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N Engl J Med 2022;386(4):351-63

Tilly H et al. ASH 2021;LBA-1



POLARIX: Investigator-Assessed Progression-Free Survival 
(Primary Endpoint)

Estimated 2-yrs PFS: 76.7% vs 70.2%

Tilly H et al. N Engl J Med 2022;386(4):351-63.



J Clin Oncol 2020;38(2):155-65.



Polatuzumab Vedotin with Bendamustine/Rituximab (BR) for 
Transplant-Ineligible R/R DLBCL: End-of-Treatment Complete 
Response Rate

Sehn LH et al. J Clin Oncol 2020;38(2):155-65.



Polatuzumab Vedotin with BR for Transplant-Ineligible R/R 
DLBCL: Overall Survival

Sehn LH et al. J Clin Oncol 2020;38(2):155-65.



ZUMA-12 Study Demonstrates 78% Complete Response Rate as Part of 
First-Line Treatment in Newly Diagnosed High-Risk Large B-Cell Lymphoma
December 13, 2021 
“Primary results were announced from ZUMA-12, a global, multicenter, single-arm, open-label Phase 2 
study evaluating axicabtagene ciloleucel as part of first-line treatment in patients with high-risk large 
B-cell lymphoma (LBCL). This is the first study to evaluate CAR T-cell therapy as part of first-line 
therapy in high-risk LBCL. The study is based on the desire to utilize potential curative treatment as 
quickly as possible and the hypothesis that earlier use of CAR T-cell therapy when T cells are healthier 
may produce better outcomes. The data were presented in an oral session during the 63rd American 
Society of Hematology (ASH) Annual Meeting & Exposition (Abstract #739). 

After a single infusion of axicabtagene ciloleucel, 89% of evaluable patients achieved a response (ORR) 
(n=37 evaluable for efficacy), including 78% of patients with a complete response (CR) at a median 
follow-up of 15.9 months. CR rate was consistent among key subgroups. Among evaluable patients, 
median time to response was one month. At time of data cut-off, 73% of evaluable patients had 
ongoing responses. Medians for duration of response (DOR), event-free survival (EFS), and 
progression-free survival (PFS) were not yet reached, with 12-month estimates of 81%, 73%, and 75%, 
respectively, and an estimated 12-month OS rate of 91%.”

https://www.gilead.com/news-and-press/press-room/press-releases/2021/12/yescarta-zuma12-study-demonstrates-
78-complete-response-rate-as-part-of-firstline-treatment-in-newly-diagnosed-highrisk-large-bcell-lymphoma



Primary Analysis of ZUMA-12: A Phase 2 Study 
of Axicabtagene Ciloleucel (Axi-Cel) as First-Line 
Therapy in Patients with High-Risk Large B-Cell 
Lymphoma (LBCL) 
Neelapu SS et al. 
ASH 2021;Abstract 739.



Neelapu SS et al. ASH 2021;Abstract 739.

Primary Analysis of ZUMA-12: A Phase II Study of Axicabtagene
Ciloleucel as First-Line Therapy for High-Risk Large B-Cell Lymphoma



FDA Approves Lisocabtagene Maraleucel for R/R Large B-Cell 
Lymphoma
Press Release – February 5, 2021

“The Food and Drug Administration approved lisocabtagene maraleucel for the treatment of 
adult patients with relapsed or refractory (R/R) large B-cell lymphoma after two or more lines of 
systemic therapy, including diffuse large B-cell lymphoma (DLBCL) not otherwise specified 
(including DLBCL arising from indolent lymphoma), high-grade B-cell lymphoma, primary 
mediastinal large B-cell lymphoma, and follicular lymphoma grade 3B. 

Lisocabtagene maraleucel is a CD19-directed chimeric antigen receptor (CAR) T cell 
immunotherapy. It consists of autologous T cells that are genetically modified to produce a CAR 
protein, allowing the T cells to identify and eliminate CD19-expressing normal and malignant 
cells.

Efficacy was evaluated in TRANSCEND (NCT02631044), a single-arm, open label, multicenter trial 
that evaluated lisocabtagene maraleucel, preceded by lymphodepleting chemotherapy, in adults 
with R/R large B-cell lymphoma after at least two lines of therapy.”

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-lisocabtagene-maraleucel-relapsed-
or-refractory-large-b-cell-lymphoma



Long-Term (4- and 5-Year) Overall Survival in 
ZUMA-1, the Pivotal Study of Axicabtagene
Ciloleucel (Axi-Cel) in Patients with Refractory 
Large B-Cell Lymphoma (LBCL) 

Jacobson C et al.
ASH 2021;Abstract 1764.



Jacobson C et al. ASH 2021;Abstract 1764.

ZUMA-1: Five-Year Update

5-Yr OS Rate: 42.6%
5-Yr OS Rate in Complete Responders: 64.4% 

• Median time to next cancer therapy: 8.7 months
• Safety findings were similar to those in previous reports



Locke FL et al. ASH 2021;Abstract 2.

N Engl J Med 2021;[Online ahead of print].



Locke FL et al. N Engl J Med 2021;[Online ahead of print].

ZUMA-7: Event-Free Survival



ZUMA-7: Event-Free Survival Subgroup Analysis

Tilly H et al. N Engl J Med 2021;[Online ahead of print].



ZUMA-7: Overall Survival

Tilly H et al. N Engl J Med 2021;[Online ahead of print].



N Engl J Med 2021;[Online ahead of print].

Bishop MR et al. ASH 2021;Abstract LBA-6.



BELINDA: Event-Free Survival (Primary Endpoint) 

Bishop MR et al. N Engl J Med 2021;[Epub ahead of print].





TRANSFORM: Event-Free Survival per Independent Review 
Committee (ITT, Primary Endpoint)

Kamdar M et al. ASH 2021;Abstract 91.



FDA Grants Accelerated Approval to Loncastuximab Tesirine-lpyl for 
Large B-Cell Lymphoma
Press Release – April 23, 2021

“The Food and Drug Administration granted accelerated approval to loncastuximab tesirine-lpyl, a 
CD19-directed antibody and alkylating agent conjugate, for adult patients with relapsed or 
refractory large B-cell lymphoma after two or more lines of systemic therapy, including diffuse 
large B-cell lymphoma (DLBCL) not otherwise specified, DLBCL arising from low grade lymphoma, 
and high-grade B-cell lymphoma.

Approval was based on LOTIS-2 (NCT03589469), an open-label, single-arm trial in 145 adult 
patients with relapsed or refractory DLBCL or high-grade B-cell lymphoma after at least two prior 
systemic regimens. Patients received loncastuximab tesirine-lpyl 0.15 mg/kg every 3 weeks for 2 
cycles, then 0.075 mg/kg every 3 weeks for subsequent cycles. Patients received treatment until 
progressive disease or unacceptable toxicity.”

www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-loncastuximab-tesirine-lpyl-large-b-cell-lymphoma



Lancet Oncol 2021;22(6):790-800



Mechanism of Action of Loncastuximab Tesirine

Hamadani M et al. ASCO 2021; 
Abstract TPS7574.



LOTIS-2: Response and Survival with Loncastuximab Tesirine
for R/R DLBCL

Response As-treated population (N = 145)

Overall response rate 70/145 (48.3%)

Complete response rate 35/145 (24.1%)

Complete response 35 (24%)

Partial response 35 (24%)

Stable disease 22 (15%)

Progressive disease 30 (21%)

Not evaluable 23 (16%)

Survival As-treated population (N = 145)

Median progression-free survival 4.9 months

Median overall survival 9.9 months

Caimi PF et al. Lancet Oncol 2021;22(6):790-800.



LOTIS-2: Common Treatment-Emergent AEs

Treatment-Emergent AEs Grade 1-2 Grade 3-4

Anemia 16% 10%

Thrombocytopenia 15% 18%

Neutropenia 14% 26%

Leukopenia 6% 9%

Caimi PF et al. Lancet Oncol 2021;22(6):790-800.



Lancet Oncol 2020;21(7):978-88



L-MIND: Best Objective Response According to Independent 
Radiology Committee or Clinical Review Committee

Salles G et al. Lancet Oncol 2020;21(7):978-88.



Agenda

Module 1: Diffuse Large B-Cell Lymphoma (DLBCL)

Module 2: Chronic Lymphocytic Leukemia (CLL)

Module 3: Hodgkin Lymphoma

Module 4: Mantle Cell Lymphoma

Module 5: Follicular Lymphoma (FL)



J Clin Oncol 2021;39(36):4049-60



CLL14 Update: Progression-Free Survival 

Al-Sawaf O et al. J Clin Oncol 2021;39(36):4049-60.

Time in Months from Randomization

Median F/U: 52.4 months

Ven-Obi
(n = 216)

Clb-Obi
(n = 216)

Median PFS Not reached 36.4 mo

HR: 0.33, p < 0.0001

PFS significantly longer for Ven-Obi in patients with 
TP53 aberrations and for those with and without 
IGHV mutations



CLL14 Update: Minimum Residual Disease (MRD) Status by Next-
Generation Sequencing 2 Months After Completion of Treatment

Al-Sawaf O et al. J Clin Oncol 2021;39(36):4049-60.



A Randomized Phase III Study of Venetoclax-Based
Time-Limited Combination Treatments (RVe, GVe, GIVe) 
vs Standard Chemoimmunotherapy (CIT: FCR/BR) in 
Frontline Chronic Lymphocytic Leukemia (CLL) of Fit 
Patients: First Co-Primary Endpoint Analysis of the 
International Intergroup GAIA (CLL13) Trial

Eichhorst B et al.
ASH 2021;Abstract 71.



GAIA/CLL13 Coprimary Endpoint: Undetectable MRD (uMRD)
(<10-4) at Month 15 in Peripheral Blood by 4-Color Flow

CIT 
• BR >65
• ≤FCR 65

RVe
Rituximab/venetoclax

GVe
Obinutuzumab/venetoclax

GIVe
Obinutuzumab/ibrutinib/venetoclax

Eichhorst B et al. ASH 2021;Abstract 71.



ASH 2021;Abstract 70.



GLOW: IRC-Assessed PFS

Munir T et al. ASH 2021;Abstract 70.

30-month PFS: 80.5% for Ibr+Ven vs 35.8% for Clb+O



GLOW: uMRD Rate <10-4

Munir T et al. ASH 2021;Abstract 70.



Long-Term Results of Alliance A041202 Show
Continued Advantage of Ibrutinib-Based Regimens
Compared with Bendamustine Plus Rituximab (BR)
Chemoimmunotherapy
Woyach JA et al.
ASH 2021;Abstract 639.



Alliance A041202: Progression-Free Survival 

Woyach JA et al. ASH 2021;Abstract 639.

Pairwise
comparisons

Hazard
ratio p-value

I vs BR 0.36 <0.0001

IR vs BR 0.36 <0.001

IR vs I 0.99 0.96



Leukemia 2022;[Online ahead of print].



ELEVATE-TN: Investigator-Assessed PFS (Overall) 

4-Year Follow-Up

Sharman JP et al. Leukemia 2022;[Online ahead of print].



J Clin Oncol 2021;39(31):3441-52



ELEVATE-RR: Independent Review Committee-Assessed PFS

Byrd JC et al. J Clin Oncol 2021;39(31):3441-52.



ELEVATE-RR: Characterization of Adverse Events with 
Acalabrutinib versus Ibrutinib 

Seymour JF et al. ASH 2021;Abstract 3721.



New Acalabrutinib Formulation Enables 
Co-Administration with Proton Pump 
Inhibitors and Dosing in Patients Unable 
to Swallow Capsules (ELEVATE-PLUS)
Shringi Sharma, Xavier Pepin, Harini Burri, Lianqing Zheng, Nataliya Kuptsova-Clarkson, Anouk de 
Jong, Ting Yu, Holly L MacArthur, Michal Majewski, Joseph A Ware, James Mann, David Ramies, 
Veerendra Munugalavadla, Louise Sheridan, Helen Tomkinson

ASH 2021;Abstract 605.MOLECULAR PHARMACOLOGY AND DRUG 
RESISTANCE: LYMPHOID NEOPLASMS| NOVEMBER 5, 2021



First Interim Analysis of Alpine Study: Results of a 
Phase 3 Randomized Study of Zanubrutinib vs 
Ibrutinib in Patients with Relapsed/Refractory
Chronic Lymphocytic Leukemia/Small Lymphocytic 
Lymphoma
Hillmen P et al.
EHA 2021;Abstract LBA1900.



ALPINE: Response and Investigator-Assessed PFS

Hillmen P et al. EHA 2021;Abstract LBA1900.

Months from Randomization

Zanubrutinib
(n = 207)

Ibrutinib
(n = 208)

12-month event-free rate 94.9% 84.0%

HR: 0.40, p = 0.0007

ORR 78.3% 62.5%

ORR for del(17p) 83.3% 53.8%



ALPINE: Adverse Events of Special Interest

Hillmen P et al. EHA 2021;Abstract LBA1900.



Ibrutinib plus Rituximab Is Superior to FCR in
Previously Untreated CLL: Results of the Phase III 
NCRI FLAIR Trial

Hillmen P et al.
ASH 2021;Abstract 642.



NCRI FLAIR: Progression-Free Survival

Hillmen P et al. ASH 2021;Abstract 642.

(N = 385)
(N = 386)



FDA Has Placed a Partial Clinical Hold on Some Combination 
Candidate Studies for Leukemia and Lymphoma
Press Release – January 27, 2022

The FDA placed partial holds on studies of the U2 combination umbralisib and ublituximab
for chronic lymphocytic leukemia (CLL) and non-Hodgkin lymphoma (NHL).

The updated overall survival (OS) preliminary results from the UNITY-CLL study showed 
improvement. The OS hazard ratio was 1.23, and, including COVID-19-related deaths, the 
ratio reached 1.04.

An OS hazard ratio above 1.00 implies a risk that the investigational therapy might be 
causing harm.

No new patients can be enrolled in some CLL and NHL trials, but those deriving a benefit 
may continue with consent.

https://www.yahoo.com/now/tg-therapeutics-falls-30-ceo-173034141.html



Efficacy and Safety of Ublituximab in Combination 
with Umbralisib (U2) in Patients with Chronic 
Lymphocytic Leukemia (CLL) By Treatment Status: 
A Sub-Analysis of the Phase 3 Unity-CLL Study 

Jacobs R et al.
ASH 2021;Abstract 3726.



Umbralisib: A Selective Inhibitor of PI3Kδ and CK1ε

Jacobs R et al. ASH 2021;Abstract 3726.



Ublituximab: A Novel Glycoengineered Anti-CD20 Monoclonal Antibody

Jacobs R et al. ASH 2021;Abstract 3726.



UNITY-CLL: IRC-Assessed PFS by Treatment Status

Jacobs R et al. ASH 2021;Abstract 3726.



UNITY-CLL: Adverse Events (AEs) of Clinical Interest

Jacobs R et al. ASH 2021;Abstract 3726.



Pirtobrutinib, a Next Generation, Highly Selective, 
Non-Covalent BTK Inhibitor in Previously Treated 
CLL/SLL: Updated Results from the Phase 1/2 
BRUIN Study 

Mato AR et al.
ASH 2021;Abstract 391.



BRUIN: Pirtobrutinib Efficacy in Patients with BTK-Pretreated 
CLL or Small Lymphocytic Lymphoma (SLL)

Mato AR et al. ASH 2021;Abstract 391.



BRUIN: Pirtobrutinib Safety Profile

Mato AR et al. ASH 2021;Abstract 391.



Nature 2022;[Online ahead of print].



Analysis of CD3+ CAR+ T Cells Using CyTOF Across Multiple Time
Points

Melenhorst JJ et al. Nature 2022;[Online ahead of print].

“Here we studied long-lasting CD19-redirected chimeric antigen 
receptor (CAR) T cells in two patients with chronic lymphocytic 
leukaemia who achieved a complete remission in 2010.
CAR T cells remained detectable more than ten years after 
infusion, with sustained remission in both patients. Notably, a 
highly activated CD4+ population emerged in both patients, 
dominating the CAR T cell population at the later time points…
…Our identification and characterization of these unexpected
CAR T cell populations provide novel insight into the CAR T cell 
characteristics associated with anti-cancer response and long-
term remission in leukaemia.”



Blood 2021;[Online ahead of print].



TRANSCEND CLL 004: Rates of Cytokine Release Syndrome (CRS), 
Neurologic Events (NE) and Rehospitalization After Liso-cel Infusion

Siddiqi T et al. Blood 2021;[Online ahead of print].

All patients
(N = 23)

Dose level 1
50 x 106

(n = 9)

Dose level 2
100 x 106

(n = 14)

CRS any grade 17 (74%) 7 (78%) 10 (71%)

CRS Grade ≥3 2 (9%) 0 2 (14%)

NE any grade 9 (39%) 2 (22%) 7 (50%)

NE Grade ≥3 5 (21%) 2 (22%) 2 (14%)

Reasons for patient rehospitalization

Adverse events 11 (48%) 3 (33%) 8 (57%)

CRS and/or NE 5 (22%) 1 (11%) 4 (29%)

CRS and NE 2 (9%) 0 2 (14%)

NE only 3 (13%) 1 (11%) 2 (14%)



TRANSCEND CLL 004: Response and uMRD (10-4) Rates

Siddiqi T et al. Blood 2021;[Online ahead of print].



TRANSCEND CLL 004: Swim Lane Plot, Duration of Response and PFS

Siddiqi T et al. Blood 2021;[Online ahead of print].
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Lancet Haematol 2021;8(6):e410-21 



Straus DJ et al. Lancet Haematol 2021;8(6):e410-21.

ECHELON-1: Five-Year Update

5-Yr PFS Rate
A + AVD 82.2%
ABVD 75.3%

• Five-year PFS was higher with brentuximab vedotin with doxorubicin, vinblastine and dacarbazine 
(A + AVD) than with doxorubicin, bleomycin, vinblastine and dacarbazine (ABVD) for both PET-2-
negative and PET-2-positive patients. 

• Peripheral neuropathy continued to improve or resolve over time with both A + AVD and ABVD; 
more patients had ongoing peripheral neuropathy in the A + AVD group than in the ABVD group 
(19% vs 9%).



Brentuximab Vedotin Combination Significantly Improves Overall 
Survival in Newly Diagnosed Patients with Advanced Hodgkin 
Lymphoma
Press Release – February 3, 2022

“The phase 3 ECHELON-1 clinical trial demonstrated a statistically significant improvement in 
overall survival (OS) (p=0.009) in patients with advanced classical Hodgkin lymphoma (cHL) 
following treatment with brentuximab vedotin in combination with chemotherapy. With 
approximately six years median follow up, patients receiving brentuximab vedotin plus 
doxorubicin, vinblastine, and dacarbazine (A+AVD) in the frontline setting had a 41 percent 
reduction in the risk of death (HR 0.59; [95% CI: 0.396 to 0.879]) compared with patients receiving 
doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD). The safety profile of brentuximab 
vedotin was consistent with previous studies and no new safety signals were observed.”

https://investor.seagen.com/press-releases/news-details/2022/ADCETRIS-Combination-Significantly-Improves-Overall-
Survival-in-Newly-Diagnosed-Patients-with-Advanced-Hodgkin-Lymphoma/default.aspx



J Clin Oncol 2021;[Online ahead of print].



Multicenter Pilot Study of Brentuximab Vedotin (BV) and AVD with 
or without Consolidative Radiation Therapy for Early-Stage, 
Unfavorable-Risk Hodgkin Lymphoma

• Patients who achieved a negative end-of-therapy (EOT) PET-4 scan after 4 cycles of BV + AVD 
were studied with de-escalating radiation dose and field.

Kumar A et al. J Clin Oncol 2021;[Online ahead of print].

Clinical endpoint

Cohort 1
30-Gy ISRT

(n = 29)

Cohort 2
20-Gy ISRT

(n = 29)

Cohort 3
30-Gy CVRT

(n = 29)

Cohort 4
No radiation

(n = 29)
All patients

(n = 114)

EOT CR rate 27 (93%) 29 (100%) 27 (93%) 28 (97%) 111 (96%)

2-year PFS rate 93.1% 96.6% 89.7% 96.6% 94%

“BV + AVD x four cycles is a highly active and well-tolerated treatment program for ES, 
unfavorable-risk Hodgkin lymphoma, including bulky disease. The efficacy of BV + AVD supports 
the safe reduction or elimination of consolidative radiation among PET-4–negative patients.”



Lancet Oncol 2021;22(4):512-24.



KEYNOTE-204: Interim Analysis

Kuruvilla J et al. Lancet Oncol 2021;22(4):512-24.

• The most common Grade 3-5 treatment-related AEs (TRAEs) in the pembrolizumab and brentuximab vedotin
study arms included pneumonitis (4% vs 1%), neutropenia (2% vs 7%) and peripheral neuropathy (1% vs 3%).

• Serious TRAEs occurred in 16% of patients receiving pembrolizumab and 11% of patients receiving 
brentuximab vedotin. 

(n=151)
(n=153)

Median PFS: 13.2 mo

Median PFS: 8.3 mo
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FDA Approves Brexucabtagene Autoleucel for Relapsed or Refractory 
Mantle Cell Lymphoma
Press Release – July 24, 2020

“The Food and Drug Administration granted accelerated approval to brexucabtagene autoleucel, a 
CD19-directed genetically modified autologous T cell immunotherapy, for the treatment of adult 
patients with relapsed or refractory mantle cell lymphoma (MCL).

Approval was based on ZUMA-2 (NCT02601313), an open-label, multicenter, single-arm trial of 74 
patients with relapsed or refractory MCL who had previously received anthracycline- or 
bendamustine-containing chemotherapy, an anti-CD20 antibody, and a Bruton tyrosine kinase 
inhibitor. Patients received a single infusion of brexucabtagene autoleucel following completion of 
lymphodepleting chemotherapy. The primary efficacy outcome measure was objective response 
rate (ORR) per Lugano [2014] criteria as assessed by an independent review committee.”

www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-brexucabtagene-autoleucel-relapsed-or-refractory-
mantle-cell-lymphoma



N Engl J Med 2020;382(14):1331-42 



ZUMA-2: Response Rates, Survival and Select Safety Outcomes 
with Brexucabtagene Autoleucel for Mantle Cell Lymphoma

Wang M et al. N Engl J Med 2020;382(14):1331-42. 

Survival and Safety 
Outcomes

12-mos PFS 61%

12-mos OS 83%

≥Grade 3 CRS 15%

≥Grade 3 Neurologic events 31%



Agenda

Module 1: Diffuse Large B-Cell Lymphoma (DLBCL)

Module 2: Chronic Lymphocytic Leukemia (CLL)

Module 3: Hodgkin Lymphoma

Module 4: Mantle Cell Lymphoma 

Module 5: Follicular Lymphoma (FL)



Lancet Oncol 2020;21(11):1433-42



Response to Tazemetostat in Patients with R/R FL and an EZH2 
Mutation or EZH2 Wild-Type Tumors

Morschhauser F et al. Lancet Oncol 2020;21(11):1433-42.

EZH2mut
ORR: 69%

EZH2WT
ORR: 35%



Approved PI3K Inhibitors for FL: Indication and Dosing

Idelalisib1 Copanlisib2 Duvelisib3 Umbralisib4

Mechanism 
of action Selective PI3Kδ inhibitor Dual inhibitor of PI3Kδ,α Dual inhibitor of 

PI3Kδ,γ
Dual inhibitor of PI3Kδ
and casein kinase CK1ε

Indication Relapsed FL after at least 2 
prior systemic therapies

Relapsed FL after at least 2 
prior systemic therapies

R/R FL after at least 2 
prior systemic 
therapies

R/R FL after at least 3 
prior systemic 
therapies

Dosing 150 mg orally, twice daily
60 mg as a 1-hour IV 
infusion weekly (3 weeks 
on, 1 week off)

25 mg orally, twice 
daily

800 mg orally, once 
daily 

1 Gopal AK et al. N Engl J Med 2014;370(11):1008-18; Idelalisib package insert, January 2018.
2 Dreyling M et al. J Clin Oncol 2017;35(35):3898-905; Copanlisib package insert, September 2017.
3 Flinn IW et al. J Clin Oncol 2019;[Epub ahead of print]; Zinzani PL et al. EHA 2017;Abstract S777; Duvelisib package insert, 
September 2018. 4 Umbralisib package insert, February 2021.



