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41 y/o female presented with a palpable left breast mass. 
Biopsy demonstrated invasive ductal carcinoma, grade 2.
No lymphovascular invasion. Estrogen 100%, PR 100%, 
HER2 negative at 0.

Patient underwent lumpectomy and sentinel lymph node 
biopsy. Final pathology revealed a 1.4-cm invasive ductal 
carcinoma and sentinel lymph nodes were negative.
21 gene Recurrence Score® was 9.

Case Presentation: Dr Goetz



Case Presentation: Professor Johnston

38 year old pre-menopausal woman:
HR Manager, married with 5 year old daughter, no FH 

March 2019:  
Symptomatic Left Breast Mass
2 cm M5 with micro-calcifications, U5
Axilla negative on USS
Core biopsy ER++ HER2 2+ IDC
BRCA 1/2 negative

April 2019: 
Left Mastectomy and Sentinel Node Biopsy:
1.8 cm grade II invasive ductal cancer
0/3 negative nodes, no LVI
ER 8, PR 5, HER2 D-DISH negative

Prognostic Scores:
Nottingham Prognostic Index (NPI) = 2.36 (0.2x1.8 + 0 + 2) = 93% 5yr OS
Oncotype DX® Recurrence Score 21



Case Presentation: Dr Burstein

A healthy 57 year old woman was found on screening mammography to have 
an abnormality in the left breast. She underwent core biopsy which revealed 
invasive ductal carcinoma, grade 3 of 3. The tumor was ER positive 90%, PR 
positive 50%, and HER2 negative (0) by IHC. She subsequently underwent 
lumpectomy and sentinel lymph node biopsy. The invasive cancer measured 
1.3 cm in size, grade 3, LVI negative. There was a 3 mm focus of invasive 
cancer in one of 3 sentinel lymph nodes. 
In addition to adjuvant endocrine therapy, would you: 
• Give adjuvant chemotherapy for high grade, node positive breast cancer?
• Not give adjuvant chemotherapy because too low a stage?
• Order a 21 gene recurrence score to decide on whether to give 

chemotherapy? 



Role of Adjuvant Chemotherapy in Early Breast Cancer:
Landscape in 2000

• U.S. N.I.H consensus panel in 2000 concluded “…adjuvant 
..chemotherapy … should be recommended to the majority of women 
with localized breast cancer regardless of lymph node, menopausal, 
or … receptor status.” 

Mansour et al. N Eng J Med 1989; 320:485-490 

SPECIAL ARTICLE
National Institutes of Health Consensus Development
Conference Statement: Adjuvant Therapy for Breast
Cancer, November 1–3, 2000

National Institutes of Health Consensus Development Panel*

Objective: Our goal was to provide health-care providers,
patients, and the general public with an assessment of cur-
rently available data regarding the use of adjuvant therapy
for breast cancer. Participants: The participants included a
non-Federal, non-advocate, 14-member panel representing
the fields of oncology, radiology, surgery, pathology, statis-
tics, public health, and health policy as well as patient rep-
resentatives. In addition, 30 experts in medical oncology,
radiation oncology, biostatistics, epidemiology, surgical on-
cology, and clinical trials presented data to the panel and to
a conference audience of 1000. Evidence: The literature was
searched with the use of MEDLINE® for January 1995
through July 2000, and an extensive bibliography of 2230
references was provided to the panel. Experts prepared ab-
stracts for their conference presentations with relevant cita-
tions from the literature. Evidence from randomized clinical
trials and evidence from prospective studies were given pre-
cedence over clinical anecdotal experience. Consensus Pro-
cess: The panel, answering predefined questions, developed
its conclusions based on the evidence presented in open fo-
rum and the scientific literature. The panel composed a draft
statement, which was read in its entirety and circulated to
the experts and the audience for comment. Thereafter, the
panel resolved conflicting recommendations and released a
revised statement at the end of the conference. The panel
finalized the revisions within a few weeks after the confer-
ence. The draft statement was made available on the World
Wide Web immediately after its release at the conference
and was updated with the panel’s final revisions. The state-
ment is available at http://consensus.nih.gov. Conclusions:
The panel concludes that decisions regarding adjuvant hor-
monal therapy should be based on the presence of hormone
receptor protein in tumor tissues. Adjuvant hormonal
therapy should be offered only to women whose tumors ex-
press hormone receptor protein. Because adjuvant polyche-
motherapy improves survival, it should be recommended to
the majority of women with localized breast cancer regard-
less of lymph node, menopausal, or hormone receptor status.
The inclusion of anthracyclines in adjuvant chemotherapy
regimens produces a small but statistically significant im-
provement in survival over non-anthracycline-containing
regimens. Available data are currently inconclusive regard-
ing the use of taxanes in adjuvant treatment of lymph node-
positive breast cancer. The use of adjuvant dose-intensive
chemotherapy regimens in high-risk breast cancer and of
taxanes in lymph node-negative breast cancer should be re-
stricted to randomized trials. Ongoing studies evaluating
these treatment strategies should be supported to determine

