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To investigate the prognostic value of DGM-CMB6 (Distant Genetic Model-Clinical variable
Model 6) for endocrine-responsive breast cancer (ERBC) patients, we analyzed 752
operable breast cancer patients treated in a Taiwan cancer center from 2005 to 2014.
Among them, 490 ERBC patients (identified by the PAM50 or immunohistochemistry
method) were classified by DGM-CM6 into low- and high-risk groups (cutoff <33
and >33, respectively). Significant differences were observed between the DGM-CM6
low- and high-risk groups for 10-year distant recurrence-free survival (DRFS) in both
lymph node (LN)- (P < 0.05) and LN+ patients (P < 0.05). Multivariate analysis confirmed
the independent strength of DGM-CM®6 for the prediction of high- vs. low- risk groups
for DRFS (P < 0.0001, HR: 6.76, 95% ClI, 1.8-25.42) and overall survival (P = 0.01, HR:
6.06, 95% Cl:1.55-23.47), respectively. In summary, DGM-CM6 may be used to classify
low- and high-risk groups for 10-year distant recurrence in both LN- and LN+ ERBC
patients in the Asian population. A large scale clinical trial is warranted.

Keywords: clinical-genomic model, breast cancer, distant recurrence, prognosis, endocrine-responsive

HIGHLIGHTS

- DGM-CM6 model is capable of predicting long-term distant recurrence risk in both
node-negative and positive endocrine responsive breast cancer (ERBC) patients.

- Low-risk ERBC patients identified by DGM-CM6 panel may benefit more from endocrine
therapy since the risk of distant relapse at 10 years was <5%.

- High-risk node-positive patients identified by our model had received adjuvant chemotherapy
already, and thus receiving prolonged endocrine treatment or adding other agents such as
CDK 4/6 inhibitors could be considered in a novel clinical trial as these patients had a 10-year
accumulated distant relapse risk of about 20%.

- No prognostic difference was observed between Luminal B and Luminal A in node-negative
ERBC patients in our cohort. One of the potential explanations could be that the PAM50 panel
might not be optimal for the Asian population.
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INTRODUCTION

Although endocrine-responsive breast cancer patients (ERBC)
generally have a better outcome than human epidermal growth
factor receptor-2 (HER2)-enriched and triple negative breast
cancer patients (TNBC), the risk of long-term disease recurrence
is unpredictable (1). To maximize the treatment effects, adjuvant
chemotherapy has been recommended for high-risk ERCB
patients (2). However, it is a challenge to clearly separate high-
and low- risk groups for distance recurrence (DR) within the
ERCB population, due to the overall better outcomes compared
to other subtypes. Therefore, it is critically important to develop
models that can accurately predict the group of patients who
will benefit from endocrine therapy or chemotherapy, so that all
patients can be administered appropriate treatment.

Molecular biomarkers have been very helpful for predicting
recurrence-free survival and overall survival in breast cancer
patients. Several commercial multi-gene assays have been
successfully applied in clinical practice, including 21-gene
(Oncotype Dx) recurrence score [RS, (3)], MammaPrint (4),
EndoPredict 12 gene (5), PAM50 risk-of-recurrence [ROR, (6)].
However, the performance of these panels has not been found
to be optimal in predicting the risk of distant recurrence

Abbreviations: DGM-CM6, distant genetic model-clinical variable model
6; LVI, lymphovascular invasion; BCS, breast-conserving surgery; IHC,
immunohistochemistry; ER, estrogen receptor; PR, progesterone Receptor;
HER2, Human epidermal growth factor receptor 2.

in node-positive ERBC patients (7). Therefore, the treatment
remains ambiguous, especially when these patients have axillary
lymph node (LN) metastasis (8-10).

Although the MINDACT trial claimed that MammaPrint
could predict node-positive patients who could forgo adjuvant
chemotherapy, only 21% of node-positive patients were enrolled
in the trial and 52% of them had low genomic risk. Therefore, the
results of this trial should be cautiously interpreted considering
the small proportion of node-positive patients in the entire study
population and a potentially low benefit of 1.5% DR-free survival
improvement (11, 12). PAM50 molecular subtypes are closely
associated with LN metastasis; however, almost all node-positive
patients were classified as high risk (13). Although Luminal A and
B are both ERBC, significant differences in clinical outcomes and
chemotherapy sensitivity have been reported in several studies
(14, 15). Also, Kim et al. reported that the subtype discordant
rate between Immunohistochemistry (IHC) and PAM50-based
classification was almost 40% (16).