Duvelisib Indication in R/R FL Withdrawn
Press Release – December 6, 2021

“A United States indication for duvelisib in previously treated relapsed/refractory follicular lymphoma 
has been voluntarily withdrawn by developer Secura Bio following an assessment of the drug and 
subsequent consultation with the FDA. 

Secura Bio has voluntarily withdrawn an indication for duvelisib in the United States for the treatment of 
patients with relapsed/refractory follicular lymphoma who have undergone treatment with 2 prior 
therapies after assessing the drug and holding discussion with the FDA, according to a press release 
from the company.

These measures highlighted that the cost, logistics, and timing of the post-marketing requirements were 
no longer merited. Duvelisib will continue to be developed for patients with T-cell lymphoma. In 
September 2018, duvelisib received accelerated approval by the FDA, but a confirmatory trial was 
required before it was given full approval. The decision to withdraw the indication does not affect other 
approved indications.

The initial approval was based on findings from the phase 3 DUO trial (NCT02004522) and the phase 2 
DYNAMO trial (NCT01882803).”

https://www.cancernetwork.com/view/duvelisib-indication-in-relapsed-refractory-follicular-lymphoma-withdrawn-in-u-s-market



Idelalisib for Relapsed FL and SLL Voluntarily Withdrawn
Press Release – January 18, 2022

“Without confirmed clinical benefit in follicular lymphoma and small lymphocytic leukemia, 
idelalisib's indications for these malignancies were withdrawn from the United States market.

The developer of idelalisib, Gilead, has announced the withdrawal of 2 indications for the agent 
from the United States (US), according to a press release. Idealisib will no longer be available for 
the treatment of relapsed follicular B-cell non-Hodgkin lymphoma (FL) and relapsed small 
lymphocytic leukemia (SLL).

FDA accelerated approval was previously granted to idelalisib for the treatment of both 
malignancies based on results from a phase 2 clinical trial of patients with indolent Hodgkin 
lymphoma.

Although these data from the DELTA study were promising, continued FDA approval of idelalisib
for the treatment of relapsed FL and SLL was contingent upon a positive confirmatory study, and 
this was not achieved. Withdrawal of idelalisib from the US market for relapsed FL and SLL does 
not impact other idelalisib indications.” 

https://www.targetedonc.com/view/idelalisib-for-relapsed-fl-and-sll-voluntarily-withdrawn-from-us-market



Lancet Oncol 2021;22(5):678-89



CHRONOS-3: PFS in Relapsed/Refractory (R/R) Indolent 
Non-Hodgkin Lymphoma (NHL)

Matasar MJ et al. Lancet Oncol 2021;22(5):678-89.

Copanlisib + 
rituximab

Placebo +
rituximab HR p-value

Median PFS 21.5 mo 13.8 mo 0.52 <0.0001



FDA Grants Accelerated Approval to Umbralisib for Marginal 
Zone Lymphoma and Follicular Lymphoma
Press Release – February 5, 2021
“On February 5, 2021, the Food and Drug Administration granted accelerated approval to 
umbralisib, a kinase inhibitor including PI3K-delta and casein kinase CK1-epsilon, for the following 
indications:

• Adult patients with relapsed or refractory marginal zone lymphoma (MZL) who have received at least one 
prior anti-CD20-based regimen;

• Adult patients with relapsed or refractory follicular lymphoma (FL) who have received at least three prior 
lines of systemic therapy.

Approval was based on two single-arm cohorts of an open-label, multi-center, multi-cohort trial, 
UTX-TGR-205 (NCT02793583), in 69 patients with MZL who received at least one prior therapy, 
including an anti-CD20 containing regimen, and in 117 patients with FL after at least 2 prior 
systemic therapies. Patients received umbralisib 800 mg orally once daily until disease progression 
or unacceptable toxicity.

Efficacy was based on overall response rate (ORR) and duration of response (DOR) using modified 
2007 International Working Group criteria assessed by an independent review committee.”

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-umbralisib-marginal-zone-
lymphoma-and-follicular-lymphoma



J Clin Oncol 2021;39(15):1609-18



Umbralisib for Heavily Pretreated R/R Indolent NHL

Fowler NH et al. J Clin Oncol 2021;39(15):1609-18.

ORR (FL cohort; N = 117): 45.3%
Median PFS (FL cohort): 10.6 mo



FDA Grants Accelerated Approval to Axicabtagene Ciloleucel for 
Relapsed or Refractory Follicular Lymphoma
Press Release – March 5, 2021
“The Food and Drug Administration granted accelerated approval to axicabtagene
ciloleucel for adult patients with relapsed or refractory follicular lymphoma (FL) after two 
or more lines of systemic therapy.

Approval in FL was based on a single-arm, open-label, multicenter trial (ZUMA-5; 
NCT03105336) that evaluated axicabtagene ciloleucel, a CD19-directed chimeric antigen 
receptor (CAR) T cell therapy, in adult patients with relapsed or refractory FL after two or 
more lines of systemic therapy, including the combination of an anti-CD20 monoclonal 
antibody and an alkylating agent. Following lymphodepleting chemotherapy, axicabtagene
ciloleucel was administered as a single intravenous infusion.

The main efficacy measures were objective response rate (ORR) and duration of response 
(DOR) as determined by an independent review committee.”

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-axicabtagene-ciloleucel-relapsed-
or-refractory-follicular-lymphoma



ASH 2021;Abstract 93.



Neelapu SS et al. ASH 2021;Abstract 93.

ZUMA-5: Overall Response Rate (ORR) by Central Review



ZUMA-5: PFS and Overall Survival

Neelapu SS et al. ASH 2021;Abstract 93.



ZUMA-5: AEs with First Occurrence After Primary Analysis Data Cutoff 

Neelapu SS et al. ASH 2021;Abstract 93.



Thieblemont C et al. ASH 2021;Abstract 131.



ELARA: Efficacy Analysis with Extended Follow-Up

Thieblemont C et al. ASH 2021;Abstract 131.
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Lancet Oncol 2020;21(10):1317-30



ENDURANCE (E1A11): Primary Progression-Free Survival Endpoint
(Second Interim Analysis)

Time since randomization (months)

• Median overall survival has not been reached in either group at median follow-up of 24 
months; patients will continue on long-term follow-up for overall survival

KRd: 34.6 months (95% CI 28.8-37.8)
VRd: 34.4 months (95% CI 30.1-NE)
HR 1.04 (95% CI 0.83-1.31); p = 0.74
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Kumar SK et al. Lancet Oncol 2020;21(10):1317-30.



ENDURANCE (E1A11): Treatment-Emergent Adverse Events of Interest
Treatment completion
VRd 43.3%, KRd 61.6%

Discontinuation for toxicity
VRd 17.3%, KRd 9.9%

4.8

16.1

12.6

4.6

0

2.5

0.2
1

53.4

24.4

45.4

23.6

8

0.8

P < 0.001
P < 0.001

VRd (n = 527) KRd (n = 526)

Cardiac, pulmonary and renal Peripheral neuropathy*

* Grades 1-2 not required reporting

Berdeja JG. ASCO 2020 Discussant.



ENDURANCE (E1A11): Treatment-Related Adverse Events
Hematologic and Nonhematologic Nonhematologic

VRd (n = 527) KRd (n = 526)

Grade 3 hematologic adverse events were not required reporting

Step 1 treated 
patients

VRd
(n = 527)

KRd
(n = 526)

Rates N (%) N (%)
Diff 

KRd-VRd
Chi-sq 
p-value

Grade 3-5 313 (59.4) 345 (65.6) 6.2 0.038

(95% CI) (55.1-63.6) (61.3-69.6)

Grade 4-5 61 (11.6) 70 (13.3) 1.7 0.394

(95% CI) (9.0-14.6) (10.5-16.5)

Step 1 treated 
patients

VRd
(n = 527)

KRd
(n = 526)

Rates N (%) N (%)
Diff 

KRd-VRd
Chi-sq 
p-value

Grade 3-5 254 (48.3) 254 (48.3) 6.9 0.024

(95% CI) (37.1- 45.7) (44.0-52.6)

Grade 4-5 21 (4.0) 43 (8.2) 4.2 0.004

(95% CI) (2.5-6.1) (6.0-10.9)

47.8
52.3

11.4 12.0

0.2 1.3 0.2 1.3

37.4
40.1

3.8
6.8

Kumar S et al. ASCO 2020;Abstract LBA3.



Overall Survival Results with Daratumumab, 
Lenalidomide and Dexamethasone versus 
Lenalidomide and Dexamethasone in Transplant-
Ineligible Newly Diagnosed Multiple Myeloma 
(NDMM): Phase 3 MAIA Study 

Facon T et al.
EHA 2021;Abstract LB1901.



MAIA: Phase III Trial Design

Facon T et al. EHA 2021;Abstract LB1901.

Key eligibility 
criteria:

• Transplant-
ineligible 
NDMM
• ECOG 0-2
• Creatinine 

clearance     
≥30 mL/min

Primary endpoint:
• PFS
Key secondary 
endpointsc:
• ≥CR rate
• ≥VGPR rate
•MRD-negative rate 

(NGS; 10-5)
•ORR
•OS
• Safety

D-Rd (n = 368)
Daratumumab (16 mg/kg IV)a

Cycles 1–2: qwk
Cycles 3–6: q2wk
Cycles 7+: q4wk until PD

R: 25 mg PO daily on days 1–21 until PD
d: 40 mgb PO or IV weekly until PD

Rd (n = 369)

R: 25 mg PO daily on days 1–21 until PD
d: 40 mgb PO or IV weekly until PD

1:
1 

RA
N

D
O

M
IZ

AT
IO

N

Stratification factors:
• ISS (I vs II vs III)
• Region (NA vs other)
• Age (<75 vs ≥75 years)

a On days when daratumumab was administered, dexamethasone was administered to patients in the D-Rd arm and served as the 
treatment dose of steroid for that day, as well as the required preinfusion medication.
b For patients older than 75 years or with BMI <18.5, dexamethasone was administered at a dose of 20 mg weekly.
c Efficacy endpoints were sequentially tested in the order shown.

Cycle: 28 days



MAIA: Progression-Free Survival 
New 60-Month Data
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60-month PFS rate

D-Rd: median, NR

Rd: median, 34.4 months

HR, 0.53; 95% CI, 0.43-0.66;
p <0.0001

Updated PFS

52.5%

28.7%

No. at risk
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0
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• D-Rd continued to demonstrate a significant PFS benefit, with median PFS not reached with D-Rd
– These data provide a new PFS benchmark for patients with NDMM who are transplant ineligible

NR = not reached; HR = hazard ratio

Months

Facon T et al. EHA 2021;Abstract LB1901.
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MAIA: Overall Survival

D-Rd demonstrated a significant benefit in OS, with a 32% reduction in the risk of death, 
for patients with NDMM who are transplant ineligible

60-month OS rate

D-Rd: median, NR

Rd: median, NR

HR, 0.68; 95% CI, 0.53-0.86;
p = 0.0013

66.3%

53.1%

No. at risk
Rd

D-Rd
369
368

351
350

343
346

336
344

324
338

317
334
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328

300
316

294
305

281
302
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297

258
286

251
280

241
273

232
266

223
255

213
249

183
228

134
170

85
118

42
63

14
22

5
6

1
1

0
0

OS

Months

Facon T et al. EHA 2021;Abstract LB1901.
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Median follow-up
Update: 56.2 Months

MAIA: Updated Overall Response Rate (ITT Population)

D-Rd Rd

sCR

CR
VGPR
PR

ORR

• D-Rd induced deeper responses with significantly higher rates of ≥CR and ≥VGPR, compared with Rd
– With >28 months of additional follow-up, responses deepened with continued DARA therapy

Median follow-up
Primary: 28.0 Months

sCR = stringent complete response; VGPR = very good partial response

14%

28%

12%

25%

32%

28%

30%

27%

17%
13%

16%
15%

30%

13%

35%

15%

0%

20%

40%

60%

80%

100%

D-Rd
n=368

Rd
n=369

D-Rd
n=368

Rd
n=369
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81%

93%

82%

93%

Falcon T et al. N Engl J Med 2019:380(22):2104-15; EHA 2021;Abstract LB1901.



J Clin Oncol 2020;38(34):4030-41.



TOURMALINE-MM4 Primary Endpoint: 
Progression-Free Survival

Dimopoulos MA et al. J Clin Oncol 2020;38(34):4030-41.



The Phase 3 TOURMALINE-MM2 Trial: Oral Ixazomib, 
Lenalidomide, and Dexamethasone (IRd) vs Placebo-
Rd for Transplant-Ineligible Patients with Newly 
Diagnosed Multiple Myeloma (NDMM)
Facon T et al.
ASH 2020;Abstract 551.



TOURMALINE-MM2: Progression-Free Survival

0

Ixazomib-Rd
Patients at risk, n

Placebo-Rd

Time from randomization, months

Pr
ob

ab
ili

ty
 o

f P
FS

0.0

0.2

0.4

0.6

0.8

1.0

Placebo-Rd
Ixazomib-Rd

Censored
Censored

6 12 18 24 30 36 42 48 54 60 66 72

351 261 220 187 147 120 107 96 81 64 28 10 1
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Patients, n Events, n

351 169Ixazomib-Rd
354 209Placebo-Rd

HR (95% CI): 0.830 (0.676–1.018)
Log-rank test p-value: 0.073

Median PFS
35.3 months

Median PFS
21.8 months

Facon T et al. ASH 2020;Abstract 551. 
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Daratumumab (DARA) plus Lenalidomide, 
Bortezomib, and Dexamethasone (RVd) in Patients 
(Pts) with Transplant-Eligible Newly Diagnosed 
Multiple Myeloma (NDMM): Updated Analysis of 
Griffin after 24 Months of Maintenance

Laubach JP et al.
ASH 2021;Abstract 79.



GRIFFIN: Updated Analysis After 24 Months of Maintenance Therapy

Laubach JP et al. ASH 2021;Abstract 79.



GRIFFIN: MRD Negativity (10-5) After 2 Years of Maintenance Therapy

Laubach JP et al. ASH 2021;Abstract 79.

MRD = minimal residual disease



GRIFFIN: D-RVd Improved Rates of Durable MRD Negativity 
(10-5) Lasting ≥6 Months or ≥12 Months versus RVd

Laubach JP et al. ASH 2021;Abstract 79.



GRIFFIN: Infections and SPMs with First Onset During 
Maintenance Therapy (Cycles 7+)

Laubach JP et al. ASH 2021;Abstract 79.

SPM = second primary malignancy





GMMG-HD7 Phase III Trial Design

Goldschmidt H et al. ASH 2021;Abstract 463.



GMMG-HD7: MRD Negativity at End of Induction Therapy

Goldschmidt H et al. ASH 2021;Abstract 463.



GMMG-HD7: Response Rates After Induction Therapy

Goldschmidt H et al. ASH 2021;Abstract 463.



GMMG-HD7: Safety Profile

Goldschmidt H et al. ASH 2021;Abstract 463.

AE = adverse event



Lancet 2019;393(10168):253-64.



TOURMALINE-MM3 Primary Endpoint: 
Progression-Free Survival (ITT)

Ixazomib
(n = 395)

Placebo
(n = 261) HR p-value

Median PFS 26.5 mo 21.3 mo 0.72 0.0023

Months from randomisation
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Dimopoulos MA et al. Lancet 2019;393(10168):253-64.



Measurable Residual Disease (MRD) Evaluation 
During Ixazomib (Ixa) Maintenance in Newly 
Diagnosed Multiple Myeloma (NDMM): A Large 
Analysis of 1280 Patients (Pts) Enrolled in 
TOURMALINE-MM3 and -MM4

Paiva B et al.
ESMO 2021;Abstract S184. 



Pooled Analysis of TOURMALINE-MM3 and MM4: PFS for 
Patients with MRD at Screening 

Paiva B et al. ESMO 2021;Abstract S184. 

Months since randomization



Pooled Analysis of TOURMALINE-MM3 and MM4 
Conclusions

Paiva B et al. EHA 2021;Abstract S184.
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Apollo: Phase 3 Randomized Study of Subcutaneous 
Daratumumab plus Pomalidomide and 
Dexamethasone (D-Pd) versus Pomalidomide and 
Dexamethasone (Pd) Alone in Patients (Pts) with 
Relapsed/Refractory Multiple Myeloma (RRMM)

Dimopoulos MA et al.
ASH 2020;Abstract 412.



Dimopoulos MA et al. ASH 2020;Abstract 412.



Dimopoulos MA et al. ASH 2020;Abstract 412.



FDA Approves Daratumumab and Hyaluronidase-fihj
with Pomalidomide and Dexamethasone for R/R MM
Press Release – July 9, 2021

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-daratumumab-and-hyaluronidase-fihj-
pomalidomide-and-dexamethasone-multiple-myeloma

“The Food and Drug Administration approved daratumumab and hyaluronidase-fihj in combination with 
pomalidomide and dexamethasone for adult patients with multiple myeloma who have received at least 
one prior line of therapy including lenalidomide and a proteasome inhibitor.

Efficacy was evaluated in APOLLO (NCT03180736), an open-label, active-controlled trial with 304 patients 
randomized (1:1) to daratumumab and hyaluronidase-fihj with pomalidomide and dexamethasone (Pd) vs 
Pd alone. Patients received daratumumab and hyaluronidase-fihj 1,800 mg/30,000 units (1,800 mg 
daratumumab and 30,000 units hyaluronidase) administered subcutaneously once weekly from Weeks 1 to 
8, once every 2 weeks from Weeks 9 to 24 and once every 4 weeks starting with Week 25 until disease 
progression or unacceptable toxicity with pomalidomide 4 mg once daily orally on days 1-21 of each 28-day 
cycle; and dexamethasone 40 mg per week (or a reduced dose of 20 mg per week for patients >75 years).

The main efficacy outcome measure was progression-free survival (PFS). The median PFS was 12.4 months 
in the daratumumab and hyaluronidase-fihj-Pd treatment group and 6.9 months in the Pd treatment group 
(HR 0.63; 95% CI: 0.47, 0.85; p=0.0018), representing a 37% reduction in the risk of disease progression or 
death for patients treated with daratumumab and hyaluronidase-fihj-Pd versus Pd.”



FDA Approves Daratumumab and Hyaluronidase-fihj
with Carfilzomib and Dexamethasone for R/R MM
Press Release – November 30, 2021

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-darzalex-faspro-kyprolis-and-dexamethasone-
multiple-myeloma

“The Food and Drug Administration approved daratumumab + hyaluronidase-fihj and carfilzomib 
plus dexamethasone for adult patients with relapsed or refractory multiple myeloma who have 
received 1 to 3 prior lines of therapy.
Efficacy was evaluated in a single-arm cohort of PLEIADES (NCT03412565), a multi-cohort, open-
label trial. This cohort enrolled 66 patients with relapsed or refractory multiple myeloma who 
received at least one prior line of therapy. Patients received daratumumab + hyaluronidase-fihj
1,800 mg/30,000 units (1,800 mg daratumumab and 30,000 units hyaluronidase) administered 
subcutaneously in combination with carfilzomib (20/70 mg/m2 once weekly regimen) and 
dexamethasone.
The main efficacy outcome measure was overall response rate (ORR). The ORR was 84.8%. At a 
median follow-up of 9.2 months, the median duration of response had not been reached and an 
estimated 85.2% maintained response for at least 6 months and 82.5% maintained response for 
at least 9 months.”



Selinexor Mechanism of Action

Bahlis N et al. EHA 2016;Abstract P277.

• Exportin 1 (XPO1) is the major 
nuclear export protein for tumor 
suppressor proteins (TSPs), the 
glucocorticoid receptor (GR) and 
eIF4E-bound oncoprotein mRNAs 
(c-myc, Bcl-2, Bcl-xL and cyclins)

• XPO1 is overexpressed in MM and 
its levels often correlate with poor 
prognosis

• Selinexor is a first-in-class XPO1 
inhibitor that induces nuclear 
retention and activation of TSPs 
and the GR in the presence of 
steroids and suppresses 
oncoprotein expression



Lancet 2020;396:1563-73



BOSTON: Progression-Free Survival (ITT)

Grosicki S et al. Lancet 2020;396(10262):1563-73.

Selinexor - VD VD HR (p-value)

Median PFS 11.9 mo 9.5 mo 0.70 (0.0075)



BOSTON: Select Adverse Events

Grosicki S et al. Lancet 2020;396(10262):1563-73.

Adverse event

Selinexor + Bort/dex
(n = 195)

Bort/dex
(n = 204)

Any grade Grade 3/4 Any grade Grade 3/4

Thrombocytopenia 60% 39% 27% 17%

Fatigue 42% 13% 18% 1%

Anemia 36% 16% 23% 10%

Peripheral neuropathy 32% 5% 47% 9%

Neutropenia 15% 9% 6% 3%



Updates from ICARIA-MM, a Phase 3 Study of 
Isatuximab (Isa) plus Pomalidomide and Low-Dose 
Dexamethasone (Pd) versus Pd in Relapsed and 
Refractory Multiple Myeloma (RRMM)

Richardson PD et al.
ASCO 2021;Abstract 8017.



ICARIA-MM: Progression-Free Survival and Time to Next Treatment

Richardson PD et al. ASCO 2021;Abstract 8017.



ICARIA-MM: Effect of Subsequent Daratumumab Therapy

Richardson PD et al. ASCO 2021;Abstract 8017.



FDA Approves Isatuximab-irfc in Combination with 
Carfilzomib and Dexamethasone for R/R MM
Press Release – March 31, 2021

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-isatuximab-irfc-multiple-myeloma

“The Food and Drug Administration approved isatuximab-irfc in combination with carfilzomib and 
dexamethasone, for the treatment of adult patients with relapsed or refractory multiple myeloma who have 
received one to three prior lines of therapy.

The efficacy and safety of isatuximab-irfc in combination with carfilzomib and dexamethasone was 
evaluated in IKEMA (NCT03275285), a multicenter, multinational, randomized, open-label, two-arm, phase 
3 trial in patients with relapsed and/or refractory multiple myeloma who had received one to three prior 
lines of therapy. The trial randomized 302 patients (3:2) to receive isatuximab-irfc with carfilzomib and 
dexamethasone (Isa-Kd) or carfilzomib and dexamethasone (Kd).

The main efficacy outcome measure was progression-free survival (PFS), assessed by an independent 
response committee based on central laboratory data for M-protein and central radiologic imaging review 
using International Myeloma Working Group criteria. Median PFS was not reached in the Isa-Kd arm and 
was 20.27 months (95% CI: 15.77-NR) in the Kd arm (HR 0.548; p=0.0032), representing a 45% reduction in 
the risk of disease progression or death in patients treated with Isa-Kd compared to those treated with Kd.”



IKEMA: Isatuximab + Kd
Depth of Response
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Moreau P et al. EHA 2020;Abstract LBA2603.
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Moreau P et al. EHA 2020;Abstract LBA2603.



Belantamab Mafodotin: Anti-BCMA Antibody-Drug Conjugate

• B-cell maturation factor (BCMA) 
expression is restricted to B cells at later 
stages of differentiation and is required 
for survival of plasma cells

• BCMA is broadly expressed at variable 
levels on malignant plasma cells

• Belantamab mafodotin is a humanized, 
afucosylated IgG1 anti-BCMA antibody 
conjugated to microtubule disrupting 
agent MMAF via a stable, protease-
resistant maleimidocaproyl linker

Tai YT et al. Blood 2014;123(20):3128-38. 

