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Abstract: Patients with genitourinary (GU) malignancies have seen the development of
multiple life-prolonging treatments in the past decade. As patients and clinicians consider
their treatment options along the cancer journey, time spent with healthcare contact, or

“time toxicity,” has emerged as a new outcome measure that comprehensively considers

time receiving cancer care, including planned visits for evaluation and treatment as well

as unplanned urgent care addressing complications. Despite its rising study across cancer
populations, there has been a surprising lack of work evaluating time toxicity in patients with
GU cancers. This narrative review aims to summarize the available studies on time toxicity

in cancer, with a deeper dive into the methodology, strengths and limitations, and future
directions of the field. A dedicated section focused on scenarios and best practices to measure
and collect data on time toxicity can serve to spark interest in evaluating this novel health
outcome on GU cancer survivors. Ultimately, time toxicity is a relevant patient-centered metric
that can be incorporated into clinical trial design and routine clinical care to influence clinical

decision-making.
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Introduction

Patients with genitourinary (GU) malignancies,
including cancers of the prostate, bladder, kid-
ney, and testis, comprise a large cohort of cancer
survivors worldwide with heterogeneous progno-
sis and risk of morbidity and mortality, often
including exposure to multiple lines of therapy.!
While the up-front time-intensive treatment of
some GU malignancies, such as testicular cancer,
can result in the majority of patients experiencing
prolonged survival after curative intent treatment,
patients suffering from other GU cancers often
develop advanced disease requiring chronic treat-
ments over years. These different intensities of
treatment, and the time that is devoted to ongo-
ing care over time, can influence treatment deci-
sions, especially when considered in the context
of a finite period of remaining time for individuals
whose cancer is not curable. In this setting, the

notion of time spent with healthcare contact, also
known as “zime toxiciry,” has emerged as a novel
patient-centered outcome measure. Crucially,
time toxicity includes the time spent receiving
cancer-directed treatment (including clinic visits
for evaluation and treatment, ancillary testing
such as laboratory or imaging studies), as well as
time spent addressing complications of the dis-
ease or treatment (including outpatient and inpa-
tient care). This time spent on healthcare activities
can significantly reduce the value of the time
gained in survival.? Assessments of time toxicity
may be particularly relevant for patients with
advanced malignancies who are facing treatment
choices, as their time may be more limited than
for other patients, but it can be studied at any
point along the cancer journey. Indeed, patients
and their caregivers at any point in the care con-
tinuum can end up investing a substantial amount
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of their day in receiving cancer care, often at the
cost of time otherwise spent at work or fulfilling
personal activities.?* Although the first studies of
time toxicity predominantly focused on patients
with advanced solid malignancies, to date there
has been a surprising gap in research examining
time spent with healthcare contact in patients
with GU cancers.

GU cancers offer an excellent opportunity to
study the impact of time toxicity, especially since
patients have seen the development of multiple
life-prolonging treatments in the past decade that
may be used in the same setting, but may have
different impacts from a time toxicity perspective
and hence influence treatment decision-making.
For example, the recently approved combination
of enfortumab vedotin and pembrolizumab has
transformed the standard of care for patients with
advanced bladder cancer, but the indefinite dura-
tion of the treatment plan and potential side
effects, such as neuropathy, may require addi-
tional visits and supportive measures over time.
Whether patients choose to pursue treatment
with these medications indefinitely until progres-
sion versus pausing at a point of acceptable dis-
ease control is something that patients may
consider and compare with the option to receive a
more consolidated treatment course of chemoim-
munotherapy.5:¢ Similarly, the approval of
I"Lutetium-PSMA-617 in metastatic castrate-
resistant prostate cancer (mCRPC) may offer pro-
longed disease control to a subset of patients, but
at the expense of increased laboratory and imag-
ing monitoring, in addition to the need to travel
to tertiary care cancers to receive this therapy,
and a required period of separation from loved
ones for the days immediately following
treatment.”8

The purpose of this review is to summarize the
rapidly growing study of time toxicity in cancer,
with a particular emphasis on its potential appli-
cations in supporting shared decision-making
among patients with GU malignancies.

