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Purpose

This preliminary study was conducted to evaluate the association between Oncotype DX

(ODX) recurrence score and traditional prognostic factors. We also developed a nomogram

to predict subgroups with low ODX recurrence scores (less than 25) and to avoid additional

chemotherapy treatments for those patients. 

Materials and Methods

Clinicopathological and immunohistochemical variables were retrospectively retrieved and

analyzed from a series of 485 T1-3N0-1miM0 hormone receptor–positive, human epider-

mal growth factor 2!negative breast cancer patients with available ODX test results at Asan

Medical Center from 2010 to 2016. One hundred twenty-seven patients (26%) had positive

axillary lymph node micrometastases, and 408 (84%) had ODX recurrence scores of ! 25.

Logistic regression was performed to build a nomogram for predicting a low-risk subgroup

of the ODX assay. 

Results

Multivariate analysis revealed that estrogen receptor (ER) score, progesterone receptor (PR)

score, histologic grade, lymphovascular invasion (LVI), and Ki-67 had a statistically significant

association with the low-risk subgroup. With these variables, we developed a nomogram to

predict the low-risk subgroup with ODX recurrence scores of ! 25. The area under the 

receiver operating characteristic curve was 0.90 (95% confidence interval [CI], 0.85 to 0.96).

When applied to the validation group the nomogram was accurate with an area under the

curve=0.88 (95% CI, 0.83 to 0.95).     

Conclusion

The low ODX recurrence score subgroup can be predicted by a nomogram incorporating

five traditional prognostic factors: ER, PR, histologic grade, LVI, and Ki-67. Our nomogram,

which predicts a low-risk ODX recurrence score, will be a useful tool to help select patients

who may or may not need additional ODX testing.
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Introduction

Until now, a combination of clinical and histopathologic
prognostic factors such as age [1], tumor size [2], lymph node
metastasis [3], proliferation rate [4], and histologic grade [5]
of breast cancer patients have been determined to use whe-
ther to treat patients with systemic chemotherapy. We also
routinely evaluate predictors such as estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth
factor receptor 2 (HER2) to find patients suitable for a par-
ticular target therapy [6]. These are useful biomarkers to
identify high-risk, triple-negative or HER2-positive cases.
However, it is still difficult to accurately assess the individual
risk and the need for accurate systemic chemotherapy in each
case for low-risk patients among hormone receptor-positive
patients. In the early 2000s, adjuvant chemotherapy was
given to most early breast cancer patients, and such recom-
mendations were made for hormone receptor positive pati-
ents, and with the development of multiple genetic or immu-
nohistochemistry-based scores, more accurate clinical deci-
sions have become possible. Oncotype DX (ODX) is a multi-
genic quantitative reverse transcription-polymerase chain
reaction assay that predicts the efficacy of chemotherapy in
patients with ER-positive breast cancer and assesses the risk
of systemic recurrence. This has proven to be effective in pre-
dicting the effect and prognosis of chemotherapy in patients
with breast cancer who are negative for ER-positive lymph
nodes [7,8]. However, this test takes a long time to get the 
results and is expensive ($3,800). Because the test is com-
plexed and the sample of the patient's tissue needs to be sent
to the laboratory in order to obtain the results, Korea's Natio-
nal Health Insurance or any other private health insurance
does not cover the ODX test. Therefore, this test is a costly
burden for breast cancer patients, whether or not they are 
enrolled in private health insurance.

If other tests can accurately predict the recurrence score
(RS) of all ER-positive patients, ODX testing will not be nec-
essary Therefore, according to several studies, the informa-
tion by ODX RS and the standard histopathological variables
showed similar results [9,10]. However, there are many lim-
itations to the results reported so far.

Our hypothesis was that risk assessments by ODX for 
ER-positive tumors, whether low or high risk, are predicted
with high confidence. Therefore, the purpose of this prelim-
inary study is to assess the association between traditional
prognostic factors and ODX RSs and to develop a nomogram
that can predict subgroups with low ODX RSs (less than 25)
that can avoid additional chemotherapy.