Cell death

ADC

ADCC
Fc 

receptor

Fc region of the 
antibody

• Target specific
• Enhanced ADCC

Linker • Stable in circulation

Drug
• MMAF (non cell 

permeable, highly 
potent auristatin)

Mechanisms of action:
• ADC mechanism
• ADCC mechanism
• Immunogenic cell death
• BCMA receptor signaling inhibition



Cancer 2021;127(22):4198-212.



DREAMM-2: Single-Agent Belantamab Mafodotin
Efficacy Outcomes

Lonial S et al. Cancer 2021;127(22):4198-212; ASH 2020;Abstract 1417. 

Patients with
3-6 prior therapies (n = 47)

Patients with 
≥7 prior therapies (n = 50)

ORR, % (97.5% CI) 32 (21.7-43.6) 30 (16.5-46.6)

Median DoR (95% CI estimates), months 11.0 (4.2-NR) 13.1 (4.0-NR)

Probability of DoR ≥6 months, % 
(95% CI estimates) 63 (31-83) 73 (44-89)

Median PFS (95% CI estimates), months 2.8 (1.6-3.6) 2.2 (1.2-3.6)

Probability of PFS at 6 months, %
(95% CI estimates) 35 (20-50) 30 (17-43)

ORR = overall response rate; CI = confidence interval; DoR = duration of response; NR = not reached; PFS = progression-free survival



DREAMM-2: Longitudinal Outcomes

Progression-Free Survival Overall Survival

Expected median OS in triple-class refractory myeloma: 8.6 months

Lonial S et al. Cancer 2021;127(22):4198-212.



DREAMM-2: Frequency of Corneal and Vision-Related Events

Lonial S et al. Cancer 2021;127(22):4198-212.

BCVA = best corrected visual acuity



Corneal Events: Mitigation Strategy

• Corticosteroid eye drops are not beneficial for prophylaxis or 
treatment

• Lubricating eye drops ≥4 times per day throughout duration of the 
treatment period

• No contact lens use during treatment period

• Eye examination with BCVA assessment and slit lamp examination 
with fluorescein staining prior to each planned dose

• Dose delays and dose reductions per recommendations

Lonial S et al. Blood Cancer J 2021;11:103.



Belantamab Mafodotin Dose Modifications for Corneal Toxicity
Eye Findings per KVA Scale Recommended Dose Modifications

Grade 1 Corneal Exam Finding(s) Continue treatment at the current dose

• Mild superficial keratopathy

Change in BCVA

• Decline from baseline of 1 line on the Snellen Visual Acuity

Grade 2 Corneal Exam Finding(s) Withhold treatment until improvement in both corneal 
examination findings and changes in BCVA to Grade 1 or 
better and resume at same dose• Moderate superficial keratopathy

Change in BCVA

• Decline from baseline of 2 or 3 lines (and Snellen Visual Acuity not worse than 20/200)

Grade 3 Corneal Exam Finding(s) Withhold treatment until improvement in both corneal 
examination findings and changes in BCVA to Grade 1 or 
better and resume at a reduced dose• Severe superficial keratopathy

Change in BCVA

• Decline from baseline by more than 3 lines (and Snellen Visual Acuity not worse than 20/200)

Grade 4 Corneal Exam Finding(s) Consider treatment discontinuation for a Grade 4 event. 
Based on a benefit:risk assessment, if continuing 
treatment with belantamab mafodotin is being 
considered, treatment may be resumed at a reduced dose 
after the event has improved to Grade 1 or better

• Corneal epithelial defect

Change in BCVA

• Snellen Visual Acuity worse than 20/200

Farooq, AV et al. Ophthalmol Ther 2020;9:889-911; Lonial, S et al. Blood Cancer J 2021;11:103.

• Mild keratopathy: Nonconfluent microcyst-like epithelial changes (MECs), ≥80% involving the cornea periphery
• Moderate keratopathy: Semiconfluent MECs, ≥80% in the paracentral cornea
• Severe keratopathy: Confluent MECs, ≥80% in the corneal center



DREAMM-6: Investigator-Assessed Best Confirmed Response 
with Belantamab Mafodotin + Vd

Popat R et al. ASH 2020;Abstract 1419. 



DREAMM-6: Adverse Events of Special Interest

Popat R et al. ASH 2020;Abstract 1419. 

Thrombocytopenia and corneal events were managed with dose modifications
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FDA Approves Idecabtagene Vicleucel for R/R MM
Press Release – March 26, 2021

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-idecabtagene-vicleucel-multiple-myeloma

“The Food and Drug Administration approved idecabtagene vicleucel for the treatment of adult patients with 
relapsed or refractory multiple myeloma after four or more prior lines of therapy, including an immunomodulatory 
agent, a proteasome inhibitor, and an anti-CD38 monoclonal antibody. This is the first FDA-approved cell-based 
gene therapy for multiple myeloma.

Idecabtagene vicleucel is a B-cell maturation antigen (BCMA)-directed genetically modified autologous chimeric 
antigen receptor (CAR) T-cell therapy. Each dose is customized using a patient’s own T-cells, which are collected 
and genetically modified, and infused back into the patient.

Safety and efficacy were evaluated in a multicenter study of 127 patients with relapsed and refractory multiple 
myeloma who received at least three prior lines of antimyeloma therapies; 88% had received four or more prior 
lines of therapies. Efficacy was evaluated in 100 patients who received idecabtagene vicleucel in the dose range of 
300 to 460 x 106 CAR-positive T cells. Efficacy was established based on overall response rate (ORR), complete 
response (CR) rate, and duration of response (DOR), as evaluated by an Independent Response committee using 
the International Myeloma Working Group Uniform Response Criteria for Multiple Myeloma.

The ORR was 72% (95% CI: 62%, 81%) and CR rate was 28% (95% CI 19%, 38%). An estimated 65% of patients who 
achieved CR remained in CR for at least 12 months.”



Idecabtagene Vicleucel (Ide-Cel, bb2121), a BCMA 
CAR T Cell Therapy, in Relapsed and Refractory 
Multiple Myeloma: Updated KarMMa Results

Anderson LD et al.
ASCO 2021;Abstract 8016.



KarMMa: Best Overall Response

Anderson LD et al. ASCO 2021;Abstract 8016.



KarMMa: Incidence of CRS and Neurotoxicity

Anderson LD et al. ASCO 2021;Abstract 8016.



Ciltacabtagene Autoleucel, a B-Cell Maturation 
Antigen (BCMA)-Directed Chimeric Antigen 
Receptor T-Cell (CAR-T) Therapy, in 
Relapsed/Refractory Multiple Myeloma (R/R MM): 
Updated Results from CARTITUDE-1

Usmani SZ et al.
ASCO 2021;Abstract 8005.



CARTITUDE-1: Overall Response Rate

Usmani SZ et al. ASCO 2021;Abstract 8005. 



CARTITUDE-2: Efficacy and Safety of Ciltacabtagene
Autoleucel (Cilta-Cel), a BCMA-Directed CAR T-Cell 
Therapy, in Patients with Progressive Multiple 
Myeloma (MM) After One to Three Prior Lines of 
Therapy

Agha ME et al.
ASCO 2021;Abstract 8013.



CARTITUDE-2: Ciltacabtagene Autoleucel 
After 1 to 3 Prior Lines of Therapy

Agha M et al. ASCO 2021;Abstract 8013. 
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ASH 2021;Abstract 84



BELLINI: Updated Survival Results

Kumar SK et al. ASH 2021;Abstract 84.



BELLINI: Updated Survival Results for Patients with t(11;14) 

Kumar SK et al. ASH 2021;Abstract 84.



BELLINI: Updated Survival Results for Patients with High Bcl-2 Expression

Kumar SK et al. ASH 2021;Abstract 84.



Bispecific Antibodies for R/R MM

Krishnan AY et al. ASCO 2021;Abstract 8007;
Berdeja JG et al. ASCO 2021;Abstract 8008;
Cohen AD et al. ASH 2020;Abstract 292. 





MajesTEC-1: A Phase I Study of Teclistamab in R/R MM

Response at 
RP2D (%) N = 40

ORR 65%

sCR 18%

CR 23%

VGPR 18%

PR 8%

Usmani S et al. Lancet 2021;398:665-74.

• CRS at RP2D (recommended Phase II dose): 70% (0% Grade ≥3)
• 1 patient with Grade 1 neurotoxicity at the RP2D

69% of CR/sCR patients MRD-

Teclistamab: A BCMA-targeted bispecific IgG4 mAb
Baseline characteristics: median prior regimens, 5 (4-6); high-risk cytogenetics, 37%; extramedullary disease, 20%; 
triple refractory, 83%.



Updated Phase 1 Results from MonumenTAL-1: First-
in-Human Study of Talquetamab, a G Protein-Coupled 
Receptor Family C Group 5 Member D x CD3 Bispecific 
Antibody, in Patients with Relapsed/Refractory 
Multiple Myeloma

Krishnan AY et al.
ASH 2021;Abstract 158.



MonumenTAL-1: Duration of Response with 
Talquetamab for R/R MM

Krishnan AY et al. ASH 2021;Abstract 158.



ASH 2021;Abstract 161



Rationale for Combining Talquetamab and Daratumumab

Chari A et al. ASH 2021;Abstract 161.



TRIMM-2: Overall Response

Chari A et al. ASH 2021;Abstract 161.



TRIMM-2: Duration of Response

Chari A et al. ASH 2021;Abstract 161.



TRIMM-2: Hematologic Safety Profile

Chari A et al. ASH 2021;Abstract 161.



TRIMM-2: Cytokine Release Syndrome (CRS)

Chari A et al. ASH 2021;Abstract 161.



CC-92480/Dexamethasone Combined with Bortezomib 
or Daratumumab or Carfilzomib

IMiD® Indication Clinical trials CELMoDs®

Thalidomide
Erythema Nodosum
Erythema Leprosum
Multiple Myeloma

Lenalidomide
Mantle Cell Lymphoma
Multiple Myeloma
Myelodysplastic
Syndrome (5q-)

Pomalidomide
Multiple Myeloma
Kaposi Sarcoma

Abbreviation: CK1a: casein kinase 1a;
CELMods: Cereblon E3 Ligase Modulation Drugs;
CRL4: cullin-4 RING E3 ligase;
CRBN: Cereblon; CNS: Central Nervous System;
CUL4: Cullin-4; DDB1: DNA damage-binding protein 1;
GSPT1: G1 To S Phase Transition 1;
IKZF1: Ikaros zinc-finger protein 1;
IKZF3: Aiolos zonc-finger protein 3;
IMiDs: Immunomodulatory Drugs; 
MDS: Myelodysplastic Syndrome;
Roc1: Ring finger protein;
UB: Ubiquitination
UBE2G1/2D3: Ubiquitin-conjugating enzymes

Multiple Myeloma
Diffuse Large B-Cell Lymphoma
CNS Lymphoma
Glioblastoma
Hepatocellular Carcinoma
Chronic Lymphocytic Leukemia

Multiple Myeloma
Systemic Lupus Erythematosus

Acute Myeloid Leukemia

Multiple Myeloma

Acute Myeloid Leukemia?
(in vitro)

Holstein et al, Next-Generation Drugs. Targeting 
the Cereblon Ubiquitin Ligase. JCO 2018. 
Lu G et al eLife 2018
Gandhi AK et al Br Haem 2014
Krönke J et al Science 2014
Hansen JD et al J Med Chem 2020
Uehara T et al Nat Chem Biol 2017

CC-122

CC-220

CC-90009

CC-92480
Indisulam

CC-885

Lenalidomide

Thalidomide
Lenalidomide
Pomalidomide
Iberdomide
(CC-220)
CC-92480
CC-885

CC-885
CC-90009
Avadomide
(CC-122)

MDS del 5q Anti-Tumor
Anti-AML, -Lymphoma

Anti-Myeloma

Activity

McCarthy P. ASCO 2020 Discussant



First-in-Human Phase I Study of the Novel 
CELMoD Agent CC-92480 Combined with 
Dexamethasone (DEX) in Patients (pts) with 
Relapsed/Refractory Multiple Myeloma (RRMM) 

Richardson PG et al.
ASCO 2020;Abstract 8500. 



CC-92480 with Dexamethasone: Response

Richardson PG et al. ASCO 2020;Abstract 8500. 



Iberdomide (IBER) in Combination with
Dexamethasone (DEX) in Patients (pts) with
Relapsed/Refractory Multiple Myeloma 
(RRMM): Results from the Dose-Expansion 
Phase of the CC-220-MM-001 Trial

Lonial S et al.
ASH 2021;Abstract 162. 



CC-220-MM-001: Responses with IBER + DEX for R/R MM

Lonial S et al. ASH 2021;Abstract 162. 
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Lancet Oncol 2021;22:919-30.



KEYNOTE-057: Response, Duration of Response and Summary of 
Adverse Events

Balar AV et al. Lancet Oncol 2021;22:919-30.

CR at 3 months: 41%
Median duration of CR: 16.2 mo

Serious AEs: 8%
AEs leading to treatment interruption: 13%
IRAEs: 22%
Grade 3/4 IRAEs: 3%



FDA Approves Nivolumab for Adjuvant Treatment of Urothelial 
Carcinoma
Press Release – August 19, 2021

“The Food and Drug Administration approved nivolumab for the adjuvant treatment of 
patients with urothelial carcinoma (UC) who are at high risk of recurrence after 
undergoing radical resection.

This is the first FDA approval for adjuvant treatment of patients with high-risk UC. The 
results supporting this approval also supported the conversion of nivolumab’s accelerated 
approval for advanced/metastatic UC to a regular approval.

Nivolumab was investigated in CHECKMATE-274 (NCT02632409), a randomized, double-
blind, placebo-controlled trial in patients who were within 120 days of radical resection of 
UC of the bladder or upper urinary tract (renal pelvis or ureter) at high risk of recurrence. 
Patients were randomized (1:1) to receive nivolumab 240 mg or placebo by intravenous 
infusion every 2 weeks until recurrence or until unacceptable toxicity for a maximum 
treatment duration of 1 year.”

www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-nivolumab-adjuvant-treatment-urothelial-carcinoma



N Engl J Med 2021;384:2102-14.



CheckMate 274: Disease-Free Survival in the ITT Population

Bajorin DF et al. N Engl J Med 2021;384:2102-14.



CheckMate 274: Disease-Free Survival in the PD-L1 ≥1% Population 

Bajorin DF et al. N Engl J Med 2021;384:2102-14.



SunRISe-1: Ongoing Phase IIb Trial of TAR-200 Alone, 
Cetrelimab Alone, or the Combination for BCG-Unresponsive, 
High-Risk Non-Muscle-Invasive Bladder Cancer

Van der Heijden SB et al. ESMO 2021;Abstract 719TiP.

Clinical Trial Identifier: NCT04640623

Primary Endpoint: Overall clinical response rate



Lancet 2020;395:1547-57.



IMvigor130: Overall Survival (OS) with Monotherapy (Arm B vs Arm C)

13.1 mo
(11.7, 15.1)

15.7 mo
(13.1, 17.8)

Galsky MD et al. Lancet 2020;395(10236):1547-57.



IMvigor130: OS by PD-L1 Status

Galsky MD et al. Lancet 2020;395(10236):1547-57.



Lancet Oncol 2021;22:931-45.



KEYNOTE-361: PFS and OS with Pembrolizumab and Chemotherapy

Powles T et al. Lancet Oncol 2021;22:931-45.

PFS

OS



KEYNOTE-361: OS with Pembrolizumab Alone

Powles T et al. Lancet Oncol 2021;22:931-45.

PD-L1 CPS ≥10

ITT



N Engl J Med 2020;383:1218-30.



JAVELIN Bladder 100 Primary Endpoint: Overall Survival 

Powles T et al. N Engl J Med 2020;383:1218-30.

Overall PD-L1-positive

Avelumab 21.4 mo NE

Control 14.3 mo 17.1 mo

Hazard ratio 
(p-value)

0.69 
(p = 0.001)

0.56 
(p < 0.001)



Avelumab First-Line (1L) Maintenance for Advanced 
Urothelial Carcinoma (UC): Long-Term Follow-Up 
Results from the JAVELIN Bladder 100 Trial

Powles T et al.
Genitourinary Cancers Symposium 2022;Abstract 487.

Poster Session B: Urothelial Carcinoma
Level 1, West Hall
Friday, Feb 18, 2022
8:15 PM – 9:15 PM EST 



FDA Grants Regular Approval to Enfortumab Vedotin-ejfv for 
Locally Advanced or Metastatic Urothelial Cancer
Press Release – July 9, 2021
“The Food and Drug Administration approved enfortumab vedotin-ejfv, a Nectin-4-directed 
antibody and microtubule inhibitor conjugate, for adult patients with locally advanced or 
metastatic urothelial cancer who
• have previously received a programmed death receptor-1 (PD-1) or programmed death-ligand 

(PD-L1) inhibitor and platinum-containing chemotherapy, or

• are ineligible for cisplatin-containing chemotherapy and have previously received one or more 
prior lines of therapy.

Trial EV-301 (NCT03474107) was an open-label, randomized, multicenter trial required to confirm 
the clinical benefit of the 2019 accelerated approval. This trial enrolled 608 patients with locally 
advanced or metastatic urothelial cancer who received a prior PD-1 or PD-L1 inhibitor and 
platinum-based chemotherapy. Patients were randomized (1:1) to receive either enfortumab
vedotin-ejfv (EV) 1.25 mg/kg on days 1, 8 and 15 of a 28-day cycle or investigator’s choice of 
single-agent chemotherapy (docetaxel, paclitaxel, or vinflunine).”

www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-regular-approval-enfortumab-vedotin-ejfv-locally-
advanced-or-metastatic-urothelial-cancer



N Engl J Med 2021;384(12):1125-35.



EV-301: Survival and Response Analyses

Powles T et al. N Engl J Med 2021;384(12):1125-35.

EV
(n = 301)

Chemo
(n = 307)

ORR 40.6% 17.9%

DCR 71.9% 53.4%

Incidence of treatment-related adverse 
events was similar in the 2 groups: 
• 93.9% versus 91.8%

Incidence of events of Grade 3 or higher 
was also similar in the 2 groups:
• 51.4% versus 49.8%



Study EV-103: Update on Durability Results and 
Long Term Outcome of Enfortumab Vedotin + 
Pembrolizumab in First Line Locally Advanced or 
Metastatic Urothelial Carcinoma (la/mUC)

Friedlander TW et al. 
ASCO 2021;Abstract 4528.



EV-103: Enfortumab Vedotin with Pembrolizumab as First-Line 
Therapy for Locally Advanced or Metastatic Urothelial Carcinoma

Friedlander TW et al. ASCO 2021;Abstract 4528.



Courtesy of Arjun Balar, MD

Rationale for Targeting FGFR in Urothelial Carcinoma (UC)1,2

• FGFR is altered in 15%-20% of advanced UC4

─ Mutated FGFR3 is present in 37% of upper-tract UC5

Cancer Type Frequency of FGFR Alterations1

Metastatic UC 15%-20%
NMIBC 40%-70%
Cholangiocarcinoma 14%-22%
NSCLC 4%
HCC (FGF19 amp by FISH) 21%
Glioblastoma 23%
Breast cancer 3%-5%
Ovarian cancer 7%
Head and neck cancer 9%-17%

FGFR Signaling Pathway3

FGFR alterations: Amplification 
(receptor overexpression) or 

mutation/translocation (ligand-
independent signaling)

FGF ligand: 
Amplification 
(autocrine), or 

ECM/stromal cell 
release 

(paracrine)

1. The Cancer Genome Atlas (TCGA) genomic alteration database: https://tcga-data.nci.nih.gov/docs/publications/tcga/. Accessed February 6, 2020. 
2. Genomics Evidence Neoplasia Information Exchange (GENIE) genomic alteration database: https://www.aacr.org/Research/Research/pages/aacr-project-
genie.aspx. Accessed February 6, 2020. 3. Touat M et al. Clin Cancer Res. 2015;21:2684-2694. 4. Rodriguez-Vida A et al. J Hematol Oncol. 2015;8:119. 5. Li Q et al. 
Curr Urol Rep. 2016;17:12.



ERDAFITINIB in Locally Advanced or Metastatic 
Urothelial Carcinoma (mUC): Long-Term 
Outcomes in BLC2001

Siefker-Radtke AO et al. 
ASCO 2020;Abstract 5015.



Long-Term Outcomes from the Phase II BLC2001 Study: Erdafitinib 
for Locally Advanced or Metastatic Urothelial Carcinoma

Siefker-Radtke AO et al. ASCO 2020;Abstract 5015.

Clinical endpoint
Erdafitinib
(N = 101)

Objective response rate 39%

Median duration of response 6.0 months

Median progression-free survival 5.5 months

Median overall survival 11.3 months



Long-Term Outcomes from the Phase II BLC2001 Study: Central 
Serous Retinopathy

Siefker-Radtke AO et al. ASCO 2020;Abstract 5015.



FDA Grants Accelerated Approval to Sacituzumab Govitecan for 
Advanced Urothelial Cancer
Press Release – April 13, 2021

“The Food and Drug Administration granted accelerated approval to sacituzumab
govitecan for patients with locally advanced or metastatic urothelial cancer (mUC) who 
previously received a platinum-containing chemotherapy and either a programmed death 
receptor-1 (PD-1) or a programmed death-ligand 1 (PD-L1) inhibitor.

Efficacy and safety were evaluated in TROPHY (IMMU-132-06; NCT03547973), a single-
arm, multicenter trial that enrolled 112 patients with locally advanced or mUC who 
received prior treatment with a platinum-containing chemotherapy and either a PD-1 or 
PD-L1 inhibitor. Patients received sacituzumab govitecan, 10 mg/kg intravenously, on days 
1 and 8 of a 21-day treatment cycle.”

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-sacituzumab-govitecan-advanced-
urothelial-cancer



J Clin Oncol 2021;[Online ahead of print].

of



TROPHY U-01 (Cohort 1): ORR, Duration of Response and Survival

Tagawa ST et al. J Clin Oncol 2021;[Online ahead of print]; Loriot Y et al. ESMO 2020;Abstract LBA24.

Median PFS: 5.4 mo Median OS: 10.9 mo

ORR: 27% (31/113)

Median DOR: 7.2 mo
Median time to onset of response: 1.6 mo



Clin Cancer Res 2021;27:43-51.



Phase II Study of Disitamab Vedotin (RC48) for HER2-Positive 
Locally Advanced or Metastatic Urothelial Carcinoma

Sheng X et al. Clin Cancer Res 2021;27:43-51.
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FDA Approves Relugolix for Advanced Prostate Cancer
Press Release – December 18, 2020

“On December 18, 2020, the US Food and Drug Administration approved the first 
oral gonadotropin-releasing hormone (GnRH) receptor antagonist, relugolix, for 
adult patients with advanced prostate cancer.

Efficacy was evaluated in HERO (NCT03085095), a randomized, open label trial in 
men requiring at least one year of androgen deprivation therapy with either 
prostate cancer recurrence following radiation or surgery or newly diagnosed 
castration-sensitive advanced prostate cancer. 

Patients (N = 934) were randomized (2:1) to receive relugolix 360 mg oral loading 
dose on the first day, followed by daily oral doses of 120 mg, or leuprolide acetate 
22.5 mg injection subcutaneously every 3 months for 48 weeks.”

https://www.fda.gov/drugs/drug-approvals-and-databases/fda-approves-relugolix-advanced-prostate-cancer



HERO Phase III Trial: Results Comparing Relugolix, an 
Oral GnRH Receptor Antagonist, versus Leuprolide 
Acetate for Advanced Prostate Cancer1

Oral Relugolix for Androgen-Deprivation Therapy
in Advanced Prostate Cancer2

1 Shore ND et al.
ASCO 2020;Abstract 5602.

2 Shore ND et al. 
N Engl J Med 2020;382(23):2187-96.



HERO Study: Oral Relugolix versus Leuprolide Acetate 
for Androgen-Deprivation Therapy

Shore ND et al. N Engl J Med 2020;382:2187-96.