Methods

We performed a targeted search of peer-reviewed
publications in publicly available journal data-
bases (MEDLINE, Embase) for the period from
4/2016 up to 07/2024, using keywords such as
“time toxicity,” “contact days,” “home time,”
“healthcare contact,” with specific focus on que-
ries related to GU malignancies (i.e., “prostate
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cancer,” “kidney cancer,” “bladder cancer,” “tes-
ticular cancer,” and related cancer specific terms)
to complete a narrative review. We identified 22
relevant studies that were included in this review.
Since the majority of studies on time toxicity have
equated it with time spent with healthcare con-
tact, these two terms will be used interchangea-
bly. However, we recognize that there are many
ways time may be indirectly dedicated to cancer
care and its complications but not qualify as
healthcare contact, as will be discussed in this
review.

Quantifying time toxicity

While clinical trials offer reliable information on
the expected likelihood and length of cancer
control and rates of adverse effects, there is little
definitive information describing the time invest-
ment associated with receiving cancer therapies.
At best, patients receiving treatments adminis-
tered in clinical settings have predictable sched-
ules for the days that require treatment or
associated supportive care. However, these a
priori estimates rarely quantify the need for
monitoring with laboratory studies and imaging,
travel time to and from healthcare settings, or
the likelihood of additional healthcare interac-
tions related to complications from cancer or its
treatment which can force patients to seek urgent
medical care.? In addition, patients who live a
significant distance away from healthcare insti-
tutions may need to dedicate more time to
receive the same care than those who reside in
urban areas.’

The earliest proposed method for evaluating the
time spent in versus out of healthcare settings by
cancer patients receiving therapy was the Quality-
adjusted Time Without Symptoms or Toxicity
(Q-TWiST) measure. As the name suggests,
QTWIiST characterizes the time that patients
spend with and without symptoms from cancer
and/or treatment by incorporating adverse event
rates and survival data from clinical trials.!0 It was
conceived in the late 1980s to supplement tradi-
tional clinical outcomes, laying the groundwork
for the current interest in time toxicity. Q-TWiST
rapidly gained popularity across a variety of can-
cer and non-cancer settings, including in GU
populations.!!:12 However, it mostly remains a
research methodology that requires an equation
using utility coefficients to determine the quality
time tradeoffs, limiting its accessibility by unfa-
miliar clinicians and patients.
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Table 1. Summary of outcome measures evaluating time spent with healthcare contact.

Outcome Alternate/ Definition Study examples Strengths Limitations
measure related
measure
Q-TWIST - Quality-adjusted time Beaumont Well established, Limited clinical
without symptoms or etal.l incorporates QOL  application, less
toxicity, determined via Marino et al."? and survival intuitive
utility coefficients inputted
into an equation
Contact days Home days/ Full days spent with any Gupta et al.’® Intuitive, Risk of under-/over
time physical healthcare contact  Jensen et al.’® pragmatic, estimating true
patient-centered healthcare contact
Cancer-care Home-to- Exact time spent receiving Rocque et al.20 Precise, Calculation based,
time home time outpatient = inpatient Kagalwalla comprehensive questions of
care derived from direct et al.?! external validity

observation or real-time

tracking services

Q-TWIST, Quality-adjusted Time Without Symptoms or Toxicity; QOL, quality of life.

In the development of time toxicity as an out-
come, a number of mechanisms have been pro-
posed for best measuring time spent with
healthcare contact. The most pragmatic, intui-
tive, and widely adopted method involves sepa-
rating days with and without physical healthcare
contact, labeling them as “contact days” or “home
days,” respectively.%*13 Any physical encounters
with the health system, such as ambulatory clinic
visits, nursing-administered treatments, ancillary
testing, or inpatient level of care are considered
whole days away from home and thus “time
toxic.” Even though the rapid rise and establish-
ment of telehealth as a type of healthcare encoun-
ter could prompt its inclusion in this model,
arguably the time commitment for patients is
drastically reduced when visits and other discus-
sions occur through virtual methods of communi-
cation. Thus, currently, only physical encounters
are included in this binary contact/home day
model.# While most studies have abstracted con-
tact days from electronic medical record systems
or trial protocols, other studies were able to quan-
tify healthcare contact based on medical insur-
ance claims.'%15 Some studies have proposed
variations of the contact/home day model, either
reporting home days (i.e., the inverse of contact
days)!® or sharing the proportion of contact days
with respect to overall survival time.l7-1° The
adoption of contact days as the preferred method
for quantifying time toxicity can be ascribed to its
simplicity to quantify and interpret. Some limita-
tions of the contact days method include the risk

of overestimating the time commitment for
patients (e.g., not every patient encounter involves
multiple hours of the day), or conversely, under-
estimating healthcare contact due to confounders
(e.g., decreased appointments due to limited
access to care).

