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DCVax®-L-Associated Survival Extension 
Assessed Through 

Propensity Score Matching Analyses



DCVax®-L Introduction

• DCVax®-L is autologous dendritic cells (DCs) loaded with autologous tumor 
cell lysate

– Uses DCs, which are the master cells of the immune system
• DCs direct both the targeting and the direction of the response

– Uses antigens from patient’s own tumor to ensure correct targets 

– Uses tumor cell lysate to ensure a broad-spectrum immune response against 
hundreds of antigens

• DCVax®-L treatment is intended as adjuvant treatment following surgery.

• A Phase III international trial showed extended survival with DCVax-L treatment 
in both newly diagnosed and recurrent GBM (Liau et al., JAMA Oncology, Jan. 2023).

• Manufacturing takes 8 days (plus release testing) to produce a multi-year set of 
doses.  The doses are cryopreserved, then “off the shelf” throughout the 
treatment regimen, although fully personalised.

• 6 doses in Year 1, then 2 doses per year for maintenance;  simple intra-dermal 
injection in upper arm.
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DCVax-L Phase III Trial Results

In the SAP, 4 layers of statistical methods* were used to match DCVax-L & ECP patients  
and to minimise known & unknown potential biases, as follows:

1. Matching of comparator clinical trials from which the ECP was drawn
2. Validation of this ECP approach:  to check that trial outcomes remain same
3. Sensitivity analyses:  to check for both known and unknown biases (including a series of 

leave-one-out, leave-three-out analyses)
4. Adjustment for patient characteristics (MAIC) using key prognostic factors 

Per the Statistical Analysis Plan (SAP), DCVax-L survival was evaluated vs external 
controls (ECP), for both ndGBM (5 comparator RCTs) & rGBM (10 comparator RCTs) 

For the ECP, NW was not able to obtain access to Individual Patient Data (IPD),    
despite extensive efforts 

As a result, per the SAP, the survival analyses had to be done on cohort-level data, 
with cohort-level matching, rather than individual patient matching

However, the SAP provided for individualized patient matching & analysis if access to IPD 
could be obtained 

*See Supplement to Liau, et al., JAMA Oncology, Jan. 2023 



Significant Extension of Survival In Both nGBM & rGBM

mOS of DCVax patients: 
19.3 months from randomization; 
22.4 months from surgery

mOS of controls: 
16.5 months from randomization
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mOS of DCVax patients:
13.2 months from recurrence 

mOS of controls:
7.8 months from recurrence

*mOS = median overall survival

Newly diagnosed GBM:  mOS +2.8 months Recurrent GBM:  mOS +5.4 months



‘Long Tail’ of Patient Survival With DCVax-L
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nGBM Landmark survival rate
ECP* DCVax-L Relative Rate

36 mo 15.5% 20.2% 130%
48 mo 9.9% 15.7% 159%
60 mo 5.7% 13.0% 228%

rGBM Landmark survival rate post progression
ECP DCVax-L Relative Rate

6 mo 64.0% 90.6% 142%
12 mo 30.8% 54.1% 175%
18 mo 15.9% 31.8% 200%
24 mo 9.6% 20.7% 215%
30 mo 5.1% 11.1% 217%

*ECP means External Control Population – the patients who
received current standard of care (SOC) treatments, and
were compared with patients who received SOC plus DCVax-L

Newly diagnosed GBM:

More than doubled 
5-year survival

Recurrent GBM:

More than doubled 
survival 24 & 30 months
post-recurrence



Propensity Score Matching (PSM) 
Using Individual Patient Data

• PSM is a statistical method that can be used to draw inferential 
conclusions on causality (not just association) when comparing results 
against external control populations (ECPs). 

• PSM considers known prognostic factors using individual patient data 
(IPD). IPD has become accessible for 3 RCTs and all 3 have been analysed.

• PSM is more precise than MAIC as it uses individual patient-level data
rather than cohort-level data.

