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Weighted linear regression
models

LT mOS versus LT
median PFS (mPFS)
LT mPFS versus ORR

Meta-analysis of available
evidence for ORR, PFS and OS

Full model with interaction term applied*

Model fitting results showed a strong relationship between
LT mOS and ORR, and LT mOS and LT mPFS, with squared
correlation coefficients (r2) of 0.77 (Figure 2) and 0.78
(Figure 3), respectively.
In the weighted simple linear model for LT mPFS versus ORR,
the coefficient for ORR was statistically significant (p=0.013);
however, the association between LT mPFS and ORR was
weak, with r2 of 0.26 (Figure 4).
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Investigate the association of surrogate markers PFS
and/or ORR with OS for immuno-oncology (I-O)-based
regimens in patients with R/M HNSCC by meta-analysis
of aggregate data identified in a systematic literature
review (SLR), with the aim of informing future clinical
trial planning.

Interaction term
not significant

Interaction term
significant

Reduced model without
interaction term**

Simple linear model without
line of therapy and the
interaction term***

*Full term: Y ~ β0 + β1*X + βLine, i+ βinteraction*Line,i*X, where i=1 or ≥2; **Reduced model: Y ~ β0 + β1*X + βLine, i, where i=1 or ≥2; ***Simple linear: Y ~ β0 + β1*X
3 sets of Y versus X: LT mOS versus ORR; LT mOS versus LT mPFS; LT mPFS versus ORR

Summary of SLR Efficacy Outcomes
Overall, 4 trials in the ≥2 treatment line setting and 1 trial in the first-line R/M HNSCC
setting were identified for data extraction and analysis.
• The overall patient population is shown in Table 1 as reported for I-O monotherapy or IO agent combination therapy for the selected trials.

• Quality assessment for each randomized controlled trial
was performed to the standards recommended by
Poster
Cochrane.5 Data
for OS,No:
PFS951P
and ORR were reported in
each trial.
The meta-analysis to investigate the association among
ORR, log-transformed (LT) median PFS (mPFS) and LT
median OS (mOS) used a fixed-effect, weighted linear
regression model, with weights equal to sample size of
each subpopulation, and included line of therapy as
a covariate.
The full model with interaction term was applied.
• Statistical significance of interaction terms between lines
of therapy and ORR or LT mPFS determined whether the
reduced model without interaction term or the simple
linear model without line of therapy and the interaction
term was fitted (Figure 1).
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Table 1. Clinical outcomes of SLR screened trials
Trial

• LT mPFS (month) versus ORR (%) - the slope was estimated
to be 0.01 (95% CI: 0.002–0.017), which implies 10%
ORR improvement will lead to LT mPFS improvement of 0.1
(95% CI: 0.02–0.17), or a 1.1-fold (95% CI: 1.02–1.19)
improvement in mPFS (mPFSi/mPFSj) if converting LT mPFS
to the original scale.

Treatment

Subgroup

mOS (month)

mPFS (month)

ORR (%)

KEYNOTE-40

Pembro

Overall

8.4

2.1

14.6

Exploratory Analysis

KEYNOTE-48

Pembro

Overall

11.5

2.3

17.0

Durva+treme

Overall

6.5

2.0

18.2

Durva

Overall

7.6

2.1

17.9

Nivo

Overall

7.7

2

13.3

The results above are based on the fixed-effect model. An
exploratory analysis was performed using the random-effect
model.6 In the random-effect model, “study” was entered as a
random effect, taking into account the variation between and
within the trials.
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CONDOR

• This meta-analysis demonstrates strong positive correlation
between ORR and LT mOS and between LT mPFS and LT
mOS. The regression coefficients in the fitted model enable
the prediction of the endpoint OS to predict therapeutic
efficacy based on endpoint ORR or PFS.
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There are 40 data points presented in each panel of Figure 2. The regression line for ≥2 R/M HNSCC treatment line settings based on the reduced model is shown in
the left panel. A statistically significant association between LT mOS and ORR (p<0.0001) was demonstrated.
CM-141, CheckMate-141; KN-40, KEYNOTE-040; KN-48, KEYNOTE-048

Figure 3. Relationship between (A) LT mOS and LT mPFS and between (B) mOS and mPFS
2.7

• LT mOS (month) versus ORR (%) - the regression coefficient
for ORR was estimated to be 0.02 (95% CI: 0.012–0.028),
indicating that a 10% ORR improvement will lead to LT mOS
improvement of 0.2 (95% CI: 0.12–0.28), or a 1.22-fold (95%
CI: 1.13–1.32) improvement in mOS (mOSi/mOSj) if converting
LT mOS to the original scale.
• LT mOS (month) versus LT mPFS (month) - the slope was
estimated to be 0.54 (95% CI: 0.08–1.00), indicating that a
1-unit improvement of LT mPFS will lead to a 0.54-unit
improvement of LT mOS. Converting to the original scale,
a 2-fold improvement of mPFS (mPFSi/mPFSj) will lead to a
1.22-fold (95% CI: 1.06– 2.00) improvement of mOS (mOSi/mOSj).