Considering the above limitations, the currently available
models for the prediction of long-term DR risk are unsatisfactory
in operable ERBC patients, including those who received
adjuvant chemotherapy. Therefore, prognostic biomarkers
identified from the integration of molecular biomarkers and
clinical variables might be more accurate to predict recurrence.
Here, we present a previously developed prognostic panel in an
Asian cohort study to validate the predictive value for 10-year
distant recurrence-free survival (DRFS) in ERBC patients.

Population
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FIGURE 1 | Study design. LN, lymph node; RI-DR, recurrence index for distant recurrence; DGM-CMB, distant genetic model-clinical variable model 6.
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PATIENTS AND METHODS

Study Design and Data Description

The study design is shown in Figure 1. A cohort of 752 breast
cancer patients, treated at a free-standing Cancer Center in
Taiwan from 2005 to 2014, was included in our retrospective
study. The included patients were pNO-2 breast cancer patients
who had undergone primary surgery in the form of either
mastectomy or breast conserving surgery (BCS). Patients who
had pre-operative chemotherapy and cN3, cT4, and/or cM1
disease were excluded. The primary study endpoint was 10-year
DREFS, which was defined as the interval from breast cancer
surgery until the development of distant recurrence (DR) or
death from any cause (17). We defined DR as the spread of breast
cancer to any part of the body apart from local and/or regional
recurrence. Secondary endpoint was overall survival (OS). The
protocol and informed consent documents were reviewed and
approved by the institutional review board (IRB) of the hospital
(IRB no. 20131001A). The baseline characteristics of the 752
patients are listed in Table S1.

Identification of ERBC Patients by IHC

Staining and Microarray Profiling

ERBC patients were identified by both IHC and microarray
profiling from fresh-frozen primary tumor samples. HER2
receptor and/or hormone receptor status was evaluated
according to guidelines (18). Patients with ER/PR+, HER2-,
grade 1-2 tumors were grouped together as IHC Luminal A
subtype; while patients with ER/PR+, HER2-, grade 3 tumors
were grouped as IHC Luminal B; and ER/PR+, HER2+4 were
grouped as Luminal-HER2 (19, 20). The details of the RNA
extraction process used for microarray profiling in our study
have been previously reported (21). Specifically, raw CEL files
from Affymetrix U133 Plus 2.0 platform were pre-processed
using the robust multi-array average method in the affy package
of R software (22). Quantile normalization was performed to
reduce potential systematic biases. Each patient was assigned
to an intrinsic molecular subtype of breast cancer (Luminal A,
Luminal B, HER2-enriched, Basal-like, and Normal-like) by
PAMS50 method using the genefu package of R software (23, 24).
The pool of Luminal A/B patients from both IHC (n = 490) and
PAMS50 method (n = 404) was defined as ERBC patients (n =
499) for down streaming analysis (Table S2).

Statistical Analyses

The detailed procedure of developing the DGM-CM6 model
from the training set (n = 112) and testing set (n = 46) has been
published in our previous study (25). The recurrence index for
distant recurrence (RI-DR) score for each patient was computed
by the DGM-CM6 model. Patients with DGM-CM6 (RI-DR)
scores >33 and <33 were defined as high- and low- risk groups
for DR, respectively (25).

Wilcoxon rank sum test was used to evaluate the association
between DGM-CMS6 score vs. IHC- and PAMS50 defined Luminal
A/B groups. Chi-square test was used to test the association
between the risk groups and clinical categorical variables.
Kaplan-Meier survival analysis and the log-rank test were used

to compare the differences in DRFS and OS between high- and
low- risk patients. These survival comparisons were stratified
by LN negative (LN-) and positive (LN+) status, respectively.

TABLE 1 | Baseline characteristics of 499 patients with endocrine-responsive
breast cancer.