Materials and Methods

1. Patient selection and pathology variable selection

The primary cohort of this study was selected through an
evaluation of the initial record review of all T1-3N0-miM0
hormone receptor-positive, HER2-negative breast cancer 
patients with tumor tissue analyzed by the 21-gene assay bet-
ween January 2010 and October 2016 at Asan Medical Cen-
ter. A study data set of 485 cases with available ODX test
results was used to build the prediction models. From Janu-
ary 2010 to December 2011, an independent external valida-
tion cohort of 1,166 consecutive patients was selected using
the same criteria as the primary cohort. The clinical informa-
tion of the patients was extracted from the medical record.
Clinical information included patient age, tumor size, lymph
node (LN) status, pathologic stage, histologic grade, nuclear
grade, lymphovascular invasion (LVI), Ki-67, p53, and 
molecular subtypes according to ER, PR, and HER2 status
based on immunohistochemistry or fluorescence in situ
hybridization. Immunohistochemistry for ER, PR, HER2, and
Ki-67 and in situ hybridization testing for HER2 were per-
formed in the Asan Medical Center pathology laboratories.
Nuclear staining for ER and PR was evaluated by the Allred
scoring method (0-8). Membranous staining for HER2 was
evaluated by the HercepTest (BenchMark XT autostainer
using OptiView DAB Detection Kit, Ventana Medical Sys-
tems, Tucson, AZ) protocol. Immunohistochemical staining
for Ki-67 (1:250, MIB-1, Dako, Glostrup, Denmark) was per-
formed in a BenchMark XT autostainer (Ventana Medical
Systems) using an i-View detection kit (Ventana Medical Sys-
tems). 

2. Statistical analysis

For this study, we adopted an RS cutoff of 25 as the crite-
rion for high risk, based on the RS threshold for chemother-
apy administration that is used in ongoing phase III clinical
trials such as TAILORx (Trial Assigning Individualized 
Options for Treatment) and RxPONDER (Rx for Positive
Node, Endocrine Responsive Breast Cancer) after reanalysis
of NSABP-B20. Chi-square test and Fisher exact test were
used to compare the RS results between clinicopathological
characteristics, when appropriate. Initial variable selection
was carried out on the basis of univariate linear regression
in development samples. Stepwise multiple logistic regres-
sion analysis was used to estimate a predictive model for
ODX RS. Five factors such as nuclear grade (range, 1 to 3),
Ki-67 labeling index (0 to 100), LVI (positive or negative), and
Allred scores (range, 0 to 8) for ER and PR were found to con-
tribute significantly to the multivariate logistic regression
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Table 1.  Baseline characteristics and association between dichotomized Oncotype Dx score and clinicopathologic variables

Characteristic Total Oncotype Dx Oncotype Dx p-valuegroup score (! 25) score (> 25)
Total patients 485 ( 408 ( 77 (

Age subgroup (yr)
! 34 30 (6) 22 (5) 8 (10) 0.067a)

35-49 276 (57) 228 (56) 48 (62)

" 50 179 (37) 158 (39) 21 (28)

Histologic type
IDC 456 (94) 381 (93) 75 (97) 0.169a)

ILC 18 (4) 18 (4) 0 (

Others 11 (2) 9 (3) 2 (3)

Stage
I 258 (53) 222 (54) 36 (47) 0.322

II 224 (46) 183 (45) 41 (53)

III 3 (1) 3 (1) 0 (

Tumor size (cm)
! 2 285 (59) 247 (61) 38 (49) 0.067

> 2 200 (41) 161 (39) 39 (51)

Lymph node
Negative 358 (74) 302 (74) 56 (73) 0.813

Positive (mic) 127 (26) 106 (26) 21 (27)

Histologic grade
1 32 (7) 31 (7) 1 (1) < 0.001a)

2 404 (83) 354 (87) 50 (65)

3 49 (10) 23 (6) 26 (34)

Nuclear grade
1 12 (3) 12 (3) 0 ( < 0.001a)

2 423 (87) 372 (91) 51 (66)

3 50 (10) 24 (6) 26 (34)

LVI
Negative 346 (71) 302 (74) 44 (57) 0.003 

Positive 139 (29) 106 (26) 33 (43)

Estrogen receptor
< 6 26 (5) 15 (4) 11 (14) 0.001a)

" 7 459 (95) 393 (96) 66 (86)

Progesterone receptor
< 6 166 (34) 115 (28) 51 (68) < 0.001

" 7 319 (66) 293 (72) 26 (32)

