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The Drug Development Continuum



What is a Phase III Clinical Trial?

• confirms and expands on the safety and effectiveness data from 
Phase I and II trials

• compares a new drug or treatment regimen to the current standard 
of care for the disease or condition being studied

• evaluates the overall risks and benefits of the drug

• recruits a large group of carefully defined subjects with the disease or 
condition, typically ranging from 1000-3000 participants

• provides a data set for the FDA to review when considering a drug for 
approval



FDA Approvals in Immunotherapy 2010-2016



Placebo Controlled Phase III Trial of Sipuleucel-T in 
Patients with Metastatic, Asymptomatic Hormone-

Refractory Prostate Cancer

• n = 127

• randomized at 2:1 ratio

• 3 infusions of sipuleucel-T or 
placebo every 2 weeks

• placebo patients allowed to 
cross over at PD

• primary endpoint of TTP

• 36-month follow up for OS
Small EJ et al J Clin Oncol 2006



Randomized, Placebo Controlled Phase III Trial of 
Sipuleucel-T in Patients with Metastatic, Asymptomatic 

Hormone-Refractory Prostate Cancer
Progression-Free Survival Overall Survival

median ratio of T cell stimulation pre-trt to 8W post-trt was 8X higher in Sipuleucel-T group: 16.9 v 1.99, p<0.001
adverse events: rigors, pyrexia, tremor, feeling cold

Small EJ et al J Clin Oncol 2006



A Randomized, Open Label Phase III Trial of T-VEC: 
Talimogene Laherparepvec in Advanced Melanoma

• unresected Stage 3B-4 melanoma

• randomized 2:1 to intralesional T-
VEC or SQ GM-CSF

• primary endpoint was DRR: 
objective response beginning 
within 12 months of starting 
treatment and lasting 6 months 
or longer

• secondary endpoints were ORR 
and OSAndtbacka RHI et al J Clin Oncol 2015



A Randomized, Open Label Phase III Trial of T-VEC: 
Talimogene Laherparepvec in Advanced Melanoma

Adverse events: chills, pyrexia, injection site pain, 
nausea, flu-like sx, fatigueAndtbacka RHI et al J Clin Oncol 2015



Immune Checkpoint Era

Ipilimumab/Tremelimumab pembrolizumab, nivolumab, atezolizumab, 
avelumab, durvalumab and many others

Toxicity:
immune related
adverse events

Ribas A NEJM 2012



A Phase 3 Clinical Trial of Ipilimumab, gp100
peptide vaccine, or Both in Patients with Previously
Treated Metastatic Melanoma

• n = 676

• HLA-A*0201

• randomized at 3:1:1 ratio

• ipi + gp100 v ipi v gp100

• ipi 3 mg/kg q 3w x 4 induction

• eligible patients could get re-
induced

• primary endpoint OS

• median OS < 1 year if distant 
mets

• only approved therapy 1st line

• no accepted SOC except 
clinical trial

• gp100 thus was active control

• no randomized study had ever 
shown OS benefit

Hodi FS et al NEJM 2010



A Phase 3 Clinical Trial of Ipilimumab, gp100 Peptide Vaccine, or Both in
Patients with Previously Treated Metastatic Melanoma

Ipi gp100 Ipi + gp100

mFU, mos 27.8 17.2 21.0

mOS, mos 10.1 6.4 10.0

mPFS, mos 2.86 2.76 2.76

12W PFS 57.7% 48.5% 49.1%

Hodi FS et al NEJM 2010

• Grade 3-4 irAEs in 10-15% ipi-treated 
patients and 3% gp100 alone-treated 
patients

• 14 deaths (2.1%)  r/t study treatment, 7 
associated with irAEs



Activity of Nivo Alone or with Ipi in Advanced 
Cancers

Topalian SL et al J Clin Oncol 2014 Wolchok JD et al NEJM 2015

Nivo Alone Nivo + Ipi



Raising the Tail of the Curve with 
Immunotherapy Combinations



Considerations for Phase III Clinical Trial 
Designs Unique to Immunotherapy

• durability of response and impact on overall survival dominates, with 
limited impact on ORR or PFS

• patients with disease progression by standard RECIST criteria may 
derive clinical benefit, with initial apparent progression followed by 
response—lead to development of irRECIST and iRECIST

• atypical response patterns may occur, with pseudoprogression, 
hyperprogression, and late responses possible

• side effect profile is distinct from standard cancer therapies

• targets a broad range of tumor types

• biomarker considerations may be complex



Three Pressing Challenges for the Field

1. Deepening Responses to SA Immunotherapy

2. Converting Non-Responders to Responders

3. Personalizing Immunotherapy 



The Immune System and Breast Cancer

Cold Hot

Gajewski TF Semin Oncol 2015 42: 663-71.
Herbst RS et al Nature 2014 515: 568-71.
Chen DS Mellman I Immunity 2013  39: 1-10.
Cimino-Mathews A/Emens LA, unpublished images.

