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Why not always use overall survival as primary 
endpoint?

Overall Survival
• It is the most important outcome 

for patients, direct clinical benefit
• Unambiguous, not subject to 

interpretation
• Alternative endpoints

• do not always correlate with survival
• the change in tumour size required 

progression may not be a relevant event 
for death 

• subject to assessment or timing bias

Alternative Endpoints (e.g. PFS)
• For some indications survival is too 

long to be captured in clinical trials
• Effective post-progression therapies 

may mask the effect of on overall 
survival

• Unintended treatment switching is 
not captured in overall survival

• Need to understand clinically 
meaningful improvements

2Modified after: 
FDA, 2018, Clinical Trial Endpoints for the Approval of Cancer Drugs and Biologics, Guidance for Industry; and Both CM et al., JCO 2016; 30: 1030



Patient’s Perspective

• Need to expedite develop-
ment and approval of treat-
ments for serious and life-
threatening diseases

• Changes in individual 
benefit-risk assessment in 
last-line therapy

• Progression is often a very 
negative event in the course 
of cancer therapy
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Survival curve modified after: Anderson KC, Clin Cancer Res 2016; 22: 5419
Study endpoints, see also: Hostein SA et al., Curr Hematol Mal Rep 2019; 14: 31
Further information: Primary publications, FDA and pharmaceutical company news releases

New approvals and overall survival in multiple myeloma

All approvals were based on studies with PFS/TTP or ORR/DoR
as primary endpoint.

FDA/EMA Approval in Multiple Myeloma



MM Overall Survival in US Population-Based Datasets
Truven Health Analytics MarketScan Commercial Claims and Encounters and Medicare Supplemental Databases
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*Control patients were randomly selected
patients without any medical claims for 

MM but any other diagnosis. 



Analysis
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Endpoints in Clinical Trials

Established Endpoints

• Overall survival (OS)
• Progression-free survival (PFS)
• Disease-free or event-free survival (DFS, EFS)
• Objective response rate (PR+CR)
• Patient-reported endpoints (PRO)

Examples for Novel Endpoints

• Pathologic complete response (pCR)
• Measurable residual disease (MRD)
• CR at a certain time point (e.g. CR30)
• Progression-free survival 2 (PFS2)
• …
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Post-Progression Survival (PPS)
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PFS PPS

OS = PFS + PPS

Broglio KR et al., JNCI 2009; 101: 1642

“OS is a reasonable primary endpoint when median [PPS] is short 
but is too high a bar when median SPP is long, such as longer than 12 months.”

PFS OS: mPPS=6 OS: mPPS=12 OS: mPPS=18



PFS2
2nd Disease 
progression

Progression-Free Survival 2 (PFS2)

9

PFS: Progression-free survival, PPS: Post-progression survival
*EMA Guideline: Appendix 1 to the guideline on the evaluation of anticancer medicinal products in man: Methodological consideration 

for using progression-free survival (PFS) or disease-free survival (DFS) in confirmatory trials, December 13, 2012

PFS2 Definition (EMA): 
Time from randomization to second objective disease progression, or death from any cause*

PPS

Randomization Disease 
progression

PFS



Assessment of PFS2 in Solid Tumors
• 15 studies (28 arms) in ovarian, 

gastric, colorectal, prostate, lung, 
renal and breast cancer 

• A strong positive correlation for 
PFS2 and OS was found for all 15 
studies, incl. 10 RCTs

• Results support the use of PFS2 to 
measure long-term clinical benefit 
when OS cannot be assessed

• However, the assessment of PD 
must be maintained in both arms 
during the post-progression period

10Chowdhury S, et al., Front. Oncol. 2020; 10: 1349 



Effect of treatment-switching on overall survival
PFS: Progression-free survival; PPS: Post-progression survival
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Effect of Unintended Treatment Switch

UK Myeloma XI Study: TNE MM Patients
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ITT: HR=1.02; 95%CI [0.80, 1.29]
By Treatment: HR=0.69; 95%CI [0.44, 1.09]

Received lenalidomide after PD: 30.2% vs 13.7%



The problem of subsequent therapy
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Minard/Sankey Flow Chart:

Treatment sequence of 314 patients
with advanced renal cell carcinoma
who received IO therapy in one line



Association between Endpoints for Immune 
Checkpoint Inhibitors in Solid Tumours

14
Ritchie et al. JAMA Oncol. 2018;4(4):522-528

R2=0.18



Development of New Endpoints
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“A perfect correlate does not a surrogate make”
Need for a formal validation
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Follicular Lymphoma: Survival by Age, Stage, Tx Period
Population-based Dutch Registry Data
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Use of CR rate at 30 mon in Follicular Lymphoma
Disease-specific median PFS: 6-8 years 

18Shi Q et al., J Clin Oncol 2016; 35: 552. Gold indicates rituximab trials; blue, non-rituximab trials; triangle, induction trial; and circle, maintenance trial.  

N=3,837
13 Studies

R2
WLS = 0.88

R2
Copula = 0.86



Measurable residual disease (MRD) in MM
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Summary
• Overall survival cannot serve as primary endpoint in all indications

• Past successes leading to long OS times and larger choice of  treatment alternatives lead to 
significant difficulties for new clinical trials

• Most important: The primary endpoint cannot be assessed in isolation of other endpoints or the 
disease context.

• PFS plus OS (trend)
• Other secondary endpoints, in some cases also PFS2, are also relevant
• Safety and tolerability are always a key element

• Alternative endpoints are valid if correctly developed
• Duration and available next-line treatments are key factors to understand the relationship 

between OS and alternate endpoints
• New alternate endpoints must be carefully validated with evidence across different trials for 

the specific population and treatment modality
• Specific biases, like measurement errors, assessment and attrition bias or informative 

censoring must be controlled

• Monitoring long-term trends in population-based registries is a valuable tool for the overall 
regulatory strategy and to identify if any systemic biases have occurred in past approvals
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Backup
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Discordant Evolution of PFS and OS in Soft-Tissue Sarcomas
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PFS and PFS2 in a large MM Trial
UK Myeloma XI Study
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Jackson G et al., Oral Presentation ASCO 2017

PFS PFS2
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Minard/Sankey Flow Chart:

Treatment sequence of 314 patients
with advanced renal cell carcinoma
who received IO therapy in one line
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Balancing Risk Tolerance and Risk Avoidance

All stakeholders need to collaborate to balance
- Patients’ need for helpful treatment options
- Pharmaceutical innovation
- Avoidance of harm to patients and society 

Eichler et al., Nat Rev Drug Discov 2013; 12: 907-16

Maximum
Risk Tolerance

Maximum
Risk Avoidance


