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Phenotypic Analysis of erbB2 Conditional

Knock-out Mouse Myocardium

Crone SA, et al., Nature Medicine 8: 459-465 (2002). Pegram, et al., J Natl Cancer Inst. 96:759-69 (2004). 



Es
tr

o
ge

n
 r

ec
e

p
to

r 
(f

m
o

l/
m

g)

0

500

1000

1500

2000

0 10 20 30 40 50 60 70

HER-2/neu gene copy number
(FISH signals/cell)

HER-2/neu and hormone 
receptor-positive patients 

r = - 0.40,  p < 0.001 

HER-2/neu-positive patients
r = - 0.39,  p < 0.001 
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Konecny, Pauletti, Pegram, et al., JNCI 2003
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Downregulation of ER Expression by HER2

Pietras,…Pegram, et al., Oncogene 10: 2435-2446, (1995)



Fx + lap markedly inhibited the outgrowth
of HER2++/ER+ breast cancer cells. 

Simultaneous inhibition of HER2 and ER signaling prevents
the development of acquired resistance to lapatinib
in HER2-overexpressing/ER+ breast cancer cells

Cell proliferation with fulvestrant + 
lapatinib, compared to either alone2 

Xia W, et al. PNAS. 2006;103(20):7795-800.
(Neal Spector’s lab, Duke) 

DMSO = dimethyl sulfoxide; E2 = estradiol; Fx = fulvestrant; Lap = lapatinib; MAb = anti-HER2 monoclonal antibody. 

Combined Receptor Blockade Targeting HER2 and ER



Estrogen/HER2 receptor crosstalk in breast cancer: combination therapies to improve 
outcomes for patients with hormone receptor-positive/HER2-positive breast cancer

Pegram M, Jackisch C, Johnston S. NPJ Breast Cancer (2023)9:45.



Dual targeting of HER2 and HR confirmed to have significant
PFS benefit for MBC patients

AI, aromatase inhibitor; HER2, Human Epidermal Growth Factor Receptor 2; HR, hormone receptor; 
LABC, locally advanced breast cancer; LAP, lapatinib; MBC, metastatic breast cancer;
PERT, pertuzumab; PFS, progression-free survival; TRAS, trastuzumab. MBC, metastatic breast
cancer; PFS, progression-free survival. 

1. Kaufman, et al. J Clin Oncol. 2009;27(33):5529-37. 2. Johnston SRD, et al. J Clin 
Oncol. 2021;39(1):79-89.  3. Rimawi M, et al. J Clin Oncol. 2018;36:2826-35. 

AI+Tras            Tras/AI+/-Pert

LAP+/-Tras+AI



Progression-Free Survival (primary endpoint)

Hua X, et al. Clin Cancer Res. 2021 Nov 22;28(4):637–645.



CDK 4/6 inhibition + endocrine therapy + Tras Versus TPC (T-DM1, or Endocrine Rx + Tras, or Chemo* + Tras)

*GEM, NAV, CAPE, PAC, DOC or Eribulin

(PALBO)

F/U to Shom Goel – Overcoming Therapeutic Resistance in HER2-Positive Breast

Cancers With CDK4/6 Inhibitors. Cancer Cell. 2016 Mar 14;29(3):255-269.

N=73

HR=0.52; p=0.03

?Will this foreshadow PATINA



PATINA: Palbociclib in 1st-line HR+/HER2+ mBC as Maintenance Treatment1,2

*Patients received induction therapy for 4–8 cycles depending on tolerability. †Anti-HER2+ Therapy – Anti-HER2 treatment options are trastuzumab + pertuzumab or trastuzumab only (limited to 20% of study patients). 
The same anti-HER2-regimen should be used pre- and post- randomization. ‡Patients randomized immediately following completion of their induction therapy, or for those who have already completed indu ction, 
a gap of 12 weeks between their last infusion/dose of induction therapy and the C1D1 visit was permitted. Patients were eligi ble provided they were without evidence of disease progression by local assessment 

(i.e. CR, PR or SD). #Endocrine therapy options are either an aromatase Inhibitor or fulvestrant. Pre-menopausal women must receive ovarian suppression with a LHRH agonist if the patients have not 
documented ovarian ablation or bilateral oophorectomy before randomization or during the conduct of the study

C1D1 = cycle 1 day 1; CBR = clinical benefit rate; CDK = cyclin-dependent kinase; CR = complete response; CT = chemotherapy; DoR = duration of response; ET = endocrine therapy; HER2(+) = human epidermal 
growth factor receptor 2 (-positive); 
HR+ = hormone receptor-positive; LHRH = luteinizing hormone-releasing hormone; mBC = metastatic breast cancer; mPFS = median progression-free survival; ORR = objective response rate; OS = overall 

survival; PFS = progression-free survival; 
PIK3CA = phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha; PK = pharmacokinetic; PR = partial response; PRO = patient-reported outcome; SD = stable disease; Tx = treatment. 