if such strategies have a role in adjuvant treatment. Studies
to date have included few patients older than 70 years. There
is a critical need for trials to evaluate the role of adjuvant
chemotherapy in these women. There is evidence that
women with a high risk of locoregional tumor recurrence
after mastectomy benefit from postoperative radiotherapy.
This high-risk group includes women with four or more
positive lymph nodes or an advanced primary cancer. Cur-
rently, the role of postmastectomy radiotherapy for patients
with one to three positive lymph nodes remains uncertain
and should be tested in a randomized controlled trial. Indi-
vidual patients differ in the importance they place on the
risks and benefits of adjuvant treatments. Quality of life
needs to be evaluated in selected randomized clinical trials to
examine the impact of the major acute and long-term side
effects of adjuvant treatments, particularly premature
menopause, weight gain, mild memory loss, and fatigue.
Methods to support shared decision-making between pa-
tients and their physicians have been successful in trials;
they need to be tailored for diverse populations and should
be tested for broader dissemination. [J Natl Cancer Inst
2001;93:979–89]

Each year, more than 180 000 women in the United States are
diagnosed with breast cancer, the most common type of noncu-
taneous cancer among women in this country. If current breast
cancer rates remain constant, a woman born today has a one in
10 chance of developing breast cancer.

Because of continuing research into new treatment methods,
women with breast cancer now have more treatment options and
a better chance of long-term survival than ever before. The pri-
mary treatment of localized breast cancer is either breast-
conserving surgery and radiation therapy or mastectomy with or
without breast reconstruction. Systemic adjuvant therapies that
are designed to eradicate microscopic deposits of cancer cells
that may have spread or metastasized from the primary breast
cancer have been demonstrated to increase a woman’s chance of
long-term survival.

Systemic adjuvant therapies include chemotherapy (antican-
cer drugs) and hormone therapy. In addition to these systemic

*The members of the Consensus Development Panel are the authors of this
article (see page 984).

Correspondence to: John A. Bowersox, Communications Specialist, Office of
Medical Applications of Research, National Institutes of Health, Bldg. 31, Rm.
1B03, Bethesda, MD 20892 (e-mail bowersoj@od.nih.gov).

See “Notes” following “References.”
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Early Breast Cancer Trialists Collaborative Group:
Greater treatment effect of adjuvant chemotherapy with younger age

EBCTCG. Lancet. 2005;365:1687-717

Breast cancer mortality 
at 15 years 

• “…polychemotherapy (eg, with 
FAC or FEC) reduces the annual 
breast cancer death rate ….

• … by about 38% (SE 5) for 
women younger than 50 years 
of age and …

• … by about 20% (SE 4) for those 
of age 50–69 years …

• …largely irrespective of the use 
of tamoxifen and of … (ER) 
status, nodal status, or other 
tumour characteristics.” 
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Gene Expression Assays in Breast Cancer
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Luminal A Luminal B ERBB2+Basal Normal
• Unsupervised analysis

• Breast cancer is heterogeneous 
• Distinct subtypes
• Prognosis varies by subtype (PAM50)

• Supervised analysis
• Several other prognostic assays 

(21-gene, 70-gene, others)
• Lack of concordance in prognostic 

classification

Sorlie et al PNAS 2003; 100(14): 8418–8423
Bartlett JM et al. J Natl Cancer Inst. 2016;108(9)



TAILORx: Rationale for Adjusting RS Ranges
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• TAILORx population excluded HER2+  
• 21-gene assay includes HER2 module 

(HER2, GRB7) - higher recurrence
• Most HER2+ tumors have high RS
• Different RS distribution 

• RS assay used selectively in practice  -
therapeutic equipoise

• Typically int. grade tumors, 1-2 cm in size
• More tumors in mid-range group

• RS range adjusted for mid-range (B20)
• Preserve prediction in high risk group
• Minimize potential for undertreatment

