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Learning Objectives

Upon completion of this activity, participants will be able to:
§ Describe the mechanisms of action of novel extended 

adjuvant therapies for early HER2-positive breast cancer
§ Utilize evidence-based strategies for prophylaxis of diarrhea 

and other side effects 
§ Optimize patient selection for treatment with extended 

adjuvant therapies
§ Implement HER2-status testing in accordance with the latest 

clinical practice guidelines



Outline  
§ Breast Cancer Introduction 
§ HER2+ Breast Cancer Focus
§ HER2+ Pathophysiology
§ HER2 Testing 
§ HER2+ Management
§ Future Treatment Options
§ Symptom Management
§ Role of Advanced Practice Providers in Caring for Patients With HER2+ 

Breast Cancer
§ Case Study 



Breast Cancer 
Introduction



255,180 new breast 
cancer cases 

Siegel RL, et al. CA: Cancer J for Clin. 2017;67(1):7-30. 

41,070 deaths this 
year from breast 

cancer



Prognosis Based on Staging Alone

§ Five year survival 
– Stage 0-1 Almost 100%
– Stage 2 93%
– Stage 3 72%
– Stage 4 22%

§ Many other factors affect prognosis

Siegel RL,  et al. CA: Cancer J Clin. 2017;67(1):7-30. 



Breast Cancer Prognostic Factors
§ Hormonal status
§ HER2/neu status
§ Grade/histology
§ Lymph node status
§ Age
§ Health
§ Treatment
§ Response to treatment

Cobain EF, Hayes DF. Curr Treat Options Oncol. 2015 May;16(5):23. doi: 10.1007/s11864-015-0340-x.
Sestak I, Cuzick J. Breast Cancer Res. 2015 Jan 27;17:10. doi: 10.1186/s13058-015-0516-0.



Molecular Subtypes Determine Treatment
Intrinsic 

Type Luminal A Luminal B HER2 
Overexpression Basal Type

Histological grade Low to intermediate Intermediate to high High High

Distinguishing 
markers

ER +
PR +
HER2 -
Low Ki67

ER weaker +
PR +/-
HER2 +/-
Higher Ki67
Mutations TP53

ER -
PR -
HER2 +

ER -
PR -
HER2 -
CK5/6 +
EGFR +

Percentage of breast
cancer population

40% 20% 20-30% ~ 15%

Prognosis Good Intermediate
High risk of relapse

Poor Poor
High frequency of BRCA1 
mutations

Targeted therapy Hormonal Hormonal therapy
HER2 therapy if HER2 
positive

HER2 Targeted therapy No target therapy options

Henry-Tillman RS, Kilmberg VS. Curr Treat Options Oncol. 2000 Aug;1(3):199-209.
Hergueta-Redondo M, et al. Clin Transl Oncol. 2008 Dec;10(12):777-785.
Robbins SE. Nat Pract Oncol. 2007 Sep;4(9):516-525.
Sestak I, Cuzick J. Breast Cancer Res. 2015 Jan 27;17:10. doi: 10.1186/s13058-015-0516-0.



HER2-Positive 
Breast Cancer



HER2 Breast Cancer

§ HER2 (also called ERBB2) 
– A transmembrane tyrosine kinase 

receptor 
– Member of the epidermal growth 

factor receptor family (EGFR)
– HER2 gene product overexpressed 18-20% of all breast cancers
– A more aggressive tumor phenotype
– Poor prognosis with higher rate of recurrence and mortality

• Independent of other risk factors such as tumor grade, age, stage 
of patient

Markman & Roth, 2017. Breast Cancer and HER2 Overview of HER2 Breast Cancer. 
Accessed 10/11/17 at https://emedicine.medscape.com/article/1689966-overview

Provided courtesy of Wendy H. Vogel, MSN, FNP, AOCNP. 



HER2 Pathway

Provided courtesy of Wendy H. Vogel, MSN, FNP, AOCNP. 
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HER2/Estrogen Receptor (ER) Crosstalk
Rationale for Increased Benefit in HR+ Subgroup

§ HER2 inhibition 
upregulates ER-regulated 
gene transcription

§ Dual inhibition of HER2 
and ER is required for 
effective blockade of 
HER2+/HR+ tumors
– ER+, HER2+ breast 

tumor cells

– ER+, ERBB2-mutant 
breast tumor cells

Arpino G, et al. Endocr Rev. 2008;29(1):217-233. 
Montemurro F, et al. Ann Oncol. 2013;24:2715-2724.
Adapted from Paplomata E, et al. Cancer. 2015;121(4):517-526.

§ HER2 downstream 
activation can lead to 
endocrine therapy 
resistance

§ Aberrant HER2 signaling 
decreases ER regulated 
gene transcription

RAS

X

Endocrine 
therapy



HER2 Target Leads to Therapeutic Options

Neratinib

Provided courtesy of Wendy H. Vogel, MSN, FNP, AOCNP. 
Davis NM, et al. Oncotarget.2014 Jul 15;5(13):4603-4650.



HER2 Testing



Guidelines for HER2 Testing
§ ASCO, 2013: http://www.asco.org/practice-guidelines/quality-

guidelines/guidelines/breast-cancer#/9751
– Process of updating: http://www.asco.org/about-asco/press-center/news-

releases/asco-and-cap-invite-comment-focused-update-her2-testing

§ College of American Pathologists 
http://www.cap.org/ShowProperty?nodePath=/UCMCon/Contribution%20Folder
s/WebContent/pdf/her2-summary.pdf

§ NCCN 
https://www.nccn.org/professionals/physician_gls/pdf/breast_blocks.pdf

Wolff AC, et al. J Clin Oncol. 2013;31(31):3997-4013.



Recommendations for HER2 Testing
§ In all patients with invasive breast cancer
§ Positive status is demonstrated by

– Protein overexpression or 
– Gene amplification

§ If results are equivocal, reflex testing should be done with alternative 
assay; consider repeat testing if results discordant

§ Labs should be accredited and should demonstrate high concordance 
with validated HER2 test on a large and representative set of specimens

Wolff AC, et al. J Clin Oncol. 2013;31(31):3997-4013.
NCCN, 2017. NCCN Guidelines Version 2.2017: Invasive Breast Cancer. https://www.nccn.org/professionals/physician_gls/pdf/breast_blocks.pdf



Immunohistochemistry (IHC) Testing

§ 3+: positive for HER2 expression (more than 10% of invasive 
tumor cells)

§ 2+: equivocal for HER2 protein expression (non-uniform or 
weak membrane staining, but has circumferential distribution 
in at least 10% of cells)

§ 0-1+: negative for HER2 protein expression

Wolff AC, et al. J Clin Oncol. 2013;31(31):3997-4013.



Fluorescence in Situ Hybridization 
(FISH) Testing
§ Positive HER2 amplification: FISH ratio higher than 2.2 or 

HER2 gene copy greater than 6.0
§ Equivocal HER2 amplification: FISH ratio 1.8-2.2 or HER2 

gene copy of 4.0-6.0
§ Negative HER2 amplification: FISH ratio lower than 1.8 or 

HER2 gene copy less than 4.0

Wolff AC, et al. J Clin Oncol. 2013;31(31):3997-4013. Provided courtesy of G. Thomas Budd, MD



HER2-Positive 
Management



Guidelines

§ ASCO (2014)  
– http://www.asco.org/practice-guidelines/quality-

guidelines/guidelines/breast-cancer#/9781

– http://www.asco.org/practice-guidelines/quality-
guidelines/guidelines/breast-cancer#/9786

§ NCCN www.nccn.org



Treatment of Early-Stage 
HER2-Positive Disease
Treatment options for a patient with ER-positive, HER2-positive 
stage II/III breast cancer:

§ Neoadjuvant chemotherapy and trastuzumab/pertuzumab
§ Surgery/radiation therapy
§ Adjuvant therapy with trastuzumab
§ Hormone therapy or manipulation



Neoadjuvant Treatment Regimens for 
HER2-Positive Breast Cancer
§ Preferred regimens (NCCN)

– AC followed by T + trastuzumab +/- pertuzumab
– TCH

§ Other regimens
– AC followed by docetaxel + trastuzumab +/- pertuzumab
– Docetaxel + cyclophosphamide + trastuzumab
– FEC followed by docetaxel + trastuzumab + pertuzumab
– Paclitaxel + trastuzumab
– Pertuzumab + trastuzumab + docetaxel followed by FEC
– Pertuzumab + trastuzumab + paclitaxel followed by FEC

AC: doxorubicin and cyclophosphamide; TCH docetaxel, carboplatin and trastuzumab; FEC fluorouracil, epirubicin, and cyclophosphamide
NCCN Guidelines. Breast Cancer. www.nccn.org/professionals/physician/gls/pdf/breast.pdf
Partridge AH, et al. J Clin Oncol. 2014;32(29):3307-3329.
Giordano SH, et al. J Clin Oncol. 2014;32(19):2078-2099.



Adjuvant Treatment Regimens for 
HER2-Positive Breast Cancer
§ Hormone receptor-positive

– Adjuvant endocrine therapy 
– +/- adjuvant chemotherapy + trastuzumab

§ Hormone receptor-negative
– Adjuvant chemotherapy + trastuzumab

NCCN, 2017. NCCN Guidelines. Breast Cancer. www.nccn.org/professionals/physician/gls/pdf/breast.pdf



Extended Adjuvant Therapy

§ Rationale 
– ~25% of women treated with adjuvant trastuzumab have breast 

cancer recurrences (median follow-up of 8-10 years)
– Studies showed that longer duration of adjuvant trastuzumab did not 

improve outcome
§ New FDA approval for extended adjuvant therapy

– Neratinib

NCCN, 2017. NCCN Guidelines. Breast Cancer. www.nccn.org/professionals/physician/gls/pdf/breast.pdf



HER2 Agents for Adjuvant Treatment 
of HER2-Positive Breast Cancer

§ Trastuzumab
§ Pertuzumab
§ Lapatinib
§ Neratinib

NCCN Guidelines. Breast Cancer. www.nccn.org/professionals/physician/gls/pdf/breast.pdf
Partridge AH, et al. J Clin Oncol. 2014;32(29):3307-3329.
Giordano SH, et al. J Clin Oncol. 2014;32(19):2078-2099.



Clinical Trials: 
Adjuvant/Neoadjuvant





Provided courtesy of G. Thomas Budd, MD.
Slamon DJ, et al. Science. 1987;235(4785):177-182.

Actuarial curve for relapse in (A) node-positive patients with no amplification versus 
node-positive patients with any amplification (>2 copies) of HER-2/neu and (C) node-

positive patients with no amplification versus node-positive patients with greater than 
5 copies of HER-2/neu.



Univariate and Multivariate Analyses 
in Node-Positive Patients

Factor
Univariate (P) Multivariate*

Survival Relapse Survival Relapse

Number of  positive nodes 0.0001 0.0002 0.0003   (0.0938 + 0.0256) 0.001 (0.0849 + 0.0266)

HER2/neu 0.0011 <0.0001 0.02       (0.0872 + 0.0388) 0.001 (0.1378 + 0.0425)

Log (PgR) 0.05 0.05

Tumor size 0.06 0.06

Log (ER) 0.15 0.10 0.03       (-0.5158 + 0.2414)

Age 0.22 0.61

Provided courtesy of G. Thomas Budd, MD.
Slamon DJ, et al. Science. 1987;235(4785):177-182.

Oncogene amplification, says Clark, is “the first prognostic factor I’ve seen that, 
by itself, is that powerful.”

*Cox’s partially nonparametric regression model was used to evaluate the predictive power of various combinations and interactions of 
prognostic factors in a multivariate manner. Results are shown as P (regression coefficient + SE).





NSABP B-31

NCCTG N9831

Arm 1
Arm 2

Arm A

Arm B

Arm C
= doxorubicin/cyclophosphamide (AC) 60/600 mg/m2 q 3 wk x 4
= paclitaxel (T) 175 mg/m2 q 3 wk x 4
= paclitaxel (T) 80 mg/m2/wk x 12
= trastuzumab (H) 4mg/kg LD + 2 mg/kg/wk x 51

Control: AC-T

Investigational: AC-T+H

Romond EH, et al. San Antonio Breast Cancer Symposium. 2012;Abstract #S5-5. Provided courtesy of G. Thomas Budd, MD.



Patient and Tumor Characteristics (%)
AC       Paclitaxel AC       Paclitaxel + Trastuzumab

N=1047
B-31

N=971
N9831

N=1055
B-31

N=973
N9831

Age (yr)
<50
50-59
>60

50
34
16

50
34
16

51
33
16

49
32
19

No. Positive Nodes
0
1-3
4-9
10+

0
57
29
14

15
47
24
13

0
58
29
14

14
49
25
13

Hormone Receptors
ER and PR neg
ER pos or PR pos

44
56

46
54

44
56

46
54

Tumor Size
<2.0 cm
2.1-5.0 cm
>5.0 cm

41
51
8

40
52
7

38
51
11

38
54
8

Romond EH, et al. San Antonio Breast Cancer Symposium. 2012;Abstract #S5-5.



Joint Statistical Analysis
§ Median follow-up: 8.4 years

– Data lock: 15 Sept 2002
§ Primary endpoint: DFS

– Analyzed by intent-to-treat
§ Secondary endpoint: OS

– Analyzed by intent-to-treat
§ First interim analysis occurred in 2005 after 355 DFS events
§ Definitive survival analysis at 710 OS events

Romond EH, et al. San Antonio Breast Cancer Symposium. 2012;Abstract #S5-5.



Kaplan-Meier Estimates of Disease-Free Survival (Panel A) 
and Overall Survival (Panel B)

Provided courtesy of G. Thomas Budd, MD.
Romond E, et al. N Engl J Med. 2005;353(16):1673-1684.



Cumulative incidence (Cum Inc) of cardiac events (congestive heart failure [CHF] or possible cardiac death) in evaluable cohort (arm 1 = 
doxorubicin and cyclophosphamide [AC] followed by paclitaxel [PTX]; arm 2 = AC followed by PTX plus trastuzumab [H]). Evaluable patients 
completed AC with a satisfactory post-AC multiple-gated acquisition scan, had no cardiac symptoms, and began treatment with PTX ±H. Time 
origin is day 1 of cycle 5.

Provided courtesy of G. Thomas Budd, MD.
Tan-Chiu E, et al. J Clin Oncol.2005;23(31):7811-7819.



Provided courtesy of G. Thomas Budd, MD.
Perez E, et al. J Clin Oncol. 2014;32(33):3744-3752.



Provided courtesy of G. Thomas Budd, MD.
Perez E, et al. J Clin Oncol. 2014;32(33):3744-3752.



§ Final analysis after 710 survival events
§ Median follow-up 8.4 years

Perez E, et al. J Clin Oncol. 2014;32(33):3744-3752.



.

Provided courtesy of G. Thomas Budd, MD.
Perez E, et al. J Clin Oncol. 2014;32(33):3744-3752.