Next-Generation Androgen Receptor Inhibitors

Zurth C et al. Genitourinary Cancers Symposium 2018;Abstract 345; Sandmann S et al. Genitourinary Cancers Symposium 2019;Abstract 156.

Apalutamide Enzalutamide Darolutamide

• Apalutamide and enzalutamide have similar structures
• Darolutamide is structurally distinct from apalutamide and enzalutamide, characterized by low 

blood-brain barrier penetration, and may have improved tolerability 



FDA Approvals of Next-Generation Antiandrogens for 
Nonmetastatic Castration-Resistant Prostate Cancer (CRPC)

Agent Approval date Pivotal study

Darolutamide July 30, 2020 ARAMIS

Enzalutamide July 12, 2018 PROSPER

Apalutamide February 14, 2018 SPARTAN

https://www.fda.gov/drugs/resources-information-approved-drugs/



Primary Endpoint: Metastasis-Free Survival (MFS)
in Nonmetastatic CRPC 

1. Smith MR et al. NEJM 2018;378:1408-18. 2. Hussain M et al. NEJM 2018;378:2465-74. 3. Fizazi K et al. NEJM 2019;380:1235-46.

• 72% reduction of distant progression or death
• Median MFS: APA 40.5 vs PBO 16.2 months
• 24-month MFS benefit

SPARTAN1

Apalutamide

• 71% reduction of distant progression or death 
• Median MFS: ENZA 36.6 vs PBO 14.7 months
• 22-month MFS benefit

PROSPER2

Enzalutamide

ARAMIS3

Darolutamide

• 59% reduction of distant progression or death 
• Median MFS: DARO 40.4 vs PBO 18.4 months
• 22-month MFS benefit
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• 27% reduction in risk of death
• Median follow-up of 48 mo  
• Median OS was significantly longer for enzalutamide

vs placebo
− 67.0 mo vs 56.3 mo
− HR = 0.73 (95% CI 0.61-0.89); p = .001

Enzalutamide
(N = 933)

Placebo
(N = 478)

Median, mo
(95% CI)

67.0
(64.0-NR)

56.3
(54.5-63.0)

HR (95% CI) 0.73 (0.61-0.89)
P .001

Enzalutamine
Placebo
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• 22% reduction in risk of death
• Median follow-up of 52.0 mo
• Median OS was significantly longer for apalutamide 

vs placebo 
− 73.9 mo vs 59.9 mo
− HR = 0.78 (95% CI 0.64-0.96); p = .016

APA 
median, 73.9 mo

PBO
median, 59.9 mo

HR, 0.78 (95% CI, 0.64-0.96)
P = .0161
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• 31% reduction in risk of death
• Median follow-up of 29.0 mo
• Median OS was significantly longer for darolutamide

vs placebo
− HR = 0.69 (95% CI, 0.53-0.88); p = .003

Placebo

Darolutamide

SPARTAN11

Apalutamide

PROSPER2

Enzalutamide

ARAMIS3

Darolutamide

Secondary Endpoint: Overall Survival in Nonmetastatic CRPC 

1. Smith MR et al. Eur Urol 2020;79:150-8. 2. Sternberg CN et al. NEJM 2020;382:2197-206. 3. Fizazi K et al. NEJM 2020;383:1040-9.



Comparison of Toxicities: Darolutamide, Enzalutamide, 
Apalutamide for Nonmetastatic CRPC 

Sternberg CN et al; PROSPER Investigators. N Engl J Med 2020;382(23):2197-206.
Fizazi K et al; ARAMIS Investigators. N Engl J Med 2020;383:1040-9.
Small EJ et al; SPARTAN Investigators. ASCO 2020;Abstract 5516.

Toxicity

ARAMIS PROSPER SPARTAN

Darolutamide Placebo Enzalutamide Placebo Apalutamide Placebo

Fatigue/asthenia 16% 11% 33% 14% 30% 21%

Falling 4% 5% 11% 4% 16% 9%

Dizziness 5% 4% 10% 4% 9% 6%

Mental impairment 1% 2% 5% 2% 5% 3%



ESMO 2021;Abstract LBA4_PR.



Metastasis-Free Survival with the Addition of Abiraterone 
Acetate and Prednisolone with or without Enzalutamide to ADT 
for High-Risk M0 Prostate Cancer

Attard G et al. ESMO 2021;Abstract LBA4_PR.

180 ADT + AAP +/- ENZ
306 ADT



Overall Survival with the Addition of Abiraterone Acetate 
and Prednisolone with or without Enzalutamide to ADT for 
High-Risk M0 Prostate Cancer

Attard G et al. ESMO 2021;Abstract LBA4_PR.



STAMPEDE: Long-Term Overall Survival Results with the Addition 
of Docetaxel to Hormone Therapy for Metastatic Hormone-
Sensitive Prostate Cancer (mHSPC)

Clarke HW et al. Ann Oncol 2019;30(12):1992-2003.

Median OS:
Docetaxel 59.1 mo
Control 43.1 mo



Final OS Analyses: Enzalutamide, Abiraterone and Apalutamide for mHSPC

1. Armstrong AJ et al. ESMO 2021;Abstract LBA25. 2. Fizazi K et al. GU Cancers Symposium 2019;Abstract 141. 3. Chi KN et al. GU Cancers Symposium 
2021;Abstract 11. 

TITAN3

Apalutatmide + 
ADT

LATITUDE2

Abiraterone + 
ADT

• 34% reduction in risk of death
• Median follow-up of 51.8 mo
• Median OS was significantly longer for 

abiraterone + ADT vs placebo + ADT 
− 53.3 mo vs 36.5 mo
− HR = 0.66; p = <0.0001

ARCHES1

Enzalutamide + 
ADT

• 34% reduction in risk of death
• Median follow-up of 44.6 mo
• Median OS was significantly longer for 

enzalutamide + ADT vs placebo + ADT
− 40.2 mo vs 13.8 mo
− HR = 0.66; p = <0.0001

• 35% reduction in risk of death
• Median follow-up of 44.0 mo
• Median OS was significantly longer for apalutamide 

+ ADT vs placebo + ADT 
− Not reached vs 52.2 mo
− HR = 0.65; p = <0.0001



N Engl J Med 2021;385:1091-103

Abstract LBA5



PEACE-1: Radiographic PFS by Metastatic Burden

Fizazi K et al. ESMO 2021;Abstract LBA5.



PEACE-1: Grade 3-5 Adverse Events 
(ADT + Docetaxel Safety Population)

Fizazi K et al. ESMO 2021;Abstract LBA5.



Phase III ARASENS Trial of Darolutamide in Combination with 
Docetaxel and ADT Meets Primary Overall Survival Endpoint in 
mCRPC
Press Release – December 3, 2021

“The Phase III ARASENS trial investigating the use of the oral androgen receptor inhibitor 
darolutamide in metastatic hormone-sensitive prostate cancer (mHSPC) has met its 
primary endpoint. In the ARASENS trial, darolutamide in combination with docetaxel and 
androgen deprivation therapy (ADT) significantly increased overall survival (OS) compared 
to docetaxel and ADT. The overall incidence of reported adverse events was similar 
between treatment arms. Detailed results of the study are planned to be presented at an 
upcoming scientific congress.”

https://media.bayer.com/baynews/baynews.nsf/id/6AA96A64B2A1105DC125879F002A70DD?open&ref=irrefndcd



Overall Survival with Darolutamide versus Placebo in 
Combination with Androgen-Deprivation Therapy and 
Docetaxel for Metastatic Hormone-Sensitive Prostate 
Cancer in the Phase 3 ARASENS Trial

Smith MR et al.
Genitourinary Cancers Symposium 2022;Abstract 13.

Oral Abstract Session A: Prostate Cancer
Level 3, Ballroom
Thursday, Feb 17, 2022
4:00 PM – 5:30 PM EST 



Inherited DNA Repair Gene Mutations in Men with 
Metastatic Prostate Cancer

Courtesy of Matthew Smith, MD, PhD

• Multicenter study of 692 men

• Deleterious mutations were found 
in 82 men (11.8%) in 16 genes

• Observed rate exceeded that 
associated with localized prostate 
cancer (4.6%) and general 
population without cancer (2.7%)



Recent FDA Approvals of PARP Inhibitors for mCRPC

PARP inhibitor Approval date Pivotal study

Olaparib May 19, 2020 PROfound

Rucaparib May 15, 2020 TRITON2

https://www.fda.gov/drugs/resources-information-approved-drugs/



N Engl J Med 2020;382:2091-102.



PROfound Primary Endpoint: Imaging-Based PFS with Olaparib 
for Patients with mCRPC and at Least 1 Alteration in BRCA1, 
BRCA2 or ATM (Cohort A)

de Bono J et al; PROfound investigators. N Engl J Med 2020;382(22):2091-102.

Olaparib
(n = 162)

Control
(n = 83) HR p-value

Median iPFS 7.4 mo 3.6 mo 0.34 <0.001



N Engl J Med 2020;383(24):2345-57.



PROfound: OS with Olaparib for Patients with mCRPC and at 
Least 1 Alteration in BRCA1, BRCA2 or ATM (Cohort A)

Hussain M et al; PROfound investigators. N Engl J Med 2020;383(24):2345-57.

Overall survival Crossover-adjusted overall survival



Positive Results Announced for the PROpel Phase III Trial of 
Olaparib with Abiraterone as First-Line Treatment for mCRPC
Press Release – September 24, 2021

“Positive high-level results from the PROpel Phase III trial showed that olaparib in 
combination with abiraterone demonstrated a statistically significant and clinically 
meaningful improvement in radiographic progression-free survival (rPFS) versus standard-
of-care abiraterone as a 1st-line treatment for men with metastatic castration-resistant 
prostate cancer (mCRPC) with or without homologous recombination repair (HRR) gene 
mutations.

At a planned interim analysis, the Independent Data Monitoring Committee concluded 
that the trial met the primary endpoint of rPFS in men with mCRPC who had not received 
treatment in the 1st-line setting including with new hormonal agents or chemotherapy.

The data will be presented at an upcoming medical meeting.”

https://www.astrazeneca.com/media-centre/press-releases/2021/lynparza-propel-trial-meets-primary-endpoint.html



PROpel: Phase III Trial of Olaparib (ola) and Abiraterone 
(abi) versus Placebo (pbo) and Abi as First-Line (1L) 
Therapy for Patients (pts) with Metastatic Castration-
Resistant Prostate Cancer (mCRPC)

Saad F et al.
Genitourinary Cancers Symposium 2022;Abstract 11.

Oral Abstract Session A: Prostate Cancer
Level 3, Ballroom
Thursday, Feb 17, 2022
4:00 PM – 5:30 PM EST 



Phase 3 MAGNITUDE Study: First Results of Niraparib 
(NIRA) with Abiraterone Acetate and Prednisone 
(AAP) as First-Line Therapy in Patients (pts) with 
Metastatic Castration-Resistant Prostate Cancer 
(mCRPC) with and without Homologous 
Recombination Repair (HRR) Gene Alterations
Chi KN et al.
Genitourinary Cancers Symposium;Abstract 12.

Oral Abstract Session A: Prostate Cancer
Level 3, Ballroom
Thursday, Feb 17, 2022
4:00 PM – 5:30 PM EST 



J Clin Oncol 2020;38(22):3763-72.



TRITON2: Response to Rucaparib in Patients with mCRPC
Harboring a BRCA1 or BRCA2 Gene Alteration

Abida W et al. TRITON2 investigators. J Clin Oncol 2020;38(32):3763-72. 

ORR per independent radiology review: 43.5% Confirmed PSA response rate: 54.8%

ORR = objective response rate



Lancet Oncol 2021;22(9):1250-64.



TALAPRO-1: A Phase II Trial of Talazoparib for mCRPC

de Bono JS et al. Lancet Oncol 2021;22(9):1250-64.



FDA Grants Breakthrough Therapy Designation to 177Lu-PSMA-617 
for the Treatment of mCRPC
Press Release – June 16, 2021

“The US Food and Drug Administration has granted Breakthrough Therapy designation 
to 177Lu-PSMA-617, an investigational radioligand therapy for the treatment of metastatic 
castration-resistant prostate cancer (mCRPC). Breakthrough Therapy designation is 
granted to medicines being evaluated for serious conditions where early clinical evidence 
indicates the potential for substantial improvement over available therapy.

Breakthrough therapy designation was granted based on positive data from the pivotal, 
Phase III VISION study evaluating 177Lu-PSMA-617, a targeted radioligand therapy, plus 
standard of care (SOC), compared to SOC alone, in patients with progressive PSMA-
positive mCRPC.”

https://www.novartis.com/news/novartis-receives-fda-breakthrough-therapy-designation-investigational-177lu-psma-617-patients-
metastatic-castration-resistant-prostate-cancer-mcrpc



177Lu-PSMA-617 targeted radioligand therapy<br />

TARGETED TO PSMA

Morris MJ et al. ASCO 2021;Abstract LBA4.

177Lu-PSMA-617: Mechanism of Action



N Engl J Med 2021;385:1091-103



VISION: Efficacy Summary

Sartor O et al. N Engl J Med 2021;385:1091-103.

Imaging–based PFS

• Median OS (177Lu-PSMA-617 vs standard therapy): 15.3 mo vs 11.3 mo (HR 0.62, p < 0.001) 
• Time to first symptomatic skeletal event OS (177Lu-PSMA-617 vs standard therapy): 11.5 mo vs 6.8 mo

(HR 0.50, p < 0.001)



VISION: Selected Adverse Events 

Sartor O et al. N Engl J Med 2021;385:1091-103.



Abstract 577O



PRINCE: PSA Response Rate (Primary Endpoint) 

Sandhu S et al. ESMO 2021;Abstract 577O. 



Immune Checkpoint Inhibitors in mCRPC

Therapy Disease state Disease response

Pembrolizumab monotherapya Postchemotherapy ORR 9%
PSA RR 14%

Pembrolizumab + enzalutamideb Prechemotherapy progressing on 
enzalutamide

ORR 12%
PSA RR 14%

Atezolizumab + enzalutamidec Pre- and post-chemotherapy, s/p 
abiraterone

ORR 14%
PSA RR 26%

Atezolizumab + cabozantinibd Prechemotherapy s/p 
enzalutamide or abiraterone

ORR 34%
PSA RR 29%

a Antonarakis ES et al. JCO 2020:38(5):395-405. b Presented at the 2021 ASCO Annual Meeting – Virtual. c Sweeney C. AACR 
2020; IMbassador250. d Agarwal ASCO 2020; COSMIC-021.



Abstract LBA24



COSMIC-021: Best Change from Baseline in Sum of Target Lesions

Agarwal et al. ESMO 2021;Abstract LBA24. 



CONTACT-02: Phase III Trial Schema

Agarwal N et al. Genitourinary Cancers Symposium 2021;Abstract TPS190.

Primary Endpoints
• PFS per RECIST v1.1 by BIRC
• OS

Secondary Endpoint
• ORR per RECIST v1.1 by BIRC



Agenda

Module 1: Urothelial Bladder Carcinoma

Module 2: Prostate Cancer

Module 3: Renal Cell Carcinoma (RCC)



FDA Approves Pembrolizumab for Adjuvant Treatment of Renal 
Cell Carcinoma
Press Release – November 17, 2021

“On November 17, 2021, the Food and Drug Administration approved pembrolizumab 
for the adjuvant treatment of patients with renal cell carcinoma (RCC) at intermediate-
high or high risk of recurrence following nephrectomy, or following nephrectomy and 
resection of metastatic lesions.

Efficacy was evaluated in KEYNOTE-564 (NCT03142334), a multicenter, randomized (1:1), 
double-blind, placebo-controlled trial in 994 patients with intermediate-high or high risk 
of recurrence of RCC, or M1 no evidence of disease. Patients were randomized to 
pembrolizumab 200 mg intravenously every 3 weeks or placebo for up to 1 year until 
disease recurrence or unacceptable toxicity.

The recommended pembrolizumab dose is 200 mg every 3 weeks or 400 mg every 6 
weeks until disease recurrence, unacceptable toxicity, or up to 12 months.”

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-pembrolizumab-adjuvant-treatment-renal-cell-carcinoma



Abstract 653O



KEYNOTE-564: Pembrolizumab as Adjuvant Therapy for Patients 
with RCC – Disease-Free Survival

Choueiri TK et al. ESMO 2021;Abstract 653O.



Checkpoint Inhibitor Combinations Approved as First-Line 
Treatment for RCC Prior to 2021

a Albiges L et al. ESMO Open 2020;5(6):e001079. b Powles T et al. Lancet Oncol 2020;21:1563-73. 
c Choueiri TK et al. Ann Oncol 2020;31(8):1030-39.

Clinical endpoint CheckMate 214a KEYNOTE-426b JAVELIN Renal 101c

Randomization Nivolumab/ipilimumab 
vs sunitinib

Pembrolizumab/axitinib
vs sunitinib

Avelumab/axitinib
vs sunitinib

N 550 vs 546 432 vs 429 442 vs 444

Median OS Not reached vs 38.4 mo
(HR 0.69)

Not reached vs 35.7 mo
(HR 0.68)

Not estimable vs 
not estimable

(HR 0.80)

Median PFS 12.7 mo vs 12.3 mo
(HR 0.89)

15.4 mo vs 11.1 mo
(HR 0.71)

13.3 mo vs 8.0 mo
(HR 0.69)



FDA Approves Lenvatinib with Pembrolizumab for Advanced RCC
Press Release – August 10, 2021

“The Food and Drug Administration approved the combination of lenvatinib plus 
pembrolizumab for first-line treatment of adult patients with advanced renal cell 
carcinoma (RCC).

The efficacy of this combination was investigated in CLEAR (Study 307/KEYNOTE-581; 
NCT02811861), a multicenter, open-label, randomized phase 3 trial in patients with 
advanced RCC in the first-line setting. Patients were enrolled regardless of PD-L1 tumor 
expression status. The efficacy population supporting this approval included patients 
randomized to lenvatinib plus pembrolizumab (n = 355) compared with those randomized 
to single-agent sunitinib (n = 357).”

www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-lenvatinib-plus-pembrolizumab-advanced-renal-cell-carcinoma





CLEAR: Progression-Free Survival Analyses

Motzer R et al. N Engl J Med 2021;384(14):1289-300.

Overall survival was longer with lenvatinib and pembrolizumab than with sunitinib (HR 0.66;
p = 0.005) but was not longer with lenvatinib and everolimus than with sunitinib (HR 1.15; p = 0.30).

Progression-free survival



CLEAR: Updated OS by Risk Group and Treatment Arm

Choueiri TK et al. 2021 International Kidney Cancer Symposium;Abstract E41.



FDA Approves Nivolumab with Cabozantinib for Advanced RCC
Press Release – January 22, 2021

“The Food and Drug Administration approved the combination of nivolumab and 
cabozantinib as first-line treatment for patients with advanced renal cell carcinoma (RCC).

Efficacy was evaluated in CHECKMATE-9ER (NCT03141177), a randomized, open-label trial 
in patients with previously untreated advanced RCC. Patients were randomized to receive 
either nivolumab 240 mg over 30 minutes every 2 weeks in combination with 
cabozantinib 40 mg orally once daily (n = 323) or sunitinib 50 mg orally daily for the first 4 
weeks of a 6-week cycle (4 weeks on treatment followed by 2 weeks off) (n = 328).”

www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-nivolumab-plus-cabozantinib-advanced-renal-cell-carcinoma



N Engl J Med 2021;384(9):829-41.



CheckMate 9ER: Progression-Free Survival

Choueiri TK et al. N Engl J Med 2021;384(9):829-41. 



FDA Approves Tivozanib for Relapsed or Refractory Advanced RCC
Press Release – March 10, 2021

“The Food and Drug Administration approved tivozanib, a kinase inhibitor, for adult 
patients with relapsed or refractory advanced renal cell carcinoma (RCC) following two or 
more prior systemic therapies.

Efficacy was evaluated in TIVO-3 (NCT02627963), a randomized (1:1), open-label, 
multicenter trial of tivozanib versus sorafenib in patients with relapsed or refractory 
advanced RCC who received two or three prior systemic treatments,including at least one 
VEGFR kinase inhibitor other than sorafenib or tivozanib. Patients were randomized to 
either tivozanib 1.34 mg orally once daily for 21 consecutive days every 28 days or 
sorafenib 400 mg orally twice a day continuously, until disease progression or 
unacceptable toxicity.”

www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-tivozanib-relapsed-or-refractory-advanced-renal-cell-carcinoma



TIVO-3: Tivozanib in Patients with Advanced Renal 
Cell Carcinoma (aRCC) Who Have Progressed After 
Treatment with Axitinib

Rini BI et al. 
Genitourinary Cancers Symposium 2021;Abstract 278.



TIVO-3: Progression-Free Survival and ORR in 
Patient Subgroup with 2 Prior Tyrosine Kinase Inhibitors (TKIs) 

Rini BI et al. Genitourinary Cancers Symposium 2021;Abstract 278. 



TIVO-3: Tivozanib After Axitinib

Rini BI et al. Genitourinary Cancers Symposium 2021;Abstract 278. 



TIVO-3: Durability of Response and Updated Overall 
Survival of Tivozanib versus Sorafenib in Metastatic 
Renal Cell Carcinoma (mRCC)

Verzoni et al. 
ASCO 2021;Abstract 4546.

“Tivozanib demonstrated clinically meaningful and statistically significant 
improvement in ORR and DoR with similar OS to sorafenib in patients with highly 
relapsed or refractory mRCC”

• Median DoR was 20.3 months with tivozanib, twice that observed with sorafenib



FDA Approves Belzutifan for Cancers Associated with 
von Hippel-Lindau Disease
Press Release – August 13, 2021

“On August 13, 2021, the Food and Drug Administration approved belzutifan, a hypoxia-
inducible factor inhibitor for adult patients with von Hippel-Lindau (VHL) disease who 
require therapy for associated renal cell carcinoma (RCC), central nervous system (CNS) 
hemangioblastomas, or pancreatic neuroendocrine tumors (pNET), not requiring 
immediate surgery.

Belzutifan was investigated in the ongoing Study 004 (NCT03401788), an open-label 
clinical trial in 61 patients with VHL-associated RCC (VHL-RCC) diagnosed based on a VHL 
germline alteration and with at least one measurable solid tumor localized to the kidney. 
Enrolled patients had other VHL-associated tumors, including CNS hemangioblastomas 
and pNET. Patients received belzutifan 120 mg once daily until disease progression or 
unacceptable toxicity.

The recommended belzutifan dosage is 120 mg administered orally once daily with or 
without food.”

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-belzutifan-cancers-associated-von-hippel-lindau-disease



Von Hippel Lindau Tumor Suppressor (pVHL) Deficiency Results 
in HIF-2-alpha Activation

Bauer TD et al. GU Cancers Symposium 2021;Abstract 273.



N Engl J Med 2021;385:2036-46.



Phase II Trial of Belzutifan: Maximum Change in Target Renal 
Tumors

Jonasch E et al. N Engl J Med 2021;385:2036-46.

Objective response rate: 30 (49%)



Phase II Trial of Belzutifan: Select Adverse Events

Jonasch E et al. N Engl J Med 2021;385:2036-46.

Objective response rate: 30 (49%)

Adverse event (n = 61) Any grade Grade 3

Anemia 55 (90%) 5 (8%)

Fatigue 40 (66%) 3 (5%)

Dyspnea 14 (23%) 1 (2%)

Myalgia 12 (20%) 1 (2%)

Hypertension 10 (16%) 5 (8%)

Diarrhea 8 (13%) 1 (2%)



Thank you for joining us!