HER2 (IHC)
Negative (0 or 1+) 306 (63) 261 (64) 45 (58) 0.356

Equivocal (2+) 179 (37) 147 (36) 32 (42)

Ki-67 (%)
! 20 289 (60) 272 (67) 17 (22) < 0.001

> 20 196 (40) 136 (33) 60 (78)

p53
Negative 176 (36) 152 (37) 24 (31) 0.308

Positive 309 (64) 256 (63) 53 (69)

Definitive surgery
Conservation 368 (76) 306 (75) 62 (81) 0.299

Mastectomy 117 (24) 102 (25) 15 (19)

(Continued to the next page)
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model. We conducted a robustness analysis to validate our
model by employing the random sampling validation pro-
cedure. We randomly partitioned the data into two subsets
where the sample size was approximately 340 at a ratio of
7:3, ran each random effect logistic regression using training
set and test set, and employed receiver operating character-
istic curve analysis and calculated the area under the curve
(AUC). Using the Kaplan-Meier method to externally vali-
date our nomogram system, we generated survival curves
for breast cancer patients from 2010 to 2011. The significance
of differences in survival was tested by using the log-rank
test. All data analyses were performed using R statistical
package ver. 3.2.0 (http://r-project.org). A significance level
was set at 0.05 and all p-values reported were two-sided. 

3. Ethical statement

The project was reviewed and approved by the Asan Med-
ical Center institutional review board (20141200). Due to the
retrospective nature of the study, the requirement for infor-
med consent was waived.

Results

1. Patient characteristics

Of the 2,815 patients with pT1-3N0-1miM0, hormone 
receptor+/HER2! breast cancer included in this study, 485
patients (17%) with tumor tissue analyzed by the 21-gene
assay were used to develop the nomogram to predict a sub-

group of patients with low ODX RSs (" 25). Detailed clinical
characteristics of patients included in the discovery cohort
are shown in Table 1. The average age of subjects was 47.9
years (range, 27 to 77 years), and the average tumor size was
1.9 cm (range, 0.1 to 7.2 cm). Four hundred fifty-six cases
(94%) were invasive ductal, 18 cases were invasive lobular
(4%), and 11 cases (2%) exhibited other features. Among 11
cases, four cases were mucinous cancer, three cases were 
invasive micropapillary carcinoma, two cases were tubu-
lolobular carcinoma, one case was invasive cribriform carci-
noma, and one case was encapsulated papillary carcinoma.
Lymph-node metastasis was absent in 358 cases (74%) and
present as micrometastasis in 127 cases (26%). Patients with
pathologic stages from IA to IIIA were included and 42% of
them were at stage IA. LVI was absent in 346 cases and pres-
ent in 139 cases. Ki-67 was < 20 in 289 cases and > 20 in 196
cases. S1 Fig. shows the distribution of RSs in this study
group. The average of RSs was 18 and ranged from 0 to 72.

Table 1 also shows the characteristics of the study popula-
tion included in this analysis, in comparison with the char-
acteristics of patients with tumors associated with 0-25 RS
(low-risk cohort) and those with scores of 25-100 (high-risk
cohort). Among the 485 patients, 408 (84.1%) had a low RS
of " 25, and 77 (15.9%) had a high RS of > 25. Histologic
grade, nuclear grade, presence of lymphovascular involve-
ment, ER status, PR status, and Ki-67 were statistically rela-
ted to the RS results, but no statistical correlation was found
between the tumor size and presence of micrometastasis
with RS results. On the other hand, there was no statistically
significant difference between these two groups in histologic
type. Invasive ductal carcinomas had RSs in all risk cate-
gories, whereas all invasive lobular carcinomas were assign-
ed to the low-risk group. Mean RS increased with increasing

Cancer Res Treat. 2019;51(3):1073-1085

Table 1.  Continued

Characteristic
Total Oncotype Dx Oncotype Dx 

p-value
group score (! 25) score (> 25)

Radiotherapy

Yes 366 (76) 306 (75) 60 (78) 0.585 
No 119 (24) 102 (25) 17 (22)

Chemotherapy

Yes 80 (84) 24 (6) 56 (73) < 0.001
No 405 (16) 384 (94) 21 (27)

Anti-hormonal therapy

Yes 476 (98) 401 (98) 75 (97) 0.599a)

No 9 (2) 7 (2) 2 (3)

Values are presented as number (%). IDC, invasive ductal cancer; ILC, invasive lobular carcinoma; LVI, lymphovascular 
invasion; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry. a)This marking was done by Fisher
exact test.
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tumor grade. All nuclear grade 1 tumors (n=12) were in the
low-risk RS category. Nuclear grade 3 tumors were spread
throughout the risk groups. 