• Multiple matching procedures are used as cross-checks
A. 1:1 nearest matching without replacement 
B. 1:1 optimal matching without replacement 
C. 2:1 matching (DCVax-L: controls) without replacement 

• Patients for whom a match is not found are filtered from the analysis.
• PSM Analysis was recently used to re-assess the results from the INSIGhT

trial, demonstrating equivalence between internal and external controls.1

1) Rudra Gupta et al. 20267



PSM Analysis of DCVax-L vs. CORE/CENTRIC RCTs

• SAP for DCVax-L trial prospectively envisioned that these more precise 
analyses would be undertaken when access to individual patient data (IPD) 
could be obtained. 

• IPD for CORE1 & CENTRIC2 RCTs (testing cilengitide in GBM) became 
obtainable through Project Data Sphere. 

• CORE & CENTRIC RCTs largely contemporaneous with DCVax-L trial.

• Only patients from these trials who were alive with no evidence of 
progression following chemoradiation were used in the PSM analysis.

• Matching was performed for MGMT methylation status (100% match), age, 
gender, extent of resection, residual disease, and performance status.
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1) Nabors et al. 2015    2) Stupp et al. 2014



Results of Independent PSM Analysis: 
DCVax-L vs. CORE/CENTRIC RCTs
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PSM Method n DCVax n ECP Delta HR p

A (nearest 
matching 1:1) 182 182 6.3 mo 0.74 0.02

B (optimal 
matching 1:1) 180 180 6.1 mo 0.77 0.004

C (optimal 
matching 2:1) 230 115 4.9 mo 0.69 0.004

Conclusion:  Based on these more precisely matched comparisons, 
the survival benefit with DCVax-L was likely underestimated

in the original analysis



Alternative Approach: 
Inverse Probability Weighting (IPW) Analysis

• Like PSM, IPW uses individual patient data (IPD) to achieve precise 
comparisons on known prognostic factors (MGMT status, age, etc.) but 
applies weighting rather than excluding patients for whom a match is 
unavailable. 

• IPW achieves balance between populations (DCVax-L vs. ECP) by assigning 
different ‘weights’ to patients based on their individual prognostic profile, so that 
the treated and control groups become comparable 

• Six different IPW approaches were implemented:
a) IPW parametric accelerated failure time (AFT) model with treatment as the sole predictor 
b) IPW with censoring-stratified bootstrap 
c) IPW with administrative follow-up alignment 
d) DR censored quantile regression plus covariates 
e) DR generalised gamma AFT plus covariates
f) DR log-logistic AFT plus covariates 

10



Results of Independent IPW Analysis:
DCVax-L vs. CORE & CENTRIC RCTs
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IPD 
Approach n DCVax n ECP Delta p

a 230 362 3.6 mo 0.008
b 230 362 4.3 mo 0.03
c 230 362 4.3 mo 0.01
d 230 362 3.4 mo 0.01
e 230 362 4.0 mo 0.004
f 230 362 3.4 mo 0.01

Conclusion: IPW analyses confirm the PSM results and support 
the finding that the original analysis of DCVax-L trial data using 

cohort-level data likely underestimated survival benefit with DCVax-L



Sensitivity Analyses to Check PSM Analyses

E-values:
• Measure the strength of the association of unknown confounding factors 

with both the treatment and the survival outcome that would be required to 
explain away the observed survival benefit with DCVax-L. 

• The known prognostic factors for nGBM have large E-values, indicating a 
strong association between these factors and the nGBM survival outcomes. 

• Accordingly, only unknown confounding factor(s) that also have such large 
E-Values – and have been undiscovered in decades of GBM research --
could explain away the observed survival benefits. 

Rosenbaum’s Gamma:
• Answers the question: within a matched pair, how much more likely could 

one patient have been to receive DCVax-L because of unmeasured 
differences before the survival result would lose statistical significance? 

