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Table 1. Prevalence, Prognosis, and Therapeutic Options for the 3 Breast Cancer Subtypes

Hormone Receptor (HR) +/ERBB2-

ERBB2+ (HR+ or HR-)

Triple-Negative

Pathological definition

Molecular pathogenasis

Parcentage of

breast cancer cases, %2

Prognosis

Stage | (5-y breast
cancer-spacific
suryival), %32

Metastatic
{median overall
survival)4-1&.0

Typical systemic
therapies for
nonmetastatic disease
(agents, route,

and duration)

1% OF tumor cells stain positive for
esHogen reCeptor or progesterong
receptor proteins

Estrogen receptor a (3 steroid
hormone receptor) activates
oncogenic growth pathways

70

45

= Endocrine therapy (all patients):

i)

« Tamowifen, letrozaole, anastrozole,

Or exemestane
= Oral therapy
«5-10y

= Chemotherapy (some patients):

= Adriamycin/cyclophosphamide (AC)
= Adriamycin/cyclophosphamide/f

= [ntravenous thierapy
« 12-20 wk

paclitaxel (AC-T)
» Docetaxel/cyclophosphamide (TC)

Tumeor cells stain strongly (3+) for
ERBB2 protein or ERBBZ gene is
amplified in tumor cells. Approximately
half of ERBB2+ tumaors are also HR =

The oncogene ERBB2, encoding
ERBB2 receptor tyrosine kinase
from the epidermal growth factor
receptor family, is overactive

15-20

=04

3y

= Chemotherapy plus ERBB2-targeted
therapy (all patients):
= Paclitaxel/trastuzumab (TH)
= Adriamycin/cyclophosphamide/
paclitaxelftrastuzumab
* pertuzumab (AC-TH2P)
= Docetaxel fcarboplatinftrastuzumab
+ pertuzumab (TCH+P)
= Intravenous therapy
= 12-20wk of chemotherapy;
1 yof EREB2 -targeted therapy
» Endocrine therapy (if also
hormone receptor positive)
= Tamoxifen, letrozole,
anastrozole, or exemestana
= Oral therapy
+ 510y

Tumor does not meet any pathologic
criteria for positivity of estrogen receptor,
progesterone receptor, or ERBA2

Unknown (likely various)

15

=85
10-13 mo

» Chemotherapy (all patients):
AC

= AC-T

=TC

= |ntravenous therapy
= 1270wk

3 Prognosis estimated from nearly 44 000 patients with breast cancer enrolled
in the California Cancer Registry (2005-2008); stage | braast cancer defined
by the American Joint Committes on Cancer staging manual anatomic staging
table, 8th edition. 95% Cls for stage | 5-yaar breast cancer-specific survival
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and 75%-98% for triple-nagative.

estimates are as follows: 38%-100%: for HR+/ERBB2-, B3%-100% for ERBB2+,

b Prognosis listed is from time of diagnosis of metastatic breast cancer.
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Table 2. Important Toxicities of Common Treatments for Monmetastatic Breast Cancer

Agent/Regimen Mechanisms Common Toxicities (> 10%)* Uncommon Toxicities (<10%)*
Endocrine Therapy
Tamowifen « Salactive estrogen receptor modulator = Hot flashes (42.9%)%° = Uterine cancer (0%- 2.7% increase
+ Competitively inhibits binding of compared with no-tamaxifen control;
B5trOgen to estrogen receptor risk increases with age) ™12
« Thromboembaolic disease (2.5% increase
compared with letrozole control)**°

Aromatase inhibitor  Inhibit conversion of androgens = Hot flashes (37.7%)*°® = Ostegporosis-related bone fracture

