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ABSTRACT

Severe treatment-induced toxicities can have clinical consequences such as hospitalization
or treatment modifications, which in its turn may deteriorate prognosis of cancer patients.
Identification of determinants of treatment-induced toxicities is essential to develop
strategies that promote therapy compliance and enhance quality of life. Whereas toxicities
are systematically recorded and graded per protocol in most clinical trials, observational
studies often depend on retrospective data collection from medical records collected as
standard care. Existing population-based or patient cohorts are a valuable source of
information, even when relying on retrospective data collection, but comparisons across
studies are hampered by lack of a uniform definition for toxicity outcomes. We propose a
new standardized approach to summarize toxicities in observational studies that rely on
medical records for outcome assessment. We recommend the term “toxicity-induced
modification of treatment” (TIMT) to cover all toxicities that are responsible for changes in
a planned treatment schedule. We define a TIMT as either: i) a dose reduction, ii)
temporary interruption, iii) discontinuation of therapy, or iv) an unanticipated switch to
another regimen, as a result of treatment-induced toxicities and not due to progressive
disease. This definition will provide clinically relevant information, especially when data on
specific adverse events and Common Terminology Criteria for Adverse Events (CTCAE)
grades are not uniformly available. Implementation of this definition empowers
comparisons across studies, facilitates communication between clinicians and researchers

and will allow new research questions in this active field of research.
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CURRENT PERSPECTIVES

“Two monologues do not make a dialogue.” - Jeff Daly. The importance of successful
communication is explicitly recognized in clinical and scientific fields, especially when
working at the interface of disciplines (1). Talking the same language, or at least
understanding each other languages, facilitates efficient communication. One particular
field of research where we increasingly recognize confusion and lack of uniform definitions
for study outcomes, is related to identification of determinants of treatment-induced
toxicities in cancer patients.

Most systemic cancer treatments come at the expense of adverse events. Severe,
acute toxicities inevitably have clinical consequences such as hospitalization or modification
of the treatment schedule, which in its turn may deteriorate prognosis (2, 3). Moreover,
some toxicities can persist far beyond active treatment and can impact, to a greater or
lesser extent, quality of life and the ability to function of cancer patients (4, 5).

Assessment of toxicity profiles is an important aspect of clinical trials initiated for
the evaluation of new anticancer drugs. The widely adopted Common Terminology Criteria
for Adverse Events (CTCAE), developed by the US National Cancer Institute, are often used
for identification and characterization of toxicities. Clinical phase I studies aim to identify
the maximum tolerated dose (MTD) or the recommended phase II dose (RPTD) of the
agent or regimen under study and commonly apply the CTCAE classification. In these dose
escalation studies, the dose-limiting toxicities (DLTs) determine at which dose a drug is
not tolerable and safe anymore. The adverse events determining the DLT are often defined
as CTCAE grade 3-5 toxicities during cycle 1 (6) or the first 21 or 28 days of treatment
and are prospectively scored, although definitions are extremely heterogeneous (7) and
may depend on the schedule and type of drug (e.g. traditional chemotherapeutic versus
molecular targeted agents) (8). Although primarily developed for clinical cancer trials,
CTCAE criteria are also commonly applied in routine clinical care to evaluate treatment-

induced toxicities in cancer patients undergoing treatment.



Determinants of treatment-induced toxicities in cancer patients

So far, management of acute toxicities largely depends on supportive
pharmacotherapeutic approaches, including for example antiemetics, colony-stimulating
factors, antibiotics and anti-motility agents for diarrhea. These drugs have been proven to
efficiently treat a variety of acute adverse events, however, for various other toxicities no
clear consensus about efficient management has been reached, yet (9, 10). One particular
example is acute severe chemotherapy-induced peripheral neuropathy, which cannot be
effectively treated and is therefore a major reason for dose reduction or premature
discontinuation of chemotherapy. Exact causes and predictors of toxicities are largely
unknown and variations in toxicity profiles between patients seem to be driven by clinical,
genetic, physiological as well as nutritional and other lifestyle factors (11).