• A large Gamma value means that the finding holds up even if there is a 
substantial hidden imbalance. 
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E-values and Rosenbaum’s Gamma
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Method Delta E-value

A 6.1 mo 2.58

B 6.3 mo 2.79

C 4.9 mo 2.28

E-values for known prognostic factors:
• MGMT methylation: 5.48
• Extent of resection: 1.77
• Residual disease: 1.32
• Age >65: 2.5

Conclusion: Any unknown confounder would have to have a stronger influence on 
survival than age, extent of resection, or residual disease status to explain away the 
DCVax-L survival benefit – which is highly unlikely after decades of GBM research. 

Method Delta Gamma

A 6.1 mo 2.25

B 6.3 mo 4.25

C 4.9 mo 5.00

Conclusion: The treatment-effect Gamma values were consistently high 
across all 3 PSM scenarios, supporting the conclusion that the observed 

treatment effect is not readily attributable to a hidden imbalance. 

Gamma for known prognostic factors:
• MGMT methylation: >5
• Extent of resection: 1
• Residual disease: 1
• Age >65: >5



Additional Independent PSM Analysis: AVAglio Trial

Another independent PSM analysis was conducted when access was obtained to
the individual patient data (IPD) of the AVAglio trial.1

The PSM analysis used the optimal 1:1 and optimal 2:1 matching methodologies.
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PSM Method n DCVax n ECP Delta HR p

Optimal 1:1
matching 148 148 3.4 mo 0.75 0.027

Optimal 2:1 
matching 230 115 3.7 mo 0.74 0.023

Conclusion: PSM analysis of the AVAglio trial is consistent with the 
PSM analysis of the CORE & CENTRIC trials, and supports the finding 
that the original analysis of DCVax-L trial data using cohort-level data

likely underestimated the survival benefit with DCVax-L
1) Chinot et al. 2011



Summary

• PSM analyses using Individual Patient Data (IPD) for precise matching with 
external control populations from 3 separate RCTs estimate the survival 
benefit associated with DCVax-L treatment to be between 3.4 and 6.3 
months, i.e. meaningfully longer than the 2.8 months in the original analysis.

• IPW analyses estimate this survival benefit to be between 3.4 and 4.3 
months, in line with the PSM analyses. 

• These results are supported by 2 sets of sensitivity analyses, E-values and 
Rosenbaum’s Gamma, which conclude that the existence of an unknown
confounder that can explain the survival benefit is extremely unlikely.
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• The presented analyses support the validity and interpretability of the 
survival benefit associated with DCVax-L and demonstrate that the results are 
not attributable to: 

A. a PSM artifact, 
B.  matching-induced selection effect, 
C.  model dependence, 
D.  plausible levels of residual unmeasured/unknown confounding.



Conclusions
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Overall Conclusion: The survival benefit 
associated with DCVax-L treatment 
reflects a true treatment effect and 

was underestimated in the original analysis

Each of the analyses described in this presentation takes a different approach, 
has different strengths and weaknesses and makes a different contribution to 
the picture. Taken together, they validate each other. The key is that they are:

 All directionally consistent in finding a survival benefit with DCVax-L, and 

 Consistent in the magnitude of benefit found



Next Steps: Combination Approaches

• Given that DCVax-L works through the induction of an anti-tumour 
immune response, one would expect that combining DCVax-L with 
immune enhancers such as adjuvants, TLR agonists and 
checkpoint inhibitors (CPIs) could enhance the survival extension. 

• A recent paper demonstrated meaningful enhancements of survival 
seen by combining DCVax-L with Hiltonol®, a TLR-3 agonist.1

• To date, CPIs have failed to extend survival in GBM2, likely due to 
insufficient active immune response to ‘take the brakes off of’. 
Combining DCVax-L with CPIs would overcome that initial hurdle. 

In conclusion, rational design of trials to test combination 
therapies centered around DCVax-L may lead to further dramatic 

enhancements of survival in GBM patients
1) Everson et al. 2024

2) Fioletova et al. 2026
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