2. Development of a prediction model

Our goals were to evaluate the association between the
ODX RS and routine clinical and pathologic measures, and
to develop a nomogram that could predict a subgroup of 

Sae Byul Lee, A Nomogram for Predicting the Oncotype DX Recurrence Score

Table 2.  Clinicopathologic characteristics of the training group and internal validation group

Characteristic Training group Validation group p-value

Total patients 340 (100) 145 (100)
Age subgroup (yr)

! 34 18 (5) 12 (8) 0.284
35-49 200 (59) 76 (52)
" 50 122 (36) 57 (40)

Stage

I 184 (54) 74 (51) 0.405
II 153 (45) 71 (49)
III 3 (1) 0 (

Tumor size (cm)

! 2 198 (58) 87 (60) 0.763
> 2 142 (42) 58 (40)

Lymph node

Negative 250 (74) 108 (75) 0.910
Positive (mic) 90 (26) 37 (25)

Histologic grade

1 21 (6) 11 (8) 0.751
2 283 (83) 121 (83)
3 36 (11) 13 (9)

Nuclear grade

1 9 (3) 3 (2) 0.751
2 294 (87) 129 (89)
3 37 (10) 13 (9)

LVI

Negative 246 (72) 99 (68) 0.382 
Positive 94 (28) 46 (32)

Estrogen receptor

< 6 20 (6) 6 (4) 0.515
" 7 320 (94) 139 (96)

Progesterone receptor

< 6 122 (36) 44 (30) 0.252
" 7 218 (64) 101 (70)

HER2 (IHC)

Negative (0 or 1+) 220 (65) 88 (61) 0.411
Equivocal (2+) 120 (35) 57 (39)

Ki-67 (%)

! 20 198 (58) 91 (63) 0.365 
> 20 142 (42) 54 (37)

p53

Negative 123 (36) 53 (37) 0.937
Positive 217 (64) 92 (63)

Values are presented as number (%). LVI, lymphovascular invasion; HER2, human epidermal growth factor receptor 2; IHC,
immunohistochemistry.
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Variable
Multivariate model

OR 95% Confidence interval p-value !-coefficient

Estrogen receptor 1.975 1.111-3.508 0.020 0.696

Progesterone receptor 1.454 1.235-1.672 < 0.001 0.378

Nuclear grade 0.348 0.139-0.878 0.025 –1.043

Lymphovascular invasion 0.383 0.182-0.804 0.011 –1.051

Ki-67 0.001 0.001-0.004 < 0.001 –7.530

Table 3. Multivariate logistic regression model

OR, odds ratio.

Fig. 1. Nomogram to predict low-risk recurrence score of Oncotype Dx. LVI, lymphovascular invasion; ER, estrogen receptor;

PR, progesterone receptor.
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Fig. 2.  Receiver operating characteristic curve (ROC) of nomogram. (A) Training dataset of 340 patients. (B) Validation

dataset of 145 patients.
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patients with low ODX RSs (! 25), in whom addition of che-
motherapy can be avoided. We randomized the data into two
groups of randomly sampled sizes of about 340 at a ratio of
7:3 to develop nomograms. Detailed clinical characteristics
of patients included in the training cohort and validation 
cohort are shown in Table 2. There were no significant dif-
ferences in clinical characteristics between these two cohorts.