1. ClinicalTrials.gov NCT02947685. https://www.clinicaltrials.gov/ct2/show/NCT02947685. 2. PATINA (ClinicalTrials.gov NCT02947685) Trial Protocol (data on file).

Primary Endpoint

PFS – 90% power for HR 0.667

Secondary Endpoints

OS, 3- and 5-year survival probability, 
ORR, DoR, CBR, Safety, PROs

Other Endpoints

PK, PIK3CA status, Tumor tissue 
biomarkers

1 2 3 4 5 6 7 8 X X X X

Control arm Up to 12 

weeks’ gap 
before 
C1D1‡

Pertuzumab ± trastuzumab + ET#

Study arm Pertuzumab ± trastuzumab + ET# + palbociclib

PATIENTS ENROLLED AFTER
CLINICAL BENEFIT ACHIEVED

Taxane/vinorelbine 
+ 

anti-HER2 therapy†
N=518

Key Eligibility Criteria

• Histologically confirmed

‒ HR+/HER2+ mBC

• Anti-HER2-based induction CT 
Tx prior to randomization*

• No prior Tx in advanced 
setting beyond induction Tx

• No prior Tx with a CDK4/6 
inhibitor

• No evidence of disease 
progression after induction Tx

TRIAL PFS ASSESSMENT PERIOD

INDUCTION PHASE MAINTENANCE PHASE

mPFS ASSUMPTION

13 months

20 months

The PATINA trial is a randomized Phase III pivotal registration trial designed to demonstrate that the 
combination of palbociclib with anti-HER2 therapy + endocrine therapy is superior to anti-HER2-based 
therapy + endocrine therapy alone in improving the outcomes of subjects with HR+/HER2+ mBC

Median # of cycles = 6            90% ET = AIs



Primary Endpoint: PFS 

(Investigator-Assessed)

Palbo + anti-HER2 

and ET

Anti-HER2 

and ET

Events 126/261 136/257

Median PFS, months (95% CI) 44.3 (32.4-60.9) 29.1 (23.3-38.6)

Hazard ratio (95% CI) 0.74 (0.58-0.94) 

Nominal 1-sided P value 0.0074

CI=confidence interval; ET=endocrine therapy; 

HER2=human epidermal growth factor receptor 2; 

palbo=palbociclib.
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Median follow-up on patients who are 

alive and disease-free, 52.6 months

Otto Metzger, et al. SABCS 2024.

OS analysis remains immature, with only
119 of 247 planned events observed to 
date; median OS (control arm) = 77 mos.



Otto Metzger, et al. SABCS 2024.



Caveats:
1. Randomization after a median of 6 cycles of chemo:
       - The real PFS from start of chemo would be even
          longer in PATINA
       - Yet, some patients progress during the
          chemo run-in; these patients no doubt
          have worse prognosis (not included in PATINA).

2. These data pre-date the anticipated results from
       DB-09, which has no real “maintenance” phase.
3. Febrile neutropenia not reported, ILD apparently
       not increased.
4. Will need FDA or guideline(s) nod for insurance
       authorization. 

Have we gotten it all wrong in HR+/HER2+ MBC?
Should we follow same paradigm as in HR+/HER2-neg dz?

Rapid progressors in
CLEOPATRA



• Ironically, brings together 
both drug classes (HER2-
directed therapies and CDK 
4/6 inhibitors) championed 
by Dennis Slamon. 



KEY TAKEAWAYS:
1.    A wealth of preclinical evidence highlights the role of ER and HER2 crosstalk in the
       development of resistance to both endocrine and anti-HER2 therapies, thus supporting
       the rationale for combined receptor blockade targeting the ER and HER2 as a treatment
       approach in breast cancer [Pegram M, et al. NPJ Breast Cancer. 2023 May 31;9(1):45].

2.    PATINA validates HER2/ER preclinical synergy data published by Richard Pietras at
       UCLA almost 30 years ago, and Shom Goel’s elegant experiments targeting CDK 4/6
       in HER2+ models, published in Cancer Cell 2016. Brings together both drug classes
       (HER2-directed and CDK 4/6 inhibition) championed by Dennis Slamon. 

3. In a nonrandomized “real-world” analysis of National Cancer Database patients with
       HR+/HER2+ mBC who were treated between 2010 and 2015, among 6234 patients analyzed,
       3770 (60.5%) of whom received ET and 2464 (39.5%) of whom received chemotherapy,
       multivariate analysis suggested that patients receiving ET plus anti-HER2 experienced
       improved OS compared with those receiving chemotherapy plus anti-HER2 (hazard ratio,
       0.74; p = 0.004). 

4. Taken together, these studies suggest the potential utility of combined receptor blockade
       targeting HER2 and ER as a chemotherapy-free option in selected patients with HR+/HER2+
       tumors. 



Questions/Comments
Debate/Discussion

Criticism
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Stanford University
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