Conclusions
§ With a median follow-up of 8.4 years, adding trastuzumab to 

paclitaxel following AC chemotherapy is associated with a 
significant and substantial improvement in OS with a relative 
risk reduction of 37% (HR, 0.63)

§ For patients with high-risk HER2-positive breast cancer, 
treatment with this regimen reduces the risk of a DFS event at 
10 years by 40% (HR, 0.60)

§ A similar relative risk reduction benefit for both DFS and OS 
was observed in virtually all subsets of patients analyzed



B-31/N9831 Cumulative Incidence of 
Distant Recurrence as a First Event 

Provided courtesy of G. Thomas Budd, MD.
Romond EH, et al. Proc SABCS. 2012;Abstract S5-05.



HER2 +
FISH

4 x AC
60/600 mg/m2

4 x Taxotere
100 mg/m2

6 x Taxotere and Carboplatin
75 mg/m2 AUC 6

1 Year Herceptin 

N=3150
1 Year Herceptin 

ACèT

ACèTH

TCH

BCIRG 006
Adjuvant Breast Cancer
Node Positive and High-Risk Node Negative

Provided courtesy of G. Thomas Budd, MD.
Slamon DJ, et al. Proc SABCS. 2015; Abstract S5-04.



Provided courtesy of G. Thomas Budd, MD.
Slamon D, et al. N Engl J Med. 2011;365(14):1273-1283.

Disease-Free Survival Among All Patients



Variable AC-T
(N=1073)

AC-T plus Trastuzumab 
(N=1074)

TCH 
(N=1075)

Number of patients (percent)
Risk Factors
Diabetes 38 (3.5) 36 (3.4) 28 (2.6)

Hypertension 178 (16.6) 178 (16.6) 190 (17.7)

Obesity† 214 (19.9) 242 (22.5) 234 (21.8)

Hypercholesterolemia 54 (5.0) 47 (4.4.) 43 (4.0)

Left-side radiotherapy 378 (35.2) 349 (32.5) 364 (33.9)

Events
Cardiac-related death 0 0 0

Congestive heart failure‡ 7 (0.7) 21 (2.0) 4 (0.4)∫

>10% relative reduction in left ventricular ejection fraction¶ 114 (11.2)║ 194 (18.6) 97 (9.4)**

Cardiac Risk Factors and Events*

*    AC-T denotes doxorubicin and cyclophosphamide followed by docetaxel, and TCH docetaxel, carboplatin, and trastuzumab.
†   Obesity was defined as a body-mass index (the weight in kilograms divided by the square of the height in meters) of 30 or more.
‡   This condition was defined as New York Heart Association grade 3 or 4 congestive heart failure.
∫    P<0.001 for the comparison between the group receiving AC-T plus trastuzumab and the TCH group.
¶   Results in this category are for 1018 patients receiving AC-T, 1042 patients receiving AC-T plus trastuzumab, and 1031 patients receiving TCH.
║  P<0.001 for the comparison between the group receiving AC-T plus trastuzumab and the AC-T group.
**  P<0.001 for the comparison between the group receiving AC-T plus trastuzumab and the TCH group. Provided courtesy of G. Thomas Budd, MD

Slamon D, et al. N Engl J Med. 2011;365(14):1273-1283.



Left Ventricular Ejection Fraction (LVEF) at 48 Months

Provided courtesy of G. Thomas Budd, MD.
Slamon D, et al. N Engl J Med. 2011;365(14):1273-1283.



Trastuzumab Cardiac Toxicity
§ Less common if anthracyclines avoided
§ Reversible in most cases
§ May treat through it in high-risk disease

Trastuzumab US FDA Prescribing Information.



Adjuvant Therapy

How long should we give adjuvant trastuzumab?
– HERA
– PHARE



HERA TRIAL: 2 years vs. 1 year of 
trastuzumab after adjuvant chemotherapy 
in women with HER2-positive early breast 

cancer at 8 years of median follow-up



Provided courtesy of G. Thomas Budd, MD.
Goldhirsch A, et al. Lancet. 2013;382(9897):1021-1028.
Smith I, et al. Lancet. 2007;369(9555):29-36.



Provided courtesy of G. Thomas Budd, MD.
Goldhirsch A, et al. Lancet. 2013;382(9897):1021-1028.
Smith I, et al. Lancet. 2007;369(9555):29-36.



Provided courtesy of G. Thomas Budd, MD.
Goldhirsch A, et al. Lancet. 2013;382(9897):1021-1028.
Smith I, et al. Lancet. 2007;369(9555):29-36.





Study Design

Provided courtesy of G. Thomas Budd, MD.
Pivot X, et al. Cancer Res. 2012;72(24): S5-3.
Pivot X, et al. Lancet Oncol. 2013;14(8):741-748.



Statistical Methods
§ Non-inferiority randomized trial

– 2% variation in terms of absolute difference of recurrence
– 95% CI HR margins should not cross 1.15
– 1,040 DFS events required for 80% power at 5% level

or
4 years of accrual and at least 2 years of follow-up
– HR were estimated from the stratified Cox model

§ Accrual target: 3,400 patients
Pivot X, et al. Cancer Res. 2012;72(24): S5-3.
Pivot X, et al. Lancet Oncol. 2013;14(8):741-748.



Date of download: 1/12/2013; Provided courtesy of G. Thomas Budd, MD. Copyright © 2012 American Medical Association. All rights reserved.

From: How to Use a Noninferiority Trial: Users' Guides to the Medical Literature

JAMA. 2012;308(24):2605-2611.

The blue dashed line labeled Δ represents the noninferiority threshold or the maximum allowable excess of outcome events arising 
from the novel treatment compared with the standard treatment. The tinted area represents the noninferiority zone.

Figure Legend:



Primary Endpoint Scenarios

Provided courtesy of G. Thomas Budd, MD.
Pivot, X et al. ESMO 2012, LBA5_PR



PHARE and Balanced Conclusions

§ PHARE did not demonstrate non-inferiority at 6 months 
vs. 12 months of trastuzumab

§ Other trials address this issue
– PERSEPHONE
– SHORTHER (also indeterminate)
– SOLD

Pivot X, et al. Cancer Res. 2012;72(24): S5-3.
Pivot X, et al. Lancet Oncol. 2013;14(8):741-748.



Adjuvant Trastuzumab

§ 12 months of adjuvant trastuzumab begun concurrently with 
taxane chemotherapy remains the standard of care for HER2+ 
early breast cancer

§ Patients who stop trastuzumab early due to toxicity can be 
reassured that they have received some benefit 



Adjuvant Trastuzumab Limbo

How low do we go?
– How small a tumor warrants treatment?



Baseline Characteristics of the Patients
Characteristic Patients (N=406)

no. (%)
Age group
<50 yr 132 (32.5)

50-59 yr 137 (33.7)

60-69 yr 96 (23.6)

>70 yr 41 (10.1)

Sex
Female 405 (99.8)

Male 1 (0.2)

Race†
White 351 (86.5)

Black 28 (6.9)

Asian 11 (2.7)

Other 16 (3.9)

Paclitxel 80 mg/m2/wk x q12 + Trastuzumab x 1 year

Characteristic Patients (N=406)
no. (%)

HER2-positive status 406 (100)

Estrogen-receptor status

Positive 260 (64.0)

Negative 141 (34.7)

Borderline 5 (1.2)

Progesterone-receptor status

Positive 201 (49.9)

Negative 196 (48.3)

Borderline 8 (2.0)

Unknown 1 (0.2)

Hormone-receptor status

Positive 272 (67.0)

Negative 134 (33.0)

Characteristic Patients (N=406)
no. (%)

Primary tumor

Size

T1mic: <0.1 cm 9 (2.2)

T1a: >0.1 to <0.5 cm 68 (16.7)

T1b: >0.5 to <1.0 cm 124 (30.5)

T1c: >1.0 to <2.0 cm 169 (41.6)

T2: >2.0 to <3.0 cm 36 (8.9)

Nodal status

N0 400 (98.5)

N1mic 6 (1.5)

Histologic grade

I: well-differentiated 44 (10.8)

II: moderately differentiated 131 (32.3)

III: poorly differentiated 228 (56.2)

Unknown 3 (0.7)

Provided courtesy of G. Thomas Budd, MD.
Tolaney SM et al. N Engl J Med.2015;372(2):134-141.

*Percentages may not total 100 because of rounding. HER2 
denotes human epidermal growth factor receptor type 2, N0 
no regional lymph-node involvement, and N1mic lymph-node 
involvement with tumor larger than 0.2 mm in diameter but 
smaller than 2 mm.
†Race was self-reported.



Baseline Characteristics 
of the Patients

Characteristic Patients (N=406)
no. (%)

Race†

White 351 (86.5)

Black 28 (6.9)

Asian 11 (2.7)

Other 16 (3.9)

Primary tumor

Size

T1mic: <0.1 cm 9 (2.2)

T1a: >0.1 to <0.5 cm 68 (16.7)

T1b: >0.5 to <1.0 cm 124 (30.5)

T1c: >1.0 to <2.0 cm 169 (41.6)

T2: >2.0 to <3.0 cm 36 (8.9)

Nodal status

N0 400 (98.5)

N1mic 6 (1.5)

Histologic grade

I: well-differentiated 44 (10.8)

II: moderately differentiated 131 (32.3)

III: poorly differentiated 228 (56.2)

Unknown 3 (0.7)
Provided courtesy of G. Thomas Budd, MD.
Tolaney SM et al. N Engl J Med.2015;372(2):134-141.

†Race was self-reported.



Probabilities of Disease-Free Survival and Recurrence-Free Interval

Provided courtesy of G. Thomas Budd, MD.
Tolaney SM et al. N Engl J Med.2015;372(2):134-141.



Trastuzumab and Pertuzumab Bind to Different 
Regions on HER2 and Have Synergistic Activity

Provided courtesy of G. Thomas Budd, MD.



Trastuzumab and Pertuzumab Bind to Different 
Regions on HER2 and Have Synergistic Activity

Provided courtesy of G. Thomas Budd, MD.



APHINITY: Rationale
§ Pertuzumab has complementary mechanisms of 

action with trastuzumab.1-3

– Trastuzumab binds close to the transmembrane 
domain, inhibiting HER2 dimerization

– Pertuzumab binds to the dimerization domain, 
inhibiting HER2 hetero-dimerization with other HER 
family receptors 4-7 

§ In patients with HER2-positive metastatic breast 
cancer, pertuzumab added to trastuzumab and 
docetaxel significantly improved both PFS and 
OS.8,9

§ In the neoadjuvant setting, the addition of 
pertuzumab to trastuzumab plus docetaxel 
significantly improved pathological complete 
response rate.10,11

§ Recurrences of HER2-positive early breast cancer 
still occur for a significant proportion of patients in 
the long-term.12

1Baselga J, Nat Rev Cancer 2009; 2Scheuer W, Cancer Res 2009; 3Hubbard SR 
Cancer Cell 2005; 4Molina MA et al. Cancer Res 2001; 5Junttila TT et al. Cancer Cell
2009; 6Franklin MC et al. Cancer Cell 2004; 7Agus DB et al. Cancer Cell 2002
8 Baselga J, NEJM 2012; 9 Swain SM, NEJM 2015; 10 Swain SM, Oncologist2013;  
11 Gianni L, Lancet Oncol 2012; 12 Cameron D, Lancet 2017
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Provided courtesy of G. Thomas Budd, MD.
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survival results were consistent with progression-free 
survival results (fi gure 1B).

Exploratory subgroup analyses suggested an association 
between total pathological complete response and 
progression-free survival when all treatment groups were 
combined (fi gure 2A). 94 (23%) of 417 patients achieved 
total pathological complete response. Of these, 14 (15%) 

had a progression-free survival event, compared with 
73 (23%) of 323 patients who did not achieve total 
pathological complete response (fi gure 2A). 5-year 
progression-free survival rates were 85% (95% CI 76–91) 
for patients who achieved total pathological complete 
response, compared with 76% (95% CI 71–81) in patients 
who did not achieve total pathological complete response 
(HR 0·54, 95% CI 0·29–1·00; fi gure 2A). 

Results were consistent in each group (fi gure 2B) and 
for hormone receptor-negative and hormone receptor-
positive disease (fi gure 2C).

Subgroup analyses of progression-free survival for 
group B compared with group A were consistent with the 
fi ndings in the overall population, although the small 
number of events limits their interpretation (appendix 
p 22).

Most patients (409 [98%] of 416) had at least one adverse 
event, of which 403 [97%] of 416 were deemed related to 
study treatment. The most commonly reported adverse 
events during the overall treatment period (neoadjuvant 
plus adjuvant periods) are shown in table 1 and are 
generally consistent with those reported for the neoadjuvant 
period.2 The most common adverse events for the adjuvant 
period alone are provided in the appendix (p 12), as is a 
detailed description of adverse events for the overall 
treatment period (appendix pp 14–18). Adverse events 
grade 3 and worse that occurred during overall treatment 
showed the expected chemotherapy toxicity profi le (table 1). 
During adjuvant treatment, adverse events at grade 3 and 
worse were highest in group C, probably as a result of 
docetaxel followed by FEC administration (appendix p 12). 
After adjuvant chemotherapy (ie, during single-agent 
trastuzumab), the incidence of adverse events of grade 3 
and worse was reduced to 7·8–10·6% across all groups, 
with none of these adverse events reported in more than 
5% of patients. During post-treatment follow-up, adverse 
events were reported in few patients (seven [7%] of 107 in 
group A, 11 [10%] of 107 in group B, eight [7%] of 108 in 
group C, and seven [7%] of 94 in group D).

The incidence of serious adverse events during overall 
treatment was balanced across groups (table 1), but was 
slightly higher in group C during adjuvant treatment 

Figure 2: Exploratory subgroup analyses of progression-free survival 
according to tpCR
(A) Kaplan-Meier estimates of progression-free survival according to tpCR for all 
treatment groups combined. The tick marks indicate the times at which events 
were recorded. The Kaplan-Meier curves are truncated at 60 months (the end of 
scheduled follow-up). However, summary statistics shown here take into 
account all follow-up. One late event occurred in the no total pathological 
complete response group due to progressive disease at 71 months; one late 
event occurred in the tpCR group, a death due to an unrelated cerebrovascular 
accident without progressive disease at 76 months. (B) Hazard ratios and 
95% CIs for progression-free survival according to tpCR for each individual 
group. (C) Kaplan-Meier estimates of progresssion-free survival according to 
tpCR and hormone receptor status. One late event occurred in the tpCR 
hormone receptor-negative group, a death due to an unrelated cerebrovascular 
accident without progressive disease at 76 months; two late events in the no 
tpCR hormone receptor-positive group due to progressive disease at 63 and 
71 months. tpCR=total pathological complete response.
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Provided courtesy of G. Thomas Budd, MD.
Gianni L, et al. Lancet Oncol. 2016;17(6):791-800.