Variables N LN-(N=239) LN+ (N=260) P-value
*DGM-CM6 risk group 0.000
Low-risk 221 142 (59.4) 79 (30.4)

High-risk 278 97 (40.6) 181 (69.6)

Age 0.684
>50 201 99 (41.4%) 102 (39.2%)

<50 298 140 (58.6%) 158 (60.8%)

T stage 0.000
T 234 140 (58.6%) 94 (36.2%)

T2 253 97 (40.6%) 156 (60%)

T3 12 2 (0.8%) 10 (3.8%)

LvI 0.000
Absent/focal 376 216 (90.4%) 160 (61.5%)

Prominent 123 23 (9.6%) 100 (38.5%)

Tumor Gr 0.001
Gr 1 81 54 (22.6%) 27 (10.4%)

Gr2 213 94 (39.3%) 119 (45.8%)

Gr3 205 91 (38.1%) 114 (43.8%)

Surgery 0.000
BCS 185 120 (50.2%) 65 (25%)

MRM 314 119 (49.8%) 195 (75%)

PMRT or RNI 0.000
No 123 85 (35.6%) 38 (14.6%)

Yes 376 154 (64.4%) 222 (85.4%)

Adjuvant chemotherapy 0.000
No 65 58 (24.3%) 7 (2.7%)

Yes 434 181 (75.7%) 253 (97.3%)

Adjuvant E/T 0.066
No 30 9 (3.8%) 21(8.1%)

Yes 469 230 (96.2%) 239 (91.9%)

Adjuvant Trastuzumab 0.002
No 441 223 (93.3%) 218 (83.8%)

Yes 58 16 (6.7%) 42 (16.2%)

IHC subtype 0.358
ER/PR+ HER2-, Gr 1-2 249 127 (53.1%) 122 (47.3%)

ER/PR+ HER2-, Gr 3 89 38 (15.9%) 51 (19.8%)

ER/PR+ HER2+ 152 69 (28.9%) 83 (32.2%)

ER/PR- HER2+ 5 4 (1.7%) 1(0.4%)

ER/PR- HER2- 2 1(0.4%) 1(0.4%)

PAMS50 subtype 0.287
Luminal A 192 98 (41%) 94 (36.2%)

Luminal B 212 99 (41.4%) 113 (43.5%)
HER2-enriched 40 16 (6.7%) 24 (9.2%)

Basal-like 15 10 (4.2%) 5 (1.9%)

Normal-like 40 16 (6.7%) 24 (9.2%)

DGM-CMS6, distant genetic model-clinical variable model 6; LVI, lymphovascular invasion;
BCS, breast-conserving surgery; MRM, modified radical mastectomy; PMRT, post-
mastectomy radiotherapy; RNI, regional node irradiation; E/T, endocrine therapy; Gr,
grade; IHC, immunohistochemistry; ER, estrogen receptor; PR, progesterone Receptor;
HERZ2, Human epidermal growth factor receptor 2.

"Defined by DGM-CM6: cutoff < 33 as low risk, > 33 as high risk.
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Multivariate Cox regression was used to determine the hazard
ratio (HR) for DRFS and OS according to the risk groups adjusted
by clinical confounders including age, LN, tumor stages, tumor
grade, molecular subtype, and treatment. All statistical analyses
were performed using R v.3.4.1.

RESULTS

Clinicopathologic Characteristics in ERBC

Patients by IHC and PAM50 Classifications
Among the total 499 ERBC patients, 239 were LN- and 260
were LN+. The detailed clinicopathologic characteristics of

the patients grouped by LN status are shown in Tablel.
According to IHC analyses, 49.9% (249) of subjects were
ER/PR+, HER2-, and tumor grade 1-2, 17.8% (89) were
ER/PR+, HER2-, and tumor grade 3; and 30.5% (152)
were ER/PR+ and HER2+. All patients received treatment
and care in accordance with contemporary, evidence-based
medicine guided hospital practice guidelines, which are similar
to the National Comprehensive Cancer Network guidelines.
LN+ patients received more aggressive treatment than LN-
patients, including chemotherapy, endocrine therapy, modified
radical mastectomy, and adjuvant Trastuzumab treatment.
Adjuvant chemotherapy was administered to 87.0% (434)

