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Topic Overview

• Immunotherapy: Immune checkpoint inhibitors

• Clinical trial endpoints for oncologic studies

• Systematic review and meta-analysis study



Immunotherapy:
Immune checkpoint inhibitors



Basic Concept of Immunotherapy
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Immune Checkpoint Inhibitors

• Immunotherapy drugs that called immune checkpoint 

inhibitors work by blocking checkpoint proteins from binding 

with their partner proteins. 

• This prevents the inhibitory signal, allowing the T cells to kill 

cancer cells.

• One such drug acts against a checkpoint protein called 

cytotoxic T-lymphocyte–associated antigen 4 (CTLA-4). 

• Other immune checkpoint inhibitors act against a checkpoint 

protein called programmed cell death protein 1 (PD-1) or its 

partner, programmed cell death ligand 1 (PD-L1). 

National Cancer Institute (US). Immune Checkpoint Inhibitors [Internet]. 2022 April 7.



Immunotherapy vs. Targeted Therapy

Immunotherapy Targeted Therapy



Clinical Trial Endpoints

for Oncologic Studies



Summary of Oncology Clinical trial Endpoints

Clinical Trial Endpoints for Oncology Studies [Internet]. Applied Clinical Trials 2012 April 2.



Overall Survival (OS)

• OS is the gold standard for cancer clinical research. 

• It is defined as the time a patient begins treatment until 

death from any cause. 

• This endpoint is easy to evaluate without reliance on tumor 

measurements.

• The disadvantage: require longer and larger studies to 

prove efficacy. 

• Any subsequent treatments for the patient may have an 

effect on OS:

– Cross over effect: when studies are permitted the control arm to 

cross over and switch with the treatment group after disease 

progression, there is a greater potential to obscure a survival 

benefit.

Clinical Trial Endpoints for Oncology Studies [Internet]. Applied Clinical Trials 2012 April 2.



Progression Free Survival (PFS)

• PFS is defined as the time when a patient is treated to the 

first documentation of disease progression or death from 

any cause. 

• PFS is a useful tool when studying patients with high unmet 

medical needs.

• There is less confounding by crossover or subsequent 

treatments:

– Progress must be documented prior to the beginning of subsequent 

treatments. 

• Disadvantages:

– PFS data analysis is confounded when patients miss scheduled 

exams or drop out of the study. 

– The precise timing of the interruption of cancer progression is 

difficult to determine.

Clinical Trial Endpoints for Oncology Studies [Internet]. Applied Clinical Trials 2012 April 2.



Objective Response Rate (ORR)

• ORR is defined as a proportion of subjects confirmed 

complete or partial response.

• ORR does not include stable disease or necrosis without 

tumor shrinkage. 

• Only patients with measurable disease would qualify for 

enrollment with this endpoint. 

• It is useful for patients requiring subsequent treatments and 

there is often the benefit of small shorter studies. 

• Disadvantage: 

– Not a precise measure of drug activity. 

– It is subject to investigator bias.

Clinical Trial Endpoints for Oncology Studies [Internet]. Applied Clinical Trials 2012 April 2.



RECIST version 1.1
Response Evaluation Criteria in Solid Tumors

Eur J Cancer. 2009 Jan;45(2):228-47.



Immunotherapy and Pseudo-progression

• Hypotheses might explain phenomenon of pseudo-

progression:

– Immunotherapy initially induce the recruitment of activated T cells to 

tumor site.

– They have any tumor activity, which lead to an artificial increase in 

tumor size.

J Clin Oncol. 2015 Nov 1;33(31):3541-3.



Immune-related RECIST (irRECIST)

• irRECIST (unidimensional measurement similar to RECIST) 

consisted of:

– irCR: disappearance of all target and nontarget lesions

– irPR: decrease of ≥ 30% in tumor burden compared with baseline 

and no unequivocal progression in nontarget lesions

– irSD: like other response criteria, is neither CR or PR

– irPD: increase of ≥ 20% in total measurable tumor burden from 

nadir, with a minimum of 5 mm of progression of nontarget lesions, 

or appearance of a new lesion

• irPD will be confirmed at least 4 weeks and up to 12 

weeks later

J Clin Oncol. 2014 32:15_suppl, e22121-e22121
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Introduction



Introduction
• Immune checkpoint inhibitors have become the standard of 

care for patients with advanced solid cancers.

• These agents differ from chemotherapy by activating 

antitumor T-cells to detect and destroy tumor cells.