APHINITY: Trial Design

Chemotherapy*	+	trastuzumab
+	placebo	

Chemotherapy*	+	trastuzumab
+	pertuzumab

Randomization,	 treatment
within	8	weeks of	 surgery

Anti-HER2	 therapy	for	a	total	of	1	year	(52	weeks)
(concurrent	 with	start	of	taxane)

Radiotherapy and/or	endocrine	therapy	may	be	
started	 at	the	end	of	adjuvant	 chemotherapy

Central	
confirmation
of	HER2	status
(N	=	4805)	
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*A number of standard anthracycline-taxane-sequences or a non-anthracycline (TCH) regimen were allowed

von Minckwitz G, et al. J Clin Oncol. 2017;35(suppl; abstr LBA500).
von Minckwitz G, et al. N Engl J Med. 2017;377(2):122-131.                                                                         Provided courtesy of G. Thomas Budd, 
MD.



APHINITY: Key Eligibility Criteria
Inclusion Criteria
§ HER2-positive status confirmed by a central 

review (IHC 3+ or FISH-/CISH-positive)*
§ Node-positive, any tumor size except T0
§ Node-negative

- Tumor size >1 cm
OR

- For tumors >0.5 and ≤1 cm, at least 1 of:
- Histological/nuclear grade 3
OR
- ER- and PR-negative
OR
- Age <35 

§ Baseline LVEF ≥55%

Exclusion Criteria
§ Prior invasive breast cancer 
§ Non-operable breast cancer
§ Metastatic disease (stage IV)
§ Previous non-breast malignancies (except for the 

following: carcinoma in situ of the cervix, 
carcinoma in situ of the colon, melanoma in situ, 
and basal cell and squamous cell carcinomas of 
the skin)

§ Previous or current anti-cancer therapy or 
previous radiotherapy for any malignancy

§ Cardiac dysfunction or serious medical conditions

von Minckwitz G, et al. J Clin Oncol. 2017;35(suppl; abstr LBA500).
von Minckwitz G, et al. N Engl J Med. 2017;377(2):122-131.



APHINITY: Intent-to-Treat Primary Endpoint 
Analysis Invasive Disease-free Survival

Number needed to
treat:	112

expected:	89.2%

Provided courtesy of G. Thomas Budd, MD.
von Minckwitz G, et al. J Clin Oncol. 2017;35(suppl; abstr LBA500).
von Minckwitz G, et al. N Engl J Med. 2017;377(2):122-131.



APHINITY: Intent-to-Treat Primary Endpoint 
Analysis Invasive Disease-free Survival

Number needed to
treat:	112
x	$100,000	=	$11,200,000

expected:	89.2%

Provided courtesy of G. Thomas Budd, MD.
von Minckwitz G, et al. J Clin Oncol. 2017;35(suppl; abstr LBA500).
von Minckwitz G, et al. N Engl J Med. 2017;377(2):122-131.



What is the Role of Pertuzumab in 
Adjuvant Rx?
§ Not justified in ER-positive, node-negative disease
§ Would consider in ER-negative, node-positive disease
§ Unclear about patients in between
§ What about patients receiving pre-operative 

pertuzumab/trastuzumab?
§ What is the role of pre-operative Rx in HER2-positive 

disease?



Neratinib

§ Neratinib is an oral TKI targeting HER2, HER4, and HER 1 
(EGFR) 

§ Neratinib binds irreversibly at ATP 
binding site

§ 240 mg daily was the
dose selected for phase II trials
– Diarrhea is the main toxicity

Presented By Miguel Martin at 2016 ASCO Annual Meeting



Martin, M, et al. Lancet Oncol. Published online November 17, 2017. [http://dx.doi.org/10.1016/S1470-2045(17)30717-9]



Martin M, et al. Lancet Oncol. Published online November 17, 2017. [http://dx.doi.org/10.1016/S1470-2045(17)30717-9]  
Image provided courtesy of G. Thomas Budd, MD.



Provided courtesy of G. Thomas Budd, MD.
Martin M, et al. Lancet Oncol. Published online November 17, 2017. [http://dx.doi.org/10.1016/S1470-2045(17)30717-9]
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time of this report, 1705 (60%) of primary tumour 
specimens had undergone central HER2 testing. In a 
prespecifi ed analysis of patients with centrally 
confi rmed HER2-positive disease, invasive disease-free 
survival was signifi cantly improved in patients in the 
neratinib group (n=741) compared with those in the 
placebo group (n=722; HR 0·51, 95% CI 0·33–0·77; 
p=0·0015; appendix p 10). The appendix (p 10) also 
shows Kaplan–Meier curves for invasive disease-free 
survival including ductal carcinoma in situ.

Overall survival data were not mature and there was no 
provision in the protocol for any analyses before the 
predetermined target number of events being reached. 
Overall survival will continue to be monitored by the 
Independent Data Monitoring Committee.

At least one dose of study treatment was received by 
2816 patients (1408 patients in each group). Table 3 
provides a summary of the most common treatment-
emergent adverse events and appendix p 17 shows all 
events of grades 3–5. Diarrhoea was the most common 
treatment-emergent adverse event in the neratinib group 
(table 3). 458 (33%) patients had grade 2 diarrhoea, 
561 (40%) patients had grade 3 diarrhoea, and one (<1%) 
patient had grade 4 diarrhoea. In the placebo group, 
94 (7%) patients had 2 grade diarrhoea, 23 (2%) patients 
had grade 3, and no patients had grade 4 diarrhoea. 
All other grade 3–4 adverse events occurred in fewer than 
4% of neratinib-treated patients, with similar incidence 
of non-gastrointestinal events in both groups (appendix). 
QT prolongation occurred in 49 (3%) patients given 
neratinib and 93 (7%) patients given placebo, and 
decreases in left ventricular ejection fraction (≥ grade 2) 
occurred in 19 (1%) and 15 (1%) patients, respectively. 
Incidence of interstitial lung disease (n=2 in the neratinib 
group vs n=1 in the placebo group), pneumonitis (n=1 vs 
n=1), and pulmonary fi brosis (n=1 vs n=2) were similar 
between groups. 11 (1%) patients in each group had 
second cancers (ie, neoplasms benign, malignant, 
and unspecifi ed, including cysts and polyps). Serious 
treatment-emergent adverse events occurred in 103 (7%) 
patients in the neratinib group and 85 (6%) patients in 
the placebo group; the most common serious adverse 
events in the neratinib group were diarrhoea (n=22 vs 
n=1 in the placebo group), vomiting (n=12 vs n=1), 
and dehydration (n=9 vs n=1). Seven (<1%) deaths 
(four patients in the neratinib group and three patients in 
the placebo group) unrelated to disease progression 
occurred after study drug discontinuation. The causes of 
death in the neratinib group were unknown (n=2), a 
second primary brain tumour (n=1), and acute myeloid 
leukaemia (n=1), and in the placebo group were a brain 
haemorrhage (n=1), myocardial infarction (n=1), and 
gastric cancer (n=1). None of the deaths were attributed 
to study treatment in either group. In the neratinib 
group, grade 3 diarrhoea occurred after a median of 
8 days (IQR 4–33) and lasted a median of 5 days (2–9) per 
patient (appendix p 22). Most grade 3 diarrhoea events 

Neratinib group (n=1420) Placebo group (n=1420)

Any event 70 (5%) 109 (8%)

Local or regional invasive recurrence 8 (1%) 25 (2%)

Invasive ipsilateral breast tumour recurrence 4 (<1%) 4 (<1%)

Invasive contralateral breast cancer 2 (<1%) 5 (<1%)

Distant recurrence* 52 (4%) 73 (5%)

Bone 21 (1%) 21 (1%)

Brain 11 (1%) 15 (1%)

Distant lymph node 6 (<1%) 10 (1%)

Liver 13 (1%) 21 (1%)

Lung 5 (<1%) 12 (1%)

Other 5 (<1%) 2 (<1%)

Other abdominal viscera 0 2 (<1%)

Pleura 1 (<1%) 3 (<1%)

Subcutaneous tissue 1 (<1%) 1 (<1%)

Unknown 1 (<1%) 0

Death without previous recurrence 4 (<1%) 2 (<1%)

Data are n (%). *Patients might have had more than one distant site of recurrence.

Table 2: Invasive disease-free survival events in the intention-to-treat population
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Figure 2: Kaplan–Meier curves for invasive disease-free survival (A) and disease-free survival including ductal 
carcinoma in situ (B) in the intention-to-treat population 

Provided courtesy of G. Thomas Budd, MD.
Chan A, et al. Lancet Oncol. 2016;17(3):367-377.



5-Year Analysis: By Endpoint

Endpoint

Estimated event-free rate,a %
Hazard ratiob

(95% CI)
P valueb

(2-sided)
Neratinib
(n=1420)

Placebo
(n=1420)

Invasive disease-free survival 90.2 87.7 0.73 (0.57-0.92) 0.008
Disease-free survival with DCIS 89.7 86.8 0.71 (0.56-0.89) 0.004
Distant disease-free survival 91.6 89.9 0.78 (0.60-1.01) 0.065
Time to distant recurrence 91.8 90.3 0.79 (0.60-1.03) 0.078
CNS recurrences 1.30 1.82 - 0.333c

Martin M, et al. Lancet Oncol. Published online November 17, 2017. [http://dx.doi.org/10.1016/S1470-2045(17)30717-9]

Intention-to-treat population. Cut-off date: March 1, 2017
CI, confidence interval; CNS, central nervous system; DCIS, ductal carcinoma in situ
aEvent-free rates for all endpoints, except CNS recurrences which is reported as cumulative incidence
bStratified by randomization factors
cGray’s method



EXTENET Trial

Martin M, et al. Lancet Oncol. Published online November 17, 2017.
[http://dx.doi.org/10.1016/S1470-2045(17)30717-9]



ExteNET Toxicity
Neratinib Group (n=1408) Placebo group (n=1408)

Grade 1-2 Grade 3 Grade 4 Grade 1-2 Grade 3 Grade 4

Diarrhea 781 (55%) 561 (40%) 1 (<1%) 476 (34%) 23 (2%) 0

Nausea 579 (41%) 26 (2%) 0 301 (21%) 2 (<1%) 0

Fatigue 359 (25%) 23 (2%) 0 276 (20%) 6 (<1%) 0

Vomiting 322 (23%) 47 (3%) 0 107 (8%) 5 (<1%) 0

Abdominal pain 314 (22%) 24 (2%) 0 141 (10%) 3 (<1%) 0

Headache 269 (19%) 8 (1%) 0 269 (19%) 6 (<1%) 0

Upper abdominal pain 201 (14%) 11 (1%) 0 93 (7%) 3 (<1%) 0

Rash 205 (15%) 5 (<1%) 0 100 (7%) 0 0

Decreased appetite 166 (12%) 3 (<1%) 0 40 (3%) 0 0

Muscle spasms 157 (11%) 1 (<1%) 0 44 (3%) 1 (<1%) 0

Dizziness 143 (10%) 3 (<1%) 0 125 (9%) 3 (<1%) 0

Arthralgia 84 (6%) 2 (<1%) 0 158 (11%) 4 (<1%) 0

Martin M, et al. Lancet Oncol. Published online November 17, 2017. [http://dx.doi.org/10.1016/S1470-2045(17)30717-9]



Clinical Trials in Early-Stage HER2-Positive
Breast Cancer

B31/N9831 AC-Pac ± T

HERA Chemo → No T vs. 1 yr vs. 2 yr

BCIRG 006 AC → D ± T vs. DCH

NOAH A Pac → Pac → CMF ± T

GeparQuattro Pre-operative chemo/T 

FinHer D vs Vin ± T (9 weeks) → FEC

PHARE Chemo-T (up to 12 months) vs. stop T

(neo)ALTTO Chemo with T ± lapatinib

TEACH Lapatinib vs. placebo

NeoSphere Pre-operative chemo/T ± P

TRYPHAENA Pre-operative chemo/T/P

APHINITY (TP vs. T) with AT or TC

KATHERINE T vs. T-DM1

KRISTINE Pre-operative TCH + P vs. T-DM1 + P

MA.17R Adjuvant letrozole vs. placebo

AC = doxorubicin + cyclophosphamide; 
A Pac = doxorubicin and paclitaxel;
AT = anthracycline and taxane-based
chemotherapy; 
CMF = cyclophosphamide, methotrexate,
and fluorouracil; 
D = docetaxel; 
DCH = docetaxel, carboplatin, and trastuzumab; 
FEC = fluorouracil, epirubicin, and 
cyclophosphamide; 
P = pertuzumab; 
Pac = paclitaxel;
T = trastuzumab; 
TC = docetaxel and carboplatin;
TCH = docetaxel, carboplatin, trastuzumab;
T-DM1 = trastuzumab emtansine; 
TP = trastuzumab and pertuzumab; 
Vin = vincristine

www.clinicaltrials.gov



HER2-Positive Therapy: 
Trastuzumab and Pertuzumab
§ NeoSphere 5-year data show neoadjuvant pertuzumab

is beneficial when combined with trastuzumab and docetaxel 
in women with early-stage HER2-positive breast cancer

§ According to the ASCO clinical practice guideline, 
trastuzumab/pertuzumab/taxane is recommended for first-line 
neoadjuvant treatment

Gianni L, et al. Lancet Oncol . 2016;17(6):791-800.
Giordano SH, et al. J Clin Oncol . 2014;32:2078-2099.



Breast Cancer Recurrence

§ EBCTCG study: after 5 years of endocrine therapy, recurrence 
steadily continued from year 5 to 14 and at least to year 20

§ Adding trastuzumab to paclitaxel after doxorubicin and 
cyclophosphamide in early HER2-positive breast cancer
yielded a sustained reduction in cancer recurrence

Pan H, et al. 2016 ASCO Annual Meeting (Abstract 505).
Perez EA, et al. J Clin Oncol. 2014;32:3744-3752.



Future Treatment 
Options



Clinical Trials
§ KATHERINE

– Trastuzumab emtansine versus trastuzumab as adjuvant therapy in patients with residual 
tumor in breast or LNs after neoadjuvant therapy

– Randomized to trastuzumab emtansine 3.6 mg/kg or trastuzumab 6 mg/kg IV q 
3 wks for 14 cycles

§ KAITLIN
– Trastuzumab emtansine plus pertuzumab following anthracyclines vs. trastuzumab plus 

pertuzumab and a taxane following anthracyclines as adjuvant therapy
– Post surgery and anthracycline-based chemotherapy, participants will receive either 

trastuzumab emtansine  3.6 mg/kg and pertuzumab 420 mg IV q 3 wks or trastuzumab 
6 mg/kg and pertuzumab 420 mg IV q3w in combination with a taxane

https://clinicaltrials.gov/ct2/show/NCT01772472
https://clinicaltrials.gov/ct2/show/NCT01966471



Selective Symptom 
Management for HER2 

Therapeutic Agents



Cardiotoxicity
§ Usually an asymptomatic decrease in left ventricular ejection fraction 

(rare – clinical heart failure) (Type II cardiac dysfunction)
– Loss of contractility
– Less likely to be associated with myocyte death or clinical heart failure

§ Does not appear to be related to cumulative dose
§ Generally reversible with treatment discontinuation
§ Can rechallenge after recovery

Keefe DL. Cancer. 2002;95(7):1592-1600.  
Perez EA, Rodeheffer R. J Clin Oncol .2004;22(2):322-329.  
Fiúza, M. Adv Ther. 2009;26(Suppl 1):S9-17. 
Slamon DJ, et al. N Engl J Med. 2001;344(11):783-792.