An innovative study suggested an alternate
mixed methods approach for quantifying health-
care contact.? In this study conducted in
patients with metastatic breast cancer, time
spent receiving cancer-related healthcare was
established using data derived from direct obser-
vation of patients in the clinic, patient surveys,
and administrative claims. Ultimately, cancer
care-related time was calculated using an equa-
tion that combined time spent traveling to and
from outpatient appointments, services received
during appointments, ancillary testing, inpatient
care, and healthcare-related activities outside of
the clinic. While this method likely offers the
most comprehensive and realistic quantification
of the time investment required by patients
receiving cancer care, the multiple steps required
through this method can limit its clinical imple-
mentation. A subsequent study sought to also
directly observe time spent on ambulatory care
by incorporating real-time location badges to
track time patients spent in the clinic, together
with estimates of travel times, to obtain a total
“home to home,” but ultimately provided a nar-
rower scope of time toxicity than other studies?!
(Table 1).
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Figure 1. Healthcare contact continuum—traditionally covering “home-to-home” time including commuting;
services during the ambulatory appointment such as check-in, vitals and lab work, clinician evaluation, and
therapies administered; as well as follow-up testing before the next clinic visit; but also the potential need for
urgent evaluation and subsequent recovery time. The incorporation of tracking services and partnerships with
patients could yield more reliable estimates of time toxicity in future studies.

The ideal way of determining time spent engag-
ing with healthcare likely involves a combination
of measuring contact versus home days, with a
more in-depth characterization of time involve-
ment at each clinical encounter. It is foreseeable
that the rise of tracking technology and com-
puter-driven algorithms may refine how health-
care contact is collected and computed. Many
healthcare systems are using real-time tracking
services on patients and providers to improve
care delivery, with the added benefit that the
information gained can be used to study time
toxicity.>?! Personal devices equipped with track-
ing technology, such as smartphones or watches,
could provide real-world evidence of the time
spent in different health settings outside of clinic
visits, including picking up medications at phar-
macies or receiving physical therapy at home. In

this regard, the aid of patients in capturing time
toxicity outside of clinical settings will prove
invaluable to derive precise measurements. A
sufficiently comprehensive yet intuitive method
of assessment is needed by researchers and clini-
cians, with the objective of precisely quantifying
time estimates that can be considered in clinical
decision-making (Figure 1).

Time toxicity in oncology populations

The past 5years have seen multiple studies evalu-
ating time spent with healthcare contact in
patients with cancer; below we have highlighted
studies conducted in non-GU populations where
time toxicity outcome measures were the primary
endpoint, rather than part of a larger healthcare
utilization analysis (Table 2).

Table 2. Current literature on time toxicity in patients with non-GU cancers, ordered by ascending number of patients.

Study

Population

Outcome measure

Main findings

Strengths/limitations

Lim et al.’?

107 patients with
locoregional
pancreatic cancer
from a single

Percentage of total
survival time and
overall survival

institution

The median time spent
receiving care is 5% of
total survival time and
11% of 0S

Comprehensive evaluation of time
receiving multidisciplinary care

A mix of contact days with hours
complicates data interpretation
Times spent during appointments
and travel were not directly
captured

(Continued)
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Table 2. (Continued)

Study

Population

Outcome measure

Main findings

Strengths/limitations

Jensen et al.22

Jensen et al.’

Nindra et al.’8

Banerjee
etal.2

Bange et al.3

Durbin et al.?4

Kagalwalla
etal.?