PAMS50_subtype
PAM50_subtype H LumA # LumB

observation is consistent in both node-negative and -positive patients (Wilcoxon p < 2 2e-16).
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FIGURE 2 | (A) All 490 patients were classified according to immunohistochemical (IHC) studies by ER, PR, and HER2 receptors. IHC LumA subtype was defined as
patients with ER/PR positive, HER2 negative and grade 1-2 tumors. IHC LumB subtype was defined as patients with ER/PR positive, HER2 negative, and grade 3
tumors. The X-axis is the IHC subtypes, the Y-axis is the RI-DR (recurrence index for distant recurrence) scores. The RI-DR scores in IHC LumA subtype were lower
than the scores of IHC LumB. This observation was consistent in both node-negative and -positive patients (Wilcoxon p < 2 2e-16). (B) All 404 patients were
identified by research-based PAM50 intrinsic subtypes using R genefu package. Luminal subtypes (LumA and LumB) were classified accordingly. The X-axis is PAM50
subtypes, the Y-axis is RI-DR (recurrence index for distant recurrence) scores. The RI-DR scores of Luminal A were lower than the scores of Luminal B. This
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of the patients and adjuvant endocrine therapy to 94.0%
(469). Post-mastectomy radiotherapy (PMRT) or regional
nodal irradiation (RNI) for BCS patients was administrated
in 75.4% (376) of the patients. Among 152 HER2-positive
patients, 38.2% (58) received adjuvant Trastuzumab. The
characteristics of the patients were well-balanced regardless
of the LN status, based on IHC (p = 0.358) and PAMS50
(p = 0.287) subtype classification analyses. Patients with LN
positive had significantly poorer (p < 0.0001) pathological
features, including T stage, lymphovascular invasion (LVI), and
grade I/II. The median follow-up time for distant recurrence
was 90.6 and 87.5 months for patients with and without LN
metastasis, respectively.

RI-DR Score Is Associated With Lymph
Node Status and ERBC Subtypes

RI-DR score is associated with LN status and Luminal A/B
subtypes. As shown in Figure2A, patients were divided
by IHC into Luminal A and Luminal B. ITHC Luminal B
subtype patients had a higher score than patients with
Luminal A subtype regardless of LN status (Wilcoxon
test, P < 2.2e-16). Overall, patients with LN metastasis
also had higher RI-DR scores than patients without LN
metastasis. A similar trend was observed if patients were
classified into PAM50-based Luminal A and Luminal B
(Figure 2B).

Prognostic Comparison Between RI-DR
Score Defined Risk Group for DR and OS

The cumulative incidence of survival differences between RI-
DR defined high- (>33) and low- (<33) risk groups is shown
in b. It can be observed that patients from the high-risk
group exhibited significantly poorer prognosis regardless of LN
status in the IHC defined ERBC population. Multivariate Cox
regression analysis further confirmed that RI-DR score could
independently predict high- and low- risk groups for DRES
and OS in IHC defined ERBC population after adjustment
for clinical confounders such as age, LN status, stage, grade,
and treatment pattern. As shown in Table 2, the prognosis
of high-risk group was found to be significantly worse than
the low risk group for DRFS (HR=6.76, 95% CI: 1.8-25.42,
p = 0.005) and OS (HR=6.06, 95% CI: 1.55-23.74, p =
0.01). Also, no association was observed between chemotherapy
and risk groups (DRES p = 0.163; OS: p = 0.195), which
implies that our model can predict DRFS and OS of patients
regardless of whether they received chemotherapy or not
(Table S3).

We further compared the DR and OS risks of our risk
groups with PAM50 Luminal A/B groups (Figure 4). Consistent
with the IHC cohort results, our RI-DR score could separate
patients into high- and low- DR risk groups in case of both
LN negative (p < 0.0001) and positive patients (p = 0.019).
With regards to OS our score could separate patients into
high-risk and low-risk groups only in LN negative patients
(p = 0.0047).

TABLE 2 | Multivariate cox regression analyses for the prognosis of predicted risk
groups after adjustment for other clinical variables in case of distant recurrence
(DR, p = 0.005) and overall survival (OS, p = 0.01), respectively.