CME and MOC credit information will be emailed to 
each participant within 5 business days.
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Stable linker 
releases payload 
only in target cell
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Topoisomerase I 
inhibitor
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Evidence of bystander 
antitumor effect? No Yes

HER2-Targeting Antibody-Drug Conjugates (ADCs)

Bystander Effect due to
Payload release before 

internalisation or 
membrane permeability 
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Abstract LBA1



DESTINY-Breast03: Progression-Free Survival by Blinded Independent 
Central Review

Cortés J et al. ESMO 2021;Abstract LBA1.



DESTINY-Breast03: Overall Survival by BICR

Cortés J et al. ESMO 2021;Abstract LBA1.



DESTINY-Breast03: Drug-Related Treatment-Emergent 
Adverse Events in ≥20% of Patients

Cortés J et al. ESMO 2021;Abstract LBA1.



DESTINY-Breast03: Adverse Events of Special Interest

Cortés J et al. ESMO 2021;Abstract LBA1.



SABCS 2021;Abstract GS3-01.



DESTINY-Breast03: Progression-Free Survival (PFS) and Objective Response Rate 
(ORR) with T-DXd versus T-DM1 by Subgroup

PFS by BICR, HR (95% CI)
Absolute ORR difference 
T-DXd, T-DM1 (95% CI)

All patients  (N = 524) 0.28 (0.22-0.37) 45.5 (37.6-53.4)

Hormone receptor
Positive (n = 272) 0.32 (0.22-0.46) 47.3 (36.1-58.4)

Negative (n = 248) 0.30 (0.20-0.44) 43.2 (31.5-55.0)

Prior pertuzumab
Yes (n = 320) 0.31 (0.22-0.43) 46.7 (36.5-56.9)
No (n = 204) 0.30 (0.19-0.47) 43.6 (30.5-56.7)

Prior lines of therapy
0-1 (n = 258) 0.33 (0.23-0.48) 39.3 (27.3-51.2)
≥2 (n = 266) 0.28 (0.19-0.41) 51.6 (40.9-62.4)
Visceral disease
Yes (n = 384) 0.28 (0.21-0.38) 48.3 (39.1-57.6)
No (n = 140) 0.32 (0.17-0.58) 39.1 (23.6-54.6)
Brain metastases at baseline
Yes (n = 82) 0.25 (0.13-0.45) 46.9 (25.6-68.3)
No (n = 442) 0.30 (0.22-0.40) 45.5 (36.9-54.1)

Hurvitz S et al. SABCS 2021;Abstract GS3-01.



Updated Results from DESTINY-Breast01, a Phase 2 Trial 
of Trastuzumab Deruxtecan (T-DXd ) in HER2-Positive 
Metastatic Breast Cancer 

Modi S et al. 
SABCS 2020;Abstract PD3-06.



DESTINY-Breast01: Best Percent Change in Tumor Size
from Baseline

Modi S et al. SABCS 2020;Abstract PD3-06.



DESTINY-Breast04: Phase III Trial Schema

Primary endpoint: Progression-free survival per modified RECIST v1.1 by blinded independent 
central review

Target Accrual: 557

www.clinicaltrials.gov; Accessed February 2022.

R

Unresectable and/or metastatic HER2-low 
BC
(IHC 2+/ISH- or IHC 1+)

HER2 status is centrally confirmed and is 
based on ASCO-CAP 2018 guidelines using 
archival or fresh biopsy tissue samples

If archival tissue is not available, a fresh 
biopsy is required

Trastuzumab deruxtecan
5.4 mg/kg IV q3w

Physician’s choice
(capecitabine, eribulin, 

gemcitabine, paclitaxel or 
nab paclitaxel)

(2:1)

Randomization is stratified by
• HER2 IHC status (HER2 IHC 1+ vs HER2 IHC 2+/ISH-)
• Number of prior lines of chemotherapy (1 vs 2)
• HR/CDK status (HR+ with prior CDK4/6 inhibitor treatment vs HR+ without prior CDK4/6 

inhibitor treatment vs HR-)



Updated Results of Tucatinib versus Placebo Added to 
Trastuzumab and Capecitabine for Patients with 
Pretreated HER2-Positive Metastatic Breast Cancer 
with and without Brain Metastases (HER2CLIMB)
Curigliano G et al. 
ASCO 2021;Abstract 1043.



HER2CLIMB: Overall Survival (OS)

Curigliano G et al. ASCO 2021;Abstract 1043. 



HER2CLIMB: Progression-Free Survival (PFS)

Curigliano G et al. ASCO 2021;Abstract 1043. 



HER2CLIMB: Overall Survival for Patients with Baseline Brain Metastases

Curigliano G et al. ASCO 2021;Abstract 1043. 



HER2CLIMB: Safety Outcomes

Select adverse events

Tucatinib (n = 404) Placebo (n = 197)

Any grade Grade ≥3 Any grade Grade ≥3

Any 99.3% 55.2% 97.0% 48.7%

Diarrhea 80.9% 12.9% 53.3% 8.6%

PPE syndrome 63.4% 13.1% 52.8% 9.1%

Nausea 58.4% 3.7% 43.7% 3.0%

Fatigue 45.0% 4.7% 43.1% 4.1%

Vomiting 35.9% 3.0% 25.4% 3.6%

Stomatitis 25.5% 2.5% 14.2% 0.5%

Increased AST 21.3% 4.5% 11.2% 0.5%

Increased ALT 20.0% 5.4% 6.6% 0.5%

Murthy RK et al. SABCS 2019;Abstract GS1-01; Murthy RK et al. N Engl J Med 2020;382(7):597-609. 



FDA-Approved Agents for Localized HER2-Positive Breast Cancer

Choong GM et al. CA Cancer J Clin 2020;70:355-374.

Agent Setting Pivotal trial(s) Regimens Year approved

Trastuzumab Adjuvant HER2-positive localized 
breast cancer (LBC), first line

NSABP B-31
N9831

BCIRG 006
HERA

AC-T-placebo vs AC-T-H 
AC-T vs AC-H vs AC-T-H
ACT vs ACT-H vs TC-H

Observation vs trastuzumab

2006

Pertuzumab
Neoadjuvant HER2-positive,

LBC
NeoSphere TD vs PTD vs PT vs PD 2013

Pertuzumab Adjuvant HER2-positive, LBC APHINITY
Chemotherapy plus trastuzumab

plus pertuzumab vs placebo
2017

Neratinib
Extended adjuvant

treatment of HER2-positive LBC
ExteNET Placebo vs neratinib 2017

T-DM1

Adjuvant HER2-positive LBC with 
residual disease after neoadjuvant 

taxane and trastuzumab-based 
treatment

KATHERINE Trastuzumab vs T-DM1 2019

AC-H = doxorubicin, cyclophosphamide, and trastuzumab; AC-T = doxorubicin, cyclophosphamide and paclitaxel; AC-T-H = doxorubicin, cyclophosphamide, paclitaxel and 
trastuzumab; H = trastuzumab; PD = pertuzumab and docetaxel; PT = trastuzumab and pertuzumab; PTD = pertuzumab, trastuzumab and docetaxel; TC = docetaxel and 
cyclophosphamide; TC-H = docetaxel, cyclophosphamide and trastuzumab; TD = trastuzumab and docetaxel; THP = docetaxel, trastuzumab and pertuzumab



Trastuzumab Emtansine (T-DM1): Mechanisms of Action

Adapted from LoRusso PM et al. Clin Cancer Res 2011.

Emtansine 
release

Inhibition of 
microtubule 

polymerization

Internalization

Lysosome

Nucleus

HER2

T-DM1

PP

P

HER2T-DM1

Immune
effector cell

Fcγ receptor

Antibody-dependent
cellular cytotoxicity

(ADCC)

Inhibition of 
HER2 

signaling

Inhibition of 
HER2 

shedding

P P

P

PI3K MAPK



Ann Oncol 2021;[Online ahead of print]



Time to First Invasive Disease-Free Survival Event for Patients 
Who Received Anthracycline-Based Neoadjuvant Therapy

Mamounas EP et al. Ann Oncol 2021;[Online ahead of print].



Time to First Invasive Disease-Free Survival Event for Patients 
Who Received Non-Anthracycline-Based Neoadjuvant Therapy

Mamounas EP et al. Ann Oncol 2021;[Online ahead of print].



Mamounas EP et al. Ann Oncol 2021;32(8):1005-14.      

KATHERINE: Central Nervous System Recurrence Events

T-DM1 (n = 743) Trastuzumab (n = 743)

Patients with CNS recurrence 45 (6.1%) 40 (5.4%)

At first IDFS eventa 44 (5.9%) 32 (4.3%)

After first IDFS eventb 1 (0.1%) 8 (1.1%)

Patients with CNS as only eventc 36 (4.8%) 21 (2.8%)

Median time to CNS recurrence 17.5 months 11.9 months

T-DM1 = trastuzumab emtansine; CNS = central nervous system; IDFS = invasive disease-free survival
CNS recurrence awithin or bafter 61 days of first IDFS event or at cany time



J Clin Oncol 2021;[Online ahead of print].



ATEMPT: Invasive Disease-Free Survival (IDFS) and Recurrence-
Free Interval (RFI)

Outcome
T-DM1

(n = 383)
TH

(n = 114)

Three-year IDFS 97.8% 93.4%

Three-year RFI 99.2% 94.3%

Tolaney SM et al. J Clin Oncol 2021;[Online ahead of print].



ATEMPT: Clinically Relevant Toxicity
Clinically Relevant Toxicity T-DM1 (n = 383) TH (n = 114)

Grade ≥3 nonhematologic toxicity 9% 11%

Grade ≥2 neurotoxicity 11% 23%

Grade ≥4 hematologic toxicity 1% 0%

Febrile neutropenia 0% 2%

Any toxicity requiring dose delay 28% 26%

Any toxicity requiring early discontinuation 17% 6%

Total 46% 47%

Tolaney SM et al. J Clin Oncol 2021;[Online ahead of print].



Continued Efficacy of Neratinib in Patients with HER2-Positive 
Early-Stage Breast Cancer: Final Overall Survival Analysis from 
the Randomized Phase 3 ExteNET Trial

Holmes FA et al. 
SABCS 2020;Abstract PD3-03.



ExteNET: Final Overall Survival Analysis

Holmes FA et al. SABCS 2020;Abstract PD3-03.



ExteNET: Cumulative Incidence of CNS Recurrences

Holmes FA et al. SABCS 2020;Abstract PD3-03.

Population or subgroup

Events, n
Cumulative incidence 

of CNS recurrences

Neratinib Placebo Neratinib Placebo

Intention-to-treat population (n = 2,840) 16 23 1.3% 1.8%

HR-positive/≤1-year population 
(EU indication) (n = 1,334) 4 12 0.7% 2.1%

Prior neoadjuvant therapy (n = 1,334)
No (n = 980)
Yes (n = 354)

3
1

6
6

0.7%
0.7%

1.5%
3.7%

pCR status (n = 354)
No (n = 295)
Yes (n = 38)

1
0

5
1

0.8%
0

3.6%
5.0%
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NCCN Guidelines: Gene Expression Assays for 
Consideration of Adjuvant Systemic Therapy

NCCN Guidelines. Breast Cancer. Version 6.2021. August 16, 2021.



N Engl J Med 2021;385:2336-47



SABCS 2021;Abstract GS2-07.



RxPONDER Trial Schema

Kalinsky K et al. SABCS 2020;Abstract GS3-00.

R
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T
R
A
T
I
O
N

Recurrence Score 
0-25

Recurrence Score 
>25

R
A
N
D
O
M
I
Z
A
T
I
O
N

Arm 1:
Chemotherapy followed by 

endocrine therapy

Arm 2:
Endocrine therapy alone

Off study 
Chemotherapy followed by 

Endocrine therapy 
recommended 

Stratification Factors
Recurrence Score: 0-13 vs 14-25
Menopausal status: pre vs post
Axillary surgery: ALND vs SLNB  

N = 5,000 pts

Key Entry Criteria
• Women age ≥18
• ER and/or PR ≥1%, HER2-neg 

breast cancer with 1*-3 pos 
LN without distant metastasis
• Able to receive adjuvant 

taxane and/or anthracycline-
based chemotherapy†

• Axillary staging by SLNB or 
ALND

*  After randomization of 2,493 pts, the protocol was amended to exclude enrollment of pts with pN1mic as only nodal disease.
† Approved chemotherapy regimens included TC, FAC (or FEC), AC/T (or EC/T), FAC/T (or FEC/T). AC alone or CMF not allowed.

SLNB = sentinel lymph node biopsy; ALND = axillary lymph node dissection



Postmenopausal Premenopausal

RxPONDER Updated Analysis: IDFS Stratified by Menopausal Status 

Kalinsky K et al. SABCS 2021;Abstract GS2-07.

IDFS = invasive disease-free survival



Postmenopausal Premenopausal

RxPONDER Updated Analysis: DRFS Stratified by Menopausal Status 

Kalinsky K et al. SABCS 2021;Abstract GS2-07.

DRFS = distant recurrence-free survival



Postmenopausal Premenopausal

RxPONDER New Analysis: DRFI Stratified by Menopausal Status 

Kalinsky K et al. SABCS 2021;Abstract GS2-07.

DRFI = distant recurrence-free interval



FDA Approves Adjuvant Abemaciclib with Endocrine Therapy
for Localized Breast Cancer
Press Release – October 12, 2021

“The Food and Drug Administration approved abemaciclib with endocrine therapy 
(tamoxifen or an aromatase inhibitor) for adjuvant treatment of adult patients with 
hormone receptor (HR)-positive, human epidermal growth factor receptor 2 (HER2)-
negative, node-positive, early breast cancer at high risk of recurrence and a Ki-67 score 
≥20%, as determined by an FDA approved test. This is the first CDK 4/6 inhibitor 
approved for adjuvant treatment of breast cancer.

FDA also approved the Ki-67 IHC MIB-1 pharmDx assay as a companion diagnostic for 
selecting patients for this indication.

Efficacy was evaluated in monarchE (NCT03155997), a randomized (1:1), open-label, two-
cohort multicenter trial that included adult women and men with HR-positive, HER2-
negative, node-positive, resected, early breast cancer with clinical and pathological 
features consistent with a high risk of disease recurrence.”

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-abemaciclib-endocrine-therapy-early-breast-cancer



ASCO Rapid Recommendation Update for Abemaciclib for 
HR-Positive, HER2-Negative, Node-Positive Localized Breast Cancer

• Abemaciclib with endocrine therapy (ET — tamoxifen or an aromatase inhibitor) is FDA approved 
for adjuvant treatment of HR-positive, HER2-negative, node-positive localized breast cancer with 
high risk of recurrence and a Ki-67 score ≥20%.

• Based on analyses reported by Harbeck and colleagues, the panel recommends that abemaciclib
for 2 years with ET for 5 years or longer may be offered to the broader intent-to-treat population 
of patients with resected HR-positive, HER2-negative, node-positive localized breast cancer at high 
risk of recurrence, defined as having >4 positive axillary lymph nodes or as having 1 to 3 positive 
axillary lymph nodes and 1 or more of the following features: histologic Grade III, tumor size >5 cm 
or Ki-67 index >20%.

• Despite similar hazard ratios in favor of abemaciclib regardless of Ki-67 status, relatively few low 
Ki-67 tumors were reported in monarchE. When discussing treatment options with patients, the 
potential benefits (improved IDFS) should be weighed against the potential harms (treatment 
toxicity, financial cost).

Harbeck N et al. Ann Oncol 2021;[Online ahead of print].
https://www.asco.org/practice-patients/guidelines/breast-cancer#/11081



monarchE: Invasive Disease-Free Survival in Cohort 1, Ki67-High  
Population with Adjuvant Abemaciclib

Harbeck N et al. Ann Oncol 2021;32(12):1571-81.

Cohort 1: 4 positive axillary lymph 
nodes (ALNs), or 1-3 positive ALNs and 
either grade 3 disease or tumor ≥ 5 cm



monarchE: Invasive Disease-Free Survival in the Intent-to-Treat 
(ITT) Population with Adjuvant Abemaciclib

Harbeck N et al. Ann Oncol 2021;32(12):1571-81.



monarchE: Select Adverse Events (AEs)

Johnston SRD et al. J Clin Oncol 2020;38(34):3987-98.

• Abemaciclib dose adjustments due to AEs: 68.1% (56.9% dose omissions and 41.2% dose reductions)
• Abemaciclib discontinuation due to AEs: 16.6%
• Discontinuation of ET due to AEs in the control arm: 0.8% 



NATALEE: Ongoing Adjuvant Phase III Trial Design

Primary endpoint: Invasive disease-free survival
Secondary endpoints include recurrence-free survival, overall survival and quality of life

Estimated enrollment (N = 5,000)

• Hormone receptor-positive, HER2-negative 
localized breast cancer

• After complete resection of tumor (final 
surgical specimen microscopic margins free 
from tumor)

• ECOG PS 0-1

• No prior CDK4/6 inhibitor

• No prior tamoxifen, raloxifene or AIs for risk 
reduction

Ribociclib

+ 

Endocrine Therapy

Endocrine Therapy 

www.clinicaltrials.gov. NCT03701334. Accessed August 2021.

R



Key Trials Exploring CDK4/6 Inhibitors in Localized Breast Cancer

https://dailynews.ascopubs.org/do/10.1200/ADN.21.200483/full/; 1Gnant M et al. SABCS 2021;Abstract GS1-07.

MonarchE PALLAS PENELOPE-B

31.0

5,761

84.2%
84.5%

1

1

4 years: 73.5% vs. 72.4%



Abstract LBA17_PR



MONALEESA-2: Overall Survival (OS)

Hortobagyi GN et al. ESMO 2021;Abstract LBA17_PR.



MONALEESA-2: The OS Benefit Increased Over Time

Hortobagyi GN et al. ESMO 2021;Abstract LBA17_PR.



MONALEESA-2: OS Benefit Across Key Subgroups

Hortobagyi GN et al. ESMO 2021;Abstract LBA17_PR.



Line Trial Schema
PFS HR compared to 

endocrine alone
OS HR compared to 

endocrine alone

First line PALOMA-1 Letrozole ± palbociclib 0.49 0.897

PALOMA-2 Letrozole ± palbociclib 0.58 NR

MONALEESA-2 Letrozole ± ribociclib 0.56 0.76

MONALEESA-3 Fulvestrant ± ribociclib 0.55 0.72

MONALEESA-7 
(premenopausal)

Goserelin + AI or tamoxifen ±
ribociclib 0.55 0.71

MONARCH 3 Letrozole or anastrozole ± abemaciclib 0.54 NR

Second line PALOMA-3 Fulvestrant ± palbociclib 0.46 0.75

MONARCH 2 Fulvestrant ± abemaciclib 0.55 0.757

Randomized Trials of Endocrine Therapy with and without CDK4/6 Inhibition

Finn RS et all. Breast Cancer Res Treat 2020; Finn RS et al. NEJM 2016; Hortobagyi GN et al. Ann Oncol 2019, ESMO 2021; Slamon DJ et al. 
Ann Oncol 2021; Im SA et al. NEJM 2019; Goetz MP et al. JCO 2017; Loibl S et al. Oncologist 2017; Sledge GW Jr et al. JAMA Oncol 2020.



Common Side Effects and Dosing of CDK4/6 Inhibitors

Palbociclib Abemaciclib Ribociclib

Dosing 125 mg qd
3 wk on, 1 wk off

200 mg BID
continuously

600 mg qd
3 wk on, 1 wk off

Common adverse 
events All grades Grade 3/4 All grades Grade 3/4 All grades Grade 3/4

Neutropenia
Thrombocytopenia

95%
76%

54%
19%

88%
42%

27%
2%

46%
37%

29%
10%

Diarrhea
Nausea
Vomiting

16%
23%
5%

0
0
0

90%
65%
35%

20%
5%
2%

22%
46%
25%

3%
2%
0

Barroso-Sousa R et al. Breast Care 2016;11:167-73.



PI3K Inhibitors: Mechanism of Action

• PI3K is involved in the activation of Akt.

• Hyperactivation of the PI3K pathway is 
implicated in malignant transformation, 
cancer progression and endocrine therapy 
resistance.

• PIK3CA encodes the alpha isoform of the 
PI3K catalytic subunit.

• Around 40% of patients with HR-positive, 
HER2-negative breast cancer present with 
an activating PIK3CA tumor mutation.

• Alpelisib is a specific inhibitor of the PI3K 
alpha isoform.

André F et al. ESMO 2018;Abstract LBA3_PR.



Ann Oncol 2021;32(2):208-17.



SOLAR-1: OS for Patients with Advanced Breast Cancer
with a PIK3CA Mutation

Alpelisib + Fulvestrant (n = 169)
Median OS = 39.3 mo

Placebo + Fulvestrant (n = 172)
Median OS = 31.4 mo

HR = 0.86
p = 0.15

André F et al. Ann Oncol 2021;32(2):208-17.



SOLAR-1: Select Adverse Events in Overall Patient Population

André F et al. N Engl J Med 2019;380:1929-40.



Lancet Oncol 2021;22:489-98.



Treatment crossover between cohorts is not permitted

BYLieve: A Phase II, Open-Label, 3-Cohort, 
Noncomparative Trial (NCT03056755)

Goal: In the post-CDKi setting, assess the efficacy and safety of alpelisib + ET (fulvestrant or letrozole) 
for patients with PIK3CA-mutated HR-positive, HER2-negative advanced breast cancer (ABC)

aMen in the letrozole cohort and premenopausal women also received goserelin 3.6 mg SC every 28 days or leuprolide 7.5 mg IM every 28 days for adequate gonadal suppression. bEnrollment in each cohort 
continued until at least 112 patients with a centrally confirmed PIK3CA mutation was reached. 
c IM on D1 and D15 of Cycle 1 and D1 for all other cycles thereafter. dOral QD.

Men or pre/postmenopausala
women with HR+, HER2– ABC with 

a PIK3CA mutation
• Last line of prior therapy: CDKi + 

ET, systemic chemotherapy or ET
• ECOG PS ≤2
• Measurable disease (per RECIST 

v1.1) or ≥1 predominantly lytic 
bone lesion

Patients who received CDKi + AI 
as immediate prior treatment (N = 112)b 

(Cohort A)
Alpelisib 300 mg oral QD + fulvestrant 500 mgc

Patients who received CDKi + fulvestrant 
as immediate prior treatment (N = 112)

(Cohort B)

Alpelisib 300 mg oral QD + letrozole 2.5 mgd

Primary endpoint 
• Proportion of patients alive without PD 

at 6 months (RECIST v1.1) in each cohort 
• Secondary endpoints include
(assessed in each cohort)
• PFS
• PFS2
• ORR, CBR, DOR
• OS
• Safety

Alpelisib 300 mg oral QD + fulvestrant 500 mgc

Patients who progressed on/after AI and received chemotherapy or 
ET as immediate prior treatment (N = 112)

(Cohort C)

Cohort A: Rugo HS et al. Lancet Oncol 2021.



BYLieve Efficacy Outcomes

Rugo HS et al. Lancet Oncol 2021;22:489-98.

Primary Endpoint: Proportion of patients 
who were alive without disease progression at 6 months: 50.4%
ORR: 21%



New Phase III HARMONIA Trial Will Compare Palbociclib to 
Ribociclib for HR-Positive, HER2-Negative Advanced Breast Cancer 
Press Release – September 19, 2021

“HARMONIA, an international, randomized, Phase III, multicenter, open-label study of ribociclib versus 
palbociclib, both in combination with endocrine therapy, in patients with hormone receptor-positive, human 
epidermal growth factor receptor 2-negative (HR+/HER2-) advanced or metastatic breast cancer with a HER2-
enriched (HER2E) intrinsic subtype [has been announced]. HARMONIA is the first prospective Phase III trial to 
enroll patients selected by RNA-based molecular subtyping of their tumors and the first to directly compare 
two CDK4/6 inhibitors in patients with HR+/HER2- advanced breast cancer.