Johnson
etal.®

113 patients with
new acute myeloid
leukemia aged
=60 receiving
hypomethylating
agent = venetoclax
from a single
institution

197 patients with
new acute myeloid
leukemia aged
=60 from a single
institution

219 patients in early-
phase clinical trials
in a single Australian
institution

252 patients with
multiple myeloma
post-auto-SCT from
a single institution

362 patients with
metastatic cancer
from a single
institution

408 patients from
phase I/Il clinical
trials at a single
institution

435 patients from
a single academic
institution

468 patientsin a
single VA institution
died of advanced
gastrointestinal
malignancies

Proportion of home
days

Home time

Contact days

Cross-sectional
patients reported
interactions with the
healthcare system
=1X week, including
phone encounters

Encounter days
and visit time (time
leaving/returning
home)

Contact days

“Home-to-home”
time (minutes spent
in ambulatory care)

Contact days

Adjusted mean PDH was
0.67 (95% CI: 0.63, 0.71),
no significant difference
between treatment
groups

The mean home

time was 9.1 months
during the first year,
improved in the high-
intensity compared

to intermediate- and
low-intensity treatment
groups (13.1vs 5.5 vs
7.6 months])

Median contact days 29%
of time alive, with higher
contact days in the first
2 cycles

40% of patients had time
toxicity, more prevalent

in patients on treatment
than on surveillance

Median 22 encounter
days (10% survival time),
median 4.6 h visit time

Mean contact days 21.3
(SD 19.74), highest
during the first month of
trial

The median total
ambulatory time was
197 min, of which 119
were spent in the clinic
and 50 in travel

Median contact days 44,
representing 35% of total
survival time

Thorough analysis of home vs
non-home days

Overall underpowered for
subgroup analysis

Captured evolution of contact
days and trade-offs with induction
therapies

Insufficient granularity on type of
contact days and association with
covariates

Helpful characterization of contact
days according to study protocol
Limited analysis of the type of
contact days

Test for association with financial
toxicity and QOL

Inclusion of phone calls as time
toxicity is not standard

No direct quantification of
healthcare contact

Risk of recall bias

Intuitive outcome and practical
findings

Estimated time derived from EMR
and localization software

Limited to outpatient encounters

Insightful multivariable analysis
Test for association with clinical
outcomes (ORR, 0S)

Missing information on type of
contact days

Accurate time quantification using
tracking system

Estimates of travel time have
limited generalizability

Graphing of contact days to show
“U-shaped” trajectory

Relatively sick population, over
half untreated

(Continued)
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Table 2. (Continued)

Study

Population

Outcome measure

Main findings

Strengths/limitations

Gupta et al.26

Gupta et al.?’

Bateni et al.28

Patel et al.2?

Gupta et al.?®

Atre et al.

Gupta et al.30

Richardson
etal.”?

572 patients

with advanced
colorectal cancer
inthe CCTG C0.17
trial (cetuximab vs
supportive care)

619 patients with
relapsed/refractory
large cell lymphoma
in the CCTG LY.12
trial (GDP vs DHAP)

731 patients with
stage =Il melanoma
from a longitudinal,
propensity score-
matched Canadian
cohort

809 patients

with advanced
gastrointestinal
malignancies from a
single institution

1168 cancer
survivors aged =65
using the Medicare
Current Beneficiary
Survey linked with
Medicare

claims data

2949 patients aged
=67 from SEER-
Medicare with
metastatic breast
cancer

5785 patients from a
Canadian cohort who
died from stage IV
non-small-cell lung
cancer

7946 patients with
acute myeloid
leukemia from
SEER-Medicare

“Time toxic”
contact days

Contact days

Contact days

Contact days

Contact days

Encounter days
identified through
linked claims

Contact days

“Home time,” days
survived subtracted
from contact days,
then divided by total
days

Median contact days 28
with cetuximab vs 10
supportive care, median
home days similar (140
vs 121)

Median contact days

18 with GDP vs 19 with
DHAP, higher home days
with GDP (33 vs 28]

Median ~30 contact days
in the first year from
treatment start, higher
with stage IV disease

Median contact days
25.8% of overall survival,
of which 83.6% spent in
outpatient care

Mean contact days 28.4
(SD 27.6) during one
year, of which 64% were
not linked with clinician
visit

Mean 41 (30) outpatient
days within the first
year of treatment, no
association with older
age but noted with
comorbidities and
treatment modality