Evidence is accumulating that nutrition and lifestyle are associated with risk of
toxicities during and after systemic cancer therapy. Knowledge in this emerging field of
research is fueled by advanced technologies that allow integration and efficient use of
routinely collected clinical data. The role of body composition, assessed through clinically
available computed tomography (CT) scans, is perhaps the most powerful example of
efficient use of clinical data (12). A lower lean mass and sarcopenia or sarcopenic obesity,
referring to depletion of skeletal muscle mass with or without loss of fat mass, have been
associated with an increased risk of toxicities in a variety of studies among cancer patients
receiving chemotherapy, molecular targeted therapy, and immunotherapy (13). The
consistency of these findings highlights the relevance and urgency of this promising area
of research, and has also resulted in growing interest in other nutritional or lifestyle factors

as determinants of treatment-induced toxicities (14, 15).

New avenues for potential nutritional or lifestyle interventions that can help to
mitigate treatment-induced toxicities will come from observational studies. Given the
wealth of information available through existing population-based or patient cohorts,
various modifiable nutrition and lifestyle exposures can be studied in relation to risk of

toxicities in cancer patients. To date, body composition is again the most striking example



showing the elegance of efficient use of data from patient cohorts. However, also other
exposures are increasingly being explored. For example, the association between
circulating levels of folate and related biomarkers in patients receiving cytotoxic anti-folate
therapies, such as methotrexate or 5-fluorouracil, got attention (16). The recent advances
in medical oncology, and particularly the introduction of molecular targeted agents and
immunotherapy, even provide novel possibilities to further explore and expand this

emerging and active field of research.

Lack of a uniform definition for toxicity in observational studies

Currently, a uniform and feasible definition for toxicity outcomes in observational studies
is lacking and different criteria have been used across different studies, which raises the
question whether we all speak the same language in this context. Ideally, occurrence and
severity of toxicities are prospectively scored in a systematic way by using well-defined
criteria, such as the CTCAE classification. Functional, clinical or laboratory tests can
complement these grading systems with relevant information regarding specific treatment-
related symptoms. Also, patient-reported outcomes assessed through validated
questionnaires or digital applications are increasingly considered of crucial importance and
should be recognized as such in clinical care as well as research dedicated to toxicity

outcomes (17, 18).

As described above, especially in studies with treatment efficiency and safety
profiles as primary outcomes, such as phase I-IV clinical trials, detailed data on CTCAE
grades or patient-reported outcomes are commonly available. However, in these clinical
trials comprehensive data on nutritional and lifestyle factors are usually not collected.
Detailed exposure data, such as food frequency questionnaires, physical activity measures,
other lifestyle characteristics or body composition data, are available in various large-scale
cohort studies (e.g. (19-21)). These studies mainly rely on retrospective review of medical
records. In most clinical centers standardized collection of toxicity data by using CTCAE
criteria is not part of routine clinical care, leading to variation in registration of toxicities

within and between centers.



This inconsistency can be nicely illustrated by the aforementioned studies focusing
on body composition in relation to toxicities, as these studies cover various types of cancer,
different treatment strategies and it comprises a substantial number of studies. As can be
seen in Table 1, many studies conducted so far also used the term DLT to collectively
describe any treatment modifications, with or without consideration of severe adverse
events (CTCAE grade =3). In these instances, treatment modifications commonly refer to
a temporary interruption (delay), dose reduction or permanent discontinuation of therapy
due to adverse effects. It should be noted that use of the term DLT or equivalents is not
limited to studies focusing on body composition, but has also been applied in relation to

other exposures such as nutritional status and resting energy expenditure (22, 23).

In our opinion, the term DLT is confusing in this context as treatment modifications
do not necessarily refer to the concept of DLTs as classically used in medical oncology. In
contrast to the clinical phase I dose escalation studies, most studies focusing on nutritional
and lifestyle determinants of toxicity in population-based or patient cohorts are not
primarily designed or meant to study increasing doses of drugs in subsequent groups of
patients. Instead, associations between the exposures of interest and toxicities in a
representative group of patients receiving standard care will provide relevant information
on determinants of toxicities. Use of the term DLT outside the scope of clinical phase I-1V
trials is therefore causing confusion, especially since heterogeneous definitions are used

across different studies.

