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INDIGO: Example of inappropriate crossover and why PFS cannot be the primary outcome 
in gliomas 

1. Introduction 

Vorasidenib has been praised as a medical advance for patients with 
low-grade glioma, a disease with little drug development in over two 
decades. Patients who have low-grade glioma, but are considered to 
have high-risk disease, are eligible for further treatment. Nevertheless, it 
is accepted practice to delay radiotherapy, based on randomized data 
that showed no difference in overall survival (OS) between those who 
received early versus late radiotherapy [1]. Moreover, radiotherapy is 
presumed to possibly cause long-term toxicities, including neuro-
cognitive dysfunction [2], and its effects on quality of life (QoL) and 
cognitive function are unknown. 

The INDIGO study included 331 adult patients with residual or 
recurrent IDH-mutant grade 2 gliomas who had received no previous 
systemic treatment and were within 1–5 years from latest surgery [3]. 
Patients receiving vorasidenib demonstrated a significant reduction in 
tumor progression or death compared to patients receiving placebo 
(HR = 0.39; 95% CI, 0.27–0.56), with a median of 27.7 months versus 
11.1 months. As a secondary outcome, the likelihood of being alive and 
not receiving further treatment at 18 months was 85.6% in the vor-
asidenib group and 47.4% in the placebo group. While these results 
appear impressive, there are at least 3 concerns about the study design 
that may limit their interpretability: 1) inappropriate use of crossover in 
the control arm, 2) questionable use of a surrogate endpoint, and 3) lack 
of QoL assessment. 

2. Crossover 

Crossover is necessary in randomized trials when a drug is already an 
approved subsequent standard of care and a trial tests routine upfront 
use, but it can confound study interpretation if a drug is being tested for 
the first time in a disease setting [4]. In the INDIGO trial, control arm 
patients who had tumor progression were given access to the novel 
agent. This resulted in vorasidenib being administered to 90% of pa-
tients receiving subsequent therapy in the control arm. 

The use of crossover in INDIGO was problematic. First, it is unclear if 
vorasidenib is the best therapy upon progression, and crossover may 
delay access to life prolonging therapies. Second, a high rate of crossover 
limits interpretation of OS. If survival is increased, it could be due to 
early use of vorasidenib in the experimental arm, but an alternate 
explanation is that it delayed access to life prolonging therapy in the 
control group [5]. If the survival is the same, it could be due to the 
crossover to an effective therapy, thus the subsequent treatment 
“diluted” the early benefit derived from early use of vorasidenib. 
Alternatively, it could be that the drug has no effect on survival, or 
off-target harms negate benefit. Statistical methods like rank preserving 

structural failure time models may attempt to correct for this, but this 
involves the core assumption that the drug works [6]. 

The authors provide no justification for permitting crossover. The 
proposed goal of the intervention was to postpone the initiation of 
radiotherapy with chemotherapy, deemed as eventually indispensable. 
Patients included in the trial were already considered eligible for che-
moradiation treatment upon recruitment, so how could participants in 
the control arm who showed signs of disease progression still be can-
didates for a therapy which sole purpose was to delay definitive treat-
ment? A viable explanation is that the investigators were not worried 
about promptly initiating radiotherapy unless patients showed other 
signs of high-risk disease, such as clinical symptoms or new enhance-
ment on imaging, although this is not completely clear. 

3. Progression events 

It is noteworthy that among 88 progression events in the placebo 
group, 58 (65%) received a subsequent line of treatment, while 19 out of 
47 (40%) patients progressing on the experimental arm received a 
subsequent line. This supports the hypothesis that many patients were 
still deemed eligible for a watch and wait approach upon progression. 
The use of progression-free survival (PFS) as an outcome is not justified 
in this setting. Prior first-line studies introducing the use of the combi-
nation of procarbazine, lomustine, and vincristine in this disease had OS 
as the primary outcome [7]. 