Univariate analysis revealed that histological and nuclear
grade (Ki-67, ER, and PR) and LVI were associated with low-
risk RS. Age, tumor size, lymph-node status, and HER2 sta-
tus were not associated with RS. The Ki-67 was found to
reach highest statistical significance in terms of association
with low-risk RS (data not shown). When those five factors,
excluding histologic grade, were included in multivariate
analysis, nuclear grade, Ki-67, ER, PR, and LVI were all
found to be independent predictors of low-risk RS in this
population. Histological grade was a statistically significant
variable in univariate analyses but was highly correlated
with the nuclear grade, and thus excluded from multivariate
analyses for statistical analysis stability. The odds ratio and
! coefficient associated with each significant factor in the
multivariate model are shown in Table 3: ER and PR status
were positive effect to low-risk RS, and nuclear grade, Ki-67,
and LVI were negative effect to low-risk RS. The significant
variables of the explanatory model were used to develop a
nomogram to predict low-risk RS of ODX (Fig. 1). Less than
0.1 and 0.9 or more were not displayed. The total scores for
individual patients ranged from 30 to 265. The overall pre-
dictive accuracy of the nomogram as measured by the AUC
was 0.90 (95% confidence interval [CI], 0.85 to 0.96) for the
training dataset of 340 patients, and 0.88 (95% CI, 0.83 to 0.95)
for the validation dataset of 145 patients (Fig. 2).

Table 4 shows the sensitivity, specificity, and positive and
negative predictive values according to each cutoff value. A
positive predictive value refers to the ability to predict a low-
risk RS without ODX testing. When using a probability of 90
as the cutoff value, 242 of the 249 patients (97%) with such
probabilities were predicted to be low-risk RS. The specificity
rate was also determined to investigate the clinical utility of
the nomogram. When conservatively defining a cutoff value,
the general significance level is 0.05. A cutoff value of 5% was
used, as it was important to evaluate if the nomogram could
correctly classify the patients with a low predicted probabil-
ity of low-risk RS. Among 263 patients predicted to have a
probability of low-risk RS of " 97, three patients had a high-
risk of RS; this corresponds to a 5% specificity rate.

3. Validation of nomogram in an independent cohort 

To validate the nomogram, we performed an independent
external validation study using data from a cohort of 1,202
patients from 2010 to 2011. Median follow-up time of this
group was 74 months. Table 5 shows the clinicopathologic
characteristics of the external validation cohort. In general,
distributions were similar, but the external validation group
tended to be patients with less aggressive cancer. This is 
because the group that performed ODX included many pati-
ents with more aggressive breast cancer, for whom oncolo-
gists had to make a treatment decision. Patients with lower-
stage and lower-grade cancers were more likely to be inclu-
ded in the external validation cohort than in the discovery
cohort.

Patients in the external validation cohort were classified
into low-risk and high-risk groups according to the nomo-

Sae Byul Lee, A Nomogram for Predicting the Oncotype DX Recurrence Score

Table 4.  Sensitivity, specificity, positive predictive and negative predictive values according to various cutoff values

Probability (%) Recurrence  Recurrence  Sensitivity (%) Specificity (%) PPV (%) NPV (%)score of ! 25 score of > 25
10 284 43 100 23 87 100

0 13
30 282 31 99 45 90 93

2 25
60 270 23 95 59 92 70

14 33
80 251 12 88 79 95 57

33 44
90 220 6 78 89 97 44

64 50
97 139 3 50 95 98 27

145 53

PPV, positive predictive value; NPV, negative predictive value.
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Table 5.  Clinicopathologic characteristics of the external validation group

Characteristic
Total High-risk Low-risk 

p-value
group score (< 97) score (! 97)

Total patients 1,202 (100) 673 (100) 529 (100)

Age (yr)

! 34 44 (3.7) 26 (3.9) 18 (3.4) 0.429

35-49 611 (50.8) 331 (49.1) 280 (52.9)

" 50 547 (45.5) 316 (47.0) 231 (43.7)

Tumor size (cm)

! 2 927 (77.1) 493 (73.3) 434 (82.0) < 0.001

> 2 275 (22.9) 180 (26.7) 95 (18.0)

Lymph node

Negative 1,150 (95.7) 637 (94.7) 513 (97.0) 0.049

Positive (mic) 52 (4.3) 36 (5.3) 16 (3.0)

Histologic grade

1 134 (11.1) 17 (2.5) 117 (22.1) < 0.001

2 909 (75.6) 500 (74.3) 409 (77.3)

3 159 (13.3) 156 (23.2) 3 (0.6)

Nuclear grade

1 123 (10.2) 13 (1.9) 110 (20.8) < 0.001

2 911 (75.8) 494 (73.4) 417 (78.8)

3 168 (14.0) 166 (24.7) 2 (0.4)

LVI

Negative 1,078 (89.7) 562 (83.5) 516 (97.5) < 0.001

Positive 124 (10.3) 111 (16.5) 13 (2.5)