• Poor prognostic factors (ERneg, PRneg, high grade, 
LN+)  are associated with higher T cell infiltrates at 
diagnosis

• Higher numbers of CD8+ TILs and a higher CD8+ T 
cell/FoxP3+ Treg ratio predict better clinical 
outcomes (cPR, DFS, OS), except for ER+ BC

• TNBC and HER-2+ breast cancers are high value 
targets for cancer immunotherapy

--Few approved targeted therapies for TNBC
--Potentially synergistic targeted therapies in

HER-2+ BC (trastuzumab, TDM-10)

• ER+ breast cancers present the challenge of 
transforming tumors from cold to hot

ER+ BC HER-2+ BC TNBC



Baseline Characteristics Patients (N = 115)

Median age (range) 53 y (29 to 82)

ECOG PS, 0 | 1 | 2 46% | 52% | 2%

Visceral metastatic sitesa 65%

Bone metastatic sitesb 30%

PD-L1 status on ICc

IC0/1 (< 5%) 33%

IC2/3 (≥ 5%) 63%

Median prior systemic therapies (range)d 7 (0 to 21)

Anthracycline | taxane 85% | 94%

Platinum | bevacizumab 58% | 21%

Current line of therapy,e 1L | 2L | 3L+ 17% | 24% | 58%

Schmid P, et al. AACR 2017 
Phase Ia Atezolizumab in TNBC

• Prior to receiving atezolizumab, most patients 
were heavily pretreated

• At data cutoff, median treatment duration was 
2.1 mo (range, 0.0-36.6)

• Median of 4 cycles (range, 1-45)

1L, first line; 2L, second line; 3L, third line. a Includes lung, liver, adrenal and pelvis metastatic sites. b Includes bone and other sites. 
c Four patients (4%) had unknown IC status. d Refers to all treatment settings. e Refers to treatment in metastatic setting only. 
Data cutoff: March 31, 2016. 

Atezolizumab Monotherapy in Metastatic TNBC:
Patient Population

Patients without RECIST 
measurable disease at 
baseline were excluded

Safety-Evaluable Patients 
Received ≥ 1 dose of atezolizumab

(N = 115)

Efficacy-Evaluable Patients
Had ≥ 12 weeks of follow-up

(n = 113)

Objective Response–
Evaluable Patients

(n = 112)

Emens LA et al JAMA Oncol 2018



Atezolizumab Monotherapy in Metastatic TNBC

Clinical benefit was observed 
in some patients with RECIST v1.1 
SD or PD status

Criteria Median DOR 
(range)

Median PFS 
(95% CI)

RECIST v1.1 21 mo
(3 to 38+)

1.4 mo
(1.3, 1.6)

irRC 25 mo
(3 to 42+)

1.9 mo
(1.4, 2.6)

Overall TNBC cohort

Emens LA et al JAMA Oncol 2018



TNBC Response Rates to Atezolizumab by 
Subgroup

Emens LA et al JAMA Oncol 2018



Atezolizumab Monotherapy and Overall Survival of 
TNBC Patients by PD-L1 Subgroup

Emens LA et al JAMA Oncol 2018



Atezolizumab Monotherapy and Overall Survival of 
TNBC Patients: Line of Treatment

Emens LA et al JAMA Oncol 2018



No. At Risk: 
IC2/3  71 49 40 28 21 14 7 6 6 4 3 2 1
IC0/1  38 29 22 15 9 4

OS Based on PD-L1 Status

a Four patients had unknown PD-L1 status. Median survival follow-up (range) was 15.2 mo (0.4+ to 36.7) in all patients, 17.0 mo (0.43+ to 
36.7) in IC2/3 patients and 12.8 mo (0.8+ to 16.9) in IC0/1 patients. Median TIL level based on median TIL. a Samples unevaluable for TIL 
assessments (6 per RECIST v1.1 and 5 per irRC) are not included. Objective response–evaluable population includes patients with 
unevaluable response assessments (16 per RECIST v1.1 and 23 per irRC). Log-rank (Mantel-Cox) P value is exploratory. Data cutoff: March 
31, 2016.

