified into 3 subgroups as low, moderate, and high-risk
group according to the tripartite grouping method. The
concordance between the predicted survival and actual out-
come of different groups of PPS was plotted by the survival
curve.

To investigate the effect of adjuvant chemotherapy on
the OS, multivariable Cox regression analysis was con-
ducted to avoid the confounding factors. Moreover, a
propensity score matching (PSM) method was used to
balance observed covariates between patients received
and not received adjuvant chemotherapy”> Kaplan-Meier
method was used and the difference between the curves
was tested by the log rank test.

Statistical analyses were carried out using Statistical
Package for the Social Sciences (SPSS) version 23.0

software package for Windows (SPSS Inc), R version
3.4.1 (R Foundation for Statistical Computing, Vienna,
Austria; www.r-project.org) and Stata statistical software

version 12 (StataCorp, College Station, TX). Statistically
significant levels were two-tailed and set at P<0.05.

Results
Demographic And Clinical

Characteristics

A total of 5,504 breast cancer patients were included in the
current study (Figure S1A). Of these, the mean age was
51.74£10.26 years (2489 years), the mean OS was 64.67
+25.07 months (0—159 months) and the 3-year and 5-year
survival rates were 97.2% and 93.8%, respectively. A total
of 4,645 (84.4%) patients underwent postoperative che-
motherapy, and twenty-seven of 1410 (1.91%) HER-2
positive patients received targeted therapy.

For the SEER cohort, a total of 2,110 records fulfilled
the inclusion criteria. The mean survival was 48.83+14.35
months (0—71 months) and the 3-year OS rate was 96.0%
(Figure S1B). The demographic and clinical characteristics
of the current cohort and the SEER cohort were listed in
Table 1.

Construction And Validation Of The

Predictive Nomogram

Multivariable Cox regression model showed that age,
tumor diameter, lymph node metastasis, and ER and PR
expression were independent prognostic factors for OS.
Although the histological differentiated grade was border-
line significant (P=0.07), it was clinically relevant for
predicting OS, thus it was incorporated into the multivari-
able regression model. (Table 2) On the basis of the above
identified prognostic factors, a nomogram was constructed
for predicting the 3-year and 5-year OS for breast cancer
patients (Figure 1).

The C-index of the nomogram for 3-year and 5-year
OS prediction were 0.74 [95% confidence interval (CI):
0.69-0.78] and 0.72 (95% CI: 0.69—0.75), respectively.
The calibration curve showed the prediction (solid line)
was closely approximates the 45-degree line (Figure 2A
and B). Moreover, the ROC curve showed the nomo-
gram exhibited good discrimination to predict the 3-year
and S5-year OS and the AUC were 74.1% (95% CI:
70.1-78.0%) and 72.3% (95% CI: 69.6-75.1%), respec-
tively (Figure 2D and E).
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Table | Distribution Of The Demographics And Clinic Pathologic
Characteristics Of Patients In The Current Cohort And SEER

Table | (Continued).