{letrozole, anastrozole,

to estrogen

= Arthralgias or myalgias (commanly

(2.7% increase compared with tamoxifen

or exemestane) Jjoint stiffness fdiscomfort) 334.?%; contral; risk increases with age)'s
3.3% grade 3 and above)'®
Cytotoxic Chemotherapy
Docetaxel/ + Docetaxel: disrupts mitosis by + Asthenia (>75%; 3% grade 3 and » Febrile neutropenia (8%)*2
cyclophosphamide inhibiting microtubule function above) ot
«» Cyclophosphamide: alkylating agent, « Edema (34%)01
disrupts DNA replication = Myalgias (33%)°*
+ Myelosuppression (anemia: 3%-6%,
neutrﬂ}:@nia: 62%, thrombocytopenia:
1%]10 ]
Adriamycin/ = Adriamycin: disrupts DNA replication = Asthenia (=75%; 4% grade 3 and = L eukemia, adriamycin-related {0.2%)**
cyclophosphamide through multiple mechanisms above) ot » Cardiac mortality, eq, adriamycin-related
(AC) + Cyclophosphamide: alkylating agent, = Nausea (B2%)'01 (rate ratio 1.61 compared with no
disrupts DNA replication » Myelosuppression (anemia: 8%, anthracycling; risk increases with 2ge and
neutmfenia: 58%, thrombocytopenia: cardiac risk factors)®*
1%)r0Lbe « Febrile neutropenia (2.5%)10%-8
Adriamycin/ As above for AC plus: As above for AC plus: As above for AC, with slightly higher risk of
cyclophosphamide/ » Paclitaxel: disrupts mitosis by * Sensory neuropathy (15% grade 1) febrile neutropenia:
paclitaxel (AC-T) inhibiting microtubule function = 3%-4% grade 2 and above??-4* = Febrile neutropenia (3%-4%)%*

Cytotoxic Chemotherapy + ERBE2 -Directed Therapy

Adriamycin/ As above for AC-T plus: As above for AC-T = Class -1V congestive heart failure
cyclophosphamide/ + Trastuzumab: antibody (1.3%-3.1% increase compared with
paclitaxel/ targeting ERBB2 no-trastuzumab control)*&42
trastuzumat

Docataxel/ + Docetaxel: disrupts mitosis by = Asthenia (all grades not listed; 7.2% « Fobrile neutropenia (9.65)*
carboplatin/ inhibiting microtubule function grade 3 and abova)*® » Class -1V congestive heart failure
trastuzumab « Carboplztin: cross-links DMA and « Sensory neuropathy (36% any grade)®®  (0.4%)*°

disrupts DNA replication
+ Trastuzumab: antibody
targeting EREB2

+ Myelosuppression (anemia z grade 3:
5.8%, neutropenia = grade 3: 65.9%,
thrombocytopenia = grade 3: 6.1%)%

2 Garading refers to Common Terminology Criteria for Adverse Events, where
towicity is graded on a scale of 1(least severa) to 5 {most severe). This is not an

b Trials in which no patients received growth factor support to increase

neutrophil counts.

exhaustive list of toxicities but rather a list of the most comman or the most
=arinl 15 trwirities anrnnntared in clinical nractice
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Table 3. Summary From Prospective Evaluations of Genomic Risk Scores for Chemotherapy Decision Making in Nonmetastatic Breast Cancer®
21-Gene Assay T0-Gene Assay
TAILDRx?527  TAILORx*" TAILDRx?" TAILDRx?7 WGSG PlanB*® RyPONDER®® RxPONDER?® MINDACT® MINDACT#
Total 1619 6711 6711 1389 348 TED TED 1550 1550
patients,
No.
Score Low (=10) Intermediate  Intermediate  High Low Low- High Clinical Clinical
category” (11-25) (11-25) (=26) (=11) intermediate  (226) high risk/ high risk/
(=25) MammaPrint ~ MammaPrint
lows risk lows risk
Long-term 96.5% 9-y 94.5% 9y 95.0%9-y B6.8% 9-y 95.4% 3-y Not yet Not yet 54 4% 5-y 95.9% 5-y
outcome Distant Distant Distant Distant Disease-free  reported reported Distant Distant
recurrence-free recurrence-free recurrence-free recurrence-free survival recurrence-free recurrence-free
imtarval imtarval imtarval imtarval 95% C1, survival survival
(£0.7 SE) (#0.5 SEY (#0.5 SEY (1.7 SE) 07.0%-95.8%) {95% C1, (95% C1,
92.3%-95.9%) O94.0%-97.2%)
Chemotherapy No No Yes Yes Niv Randomized® Yes Mo Yes (by random-
receipt of (by random- (by random- ({by random- ization])
included ization) ization) ization)
patiants
Nodal NO NO NO NO NO-N1 N1 N1 NO-N1 NO-N1
status of
included
patients