Cardiotoxicity 

§ Risk factors
– Previous chemotherapy (particularly anthracyclines)
– Concurrent treatment with anthracyclines
– Pre-existing heart disease 
– Age >50 years
– Obesity

§ NOT a risk factor
– Concurrent treatment with radiation

Suter TM, et al. J Clin Oncol. 2007;25(25):3859-3865. 
Bowles EJ, et al. J Natl Cancer Inst. 2012;104(17):1293-1305.  
Guenancia C, et al. J Clin Oncol. 2016;34:31573165.  
Halyard MY, et al. J Clin Oncol. 2009;27:2638-2644.



Monitoring of Cardiotoxicity
§ Baseline and serial assessment of LVEF

– Normal baseline:  proceed with therapy
– LVEF 40-50% with risk factors – evaluate 

risk/benefit, proceed with increased vigilance
§ Monitor for heart failure

– Increased heart rate 
– Increased in weight (≥2 kg in 1 week)
– Edema 
– S3 gallop
– New dyspnea on exertion
– Elevated jugular venous pressure
– Sinus tachycardia
– Tachypnea
– Crackles

Ezaz G, et al. J Am Heart Assoc. 2014;3:e000472. 
Ewer MS, et al. J Clin Oncol 2005;23:7820-7826.
Ewer SM, Ewer MS. Drug Saf. 2008;31(6):459-467.

§ Optimal surveillance not well defined:
– Generally 3, 6, 9, 12 months
– Anytime symptoms of heart failure appear



Management of HER2 Cardiotoxicity
§ Trastuzumab

– LVEF decrease of 16% or more from baseline OR 10-15% from baseline to 
below the lower limit of normal (LLN), HOLD for 4 weeks, then reassess
• If LVEF has not recovered, discontinue trastuzumab

– If symptomatic heart failure during treatment, trastuzumab should be 
discontinued

§ Lapatinib
– For LVEF decrease to <50%, LVEF decreased to institution LLN, if 

development of clinical heart failure - HOLD
– Dose reduction recommended if LVEF recovers to normal after a minimum of 

2 weeks and patient is asymptomatic
Trastuzumab and Lapatinib US FDA Prescribing information



Management of HER2 Cardiotoxicity
§ Ado-trastuzumab emtansine

– If LVEF falls to <40% OR is 40-45 % with ≥10% absolute decrease below the 
pretreatment value – HOLD

§ Pertuzumab
– Assess LVEF every 3 mo in metastatic setting and every 6 weeks in neoadjuvant 

setting
– If LVEF is <45% OR 45-49% with ≥10% absolute decrease below baseline – HOLD 

both pertuzumab and trastuzumab
– Repeat LVEF assessment in 3 weeks
– Discontinue pertuzumab and trastuzumab if the LVEF has not improved or declines 

further, unless the benefits for the individual patient outweigh the risks

Ado-Trastuzumab and Pertuzumab US FDA prescribing information



Management of HER2 Cardiotoxicity

§ Standard medical management
– Beta blockers
– Angiotensin converting enzyme (ACE) inhibitors

Ado-Trastuzumab and Pertuzumab US FDA prescribing information



Diarrhea With HER2 Therapy

Most common side effect with HER2 therapy
– Increased incidence with lapatinib, pertuzumab, and neratinib: 

EGFR/HER2 dual inhibitors
§ Neratinib - Grade 3 diarrhea

– Up to 95% of patients
– Incidence varies between agents
– Disrupts heterodimerization between HER2 and EGFR (HER1), 

HER3, and HER4
– Risk may increase with concomitant chemotherapy

DeMichele A and Lattimer JG. JAPRO. 2016;7(Supp 2).  
Swain SM, et al. Ann Oncol. 2017;28(4):761-768.
Dranitsaris G, Lacouture ME. Breast Cancer Res Treat. 2014;147(3):631-638.



Diarrhea can lead to…

§ Dose reductions
§ Dose delays
§ Reduced quality of life
§ Increased costs
§ Reduced treatment adherence
§ Potentially life-threatening

Dranitsaris G, Lacouture ME. Breast Cancer Res Treat. 2014;147(3):631-638.



Predictive Factors for 
Grade 2+ Diarrhea
§ Age (3% increase in risk per year)
§ Grade 1 diarrhea in prior cycle (two-fold increased risk)
§ Therapy started in spring (two-fold increased risk)

Dranitsaris G, Lacouture ME. Breast Cancer Res Treat. 2014;147(3):631-638.



Management of
Diarrhea in the Extended 

Adjuvant Setting



Phase II Trial of Neratinib With Loperamide Prophylaxis in
HER2-Positive Early Breast Cancer After Adjuvant Trastuzumab

CONTROL Trial



Barcenas C, et al. Presented at the 2016 San Antonio Breast Cancer Symposium, December 6-10, San Antonio, TX. Abstract P2-11-03.



CONTROL: Study Design
Phase II study to characterize the incidence and severity of diarrhea in patients with HER2+ early 
breast cancer treated with neratinib and loperamide prophylaxis

Final analysis: when all patients have 
completed 13 cycles of therapy or have 
discontinued the study

Interim analysis: when all patients have 
completed 2 cycles of neratinib + loperamide 
prophylaxis

ClinicalTrials.gov identifier: NCT02400476
EudraCT number: 2012-004492-38.
Barcenas C, et al. Presented at the 2016 San Antonio Breast Cancer 
Symposium, December 6-10, San Antonio, TX. Abstract P2-11-03.
.

Study objectives
• Primary endpoint: incidence and severity of diarrhea
• Secondary endpoints: association between 

loperamide exposure and incidence and severity of 
diarrhea; serious adverse event; 
other adverse events of special interest

• Exploratory endpoint: patient-reported health 
outcomes (EQ-5D-5L and FACT-B)

HER2-Positive early breast cancer
• Received up to 1 year of adjuvant trastuzumab
• Stages I–3c
• HR (ER/PR) +/–

Neratinib 240 mg/day
(endocrine therapy as indicated)

28-day follow-up for safety

1 year of
therapy

Diarrhea prophylaxis

As needed

Cycles
1,2

Day 57
onward



CONTROL: Loperamide Schedule
§ Original protocol dosing

– Loperamide 16 mg (4 mg +2 mg q 4 hr) on day1
– Loperamide 12 mg/day (2 mg q 4 hr) days 2-3
– Loperamide 6-8 mg/day (2 mg (q 6 or q 8 hr) days 4-56
– Then prn from day 57 onward

§ Amendment dosing:
– Loperamide 16 mg (4 mg +4 mg TID) on day1
– Loperamide 12 mg/day (4 mg TID) days 2-14
– Loperamide 8 mg/day (4 mg BID) days 15-56
– Then prn from day 57 onwardn

§ Barcenas C, et al. Presented at the 2016 San Antonio Breast Cancer Symposium, December 6-10, San Antonio, TX. Abstract P2-11-03.



Two Cohorts Later Added…
§ Combination of loperamide and budesonide 

– Budesonide: locally acting corticosteroid believed to target the 
inflammation associated with neratinib-induced diarrhea in a 
preclinical model

– Budesonide 9 mg once daily (extended-release tablets) for first cycle
§ Combination of loperamide plus colestipol

– Colestipol: sequestrant believed to target the bile acid malabsorption 
also seen in preclinical models of neratinib-induced diarrhea

– For first cycle

Barcenas C, et al. Presented at the 2016 San Antonio Breast Cancer Symposium, December 6-10, San Antonio, TX. Abstract P2-11-03.
.
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Stage 1-3c HER2+breast cancer 
Trastuzumab-based adjuvant therapy completed within 1 year

Loperamide cohort
n=120 planned

(Original protocol
Amendment 1 and 2)

Budesonide cohort
n=40 planned

(Amendment 3)

Colestipol cohort
n=40 planned

(Amendment 4)

Investigational cohort
n=40 planned

(Amendment 3)

Neratiniba

Loperamide prophylaxisb
Neratiniba

Loperamide prophylaxisc

Budesonided

Neratinib
Loperamide prophylaxis

Colestipol

Neratinib
Loperamide prophylaxis

*To be decided

Interim analysis
(N=135)

Data cut-off: November 2016

Preliminary analysis
(N=40)

Data cut-off: November 2016
Planned enrollment start date: 2017

aNeratinib 240 mg once daily for 13 cycles.
bLoperamide prophylaxis for 2 cycles: 4 mg initial dose, then 2 mg q4h days 1-3 (i.e. 12 mg/day), then 2 mg q6-8h 4-56 (i.e. 6-8 mg/day) (original schedule) or loperamide 4 mg 
initial dose, then 4 mg tid days 1-14 (i.e. 12/mg/day), then 4 mg bid days 15-56 (i.e. 8 mg/day) (modified schedule).
cLoperamide prophylaxis for 2 cycles: 4 mg initial dose, then 4 mg tid days 1-14 (i.e. 12 md/day), then 4 mg bid days 15-56 (i.e. 8 mg/day) (modified schedule).
dBudesonide 9 mg once daily (extended-release tablets) 1 cycle.
eAgent selected for this cohort will be based on the review of ongoing preclinical investigations.
One cycle = 28 days; bid, twice daily; tid, 3-times daily; q = every.

Sequential Investigational cohorts

Barcenas C, et al. Presented at the 2016 San Antonio Breast Cancer Symposium, December 6-10, San Antonio, TX. Abstract P2-11-03.



CONTROL: Neratinib 
Treatment-Emergent Diarrhea
Most events occur during the first treatment cycle

§ Loperamide prophylaxis 
given for 2 cycles

§ 75% of all diarrheal 
events occur within the 
first 4 weeks of treatment

§ Over half of all grade 3 
events occur within the 
first week

§ No grade 3 events after 
the first cycle

§ No grade 4 diarrhea 
observed

Data for total CONTROL safety population (N = 50).
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. Barcenas C, et al. Presented at the 2016 San Antonio Breast Cancer Symposium, December 6-10, San Antonio, TX. Abstract P2-11-03.



Characteristics of Treatment-Emergent 
Diarrhea

CONTROL ExteNET
Loperamide cohort Budesonide cohort Neratinib arm

Original schedule 
(n=28)

Modified schedule 
(n=107) 

Loperamide total 
(N=135)

Loperamide + 
budesonide (N=40)

Loperamide prn 
(N=1408)

Diarrhea, %
Any grade 82.1 73.8 75.6 65.0 95.4
Grade 1 35.7 21.5 24.4 32.5 22.9
Grade 2 21.4 23.4 23.0 17.5 32.5
Grade 3 25.0 29.0 28.1 15.0 39.8
Grade 4 0 0 0 0 0.1

Median cumulative duration, days
Grade >2 5.0 4.0 4.0 3.0 10.0
Grade >3 2.0 3.0 3.0 2.5 5.0
Barcenas C, et al. Presented at the 2016 San Antonio Breast Cancer Symposium, December 6-10, San Antonio, TX. Abstract P2-11-03.
See also: Ibrahim E, et al. Presented at the 2017 AACR Annual Meeting, April 1-5, Washington, DC. Abstract CT128 [Cancer Research.2017;77(13 Suppl].



Characteristics of Treatment-Emergent 
Diarrhea

CONTROL ExteNET
Loperamide cohort Budesonide cohort Neratinib arm

Original schedule 
(n=28)

Modified schedule 
(n=107) 

Loperamide total 
(N=135)

Loperamide + 
budesonide (N=40)

Loperamide prn 
(N=1408)

Median diarrhea episodes/patient

Any grade 2 2 2 2 8

Grade >2 2 1 2 1 3

Grade >3 1 1 1 1 2

Action taken, %

Dose hold 7.1 12.1 11.1 7.5 33.9

Dose reduction 10.7 7.5 8.1 5.0 26.4

Discontinuation 28.6 15.9 18.5 5.0 16.8

Hospitalization 0 1.9 1.5 0 1.4

Duration of neratinib treatment, months

Median 9.7 7.4 7.5 1.8 11.6

Range 0.1-13.1 0.1-12.8 0.1-13.1 0.1-6.3 0.03-13.3
Barcenas C, et al. Presented at the 2016 San Antonio Breast Cancer Symposium, December 6-10, San Antonio, TX. Abstract P2-11-03.
See also: Ibrahim E, et al. Presented at the 2017 AACR Annual Meeting, April 1-5, Washington, DC. Abstract CT128 [Cancer Research.2017;77(13 Suppl].
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Conclusions
§ A structured loperamide prophylactic regimen for 2 cycles reduces the 

incidence, severity and duration of neratinib-associated diarrhea compared with 
events observed in the ExteNET trial.

§ Preliminary data suggest that adding budesonide to loperamide prophylaxis 
may further diminish the duration and number of episodes of diarrhea, as well 
as decrease the number of neratinib dose holds, dose reductions and 
discontinuations.

§ ExteNET demonstrated diarrhea which was often characterized by high-grade 
diarrhea (grades 2/3), highest in month 1 and persistent in a larger proportion of 
patients in months 2-12. In the CONTROL study cohorts, diarrhea was 
characterized by a lower percentage of high-grade diarrhea in month 1 and a 
much lower incidence in months 2-12.



Conclusions 
§ Adaptation to the effects of neratinib are observed, as higher-grade 

diarrhea occurs early and does not typically recur.

§ By controlling early diarrheal events, loperamide prophylaxis may help to 
improve long-term adherence and ensure that the efficacy benefits of 
neratinib are realized.

§ Budesonide cohort enrollment is ongoing, with testing of additional 
investigational agents planned. 

§ The final analysis of the CONTROL study will be performed when all 
patients have completed 12 months of neratinib therapy. 



Role of the Advanced 
Practitioner in Caring for 

Patients Undergoing
HER2-Positive

Breast Cancer Therapy



AP Role in Managing Patients 
on HER2 Therapy
§ Patient selection for treatment

– Knowledge of treatment options
§ Essential baseline assessments

– Extent of disease
– Cardiovascular history and subjective assessments (LVEF)
– Gastrointestinal history and subjective assessments as needed

§ Patient education
– Disease process
– Treatment
– Self-management of potential toxicities – PROACTIVE not reactive
– Report adverse toxicities: when and to whom

§ Staff education
NCCN Guidelines. Breast Cancer. www.nccn.org/professionals/physician/gls/pdf/breast.pdf
Frankel C, Palmieri FM. Clin J Oncol Nurs. 2010;14(2):223-233. 



Monitoring Tolerance to Treatment
§ Grading of toxicities
§ Oversee triage calls

– Diarrhea from HER2 therapy differs from chemotherapy-induced diarrhea
§ High index of suspicion for problems – face-to-face assessments

– Physical exam should include examination of the abdomen and rectal area
– Weight assessment
– VS 
– Nutritional assessment – refer to dietician
– Assess for electrolyte abnormalities

§ Assess adherence
– To cancer therapy 
– To toxicity management

NCCN Guidelines. Breast Cancer. www.nccn.org/professionals/physician/gls/pdf/breast.pdf
Frankel C, Palmieri FM. Clin J Oncol Nurs. 2010;14(2):223-233. 