Estrogen receptor

< 6 161 (13.4) 154 (22.9) 7 (1.3) < 0.001

" 7 1,041 (86.6) 519 (77.1) 522 (98.7)

Progesterone receptor

< 6 491 (40.8) 398 (59.1) 93 (17.6) < 0.001

" 7 711 (59.2) 275 (40.9) 436 (82.4)

HER2 (IHC)

Negative (0 or 1+) 997 (82.9) 554 (82.3) 443 (83.7) 0.514

Equivocal (2+) 205 (17.1) 119 (17.7) 86 (16.3)

Ki-67 (%)

! 20 954 (79.4) 426 (63.3) 528 (99.8) < 0.001 

> 20 248 (20.6) 247 (36.7) 1 (0.2)

Radiotherapy

No 305 (25.4) 177 (26.3) 128 (24.2) 0.471 

Yes 896 (74.5) 495 (73.6) 401 (75.8)

Unknown 1 (0.1) 1 (0.1) 0

Chemotherapy

No 920 (76.5) 483 (71.8) 437 (82.6) < 0.001

Yes 280 (23.3) 189 (28.1) 91 (17.2)

Unknown 2 (0.2) 1 (0.1) 1 (0.2)

Anti-hormonal therapy

No 26 (2.2) 13 (1.9) 13 (2.4) 0.763

Yes 896 (74.5) 500 (74.3) 396 (74.9)

Unknown 280 (23.3) 160 (23.8) 120 (22.7)

Values are presented as number (%). LVI, lymphovascular invasion; HER2, human epidermal growth factor receptor 2; IHC,

immunohistochemistry.
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gram value of 97. This cutoff of 97 is a number with a speci-
ficity of 95, as described above. In external validation cohort,
673 patients (56.0%) were in the high-risk group with < 97
points and 529 (44.0%) in the low-risk group with ! 97 points.
We assessed the impact of the nomogram on the prediction
of recurrence and distant metastasis in the validation cohort.
Kaplan-Meier analysis demonstrated that the low-risk group,
according to the nomogram, had a significantly higher prob-
ability of recurrence (p=0.001) and distant metastasis (p=0.001)

than did the high-risk group (Fig. 3). The 5-year distant
metastasis-free rates for patients with nomogram low-risk
and high-risk were 98.8% and 97.9%, respectively. This result
demonstrated that the nomogram could clearly differentiate
patients at high and low risk of distant metastasis. In the
analysis of death, there was no statistical difference between
the two groups. This is thought to be due to the fact that there
were few death events. The 5-year overall survival rate for
all patients was 99.1% (Fig. 3). However, since this external
validation group included chemotherapy-treated patients,
we performed multivariate analysis. In the multivariate
analysis of disease-free survival and distant metastasis-free
survival in patients with breast cancer, the hazard ratio in
low-risk patients with 97 or higher based on score 97 was
0.361 (p=0.033) and 0.137 (p=0.024), respectively. The score
97 was a prognostic factor for disease-free survival and dis-
tant metastasis-free survival in externally validated patients
(Table 6). Thus, we confirmed that the nomogram for pre-
dicting the ODX RS low risk can be distinguished from the
risk of recurrence even in the external cohort.

4. User-friendly implementation of the predictive model

We organized our nomogram model in a simple and intu-
itive online application, mobile application, and automatic
calculator using Microsoft Excel worksheets (Fig. 4). The 
interface allows the user to input values for ER, PR, Ki-67,
grade, and LVI. The standard output includes an estimate of
the probability that the RS exceeds the low-risk threshold of
25. As such, our algorithm seems to identify a group of 
patients for whom ODX ordering is more likely to contribute
information that is not already available using routine meas-
ures.