Abbraviations: HR, hormone receptor: MINDACT. Microarray in Node-Negative
and 1to 3 Positive Lymph Node Discase May Avoid Chemotherapy; N1, 1-3
positive lymph nodes; RxPONDER, Rx for Positive Node, Endocrine Responsive
Breast Cancer; TAILORx, Trial Assigning Individualized Options for Treatment;
TED, to be determined: WG5G, West German Study Group.

? In these prospective studies, genomic biomarkars were used to stratify
patients into low risk, intermediata risk, or high risk. None of the low-risk
patients received chemotherapy, whila all of the high-risk patients
received chemotherapy. Those who were at intermediata risk were
randomized to chemotherapy or no chemotherapy. Of note, all patients

patients had other breast cancer subtypes. All HR+ patients received adjuvant
endocrine therapy.

b5eale from O to 100, with O being the best prognosis and 100 being the
WOrst prognosis.

©In TAILORx, there was na significant benefit for chemotherapy with scoras
=25 in the overall treatment population. However, there was some suggestion
of chemotherapy benefit for woman =50 years old with scores 21-25, possibly

causad by chemotherapy-mediated ovarian suppression, which should ba
discussed with patients.
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were HR+ /ERBE2- excapt in the MINDACT study, where 5.5% of Chematherapy vs no chematherapy.
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Figure 2. Standard Approach to Therapy of Metastatic Breast Cancer

Breast cancer

receptor subtype Therapeutic approach Notes

Hormone receptor serial endocrine H'lem&y—based regimens until disease Is endocring resistant,
posltive (HR+) then transition to single-agent chemotherapy
and ERBB2-
Initlal Une(s) of therapy Later lines of therapy
Aramatase inhibitor plus COK4/6 Inhibitar® Hormonal andfor targeted therapy
Meadian progression-freg survival = 24.8 mo Fulvastrant + everslimus
Overall response rate = 53%-59% Expmestane + everolimus
In some patlents, COK4/'6 Inhibitar TamoxHen
may be reserved for second Line Abemaciclib® (I =1 line prior hormonal therapy
and =1 bine prior chemotherapy)
Olzparib or talazopartb (K germiline BRCAL/2 mutation)
If resistant to multiple Unes of hormonal therapy,
transition to single-agent chemotherapy.
ERBB2+ ERBE2-targeted agent combined with chemotherapy, or combined with endocrine therapy If HR+
Initial Unas) of tharapy Later lines of therapy
Taxane® + trastuzumahb + pertuzumah® ERBE2-targeted agent plus chemotherapy
Median progression-free survival = 18.5 mo ar endocrine therapy If HR+
Overall response rate = B0% Trastuzumab + chemotherapy
Selected patlents with HR+/ERBB2 + disease Trastuzumab + endocrine therapy
can recelve endocrine therapy plus Lapatinib + capecitablne
ERBE2-targeted therapy
Ado-trastuzumab emtansing®
Meadian progression-frag survival = 9.6 mo
Overall response rate = 47%
Triple-negative Single-agent chemotherapy
Initial Une(s) of therapy Later lines of therapy
Single-agent chemotherapyd single-agent chemotherapy™
Taxang Capecitabing
Madizn progression-free survival = 4.5 mo Erlbulin
Overall response rate = 36% Vinorelbine
Platinum Gemcitabine

Median progression-free survival = 3.1 ma
Overall response rate = 31%

Anthracycling

Olaparib or talazoparib (i germiline BRCAL/2 mutation)

In general, premenopausal
women with HR+ metastatic
breast cancer should undergo
treatment to achieve medical
or surglcal menopause.