Overall Survival by PD-L1 and TIL Status 

1-y OS: 37%

1-y OS: 45%

2-y OS: 28%

3-y OS: 28%

Time (months)

PD-L1 Status
■ IC2/3 (n = 71)
■ IC0/1 (n = 38)

O
ve

ra
ll 

Su
rv

iv
al

No. At Risk: 
> 10%  53 45 37 35 30 25 19 13 10 5 4 4 4 3 3 2 2 2 1
≤ 10%  56 45 33 27 16 14 11 7 5 2 2 2 2 1 1 1

Time (months)

O
ve

ra
ll 

Su
rv

iv
al

OS Based on TIL Status*

TIL Levelsa

■ > 10% (n = 53)
■ ≤ 10% (n = 56)

Emens LA et al JAMA Oncol 2018

P=0.0028

mOS 6.6mo vs 12.6 mo



• Median OS was 9.3 mo (95% CI: 7.0, 12.6) in all patientsa

• Landmark OS rates (95% CI) were: 41% (31, 51) at 1 year, and 22% (12, 32) at both 2 and 3 years

• Pseudo-progression was observed in patients with RECIST PD and long-term OS

No. At Risk: 
CR/PR 15 15 14 14 12 10 6 6 6 4 3 2 1

SD  19 18 17 10 6 5 1
PD  55 40 30 28 11 3

3-y OS: 100%

1-y OS: 33%

1-y OS: 51%

2-y OS: 100%1-y OS: 100%
irRC Criteria

Time (months)

irRC Responseb

■ CR/PR (n = 15)
■ SD (n = 19)
■ PD (n = 55)

a Median survival follow-up (range) was 15.2 mo (0.4+ to 36.7) in all patients, 17.0 mo (0.43+ to 36.7) in IC2/3 patients and 12.8 mo

(0.8+ to 16.9) in IC0/1 patients. b Patients included in the Kaplan-Meier plots were alive for ≥ 6 weeks. Data cutoff: March 31, 2016. 

Overall Survival by Response Status 
(RECIST v1.1 and irRC)

No. At Risk: 
CR/PR 11 11 10 10 8 6 3 3 3 2 1

SD  15 15 14 8 6 5 1
PD  70 53 41 27 16 7 3 3 3 2 2 2 1

1-y OS: 100%

11%
3-y OS: 11%

1-y OS: 33%

1-y OS: 69%

2-y OS: 100%

2-y OS: 11%
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rv
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al

Time (months)
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ve
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ll 
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rv

iv
alRECIST Responseb

■ CR/PR (n = 11)
■ SD (n = 15)
■ PD (n = 70)

RECIST v1.1 Criteria

Emens LA et al JAMA Oncol 2018



KEYNOTE-086: Phase 2 Study of Pembrolizumab 
Monotherapy in Metastatic TNBC

Previously Treated
Any PD-L1 Expression

Cohort A

First Line
PD-L1+ 

Cohort B

All* 
(n=170)

PD-L1+
(n=105)

PD-L1-
(n=64)

PD-L1+
(n=52)

ORR, % 4.7% 4.8% 4.7% 23.1%

DCR, % 7.6% 9.5% 4.6%

CR, n 1 1 0

PR, n 7 4 3

SD, n 35 22 12

PD-L1 is an imperfect biomarker.
Context is important.

Adams S et al ASCO 2017, SABCS 2017

C o h o r t  A C o h o r t  B
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<0.001
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Cohort B

*1 patient was PD-L1 unknown



R e s p o n d e r N o n re s p o n d e r
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<0.001
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Combined Cohorts

n

Median 
(IQR)
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10%
(5-30)
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0.062

Cohort A

Responder R e s p o n d e r N o n re s p o n d e r
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11

50%
(35-70)

35

15%
(5-40)

0.009
Loi S et al ESMO 2017

KEYNOTE-086: Phase 2 Study of Pembrolizumab in 
Metastatic TNBC

sTILs are an imperfect biomarker. Context is important.



Three Pressing Challenges for the Field

1. Deepening Responses to SA Immunotherapy

2. Converting Non-Responders to Responders

3. Personalizing Immunotherapy 



One Framework for Personalizing Breast Cancer Immunotherapy
Patterns of T Cell Infiltration 

Non-inflamed Inflamed

Gajewski TF Semin Oncol 2015 42: 663-71.
Herbst RS et al Nature 2014 515: 568-71.
Chen DS Mellman I Immunity 2013  39: 1-10.
Cimino-Mathews A/Emens LA, unpublished images.