Sparano J, Paik S. J Clin Oncol 2008; 26: 721-728

0 10 20 30 40 50

Recurrence Score

0.
0

0.
1

0.
2

0.
3

0.
4

D
is

ta
nt

 R
ec

ur
re

nc
e 

at
 1

0 
Ye

ar
s

Recurrence Score

Tam
Tam + Chemo

B20: Relationship Between Continuous RS and 
Distant Recurrence by Treatment

Benefit 
from 

chemo

5% distant  recurrence 
rate  at 10 years 



TAILORx: Rationale for Adjusting RS Ranges

10

• TAILORx population excluded HER2+  
• 21-gene assay includes HER2 module 

(HER2, GRB7) - higher recurrence
• Most HER2+ tumors have high RS
• Different RS distribution 

• RS assay used selectively in practice  -
therapeutic equipoise

• Typically int. grade tumors, 1-2 cm in size
• More tumors in mid-range group

• RS range adjusted for mid-range (B20)
• Preserve prediction in high risk group
• Minimize potential for undertreatment

Sparano J, Paik S. J Clin Oncol 2008; 26: 721-728

0 10 20 30 40 50

Recurrence Score

0.
0

0.
1

0.
2

0.
3

0.
4

D
is

ta
nt

 R
ec

ur
re

nc
e 

at
 1

0 
Ye

ar
s

Recurrence Score

Tam
Tam + Chemo

B20: Relationship Between Continuous RS and 
Distant Recurrence by Treatment

Benefit 
from 

chemo

5% distant  recurrence 
rate  at 10 years 



11

TAILORx: Treatment Assignment & Randomization
Accrued Between April 2006 – October 2010 

Key Eligibility Criteria
• Node-negative
• ER-pos, HER2-neg
• T1c-T2 (high-risk T1b)

Statistical Design
• Non-inferiority - IDFS
• HR 1.332 (90 vs. 87% 5-yr DFS)
• Type I 10%, type II 5%
• Full info– 835 IDFS events
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TAILORx Results - ITT Population: RS 11-25 (Arms B & C)
836 IDFS events (after median of 7.5 years), including 338 (40.3%) with recurrence as first event, 

of which 199 (23.8%) were distant

Primary Endpoint                                                     Secondary Endpoint 
Invasive Disease-Free Survival                              Distant Relapse-Free Interval 

CHEMO + ET
ET Alone 

CHEMO + ET
ET Alone 

Sparano et al. N Engl J Med 2018; 379(2):111-121
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TAILORx: Impact of Clinical Risk (CR) on Prognosis by RS Group
(N=9427) 30% clinical high risk & 70% clinical low risk

Joseph A. Sparano, MD   @jsparano

Grouped by RS DRFI Hazard RatioIDFS Hazard RatioTotal #/#IDFS/DR events

2.20

2.61

2.49

3.35

Hazard ratio > 1 – high clinical risk worse
+95% CI overlap 1
*95% CI don’t overlap 1 

Group

RS <= 10: Endocrine Therapy

RS 11−25: Endocrine Therapy
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Figure 1

1.78*

1.45*

1.54*

1.95*

1.74+

2.73*

2.41*

3.17*

Multivariate model for distant recurrence in RS 11-25 group:
(N=6496 cases and 240 distant recurrences):
• Clinical risk: HR for high vs. low risk 2.42, p<0.001
• Continuous RS: HR 1.08, p<0.001 (HR for a 1 point higher RS)

Group

RS <= 10: Endocrine Therapy

RS 11−25: Endocrine Therapy

RS 11−25: Chemoendocrine Therapy

RS > 25: Chemoendocrine Therapy

RS <= 10: Endocrine Therapy

RS 11−25: Endocrine Therapy

RS 11−25: Chemoendocrine Therapy

RS > 25: Chemoendocrine Therapy

RS <= 10: Endocrine Therapy

RS 11−25: Endocrine Therapy

RS 11−25: Chemoendocrine Therapy

RS > 25: Chemoendocrine Therapy

n/# DFS/# DR

1572/176/ 30

3282/422/127

3214/389/113

1359/184/ 96

1160/135/ 23

2182/273/ 74

2171/292/ 79

 956/133/ 65

 412/ 41/  7

1100/149/ 53

1043/ 97/ 34

 403/ 51/ 31

.25 .5 1 2 4

All Patients (n=9427)