ERBBZ+ brain metastases ara
common {eventually eoourring

In up £ 50% of patients with
metastatic disease) and may be
treated with both local (radiation,
surgery) and systemic theraples |

There Is na single recommended
first-line chemaotherapy regimen.

This approach to treatment reprasents the authors’ institution, has not baen
evaluated ina randomized frial, and may not reflect all reasonable approaches
o treatment. For patients with metastatic disease recurrence, the approach
shouwld be tailored based on therapies receivad in the nesadjuvant/adjuvant
satting. In all patients, treatmeant should be tailored based on individual
tolerability. Major phase 2 trials supporting initial line(s) of therapy are
referenced. Available clinical trials should also be considered at all points. Local
treatment modalities (surgery and radiation) may be indicated to palliate
localized symptoms. Denosumab or bisphosphonate should be added in
patients with bony metastases. A comprehensive list of recommended
therapies for each breast cancer subtype can be found in Mational
Comprehensiva Cancer Natwork Guidelines: Breast Cancer. Adapted in part
from the National Comprehensive Cancer Network Guidelines: Breast Cancer,

 Fulvestrant is preferable if the patient had recent progression while
taking an aromatase inhibitor. PALOMA-278; MOMARCH 37 and
MOMALEESA 2 trials. ®?

bThere are na data to support abemaciclib after progression with prior
COK4/6 inhibitor use.

© If taxane contraindicated, can substitute vinorelbine.

4 CLEOPATRA trial ®

@ EMILIA trial.=*

f Kabraji et al.%*

ETMT trial 3+

thheragems not administerad in initial lines are also acceptable options.

Version 3.2018.5% CDK indicates cydlin-dependent kinasa.
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Table 4. New Metastatic Breast Cancer Drug Approvals by the US Food and Drug Administration in the Past & Years (2013-Present)

Drug Name Drug Class Drug Mechanism MEC Indication® Notable Toxicities™
Hormone Receptor+/ERBB2-
Abemaciclib™3.88.63 CDK4/6 inhibitor Inhibit progression With aromatase + Myelosuppression (anemia: 29%, neutropenia:
throwgh the cell cycle inhibitor; as first-line 46%, thrombocytopenia: 16%)
endocrine tharapy + Transaminase elevation (12%-13%)

+ Diarrhea (86%; 13% grade 3 and above)
+ Fatigue (40%)

With fulvestrant;

=1 prior line of

endocrine therapy

for MEC

=1 Prior line of
endocrine therapy
and 21 prior line of

chemaotherapy for MEC
Palbociclib™ 192 CDK4/6 inhibitor With aromatase » Myelosuppression (anemia: 24%, neutropenia:
inhibitor; as first-line B0%, thrombocytopenia: 16%)
endocrine therapy » Fatigue (37%)
With fulvestrant;