Discussion

The ODX testing is the most widely used breast cancer 
genomic assay in the world. This test is supported by the
American Society of Clinical Oncology and the National
Comprehensive Cancer Network in treatment of node nega-
tive, ER-positive breast cancer patients [11,12], and is 
accepted as a useful test [7,8,13,14]. Although the ODX test
has been widely implemented in the United States, it has 
become a heavy burden for many patients because of the
high cost. Because ODX testing is so expensive, this test is
currently only available in about one-third of breast cancer
patients in the United States and about 20% in Europe
[15,16]. Also, in Korea, this test is conducted only in foreign
countries, so neither the National Health Insurance nor the

Sae Byul Lee, A Nomogram for Predicting the Oncotype DX Recurrence Score

Fig. 3.  Kaplan-Meier analysis of external validation group
according to cutoff of 97. (A) Disease-free survival. (B) Dis-
tant metastasis-free survival. (C) Overall survival.
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private health insurance covers the ODX test. Therefore, the
cost of ODX test is a burden in Korea regardless of whether
breast cancer patients have private insurance or not. Several
recent studies have reported that stratification of risk is pos-
sible more cost-effectively for certain patients by predicting
ODX test results using histopathological variables from rou-
tine pathology test [17]. Clark et al. [18] and Zbytek et al. [19]
reported that ODX RSs are highly dependent on parameters
already used in routine pathological examinations. In addi-
tion, studies by Cuzick et al. [20] provide evidence that stan-
dard clinical and pathological parameters are superior to
ODX analysis in predicting patients’ prognoses [20]. This
study was performed to evaluate the ODX RS, which was
based on routine standard histologic and immunohistochem-
ical data. However, the best way to link this with clinical
practice has not yet been proven. There is no test to accu-
rately predict ODX RS, too. Nevertheless, some tools can help
you decide whether or not you should perform an ODX test.
We found that using this tool in combination with standard
histopathological and immunohistochemical parameters was
useful as an alternative to costly ODX testing for patients
who were able to predict high- or low-risk through ODX test-
ing. 

There are five variables used in our model: ER, PR, Ki-67,
grade, and LVI. These five clinicopathologic variables can be
collected through any pathologic examination and are clini-
cally established variables in predicting prognosis. In the
present study, there were consistent significant differences
for ER, PR, grade, LVI and Ki-67 between the ODX risk strat-
ification categories, but not for HER2, presence of micro-
metastases, and tumor size. This suggests that a negative or
equivocal HER2, tumor size, and presence of micrometas-
tases may have less importance in risk stratification with
ODX testing than ER, PR, grade, LVI or Ki-67. The HER2
value obtained from the ODX test performed in this study
was the same as that reported in previous studies [21]. In the

University of Tennessee Medical Center that developed a
nomogram based on the National Cancer Database (27,719
ODX tested ER+/HER2–/LN- breast cancer patients) study,
the tumor grade, PR, and LVI were found to have the same
factor. In addition, this study also found that age, tumor size,
and histological subtype as significant factors, which were
not observed in the results of our study [22]. In the present
study, age was not a significant factor; however, according
to the results of a recently published TAILORx study, the
chemotherapy benefit for invasive disease-free survival var-
ied when the RS was combined with age (p=0.004), with
some chemotherapy benefits found in women aged ! 50
years with a RS of 16-25. Therefore, additional research on
younger patients is necessary [23].

The pathologic factor most closely related to ODX RS in
the present study was Ki67 proliferation index. Williams et
al. [24] reported that the expression of Ki-67 by immunohis-
tochemistry was significantly correlated with RS, and Sahe-
bjam et al. [25] also reported a 90% chance of having a high
or intermediate ODX recurrence rate for tumors with a 
Ki-67 expression " 25%. PR was also a major predictor of a
high-risk or a low-risk ODX RS in our study Tang et al. [26]
showed a correlation between the lack of PR expression and
aggressive morphologic features, and Auerbach et al. [27]
and Chaudhary et al [28]. confirmed recent observations that
the ODX score was higher when PR was negative Clark et al.
[18], who revealed the inverse relationship between PR 
expression level and ODX RS, regardless of tumor grade, also
mentioned the importance of PR semiquantitative score. We
found that tumor grade carried the high predictive value for
a low-risk ODX score, same as previous study reported by
Gage et al. [29]. It is not surprising that this grade, which has
long been regarded by the Nottingham Prognostic Index as
an important predictor of breast cancer prognosis, has been
identified as a key predictor of the ODX score [17], which
also was recognized at the St. Gallen Consensus Conference