Oral Treatment Challenges
§ ADHERENCE

– Studies have shown that adherence to oral agents, as well as monitoring 
patients for side effects, dosing titration, and psychosocial issues, impacts 
clinical outcomes

§ Unique toxicities
– Patients may not connect toxicity with treatment

§ Challenging dosing schedules
§ Drug-drug interactions
§ Drug-food interactions

Kirk M and Hudis C. Clin Breast Cancer. 2008 Apr;8(2):155-161.
Weingart SN, et al. J Natl Cancer Network. 2008;6(suppl 3):S1-S16.



Recognized Barriers to Adherence 
to Oral Agents
§ Complex treatment regimens

§ Inadequate supervision

§ Poor communication with healthcare providers

§ Patient dissatisfaction with care

§ Inadequate social support

Partridge AH, et al. J Natl Cancer Inst. 2002;94:652-661.
Weingart SN, et al. J Natl Cancer Network. 2008;6(suppl 3):S1-S16.



Case Study



Case Study: Initial Report

§ LM

– 59-year-old postmenopausal woman

– Palpates a mass in the right middle quadrant of her breast



Case Study: Patient History
Medical History
Obesity and irritable bowel disease 

Medication History
Hormone replacement therapy duration of 10 years, now discontinued

Surgical History
C-section at age 28

Family History
Father died of lung cancer 



Case Study: Diagnostic Workup
§ Diagnostic mammography

and ultrasound reveal a
3.0 x 2.5 cm hypoechoic mass 

§ Three metastatic lymph nodes 
are noted as well 

§ PET/CT is negative for distant 
metastasis



Case Study: Diagnostic Workup

§ Core biopsy 
– Invasive ductal carcinoma, grade III (Nottingham), vascular invasion 

not present
– Excisional biopsy of the single right axillary node is consistent with 

metastatic carcinoma
– ER positive (50%), PR positive (25%)
– HER2/neu overexpression (3+ by immunohistochemistry) 
– Ki67 proliferative index of 20%

§ Clinical stage IIIA (T2N2M0)



Case Study: Neoadjuvant Therapy 
and Surgery
§ The tumor board recommends: Neoadjuvant therapy with 

trastuzumab/pertuzumab/taxane

§ LM completes neoadjuvant therapy followed by bilateral 
skin-sparing mastectomies and sentinel node biopsy

§ Post surgery, LM’s pathologic stage is ypT1a, pN0



Case Study: Adjuvant Therapy

§ Following recovery, LM continues to receive trastuzumab for 
1 year 

§ Extended adjuvant therapy is recommended and neratinib is 
prescribed  

§ She also begins anastrozole (1 mg daily) at the time she 
resumes maintenance therapy 



Case Discussion
Questions?



Concluding Comments



Summary
§ HER2 is overexpressed in 18-20% of all breast cancers

§ It is a more aggressive tumor phenotype and associated with poorer prognosis with 
higher rate of recurrence

§ HER2 testing should be preformed on every breast cancer patient
§ IHC
§ FISH

§ HER2 pathway presents opportunities to target drug therapy, including:
§ Trastuzumab
§ Pertuzumab
§ Lapatinib
§ Neratinib

§ These agents may be given in the neoadjuvant, adjuvant, or  extended adjuvant 
setting



One Example of Sequencing of 
Treatments in HER2-Positive/HR-Negative 
Breast Cancer

NEOADJUVANT

Chemotherapy 
+

Trastuzumab
+

Pertuzumab

Downstage Cancer

SURGERY

Reduce 
Tumor Load

ADJUVANT

Chemotherapy 
+/-

Pertuzumab
+

Trastuzumab

Decrease Risk 
of Recurrence

EXTENDED 
ADJUVANT

Neratinib

Decrease Risk of 
Recurrence in 

Extended Setting
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Advances in Extended Adjuvant HER2-Positive Early Breast Cancer  
G. Thomas Budd, MD, and Wendy H. Vogel, MSN. FNP, AOCNP® 

Taussig Cancer Center at Cleveland Clinic, Cleveland, OH, and Wellmont 
Cancer Institute, Kingsport, TN 

 
 

MS. GOFORTH Good evening, everyone. Welcome to the accredited 

symposium on Advances in Extended Adjuvant HER2-Positive Early Breast 

Cancer. My name is Paige Goforth and I am a PA at Wellmont Cancer Institute in 

Kingsport, Tennessee. This symposium is accredited by the Annenberg Center 

for Health Sciences at Eisenhower. To claim your credit, please follow the 

instructions on the sheet that you received this evening. If you didn’t receive an 

instruction sheet, let one of the staff members know and they will provide one to 

you. Tonight we have two wonderful speakers. Dr. George Thomas Budd is a 

staff physician at Taussig Cancer Center at Cleveland Clinic. His clinical interests 

include breast cancer, sarcomas, and experimental therapeutics. His research 

interests are focused on experimental therapies, breast cancer, and sarcomas. 

Dr. Budd is a fellow of the American College of Physicians and a member of the 

American Society of Clinical Oncology and American Association for Cancer 

Research. My dear friend and colleague, Wendy Vogel, is an oncology nurse 

practitioner at the Wellmont Cancer Institute in Kingsport, Tennessee. She is 

board certified through the Oncology Nursing Certification Corporation and a 

certified family nurse practitioner through the American Nurses Credentialing 

Center. Ms. Vogel is an associate editor of the Journal of the Advanced 

Practitioner in Oncology and is a founding member of APSHO, the Advanced 
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Practitioner Society for Hematology and Oncology. Please welcome Dr. Budd 

and Ms. Vogel. 

MS. VOGEL  Thank, you Paige. Good evening. It is wonderful to 

see everyone tonight. I hope you’ve had a wonderful day. 

We’re very pleased to be here tonight to talk to you about Advances in 

Extended Adjuvant HER2-Positive Early Breast Cancer. Disclosures are as listed 

there. Let’s talk a little bit about learning objectives. At the end of this activity, you 

should be able to describe the mechanisms of action of novel extended adjuvant 

therapies for early HER2-positive breast cancer, utilize evidence-based 

strategies for prophylaxis of diarrhea and other side effects, optimize patient 

selection for treatment with extended adjuvant therapies, and implement HER2 

testing in accordance with the latest clinical practice guidelines.  

MS. VOGEL  Here’s the outline of tonight’s talk that we are going to 

do. We are going to do a little short breast cancer introduction, we’re going to talk 

specifically about HER2-positive breast cancer, the pathophysiology of that, 

testing for that, and management. We’ll also spend a couple of slides looking at 

future treatment options and then symptom management as well. We’ll also look 

at the role of the advanced practitioner providers in caring for patients with 

HER2-positive breast cancers, and we’ll conclude with a case study. 

Let’s talk a little bit about breast cancer. When—you’ve seen this slide 

before—when we’re talking about new breast cancer cases in the United States 

in 2017, we are looking at over 250,000 new cases this year. When we talk about 

mortality, it’s estimated that over 41,000 deaths this year from breast cancer. So 
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if we were to look at prognosis based on staging alone, we can look at a stage I 

to IV 5-year survival and we see that stage I to 0 is almost 100% 5-year survival. 

When we drop down to stage IV, we see that that drops dramatically at 

22% -year survival, but there are many other factors that affect prognosis 

besides staging. Hormonal status, HER2 status, grade and histology, lymph node 

status, age, health, treatment, and the response to treatment. But tonight we are 

specifically going to be looking at HER2 status. Breast cancer is not just breast 

cancer is not just breast cancer; it is a very complex disease and this is kind of a 

simplified, if you will, look at types of breast cancer. Luminal A, luminal B, HER2 

overexpression and basal type, and you can see the differences in histologic 

grade, distinguishing markers, percentage of the total breast cancer population 

and prognosis, as well as targeted therapy. We are going to be looking, as we 

said, to HER2 overexpression tonight. So you can see that generally these 

tumors have a high histologic grade. We have distinguishing markers that are 

generally ER negative, PR negative, and HER2 positive. In terms of population of 

the total breast cancer population, HER2-positive represents about 20 to 30% of 

these patients.  

Prognosis has generally been poor, and targeted therapy now is HER2 

targeted therapy that we will discuss tonight. So if we were to take a look at a 

HER2-positive breast cancer cell and we talk about what is HER2, also you may 

see it in literature as ERB2. This is a transmembrane tyrosine kinase receptor 

and it’s a member of epidermal growth factor receptor family. The HER2 product 

is overexpressed in about 18 to 20% of all breast cancers. If you look at this little 
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picture here, you’ll see that a normal breast cancer cell has up to 50,000 HER2 

receptor sites, we just have that, but if we are talking about overexpression of 

HER2, this may have as many as two million receptor sites. So the result of that 

is a breast cancer cell gone wild. We have excessive cellular division, the tumor 

learns to have—it loses normal apoptosis and becomes an immortal cell. So it’s a 

very much more aggressive tumor phenotype. It has a poor prognosis, it has a 

higher rate of recurrence and mortality independent of other risk factors such as 

tumor grade, age, stage, and so on. So this is a picture of a HER2 pathway.  

This is almost a stay-tuned message, and it’s so exciting because each of 

those little blurbs there that you see on the HER2 pathway can represent 

potential targets that we have for drugs. When we are looking at the HER2 

pathway and we have overstimulation of that pathway, the bottom line that we 

see of the cell gone wild is abnormal gene expression, we have cell motility, and 

cell cycle progression. Now there is some crosstalk going on here that’s really 

interesting that we see. So when we have HER2 downstream activation, this 

actually leads to endocrine therapy or hormonal therapy resistance. So we really 

need to get two bangs for our buck, and we can do that by targeting both of these 

pathways. When we talk about HER2 targets and we talk about these pathways, 

these are some of the drugs you can see and where the drugs are represented in 

this targeted therapy. So we have therapeutic options such as trastuzumab, 

pertuzumab, we have neratinib now, and lapatinib. So let’s talk just a little bit 

about HER2 testing. There are some guidelines for HER2 testing and those are 

listed there from ASCO, the College of American Pathologist, and the NCCN. I 
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will say you have access to these slides after the presentation, so you’ll be able 

to go to these websites and also refer back to the slides. Great late night reading, 

by the way. 

So let’s talk about the recommendations for HER2 testing. All patients with 

invasive breast cancer should be tested for HER2 overexpression. Positive 

status is demonstrated by protein overexpression or gene amplification. Now if 

the results are equivocal, in that medium range, then reflex testing should be 

done with an alternative assay, and we could consider repeat testing if results 

are still discordant. Labs should be accredited that are doing your testing and 

should demonstrate high concordance with validated HER2 tests on large and 

representative status specimens. Just to mention immunochemical testing, which 

is one of the types of testing that we do on HER2. This is the grading, 3+ is 

considered positive for HER2 overexpression and what that means is that more 

than 10% of invasive tumor cells stain positive for HER2. 2+ is equivocal, we 

don’t really know to call it positive or negative. That means that there may be 

non-uniform or weak membrane staining, but there may be staining in at least 

10% of the cells. 0 to 1+ is considered negative for HER2 protein expression. 

This is an algorithm—thank you, Dr. Budd, for providing this—that talks about 

HER2 testing and the most recent guidelines for this. We do batch controls, on 

site controls show appropriate hybridization, so if we have a HER2 ratio of 

greater than 2 or we can go down the other side and have a HER2 ratio of less 

than 2. So if it’s greater than 2, then we would consider that ISH positive, and if 

we have less than 2, then we have to look at that a little more carefully, so we 
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have average HER2 copy number of greater than 6 than ISH positive. If we have 

an average HER2 copy number of less than four signals per cell, that is 

considered ISH negative, and if we have in the middle where we have a HER2 

copy between 4 and 6, then we call that ISH equivocal. And so then we have to 

order a reflex test to confirm our results. Now there are also guidelines for the 

treatment or management of HER2-positive breast cancer; both ASCO and 

NCCN are listed here for you. So, in brief, treatment of early-stage HER2-positive 

disease includes several different treatment options that Dr. Budd is going to 

speak to you about in much more detail shortly. 

We can do neoadjuvant chemotherapy. Neoadjuvant means therapy that’s 

given prior to surgery; we want to shrink that tumor down. That is neoadjuvant 

and that could be done with chemotherapy and trastuzumab and/or pertuzumab. 

Certainly surgery and radiation therapy may or may not be included in this plan, 

adjuvant therapy with trastuzumab and hormonal therapy or manipulation. Here 

are some of the neoadjuvant treatment regimens for HER2-positive breast 

cancer, and this is from the NCCN guidelines. If you are new to oncology, let me 

introduce you to the NCCN guidelines. This is the bible of oncology, NCCN.org, 

and it’s the latest and the greatest in the US for treatment of cancers. Now in 

some of the NCCN guidelines they’ll have listed as what is called “preferred,” it 

may also say “category 1,” and that is when the experts will be most sure of the 

data, they agree on it that the most accurate data is there, and that would be 

considered a preferred or category 1 recommendation. The preferred regimen for 

HER2-positive breast cancer per the NCCN guidelines is AC followed by T plus 
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trastuzumab and plus or minus pertuzumab as well as TCH, and there are other 

regimens listed there for you. So adjuvant treatment regimens for HER2-positive 

breast cancer if they are hormone receptor–positive would also include adjuvant 

endocrine therapy plus or minus adjuvant chemotherapy plus trastuzumab. If 

they are hormone receptor–negative, then we’ll be looking at adjuvant 

chemotherapy plus trastuzumab. Now something that’s very exciting that’s out is 

what we call extended adjuvant therapy, and the rationale for this is despite our 

best treatments for HER2-positive disease, about 25% of women who have been 

treated with adjuvant trastuzumab have breast cancer recurrences with a median 

follow-up of about 8 to 10 years. 

What we see now is that studies show that longer duration of adjuvant 

trastuzumab didn’t really improve outcome. There is a new drug on the market.  

The new indication now is for what we call extended adjuvant therapy, and we’re 

going to spend some time talking about that and this new drug is called neratinib. 

These are the HER2-positive agents for adjuvant therapy for treatment: 

trastuzumab, pertuzumab, lapatinib, and neratinib. Now I’m going to turn the 

stage over to Dr. Budd and we’ll begin talking about some of the clinical trial 

data. 

DR. BUDD  All right. Thank you, Wendy. That was a great 

introduction. I’ll be talking about some of the clinical trials and underpin some of 

the concepts that Wendy was talking about and we’ll be talking about later. And 

maybe it’s just I’m getting a little bit older, but I kind of like to take a historical 

perspective more and more and find that more and more attractive. So this is the 
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first kind of clinical evidence looking at HER2 amplification in patients with breast 

cancer by Dennis Slamon and you can see this was on January 9, 1987, so a 

good long time ago. And this was done with Bill McGuire who was actually at San 

Antonio at that time and had set up a tumor bank where he was testing estrogen 

receptor and progesterone receptor for hospitals all over Texas. And as part of 

that, he obtained some simple follow-up on those patients, so this was a real 

resource. And what Dr. Slamon did is he went and tested HER2 on these 

patients ,and this is what he found, is that the patients who had amplification that 

you can see here did not do as well as those who were not amplified, and the 

patients who were highly amplified, as you can see here, did particularly poorly. 