=1 prior line of
endocrine therapy

for MBC
Ribociclib®®12* CDK4/6 inhibitor With aromatase » Myelosuppression (anemia: 19%, neutropenia:
inhibitor; as first-line 74%, thrombocytopenia: <15%)
endocrine tharapy + Transaminase elevation (15%-16%)
+ Fatigue (37%)
With fulvestrant;
as first-line endocrine
therapy or after 21
prior line of endocrine
therapy for MBC
ERBB2-
Olaparib®® PARP inhibitor Interfera Patients with deleterious » Myelosuppression (anemia: 40%, neutropenia:
with normal germline BRCA mutation; 27%, thrombocytopenia: <15%)
cellular DNA =1 prior line of * Fatigue (29%)
damage repair chematherapy » Nausea (58%)
{and =1 prior line
of endocrine therapy
if HR+) for MEC
Talazoparib*®* PARP inhibitor Patients with + Myelosuppression (anemia: 53%, neutropenia:
deleterious germling 35%, thrombocytopenia: 27%)
BRCA mutation + Fatigue (50%)
» Nausea (4%%)
ERBB2+
Trastuzumab-emtansine®? ERBB2-targeted Delivery of cytotoxic Following prior therap » Thrombocytopenia (28%)
antibody-drug chematherapy y with trastuzumab + Transaminase elevation (17%-22%)
conjugate spacifically to and taxane * Fatigue (35%)
ERBB2+ tumor cells » Nausea (359%)
Abbraviations: CDK, cyclin-dependent kinase; MBC, metastatic breast cancer; b Notable toxicities are those that are comman and/or clinically relevant in
PARF. poly-ADP ribosa polymerase. standard dlinical practice. Grading refers to Common Terminology Criteria
3 Indications for use are summaries only and further details are available in fior Adverse Events. where toxicity is graded on a scale of 1 {least severe)
original trial publications as referenced. 05 (most severs).
AR




I

Uo Oloyo & .

H ! °‘5-BL* O LG oS . s éﬁrmm)a ijﬁé )

56 ST sdin Oleys b S s DNA 2125 15 B J
=% g5 BRCA2 5 BRCAL 5 S5 i ]

55 Slghgr Jol- Ol ¢ o
S = Je ; ob Zas I
] j«ubwdbw)‘/alﬁﬁﬁw‘o‘ﬁhc&\ | Las
oals OlES Ol QLE
% 2

|
s — |, DNA . X
: Sl 2 Moo 6 zn 55305 K S o 55
S o Sl S L
’ BRCA2 \; , BRCAL i
H BERECE g S5 Coda ) _ = Lsh o i
: : s S o S5 15 BRCA 6 sl sl ol Il
- b b Olles sl 1, Talazoparib ;5 Olapari P 55 PARP Gleas 5T Jlee H
B/ a - &
| L | parib .k PARP (la ouS™ Ll FDA |
I ek a5 53 Dl L(F Jgudr) sl )5 s 0 J A Jl 5
Ho L) 313 51,5 A6 5550 i)ls BRCAL/2 5§ 2 ]
- 590 Slg sl ST FDA L5 51 g™ 55 e 6 i ST lkis |
U% 3 gl s Ko U pde YL 0 _ P
| 53 (PD-1Y oo &5 S pe s Ol | (MisMatch repain) e :
‘T o S by s 3L =T) Pembroli =7l |
L, . g rolizumab b L1 s < eul il o5l H
U% .JJ)‘-’ ‘) Q‘ﬂ:'&'; C)-l‘ (/Y—\) .\:‘w Las . Ls:'jf}“-i )‘ obw‘ 4:-1\: s
53 . _ ~: ) 9 Ny H
i Sbd 6,8 oS ) e s A .
2 ol e DNA  Jis ol; X - |
L 53 ERBB2 B ‘6.331.: @u)‘)lf ne K C)\}. s - H
I 3 5 Sl sl g 2 Jlab -l 53 5 Sy opl o s H
: L il ) e
Uo Olis ¢ klS ) ' b o liS s Ol O . s
Ho Q_&‘-TSLfM‘};“jg;M|¢M°JJJom.& : j‘*"‘-jdl{.m J
° . - 3 oWy @ )t,_g 3y Leews . i
I Jleé gla jige 1S o S Oyl & 52 ESRT 035 - H
ﬁ% S S g e |y 31kl slgileys 4 e glia 5 5 SIFEE |
? G 5 5bls,T nslie 5 gl ol (S i
I 91 b oS Hlgs 4 Cuwslas ESR1 g 95 A S Lads d
% ' s> 5 Neratini ) |
| S _ ¥ inib & coulus ¢ o
L, . s - IP P e I Fluvestrant « -l Lba }
| g I N e (Sl Sllle sl S T k) A
| : P o= Jl>- . J
I 03 5 Sl Jl= 55 505 . gt
LL Jo opi it
I C e J
i\ L 0l sl Y ]
i |
[ vefw &
s y _ Ol O . |
| U e 95 0 Ol . . - 230 Salpb -
i 2 Ol Sl (23l slg ol pU 5 S50 |
5 V44 . . " )‘ ‘5&[; L')l:"""i- Qu’f” &bﬁf,e éf Hl \
! 23 31 2 ) 5 ol 1S T Dl 35 Sl o 8 i
* 2T Ol gy 51 i /P & LT [
J DFYF T ot Sl 1R (2 e Ol I 5
T W 2 8 KT 0l o o 5 c 38l 93 Ol OLb o |
e sl esls Sl w5 el an) »
I’ b G el 063 o S Uos .l @l 20l el ax H
U% ’ S dJSCM‘o:\;'w . . *Mﬁ&w}:{)}j@ I
J [ W N . ¢ .
I el Ol Ol o 4 Mae & %
. T e i
|
) . o;
5
|
|



