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The Food and Drug Administration (FDA) recently published their opinion on the
inadequate characterization of doses and schedules of oncology drugs, based on their
experience with sotorasib, and their post-marketing requirement to evaluate lower doses?.
The sotorasib case is illustrative for the speed of development of novel, active anticancer
drugs, resulting in incomplete pharmacological characterization and consequent erroneous
dose recommendations. Yet, it is unique in that the cause was as basic as pharmacokinetic
(PK) futility due to saturated absorption. While PK should have been included as one of
the phase 1 primary endpoints for this oral agent, it was insufficiently reported?2. In general,
oncology dose recommendations are suboptimal due to default selection of the maximum
tolerated dose (MTD), based on a small, selected patient sample and single cycle toxicity
data. In response, the FDA is drafting guidance as part of their Project Optimus, which will
highlight the need for a more thorough evaluation of the optimal risk-benefit ratio prior to
registration trials, e.g. through randomized dose-ranging trials.

The recommended dose of anticancer agents is often determined in relatively small numbers
of patients through rule-based approaches, such as the 3+3 design (Fig.1A-B). The oncology
community has made great strides in identifying extrinsic (modifiable, e.g. diet, smoking)
and intrinsic (individual, e.g. sex, age, organ function, comorbidity) factors that determine
PK variability between individuals, resulting in recommendations for defined subgroups of
patients (Fig.1C-D). However, this is usually limited to a “typical” set of factors, and a
recent study reported 40% of drugs surveyed had no intrinsic factors associated with PK3.
Therefore, beyond cautionary advice or dose recommendations for factors such as enzyme
inhibitors/inducers or organ dysfunction, the vast majority of variability in anticancer drug
PK is not directly addressable with our current standard approaches. Moreover, this issue

of PK variability will not be directly addressed by Project Optimus and the proposed new
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This viewpoint discusses therapeutic drug monitoring as the logical endpoint of recent discussions by the FDA on how to optimize
dose in oncology.
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guidance, which will merely shift the “one-size-fits-all” dose to a dose that is better for the
average patient. (Fig.1E).

The notion of personalizing dose arguably started with the administration of body surface
area (BSA) normalized doses, a concept derived from animal-to-human dose translation

of cytotoxic chemotherapy drugs, which does little to reduce variability within humans.
The realization that BSA poorly predicts drug clearance, gained mostly from studying

IV administered cytotoxics, resulted in the more recent molecularly targeted agents being
administered with a flat dose. In special populations, e.g. patients with kidney or liver
impairment, pediatric patients, and to better manage drug-drug and drug-food interactions,
dose recommendations are based on targeting the PK exposure of the respective special
population to that of the reference population administered the approved dose®. This
approach of dose adjustment based on a target exposure-matching is now generally accepted
and based on dedicated PK studies without efficacy endpoints or prospective validation
studies. An important lesson drawn from cytotoxics and molecularly targeted agents is that
the exposure at any single dose remains quite variable, and only individual therapeutic
drug monitoring (TDM) can reduce variability in exposure between patients, resulting

in optimal outcomes for the individual patient*® (Fig.1F). If group-level PK-based dose
adjustment is already routine, why has oncology failed to embrace TDM as the logical
final step of individual-level PK-based dose adjustment when many indication areas outside
of oncology routinely do so? The most straightforward approach for truly personalized
therapy would be to adjust exposure of the drug, for each patient, on an individualized
basis*-6. The real advantage of TDM is that it can account for all intrinsic and extrinsic
factors of PK variability, known and unknown. By identifying and subsequently targeting
a specific optimal exposure range, the risk-benefit ratio would be optimized down to the
individual patient level*”. Currently, clinical progression may be due to intrinsic resistance
or subtherapeutic exposure, where the latter leads to the emergence of resistant subclones.
TDM maximizes the clinical benefit of each treatment line, and disease progression
unambiguously signals the need to switch therapy.

One of the objections of oncology to TDM is the absence of phase 11 randomized trial data,
even though existing exposure-response relationships underpin dose recommendations based
on kidney or liver function status, or co-medication with enzyme inhibitors or inducers,
which are accepted without further question. Another argument is that practical and efficient
bioanalytical tools are lacking. This barrier is clearly surmountable as evidenced by the
routine use of TDM in non-oncology areas such as transplantation, antiepileptic and
infectious disease therapeutics, where inexpensive tools are available and utilized in standard
clinical care.

It may remain difficult to change how existing oncology drugs are being dosed. The
unfortunate reality is that even the lesson of non-BSA dosing has not been retroactively
applied to the cytotoxics themselves. With these agents off-patent, there seems to be no
group willing and able to overcome the significant institutional resistance to any change

in established standard of care. The rare examples in oncology where drug levels inform
standard of care treatment decisions are methotrexate and busulfan, and their package inserts
have guidance on the appropriate exposure. For personalized exposure optimization to be

JAMA Oncol. Author manuscript; available in PMC 2023 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Beumer et al.

Support:

Page 3

realized in oncology, the FDA must provide clear guidance, and stipulate the listing of
exposure parameters defining the “therapeutic window” in the product labeling. Sponsors
will not do this on their own, and unfortunately, the oncology community has neither

the focus nor the perspective to make this happen. Importantly, compared with traditional
cytotoxic agents, targeted therapies display an even greater inter-individual variability in
exposure, increasing both unnecessary toxicity and unrealized clinical efficacy®. Exposure-
response relationships should not merely be evaluated in the NDA/BLA, but should be
detailed with an exposure reference range in the package insert. This may prompt national
organizations involved in developing guidelines to recommend using TDM in routine
clinical practice. Over the past 70 years, cancer treatment has made significant progress,
yet there is much knowledge that has not been translated into routine clinical practice. To
truly personalize care, TDM needs to be part of the treatment paradigm, and regulatory
authorities and national agencies must create the conditions to make it happen.

U24CA247643, UM1CA186690, P30CA047904, P30CA013330
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A) Many anticancer drugs have a narrow therapeutic window; B) A single maximum
tolerable dose for all results in overdosing and underdosing some; C) Extrinsic and intrinsic
factors partly explain exposure variability, and associated dose recommendations (D) reduce
some, but not the majority, of this variability; E) While FDA Project Optimus shifts the dose
recommendation for all patients based on the overall safety profile, the number of patients
within the therapeutic window may not increase; F) TDM generates individual patient dose
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recommendations, increases the number of patients within the therapeutic window, and
increases the likelihood of achieving optimal patient benefit.
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