Toxicity-induced modification of treatment (TIMT): a new and uniform definition

Given the controversies about the term DLT used in observational studies, we propose a
new definition to collectively summarize toxicities in studies that rely on retrospective
review of medical records for outcome assessment. We recommend to use the term
toxicity-induced modification of treatment (TIMT) to cover any toxicity that is responsible
for changes in the treatment schedule. This definition will provide clinically relevant
information, especially when data on specific adverse events and CTCAE grades are not

uniformly available. As part of the TIMT definition, we recommend inclusion of the



previously mentioned treatment modifications, i.e. a reduction of the dose, a delay, or a
premature discontinuation of the therapy (Table 2). Furthermore, we propose to add an
unanticipated switch in regimes as one of the criteria for a TIMT. Switching from one regime
to another is usually a consequence of limited tolerance and experienced toxicities in the
patients. One particular example is the common switch from CAPOX to capecitabine
monotherapy in case of severe neurotoxicity (24). Naturally, switches that are planned,
such as the sequential regimes or combinations with non-cytotoxic drugs, are not
considered as TIMT. Also modifications not resulting from toxicities, such as requested
interruptions because of holidays or other personal circumstances, should not be
considered as a TIMT. Ideally, TIMTs should be evaluated during the entire phase of active
treatment, and monitoring of time (in days or cycles) to occurrence of the first TIMT can
provide additional information. For studies evaluating determinants of toxicities of modern
classes of anticancer drugs, such as targeted agents that are administered for a prolonged
time, or checkpoint-inhibitors for which specific immune-related adverse events can be
expected, the TIMT definition is also suitable as a primary outcome, whilst additional

criteria may be used based on the specific research questions addressed.

Concluding remarks and perspectives

To facilitate research on potential determinants of treatment-induced toxicity in cancer
patients, we propose the term toxicity-induced modification of treatment (TIMT) to define
outcomes in observational studies within population-based or patients cohorts. Especially
studies that rely on retrospective data collection from medical records as part of standard
care may benefit from this uniform definition that also favors comparisons between studies.
In our opinion, one of the strengths of the TIMT definition is that clinical consequences (i.e.
modifications of treatment) are considered independent of the (CTCAE) grade of toxicities.
One limitation of the grading systems for symptom severity is that low-grade chronic
toxicities are often neglected, whilst these toxicities may seriously impact quality of life of
the patient, especially in the context of modern treatment strategies that are administered

continuously and for a prolonged time (25). Indeed, low-grade toxicities can result in



substantial treatment modifications especially in patients receiving targeted therapy (26),
whereas patients with high-grade toxicities may be able to complete or continue therapy
(27), indicating that grades of toxicities are not linked to clinical consequences at all times.
This pattern is also inherent to individual tolerance of toxicities and perception by patients
as well as physicians (28). In view of this, the TIMT definition is different from the CTCAE
criteria as it solitarily focuses on toxicities with clinical consequences, and hence may have
important implications for prognosis of the patient (2, 3). Naturally, adequate and essential
data on specific adverse events and their severity, either physician- or patient-reported,

can provide complementary information in these type of studies whenever available.

Given the existence of various well-described patient cohorts with valuable
information on nutrition, lifestyle and other modifiable factors, future studies may expand
their view and benefit from clinically available data by studying the association between
various exposures and TIMT. As the TIMT definition can be easily applied in heterogeneous
patient populations receiving standard care across different centers, also patients with rare
cancers can and should be considered in future studies. Needless to say is that the
advances in medical oncology, including introduction of molecular targeted therapy and
immunotherapy, provide even more exciting opportunities for this research field.
Exposures that warrant further attention include, but are not limited to smoking, energy
intake, protein intake, alcohol consumption, biomarkers of dietary intake (e.g. folate,
vitamin D) and inflammation (e.g. cytokines), dietary supplements and physical activity.
In this context and by using clinically available data, one can even look beyond the
traditional exposures and explore other fascinating areas such as microbiota composition
(29), genetic variants (30) and metabolites (31) in relation to toxicity-induced modification

of treatment. That’s in a name!
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Table 1: An overview of studies describing the association between body composition and treatment-induced toxicities