Cohort Factors The Current The SEER
Cohort (N=5,504) | Validation
Factors The Current The SEER
S Cohort (N=2,110)
Cohort (N=5,504) | Validation
Cohort (N=2,110) No. Of % No. Of %
Patients Patients
No. Of % No. Of %
Patients Patients PR
A Negative 1933 35.1 | 628 29.8
ge (years) Positive 3571 649 | 1482 702
18-30 86 1.6 14 0.7
31-35 186 34 35 1.7 HER-2
3640 466 85 113 5.4 Negative 4094 744 | 1689 80.0
4145 810 147 | 197 9.3 Positive 1410 25.6 | 421 20.0
46-50 1058 19.2 | 334 15.8 Dead
51-55 1023 186 | 297 14.1 ea
56-60 813 148 | 274 130 :‘° jgzz :'64 3‘3’37 :"55
61-65 500 9.1 | 286 13.6 b : :
66-70 307 5.6 191 9.1 Chemotherapy
71-75 193 3.5 150 7.1 No 859 15.6 | 1261 59.8
76-90 62 1.1 219 10.4 Yes 4645 84.4 | 849 40.2
BMI (kg/m?) NA NA Radiotherapy
<25 3056 55.5 | NA NA No 4687 85.2 | 1126 534
>25 2448 445 | NA NA Yes 817 14.8 | 984 46.6
Menopause NA NA Endocrine therapy NA NA
No 2522 46.4 | NA NA No 4012 729 | NA NA
Yes 2909 53.6 | NA NA Yes 1492 27.1 | NA NA
Smoke NA NA Abbreviations: ER, estrogen receptor; PR, Progesterone receptor; HER-2, human
No 4714 889 | NA NA epidermal growth factor receptor-2; NA, not available.
Yes 586 1.1 | NA NA
For external validation in the SEER dataset, the nomo-
Drink NA NA h d mal b 1 d
No 5157 976 | NA NA gram showed an optimal agreement between actual an
Yes 127 24 | NA NA predicted survival for 3-year OS. (Figure 2C) Additionally,
5 (em) NA NA the nomogram showed good discrimination in the valida-
iameter (cm
. . P o ) g
< 2425 a1 | 1305 618 tion set with C-index of 0.74 (95% CI: 0.'67 0.80) and
>2 3079 559 | 805 382 AUC of 74.0% (95% CI: 68.3-79.8%), which confirmed
the exportability of the nomogram (Figure 2F).
Histological grade
Well differentiated | 457 8.3 422 20.0 . . .
Moderately 4067 739 | 547 s | Construction And Validation Of The
differentiated Prognostic Partial Score (PPS)
Poor or 980 17.8 | 741 35.1 The PPS was constructed based on the nomogram and
undifferentiated . .
three risk groups were modeled. The proportion of the
Lymph node breast cancer patients in the low, moderate, and high-risk
metastasis subgroups were 34.6% (N =1,907; PPS <19.0), 32.1%
No 3023 49| 1535 727\ (N =1,767; PPS=19.5-23.0), and 33.2% (N =1,830; PPS
Yes 2481 45.1 | 575 27.3 . . . .
>23.0), respectively. This grouping led to good separation
ER and accurate prediction of the OS probability for 3-year
Negative 1702 30.9 1 395 8.7 (Figure 2G) and 5-year OS (Figure 2H) in the TBCCC
Positive 3802 69.1 | 1715 81.3 . . . .
cohort and 3-year OS (Figure 2I) in the SEER validation
(Continued) cohort.
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Table 2 Univariate And Multivariate Analysis Of Factors For Predicting The Overall Survival Of The Breast Cancer Patients After

Surgery
Factors Univariate Analysis Multivariate Analysis
Hazard Ratio 95% ClI P Hazard Ratio 95% CI P

Age 1.22 1.17 to 1.28 <0.001 1.23 1.18 to 1.29 <0.001
BMI (kg/m?)

<25 1.0 Ref 1.0 1.0 Ref 1.0

>25 1.18 0.98 to 1.4l 0.08 NS NS NS
Menopause

No 1.0 Ref 1.0 1.0 Ref 1.0

Yes 1.75 1.44 to 2.12 <0.001 NS NS NS
Smoke

No 1.0 Ref 1.0 1.0 Ref 1.0

Yes 1.46 1.13 to 1.89 0.003 NS NS NS
Drink

No 1.0 Ref 1.0 1.0 Ref 1.0

Yes 0.41 0.15 to 1.09 0.07 NS NS NS
Diameter (cm)

<2 1.0 Ref 1.0 1.0 Ref 1.0

>2 1.86 1.53 to 2.27 <0.001 1.67 1.37 to 2.03 <0.001
Histological differentiation

Well differentiated 1.0 Ref 1.0 1.0 Ref 1.0

Moderately differentiated 1.77 1.15 to 2.73 0.009 1.48 0.96 to 2.29 0.08

Poor or undifferentiated 245 1.55 to 3.88 <0.001 1.64 1.02 to 2.63 0.04
Lymph node metastasis