Trials in the first-line and ≥second-line R/M HNSCC treatment
settings were pooled together to estimate the regression
coefficients as the interaction terms for LT mOS versus ORR
or LT mPFS were not statistically significant.
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r2=0.78 (95% CI: 0.66–0.91)

The linear regression model demonstrated the following:
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LT median OS (mOS)
versus ORR

Direct investigation of these endpoints as surrogate
markers of efficacy in R/M HNSCC is needed
to allow for faster patient access to
novel therapies.

• Open circles represent the other 4 studies in the ≥2 lines of
treatment setting.
For LT mOS versus ORR and LT mOS versus LT mPFS, the
interaction terms were not statistically significant, with p=0.33
and 0.51, respectively; so the reduced model with no interaction
term was fitted.

40 subpopulations across 5 trials identified

2.7

• Grey-filled circles represent KEYNOTE-48 in the first-line R/M
HNSCC setting

Discussion
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r2=0.77 (95% CI: 0.65–0.88)

N

This meta-analysis included patients within subgroups of the
same study that are not mutually exclusive, potentially yielding
stronger associations between the predicted and the regressor
endpoints than is true. Ideally, mutually exclusive subgroups
are preferred for this type of analysis and this could be
accounted for in the future by appropriate partial de-weighting
for the non-exclusive subgroups.
• To account for this limitation, sensitivity analysis that would
include only mutually exclusive subgroups in each trial could
be performed, though the number of observations would
greatly decrease.
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Due to PFS not reported for some of the subgroups, there are 25 data points presented in each panel of Figure 3. The regression line for ≥2 R/M HNSCC
treatment line settings based on the reduced model is shown in the left panel. A statistically significant association between LT mOS and LT mPFS (p<0.0001)
was demonstrated.

Conclusions
Figure 4. Relationship between (A) LT mPFS and ORR and between (B) mPFS and ORR
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r2=0.26 (95% CI: 0–0.54)
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The meta-analysis, based on a systematic review of R/M
HNSCC I-O clinical trials, showed significant correlation
between ORR and LT mOS and between LT mPFS and
LT mOS.

• These findings support ORR and PFS as surrogate
endpoints to predict OS effect in early phases of clinical
trials evaluating I-O treatments in R/M HNSCC.
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• The r2 for LT mOS versus ORR was 0.72 (95% CI: 0.59–0.85)
and the r 2 for LT mOS versus LT mPFS was 0.56 (95% CI:
0.35–0.78). Even though r2 estimated from the random-effect
model was smaller than the fixed-effect model, the magnitude
was still considered to be moderate to strong.

• This meta-analysis only included one clinical trial in the
first-line R/M HNSCC setting (KEYNOTE-48); the result for
the interaction term and the regression coefficients could
change if re-evaluating the relationship by including more
clinical trials in this setting if available in the future.
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Data extraction, quality assessment and verification
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Trial registry search
(ClinicalTrials.gov: http://clinicaltrials.gov/;
European Union Clinical Trials Register:
www.clinicalstrialsregister.eu)

Database search 2015 ̶ 2020
(Embase, PubMed, Cochrane Library)

Prior studies suggest that the relationship between ORR or
PFS and OS may vary by cancer type, treatment
mechanism of action and disease setting.3,4

An SLR was performed to identify relevant Phase II and
III trials that investigated I-O treatments and I-O/
chemotherapy combinations for R/M HNSCC.

Figure 2. Relationship between (A) LT mOS and ORR and between (B) mOS and ORR

Representations for each study group in the meta-analysis model
relationships are shown by circle colour and size:

Tumor-based assessments such as ORR and PFS can be
used as measures of clinical benefit and are used
extensively as surrogate endpoints in early-phase trials to
inform and expedite drug development decisions in lieu
of OS.3,4

The workflow for this study is shown in Figure 1.

Meta-analysis Modelling

Figure 1. SLR and meta-analysis workflow for data extraction from selected trials

OS is the gold standard endpoint used to measure efficacy
of novel therapeutics in oncology pivotal trials; however,
long-term follow-up is required to establish OS benefit.3,4

Methods

Results
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Immunotherapies for recurrent/metastatic (R/M) HNSCC
have improved OS; however, many patients (80%) with
metastatic HNSCC do not respond to, or do not benefit
from, programmed cell death protein 1 (PD-1) blockade.
Therefore, there remains an unmet need for new treatment
approaches in this patient population.1,2

This model was found to be relevant for I-O alone; the change in PFS and ORR
for chemotherapy had a much smaller effect on OS. As such, these data were not pooled
with I-O data.
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Due to PFS not reported for some of the subgroups, there are 25 data points presented in each panel of Figure 4. The regression line for ≥2 R/M HNSCC treatment
line settings based on weighted simple linear model is shown in the left panel. A statistically significant interaction term for LT mPFS versus ORR was detected in the
full model (p=0.003). As such, the weighted simple linear regression model was fitted by including trials in the R/M HNSCC ≥2 treatment line setting only.

For late-stage clinical trials in the first-line R/M HNSCC setting,
ORR or PFS may be used as adaptive decision criteria to inform
the design when trials are adopting OS as a primary endpoint.
Early assessment tools such as ORR and PFS have been
implemented in a Phase II/III trial in R/M HNSCC sponsored by
GlaxoSmithKline (INDUCE-3, NCT04128696).
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