• Agents currently in clinical use include monoclonal 

antibodies against: CTLA-4, PD-1, and PD-L1.

• New anticancer agents are evaluated for efficacy in phase 2 

trials using ORR as the primary endpoint.

– Novel agents that result in SD are given lower priority for phase 3 

testing than agents that have high ORR.



Introduction
• However, the validity of the ORR as a surrogate for PFS and 

OS is uncertain for checkpoint inhibitors: 

– They have unique patterns of response and progression 

– Pseudo-progression: transient immune-cell infiltrate with 

associated edema.

• The selection of the appropriate primary endpoint in phase 2 

checkpoint-inhibitor trials is critical to inform the decision to 

proceed to phase 3 testing.



Research Question

• What is the most appropriate primary endpoint in 

phase 2 trials of checkpoint inhibitors?



Objectives

• To determine the common types of primary 

outcome measures used in phase 2 checkpoint-

inhibitor trials.

• To test the strength of associations for ORR and 

PFS with OS for this agents

• To assess the validity of ORR as a surrogate end 

point.



Methods



Study overview

• Study design:  A systematic review and meta-analysis

• Databases and search engines:  
– Electronic databases: PREMEDLINE, MEDLINE, EMBASE, and    

the Cochrane Central Register of Controlled Trials

– Abstracts and conference presentations: ESMO and ASCO 

websites

– From January 2000 to January 2017

• Search terms (Keywords): 
– Ipilimumab, nivolumab, pembrolizumab, atezolizumab, avelumab, 

tremelimumab

– CTLA, PD-L1, PD-1, checkpoint inhibitor

– Clinical trial, phase II, phase 2 clinical trial

– Variations on randomi#ed and controlled and trial



Methods

• Inclusion criteria:  checkpoint inhibitors in advanced 

solid cancers in single-arm or RCTs of phase 2 and phase 3 

designs. 

• Eligible randomized comparisons were: 

– PD-1/PD-L1/CTLA4 inhibitor vs. chemotherapy, placebo, or 

molecular targeted therapy

– Combination of a checkpoint inhibitor with another checkpoint 

inhibitor, chemotherapy, or molecular targeted therapy vs. non–

checkpoint inhibitor therapies.



Methods

• Exclusion criteria:  checkpoint inhibitors with the 

following treatments

– Radiotherapy

– Direct local injections

– Transarterial embolization

– Vaccines

– Dendritic cell infusions

– Granulocyte colony-stimulating factor



Methods

• Data extraction:  
– The baseline trial, patient characteristics and efficacy end point 

were extracted independently by 2 of authors (G. R. and H. G.)

• The risk of bias assessment: The risk of bias for 

treatment-effect measures was assessed for each   

included study by examining

– The methods used for randomization and allocation concealment  

for the RCTs

– Outcome assessments

– Handling of patient attrition and missing data



Statistical analysis

• Primary descriptive analysis:

– Phase 2 trial design and primary end points were tabulated.

• Pooling ORR method:

– Data from checkpoint-inhibitor arms of phase 2 and 3 trials:

pooled ORR and 95% CI by fixed-effects inverse-variance–

weighted method

• Correlation analysis:

– Data from treatment comparisons: 

• Relative treatment effect: correlations between OR of ORR, 

HR of PFS, and HR of OS 

• Absolute treatment effect: correlation between ORR,             

6-month PFS rate, and 12-month OS rate

– The strength of associations: correlation coefficient (r)

– The 95% CIs of r: bootstrap method with 1,000 replications



Statistical analysis

• Validity assessment:

– The associations between surrogates (ORR or PFS) and OS:  

Linear regression models

– Tumor origin was included as a covariate in these models. 

– Milestone analysis: correlations within checkpoint-inhibitor arms of 

the RCTs between ORR, 6-month PFS rate, and 12-month OS rate

– Predicted 12-month OS rate was generated by:

• Observed ORR model 

• Observed 6-month PFS rate model

– Calibration method: calibration plots of actual vs model-predicted 

12-month OS rates



Statistical analysis

• Sensitivity analysis:

1. Only non–small cell lung cancer (NSCLC) studies

− The most common tumor type in the included RCTs

2. Limited to PD-1/PD-L1 inhibitor studies

− Differences in mechanism of action compared with CTLA4 

inhibitors

3. Exclusion of KEYNOTE 024 study

− Only tumor of high PD-L1 expression were enrolled 

4. Limited to phase 3 studies

− Larger sample size with potentially more robust results



Milestone Survival Analysis



The main parameters

in the survival curve analysis

Front Oncol. 2019 Jun 4;9:453.