NO 1.0 Ref 1.0 1.0 Ref 1.0

N+ 242 2.00 to 2.93 <0.001 2.39 1.97 to 2.89 <0.001
ER

Negative 1.0 Ref 1.0 1.0 Ref 1.0

Positive 0.62 0.52 to 0.75 <0.001 0.77 0.61 to 0.98 0.03
PR

Negative 1.0 Ref 1.0 1.0 Ref 1.0

Positive 0.59 0.49 to 0.71 <0.001 0.76 0.60 to 0.96 0.02
HER-2

Negative 1.0 Ref Ref 1.0 Ref Ref

Positive 1.23 1.01 to 1.50 0.04 NS NS NS

Abbreviations: BMI, body mass index; ER, estrogen receptor; PR, Progesterone receptor; HER-2, human epidermal growth factor receptor-2.

Clinical Utility Of The PPS In Adjuvant
Chemotherapy

Multivariable Cox regression analysis showed adjuvant
chemotherapy was negatively associated with the risk of
death [hazard ratio (HR) =0.65; 95% CI. 0.48-0.87,
P=0.004] (Figure 3A). When stratified by the PPS, che-
motherapy was significantly associated with better OS for
the high-risk subgroup (HR=0.54; 95% CI: 0.37-0.77;

P<0.001). However, no significant association was found
in the low-risk subgroup (HR=1.47; 95% CI: 0.52—4.19;
P=0.47) or the moderate-risk subgroup (HR=0.78; 95%
CIL: 0.42-1.48; P=0.45) (Figure 3B-D).

PSM was conducted, the overall propensity score and
all the factors were comparable in all of the groups after
matching (Table S2-S5). Results showed patients with
adjuvant chemotherapy exhibited a better OS than those
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Diameter (cm) <2 ¢ 1 >2
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Figure | Breast cancer predictive nomogram for predicting 3-year and 5-year overall survival.

who did not receive chemotherapy (96.2% vs 92.7%
without chemotherapy; P=0.002) (Figure 4A). When
further stratified by the PPS group, high-risk patients
significantly benefit from receiving chemotherapy
(92.4% vs 84.7% without chemotherapy; P=0.004). No
significant benefit was found in the low-risk group
(98.6% vs 98.4% without chemotherapy; P=0.96) or the
moderate-risk group (95.1% vs 94.4% of without che-
motherapy; P=0.71) (Figure 4B-D).

Discussion

In the current study, we constructed a well-calibrated
prognostic score based on the age, diameter, histological
differentiation, lymph node metastasis, estrogen receptor
and progesterone receptor to predict the 3-year and 5-year
breast cancer survival and then according to the PPS score
to stratify the patients into high, moderate and low risk
subgroup for death. And then we aim to discuss the benefit
of adjuvant chemotherapy in different risk groups. The
results showed the subjects with high risk could markedly
benefit from the chemotherapy while the ones with mod-
erate and low-risk derived no significant benefit.

As far as we know, this is the first study conducted for
predicting the overall survival based on Chinese breast
cancer patients. Several demographic and clinical charac-
teristics such as age at diagnosis, tumor size, histological

differentiated grade, ER, PR and lymphatic node metasta-
sis were proven to be the independent prognostic factors
for breast cancer OS, which were consistent with previous
studies.’*® It is also reported human epidermal growth
factor-2 (HER-2) positivity expression was significantly
associated with poor survival and may have implications
in the guidance of adjuvant chemotherapy for breast can-
cer patients.>” ' However, HER-2 positive expression was
not significantly associated with OS in the current study,
which may be partly due to the short-term follow up. In
the current study, the median follows up period of the
patients were about 5 years and the corresponding relative
survival rates of breast cancer were reported to be approx-
imate 94% in the current cohort. Accordingly, although the
difference may existapparent difference could not be
achieved in the short follow-up period. Additionally, this
prediction nomogram was constructed to guide the post-
operative adjuvant chemotherapy, thus the treatment fac-
tors such as radiotherapy and endocrinotherapy after
surgery were not included.

