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The law of diminishing returns is a highly regarded principle
of economics and business which states that not every unit of
input will lead to a proportional increase in output. Furthermore,
it asserts that recurrent investments in one input, while holding
all other inputs constant, yield progressively smaller output re-
sults. This principle is frequently taught using an agricultural
example. While one application of fertilizer may dramatically
increase crop yields, with successive applications the increase
in yield falls and eventually productivity diminishes while
fertilizer-related toxicities and costs rise. Thus, it is critically im-
portant to identify the “point of diminishing returns” if the ulti-
mate goal is to continually improve outcomes while focusing
on a single interventional strategy. This principle also applies to
chemotherapy and survival outcomes.

The pivotal study that led to the approval of temozolomide
(TMZ) in patients with newly diagnosed glioblastoma random-
ized patients to 6 weeks of radiation or 6 weeks of radiation with
concurrent TMZ followed by 6 months of adjuvant TMZ.' The
results demonstrated a significant increase in median survival
(12 vs 14.5 mo) and survival at 2 years (10% vs 26%). However,
the survival benefit from addingTMZ is largely restricted to pa-
tients with O%-methylguanine-DNA methyltransferase (MGMT)
promoter methylation.?The design of this important study was
simple and appropriate. Survival was compared in patients re-
ceiving noTMZ and those receiving extensive TMZ (concurrent
and adjuvant). With regulatory approval, the full complement
of TMZ was fixed as the standard of care for all patients with
newly diagnosed glioblastoma. Fifteen years have now passed
since the original publication of these results. Multiple at-
tempts have been made to improve this regimen. Higher dose
adjuvantTMZ was studied in a large, randomized, prospective
study.®This resulted in significant increases in toxicity, but no
improvement in survival. In addition, several retrospective
analyses have concluded that prolonging the duration of adju-
vantTMZ also increases toxicities without a survival benefit.*®
It is of particular importance that even in MGMT methylated
patients, who might be expected to benefit most from TMZ,

no survival benefit was observed in these studies exploring
higher doses or longer durations of adjuvant TMZ.

The GEINO 14-01 study group is to be commended for con-
ducting the first prospective randomized trial designed specif-
ically to address the risks and benefits of prolonged adjuvant
TMZ.8 Patients who had no evidence of tumor progression after
completing standard therapy (6 weeks of concurrent radiation
and TMZ and 6 months of adjuvant TMZ) were randomized to
stopTMZ or to receive an additional 6 months of adjuvantTMZ.
In retrospect, there are several aspects of this study design
which were not ideal. The primary endpoint of the study was
progression-free survival (PFS) rather than overall survival.
Unfortunately, PFS is difficult to accurately quantify, especially
in the post-radiation setting and in a population of patients rich
in MGMT methylation who are prone to pseudoprogression.
The investigators were asking a non-inferiority question but
chose to approach this using a “phase 11" design. The overall
sample size was too small given the many important variables
that need to be addressed, such as age, performance status,
MGMT methylation status, isocitrate dehydrogenase (IDH) mu-
tational status, and extent of resection. In addition, IDH muta-
tional status was incompletely assessed. There are reasonable
explanations for these shortcomings. Accruing patients with
a terminal illness to this type of study is difficult as clinicians
and patients prefer promising novel therapies intended to im-
prove survival rather than non-inferiority and dose de-escala-
tion studies. Knowing this, the investigators chose a phase Il
design rather than a non-inferiority design, which would have
required much higher accrual numbers.They also chose a PFS
endpoint which shortens the time to reach the primary end-
point.The lack of complete IDH evaluations is also understand-
able given that the study was designed and initiated before the
importance of IDH mutations was fully understood.

In spite of these shortcomings, this prospective, random-
ized, multicenter study confirms what has been reported in ret-
rospective studies posing the same question. They found no
improvement in PFS or overall survival associated with longer
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Fig.1 TMZ and the Law of Diminishing Returns. Data from GEINO

14-01 and several retrospective studies strongly suggests that
12 months of adjuvant TMZ adds toxicity without additional survival
benefit. As a result, this should be considered beyond the “point
of negative returns.” Additional information is needed to deter-
mine how much adjuvant TMZ is required to reach the “point of
diminishing returns.”

durations of adjuvantTMZ, even in MGMT methylated pa-
tients. They also found that prolonged TMZ was associated
with higher toxicity rates. Other factors to be considered
with prolongedTMZ administration include: (i) higher med-
ical costs for TMZ, anti-emetics, pneumocystis jerovecii
pneumonia prophylaxis, blood counts, and complications
of therapy; (ii) prolonged TMZ-induced lymphopenia which
may affect outcomes with immunotherapy or infections;
and (iii) extended disruption of quality time for some pa-
tients who instinctively limit travel and important social
interactions while receiving chemotherapy.

Given the outcomes of studies documenting that
higher doses and longer durations of adjuvant TMZ re-
sult in more harm than good, it is reasonable to wonder
if even the standard 6 months of adjuvantTMZ is beyond
the “point of diminishing returns” described by econo-
mists (Fig. 1). There are no studies that convincingly doc-
ument the value of the adjuvantTMZ. In the study by the
European Organisation for Research and Treatment of
Cancer that led to FDA approval of TMZ, patients received
a median of 3 rather than 6 cycles of adjuvantTMZ and yet
the results were positive.' Is it possible that adjuvantTMZ

adds nothing to the 6 weeks of daily TMZ with radiation?
This is important to consider as all of us would quickly
move to explore novel adjuvant regimens in this patient
population if we knew that adjuvant TMZ added little to
survival. Although dose de-escalation and non-inferiority
studies are often discouraged in diseases where out-
comes are poor, it is imperative that we understand
which components of this 15-year-old treatment regimen
are truly critical. As astutely noted by economists: More
is not always better—sometimes it is just more.
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