Additionally, the authors assume that delaying definitive treatment 
would improve outcomes as standard treatments can induce tumor 
transformation to hyper-mutational states linked to therapy resistance 
and rapid progression. On the other hand, it is unknown which tumoral 
changes could be triggered by the use of IDH inhibitors and how the 
disease would behave after progression on these treatments. IDH in-
hibitor’s presumed mechanism of action should induce tumor differen-
tiation, but pre-clinical models also showed that loss of heterozygosity of 
the IDH-mutant gene was associated with aggressive phenotypes. The 
role of IDH mutations seems also to be histology dependent and dynamic 
according to timing of tumorigenesis [8]. In this way, the INDIGO trial 
would provide useful information if comprehensive molecular tumor 
assessments were performed in patients that were both exposed to 
vorasidenib and later received salvage surgery. Until such analyses are 
done, PFS will remain an unreliable surrogate endpoint, as no previous 
study has shown its validity in this setting. 

4. Cost and toxicity 

With a median PFS of 27 months in the experimental group, over half 
of the patients remained on vorasidenib for at least 2 years. In this case, 
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it is essential to consider cost and toxicity, especially since these tumors 
often affect young people with long survival, often resulting in a need to 
balance treatment with QoL. The article reports few adverse events 
except for low grade hepatotoxicity (9.6% were grade 3). Also, there was 
no difference in seizure occurrence between the two arms, although the 
anticipated peer-reviewed report on QoL and seizure frequency has yet 
to be published. For patients who are continuously kept on treatment, 
QoL assessments are indispensable. While current standard treatments 
for low-grade gliomas have fixed durations in which transient deterio-
ration of QoL are expected, continuous treatment until disease pro-
gression or limiting toxicity can only be justified by better symptom 
control (such as reduced seizures) or long-term health-related QoL 
benefits, which are yet to be presented as secondary endpoints. How-
ever, patients in the placebo group who progressed also became candi-
dates for the drug. Only 6 patients (10%) of the placebo group who 
received a subsequent line of therapy were given a treatment that was 
not vorasidenib (e.g., crossover). It is unclear which exact treatments 
they were, as it could have been radiotherapy or even salvage surgery. 
Nonetheless, it is difficult to claim that an intervention delays the 
introduction of radiotherapy when such a small percentage of patients in 
the study actually received this treatment. 

5. Response assessment and intermediate endpoints in gliomas 

PFS was defined as the time between randomization and the first 
documented progression on imaging by blinded and independent eval-
uation, according to the Response Assessment for Neuro-oncology for 
Low-Grade Gliomas (RANO-LGG) criteria, or death. The RANO-LGG 
criteria, as a modified version of RANO, introduced the concept of 
minor response and it also reiterates that any new contrast enhancement 
on scans constitutes disease progression [9]. However, the expected new 
RANO 2.0 criteria do not further differentiate between high-grade and 
low-grade lesions, as that cannot be defined only by lesion enhance-
ment. While increasing attention has been given to new ways of 
assessing tumor response, including tumor growth rate, volumetric 
assessment, and advanced imaging techniques, RANO 2.0 will keep 
two-dimensional evaluations as the primary form of measurement [10]. 
However, two-dimensional measurements are limited by 
poor-to-moderate inter-operator reproducibility [11]. Although devel-
opment of intermediate endpoints for the study of novel therapeutics in 
glioma is desirable in order to accelerate the availability of new drugs, 
the limitations and shortcomings of such endpoints cannot be over-
emphasized. A more promising alternative would be to incorporate 
clinical outcome assessments along with imaging criteria in future 
clinical trials [12]. 

6. Taking a drug to avoid taking a drug 

A goal of the INDIGO trial was to delay time until further treatment, 
yet this obfuscates the fact that patients in the intervention arm were 
required to take a treatment to do so. Testing an active intervention 
against a placebo-controlled arm (i.e., no treatment) is incongruous with 
the goal of reducing treatment. Vorasidenib is a treatment, and the 
research questions regarding its testing should reflect this. Assuming 
long-term vorasidenib therapy is more acceptable to patients than other 
treatments upon progression (which remains unproven), future trials 
may focus on whether treatment with vorasidenib delays time until 
aggressive and established treatment, not any subsequent therapy. 
Ideally, longitudinal health-related QoL will help to adjudicate if the 
benefits of the delayed treatment outweigh the harms of treatment [13]. 

7. Conclusion 

In conclusion, there is great interest in advances in glioma treatment. 
However, vorasidenib’s positive findings were based on a primary 
outcome of negligible value to patients. Patients want to live longer, and 

if not, at least live better. Based on the INDIGO study, it is impossible to 
say whether vorasidenib can provide either. It offers significant cost and 
some toxicity, but there is no clear evidence that it is superior to pre-
vailing standard of care. 
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