Results showed that breast cancer patients at high risk
may benefit most from adjuvant chemotherapy, and the ones
with moderate and low risk could not earn more survival
time after receiving adjuvant chemotherapy, which was also
consistent with the 21-gene assay.''® Accordingly, the PPS
could guide the allocation of adjuvant chemotherapy for
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Figure 2 The validation of the predictive nomogram and prognostic partial score. (A) Calibration curve for predicting 3-year OS of TBCCC cohort, (B) 5-year OS of
TBCCC cohort, (€) and 3-year OS of SEER cohort, (D) ROC curve for predicting 3-year OS of TBCCC cohort, (E) 5-year OS of TBCCC cohort, (F) and 3-year OS of
SEER cohort, (G) PPS predicted and observed survival curve for 3-year survival of TBCCC cohort, (H) 5-year survival of TBCCC cohort, (I) and 3-year survival of SEER

cohort.

Abbreviations: ROC, receiver operating curve; TBCCC, Tianjin Breast Cancer Cases Cohort; SEER, Surveillance, Epidemiology, and End Results; OS, overall survival; PPS,

prognostic partial score.

breast cancer patients after surgery in China. The che-
motherapy for subjects with moderate risk should be con-
sidered according to personal needs. Additionally, the
choice of receiving chemotherapy as adjuvant therapy is
not only determined by the tumor characteristics of the
patients, but also the patients’ preference.**** However,
we were unable to capture the role of patient preference
for selection of adjuvant therapy in the current study, which
may partly affect the application of the prediction nomo-
gram. Further studies were warranted to adjust the patient
preference of adjuvant chemotherapy when investigating
the benefit of chemotherapy in different risk subgroups in
the future.

Many methods were recommended to avoid the
effect of confounding factors such as the multivariable
regression analysis and instrumental variable method;
however, none of these methods could fully avoid the

bias as multivariable regression analysis could only
adjust for the known and currently available confound-
ing factors, and most of the instrumental variables
could just explain small part of the variance of the
exposure.***>  Accordingly, we tried to comprehen-
sively utilize a variety of statistical methods to confirm
the results. In the current study, the multivariable Cox
regression was conducted to adjust the confounding
factors and a propensity score matching method was
also conducted to further confirm the benefit of post-
operative chemotherapy in the clinics. However, due to
the nature of propensity score matching procedure, the
patients with extremely probabilities that certainly ben-
efit and none benefit from chemotherapy would be
deleted because of the unsuccessful match, which
may partly affect the statistical performance and exhi-
bit a relatively conservative result.
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Figure 3 The association between adjuvant chemotherapy and overall survival in different risk subgroups. (A) Forest plot of the association in total population, (B) low risk

population; (C) moderate risk population; (D) and high risk population.

There are several limitations to our study. Firstly, the
follow-up period was tended to be short, which may
affect the performance and the application of the pre-
diction nomogram to some extent, as some important
factors such as HER-2 were not included in the model.
Secondly, the primary endpoint did not include the dis-
ease-free survival, only overall survival, which may
partly limit the wide application of the results. Thirdly,
due to the data limitation, the predictive model only
included the clinical features. The data which reflected
the host microenvironment like tumor-infiltrating lym-
phocytes was not included, which may partly affect the
diagnostic accuracy of the predictive nomogram.
Fourthly, due to the incomplete record of chemotherapy
regimens in the present study, we could just provide a
crude dichotomous grouping of chemotherapy (yes vs
no) when analysis its benefit in different risk subgroups.
In the future, further studies will be conducted to inves-
tigate the benefit of the specific chemotherapy agent,

cycles and dose in different risk subgroups and help
the clinicians to tailor targeted therapy. Moreover, due
to the lower proportion of HER-2 positive patients trea-
ted by target therapy, we did not conduct further strati-
fied analysis. More studies should be conducted to
incorporate these factors into consideration when guid-
ing the adjuvant chemotherapy in the future. Finally,
because of the unavailability of data, we were unable
to externally validate the clinical utility of the PPS in
guiding adjuvant chemotherapy in other centers.
Therefore, more studies are needed to further validate

the clinical application of PPS in the future.

Conclusion

The nomogram was a well-calibrated model for pre-
dicting the degree of benefit from adjuvant chemother-
apy in Chinese breast cancer patients and it may be
utilized in the guidance for the postoperative adjuvant
therapy in clinical settings.
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