Groups DR os
HR[95% CI] P-value HR[95% CI]  P-value

Risk

Low-risk 1 (Reference) 1 (Reference) -

High-risk 6.76[1.8;256.42] 0.005 6.06[1.55;23.74]  0.01
Age (years)

>50 1 (Reference) 1 (Reference) -

<50 0.86[0.51;1.44] 0563 0.68[0.38;1.19]  0.175
LN

Positive 1 (Reference) 1 (Reference) -

Negative 1.64[0.88;3.05] 0.116 1.610.79;3.22] 0.189
Stage

| 1 (Reference) 1 (Reference) -

I 1.35[0.76;2.4] 0.3 1.45[0.76;2.77]  0.264

Il 2.08[0.569;7.3] 0.253  1.59[0.34;7.46]  0.557
Grade

1 1 (Reference) 1 (Reference) -

2 2.141[0.77;56.97] 0.146  1.81[0.63;5.25]  0.272

3 1.2[0.4;3.62] 0.748  1.21[0.38;3.86] 0.752
PAM50

Luminal A 1 (Reference) 1 (Reference) -

Normal-like 0.6[0.13;2.64]  0.496 0.7 [0.16;3.16] 0.645

Luminal B 1.581[0.84;2.98] 0.159  1.29[0.65;2.59]  0.469

HER2-enriched 0.81[0.25;2.68]  0.731 1.01[0.29;3.47]  0.986
RT

No 1 (Reference) 1 (Reference) -

Yes 0.881[0.47;1.66] 0.701 0.71[0.36;1.41]  0.326
CT

No 1 (Reference) 1 (Reference) -

Yes 0.36[0.11;1.12]  0.077 0.3[0.09;1] 0.05
Interaction: CT Vs. risk  0.36[0.09;1.51]  0.163  0.36[0.08;1.68]  0.195

The results show that there is no association between chemotherapy and risk groups (DR:
p=0.163; OS: p = 0.195).
DR, distant recurrence; OS, overall survival; CT, chemotherapy; RT, radiotherapy.

DISCUSSION

Optimal treatment decisions for patients with nodal involvement
remain an important goal yet a significant challenge in
ERBC patients (11, 26). Following the current breast cancer
guidelines for the systemic treatment of ERBC patients,
about 97.3% of LN positive ERBC patients received adjuvant
chemotherapy. However, 16.9% developed a distant recurrence
within 10 years of the primary surgery in our study. Our
goal was to find the low-risk group that could avoid toxic
chemotherapy and additionally, the high-risk group that
should be considered for more aggressive therapy in order
to lower the risk of recurrence. The results presented here
confirm the robustness of the DGM-CM6 model for the
prediction of long-term distant recurrence risk in both LN
negative and LN positive ERBC patients. Multivariate analysis
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FIGURE 3 | Kaplan-Meier plot survival curves for distant recurrence (A,B) and overall survival (C,D) in node-negative and node-positive patients according to the IHC
classification. RI-DR (recurrence index for distant recurrence) could divide node-negative and positive patients into low- and high-risk groups. P-value was calculated
by log-rank test.

demonstrated that our DGM-CM6 panel could independently
predict the prognosis of ERBC patients for both DRFS and OS
after adjustment for clinical confounders including molecular
subtypes, LN status, and other clinical factors, regardless of
whether the patients received chemotherapy or not (Table 2).
Of note, our results also highlighted that within the ERBC
population, not all ER/PR+ HER2- samples are Luminal-
like since basal-like and HER2-enriched samples could also
be identified (TableS2). This suggests that our model can
successfully predict the DR risk in ERBC patients based
on the status of three IHC biomarkers what might be
considerably cost-effective.