| o 8 gl Jale F.3l o (YA olie 53 NF/E) digls 55 laysnsi 5 (1VANF Llie 53 VX0/Y ]
| c . . - . I
i Sleoben (b o ;8 Cundge 5 905 plo o) 5305 eSS 55 cdow Camdy ol Coenl 288 5 I
e cC,.:a‘,;‘gJ\}j‘%.ﬁ@@(@b))ﬁ}&‘jﬁéb ‘L5>‘J’>~' Lob) dl:.«g u\.bjw (_)LG‘)J‘QO‘N &
H 03,5 oS aduy g anlllae 4 dgw 343 o e (65 L ladely 4 ol (oolatl ) slal Cuady H
| . . |
ﬂ" g:‘w“s)jfpdwd&ﬂdbw‘sb‘}c‘?Jf).)‘.@ij\jb T‘
| !
I B cod90om |
| I
l Cnsl SKos Ol Ol Sloys (gls avr Sl Jsl il o (g3Ante Slgm sutoen (5115 (655 0 Allas |
| _ _ |
‘T w‘QKM}Q‘JJ@)‘w&’U‘OMW}:dLMw‘)bggj‘uﬂ‘)‘@ijbw‘}A&iuﬁ;bu oﬂ
5 23S slas,ls &K £33 el (505,08 Sy 0uSsls « Dana-Farber ol u ouSia %) dues o a
H ‘Slu‘&é‘ﬂ).}jm&if-‘()}wfwﬂ}ju\:iuJ)}ﬁgm&hj)‘bouww-f})jﬁ H
l - - - . |
ks Pl
I LS 3Lzl |
. |
101% S5 dmi 1‘
ks Pl
‘ o W - P . & . . = - = . & . . ‘
% Q)g_,.i}mjdjjiw))ﬂjs)jj‘;m‘6uo¢;wb\ﬂ4§w‘&p‘03;ﬂ)v‘)ﬁbdtﬂQUpr &
H .Mdél:&u‘_sjbjstgkejﬂquﬁWQ\Jbﬁ-JiléjﬁL;b\stjj\‘a\.u\s}iuﬁs.&g@ERBBZ H
i |
U% - . e - . é . ‘
H 213 lasy Slowr 5 5 Ol o Ko LT Al i ) 505 ¢ 5 4 (S sla 2 6l g Oless H
Df 12
+ e ]
ks Pl
| Adrienne G Waks, Eric P Winer. Breast Cancer Treatment: A Review. JAMA. 2019; J
I 321(3): 288-300. |
“ I
H T )
u ]
I Olyd Kb pole olEEIS (Ol (Slar slow DRGS0 ((890b Cdlig (saast (81 553 ¢ sodbo! L |
i |
I J
H AR\ j
I