Chemotherapy, XRT
HER-2-directed antibodies
Vaccines, STING agonists

Anti-PD-1/PD-L1
IDO inhibition
A2AR inhibition



Combination of PD-1/PD-L1 Blockade with 
Standard Chemotherapy in TNBC

Atezolizumab with Nab-Paclitaxel

Taxane+Atezolizumab (ORR 41.7%)

--antigen release
--signal through TLR-4
--augment DC activity and Ag    

presentation

Eribulin+Pembrolizumab (ORR 26.4%)
(29.2% ORR 1st line, 22% 2nd/3rd line)

--antigen release
--decreases Tregs
--decreases M2 macrophages  

Adams S et al JAMA Oncol 2018
Tolaney S SABCS 2016, 2017

N = 107 (66/41)

N = 24 



IMpassion130: A global, randomised, double-blind, Phase III study of 
atezolizumab + nab-paclitaxel vs placebo + nab-paclitaxel in 

treatment-naive locally advanced or metastatic triple-negative 
breast cancer

Schmid P/Emens LA et al NEJM 2018



Schmid P/Emens LA et al NEJM 2018



Schmid P/Emens LA et al NEJM 2018



Atezolizumab + Nab-Paclitaxel: Clinically Meaningful 
Efficacy in PD-L1+ Patients

Schmid P/Emens LA et al NEJM 2018
Emens LA/Schmid P et al SABCS 2018



No Benefit for Atezolizumab + Nab-Paclitaxel in 
PD-L1- Patients

Emens LA et al SABCS 2018



Schmid P/Emens LA et al NEJM 2018



Schmid P/Emens LA et al NEJM 2018



Schmid P/Emens LA et al NEJM 2018



Schmid P/Emens LA et al NEJM 2018



Schmid P/Emens LA et al NEJM 2018



IMpassion130 Biomarker Analyses

Emens LA et al SABCS 2018



PD-L1 is Expressed Primarily on Tumor Infiltrating 
Immune Cells in mTNBC

Emens LA et al SABCS 2018



Consistent Clinical Benefit for Atezolizumab + Nab-
Paclitaxel was Observed Across All PD-L1 IC Subgroups

Emens LA et al SABCS 2018



CD8+ T Cells Predict Clinical Benefit Only in PD-L1 IC+ 
Patients

Emens LA et al SABCS 2018



Stromal TILs Predict Clinical Benefit Only in PD-L1 IC+ 
Patients

Emens LA et al SABCS 2018



Clinical Benefit Derived by PD-L1 IC+ Patients is 
Independent of Their BRCA 1/2 Mutation Status

Emens LA et al SABCS 2018



Summary of IMpassion130 Results

Schmid P/Emens LA et al NEJM 2018
Emens LA/Schmid P et al SABCS 2018



PANACEA: A Phase 1b/2 Trial of Pembrolizumab and 
Trastuzumab in Patients with TrastuzumabR Metastatic 

HER-2+ Breast Cancer 
PD-L1+ Cohort (n = 44)

PD-L1+ (n = 46) PD-L1- (n = 12)

ORR 15.2% (7/46) 0

DCR 24% (11/46) 0

CR 2 -

PR 5 -

SD 7 2

Response Rates by RECISTv1.1

Loi S et al SABCS 2017



PANACEA: A Phase 1b/2 Trial of Pembrolizumab and 
Trastuzumab in Patients with TrastuzumabR Metastatic 

HER-2+ Breast Cancer 

O
S

Loi S et al SABCS 2017



KATE2: A randomized Phase II study of atezolizumab + 
trastuzumab emtansine (T-DM1) vs placebo + T-DM1 
in previously treated HER2+ advanced breast cancer

Emens LA et al SABCS 2018



Emens LA et al SABCS 2018



Emens LA et al SABCS 2018



Emens LA et al SABCS 2018



Conclusions
• Breast cancer can be immunogenic, most breast tumors are not

• Standard cancer therapies can be safely combined with immunotherapy, and may 
augment clinical efficacy

• Atezolizumab combined with nab—paclitaxel is well-tolerated in advanced mTNBC

• Atezolizumab plus nab-paclitaxel confers a PFS and OS benefit in PD-L1+ mTNBC
patients, and is a new standard of care for first-line therapy

• Adding Atezolizumab to trastuzumab or T-DM1 is safe and may confer clinical 
benefit in advanced HER-2+ breast cancer

• PD-L1 is emerging as a reliable predictive biomarker in metastatic breast cancer

• We need to do smart trials that both prioritize the most promising immunotherapy 
combinations for testing in patients, and elucidate immunologic mechanisms of 
response and resistance in patients 
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