Median contact days 36,
which comprised 33% of
median survival days

Adjusted home time
52.4%, higher with
hypomethylating agents
than anthracyclines
(60.8% vs 51.9%)

Intuitive and applicable findings
The current standard of care has
evolved

Informative and practical study
findings

Unable to determine contact days
for consolidation therapy (e.qg.,
auto-SCT)

Sensitivity analysis including
home care and virtual visits
Diverse cohort across years
and cancer stage obscures
interpretation of findings

No raw data provided

Graphing of contact days to show
“U-shaped” trajectory

Limited insight into the type of
contact days

Subtle characterization of contact
days and associated covariates
Heterogeneous population in the
survivorship spectrum

Focus on covariates that can
affect healthcare contact

No raw data were provided on
encounter days for all patients

Helpful subset analysis by
systemic therapy

Graphing of contact days to show
“U-shaped” trajectory

The cohort had shorter survival
than expected

Visually intuitive graphing of home
time

Large dataset empowers
covariate analysis

The treatment paradigm has since
evolved

[Continued)
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Table 2. (Continued)

Study Population Outcome measure Main findings Strengths/limitations
Agrawal 12,378 patients Healthcare contact Median 37 (7, 52) contact ~ Large sample size due to pooled
et al.3 from phase Il RCTs estimated from RCT days, significantly analysis

with advanced

protocols, such as

lower only with

Indirect calculation of contact

Rocque et al.20

esophageal/gastric
cancer

Distinct cohorts with
newly diagnosed
metastatic breast
cancer from a single
institution and

screening, infusion,
and monitoring
dates, as well as
adverse event rates

Cancer-care-related
time, using the
equation to input
various inpatient and
outpatient times

immunotherapy but
not for chemotherapy/

chemo-immunotherapy

Mean cancer-related

time 34.1-75.6h during

3-month period

days

Pioneering mixed method analysis

of time toxicity

Time toxicity measurement is
cumbersome and difficult to

implement

SEER-Medicare

EMR, electronic medical record; GU, genitourinary; ORR, response rate; OS, overall survival; PDH, Proportion of home days; QOL, quality of life;
RCTs, randomized clinical trials; SCT, stem cell transplant; VA, Veterans Affairs.

Several studies were able to retrospectively
retrieve healthcare contacts using clinical trial
protocols and available trial data.?%2731 These
post hoc analyses provide clinically applicable
findings by comparing time toxicity between dif-
ferent treatment approaches. In one analysis,
patients with advanced gastroesophageal cancer
had significantly fewer contact days if treated with
immunotherapy (median 28days (interquartile
range (IQR) 24, 41)) than if treated with chemo-
therapy (39days (IQR 21, 51)) or chemoimmu-
notherapy (39 days (IQR 30, 52)).3! Data derived
from trials evaluating a later-line treatment com-
pared to best supportive care can be similarly
meaningful for patients with advanced cancer
who are interested in the actual time spent at
home if they were to forgo treatment. An evalua-
tion of patients with metastatic colorectal cancer
receiving cetuximab versus supportive care ulti-
mately showed that patients had a similar number
of home days whether or not they received treat-
ment (median 140 days (IQR 75, 244) vs 121 days
(70, 193), respectively).2¢ All in all, it appears fea-
sible to measure healthcare contact from existing
published trials to obtain evidence describing
time toxicity, with the expected limitations of
post hoc analyses and the possibility that the gen-
eralizability of data from clinical trial populations
may be limited when applied to real-world
patients.

Other studies assessed large population datasets
to establish healthcare contact in patients with

advanced cancer and compare time toxicity
between therapeutic approaches.!4151920 Qne
study analyzed home time in patients with acute
myeloid leukemia using a SEER-Medicare data-
set and found a higher proportion of home time
among patients who received hypomethylating
agents when compared with patients treated with
anthracycline-based chemotherapy (60.8% vs
51.9%).1° A primary advantage of population-
based analyses includes the potential for precise
estimates of healthcare contact based on linked
billing claims data from large populations of
patients treated in real-world settings. Moreover,
these large datasets allow for covariate analysis
that can identify differences in time toxicity
between groups of patients, as was noted in a
study in patients with metastatic breast cancer
from SEER-Medicare that revealed increased
healthcare contact among patients receiving radi-
otherapy versus those who did not (RR 1.45 (95%
confidence interval (CI): 1.37, 1.54)).14 Despite
the benefit of providing data in a real-world popu-
lation, these analyses are limited by the lack of
patient-level detail regarding treatment doses,
and laboratory and radiology appointments,
among other factors.