Cancer Res Treat. 2019;51(3):1073-1085

Factor

DFS DMFS

HR 95% CI p-value HR 95% CI p-value

Age at diagnosis (yr) 0.946 0.913-0.979 0.002 0.965 0.917-1.015 0.162
Tumor size (! 2 cm vs. > 2 cm) 2.726 1.148-6.472 0.023 3.606 0.971-13.396 0.055
Nuclear grade (1/2 vs. 3) 0.262 0.014-4.981 0.372 0.255 0.003-22.493 0.550
ER status (< 6 vs. " 7) 1.656 0.649-4.224 0.291 2.857 0.603-13.531 0.186
PR status (< 6 vs. " 7) 0.609 0.295-1.260 0.182 0.431 0.140-1.326 0.142
Chemotherapy (no vs. yes) 2.974 1.461-6.051 0.003 4.035 1.367-11.906 0.012
Score 97 (< 97 vs. " 97) 0.361 0.141-0.920 0.033 0.137 0.025-0.767 0.024

Table 6. Multivariate analysis for DFS and DMFS

DFS, disease-free survival; DMFS, distant metastasis-free survival; HR, hazard ratio; CI, confidence interval; ER, estrogen
receptor; PR, progesterone receptor.
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in 2011 [30]. LVI was also a major predictor of low-risk ODX
recurrence in our study, but LVI in our model had little effect
on the outcome of the ODX test. Our model used 25 as a cut-
off of RS. Because the range of RSs used in trials such as TAI-
LORx and RxPONDER currently in progress is different
from the existing definition, patients with a RS of 25 or higher
were classified as receiving chemotherapy, and the patients
from 11 to 25 were randomly grouped, regarding the role of
adjuvant chemotherapy. These studies identified the optimal
cutoff values between patients in the intermediate (RS, 
11-25) or low to intermediate (RS ! 25) risk groups with 
respect to the benefits of adjuvant chemotherapy [31].

The present study has several strengths. The nomogram
produced by the study is user-friendly and available free of
any cost to the user. The information needed for the nomo-
gram is already generated by many pathology laboratories
during the initial assessment of primary breast cancer.
Pathologists and oncologists can easily calculate the expected
RS and compare the results with the actual RS, by our Micro-
soft Excel worksheets, mobile applications, and online ver-
sions. If the expected RS is evident in the high-risk or low-
risk group, the oncologist should not expect the outcome to
differ significantly from the ODX. In these cases, clinicians
can avoid using ODX. To develop a nomogram with a high
and acceptable C index (0.85-0.89), 485 patients in the original
cohort and 1,202 patients in the external validation cohort
were used, respectively. Our external validation cohort has
95% specificity cutoff value, because whether patients with
low-risk RS values can accurately be classified as low-risk
patients remains to be assessed. Among the 263 patients with
low-risk RS scores of " 97, only 3 were high risk, which was
consistent with 5% specificity. This is a valuable, large-scale
study showing that clinicopathologic variables can be used
for prediction of low-risk ODX RS using our nomogram
models.

There are some limitations in this study. First, the popula-
tion in this study was biased by the clinical selection of cases,
because of this, the proportion of cases with low to interme-
diate RSs could be higher However, the distribution of scores
observed in our study was similar that observed in commer-
cial laboratories. This results in this study show that the dis-
tribution of risk groups in this study reflects clinical practice
and supports the possibility of generalizing the findings.
Therefore, the clinical case selection bias presented in this
study may be regarded as a strength of this study because it
reflects the usefulness of the actual application and testing.
Second, the follow-up time for patients in our study (the
1,202 external validation cases were selected from 2010 to
2011) is short. Our early survival results need to be confirmed
by longer follow up. By following clinical outcomes, we hope
to verify the utility of our findings, and reinforce the impor-
tance of our nomogram. Moreover, Ki-67 measurement var-
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Fig. 4.  Nomogram model. (A) Online application. (B) 
Mobile application. (C) Automatic calculator using Micro-
soft Excel worksheets.

A

B

C

ODX score to nomogram & probability

ODX prediction

VOLUME 51 NUMBER 3 JULY 2019  1083



Cancer Res Treat. 2019;51(3):1073-1085

ied depending on other methods used. Therefore, the differ-
ence observed when using this nomogram can influence the
decision.

Our nomogram, which predicts a low-risk ODX RS, will
be a useful tool to help select patients who may or may not
need additional ODX testing. It may also be a useful tool to
replace ODX testing for patients who cannot afford the test,
or for whom ODX testing is not available.
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