The primary endpoint of HARMONIA is progression free survival, and the study will evaluate if ribociblib
positively alters tumor biology, enabling a better response to endocrine therapy compared to palbociclib.

HARMONIA enrollment is expected to begin in Q1 2022. Patients with the basal-like subtype may also enroll. 
This exploratory cohort of patients will be treated with a chemotherapy-based regimen as these tumors 
behave more like triple-negative breast cancer.”

https://www.novartis.com/news/media-releases/novartis-announces-collaboration-harmonia-phase-iii-head-head-trial-evaluating-kisqali-vs-
ibrance-patients-hrher2-advanced-breast-cancer



SABCS 2021;Abstract GS2-02.



EMERALD: Progression-Free Survival (PFS) by IRC

Bardia A et al. SABCS 2021;Abstract GS2-02. 



EMERALD: PFS by IRC (continued)

Bardia A et al. SABCS 2021;Abstract GS2-02. 



EMERALD: Treatment-Emergent Adverse Events

Bardia A et al. SABCS 2021;Abstract GS2-02. 



Select Ongoing Phase II/III Trials of Oral SERDs in Development
for ER-Positive, HER2-Negative Advanced Breast Cancer

Drug Trial name (phase) Treatment arms Setting
Estimated study 
completion date

Amcenestrant
(SAR439859)

AMEERA-3
(Phase II)

• Amcenestrant
• Endocrine monotherapy Prior hormonal tx July 2025

Amcenestrant
(SAR439859)

AMEERA-5
(Phase III)

• Amcenestrant + Palbociclib
• Letrozole + Palbociclib Untreated ABC May 2027

Camizestrant
(AZD9833)

SERENA-4
(Phase III)

• Camizestrant + Palbociclib
• Anastrozole + Palbociclib Untreated ABC February 2029

Giredestrant
(GDC-9545)

acelERA
(Phase II) 

• Giredestrant
• Endocrine monotherapy

Prior systemic and/or 
targeted tx January 2024

Giredestrant
(GDC-9545)

persevERA
(Phase III) 

• Giredestrant + Palbociclib
• Letrozole + Palbociclib Untreated ABC March 2027

SERD: Selective ER degrader

www.clinicaltrials.gov. Accessed August 2021
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Novel Targets for Therapeutic Intervention 
in Triple-Negative Breast Cancer

Vidula N et al. J Natl Compr Canc Netw 2020;1-9. 



J Clin Oncol 2021;[Online ahead of print].



ASCO 2021 Adjuvant PARP Inhibitor Updated Recommendations

• For patients with localized, HER2-negative breast cancer with high risk of recurrence and germline 
BRCA1 or BRCA2 pathogenic or likely pathogenic variants, 1 year of adjuvant olaparib should be 
offered after completion of (neo)adjuvant chemotherapy and local treatment, including 
radiation therapy.

• For those who underwent surgery first, 1 year of adjuvant olaparib should be offered for patients with 
triple-negative breast cancer and tumor size >2 cm or any involved axillary nodes. 

• For those with hormone receptor (HR)-positive disease, 1 year of adjuvant olaparib should be offered 
to those with at least 4 involved axillary lymph nodes. 

• For patients who received neoadjuvant chemotherapy, 1 year of adjuvant olaparib should be offered 
to patients with triple-negative breast cancer and any residual cancer; for patients with HR-positive
disease, 1 year of adjuvant olaparib should be offered to patients with residual disease and a clinical 
stage, pathologic stage, estrogen receptor and tumor grade score ≥3.

Tung NM et al. J Clin Oncol 2021;39(26):2959-61.



N Engl J Med 2021;384:2394-405



OlympiA: Invasive and Distant Disease-Free Survival 

Tutt ANJ et al. N Engl J Med 2021;384:2394-405.

Invasive DFS (IDFS) Distant DFS (DDFS)

3-year IDFS difference: 8.8%
HR: 0.58, p < 0.001
N = 1,836

3-year DDFS difference: 7.1%
HR: 0.0.57, p < 0.001
N = 1,836



OlympiA: 3-Year IDFS

Tutt ANJ et al. N Engl J Med 2021;384:2394-405.



OlympiA: Overall Survival (OS) 

3-year OS difference: 3.7%
HR: 0.68, p < 0.02
N = 1,836

Tutt ANJ et al. N Engl J Med 2021;384:2394-405.



OlympiA: Summary of Adverse Events

Tutt ANJ et al. N Engl J Med 2021;384:2394-405.
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Phase III Studies of Neoadjuvant Chemotherapy with 
Anti-PD-1/PD-L1 Antibodies: IMpassion031 and KEYNOTE-522

Loibl S et al. ASCO 2021;Abstract 506.

Mittendorf et al. Lancet 2020.

Schmidt P et al. New Engl Journal 2020.
Paclitaxel Q1W x12 + Carboplatin AUC5 Q3weeks or 1.5 Q1W +pembrolizumab Q3W x 4 à AC Q3W x4+ pembrolizumab Q3W



Primary Endpoints of Phase III Studies of Neoadjuvant 
Immunotherapy with Chemotherapy

Change in pCR rate Overall PD-L1 positive PD-L1 negative

KEYNOTE-5221 (Pembrolizumab + CT vs Placebo + CT) +13.6% +14% +18%

IMpassion 0312 (Atezolizumab + CT vs Placebo + CT) +17% +20% +14%

1 Schmid et al. NEJM 2020; 2 Mittendorf et al. Lancet 2020; 3 Schmid et al. ESMO 2021 Virtual Plenary.

Event-free survival Median FU Events HR

KEYNOTE-5223 (Pembrolizumab + CT vs Placebo + CT) 39.1 mo 15.7% vs 23.8% 0.63

IMpassion 0312 (Atezolizumab + CT vs Placebo + CT)* 20.6 mo 10.3% vs 13.1% 0.76

*IMpassion031 not powered for event-free survival, disease-free survival or overall survival

pCR = pathologic complete response



FDA Approves Pembrolizumab for High-Risk Localized Triple-Negative 
Breast Cancer
Press Release – July 26, 2021

“The Food and Drug Administration approved pembrolizumab for high-risk, early-stage, triple-negative breast 
cancer (TNBC) in combination with chemotherapy as neoadjuvant treatment, and then continued as a single 
agent as adjuvant treatment after surgery.

FDA also granted regular approval to pembrolizumab in combination with chemotherapy for patients with 
locally recurrent unresectable or metastatic TNBC whose tumors express PD-L1 (Combined Positive Score 
[CPS] ≥10) as determined by an FDA approved test. FDA granted accelerated approval to pembrolizumab for 
this indication in November 2020.

The following trial was the basis of the neoadjuvant and adjuvant approval, as well as the confirmatory trial 
for the accelerated approval.

The efficacy of pembrolizumab in combination with neoadjuvant chemotherapy followed by surgery and 
continued adjuvant treatment with pembrolizumab as a single agent was investigated in KEYNOTE-522 
(NCT03036488), a randomized, multicenter, double-blind, placebo-controlled trial conducted in 1174 patients 
with newly diagnosed previously untreated high-risk early-stage TNBC (tumor size >1 cm but ≤2 cm in 
diameter with nodal involvement or tumor size >2 cm in diameter regardless of nodal involvement). Patients 
were enrolled regardless of tumor PD-L1 expression.”

www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-pembrolizumab-high-risk-early-stage-triple-negative-breast-
cancer?utm_medium=email&utm_source=govdelivery





KEYNOTE-522: Updated OS (Median Follow-Up 39.1 Months)

Schmid P et al. ESMO 2021 Virtual Plenary.



Pivotal Phase III Trials Supporting the FDA Approvals of Olaparib and 
Talazoparib for Metastatic Breast Cancer with a Germline BRCA Mutation

Trial Eligibility Randomization Primary endpoint

OlympiAD1

(n = 302)
• HER2-negative metastatic BC

– ER-positive and/or PR-positive or TNBC
• Deleterious or suspected deleterious 

gBRCA mutation
• Prior anthracycline and taxane
• ≤2 prior chemotherapy lines in metastatic setting

• Olaparib
• Physician’s choice

– Capecitabine
– Eribulin
– Vinorelbine

• PFS by blinded 
independent 
central review

EMBRACA2

(n = 431)
• HER2-negative locally advanced or metastatic BC
• Germline BRCA1 or BRCA2 mutation
• ≤3 prior cytotoxic chemotherapy regimens
• Prior treatment with a taxane and/or anthracycline 

unless medically contraindicated

• Talazoparib
• Physician’s choice

– Capecitabine
– Eribulin
– Gemcitabine
– Vinorelbine

• PFS by blinded 
independent 
central review

1 Robson M et al. N Engl J Med 2017;377(6):523-33. 2 Litton JK et al. SABCS 2017;Abstract GS6-07; 
www.clinicaltrials.gov. Accessed August 2019.



OlympiAD and EMBRACA: Efficacy Summary

OlympiAD1-3 EMBRACA4-6

HR (PFS) 0.58 0.54 

HR (PFS) ER/PR-positive 0.82 0.47

HR (PFS) TNBC 0.43 0.60

HR (OS) 0.84 0.76 

ORR 59.9% (vs 28.8% TPC) 67.6% (vs 27.2% TPC)

1 Robson M et al. N Engl J Med 2017;377(6):523-33. 2 Robson M et al. Ann Oncol 2019;30(4):558-66. 3 Robson M et al. San Antonio Breast 
Cancer Symposium 2019;Abstract PD4-03. 4 Litton JK et al. N Engl J Med 2018;379(8):753-63. 5 Litton JK et al. San Antonio Breast Cancer 
Symposium 2017;Abstract GS6-07. 6 Rugo HS et al. ASCO 2018;Abstract 1069.

Cross-trial comparisons are challenging in terms of
determining the relative efficacy and tolerability of treatments

TPC = treatment of physician’s choice



OlympiAD and EMBRACA: Adverse Event (AE) and Quality of Life Summary

OlympiAD 1,2 EMBRACA3,4

Serious AEs Grade ≥3 36.6% (vs 50.5% TPC) 25.5% (v. 25.4% TPC)

Anemia Grade ≥3 16.1% 39.2%

Neutropenia Grade ≥3 9.3% 20.9%

Thrombocytopenia Grade ≥3 2.4% 14.7%

MDS/AML 0 0

Nausea (any grade) 58.0% 48.6%

Alopecia (any grade) 3.4% 25.2%

Dose modification/reduction due to AE 25.4% (vs 30.8% TPC) 66% (vs 60% TPC)

Treatment discontinuation due to AE 4.9% (vs 7.7% TPC) 5.9% (vs 8.7% TPC)

1 Robson M et al. N Engl J Med 2017;377(6):523-33. 2 Robson M et al. Ann Oncol 2019;30(4):558-66. 3 Litton JK et al. N Engl J Med 
2018;379(8):753-63. 4 Litton JK et al. San Antonio Breast Cancer Symposium 2017;Abstract GS6-07.

Cross-trial comparisons are challenging in terms of
determining the relative efficacy and tolerability of treatments



Phase III KEYNOTE-355 Trial Met Primary Endpoint of Overall Survival 
for Patients with Metastatic Triple-Negative Breast Cancer Whose 
Tumors Expressed PD-L1 (CPS ≥10) 
Press Release – July 27, 2021

“Positive overall survival (OS) results [were announced] from the pivotal Phase 3 
KEYNOTE-355 trial evaluating pembrolizumab in combination with chemotherapy for the 
treatment of patients with metastatic triple-negative breast cancer (mTNBC). Findings 
from the final analysis show first-line treatment with pembrolizumab in combination with 
chemotherapy (nab-paclitaxel, paclitaxel or gemcitabine/carboplatin) demonstrated a 
statistically significant and clinically meaningful improvement in OS compared with 
chemotherapy alone in patients with mTNBC whose tumors expressed PD-L1 (Combined 
Positive Score [CPS] ≥10). No new safety signals were identified. These OS results will be 
presented at an upcoming medical meeting and submitted to regulatory authorities.”

https://www.merck.com/news/merck-announces-phase-3-keynote-355-trial-met-primary-endpoint-of-overall-survival-os-in-
patients-with-metastatic-triple-negative-breast-cancer-whose-tumors-expressed-pd-l1-cps-%e2%89%a510/



Abstract GS1-02



KEYNOTE-355: Overall Survival (OS) at Final Analysis 

Cortes J et al. SABCS 2021;Abstract GS1-02.



KEYNOTE-355: OS in Additional PD-L1 CPS Subgroups

Cortes J et al. SABCS 2021;Abstract GS1-02.



Lancet 2020;396:1817-28



KEYNOTE-355: Progression-Free Survival (Combined Positive 
Score ≥10)  

Cortes J et al. Lancet 2020;396:1817-28.



Withdrawal of Accelerated Approval of Atezolizumab in 
Combination with Chemotherapy for Unresectable Locally 
Advanced or Metastatic Triple-Negative Breast Cancer
Press Release – August 27, 2021

“Accelerated approval has been voluntarily withdrawn in the United States for 
atezolizumab in combination with chemotherapy (nab paclitaxel) for the treatment of 
unresectable locally advanced or metastatic TNBC in adult patients whose tumors 
express PD-L1 as determined by an FDA-approved test. 

The decision was made in consultation with the FDA after failure of the confirmatory 
IMpassion131 trial to meet its primary endpoint of PFS for the initial (first-line) 
treatment of mTNBC in the PD-L1-positive population.” 

https://www.gene.com/media/press-releases/14927/2021-08-27/genentech-provides-update-on-tecentriq-u



FDA Grants Regular Approval to Sacituzumab Govitecan for 
Triple-Negative Breast Cancer
Press Release – April 7, 2021

“The Food and Drug Administration granted regular approval to sacituzumab govitecan for 
patients with unresectable locally advanced or metastatic triple-negative breast cancer 
(mTNBC) who have received two or more prior systemic therapies, at least one of them 
for metastatic disease.

Efficacy and safety were evaluated in a multicenter, open-label, randomized trial (ASCENT; 
NCT02574455) conducted in 529 patients with unresectable locally advanced or mTNBC
who had relapsed after at least two prior chemotherapies, one of which could be in the 
neoadjuvant or adjuvant setting, if progression occurred within 12 months. Patients were 
randomized (1:1) to receive sacituzumab govitecan, 10 mg/kg as an intravenous infusion, 
on days 1 and 8 of a 21-day (n = 267) cycle or physician’s choice of single agent 
chemotherapy (n = 262).”

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-regular-approval-sacituzumab-govitecan-
triple-negative-breast-cancer



Sacituzumab Govitecan Is a First-in-Class TROP-2-Directed 
Antibody-Drug Conjugate

Rugo HS et al. Future Oncol 2020;16(12):705-15. 



N Engl J Med 2021;384:1529-41.



ASCENT: Progression-Free Survival (Overall Population)

Bardia A et al. N Engl J Med 2021;384:1529-41.



ASCENT: PFS and OS Among Patients without Brain Metastases

Bardia A et al. N Engl J Med 2021;384:1529-41.



ASCENT: Selected Adverse Events

Adverse event

Patients (N = 108)

Any grade Grade 3 Grade 4
Gastrointestinal disorders
Nausea 67% 6% 0
Diarrhea 62% 8% 0
Vomiting 49% 6% 0
Blood and lymphatic system disorders
Neutropenia 64% 26% 16%
Anemia 50% 11% 0
Abnormal values
Decrease white blood cell counts 21% 8% 3%

Bardia A et al. N Engl J Med 2021;384:1529-41.



Outcomes in Patients (pts) Aged ≥65 Years in the 
Phase 3 ASCENT Study of Sacituzumab Govitecan (SG) 
in Metastatic Triple-Negative Breast Cancer (mTNBC)

Kalinsky K et al. 
ASCO 2021;Abstract 1011.



ASCENT: Overall Survival for Young and Older Patients with 
mTNBC Treated with Sacituzumab Govitecan

Kalinsky K et al. ASCO 2021;Abstract 1011.



San Antonio Breast Cancer Symposium 2020;Abstract GS3-06 



Hurvitz SA et al. SABCS 2020;Abstract GS3-06.



Abstract GS1-05



TROPION-PanTumor01: Antitumor Response in TNBC Cohort

Krop I et al. SABCS 2021;Abstract GS1-05.



TROPION-PanTumor01: TEAEs in ≥15% of Patients in TNBC Cohort

Krop I et al. SABCS 2021;Abstract GS1-05.
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• CheckMate 577: Adjuvant  nivolumab in resect esophageal/GEJ cancers 

• KEYNOTE-590: 



FDA Approves Nivolumab for Resected Esophageal or GEJ Cancer
Press Release – May 20, 2021

“The Food and Drug Administration approved nivolumab for patients with completely resected 
esophageal or gastroesophageal junction (GEJ) cancer with residual pathologic disease who have 
received neoadjuvant chemoradiotherapy.

Efficacy was evaluated in CHECKMATE-577 (NCT02743494), a randomized, multicenter, double-
blind trial in 794 patients with completely resected (negative margins) esophageal or GEJ cancers 
who had residual pathologic disease following concurrent chemoradiotherapy. Patients were 
randomized (2:1) to receive either nivolumab 240 mg or placebo every 2 weeks for 16 weeks 
followed by 480 mg of nivolumab or placebo every 4 weeks beginning at week 17 for up to one 
year of treatment.

The recommended nivolumab dose for adjuvant treatment of resected esophageal or GEJ cancer is 
240 mg every 2 weeks or 480 mg every 4 weeks for a total treatment duration of 1 year. Both 
doses are administered as 30-minute intravenous infusions.”

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-nivolumab-resected-esophageal-or-gej-cancer





CheckMate 577: Disease-Free Survival (DFS) 

Kelly RJ et al. ASCO 2021;Abstract 4003.



FDA Approves Pembrolizumab in Combination with 
Chemotherapy for Esophageal or GEJ Carcinoma
Press Release – March 22, 2021

“The Food and Drug Administration approved pembrolizumab in combination with platinum and 
fluoropyrimidine-based chemotherapy for patients with metastatic or locally advanced esophageal 
or gastroesophageal (GEJ) (tumors with epicenter 1 to 5 centimeters above the gastroesophageal 
junction) carcinoma who are not candidates for surgical resection or definitive chemoradiation.

Efficacy was evaluated in KEYNOTE-590 (NCT03189719), a multicenter, randomized, placebo-
controlled trial that enrolled 749 patients with metastatic or locally advanced esophageal or 
gastroesophageal junction carcinoma who were not candidates for surgical resection or definitive 
chemoradiation. 

The recommended pembrolizumab dose for esophageal cancer is 200 mg every 3 weeks or 400 mg 
every 6 weeks.”

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-pembrolizumab-esophageal-or-gej-carcinoma



Lancet 2021;398(10302):759-71.



KEYNOTE-590: Overall Survival (OS) 

Sun JM et al. Lancet 2021;398(10302):759-71. 

PD-L1 Combined Positive Score (CPS) ≥10 All Randomized Patients



N Engl J Med 2022;[Online ahead of print].



CheckMate 648: OS for Patients with PD-L1 ≥1% 
(Primary Endpoint with PFS in PD-L1 ≥1%) and in Overall Population  

Doki Y et al. N Engl J Med 2022;[Online ahead of print].



Abstract 1373MO



JUPITER-06: OS with Toripalimab and Chemotherapy in Advanced 
or Metastatic Esophageal Squamous Cell Carcinoma (ESCC)

Wang F et al. ESMO 2021;Abstract 1373MO.



Abstract LBA52



ORIENT-15: OS with Sintilimab and Chemotherapy in Advanced 
or Metastatic ESCC

Shen L et al. ESMO 2021;Abstract LBA52.

All patientsPD-L1 CPS ≥10



FDA Approves Nivolumab with Chemotherapy for Front-Line 
Advanced Gastric, GEJ and Esophageal Cancer
Press Release – April 16, 2021

“The FDA approved nivolumab in combination with certain types of chemotherapy for the frontline 
treatment of patients with advanced or metastatic gastric cancer, gastroesophageal junction 
cancer and esophageal adenocarcinoma, making it the first approved immunotherapy for this 
patient population.

The agency based the approval on data from the randomized, multicenter, open-label phase 3 
CheckMate-649 trial, designed to evaluate nivolumab – a monoclonal antibody that inhibits tumor 
growth by enhancing T-cell function – plus chemotherapy in 1,581 patients with previously 
untreated advanced or metastatic gastric cancer, gastroesophageal junction cancer and 
esophageal adenocarcinoma. 

Of the 789 patients treated in the nivolumab arm, median overall survival was 13.8 months, 
compared with 11.6 months for patients who received chemotherapy alone.”

https://www.cancernetwork.com/view/fda-approves-nivolumab-plus-chemo-for-frontline-advanced-gastric-cancer



2022



Shitara K et al. Gastrointestinal Cancers Symposium 2022;Abstract 240.

CheckMate 649: Overall and Progression-Free Survival



CheckMate 649: Efficacy Subgroup Analysis by PD-L1 CPS 
Excluding Patients with Microsatellite Instability-High Tumors

Shitara K et al. Gastrointestinal Cancers Symposium 2022;Abstract 240.



Abstract LBA53



ORIENT-16: OS with Sintilimab and Chemotherapy in Advanced 
Gastric or GEJ Adenocarcinoma

Xu J et al. ESMO 2021;Abstract LBA53.

All patientsPD-L1 CPS ≥5



FDA Grants Accelerated Approval to Pembrolizumab with Trastuzumab 
and Chemotherapy as First-Line Therapy for HER2-Positive Gastric Cancer
Press Release – May 5, 2021

“The Food and Drug Administration granted accelerated approval to pembrolizumab in combination with 
trastuzumab, fluoropyrimidine- and platinum-containing chemotherapy for the first-line treatment of patients 
with locally advanced unresectable or metastatic HER2 positive gastric or gastroesophageal junction (GEJ) 
adenocarcinoma.

Approval was based on the prespecified interim analysis of the first 264 patients of the ongoing KEYNOTE-811 
(NCT03615326) trial, a multicenter, randomized, double-blind, placebo-controlled trial in patients with 
HER2-positive advanced gastric or gastroesophageal junction (GEJ) adenocarcinoma who had not previously 
received systemic therapy for metastatic disease. Patients were randomized (1:1) to receive pembrolizumab 
200 mg or placebo every 3 weeks, in combination with trastuzumab and either fluorouracil plus cisplatin or 
capecitabine plus oxaliplatin.

The main efficacy measure for this analysis was overall response rate (ORR) assessed by blinded independent 
review committee. The ORR was 74% in the pembrolizumab arm and 52% in the placebo arm (one-sided 
p-value < 0.0001, statistically significant). The median duration of response (DoR) was 10.6 months for patients 
treated with pembrolizumab and 9.5 months for those in the placebo arm.”

https://www.fda.gov/drugs/drug-approvals-and-databases/fda-grants-accelerated-approval-pembrolizumab-her2-positive-
gastric-cancer



Nature 2021;600(7890):727-30.



Janjigian YY et al. Nature 2021;600(7890):727-30.

KEYNOTE-811: Overall Response Rate

Pembrolizumab Placebo

ORR: 74% ORR: 52%



ESMO World Congress on Gastrointestinal Cancer 2021;Abstract LBA4.



KEYNOTE-811: Confirmed Response at First Interim Analysis

ORR: 74.4% ORR: 51.9%

Janjigian YY et al. ESMO World Congress on Gastrointestinal Cancer 2021;Abstract LBA4.