Study? PMID Toxicity outcome Criteria Type of cancer No of Treatment
(definition) patients
Mir, 2012 22666367 DLT any toxicities leading to a dose reduction, temporary or permanent advanced hepatocellular n=40 targeted therapy
discontinuation of therapy carcinoma (sorafenib)
Huillard, 2013 23462722 early DLT any toxicity leading to dose reduction, temporary or permanent metastatic renal cell cancer n=61 targeted therapy
discontinuation in the first cycle (i.e. 6 weeks) (sunitinib)
Tan, 2015 25498359 DLT toxicity leading to postponement of treatment, a drug dose locally advanced esophago- n=89 neoadjuvant
reduction or definitive interruption of drug administration gastric cancer chemotherapy
Ali, 2016 26814378 DLT dose reductions or termination of therapy in the first 4 cycles colorectal cancer n=80 chemotherapy
(FOLFOX)
Cushen, 2016 28531567 DLT any grade 2 3 toxicity leading to dose reduction, temporary or metastatic castrate resistant n=63 chemotherapy
permanent discontinuation of therapy prostate cancer (docetaxel)
Cespedes 28881381 1. early discontinuation 1. < 6 cycles or switch to another regimen stage II - III colon cancer n=533 chemotherapy
Feliciano, 2017 2. treatment delay 2. = 3 days later than recommendations from guideline (FOLFOX)
3. dose reduction 3. relative dose intensity (RDI) < 0.70
Shachar, 2017 28143874 treatment-related any and specific grade 3-4 toxicities or dose reductions, treatment  stage I-III breast cancer n=151 chemotherapy
toxicity delays and hospitalizations (taxane-based)
Shachar, 2017 27489287 “any adverse event” hospitalization, grade 3-4 toxicity, dose reductions, or dose delay metastatic breast cancer n=40 chemotherapy
(taxane-based)
Palmela, 2017 28337365 DLT any grade 3 or 4 toxicity associated with physician-ordered dose locally advanced gastric n=48 neoadjuvant
reduction or termination of therapy. cancer chemotherapy
Murimwa, 2017 29184684 acute toxicity grade =3 toxicity within 3 months of radiotherapy locally advanced esophageal n=56 chemoradiation
cancer
Wendrich, 2017 28688687 CDLT any toxicity resulting in dose-reduction of 250%, postponement of locally advanced head and n=112 radiochemotherapy
>4 days or a definite termination of chemotherapy after the first or neck squamous cell
second cycle of therapy carcinoma
Cushen, 2017 24685884 DLT any toxicity leading to dose reduction, temporary or permanent metastatic renal cell n=55 targeted therapy
discontinuation of therapy. Primary analysis compares rates of carcinoma (sunitinib)
grade 3-4 toxicity, dose delays, dose reductions, and combinations
as DLT
Daly, 2017 28072766 DLT and high-grade (3- any dose delays or early cessation of treatment as a result of metastatic melanoma n=84 immunotherapy
4) adverse events significant toxicity (grades 3-4) during 4 cycles (ipilimumab)

@ This table present various studies focusing on body composition and toxicity outcomes to highlight the heterogeneity in definitions for toxicity, but does not provide a
comprehensive literature review. Only studies with retrospective data collection from medical records are presented. These studies are acknowledged and referenced by
their PubMed identifier (PMID). Studies based on clinical trials or data collection per protocol are not included in this table. Body composition includes measures of muscle
(area / mass / index / gauge), fat (area / mass), intramuscular fat and sarcopenia or sarcopenic obesity in these studies. Abbreviations: CDLT; chemotherapy dose-limiting

toxicity, DLT; dose-limiting toxicity, FOLFOX; chemotherapeutic regimen containing leucovorin, 5-fluorouracil and oxaliplatin, RDI; relative dose intensity.
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Table 2: Proposed definition and criteria for toxicity outcomes in observational studies

Proposed term Toxicity-induced modification of treatment (TIMT)

Including - Dose reduction
- Interruption / delay of therapy
- Discontinuation of therapy

- Switch to an alternative regimen?

Excluding® - Discontinuation of therapy because of progressive disease
- Interruption / delay of therapy because of non-clinical reasons®

- Switch to another regimen per protocol (e.g. sequential regimens)

@referring to an unanticipated switch to another regimen which is resulting from severe
toxicities experienced by the patient. b these events should not be scored as a toxicity-
induced modification of treatment (TIMT). ¢ reasons not primarily related to treatment

e.g. holiday / birthday.
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