From a clinical perspective, patients who experience no
recurrence after 5 years of endocrine therapy and have a
sufficiently low risk should not be recommended an extension
of the endocrine therapy. Therefore, we hypothesized that the
patients in our study who were predicted by the DGM-CM6
panel to be low risk in the LN- ERBC population may benefit
more from endocrine therapy than chemotherapy, since the

<5% risk of distant relapse at 10 years implies they may safely
avoid adjuvant chemotherapy and prolonged endocrine therapy
(current cohort was treated with 5-year endocrine therapy).
Whereas, patients with high risk in the LN+ ERBC population
had received adjuvant chemotherapy already, and thus received
prolonged endocrine treatment and were also enrolled in a novel
clinical trial as RI-DR-high-risk patients as they had a 10-year
accumulated distant relapse risk of about 20% (Figure 3).
Intrinsic subtypes Luminal A and B defined by PAM50 have
been well-known to behave differently with respect to clinical
outcome and treatment sensitivities (27). Luminal B is more
aggressive with more propensity to develop relapse and resistance
to endocrine therapy than Luminal A (28, 29). Intrinsic subtypes
could provide precise information for recurrence risk prediction
in early breast cancer (30). However, we found that there was
no prognostic difference between Luminal B and Luminal A
in LN-negative ERBC patients in our cohort, while our DGM-
CM6 panel performed better in separating high and low-risk
groups (Figure4). One of the potential explanations could
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be that the PAM50 panel may not be optimal for the Asian
population, especially for low-risk ERBC patients. As a result,
LN- patients in our study had a good prognosis even if they
were classified as luminal B by PAMS50. This observation is
consistent with those of previous studies that Asian women had
significantly reduced relative odds of other PAMS50 subtypes vs.
Luminal A in the prediction of short and long-term prognostic
outcomes (32, 33). Moreover, intrinsic Luminal A and Luminal
B subtypes can only be derived from microarray-based data,
and thus are commercially expensive. Furthermore, increasing
evidence about the discordant results between PAMS50 based
intrinsic subtypes and IHC based subtypes has been reported
(16, 34, 35). Consequently, we validated the predictive risk
value of the DGM-CM6 model in both IHC and intrinsic
subtype cohorts in order to avoid the discordance issue among
different classifiers. The strength of our panel is that it has
prognostic value in both IHC- and microarray-based data,
thus demonstrating the clinical utility of the DGM-CMS6 in a
practical setting.

However, some potential limitations of this study need to
be noted. Firstly, we included chemo-treated patients in our
study, which could possibly lower the recurrence risk in these
patients. However, our multivariate Cox regression analysis
for DRFS and OS showed that there was no association
between chemotherapy and DGM-CM6 risk groups. This
result makes sense since previous studies have shown that
adjuvant chemotherapy could not stop the development of
late recurrence in ERBC patients, especially in HER2-negative
tumors (36, 37). Secondly, menopause status should be discussed
carefully, but we were unable to obtain well-documented
menstruation information in this retrospective study. Thirdly,
it would be much more interesting to have the PAM50-based
ROR scores as the control panel in our study. However, the
PAMS50 intrinsic subtype classification could also have more
prognostic value than pathological characteristics (38). In this
large cohort study, multivariate analysis showed that both of
intrinsic subtypes and ROR risk classification yielded strong
prognostic information in early-stage breast cancer. The final
limitation of our study is that the current cutoff of DGM-
CM6 score (>33) may not be suitable if we attempt to use
it for all specific categories of patients (i.e., different subtypes,
LN+ numbers). Nevertheless, tumor recurrence and treatment
outcome are a product of complex interactions between tumor
subtypes, immune system, the status of lymph nodes, tumor-
stroma interactions, and do not depend solely on luminal A
or luminal B type. Additionally, some immune therapies may
play a role in the outcome and recurrence of the disease.
Consequently, it is necessary to consider the role of the
immune system, especially the non-specific properties and
role of natural killer (NK) cells in lymph nodes, which has
been found to be significant in previously studies (38-40).
Therefore, standardization of a biomarker cutoff applicable
for patients of all categories would not be realistic unless
all training/testing/validating sets could be unified and well-
balanced for all characteristics.

CONCLUSIONS

In summary, this study demonstrated the prognostic value
of the DGM-CM6 panel for making treatment decisions
in ERBC women, regardless of LN status. Importantly, our
panel consistently showed good performance in both IHC-
and microarray-derived ERBC candidates, thus solving the
discordance issue reported by other studies. Finally, as far as
we know, DGM-CMS6 is a new edition of the first generation
of multi-gene expression predictive model developed for Asian
breast cancer patients which combined genome and clinical-
pathological information.
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