FDA Approves Trastuzumab Deruxtecan for HER2-Positive Gastric 
Adenocarcinomas
Press Release – January 15, 2021

“The Food and Drug Administration approved fam-trastuzumab deruxtecan-nxki for 
adult patients with locally advanced or metastatic HER2-positive gastric or 
gastroesophageal (GEJ) adenocarcinoma who have received a prior trastuzumab-
based regimen.

Efficacy was evaluated in a multicenter, open-label, randomized trial (DESTINY-
Gastric01, NCT03329690) in patients with HER2-positive locally advanced or 
metastatic gastric or GEJ adenocarcinoma who had progressed on at least two prior 
regimens, including trastuzumab, a fluoropyrimidine- and a platinum-containing 
chemotherapy. A total of 188 patients were randomized (2:1) to receive fam-
trastuzumab deruxtecan-nxki 6.4 mg/kg intravenously every 3 weeks or physician’s 
choice of either irinotecan or paclitaxel monotherapy.”

https://www.fda.gov/drugs/drug-approvals-and-databases/fda-approves-fam-trastuzumab-deruxtecan-nxki-her2-positive-
gastric-adenocarcinomas



Abstract 4048



DESTINY-Gastric01: Final OS Analysis 

Yamaguchi K et al. ASCO 2021;Abstract 4048.

As in the primary analysis (101 OS events; 54.0% maturity), in this updated analysis (133 OS events; 
71.1% maturity), trastuzumab deruxtecan (T-DXd) showed superior antitumor activity compared to 
physician's choice.



DESTINY-Gastric01: Exploratory Biomarker Analysis of OS in 
HER2-Positive or HER2-Low Advanced Gastric or GEJ Cancer

Exploratory Biomarker in Primary HER2-Positive Cohort Median Overall Survival
Plasma HER2 amplification

Not Amplified
Amplified

12.1 mo
13.0 mo

Plasma HER2 copy number*
Above 6.0
Below 6.0

21.2 mo
12.0 mo

Exploratory Biomarker in Exploratory HER2-Low Cohort
Plasma HER2 extracellular domain**

Above 11.6 ng/mL
Below 11.6 ng/mL

10.1 mo
4.3 mo

*An exploratory cutoff (copy number = 6.0) value was determined, which minimized p-value, estimated by 
log-rank test. Below 6.0 includes patients without amplification; **An exploratory cutoff value of 11.6 ng/mL 
in exploratory cohorts was determined, which minimized p-value, estimated by log-rank test.

Shitari K et al. ESMO World Congress on Gastrointestinal Cancer 2021;Abstract O-14.



Abstract LBA55



DESTINY-Gastric02: Best Percentage Change of Tumor Size 
from Baseline

Van Cutsem E et al. ESMO 2021;Abstract LBA55.



FDA Grants Bemarituzumab Breakthrough Therapy Designation as 
First-Line Treatment for Gastric and Gastroesophageal Cancers that 
Overexpress FGFR2b
Press Release – April 19, 2021

“The US Food and Drug Administration (FDA) granted Breakthrough Therapy 
Designation for investigational bemarituzumab as first-line treatment for patients 
with fibroblast growth factor receptor 2b (FGFR2b) overexpressing and human 
epidermal growth factor receptor 2 (HER2)-negative metastatic and locally advanced 
gastric and gastroesophageal (GEJ) adenocarcinoma in combination with modified 
FOLFOX6 (fluoropyrimidine, leucovorin, and oxaliplatin), based on an FDA-
approved companion diagnostic assay showing at least 10% of tumor cells 
overexpressing FGFR2b.”

This designation is supported by results from the Phase 2 FIGHT trial.

https://www.amgen.com/newsroom/press-releases/2021/04/amgens-investigational-targeted-treatment-bemarituzumab-
granted-breakthrough-therapy-designation



Abstract 4010



FIGHT: Efficacy of First-Line Bemarituzumab with Modified 
FOLFOX6 for Gastric/GEJ Adenocarcinoma

Catenacci DV et al. ASCO 2021;Abstract 4010.

• Median OS was reached in the overall population with longer follow-up – 5.7-mo improvement



FIGHT: Selected Treatment-Related Adverse Event Summary

Catenacci DV et al. ASCO 2021;Abstract 4010.
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IMbrave150: Updated Overall Survival (OS) Data 
from a Global, Randomized, Open-Label Phase III 
Study of Atezolizumab (atezo) + Bevacizumab (bev) 
versus Sorafenib (sor) in Patients (pts) with 
Unresectable Hepatocellular Carcinoma (HCC)

Finn RS et al.
Gastrointestinal Cancers Symposium 2021;Abstract 267. 



IMbrave150: Updated OS and PFS (Median Follow-Up = 
15.6 Months)

Finn RS et al. Gastrointestinal Cancers Symposium 2021;Abstract 267. 



Abstract 379



HIMALAYA Phase III Trial Schema

Abou-Alfa GK et al. Gastrointestinal Cancers Symposium 2022;Abstract 379. 



HIMALAYA Primary Endpoint: OS for Tremelimumab 300 and 
Durvalumab as First-Line Therapy in Unresectable HCC

Abou-Alfa GK et al. Gastrointestinal Cancers Symposium 2022;Abstract 379. 



HIMALAYA: Safety and Tolerability

Abou-Alfa GK et al. Gastrointestinal Cancers Symposium 2022;Abstract 379. 





COSMIC-312 Primary Endpoint of PFS: Final Analysis

Kelley RK et al. ESMO Asia Virtual Oncology Week 2021;Abstract VP10-2021. 



COSMIC-312 Primary Endpoint of OS: Interim Analysis

Kelley RK et al. ESMO Asia Virtual Oncology Week 2021;Abstract VP10-2021. 
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Abstract 378



TOPAZ-1 Primary Endpoint: OS

Oh D-Y et al. Gastrointestinal Cancers Symposium 2022;Abstract 378. 



Emerging Targets in Cholangiocarcinoma: Focus on FGFR2 and IDH1 

Israel MA et al. Oncologist 2021;26(9):787-96.

Courtesy of Katie Kelley, MD. 



FDA Grants Accelerated Approval to Infigratinib for Metastatic 
Cholangiocarcinoma
Press Release – May 28, 2021

“The Food and Drug Administration granted accelerated approval to infigratinib, a kinase inhibitor for adults 
with previously treated, unresectable locally advanced or metastatic cholangiocarcinoma with a fibroblast 
growth factor receptor 2 (FGFR2) fusion or other rearrangement as detected by an FDA-approved test.

The FDA also approved FoundationOne® CDx for selection of patients with FGFR2 fusion or other 
rearrangement as a companion diagnostic device for treatment with infigratinib.

Efficacy was demonstrated in CBGJ398X2204 (NCT02150967), a multicenter open-label single-arm trial, that 
enrolled 108 patients with previously treated, unresectable locally advanced or metastatic cholangiocarcinoma 
with an FGFR2 fusion or rearrangement as determined by local or central testing. Patients received infigratinib
125 mg orally once daily for 21 consecutive days followed by 7 days off therapy, in 28-day cycles until disease 
progression or unacceptable toxicity.”

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-infigratinib-metastatic-
cholangiocarcinoma



Lancet Gasteroenterol Hepatol 2021;6(10):803-15.



Phase II Study of Infigratinib in Advanced or Metastatic 
Cholangiocarcinoma Harboring FGFR2 Fusions or Rearrangements

Javle M  et al. Lancet Gasteroenterol Hepatol 2021;6(10):803-15. 

§ ORR: 23.1% in overall population
• 34% in 2nd line subgroup (n=50)
• Median duration of response 7.3 mos.





FIGHT-202: Pemigatinib for Previously Treated Locally Advanced 
or Metastatic Cholangiocarcinoma

About-Alfa GK et al. ASCO 2021;Abstract 4086. 



Primary Results of Phase 2 FOENIX-CCA2: The 
Irreversible FGFR1-4 Inhibitor Futibatinib in 
Intrahepatic Cholangiocarcinoma (iCCA) with FGFR2 
Fusions/Rearrangements

Goyal L et al.
AACR 2021;Abstract CT010. 



FOENIX-CCA2: Phase II Study of Futibatinib in Intrahepatic 
Cholangiocarcinoma with FGFR2 Fusions/Rearrangements

Goyal L et al. AACR 2021;Abstract CT010. 



FDA Approves Ivosidenib for Advanced or Metastatic Cholangiocarcinoma
Press Release – August 25, 2021

“The Food and Drug Administration approved ivosidenib for adult patients with previously treated, locally 
advanced or metastatic cholangiocarcinoma with an isocitrate dehydrogenase-1 (IDH1) mutation as detected 
by an FDA-approved test.

Today, the FDA also approved the Oncomine Dx Target Test as a companion diagnostic device to aid in selecting 
patients with cholangiocarcinoma for treatment with ivosidenib.

Ivosidenib was investigated in a randomized (2:1), multicenter, double-blind, placebo-controlled clinical trial 
(Study AG120-C-005, NCT02989857) of 185 adult patients with locally advanced or metastatic 
cholangiocarcinoma with an IDH1 mutation. The patient’s disease must have progressed following at least one, 
but not more than two prior regimens, including at least one gemcitabine- or 5-flurouracil-containing regimen. 
Patients were randomized to receive either ivosidenib 500 mg orally once daily or matched placebo until 
disease progression or unacceptable toxicity.”

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-ivosidenib-advanced-or-metastatic-
cholangiocarcinoma



JAMA Oncol 2021;7(11):1669-77.



ClarIDHy: Final OS with Ivosidenib for Patients with Advanced 
Cholangiocarcinoma with IDH1 Mutation

Zhu AX et al. JAMA Oncol 2021;7(1):1669-77. 
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Characteristics and Terminology for Circulating Tumor DNA (ctDNA)

Courtesy of Christopher Lieu, MD



Nat Rev Clin Oncol 2020;17(12):757-70.



Clin Cancer Res 2022;28(3):507-17.



Detection of ctDNA After Surgery and Recurrence Rates

Henriksen TV et al. Clin Cancer Res 2022;28(3):507-17.



Courtesy of Christopher Lieu, MD.



CALGB/SWOG-80405: OS by Tumor Location and Biologic 
Agent (RAS Wild Type)

Venook A et al. ASCO 2016;Abstract 3504.



J Clin Oncol 2021;39(4):273-84. 

Standard



BEACON: OS Results

Tabanero J et al. J Clin Oncol 2021;39(4):273-84.



ESMO World Congress on Gastrointestinal Cancer 2021;Abstract O-10. 



ANCHOR CRC: Results Summary

Van Cutsem E et al. ESMO World Congress on Gastrointestinal Cancer 2021;Abstract O-10. 

Confirmed ORR (n = 92): 47.8% 

• OS was 17.2 mos (with a median follow-up of 14.4 mos)
• The triplet combination was well-tolerated and there were no unexpected toxicities

ORR, objective response rate.



BREAKWATER Study Design

Van Cutsem E et al. ESMO World Congress on Gastrointestinal Cancer 2021;Abstract O-10. 

FOLFOX, full dose IV Q2W



ESMO World Congress on Gastrointestinal Cancer 2021;Abstract O-8. 



KEYNOTE-177: Progression-Free Survival 

André T et al. ESMO World Congress on Gastrointestinal Cancer 2021;Abstract O-8. 



KEYNOTE-177: Overall Survival 

André T et al. ESMO World Congress on Gastrointestinal Cancer 2021;Abstract O-8. 



ESMO World Congress on Gastrointestinal Cancer 2021;Abstract SO-27. 



CheckMate 142: Four-Year Update of Nivolumab/Ipilimumab 
as First-Line Therapy for Microsatellite Instability-High/Mismatch 

Repair-Deficient (dMMR) Metastatic Colorectal Cancer (mCRC)

André T et al. World Congress on Gastrointestinal Cancer 2021;Abstract SO-27.

• Median PFS and OS were not reached
• 48-month PFS rate: 53%
• 48-month OS rate: 70.5%



FDA Grants Accelerated Approval to Dostarlimab-gxly for dMMR
Advanced Solid Tumors
Press Release – August 17, 2021

“The Food and Drug Administration granted accelerated approval to dostarlimab-gxly for 
adult patients with mismatch repair deficient (dMMR) recurrent or advanced solid tumors, 
as determined by an FDA-approved test, that have progressed on or following prior 
treatment and who have no satisfactory alternative treatment options.

Today, the FDA also approved the VENTANA MMR RxDx Panel as a companion diagnostic 
device to select patients with dMMR solid tumors for treatment with dostarlimab-gxly.

The efficacy of dostarlimab was evaluated in the GARNET Trial (NCT02715284), a non-
randomized, multicenter, open-label, multi-cohort trial. The efficacy population consisted 
of 209 patients with dMMR recurrent or advanced solid tumors who progressed following 
systemic therapy and had no satisfactory alternative treatment.”

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-dostarlimab-gxly-dmmr-advanced-solid-tumors



Berton D et al.
ASCO 2021;Abstract 2564.

Antitumor Activity of Dostarlimab in Patients with 
Mismatch Repair–Deficient (dMMR) Tumors:
A Combined Analysis of 2 Cohorts in the GARNET Study



GARNET: Trial Design and Antitumor Activity

Berton D et al. ASCO 2021;Abstract 2564.

Trial Design Primary Endpoint Analysis Antitumor Activity by Tumor Type



Lancet Oncol 2020;21(3):412-20. 



TAS-102 with or without Bevacizumab for Refractory mCRC

Pfeiffer P et al. Lancet Oncol 2020;21(3):412-20.



ESMO Virtual Plenary 2021;Abstract VP-11.



SOLSTICE Primary Endpoint: PFS by Investigator’s Assessment

André T et al. ESMO Virtual Plenary 2021;22:Abstract VP-11.



Lancet Oncol 2021;22(6):779-89. 



DESTINY-CRC01: Best Change in Tumor Size in Cohort A 

Siena S et al. Lancet Oncol 2021;22(6):779-89.

ORR: 45.3%



DESTINY-CRC01 Adverse Events of Special Interest: 
Interstitial Lung Disease (ILD)

Yoshino T et al. ASCO 2021;Abstract 3500.



Lancet Oncol 2022;23(1):115-24. 



CodeBreak100: Efficacy of Sotorasib

Fakih MG et al. Lancet Oncol 2022;23(1):115-24.
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GI Cancers Symposium 2021;Abstract 378



POLO: Initial Report of PFS

Golan T et al. N Engl J Med 2019;381(4):317-27.



POLO: Final OS Analysis

Golan T et al. GI Cancers Symposium 2021;Abstract 378.



J Clin Oncol 2021;39(22):2497-505.



Maintenance Rucaparib in Platinum-Sensitive Advanced 
Pancreatic Cancer

Reiss KA et al. J Clin Oncol 2021;39(22):2497-505.

ORR: 41.7%



JAMA Oncol 2021;7(5):693-9.



Olaparib Monotherapy for Previously Treated Pancreatic Cancer 
with DNA Damage Repair Genetic Alterations Other Than 
Germline BRCA Variants

Javle M et al. JAMA Oncol 2021;7(5):693-9.

Progression-Free Survival Overall Survival



Gastrointestinal Cancers Symposium 2021



O’Reilly EM et al. Gastrointestinal Cancers Symposium 2021;Abstract 639. 

Primary Endpoint: RECIST Response



GI Cancers Symposium 2022



PARPi Usage Summary Relative to Platinum Sensitivity and Line 
of Therapy in a World-Wide Registry Study

Amin S et al. GI Cancers Symposium 2022;Abstract 599.
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Phase III ADAURA Trial: Adjuvant Osimertinib

Wu Y et al. N Engl J Med 2020;383:825-35.

DFS: Stage II to IIIA Disease DFS: Stage IB to IIIA Disease

HR = 0.17; p < .001) → 83% reduction in risk of disease 
recurrence or death

HR = 0.20; p < .001) → 80% reduction in risk of disease 
recurrence or death



ADAURA: CNS Disease-Free Survival According to Investigator 
Assessment in the Overall Population

Wu Y et al. N Engl J Med 2020;383:825-35.



Clin Cancer Res 2022;[Online ahead of print].



ADAURA: Health-Related Quality of Life Over Time

Physical Component Summary Mental Component Summary

Majem M et al. Clin Cancer Res 2022;[Online ahead of print].



FDA Grants Breakthrough Therapy Status to Patritumab
Deruxtecan for EGFR-Positive Metastatic NSCLC
Press Release – January 4, 2022

“Patritumab deruxtecan (U3-1402), a potential first-in-class HER3 directed antibody-drug 
conjugate, was granted breakthrough therapy designation by the FDA for the treatment of patients 
with metastatic or locally advanced, EGFR-mutant non–small cell lung cancer (NSCLC).

Data from a phase 1 trial (NCT03260491) assessing the efficacy of patritumab deruxtecan in a 
heavily pretreated population of patients with EGFR-mutant NSCLC that have become resistant to 
other TKIs were read out at the 2021 American Society of Clinical Oncology Annual Meeting: Lung 
Cancer. 

A 5.6 mg/kg dose of the treatment resulted in a confirmed objective response rate of 39% in a 
population of patients who were previously treated with a TKI and platinum-based therapy (n = 
57). Additionally, treatment with patritumab deruxtecan resulted in a disease control rate of 72%, 
as well as a median progression-free survival of 8.2 months (95% CI, 4.0–not evaluable).”

https://www.cancernetwork.com/view/fda-grants-breakthrough-therapy-status-to-patritumab-deruxtecan-for-egfr-metastatic-nsclc



Cancer Discov 2022;12(1):74-89.



Summary of Adverse Events

Jänne PA et al. Cancer Discov 2022;12(1):74-89.

RDE = recommended dose for expansion



Responses by Blinded Independent Central Review

Jänne PA et al. Cancer Discov 2022;12(1):74-89.



Select Grade ≥3 Treatment-Emergent Adverse Events (TEAEs)

Jänne PA et al. Cancer Discov 2022;12(1):74-89.



FDA Grants Accelerated Approval to Mobocertinib for Metastatic 
NSCLC with EGFR Exon 20 Insertion Mutations
Press Release – September 15, 2021

“The Food and Drug Administration granted accelerated approval to mobocertinib for adult 
patients with locally advanced or metastatic non-small cell lung cancer (NSCLC) with epidermal 
growth factor receptor (EGFR) exon 20 insertion mutations, as detected by an FDA-approved test, 
whose disease has progressed on or after platinum-based chemotherapy.

Today, the FDA also approved the Oncomine Dx Target Test as a companion diagnostic device to 
select patients with the above mutations for mobocertinib treatment.

Approval was based on Study 101, an international, non-randomized, open-label, multicohort 
clinical trial (NCT02716116) which included patients with locally advanced or metastatic NSCLC 
with EGFR exon 20 insertion mutations. Efficacy was evaluated in 114 patients whose disease had 
progressed on or after platinum-based chemotherapy. Patients received mobocertinib 160 mg 
orally daily until disease progression or intolerable toxicity.”

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-mobocertinib-
metastatic-non-small-cell-lung-cancer-egfr-exon-20



JAMA Oncol 2021;7(12):e214761.



Mobocertinib Activity in Patients with Platinum-Pretreated
Metastatic NSCLC with EGFRex20ins Mutation (PPP Cohort)

Zhou C et al. JAMA Oncol 2021;7(12):e214761.

PPP cohort (n = 114) EXCLAIM cohort (n = 96)

ORR 35% 32%

Duration of response 17.5 mo Not reached

Median PFS 7.3 mo 7.3 mo

Median OS 24 mo Not reached



Summary of Adverse Events (AEs) and Most Common AEs

Zhou C et al. JAMA Oncol 2021;7(12):e214761.



FDA Grants Accelerated Approval to Amivantamab-vmjw for 
Metastatic NSCLC
Press Release – May 21, 2021

“The Food and Drug Administration granted accelerated approval to amivantamab-vmjw, a 
bispecific antibody directed against epidermal growth factor (EGF) and MET receptors, for adult 
patients with locally advanced or metastatic non-small cell lung cancer (NSCLC) with epidermal 
growth factor receptor (EGFR) exon 20 insertion mutations, as detected by an FDA-approved test, 
whose disease has progressed on or after platinum-based chemotherapy.

FDA also approved the Guardant360® CDx as a companion diagnostic for amivantamab-vmjw.

Approval was based on CHRYSALIS, a multicenter, non-randomized, open label, multicohort clinical 
trial (NCT02609776) which included patients with locally advanced or metastatic NSCLC with EGFR 
exon 20 insertion mutations. Efficacy was evaluated in 81 patients with advanced NSCLC with EGFR 
exon 20 insertion mutations whose disease had progressed on or after platinum-based 
chemotherapy. Patients received amivantamab-vmjw once weekly for 4 weeks, then every 2 weeks 
thereafter until disease progression or unacceptable toxicity.”

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-amivantamab-vmjw-metastatic-non-
small-cell-lung-cancer



J Clin Oncol 2021;39:3391-402.



CHRYSALIS: Tumor Reduction and Response

Park K et al. J Clin Oncol 2021;39:3391-402.

ORR: 40%
CBR: 74%



CHRYSALIS: Summary of Adverse Events (AEs) and Most Common AEs

Most Common AEs in the Safety Population

Adverse Events Any Grade Grade ≥3

Rash 86% 4%

Infusion-related reactions 66% 3%

Paronychia 45% 1%

Park K et al. J Clin Oncol 2021;39:3391-402.
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Activity of ALK Tyrosine Kinase Inhibitors (TKIs) in the First-Line 
Setting for Advanced NSCLC with ALK Rearrangement

ALK TKI Median PFS Overall response rate
Intracranial 

response

Crizotinib 10.9 mo 74% NA

Ceritinib 16.6 mo 72.5% 72.7%

Alectinib 34.8 mo 82.9% 82.9%

Brigatinib 29.4 mo 71% 78%

Lorlatinib Not reached 90% 66.7%

Ensartinib 26.2 mo 80% 64.3%

Xia B et al. Transl Lung Cancer Res 2020;9(6):2521-34. 



Common and Unique Adverse Effects of ALK TKIs

ALK TKI Most common adverse effects

Crizotinib
Vision disorders, nausea, diarrhea, vomiting, edema, constipation, elevated 
transaminases, fatigue, decreased appetite, upper respiratory infection, dizziness 
and neuropathy

Ceritinib Diarrhea, nausea, vomiting, fatigue, abdominal pain, decreased appetite and 
weight loss

Alectinib Constipation, fatigue, edema, myalgia and anemia

Brigatinib Diarrhea, fatigue, nausea, rash, cough, myalgia, headache, hypertension, vomiting 
and dyspnea

Lorlatinib Hypercholesterolemia, hypertriglyceridemia, edema, peripheral neuropathy, 
weight gain, cognitive effects, fatigue, dyspnea, arthralgia and diarrhea

Ensartinib Rash, nausea, pruritus and vomiting

Crizotinib PI, rev 1/2021; Ceritinib PI, rev 3/2019; Alectinib PI, rev 1/2021; Brigatinib PI, rev 5/2020; Lorlatinib PI, rev 3/2021
Xia B et al. Transl Lung Cancer Res 2020;9(6):2521-253; Gristina V et al. Pharmaceuticals 2020;13:474.   



FDA Approves Lorlatinib for Metastatic ALK-Positive NSCLC
Press Release – March 3, 2021

“The Food and Drug Administration granted regular approval to lorlatinib for patients with 
metastatic non-small cell lung cancer (NSCLC) whose tumors are anaplastic lymphoma kinase 
(ALK)-positive, detected by an FDA-approved test.

The FDA also approved the Ventana ALK (D5F3) CDx Assay as a companion diagnostic for lorlatinib.