Finally, several studies measured healthcare con-
tact in regional patient cohorts, often from a sin-
gle institution.!3.10-18,21,22-25,28-30 The benefit of
studying time toxicity in these smaller patient
groups is the opportunity to obtain significant lev-
els of detail into the types of healthcare contact
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that patients may face, and the ability to assess
unstructured data on chart review. For example,
in a study of patients enrolled in early-phase clini-
cal trials at an Australian hospital, the median
contact days were 29% of the survival time, with
a stark difference between patients who stayed on
therapy and completed over 10 cycles versus
those who only completed 2 cycles (14% vs
35%).18 A different study evaluating “home-to-
home” time in patients with both solid tumors
and hematologic malignancies receiving ambula-
tory treatment was able to determine that, out of
197 median minutes spent in total ambulatory
time, about 50 of those minutes were lost in
travel.2! Finally, these studies can also provide
comparisons of healthcare contact between treat-
ments, as in a study of patients with acute mye-
loid leukemia who received first-line treatment
and identified distinct differences in home time
between low-, intermediate-, and high-intensity
treatments (7.6 vs 5.5 vs 13.1 months, respec-
tively).1® The principal limitation of these types of
analyses is their applicability to wider populations
and a relatively high risk of unmeasured con-
founders. Nonetheless, the findings from these
smaller studies can serve as a blueprint to identify
trends and advance methods of analysis for future
studies that reproduce and validate the results in
larger cohorts.

Time toxicity in GU oncology populations

Compared to the literature reviewed above con-
ducted in patients with solid and hematologic
malignancies, there has been a relative paucity of
studies evaluating time toxicity in patients with
GU cancers. One dedicated study in this area
examined healthcare contact in elderly patients
with non-muscle invasive bladder cancer
(NMIBC).?32 Using SEER-Medicare data of
93,395 patients with NMIBC over age 66, the
study focused on the association between treat-
ment burden, or contact days in the year after
diagnosis, with comorbidities associated with
geriatric conditions. The adjusted mean contact
days in this cohort was 8.9 (95% CI: 8.6, 9.2),
with higher healthcare contact seen in patients
living in rural areas as well as for those with =2
comorbidities. This study highlighted an overall
low number of contact days in 12months, but
there was insufficient information on the type of
contact days, or how these evolved over time
(e.g., whether most of the healthcare contact

occurred early after diagnosis but decreased
afterward). Strengths included the large sample
size and the covariate analysis that enabled the
investigators to assess patient-related factors
associated with time toxicity in the older adult
NMIBC population.

Another study aimed to measure the patient-
reported treatment burden associated with intra-
vesical treatment in patients with NMIBC but did
not directly quantify the time toxicity associated
with these therapies.?? Instead, it used a cross-
sectional survey of bladder cancer survivors to
determine the amount of time required by patients
to attend the clinic to receive treatment, as well as
the average time of receiving the treatment. The
results revealed that 46% of patients drove for less
than 30min, 36% traveled between 30 and
60 min, and only 7.4% traveled for more than 2h.
In terms of the treatment duration, 44% of
patients reported receiving treatment under 2h,
38% reported 2—4h, and 17.9% reported under-
going treatment for over 4h. These findings help
provide an early look into the time commitment
of receiving outpatient intravesical treatment, but
further investigation including less potentially
subjective tracking of time spent with healthcare
use may provide a more reliable estimate by
reducing recall bias.