Gary Clark who was the statistician on this study made the statement that 

oncogene amplification was the first prognostic factor that he had seen by itself 

that was that powerful, so you can see that this is lymph node status and this is 

HER2 status, so those are the only two factors that were in that range of 

important. HER2 established itself at that point as a very important prognostic 

factor, meaning it was a bad thing to have. Now the question is, can we do 

something about it? And as you know, the rest is history: trastuzumab came out, 

it was used in metastatic disease, it was quite effective, and so it was only a 

logical thing to bring it closer to the diagnosis and give it to patients early after 

diagnosis to prevent or delay recurrence. There are a number of trials done in 

Europe and the rest of the world. There is the HERA trial. In this country, there 

were actually two trials ongoing and three eventually, one from the NSABP and 

one from the US Intergroup, and then the US Intergroup and the NSABP decided 
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to join forces and do this study looking at trastuzumab plus adjuvant 

chemotherapy for HER2-positive breast cancer. There was an initial study and 

then a later presentation. This shows the two trials: NSABP 31 looked at 

doxorubicin and cyclophosphamide followed by paclitaxel, or doxorubicin and 

cyclophosphamide followed by paclitaxel with trastuzumab. The US Intergroup 

was very similar, I think you all are familiar with this trial, but I think its worth 

going over. Doxorubicin and cyclophosphamide followed by paclitaxel and only 

paclitaxel was given weekly, doxorubicin and cyclophosphamide followed by 

paclitaxel weekly with trastuzumab. There was a third arm here in the Intergroup 

trial that I’ll talk about a little bit later and that looked at sequential treatment; in 

other words, in the NSABP arm seen here, the trastuzumab was given 

concurrently with the paclitaxel. In this arm, the chemotherapy was all given first 

and only then was the trastuzumab started, and that was the same design that 

was used in the HERA trial in Europe, but as time went on, we could see women 

dying of HER2-positive breast cancer, and there was really a push to get these 

trials done. 

So the thought was why are we doing two trials; we should do one trial, 

we’ve got some common arms. So that middle arm was taken away in this 

analysis, and then the similar arms, the control arms, just chemotherapy alone 

were grouped together, and then the two arms looking at chemotherapy plus 

trastuzumab with the trastuzumab given concurrently or begun concurrently with 

paclitaxel. These were analyzed together in a control in investigational arms. 

These are the patient characteristics. I’ll just point out relatively few of these 
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patients were node positive, only 15%, you can see here, so this was a higher-

risk group. There was this joint statistical analysis, there was an initial analysis, 

and then later I’ll show you this analysis a little over 8 years. This is the first 

publication, the first analysis that came out in the New England Journal of 

Medicine, quite dramatic effects as you can see here. On the left is disease-free 

survival, so prevention of recurrence, and it reduced, adding trastuzumab 

reduced the rate of recurrence by 50%, and reduced the rate at which patients 

were dying by a third, so quite a dramatic effect.  

There was a downside of course in terms of toxicity, and the principle 

toxicity was cardiac toxicity, so here you can see cardiac events, which was 

basically heart failure or a significant drop in the ejection fraction, and this was 

with the chemotherapy alone and with adding the trastuzumab, about 4% of 

patients who received this anthracycline-based regimen developed some form of 

cardiac toxicity. Now I’ll remind you of that middle arm that I took out of that 

previous analysis that looked at sequential treatment of chemotherapy followed 

by trastuzumab, and these next couple of slides look at that. Here we see 

chemotherapy alone or chemotherapy followed by trastuzumab, and you can see 

there was a benefit, and this was recapitulated in the HERA trial, which was a 

much larger trial, and it showed the same thing. But what about comparison of 

giving the treatment? Beginning the trastuzumab concurrently with chemotherapy 

or giving it only after completion of chemotherapy, and here you can see the 

concurrent approach is better, so it’s better to begin the trastuzumab with 

chemotherapy and that’s something that’s carried on to most of the trials done in 
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this country. So this final analysis after with a follow-up of 8.4 years, you can see 

here the results are holding up. On the left is the death rate; the rate of death or 

mortality was reduced by about a third. You can see that has a ratio of 0.63. The 

relapse-free survival was similar and has a ratio of 0.46, so a 40% reduction in 

the rate of death. To summarize, on a median follow-up of 8.4 years, adding 

trastuzumab to paclitaxel following AC was associated with improvement. It was 

better to give the trastuzumab concurrently with the paclitaxel, however, with 

high-risk HER2-positive breast cancer, the disease-free survival rate was 

reduced by 40% and there was also a reduction in death rate.  

Trastuzumab was helpful across the board for HER2-positive breast 

cancer, but this slide shows a very interesting finding looking at patients who are 

all HER2-positive, but looking at those who are ER-positive versus those who are 

ER-negative, and what you can see here in the ER-negative patients there is this 

kind of a rapid rate of recurrence, but then it slows down. And if you get to 7 

years, it was very unlikely that a patient would recur. With the ER-positive 

patients though—these are the patients who got trastuzumab—there’s a more 

kind of gradual relapse rate and there’s no reduction at that 7-year mark, there’s 

nothing magic about it. So this is the difference in the natural history between the 

ER-positive and the ER-negative HER2-positive patients, and I think it’s 

important to keep that in mind as we talk about extended adjuvant therapy, 

particularly with the drug neratinib, which is now approved for this purpose. Now 

that was where we were, anthracycline-based chemotherapy, but I’ll bet a lot of 

you are not using anthracycline-based chemotherapy with trastuzumab and its 
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because of this trial. Though I’m sure many of you are familiar with BCR-G006 

that looked at patients with HER2-positive breast cancer. They got doxorubicin 

cyclophosphamide followed by docetaxel or doxorubicin cyclophosphamide 

followed by docetaxel with trastuzumab, and here the trastuzumab was given 

and begun concurrently with the docetaxel, or a third arm, a nonanthracycline-

based arm called TCH: docetaxel, carboplatin, and trastuzumab, with, again, the 

trastuzumab begun concurrently with the chemotherapy. And the results you see 

here, the non-trastuzumab-based regimen was the worst, and both of the 

trastuzumab-containing regimens produced very similar outcomes. So this 

regimen has become much more popular primarily for this reason. There’s a 

lower rate of toxicity, particularly cardiac toxicity, and a low rate of secondary 

leukemias.  

The cardiac toxicity, moreover, when you don’t have an anthracycline on 

board as you can see here, seems to be milder and more readily reversible. I 

think because of the toxicity concerns, nonanthracycline-based regimens have 

become very popular in this country, although both anthracycline and non 

anthracycline-based regimens are certainly acceptable. So the cardiac toxicity is 

less common if we can avoid anthracyclines. In many cases, it is reversible and 

in high-risk disease, it’s the kind of thing that we may treat through, give a 

treatment hold, and continue treatment according to the guidelines. So the 

duration of trastuzumab that was used in the United States and in the first 

European trial was a year. It was picked out of the air and it’s often said that the 

number—the length of time it takes the earth to travel around the sun really 
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should have nothing to do with how long we give trastuzumab, but that’s what 

was done and it turned out to be a pretty good guess. There were a couple of 

trials that I’ll talk about now. The HERA trial, this European trial, which looked at 

sequential treatment and looked at chemotherapy or chemotherapy followed by 

trastuzumab for a year or two years. Here you can see the trial design; patients 

had got chemotherapy, either neoadjuvant or adjuvant chemotherapy, largely 

anthracycline-based chemotherapy, and then were observed or got trastuzumab 

for 1 or 2 years. And 1 year was beneficial, just as in the US trials. Here you see 

2 years versus 1 year, and you can see there’s no difference between those 

curves. Two years of trastuzumab did not seem any better than one year. So it 

looked like 1 year was—there’s no reason to go any longer than that with 

trastuzumab. And there was a reason not to that you see here; there was 

increased cardiac toxicity. A lot of times we think about the cardiac toxicity as 

occurring early, but here in the 2-year arm, they continued to develop cardiac 

toxicity during that second year, so again, 1 year of trastuzumab both for safety 

and efficacy seemed to be the right length. And what about a shorter duration? 

You may be familiar; there was this FinHer trial that was done that gave just nine 

weeks of trastuzumab. It was a very small trial, and it looked like they were 

seeing a magnitude of benefit that was similar to what was seen in these other 

trials, so maybe we can give it shorter than a year. 

This is one of several trials that was done looking at this. Now the study 

design you see here, they go chemotherapy and trastuzumab for 6 months and 

then were randomized to continue to a year or to stop. This was designed as a 
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so-called noninferiority randomized trial, and unless there are some statisticians 

out there, this was a very confusing kind of trial design and I’ll try to clarify it a 

little bit to the best of my ability. What they originally designed it to look at, so the 

6 months would be considered noninferior if it was equivalent or even 15% worse 

than a year of trastuzumab. The trial design was this, and to help you interpret 

this, I’ll show you this slide. This shows the relative risk here, and if the 

experimental arm is all here, the median and the 95% confidence intervals are all 

better than the control, then it’s superior, and if it’s worse than the control, it’s 

inferior, and if it’s in this range where it’s kind of bridging the 95% confidence 

intervals goes into this indeterminate range, its considered noninferior. This is 

this 15% worse. If this 95% confidence interval spreads into this part where it 

might be inferior, it’s considered indeterminate and in this trial 6 months versus a 

year this is what was found, this was indeterminate so that they couldn’t say the 

6 months was noninferior to a year. It was not better, not worse, but not 

noninferior. It’s all very confusing, and the bottom line is it didn’t prove that it was 

noninferior. So a year continued to be the standard. 

There are other trials looking at this. This short HER trial actually looked 

at, again, just a short duration of treatment with 9 weeks, and this also gave an 

indeterminate result. This was just presented at ASCO this year; there are other 

trials looking at this. While there’s not a huge difference between a year and 

shorter durations, we can’t yet say that shorter durations are noninferior. So that 

12 months of trastuzumab remains the standard of care right now, but I think we 

can tell our patients if they have to stop early because of side effects or some 
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other reason that they have gotten some benefit from the treatment even if it’s 

just for a few months. The other issue we have is what I call adjuvant 

trastuzumab limbo: how low should be go? The original trials I showed you were 

largely node-positive patients, and now that we know the treatment works, we 

know some of these node-negative patients also have a risk of recurrence as 

high as 20% even for stage I cancers, higher than anybody would like, can we 

apply this treatment to them? And so this trial was done and it’s a 

nonrandomized trial presented and published in the New England Journal of 

Medicine. Patients with tumors who were node-negative, they allowed 

micrometastases, although they only had a few such patients on it, in tumors less 

than 3 cm were randomized or not randomized, were just assigned to get 

treatment with paclitaxel plus a year of trastuzumab with paclitaxel given weekly. 

Here you can see the patient population. You can see most of the patients were 

in this range of 0 to or you know stage IA, IB, IC tumors—a lot of smallish tumors 

that you see every day nowadays. And here are the results. No matter what you 

look at for an endpoint, disease-free survival, recurrence-free survival, and so on, 

it made no difference, outcome was excellent, so these patients do very well with 

this regimen, all of them. The results are in the high 90s. Weekly paclitaxel with 

trastuzumab produces excellent outcomes in patients who are node-negative 

with tumors less than 3 cm in size. 

Now with trastuzumab coming into the adjuvant setting and being very 

firmly established, of course, there was a need for other drugs first in the 

metastatic setting and then advancing them into the adjuvant setting. And we 
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have a few such trials. Pertuzumab is one such drug. I think you are all familiar 

with this agent in the metastatic setting where prolonged survival when added to 

trastuzumab and to taxane. Pertuzumab is another monoclonal antibody like 

trastuzumab. This cartoon shows mechanisms of action. Trastuzumab binds to 

those millions of HER2 molecules and is internalized into the cell and disrupts the 

signaling, so it disrupts the intracellular signaling the Wendy showed you and it 

may also induce antibody dependent cellular cytotoxicity, so an immune 

response. It’s a little bit controversial, but there is some evidence of that. 

Pertuzumab by itself doesn’t do too much, but it does seem to add to the 

effectiveness of trastuzumab. It binds to a different portion of the molecule, it 

binds and here inhibits the binding heterodimerization of the HER2 with other 

HER family members. Remember that HER2 is a member of a family, it can 

homodimerize with itself and induce signaling, or it can heterodimerize with other 

molecules of this HER family and induce signaling. And the particular HER2 and 

HER3 interaction is inhibited by pertuzumab and pertuzumab as I said did 

improve survival in patients with metastatic disease and in the neoadjuvant 

studies, so in which patients got chemotherapy prior to surgery. I’ll point out 

these two arms. This is just docetaxel and trastuzumab given prior to surgery in 

patients with fairly large breast tumors, and 25% of them had pathologic 

complete responses, no tumor left at the time of surgery, so very encouraging 

results, but obviously most of the patients still had residual disease. Adding 

pertuzumab increased that to almost 46%, and then subsequent trials looking at 

this combination of docetaxel, carboplatin, trastuzumab, and adding pertuzumab 
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to that as in the TRYPHAENA trial. Probably what a lot of you have seen in your 

practices is that patients, about 50% or even a little bit more of patients will have 

no tumor left at the time of surgery, so there was a lot of excitement about this.  

Looking at patients who do achieve this pathologic complete response as 

you can see here, they do much better than the patients who don’t achieve a 

pathologic complete response. Adding the pertuzumab improved the pathologic 

complete response rate to 50% or even a little bit more, and those patients did 

much better than patients who had lesser degrees of response. So it’s kind of a 

slam dunk to think that adding pertuzumab to chemotherapy with trastuzumab 

would produce improved outcomes. This trial was done, the so-called APHINITY 

trial, and it was just recently presented and published, in which patients who 

were HER2-positive were randomized to chemotherapy, trastuzumab and 

placebo, or chemotherapy, trastuzumab, and pertuzumab. The inclusion criteria 

and exclusion criteria you see here; this was a very broad range of tumors. You 

can see that no negative disease was allowed into this so that we would know 

how low we could go, how low we could extrapolate any results. A very large 

trial, but these are the results, extremely disappointing, I would say. They were 

statistically significant as you can see here, but there’s very little difference 

between those curves. The pertuzumab added relatively little as you can see 

here, just less than 2% difference. Now the good news was the patients did 

better than anticipated, they were expecting the 89.2% to be disease free at 36 

months versus the 93.2% that was observed, but this was statistically significant, 

but clinically modest, and so the number needed to treat to prevent an invasive 
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recurrence was 112. They had to treat 112 women to prevent one invasive 

recurrence, and if you were that one patient, then certainly it’s worth it, but 

looking to the cost to society if you say pertuzumab costs roughly $100,000.00 

for a year, you are looking at over 11 million dollars to prevent a recurrence. And 

this is the kind of thing that our healthcare system is going to have trouble 

accommodating.  