Age > 50 (n=6469)

Age <= 50 (n=2958)

DFS Hazard Ratio DRFI Hazard Ratio

.5 1 2 4 8

Figure 1

Group

RS <= 10: Endocrine Therapy

RS 11−25: Endocrine Therapy

RS 11−25: Chemoendocrine Therapy

RS > 25: Chemoendocrine Therapy

RS <= 10: Endocrine Therapy

RS 11−25: Endocrine Therapy

RS 11−25: Chemoendocrine Therapy

RS > 25: Chemoendocrine Therapy

RS <= 10: Endocrine Therapy

RS 11−25: Endocrine Therapy

RS 11−25: Chemoendocrine Therapy

RS > 25: Chemoendocrine Therapy

n/# DFS/# DR

1572/176/ 30

3282/422/127

3214/389/113

1359/184/ 96

1160/135/ 23

2182/273/ 74

2171/292/ 79

 956/133/ 65

 412/ 41/  7

1100/149/ 53

1043/ 97/ 34

 403/ 51/ 31

.25 .5 1 2 4

All Patients (n=9427)

Age > 50 (n=6469)

Age <= 50 (n=2958)

DFS Hazard Ratio DRFI Hazard Ratio

.5 1 2 4 8

Figure 1

High CR worseHigh CR worse

Sparano et al. N Engl J Med 2019;380(25):2395-2405.
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TAILORx: Impact of Clinical Risk (CR) on Prediction of Chemotherapy 
Benefit by Age in RS 11-25 Group (ET vs. Chemo +ET)

Joseph A. Sparano, MD   @jsparano

Grouped by Clinical Risk and 
Age DRFI Hazard RatioTotal #/#IDFS/DR events IDFS Hazard Ratio

Group

All Patients, Low Clinical Risk

All Patients, High Clinical Risk

Age > 50, Low Clinical Risk

Age > 50, High Clinical Risk

Age <= 50, Low Clinical Risk

Age <= 50, High Clinical Risk

n/# DFS/# DR

4799/541/129

1697/270/111

3173/361/ 80

1180/204/ 73

1626/180/ 49

 517/ 66/ 38

.5 1 2 4

DFS Hazard Ratio DRFI Hazard Ratio

.5 1 2 4

Figure 2a

1.07+

1.02+

0.93+

0.90+

1.45*

1.56+

1.03+

1.18+

0.90+

0.95

1.28+

1.80+

Chemo better Chemo better 

Hazard ratio  > 1 – chemo better
+95% CI overlap with 1
*95% CI don’t overlap 1 

Sparano et al. N Engl J Med 2019;380(25):2395-2405.
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TAILORx: Exploratory Analysis - Impact of Age and Menopausal Status on 
Chemotherapy Benefit for RS 16-25

Joseph A. Sparano, MD   @jsparano

Hazard ratio > 1 – chemo better

Chemo better Chemo better Chemo worse Chemo worse 

Group

Age <=40

Age 41−45

Age 46−50, Pre−Meno

Age 46−50, Post−Meno

Age 51−55, Pre−Meno

Age 51−55, Post−Meno

Age 56−60

Age 61−65

Age > 65

n/# DFS/# DR

203/ 35/12

441/ 51/21

630/ 69/33

141/ 15/ 5

287/ 34/13

472/ 54/19

826/ 94/28

710/109/32

628/117/31

.25 .5 1 2 4

DFS Hazard Ratio DRFI Hazard Ratio

.125 .25 .5 1 2 4

Figure 3

Age & Menopausal 
Status

Total #/#IDFS/DR 
Events

IDFS 
Hazard Ratio

DRFI 
Hazard Ratio

Sparano et al. N Engl J Med 2019;380(25):2395-2405.
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*Kaplan Meier estimates of 9-year distant recurrence rates
# tamoxifen in 78% (including 35% who crossed over to an AI), or OFS +/- AI in 13%; 9% AI other 

Integrated Risk: Potential Clinical Utility of Integrated RS and Clinical Risk 
for Guiding Treatment in Women ≤ 50 Years

Tamoxifen alone adequate
No Chemotherapy  

Chemotherapy and 
consider OFS + AI in 

addition to chemotherapy 

Consider chemotherapy or 
OFS + AI as an alternative to 

chemotherapy

• Low risk: T ≤ 1 cm  & high grade, 
≤ 2 cm & int. grade,  ≤ 3 cm & low grade

• High risk: not meeting low risk criteria
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Prediction: Hazard Ratio for Chemotherapy Benefit as a Function of 
Continuous RS and Age (SEER) 