Milestone Survival Analysis

• Milestone survival is defined as the Kaplan-Meier survival 

probability at a time point defined a priori (e.g., 12 months).

• It is a cross-sectional assessment of the survival data at 

the prespecified time point using KM probabilities.

• The choice of the milestone:

– Requires careful consideration 

– Often represents a clinically meaningful benchmark

• Advantage: 

– Easily describing the presence of durable survival

• Limitations:

– Depend on the specific time point chosen for the analysis

– Cannot generalized when different treatments aimed, different 

disease conditions (unlike median time, HR)
Front Oncol. 2019 Jun 4;9:453.



Milestone Survival Analysis

The milestone method has 2 different purposes: 

• In the analysis of RCTs:

– The milestone rate between the treatment and control group 

captures the incremental effect of the treatment 

– Particularly when treated patients have durable survival, but  

medians are similar across the two patient groups

• In the analysis of one-arm trials:

– The milestone rate compares different treatments across different 

trials studying the same disease condition 

– Focused on long term effects especially when medians are similar   

to one another and do not capture the tail of the survival curves

Front Oncol. 2019 Jun 4;9:453.



Results



Flow Diagram of Study Inclusions 

and Exclusions



Characteristics of included studies

• 87 phase 2 trials were identified: 

– Single-arm studies: 59 (68%)

– Multi-arm studies: 19 (22%)

– RCTs: 9 (10%)

• Primary endpoint selection:

– ORR: 52 (60%) 

– PFS: 11 (13%)

– Toxicity: 10 (11%)

– OS: 6 (7%)

– Disease control rate: 2 (2%)

– Molecular biomarker: 6 (7%)

• Immune-related response criteria were considered in 

only 5 trials (6%) either as a primary or secondary 

endpoint.



Flow Diagram of Study Inclusions 

and Exclusions



Characteristics of included studies
• 20 eligible RCTs, including 4 phase 2 designs, comprising 

25 treatment comparisons, and 10,828 patients

• Treatment characteristics:

– PD-1 inhibitor monotherapy: 10

– PD-L1 inhibitor monotherapy: 2

– CTLA4 inhibitor monotherapy: 3

– Checkpoint inhibitor + chemotherapy: 5

• Tumor types:

– NSCLC: 9 (45%)

– Melanoma: 4 (20%)

– Others: 7 (35%)

(mesothelioma, small cell lung, renal cell, prostate, gastric, and 

head and neck cancers)

• Risk of bias assessment: unclear in 3 unpublished trials 

and low in all others



Pooling Objective Response Rate

• Of the 10,828 patients from 20 trials, data were 

unavailable for ORR in 1 trial. 

• For the remaining 19 trials, with 23 comparisons, 

treatment with checkpoint-inhibitor therapy: 

– A pooled ORR of 24% (95%CI, 18%-31%)

– Cochrane Q X2 = 617.29 (P < .001); I2 = 96%



Correlations in Relative Treatment Effect

Between Randomized Arms

r = 0.57 (95% CI, 0.23-0.89) r = 0.42 (95% CI, 0.04-0.81)



Correlations in Absolute Treatment Effect 

Within the Checkpoint-Inhibitor Arms

r = 0.08 (95% CI −0.17 to 0.70) r = 0.74 (95% CI, 0.57-0.92)



Validation Assessment

• The regression equation for association of 6-month 

PFS rate with 12-month OS rate:

HROS = (1.10 x HRPFS) + 0.16 + (0.04 x melanoma) 

− (0.04 x NSCLC) + (0 x other tumors)

• 19 checkpoint–inhibitor arm phase 2 trials comprising 

3,023 patients were used for validation of the OS 

predictive models.

• For analysis of 6-month PFS rate as predictor: 

– 12 trials or treatment arms were available.

• For analysis of ORR as a predictor: 

– 25 trials or treatment arms were available.