Lorlatinib received accelerated approval in November 2018 for the second- or third-line treatment 
of ALK-positive metastatic NSCLC. This current approval is based on data from Study B7461006 
(NCT03052608), a randomized, multicenter, open-label, active-controlled trial conducted in 296 
patients with ALK-positive metastatic NSCLC who had not received prior systemic therapy for 
metastatic disease. Patients were required to have ALK-positive tumors detected by the VENTANA 
ALK (D5F3) CDx assay. Patients were randomized 1:1 to receive lorlatinib 100 mg orally once daily 
(n = 149) or crizotinib 250 mg orally twice daily (n = 147).”

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-lorlatinib-metastatic-alk-positive-nsclc



N Engl J Med 2020;383(21):2018-29.



CROWN: PFS and Survival without Intracranial Progression 

Shaw AT et al. N Engl J Med 2020;383(21):2018-29. 

Alive w/o CNS progression at 12 mo = 96%

Alive w/o CNS progression at 12 mo = 60%



CROWN: Overall Survival and Cumulative Incidence 
of CNS Progression

Shaw AT et al. N Engl J Med 2020;383(21):2018-29. 

Overall Survival Cumulative Incidence of CNS Progression as First Event
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MSK-IMPACT: Prospective Comprehensive Molecular 
Characterization of Lung Adenocarcinomas 

Jordan EJ et al. Cancer Discovery 2017;7(6):596-609.

EGFR sensitizing 19.4%
EGFR T790M 5.5%
EGFR exon20 2.1%
KRAS 25.3%
ALK fusion 3.8%
ROS1 fusion 2.6%
RET fusion 1.7%
BRAF V600E 2.1%
BRAF nonV600E 1.3%
MET splice 3.0%
MET Amp 1.4%
ERBB2 Amp 1.4%
ERBB2 Mut 2.3%



J Clin Oncol 2021;39(11):1253-63.



Dziadziuszko R et al. J Clin Oncol 2021;39(11):1253-63.

Integrated Analysis of ALKA-372-001, STARTRK-1, STARTRK-2, 
and STARTRK-NG

Efficacy Evaluable Population (N = 161) Patients with (n = 56) and without (n = 105) 
CNS Metastases at Baseline

ORR: 67%
ORR CNS+: 63%
ORR CNS-:70%

ORR = objective response rate



Lancet Oncol 2021;22:959-69.



Selpercatinib and Pralsetinib for Advanced NSCLC with RET Fusion

Selpercatinib Pralesetinib

Pivotal study LIBRETTO-001 Phase I/II (N = 105) ARROW Phase I/II (N = 233)

FDA approval May 8, 2020 September 4, 2020

ORR 64% 61%

Median duration of response 17.5 months Not reached

Common Grade ≥3 adverse events

Hypertension (14%)
Increased ALT (12%) and AST (10%) levels

Hyponatremia (6%)
Lymphopenia (6%)

Neutropenia (18%)
Hypertension (11%)

Anemia (10%)
Decreased WBC (6%)

1 Drilon A et al. N Engl J Med 2020;383:813-24. 2 Gainor JF et al. Lancet Oncol 2021;22:959-69.



FDA Grants Accelerated Approval to Tepotinib for Metastatic 
NSCLC
Press Release – February 3, 2021

“The Food and Drug Administration granted accelerated approval to tepotinib for adult patients 
with metastatic non-small cell lung cancer (NSCLC) harboring mesenchymal-epithelial transition 
(MET) exon 14 skipping alterations.

Efficacy was demonstrated in the VISION trial (NCT02864992), a multicenter, non-randomized, 
open-label, multicohort study enrolling 152 patients with advanced or metastatic NSCLC with MET 
exon 14 skipping alterations. Patients received tepotinib 450 mg orally once daily until disease 
progression or unacceptable toxicity.”

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-tepotinib-metastatic-non-small-
cell-lung-cancer



Clin Cancer Res 2021;[Online ahead of print].



VISION: Tepotinib in Advanced NSCLC with MET Exon 14 
Skipping Mutations

Le X et al. Clin Cancer Res 2021;[Online ahead of print].

ORR: 45% ORR: 45%



Capmatinib in MET Exon 14-Mutated, Advanced 
NSCLC: Updated Results from the GEOMETRY 
mono-1 Study

Wolf J et al.
ASCO 2021;Abstract 9020.



GEOMETRY mono-1

Wolf J et al. ASCO 2021;Abstract 9020.

ORR -- All Treatment-Naïve (n=60): 67% ORR -- All Pretreated (n=100): 44%



N Engl J Med 2022;386:241-51.



DESTINY-Lung01 Study

Li BT et al. N Engl J Med 2022;386(3):241-51. 



FDA Grants Accelerated Approval to Sotorasib for NSCLC 
with KRAS G12C Mutation
Press Release – May 28, 2021

“The Food and Drug Administration granted accelerated approval to sotorasib, a RAS GTPase 
family inhibitor, for adult patients with KRAS G12C-mutated locally advanced or metastatic non-
small cell lung cancer (NSCLC), as determined by an FDA-approved test, who have received at least 
one prior systemic therapy.

FDA also approved the QIAGEN therascreen® KRAS RGQ PCR kit (tissue) and the Guardant360® CDx
(plasma) as companion diagnostics for sotorasib. If no mutation is detected in a plasma specimen, 
the tumor tissue should be tested.

Approval was based on CodeBreaK 100, a multicenter, single-arm, open label clinical trial 
(NCT03600883) which included patients with locally advanced or metastatic NSCLC with KRAS 
G12C mutations. Efficacy was evaluated in 124 patients whose disease had progressed on or after 
at least one prior systemic therapy. Patients received sotorasib 960 mg orally daily until disease 
progression or unacceptable toxicity.”

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-sotorasib-kras-g12c-mutated-nsclc





CodeBreaK 100: Sotorasib for Previously Treated Metastatic 
NSCLC with KRAS p.G12C Mutation

Skoulidis F et al. N Engl J Med 2021;384(25):2371-81. 

ORR:              37%
DCR:              81%
DOR:             11.1 mo
Median PFS: 6.8 mo
Median OS: 12.5 mo

N = 124
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FDA Approves Atezolizumab as Adjuvant Treatment for NSCLC
Press Release – October 15, 2021

“The Food and Drug Administration approved atezolizumab for adjuvant treatment following resection 
and platinum-based chemotherapy in patients with stage II to IIIA non-small cell lung cancer (NSCLC) 
whose tumors have PD-L1 expression on ≥ 1% of tumor cells, as determined by an FDA-approved test.

Today, the FDA also approved the VENTANA PD-L1 (SP263) Assay as a companion diagnostic device to 
select patients with NSCLC for adjuvant treatment with atezolizumab.

The major efficacy outcome measure was disease-free survival (DFS) as assessed by the investigator in the 
primary efficacy analysis population (n = 476) of patients with stage II-IIIA NSCLC with PD-L1 expression on 
≥1% of tumor cells (PD-L1 ≥1% TC). Median DFS was not reached in patients on the atezolizumab arm 
compared with 35.3 months on the BSC arm (HR 0.66; p = 0.004). In a pre-specified secondary subgroup 
analysis of patients with PD-L1 TC ≥ 50% stage II-IIIA NSCLC, the DFS HR was 0.43. In an exploratory 
subgroup analysis of patients with PD-L1 TC 1-49% stage II-IIIA NSCLC, the DFS HR was 0.87.

The recommended atezolizumab dose for this indication is 840 mg every 2 weeks, 1,200 mg every 3 
weeks, or 1,680 mg every 4 weeks for up to 1 year.”

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-atezolizumab-adjuvant-treatment-non-small-cell-lung-cancer



Lancet 2021;398:1344-57.



IMpower010 Primary Endpoint: Disease-Free Survival in the PD-L1 
≥1% Tumor Cells Stage II-IIIA Population

Felip E et al. Lancet 2021;398(10308):1344-57.



IMpower010: Efficacy Summary

Felip E et al. Lancet 2021;398(10308):1344-57.

Atezolizumab BSC HR (p-value)
TC PD-L1 ≥1%, Stage II-IIIA (n = 248, 228)

Median disease-free survival (DFS)
2-year DFS rate
3-year DFS rate

Not estimable
75%
60%

35.3 mo
61%
48%

0.66 (0.0039)
—
—

All randomized Stage II-IIIA (n = 442, 440)
Median DFS
2-year DFS rate
3-year DFS rate

42.3 mo
70%
56%

35.3 mo
62%
50%

0.79 (0.020)
—
—

ITT population (n = 507, 598)
Median DFS
2-year DFS rate
3-year DFS rate

Not estimable
71%
58%

37 mo
64%
53%

0.81 (0.040)
—
—

Overall survival data in the ITT population were immature and not formally tested.

BSC = best supportive care; TC = tumor cells



IMpower010: Safety Summary

Felip E et al. Lancet 2021;398(10308):1344-57.



CheckMate 816 Met a Primary Endpoint of Improved Event-Free 
Survival with Neoadjuvant Nivolumab in Combination with 
Chemotherapy
Press Release – November 8, 2021

“The Phase 3 CheckMate-816 trial met the primary endpoint of improved event-free 
survival (EFS) in patients with resectable stage IB to IIIA non-small cell lung cancer 
(NSCLC). In a prespecified interim analysis, nivolumab plus chemotherapy showed a 
statistically significant and clinically meaningful improvement in EFS compared to 
chemotherapy alone when given before surgery. This combination previously showed a 
significant improvement of pathologic complete response (pCR), the trial’s other primary 
endpoint. The safety profile of nivolumab plus chemotherapy was consistent with 
previously reported studies in NSCLC. CheckMate-816 is the first Phase 3 trial with an 
immunotherapy-based combination to demonstrate a statistically significant and clinically 
meaningful benefit as a neoadjuvant treatment for patients with non-metastatic non-
small cell lung cancer.”

https://news.bms.com/news/details/2021/Neoadjuvant-Opdivo-nivolumab-Plus-Chemotherapy-Significantly-Improves-Event-Free-
Survival-in-Patients-with-Resectable-Non-Small-Cell-Lung-Cancer-in-Phase-3-CheckMate--816-Trial/default.aspx



CheckMate 816 Coprimary Endpoint: Pathologic Complete Response (pCR)

Forde PM et al. AACR 2021;Abstract CT003.



CheckMate 816: Depth of Pathologic Regression in Primary Tumor 
by Stage

Spicer J et al. ASCO 2021;Abstract 8503.



CheckMate 816: Treatment-Related Adverse Events in ≥15% of Patients

Forde PM et al. AACR 2021;Abstract CT003.



J Clin Oncol 2021;[Online ahead of print].



J Clin Oncol 2022;[Online ahead of print].



PACIFIC: Five-Year Progression-Free Survival (PFS) with 
Durvalumab After Chemoradiation Therapy for Stage III NSCLC 

Spigel DR et al. J Clin Oncol 2022;[Online ahead of print].



PACIFIC: Five-Year Overall Survival (OS) with Durvalumab After 
Chemoradiation Therapy for Stage III NSCLC 

Spigel DR et al. J Clin Oncol 2022;[Online ahead of print].



PACIFIC-R: Real-World Study of Durvalumab After Chemoradiation 
Therapy for Patients with Unresectable Stage III NSCLC
• International observational study (N = 1,155)
• Median PFS: 22.5 months
• Median duration of durvalumab treatment: 11 months

Summary of safety and pneumonitis N = 1,155
Discontinuation of durvalumab due to AE 17.5%
Discontinuation of durvalumab due to pneumonitis

Temporary
Permanent

13.8%
5.1%
8.7%

Any-grade pneumonitis and/or interstitial lung disease
Moderate severity
Life threatening
Fatal

18.5%
8.8%
0.2%
0.1%

Girard N et al. ESMO 2021;Abstract 1171MO.



FDA Approves Durvalumab for Fixed-Dose Use in NSCLC, Bladder 
Cancer Indications
Press Release – November 20, 2020

“The FDA has approved durvalumab for an additional dosing option, a fixed dose of 1500 mg 
every 4 weeks, in the approved indications of unresectable stage III non-small cell lung 
cancer after chemoradiation and previously treated advanced bladder cancer.

This new dosing option is consistent with the dosing for the agent that has been approved in 
extensive-stage small cell lung cancer (ES-SCLC); this will serve as an alternative option for 
patients who weigh more than 30 kg rather than the weight-based dosing of 10 mg/kg that is 
administered every 2 weeks.

The regulatory decision was based on data from several clinical trials examining the agent, 
including the phase 3 PACIFIC trial (NCT02125461), which supported the 2-week, weight-
based dosing in patients with unresectable stage III NSCLC, and the phase 3 CASPIAN trial 
(NCT03043872), which examined a 4-week, fixed-dose during maintenance treatment in 
patients with ES-SCLC.”

https://www.onclive.com/view/fda-approves-durvalumab-for-fixed-dose-use-in-nsclc-bladder-cancer-indications





Phase II KEYNOTE-799 Trial of Pembrolizumab with Concurrent 
Chemoradiation Therapy for Unresectable Stage III NSCLC
Coprimary Endpoints: Overall Response Rate (ORR) and Grade 3 or Higher 
Pneumonitis

Cohort A (squamous and nonsquamous)
(n = 112)

Cohort B (nonsquamous only)
(n = 102)

ORR 70.5% 70.6%

12-month PFS 67.1% 71.6%

12-month OS 81.3% 87.0%

Grade ≥3 pneumonitis 8.0% 6.9%

Jabbour SK et al. IJROBP 2021;11(3, Suppl):9-10.



FDA-Approved Single-Agent Immunotherapy Options for 
First-Line Therapy 

Monotherapy FDA approval Pivotal study Histologic type HR (OS)

Pembrolizumab1,2

(q3wk or q6wk)
4/11/19

10/24/16
KEYNOTE-042
KEYNOTE-024 PD-L1 TPS ≥1% 0.63

Atezolizumab3

(q2wk, q3wk or q4wk) 5/18/20 IMpower110 PD-L1 TPS ≥50,
EGFR and/or ALK wt 0.59

Cemiplimab4 

(q3wk) 2/22/21 EMPOWER-Lung 1
(Study 1624)

PD-L1 TPS ≥50,
EGFR and/or ALK 
and/or ROS1 wt

0.57

1 Mok. Lancet 2019. 2 Reck. J Clin Oncol 2019. 3 Herbst. N Engl J Med 2020. 4 Sezer. Lancet 2021. 



FDA Approves Cemiplimab-rwlc for NSCLC with High PD-L1 
Expression
Press Release – February 22, 2021

“The Food and Drug Administration approved cemiplimab-rwlc for the first-line treatment of 
patients with advanced non-small cell lung cancer (NSCLC) (locally advanced who are not 
candidates for surgical resection or definitive chemoradiation or metastatic) whose tumors have 
high PD-L1 expression (Tumor Proportion Score [TPS] > 50%) as determined by an FDA-approved 
test, with no EGFR, ALK or ROS1 aberrations.

Efficacy was evaluated in Study 1624 (NCT03088540), a multi-center, randomized, open-label trial 
in 710 patients with locally advanced NSCLC who were not candidates for surgical resection or 
definitive chemoradiation or with metastatic NSCLC. Patients were randomized (1:1) to receive 
cemiplimab-rwlc 350 mg intravenously every 3 weeks for up to 108 weeks or a platinum-based 
chemotherapy. The main efficacy outcome measures were overall survival (OS) and progression-
free survival (PFS) per blinded independent central review (BICR).”

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-cemiplimab-rwlc-non-small-cell-lung-cancer-high-pd-
l1-expression



Lancet 2021;397:592-604.



EMPOWER-Lung 1: A Phase III Trial of Cemiplimab Monotherapy 
for First-Line Treatment of NSCLC with PD-L1 ≥50%

Sezer A et al. Lancet 2021;397:592-604.

Overall Survival Progression-Free Survival



FDA-Approved Immunotherapy Combination Options for 
First-Line Therapy

Combination regimen FDA approval Pivotal study Histologic type HR (OS)

Pembrolizumab (q3wk or q6wk) +
platinum and pemetrexed1 8/20/18 KEYNOTE-189 Nonsquamous 0.56

Pembrolizumab (q3wk or q6wk) +
carboplatin, paclitaxel or nab paclitaxel2 10/30/18 KEYNOTE-407 Squamous 0.71

Atezolizumab (q3wk)  +
carboplatin and paclitaxel and 
bevacizumab3

12/6/18 IMpower150 Nonsquamous 0.80

Atezolizumab (q3wk) +
carboplatin and nab paclitaxel4 12/3/19 IMpower130 Nonsquamous 0.79

Nivolumab (q2wk) +
ipilimumab5 5/15/20 CheckMate 227 PD-L1 TPS ≥1,

EGFR and/or ALK wt 0.76

Nivolumab (q3wk) +
ipilimumab and chemotherapy6 5/26/20 CheckMate 9LA EGFR and/or ALK wt 0.72

1 Rodriguez-Abreu. Ann Oncol 2021. 2 Paz-Ares. J Thorac Oncol 2020. 3 Socinski J Thorac Oncol 2021. 4 West. Lancet Oncol 2019.
5 Paz-Ares. ASCO 2021;Abstract 9016. 6 Reck. ASCO 2021;Abstract 9000. 



Abstract LBA51



EMPOWER-Lung 3: First-Line Cemiplimab with Platinum-Doublet 
Chemotherapy for Advanced NSCLC 

Gogishvili M et al. ESMO 2021;Abstract LBA51.



EMPOWER-Lung 3: First-Line Cemiplimab with Platinum-Doublet 
Chemotherapy for Advanced NSCLC 

Gogishvili M et al. ESMO 2021;Abstract LBA51.



EMPOWER-Lung 3: Progression-Free Survival

Gogishvili M et al. ESMO 2021;Abstract LBA51.



Abstract PL02.01



POSEIDON: First-Line Durvalumab with Tremelimumab and 
Chemotherapy for Advanced NSCLC

Johnson ML et al. WCLC 2021;Abstract PL02.01



Rodriguez-Abreu D et al. ASCO 2020;Abstract 9503.



Rodriguez-Abreu D et al. ASCO 2020;Abstract 9503.



2021

Abstract LBA2



CITYSCAPE: Investigator-Assessed PFS (ITT)

Cho BC et al. ESMO Immuno-Oncology 2021;Abstract LBA2.



CITYSCAPE: PFS by PD-L1 Subgroup

Cho BC et al. ESMO Immuno-Oncology 2021;Abstract LBA2.



CITYSCAPE: Investigator-Assessed OS (ITT)

Cho BC et al. ESMO Immuno-Oncology 2021;Abstract LBA2.



CITYSCAPE: OS by PD-L1 Subgroup

Cho BC et al. ESMO Immuno-Oncology 2021;Abstract LBA2.



CITYSCAPE: Safety Summary

Cho BC et al. ESMO Immuno-Oncology 2021;Abstract LBA2.



CITYSCAPE: Incidence of Adverse Events

Cho BC et al. ESMO Immuno-Oncology 2021;Abstract LBA2.



Abstract MA03.02



Targeting TROP2 with Datopotamab Deruxtecan (Data-DXd)

• TROP2 is highly expressed in NSCLC, regardless of 
genomic mutation status, and has been associated with 
poor prognosis

• Data-DXd is an antibody-drug conjugate composed of a 
humanized anti-TROP2 monoclonal antibody conjugated 
to a potent topoisomerase I inhibitor payload via a stable 
tetrapeptide-based cleaver linker

Garon EB et al. 2021 WCLC;Abstract MA03.02.



TROPION-PanTumor01: Antitumor Activity of Data-DXd

Garon EB et al. 2021 WCLC;Abstract MA03.02.



TROPION-PanTumor01: Safety and Treatment-Emergent 
Adverse Events

Garon EB et al. 2021 WCLC;Abstract MA03.02.



Abstract LBA49



Phase I TROPION-PanTumor01 (NSCLC Cohort): Antitumor Activity 
of Dato-DXd in NSCLC with Actionable Genomic Alterations

Garon EB et al. ESMO 2021;Abstract LBA49.
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Module 1: NSCLC with EGFR Mutations

Module 2: NSCLC with ALK Rearrangement

Module 3: NSCLC with RET, MET Exon 14 and HER2 Mutations

Module 4: NSCLC without Targetable Mutations

Module 5: Extensive-Stage Small Cell Lung Cancer



J Clin Oncol 2021;39(6):619-30. 



IMpower133: Updated OS in Extensive-Stage Small Cell Lung 
Cancer Treated with First-Line Atezolizumab, Carboplatin and 
Etoposide

Benefit independent of PD-L1 status

Median follow up: 22.9 mo

Liu SV et al. J Clin Oncol 2021;39(6):619-30.



Durvalumab ± Tremelimumab + Platinum-Etoposide in 
First-Line Extensive-Stage SCLC (ES-SCLC): 3-Year Overall 
Survival Update from the Phase III CASPIAN Study

Paz-Ares L et al.
ESMO 2021;Abstract LBA61.



CASPIAN: Three-Year Updated OS with First-Line Durvalumab, 
Platinum and Etoposide for ES-SCLC

D + EP EP

221/268 (82.5)

12.9 (11.3-14.7)

248/269 (92.2)

10.5 (9.3-11.2)

Events, n/N (%)

mOS, months (95% CI)

HR (95% CI)
Nominal P value

0.71 (0.60-0.86)

0.0003

No. at risk
D + EP 268 244 214 177 140 109 85 70 60 54 50 46 39 25 13 3 0 0

EP 269 243 212 156 104 82 64 51 36 24 19 17 13 10 3 0 0 0

52.8%

32.0%
22.9% 17.6%39.3%

24.8%
5.8%

13.9%

9 12 15 18 21 24 27 30 33 36 39 42 45 48 51
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Median follow up: 39.4 mo

Paz-Ares LG et al. ESMO 2021;Abstract LBA61.



Lancet Oncol 2020;21:645-54.



Response, Survival and Common AEs in the Pivotal Phase II Study of 
Lurbinectedin for Patients with SCLC After One Line of Chemotherapy

Trigo J et al. Lancet Oncol 2020;21:645-54.

ORR: 35%
Disease control rate: 69%
Median PFS: 3.5 months
Median OS 9.3 months

Common treatment-related adverse events

Grade 1-2 Grade 3-4

Anemia 87% 9%

Leukopenia 50% 29%

Neutropenia 26% 46%

Thrombocytopenia 37% 7%



FDA Approves Drug to Reduce Bone Marrow Suppression Caused 
by Chemotherapy
Press Release – February 12, 2021

“The US Food and Drug Administration approved trilaciclib as the first therapy in its class to reduce 
the frequency of chemotherapy-induced bone marrow suppression in adults receiving certain 
types of chemotherapy for extensive-stage (when the cancer has spread beyond the lungs) small 
cell lung cancer. Trilaciclib may help protect bone marrow cells from damage caused by 
chemotherapy by inhibiting cyclin-dependent kinase 4/6, a type of enzyme.

The effectiveness of trilaciclib was evaluated in three randomized, double-blind, placebo-
controlled studies in patients with extensive-stage small cell lung cancer. Combined, these studies 
randomly assigned 245 patients to receive either an infusion of trilaciclib in their veins or a placebo 
before chemotherapy. The studies then compared the two groups for the proportion of patients 
with severe neutropenia (a very low count of white blood cells called neutrophils) and the duration 
of severe neutropenia in the first cycle of chemotherapy. In all three studies, patients who received 
trilaciclib had a lower chance of having severe neutropenia compared to patients who received a 
placebo. Among those who had severe neutropenia, patients who received trilaciclib, on average, 
had it for a shorter time than patients who received a placebo.”

https://www.fda.gov/news-events/press-announcements/fda-approves-drug-reduce-bone-marrow-suppression-caused-chemotherapy



Clin Lung Cancer 2021;22(5):449-60.



Myelopreservation Benefits with Trilaciclib Administered Prior to 
Chemotherapy

Weiss J et al. Clin Lung Cancer 2021;22(5):449-60.



Thank you for joining us!

CME and MOC credit information will be emailed to 
each participant within 5 business days.
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