To the best of our knowledge, these two studies
in NMIBC represent the only peer-reviewed pub-
lished studies of time toxicity in GU populations
currently reported. We recently presented pre-
liminary results of a single-center retrospective
study of healthcare contact in the last year of life
of patients with mCRPC.3* Contact days were
abstracted from scheduled and unscheduled clin-
ical visits and categorized based on type of health-
care contact (e.g., clinic, imaging, hospitalization).
Patients with mCRPC had increased contact days
in their last 3 months of life compared to the first
3 months of their last year of life (median 6 days
(IQR 2, 17) vs 4days (IQR 3, 6)). This difference
was driven by a higher inpatient level of care (i.e.,
emergency room visits and hospitalizations) in
the last 90 days of life. Interestingly, while there
were more contact days associated with infusional
treatments such as chemotherapy in the first
3months of the last year of life, in the last
3 months, there were no appreciable differences
in contact days between treatments. Lastly,
although the population overall had an increase in
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healthcare contact in the last 3months of life, a
majority of patients enrolled in hospice before
their death and had a reduction in healthcare con-
tact days. The biggest decrease in healthcare con-
tact was among the patients with earlier hospice
enrollment.

Thus, there remain numerous unexplored sce-
narios in which we can investigate time toxicity
specific to GU populations. Broadly speaking,
data on healthcare contact are often considered
most helpful in scenarios of clinical equipoise,
such as when several therapies are available but
there is no clear clinical benefit between them, or
toward the end-of-life as treatment benefits
diminish and toxicity increases. For instance,
there are multiple similarly effective first-line
therapies in advanced renal cell carcinoma when
patients may receive infusional checkpoint inhibi-
tors and oral tyrosine kinase inhibitors. Analyzing
the healthcare contact associated with each of
these combination treatments could inform deci-
sion-making for patients and providers consider-
ing these options. Given that the contact day
model of measuring time toxicity is currently pre-
ferred, it would be feasible to extract data on
planned and unplanned visit dates from the land-
mark registration trials for these treatments and
obtain a preliminary sense of the contact days that
patients could expect when receiving first-line
treatment for advanced kidney cancer. Separately,
knowledge of the healthcare contact between
GnRH agonist and antagonist could be informa-
tive to patients who remain ambivalent over
which therapy to choose in localized prostate can-
cer. Similarly, determining the expected health-
care contact between curative intent treatment
modalities such as surgery or radiation plus sys-
temic therapy can complement the robust quality
of life data available for patients with localized
prostate or bladder cancer. To answer this ques-
tion, a prospective collection of days spent in the
clinic or the hospital setting for at least 6 months
after treatment initiation would be most helpful
to account for updates in surgical and radiation
techniques over the past decade, which have
attempted to reduce the morbidity of localized
prostate cancer treatment. Finally, patients con-
sidering adjuvant treatments in renal or bladder
cancer could benefit from knowing the healthcare
contact linked with immunotherapy as opposed
to surveillance, and use that information in con-
cert with expected cancer control outcomes to

decide whether to proceed with adjuvant immu-
notherapy. While predictably any adjuvant treat-
ment would be associated with increased
healthcare contact compared to surveillance, the
key would be to compare days spent off treatment
in each arm at the time of disease recurrence since
that would better quantify the time gained by
patients by pursuing adjuvant immunotherapy.
This list is by no means exhaustive but can help
frame scenarios applicable to patients with GU
cancers where information on expected health-
care contact could influence treatment decisions.
From our work in mCRPC, we recognize that
particular challenges with evaluating time toxicity
in GU patients are reduced frequency of treat-
ments (i.e., many treatments are given several
weeks or even months apart) and lower disease
morbidity (e.g., patients with prostate and kidney
cancer generally develop complications over sev-
eral weeks rather than acutely). These and other
factors could lower the expected time toxicity in
GU cancers compared to other malignancies but
do not limit the validity or importance of the find-
ings for patients making difficult decisions on
their care.

Future directions

Still in its developing phase, there is ample room
for refining and improving the way healthcare
contact is studied. In our opinion, the three main
areas that need dedicated attention are patient
engagement, standardization of outcome meas-
ures, and best practices for incorporating findings
into clinical care.