Observed vs Predicted 12-Month OS Rate

good calibration poor calibration



Sensitivity Analysis

NSCLC subgroups (8 trials with 11 treatment 

comparisons) 

• For relative treatment effects between randomized 

arms:

– OR of ORR with HR of PFS r = 0.74 (95% CI, 0.38-1.08)

– OR of ORR with HR of OS r = 0.68 (95% CI, 0.08-1.10)

– HR of PFS with HR of OS r = 0.63 (95% CI, 0.12-1.06)

• For absolute treatment effects within the checkpoint-

inhibitor arms:

– ORR with 6-month PFS rate r = 0.85 (95% CI, 0.63-1.06)

– ORR with 12-month OS rate r = 0.66 (95% CI, 0.17-1.08)

– 6-mo PFS rate with 12-mo OS rate r = 0.76 (95% CI, 0.29-1.15)



Sensitivity Analysis



Discussion



Discussion

• Phase 2 checkpoint-inhibitor trials typically use a single-arm 

design with ORR as the primary trial end point.

• The ORR reported are modest (pooled ORR, 24%). 

• ORR correlated poorly with 6-month PFS rate or 12-month 

OS rate within treatment arms. 

• In contrast, the 6-month PFS rate correlated moderate 

strongly with the 12-month OS rate (r = 0.74 with 95% CI, 0.57-

0.92).



Discussion

• The 20 RCTs included in this meta-analysis have led to 13 

unique indications approved by the US FDA.

– 58% had an ORR less than 30%.

– Single-arm trials in advanced solid cancers with ORR exceeding 

30% were greater likelihood of “breakthrough therapy” 

designation.

• If drug approval is based only on a high ORR, many 

potentially efficacious agents could be overlooked for further 

phase 3 trials.



Discussion

• In the phase 2 trials: 

– Response and progression by conventional RECIST poorly 

reflect the treatment efficacy on OS for checkpoint inhibitors.

– irRECIST have been proposed.

– Only 6% of phase 2 trials used irRECIST as a trial endpoint in this 

review. 

• Further research is required to assess the validity of 

modified criteria (irRECIST) as a surrogate endpoint for OS.



Discussion

• The previous meta-analysis by      

US FDA :

– Use IPD from 14 RCTs of checkpoint 

inhibitors, targeted therapy, and 

chemotherapy in advanced NSCLC

– 12-month OS had the strongest 

association with HR of OS                    
(R2 = 0.80; 95% CI, 0.63-0.91)

– No association between 6-month ORR 

and HR of OS                                       
(R2 = 0.05; 95%CI, 0.0001-0.31)

JAMA Oncol. 2017 Aug 10;3(8):e171029.



Discussion

• There are multiple possible reasons for different findings 

between previous study and this analysis:

– Previous study based on milestone ratio and HR, focused on 

relative differences between treatment and control.

– The result was based on only 6 checkpoint inhibitor trials out of the 

total of 25 included studies.

• This analysis included only checkpoint inhibitor trials, 

examined the within-arm association between 6-mo PFS 

and 12-mo OS, particularly in the phase 2 setting.



Strengths

• A comprehensive review to include all reported RCTs of 

immunotherapy across different advanced solid cancers 

involving more than 10,000 patients.

• Able to examine for variability in treatment outcomes and 

improved generalizability of this study:

– A wide variety of checkpoint inhibitors in a heterogeneous 

population.

• Generation and validation of a prediction model to describe 

the association between 6-month PFS rate and 12-month 

OS rate is unique.



Limitations

• Had no access to IPD. 

• Unable to examine patient subgroups in detail. 

• Unable to assess whether irRECIST ORR represents a 

more valid surrogate than RECIST ORR for PFS and OS.

– Only 1 RCT reported irRECIST ORR as an endpoint.

• Reliable and comprehensive data on crossover are poorly 

reported in most studies.

– Post progression therapies could have an impact on OS.

• Unable to account for the totality of the PFS times or the 

effect of censoring before this milestone time point (6-month 

PFS rate).



Implications

• With the use of a 6-month PFS rate, future phase 2 trials 

might require a larger sample size, more resources, and 

take longer to report on this result than RECIST ORR.

• This approach will still be worthwhile. 

– More robust preliminary data of efficacy from phase 2 studies to 

better guide the selection of agents for a more expensive and time 

consuming phase 3 testing.

• Most phase 2 studies do not collect patient-reported 

outcomes (PROs). 

– The potential inclusion of PROs as a co-primary end point for future 

phase 2 trials warrants further research.



Conclusion

• ORR correlated poorly with OS for phase 2 checkpoint-

inhibitor trials.

• In future, 6-month PFS rate is recommended as an end 

point over RECIST ORR. 

• Further research is required to assess the validity of 

milestone analysis with 6-month PFS rate as a potential 

surrogate for OS in treatment comparisons between 

checkpoint inhibitors and standard of care therapy.



… Thank you …
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