So what’s the role of pertuzumab now in adjuvant therapy? We are still 

waiting for some final adjudication on this. We can say it’s not justified in these 

patients who are node-negative, especially those with smaller tumors, those who 

are ER-positive—so node-negative ER-positive disease I would say there’s no 

reason to do it. Patients with these tumors smaller than 3 cm and node-negative, 

they do very well with simple chemotherapy and trastuzumab. In the higher-risk 

patients, those who are ER-negative, node-positive, the benefit from this is a little 

bit more, and those are the patients we might consider it in. But in-between, I 

think your guess is as good as mine, and it also raises questions on what is the 

role of preoperative therapy in this group of patients. Everybody has been very 

excited about it, but it really didn’t predict the magnitude of benefit that was seen 

in the adjuvant setting. So we are all kind of rethinking in whom we really need to 

do preoperative therapy, and this is the kind of thing perhaps we can discuss in 

the question-and-answer session. We have looked at shorter durations of 

treatment, longer durations of trastuzumab, adding different agents to it. I should 

add lapatinib with similar results, it showed encouraging neoadjuvant results, but 

it did not translate into better adjuvant therapy. The new kid on the block, if you 
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will is this one, neratinib, which was just recently approved for extended adjuvant 

therapy as Wendy told you. This is treatment after you have completed a year of 

trastuzumab. Now what is neratinib? It’s an oral tyrosine kinase inhibitor; it’s 

different than months of the others that are available or being studies now in that 

it’s, one, irreversible, and that in addition to targeting HER1 and HER2, it also 

targets HER4. Toxicity we’ll discuss; 240 mg a day was the dose that was 

elected to be studied. It was looked at in metastatic disease, but also in this 

extended adjuvant setting, so this is the so-called ExteNET trial: neratinib after 

trastuzumab-based adjuvant therapy in patients with HER2-positive breast 

cancer. A very large phase III trial, and this is the trial design. Patients 

completing chemotherapy and a year of trastuzumab, and if they were within 2 

years of completing trastuzumab, they could go on the trial and they got either 

placebo or a year of neratinib. This is just to show you it’s a very large trial, over 

3,000 patients, 2,800 some who finally were randomized and able to be analyzed 

and here are the results. And you can see that these patients did well, but the 

patients who took neratinib in blue did a little bit better and you saw those figures 

early on, so that based on this you reduce the rate of recurrence by about a third, 

so it was statistically significant as you can see there . Here I’ll show you the 

numbers. In terms of invasive disease-free survival, 90.2% of neratinib patients 

versus 87.7% for the placebo patients disease-free survival counting DCIS 89.7 

versus 86.8. Time to distant recurrence 91.8 versus 90.3, and those were all of 

great interest, the top two statistically significant. CNS recurrence was 

numerically less; this was not statistically significant. This is of interest because 
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neratinib seems to have some activity in CNS metastasis, but fortunately 

although it’s all too common, it was not very common in this trial in either arm. 

Here you can see the results by subset, so everything to the left is where the 

neratinib group was better, and these are various subsets. There was a particular 

advantage in the hormone receptor–positive patients that you see here. 

We are still trying to explain this, but I think there are two explanations; 

one is that difference in natural history that I showed you earlier that the hormone 

receptor–positive HER2-positive patients are more likely to have these later 

recurrences than the hormone receptor–negative HER2-positive patients, and 

then also the fact that you’re giving concurrent hormonal therapy and 

trastuzumab as Wendy showed you. This counteracts some of the mechanisms 

of endocrine resistance, and just like it’s better to give chemotherapy 

concurrently with trastuzumab, it’s better to give the neratinib concurrently with 

the endocrine treatment in these patients. It seemed to be the hormone receptor–

positive patients seemed to benefit particularly, and in the node-positive patients, 

the proportional benefit was about the same, but of course their overall risk was 

higher, so the absolute difference would be larger. Here you see the side effects 

and the principle one is this, diarrhea. At the time this trial was done, we weren’t 

really that familiar with how to manage the diarrhea. I’ll have to confess we did 

phase I trials with neratinib back when it was just being developed, and the 

diarrhea was a real problem, we actually were able to go higher than this dose, 

but it was a steep learning curve for us to learn how to take care of it. Wendy’s 

going to tell you about a trial that has nailed down the best way to manage these 
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patients, and it should be very familiar to anyone who wants to use this drug in 

this extended adjuvant setting. But you can see at the time this trial was done, 

40% of patients had grade 3 diarrhea when they got neratinib as compared to 2% 

of the placebo patients. The diarrhea is worse at the beginning, it does get better, 

so you really have to learn to control it at the beginning and get the patient 

through it so they can enjoy the benefit of getting this treatment. 

So to summarize some of these early trials, I showed you the B-31, the 

HERA trial, the BCIRG-006 trials that showed either anthracycline or 

nonanthracycline-based chemotherapy with trastuzumab was better than 

chemotherapy alone, that 2 years was no better than 1 year, and the NOAH trial 

looked at neoadjuvant trials and as did the GeparQuattro and other studies that 

showed this could produce pathological complete responses. The FinHer trial 

and PHARE trial looked at shorter durations of treatment, and although there is 

efficacy, it’s not as efficacious as the year or at least it couldn’t be proven out to 

be noninferior to a year. The ALTTO and TEACH trials were interesting, but 

negative. They were performed with lapatinib. The TEACH trial was actually the 

first extended adjuvant therapy trial, but that was negative and it was open to 

patients who never had had trastuzumab and who had received standard 

chemotherapy and were out a couple of years and were randomized to be 

lapatinib or not, and they did not benefit. Then I showed you these other trials 

with newer agents, the NeoSphere, TRYPHAENA, and APHINITY with adding to 

trastuzumab pertuzumab. Now the KATHERINE and KRISTINE trials are looking 

at ado-trastuzumab emtansine or TDM1 either in the adjuvant or neoadjuvant 
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settings. I should say the KRISTINE trial looked at TDM1 with pertuzumab versus 

this kind of TCHP: docetaxel, carboplatin, trastuzumab, and pertuzumab. So 

TCHP, what probably most of you have used in the neoadjuvant setting, versus 

TDM1 plus pertuzumab, and the TCHP was better, although it was more toxic. 

MA.17R was the first extended adjuvant trial and that was with hormonal therapy 

alone with letrozole. What can we say, again, summarizing: the NeoSphere 5-

year data shows the neoadjuvant pertuzumab is beneficial when combined with 

trastuzumab and docetaxel with early-stage breast cancer, beneficial in terms of 

pathologic complete response rate.  

For neoadjuvant treatment chemotherapy, trastuzumab, pertuzumab with 

a taxane-based regimen can be recommended because that gives the highest 

pathologic complete response rate. Looking at breast cancer recurrence after 5 

years of endocrine treatment recurrence continues, 5 to 14, at least to year 20. 

So there’s this continued pressure to recur for ER-positive breast cancer, and 

this is true in the HER2-positive, ER-positive as well as the HER2-negative, ER-

positive. Adding trastuzumab to paclitaxel after AC in early breast cancer gave a 

sustained reduction in recurrence, but 2 years was no better than 1 year.  

So what about future treatment options? The KATHERINE trial looks at 

trastuzumab emtansine versus trastuzumab as adjuvant therapy in patients who 

have residual disease after neoadjuvant chemotherapy. We had this trial open 

and patients got neoadjuvant chemotherapy, which could continue pertuzumab, 

and if they had residual disease, then they were randomized to continue 

trastuzumab to complete a year or to get ado-trastuzumab emtansine. We don’t 
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know the results of that trial. KAITLYN was a similar concept in the adjuvant 

setting. I’ve talked about some of the drugs that we are giving, and this new drug, 

neratinib, with its unique toxicity. Now Wendy is going to tell us about selective 

symptom management of HER2 therapeutic agents. 

MS. VOGEL  We’re going to focus on two toxicities tonight: 

cardiotoxicity and diarrhea. We’ll start with cardiotoxicity, and this is usually an 

asymptomatic decrease in left ventricular ejection fraction, rare clinic heart 

failure, type 2 cardiac dysfunction. What this really represents is a loss of 

contractility. It’s less likely to be associated with myocyte death or clinical heart 

failure, and it doesn’t appear to be related to cumulative dose. It is generally 

reversible with treatment discontinuation, and we can certainly rechallenge after 

recovery. There are some risk factors for cardiotoxicity, however, previous 

chemotherapy particularly with anthracyclines. We saw some data that Dr. Budd 

presented from the clinical trials that certainly confirm this. Concurrent treatment 

with anthracyclines—we quickly learned early on that that should be a no-no. 

Pre-existing heart disease, age greater than 50, and obesity. What was very 

interesting that came out of this that was not considered a risk factor was 

concurrent treatment with radiation therapy. So how do we monitor 

cardiotoxicity? Obviously baseline and serial assessments of left ventricular 

ejection fraction is a must. If we have a normal baseline then we will proceed with 

therapy. If we have an LVEF of 40 to 50% with risk factors, then we may need to 

evaluate the risk/benefit and then proceed, but obviously watching that patient 

very carefully. 
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During therapy, we’ll need to monitor for signs and symptoms of heart 

failure, and this could include an increased heart rate, perhaps swelling and 

increase in weight, S3 gallop upon exam, new dyspnea on exertion. We may see 

elevated jugular venous pressure, we may see sinus tach, tachypnea and 

crackles. Optimum surveillance is not well defined. Generally we do what was 

done in the clinical trials, so generally we are looking at 3, 6, 9, and 12 months 

evaluation while on therapy and certainly any time symptoms of heart failure 

appear. So how do we manage this? The best thing to remember is look at your 

prescribing information, and this information is taken right out of that. For 

trastuzumab, if we have an LVEF decrease of 16% or more from baseline or 10 

to 15% from baseline to below the lower limit of normal, we will hold trastuzumab 

for four weeks and then reassess. If we have not recovered our LVEF, then we 

will need to discontinue trastuzumab, and if symptomatic heart failure occurs 

during treatment then trastuzumab should be discontinued. For lapatinib, for 

LVEF decreased to less than 50%, LVEF decreased to institution lower limits of 

normal, and if development of clinical heart failure, then we would want to hold 

lapatinib. 

A dose reduction is recommended if LVEF recovers to normal after a 

minimum of 2 weeks and the patient is asymptomatic. For ado-trastuzumab 

emtansine, then if LVEF falls to less than 40% or is 40 to 45% with greater than 

or equal to 10% of absolute decrease below treatment value, we will need to hold 

the drug. For pertuzumab, assess LVEF every 2 months in the metastatic setting 

and every 6 weeks in the neoadjuvant setting. That gives us a little more 
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guidelines for this drug in terms of how often we would monitor them. For LVEF, 

if this is less than 45% or 45 to 49% with greater than 10% absolute decrease 

below baseline, we will need to hold pertuzumab and trastuzumab. We’ll repeat 

at that point LVEF assessment in 3 weeks, and we would discontinue 

trastuzumab and pertuzumab if LVEF has not improved or declined further 

unless the benefits for the individual outweigh the risks. So how do we manage 

this medically? This is going to be our standard medical management, which may 

include beta blockers or ACE inhibitors. 

Let’s talk about diarrhea. Only advance practitioners can talk about 

diarrhea over dinner, right? I used to travel with my daughter and I’ll never forget, 

she was probably about 14 at the time and I was talking about diarrhea and she 

begged me, “Mom, please don’t tell anybody what you’re talking about.” And you 

know when you travel on a plane too and you know you are sitting next to 

someone and they’re like, “Oh you’re a speaker, what are you going to talk 

about?” “I’m going to talk about diarrhea.” No more conversation. You don’t have 

to worry about a chatty seat mate. So let’s talk about diarrhea with HER2 

therapy. As we’ve seen in some of the clinical trials that we’ve looked at tonight, 

diarrhea is one of the most common side effects of HER2 therapy. We have an 

increased incidence with lapatinib, pertuzumab, and neratinib. This is because of 

EGFR HER2 dual inhibitors, and neratinib can be responsible for grade 3 

diarrhea. Diarrhea can occur in up to 95% of patients on HER2 therapy, and the 

incidence does vary between the agents. What we see here is a disruption of the 



26 
www.transcriptionexperts.com 

 

heterodimerization between HER2 and EGFR, HER3 and HER4. Risk may 

increase also with concomitant chemotherapy.  

So what happens when you get diarrhea? You know diarrhea is not 

diarrhea is not diarrhea, right? So we can get dose delays, we can have patients 

die from diarrhea, we can get dose reduction, we certainly increase our cost of 

care, patient quality of life absolutely goes down, these patients know where 

every bathroom in town is and certainly we can certainly have reduced treatment 

adherence. What are some predictive factors for grade 2 or higher diarrhea? 

Actually age is one. There is a 3% increase per year in age for diarrhea. If they 

have had grade 1 diarrhea in a prior cycle, we have a twofold increased risk. And 

this is really interesting, if you start the therapy in the spring, we have twofold 

increased risk. How are we going to manage this diarrhea in our extended 

adjuvant setting? We are going to look at a trial called the CONTROL trial. This 

was published in abstract form this year, 2017, and this was a phase II trial of 

neratinib with loperamide prophylaxis in HER2 early breast cancer after adjuvant 

trastuzumab. This gives you a pretty picture of the abstract, and then we are 

going to pick little pieces out of this abstract and look at it now. This was the 

CONTROL study design. This was actually designed to characterize the 

incidence and severity of diarrhea in patients with HER2 early breast cancer who 

were treated with neratinib and loperamide prophylaxis. Early HER2 breast 

cancer, and they received up to 1 year of adjuvant trastuzumab, the stages of 

disease were I to IIIC, and they could have been hormone receptor ER/PR 

positive or negative. The dosing of neratinib is 240 mg a day. If they were 
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appropriate for endocrine therapy, they would also look at that. This was a year 

of therapy. Diarrhea prophylaxis, we are going to look at in a moment, and we 

are comparing this to diarrhea prophylaxis given on an as needed versus 

scheduled therapy. 

Study objectives were to look at the incidence and severity of diarrhea, 

and we also wanted to see if there was any association between loperamide 

exposure and incidence of severity, we wanted to look at the incidence of SAEs 

(serious adverse events) and look at patient-reported health outcomes as well. 

Here is the loperamide schedule. The original dosing protocol looked at 

loperamide 16 mg, which was a 4 mg plus a 2 mg dose given every four hours on 

day one, loperamide 12 mg a day, which is 2 mg every four hours on days two 

and three, loperamide 6 to 8 mg, which was a 2 mg dose given every six or eight 

hours on days four to 56, and then from day 57 onward PRN dosing. Now then 

there was an amendment dosing that came along, and the amendment dosing 

changed this a little bit. The loperamide was then given at 16 mg, which is 4+4 

mg dose, but given TID on day one, then from days two to 14 loperamide 12 mg 

a day and days 15 to 56 8 mg a day, and then again from 57 onward PRN. Later 

on, two cohorts were also added with a combination of loperamide and 

budesonide, and budesonide is a locally acting corticosteroid that we believe to 

target the inflammation that’s associated with neratinib-induced diarrhea in a 

preclinical model, and the dosing was 9 mg a day. These are extended release 

tablets and this was given for the first cycle. The next cohort that’s added and 

this is still going to be a stay-tuned message is the combination of loperamide 
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plus colestipol, and this is a sequestrant believed to target the bile and 

malabsorption also seen in preclinical models of neratinib-induced diarrhea. This 

was also given for the first cycle.  