Adding the patient’s perspective to existing meas-
ures must represent a priority to researchers of
time toxicity. Healthcare contact was developed to
serve as a useful resource for patients who are con-
templating treatment options along their cancer
trajectory. Therefore, the relative importance of
time spent receiving cancer care to patients must
be weighed against other valuable clinical out-
comes, such as survival, time until subsequent
therapy, or quality of life. From the outset, there
has been an emphasis on sharing time toxicity
results in a neutral, objective way to guide, but not
exert undue influence on, patients’ decisions.2
Indeed, some experts suggest steering away from
the term “time toxicity” because it carries a nega-
tive implication and that may not necessarily be
the case for certain patients.* For example, a
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treatment that portends significant healthcare
contact in the short run may be considered worth-
while to patients if that treatment significantly
lengthens time alive in the long run. Likewise,
treatment may have increased healthcare contact
compared to supportive care but prove to have a
tremendous positive impact on quality of life. As
such, studies specifically focusing on the subjec-
tive value of time toxicity by patients are needed.
The use of structured interviews or questionnaires
developed with patient advocates could help vali-
date healthcare contact as a critical patient out-
come.335 For instance, a recent qualitative analysis
of patients’ attitudes and preferences regarding
cancer treatments with different progression and
overall survival benefits revealed several themes.
About half of the study participants spontaneously
brought up time spent receiving care as a factor in
deciding treatments. Many of those patients not
only acknowledged the toll associated with fre-
quent visits but also the lengthy time that may be
spent in each of these encounters. Importantly,
there was a strong sense that time spent with
healthcare contact eroded the psychosocial well-
being of patients and their caregivers, as well as
their overall quality of life.3¢ Upcoming studies
could build on these findings and assess patients’
responses to the expected time toxicity associated
with particular treatments to further determine
the role of time toxicity in decision-making.

As previously mentioned, there are ongoing efforts
to refine healthcare contact as an outcome meas-
ure.20:21 While the contact/home days model
remains the preferred method, the use of tracking
services could enhance the current measurements,
particularly around travel time as well as time
spent in ambulatory-related care outside of the
scheduled clinic appointments. Reporting and
incorporating measured time into current models
will present its challenges, not only methodologi-
cally in terms of deriving practical and compre-
hensible results for patients but also issues around
generalizability to other health settings or regions.
Nonetheless, patients deserve the most accurate
estimations of healthcare contact possible to make
well-informed decisions. Much like the develop-
ment of validated quality-of-life instruments, time
toxicity measurements will require consensus on
definitions, analysis, and reporting.

While laudable and important to move the field
forward, the majority of studies assessing time
toxicity are from older patient cohorts that may
not reflect current patterns of care.l9:26

Furthermore, studies that derived time toxicity
measurements from clinical trial populations
carry the risk of both underestimating healthcare
contact (given participants in trials are generally
in good performance status with minimal comor-
bidities) but also overestimating it (patients usu-
ally require frequent visits as part of protocols).
As such, prospectively measuring healthcare con-
tact in both real-world clinical settings and clini-
cal trials will allow us to differentiate between
types of healthcare contact (e.g., planned vs
unplanned, treatment or cancer related) and
improve the generalizability of the findings. We
advocate for the incorporation of prospectively
assessed healthcare contact measures to be
included as additional objectives in future clinical
trial protocols, as this will produce time toxicity
estimates with a high level of validity for the treat-
ments assessed in the trial.

Finally, as healthcare contact is more commonly
utilized in clinical decision-making, clinicians will
be tasked with interpreting and sharing time tox-
icity findings with patients. In the same way that
we simultaneously consider efficacy and toxicity
data from clinical trials, we clinicians will have to
incorporate healthcare contact considerations in
the context of patient preferences and values.
These discussions will benefit from data gathered
using standardized methods and will undoubt-
edly evolve over time as the field matures.

Conclusion

The growing interest in assessments of time
spent with healthcare contact, or time toxicity,
as an important outcome measure in cancer
research overall contrasts with a relative scarcity
of available data for patients with GU malignan-
cies, where the only available published work on
time toxicity focused on patients with NMIBC
but not in other stages of bladder cancer or other
GU malignancies. Upcoming work in this field
should shed light on the most relevant, repro-
ducible, and actionable methods for measuring
time spent with healthcare contact, as well as
determining its relative importance to patients
among more established outcomes like survival
or quality of life. Overall, time toxicity is poised
to become a relevant patient-centered metric,
intuitive to patients and clinicians alike, that can
be readily incorporated into clinical trial design
as well as routine clinical care, and ultimately
inform treatment decisions along the patient’s
cancer journey.
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