Cox proportional hazards regression with propensity weighting (N=70,087)

Hortobagyi et al. SABCS 2018

Chemo 
benefit

Age > 50 
Years

Age < 50 
Years

Recurrence Score Result



DRFI in RS 26-100 in TAILORx: Comparison of Actual Outcomes for Patients Treated with 
Chemo plus ET (N=1300) vs. Expected with ET Alone Stratified by RS (9-Yr Estimates)
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Sparano et al. ESMO 2019 & JAMA Oncol 2019. doi: 10.1001/jamaoncol.2019.4794



Prognosis and Prediction in Node-Positive Breast Cancer (S8814)
(N=367 postmenopausal ER+, node-pos - tam x 5 years +/- CAF)
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HR=0.59 (95% CI 0.35–1.01)
Stratified log-rank test p=0.033

Albain et al. Lancet Oncol 2010; 11(1): 55–65

10-year DFS: RS ≥31 10-year DFS: Impact of Nodal Status and RS 

(N=1-3+ nodes)

(N=4+ nodes)
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Prognosis in Node-Positive Breast Cancer

§ pT≥2
§ G2-3
§ uPA/PAI-1↑
§ HR-
§ age ≤35 years

§ Age≤75 years 
§ free margins
§ M0
§ pN+ 
§ pN0 high risk
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Doc75C600 x 6*

E90C600x4 àDoc100 x4*

R
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E

S
C
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E

Endocrine therapy*0-3 LN and 
RS≤11

0-3 LN and 
RS>11

or ≥ 4 LN

HR+

HR-

• E: Epirubicin; Doc: Docetaxel; C: Cyclophosphamide 
• endocrine therapy and RT according to national guidelines

RS ≤ 11 5-year 
DFS

95% CI 

All (n=348) 94.2% 91.2%, 97.3%

pN0 (n=238) 94.2% 90.4%, 98.0%

pN1 (n=110) 94.4% 89.5%, 99.3%

Nitz et al Breast Cancer Res Treat (2017) 165:573–583
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RSPC Model: RS Alone and Integrated With Pathologic and Clinical Factors

Age (years) 45 55 65 

Endocrine Rx Tamoxifen AI AI

RS 23 15% 12% 12%

Low grade 13% 10% 9%

Int. grade 17% 13% 12% 

High grade 32% 24% 22%

RS 16 10% 8% 8%

Low grade 10% 7% 7%

Int. grade 13% 10% 9%

High grade 24% 18% 17%

Tang et al. JCO 2011; 29: 4365-4572 

Tumor size = 2.5 cm (high clinical risk except low grade) 

Clinical risk definitions (MINDACT criteria calibrated to Adjuvant! V8):
Low risk: T ≤ 1 cm & high grade, ≤ 2 cm & int. grade, ≤ 3 cm & low grade
High risk: not meeting low risk criteria



Genomic Classifiers in Early Breast Cancer: Conclusions
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• Gene-expression assays provide prognostic information (Level 1AB - 2C)
• ER+, HER2-negative breast cancer
• Node-negative and low-volume node-positive disease (1-3+ axillary nodes) 

• 21-gene assay (RS) provides predictive information (Level 1A & B)
• Chemotherapy benefit (level 1B) in node-neg (B20) and node-pos (S8814) BCA for high RS
• Lack of chemotherapy benefit (level 1A) in node-neg BCA with RS 0-25 (TAILORx)
• “Preferred” assay in NCCN guidelines (V2.2018, 10/5/18), ASCO guidelines updated
• Integrating clinicopathologic factors adds prognostic but not predictive information

• Identifies women ≤ 50 yrs at high risk (≥10%) with tamoxifen alone who may benefit from 
OFS + AI, possibly as an alternative to chemotherapy (RS 21-25, or RS 16-20 & high CR)

• Awaiting results of RxPONDER trial for RS 0-25 in 1-3 positive nodes for chemo benefit 

• 70-gene assay provides prognostic information (Level 1A & B)
• May be used in clinical high risk (1-3+ nodes) to spare chemotherapy

• Assays not interchangeable – lack of concordance in risk classification

Krop et al. J Clin Oncol 2017; Andre et al. J Clin Oncol 2019; NCCN V2.2018 10/5/18 