This is part of the message here that shows you the cohorts as they were 

added and in planned enrollment. You can see that we have added the last two 

cohorts in 2017. When we are looking at neratinib, and we are also comparing 

the data in the CONTROL trial to the ExteNET trial that Dr. Budd was telling us 

about earlier, we saw that most of the events for this treatment-emergent 

diarrhea were during the first treatment cycle, so that kind of tells you why the 

dosing of loperamide was different for that first 56 days and why things were 

done. Loperamide prophylaxis was given for two cycles. Seventy-five percent of 

all diarrhea events occur within that first 4 weeks of treatment, and over half of all 

grade 3 events occurred during the first week, so you can see how education is 

going to be so, so important in making sure the patient doesn’t read the box of 

the loperamide, right, “I don’t know how many to take,” that we absolutely 

emphasize to them on how to take their loperamide. No grade 3 events occurred 

after the first cycle and no grade 4 diarrhea observed as well. This just gives you 

an idea. I’ve kind of broken this into two slides because it was a little difficult to 

read close up, but I will show you that if you look at any Just look at diarrhea 

percent, any grade; you’ll see in the original dosing schedule it was 82%. If you 

look over a little bit more when we have the modified schedule, it’s 73.8%, and 

this is all grades of diarrhea. When we add a corticosteroid, you can see that now 

are dropping down to 65 and we are comparing this with ExteNET trial, which 
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was loperamide dosing on a PRN basis, and we had all grades diarrhea of 95%, 

so very different when we start paying attention and looking at scheduled dosing. 

This, again, compares to grade 3 or any grade diarrhea, so if you look and 

specifically look on this slide at grade 3 diarrhea, you can see differences there 

compared to the neratinib arm with loperamide only given on a PRN basis. This 

is an interesting beautiful picturesque trial, but what I want to point out to you if 

we look at this on the far left of the screen, you can see that the tallest column, if 

you will, was ExteNET when we are only looking a loperamide given on a PRN 

basis. The second column is the control trial looking at loperamide prophylaxis 

given on a scheduled dose, and then the control trial then is the third column, 

which looks at loperamide prophylaxis with the addition of corticosteroid. So you 

can see here we’ve got a nice decrease in that column when we’ve given 

loperamide on a scheduled basis in higher doses and the addition of 

corticosteroid. When we add colestipol, that’s going to be another column that 

will be added when those results are available. So conclusions. A structured 

loperamide prophylaxis regimen for two cycles significantly reduces the 

incidence, the severity and duration of neratinib-associated diarrhea when we 

compare that to events observed in the ExteNET trial. Preliminary data suggests 

that adding budesonide to loperamide prophylaxis may further diminish the 

duration and number of episodes of diarrhea as well as decrease the number of 

neratinib dose holds, dose reductions, and dose continuations. We also saw that 

ExteNET demonstrated that diarrhea was most often characterized by high-grade 

diarrhea, up to grade 3 diarrhea, it was highest in the first month, and it was 
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persistent in a large proportion of patients in months 2 to 12. When we looked at 

the CONTROL study, we saw that diarrhea was characterized by a lower 

percentage of high-grade diarrhea in month 1 and a much lower incidence in 

months 2 through 12. The adaptation to the effects of neratinib are observed 

noticing that higher-grade diarrhea occurs early and does not typically recur. So 

by controlling these early diarrheal events, we now understand that loperamide 

prophylaxis may help to improve long-term adherence and certainly ensure that 

we get those efficacy results by being able to give that dose on time and timely in 

complete dosing. We know that adding budesonide also this cohort is an ongoing 

cohort, it’s still a stay-tuned message if you will; it’s looking very, very good, and 

we will look at the testing of additional investigational agents as we noted in 

those additional cohorts.  

The final analysis of the CONTROL study will be performed when all the 

patients on this trial have completed 12 months of neratinib therapy. What is the 

role of the advanced practitioner in caring for patients who are undergoing HER2 

breast cancer therapy? Certainly we have a role in patient selection. When we 

talk about different treatment options that we have and we saw all of these 

different trials, assimilating this data for our patients can be a very hard thing for 

our patients to understand, so helping them become informed about their care 

and picking the appropriate patient for the appropriate therapy is very important. 

It is essential that we do baseline assessments, not only of the extent of disease, 

but also cardiovascular history; we may also look at GI history, and pick the 

appropriate patient for the appropriate treatment. Patient education is key, not 
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only about their disease process and the treatment that we give them, but self-

management of potential toxicities, being proactive and not reactive to toxicities. 

They need to know when to report toxicities and to whom, and certainly teaching 

our nurses, our triage nurses, on what’s going on with this patient that this just 

not is diarrhea, “Take two loperamide and call me in the morning” kind of thing 

that we need to be very alert of this in educating our staff. Monitoring tolerance to 

treatment is also very important. In Tennessee, we say we want to ride that horse 

just as long as we can, and that means we want to keep a patient on a good 

therapy as long as we can, and that means managing tolerance to treatment. 

Grading of toxicities is very important, overseeing triage calls, we know that this 

is different from chemotherapy-induced diarrhea. We know that this will get better 

the longer they are able to stay on therapy, but we do know that we must 

maximally control this, especially during those first two cycles. We need to have 

a very high index of suspicion for problems—that means face-to-face 

assessments. A physical examination may be very, very important in these 

patients, and triaging them over the phone could be very difficult. This would 

include weight assessment, vital signs, and assessing for electrolyte 

abnormalities, and adherence is also really important both to our cancer therapy, 

but also to our toxicity management therapy as well. That’s a definite problem 

with oral treatment. It presents a challenge, which is adherence. Studies have 

shown that adherence to oral agents as well as monitoring patients for side 

effects and being proactive in dosing and titration and psychosocial issues and 

monitoring for that as well definitely impacts clinical outcomes. I will put a little 
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plug in here that APSHO has developed an oral treatment adherence educational 

offering that will be available online, so do look for that, and that may be helpful 

to you and your patients and your clinical staff.  

Another potential challenge of oral treatment is unique toxicities. The 

patients may not necessarily connect the toxicity that they have with their 

treatment because we all know that oral medications are much safer, right? And 

they have no toxicities, and you know many times our patients may actually 

believe that when compared to intravenous therapy. And we certainly know that 

that is not true. There also can be challenging dosing schedules. When we are 

telling our patients how to take this loperamide that certainly can be challenging 

and if they read the back of the box that says, “Don’t take over ‘X’ number of pills 

a day,” this could be a problem. We have a potential for drug-drug interactions 

and certainly drug food interactions as well. There are recognized barriers to 

adherence, our complex treatment regimens, if they are not adequately 

supervised, if they have poor communications with their healthcare provider, this 

has been seen to be a barrier to adherence. Also, if the patients are dissatisfied 

with their care. You wouldn’t imagine that your front staff could make a difference 

in adherence, but it may very well do that, and certainly inadequate social 

support. 

Let’s look at a case study. So this case study is LM. I picked LM because 

my grandmother’s name was Lily Mae. and I thought that was very nice. LM is a 

59-year-old postmenopausal woman. She palpates a mass in her right middle 

quadrant of her breast, and in terms of her patient history she is obese, she has 
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irritable bowel syndrome. In terms of medication history, she has hormone 

replacement therapy for about 10 years, which has been discontinued since her 

diagnosis of breast cancer. Surgical history: she had a cesarean section at age 

28. Family history: father died of lung cancer. Now diagnostic workup: we have a 

diagnostic mammography and ultrasound. This reveals a 3 x 2 x 2.5 cm 

hypoechoic mass, three metastatic lymph nodes are also noted, and PET/CT is 

negative for distant metastases. 

Core biopsy was performed, and we have an invasive ductal carcinoma 

grade 3, vascular invasion was not present; excisional biopsy of the single right 

axillary node is consistent with metastatic carcinoma. She is ER-positive and PR-

positive. She has HER2 overexpression, which was done 3+ by 

immunohistochemistry, and she has a Ki-67 proliferative index of 20%. This 

makes her a clinical stage IIIA. So let’s ask Dr. Budd, what would you do with this 

patient? 

DR. BUDD  This is a patient where we would consider 

neoadjuvant chemotherapy. This is a very large tumor, palpable nodes noted to 

be involved. We know this patient is going to require chemotherapy and 

trastuzumab. And since we know that’s the case, the outcome is going to be no 

worse if we give neoadjuvantly. It does have certain advantages in terms of 

treating the tumor, maybe shrinking it away from the chest wall and make the 

surgeon’s job easier. Going forward—I’m not saying it’s standard of care now—

but going forward, it may allow us to evaluate patients who need additional 

treatment in the future so that, for instance, this KATHERINE trial that was 
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mentioned, if it turns out that ado-trastuzumab emtansine is better in patients 

who have residual disease, then this neoadjuvant approach will have some 

advantages there, but even now I think this is a case where neoadjuvant 

chemotherapy would be a reasonable thing to do. Giving this TCHP regimen has 

probably, in an ER-positive patient, a little bit less of a 50% pathologic complete 

response rate. 

MS. VOGEL  Thank you. She does complete neoadjuvant 

chemotherapy and is followed by bilateral skin sparing mastectomies and 

sentinel node biopsy. Post-surgery, her stage is now ypT1a, pN0. Following 

recovery, LM continues to receive trastuzumab for a year. Tell us about extended 

adjuvant therapy in this patient. 

DR. BUDD  This is a patient who had high-risk disease. She is 

ER-positive, so this is a case where the extended adjuvant therapy with neratinib 

would be advisable. You can look at those curves; it’s a few percent difference, 

and in the higher-risk patients, the absolute difference is going to be larger.  

MS. VOGEL  Thank you.  

DR. BUDD  Of course, it’s important to give standard endocrine 

treatment as well. 

MS. VOGEL  Absolutely. Do you have any questions over this case 

discussion? Yes, ma’am? Oh, I forgot. We’ve got to have a microphone and we 

are also going to have some Q&A as well at the end, but if you have particular 

case questions. Right here, front row. 
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FEMALE Thank you. So for this patient in the case study, she has 

irritable bowel syndrome. Does that matter as far as neratinib? I mean should 

you be concerned about it. Would this be a good case to do budesonide, or 

should we just be doing only loperamide? 

DR. BUDD You want to answer that? 

MS. VOGEL  Go ahead. 

DR. BUDD The general philosophy that I have is figure out what the 

best treatment is for the patient and see if there’s a way that that patient can get 

the best treatment. Try not to compromise the cancer treatment if we can. I would 

think about going ahead with treatment. I certainly would use the prophylactic 

regimen that Wendy described with loperamide, and the budesonide seems like 

a reasonable idea in this patient. 

MS. VOGEL  One thing also is you want to make sure that you 

know what her bowel regimen is before the treatment. You want a baseline of 

what her bowel movements are, how often she has them, characterizing that, so 

that you’ve got a baseline to compare it to when we go on with therapy. Great 

question. 

DR. BUDD  Good question. 

MS. VOGEL  Any other questions over this case study? All right. To 

summarize what we’ve talked about tonight: HER2 is overexpressed in 18 to 

20% of all breast cancers. It’s a more aggressive tumor type and associated with 

poor prognosis with a high rate or recurrence. HER2 testing should be performed 

on every breast cancer patient by IHC and/or FISH. HER2 pathway represents 
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opportunities to target drug therapy including trastuzumab, pertuzumab, lapatinib, 

and now neratinib. These agents can be given in the neoadjuvant, adjuvant, or 

extended adjuvant setting.  

MS. VOGEL  All right. Now we would like to be able to answer any 

questions that you might have. We have microphones that are going to be 

circulating. Please raise your hand and speak into the microphone if anyone has 

any questions for us tonight.  

DR. BUDD  Been a long day. 

MS. VOGEL  We did good. Do you have a question? Okay. 

FEMALE  I might have missed this in the talk, but is there any 

cardiac toxicity with neratinib? 

DR. BUDD  Cardiac toxicity? 

FEMALE  Yeah. 

DR. BUDD  No, there’s not. You don’t have to cardiac monitor 

these patients for cardiac toxicity. There does not seem to be a significant 

problem. There is hepatic toxicity, and you need to monitor liver function 

occasionally.  

MS. VOGEL  Good question. Other questions? We can’t see you 

out there, we’ll just tell you. Okay. 

FEMALE  How soon can we start the neratinib dosing after the 

trastuzumab?  
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DR. BUDD  After trastuzumab, you could start it 3 or 4 weeks 

after. It shouldn’t make a big difference. It seemed to be better starting it sooner 

rather than waiting 2 years. 

MS. VOGEL  Okay. 

FEMALE  At this point, with showing that it works with hormone 

responsive—how far back can I go looking at my HER2-positive patients who 

finished a year and were hormone responsive? 

DR. BUDD  Well, in the trial—I would say up to 2 years.  

FEMALE  Up to 2 years? Thank you. 

MS. VOGEL  Anybody else? 

FEMALE  We’ve actually had a couple of patients start the 

neratinib in our practice, and we have put them on the prophylactic dose of the 

loperamide and also given them prescriptions for Lomotil. And some of ours have 

still had significant diarrhea. Would you recommend on those patients to go 

ahead and start the budesonide on them? 

MS. VOGEL  I think that would be a very reasonable thing to do. Dr. 

Budd, would you also add more than that? 

DR. BUDD  Yes, I think so. 

FEMALE  Can you comment on where neratinib fits in the 

NCCN guidelines? 

DR. BUDD  I don’t think it’s been incorporated yet. It was just 

recently approved.  

MS. VOGEL  There’s one.  
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FEMALE  About a few weeks ago, I had a patient who came in 

and we wanted to place on neratinib. However, a week prior to, she was 

diagnosed with colitis and she was taking an antibiotic for that at that point. We 

talked to her about the neratinib and then we started talking about the diarrhea 

and things like that. She was concerned of course. At that point, we told her to 

hold on the neratinib until her colitis resolved. At what point in time would you say 

it would be good for her to start the neratinib? After the antibiotic, 2 weeks after, 

3 weeks after? Should we start her on the neratinib with loperamide of course, 

but should we combine that with budesonide or should we just take it as a go? 

DR. BUDD  I guess I would wait for her to get back to her baseline 

in terms of her bowel function to as good as possible. In other words, if she’s 

having a flare, wait for that to be completely over with before initiating treatment. 

And I should mention in these cases too, of course, it’s important to work with her 

gastroenterologist. 

MS. VOGEL  There’s certainly going to be a benefit/risk discussion 

with that patient as well.  

DR. BUDD  Okay. 

MS. VOGEL  I think we’re good. No more questions? Thank you so 

much. 

DR. BUDD  Thank you very much. 

MS. VOGEL  Paige has some closing remarks if you’ll wait one 

moment. 
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 MS. GOFORTH If anybody has any questions or has a concern about 

that or you want to discuss that any further, there’s some of the JADPRO people 

that are over there, so you can catch them as you go out the door. But this 

symposium has now officially ended. So don’t forget to claim your credit and 

don’t forget to complete your evaluations that are on the table, and if you didn’t 

get those, again, just ask one of the JADPRO people at the door. I hope you 

have a wonderful evening, and we’ll see you again in the morning. 

[END] 


