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Digital remote monitoring plus usual care versus
usual care in patients treated with oral anticancer
agents: the randomized phase 3 CAPRI trial

Olivier Mir©®'2™, Marie Ferrua', Aude Fourcade', Delphine Mathivon'?, Adeline Duflot-Boukobza'?,
Sarah Dumont?, Eric Baudin*, Suzette Delaloge @3, David Malka?, Laurence Albiges @3,

Patricia Pautier ©3, Caroline Robert®3, David Planchard?, Stéphane de Botton®, Florian Scotté?,
Francois Lemare', May Abbas?, Mariléne Guillet', Vanessa Puglisi?, Mario Di Palma'? and

Etienne Minvielle?¢

Strategies that individualize the care of cancer patients receiving oral anticancer agents offer opportunities to improve treat-
ment adherence and patient care. However, the impact of digital remote monitoring systems in this setting has not been evalu-
ated. Here, we report the results of a phase 3 trial (CAPRI, NCT02828462) to assess the impact of a nurse navigator-led
program on treatment delivery for patients with metastatic cancer. Patients receiving approved oral anticancer agents were
randomized (1:1) to an intervention combining a nurse navigator-led follow-up system and a web portal-smartphone applica-
tion on top of usual care, or to usual symptom monitoring at the discretion of the treating oncologist, for a duration of 6 months.
The primary objective included optimization of the treatment dose. Secondary objectives were grade >3 toxicities, patient
experience, rates and duration of hospitalization, response and survival, and quality of life. In 559 evaluable patients the rela-
tive dose intensity was higher in the experimental arm (93.4% versus 89.4%, P = 0.04). The intervention improved the patient
experience (Patient Assessment of Chronic lliness Care score, 2.94 versus 2.67, P=0.01), reduced the days of hospitaliza-
tion (2.82 versus 4.44 days, P=0.02), and decreased treatment-related grade >3 toxicities (27.6% versus 36.9%, P=0.02).
These findings show that patient-centered care through remote monitoring of symptoms and treatment may improve patient

outcomes and experience.

management of chronic conditions such as heart failure, pain

management, or depression'”, with the aim to improve qual-
ity of care, to reduce costs and supplement (or replace) in-hospital
care, and to offer convenience and closer management of clinical
events™’. In the field of oncology, retrospective studies have sug-
gested that remote patient monitoring could help in the monitor-
ing of chemotherapy-related adverse events’, and could improve
adherence to oral anticancer agents®™. These retrospective studies
involved nurse-led follow-up and the use of basic remote monitor-
ing technologies (mostly phone calls and emails). However, a lack
of rigorous methodology in such studies has limited the potential
impact of these combined strategies.

Oral anticancer agents represent 38 of 228 (17%) US Food and
Drug Administration-approved drugs (all diseases, all routes of
administration) from 2016 to 2020 (ref. ?). In contrast with patients
receiving intravenous chemotherapies (with frequent hospital vis-
its for treatment every 1-3 weeks depending on the chemotherapy
schedule), patients receiving oral anticancer agents are usually
monitored during consultations scheduled less frequently (for pre-
scription renewal and dose modifications). Hence, in the setting of
oral anticancer therapy, the clinical challenges encompass not only
the remote management of frequent clinical events (drug-related or

Remote patient monitoring has long been integrated into the

disease-related) and the need to incorporate nurse-led follow-up for
optimal care), but also adherence issues, an underestimated cause of
toxicity, decreased treatment efficacy and increased costs'*-'%

The tremendous uptake of connected devices during the past
decade has paved the way for clinical trials implementing digital
remote patient monitoring tools in oncology”. In a seminal ran-
domized controlled trial, Basch et al."* showed that digital reporting
of patient-reported outcomes (using touchscreen tablet computers
or freestanding computer kiosks in hospital, and/or weekly emails
at home) improved outcomes in cancer patients receiving routine
outpatient chemotherapy. In another randomized trial, Denis et al.”®
reported earlier detection of relapse as well as survival improvement
in lung cancer patients, using web-mediated monitoring.

In this context, the aim of this study (Impact of a Monitoring
Device for Patients With Cancer Treated Using Oral Therapeutics;
CAPRI)) was to evaluate an intervention combining a nurse
navigator-led follow-up and a mobile application for patients receiv-
ing oral anticancer agents on top of usual care, designed to pursue
simultaneously three dimensions: improvement of the patient expe-
rience of care; improvement of the health of the target population;
and reduction in the per capita cost of healthcare.

The primary endpoint was the relative dose intensity (RDI,
defined as the ratio of the dose actually delivered over time to
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Assessed for eligibility (n = 609)

CAPRI (n = 305)
Control (n = 304)

Excluded (n = 50)
- Follow-up < 28 days (n = 36)
- Treatment duration < 10 days (n = 6)
Investigator decision (n = 4)
- Withdrawal of consent (n = 4)

Randomized (n = 559)

CAPRI (n=272)

Control (n = 287) Stopped before the 6 month landmark

(n =286)
CAPRI (n=137)
Control (n = 149)

Completed the 6 month follow-up
(n=273)

- CAPRI (n=135)

- Control (n=138)

Causes (n = 286)

- Progression (n = 188)

- Toxicity (n = 66)
Death (n=12)
Other (n=10)
End of the protocol (n = 5)
Patient decision (n = 3)

- Withdrawal of consent (n = 1)
Investigator decision (n=1)

Fig. 1| CONSORT diagram. This diagram shows the flow of the patients
through the study. Of 559 evaluable patients, 286 (51.2%) did not
complete the scheduled 6 month follow-up, mostly due to disease
progression (n=188, 65.7%) and intolerable toxicity (n=66, 23.1%).

the prescribed dose intensity)'®. We proposed that the nurse
navigator-led intervention would enable earlier management of
treatment-related adverse events, and therefore a higher RDI (due
to less dose reductions or more dose increases'”) than that observed
with usual care. Secondary endpoints included adherence, toxicity,
response and survival, quality of life, patient experience and eco-
nomic estimation of the use of healthcare resources. A longitudinal
analysis of the intervention was also pre-planned to study adoption
issues by patients and healthcare professionals.

Results

From October 2016, 609 patients starting a new treatment line with
oral anticancer agents were included (39% were receiving chemo-
therapy and 61% were receiving molecular-targeted therapies).
As shown in Fig. 1, 50 patients were not evaluable due to early
(<28 days from enrollment) progressive disease (1 =36), treatment
duration <10days (n=6), investigator decision (n=4) or with-
drawal of consent (1 =4). The final analysis set totaled 559 patients:
272 in the CAPRI arm and 287 in the control arm. The study ended
in May 2019 due to limited funding, without affecting the ability to
address the primary endpoint (the observed RDI being higher than
expected), but with decreased statistical power for exploratory anal-
yses (for example, time to treatment interruptions, as shown below).

Baseline demographics and disease characteristics. Baseline
demographics and disease characteristics were generally simi-
lar in both arms (Table 1). The median age was 62.0years (range,
20.0-92.0years), 155 patients (27.7%) were aged 65-74 years and 78
patients (14%) were aged >75 years. Performance status was 0-1 in
493 patients (88.2%), and 2 in the remaining 66 patients (11.8%).
One hundred and forty-seven patients (27.8%) had received three
or more prior lines of treatment. All patients were required to have
access to phone and the internet, but no stratification was made
based on previous experience with digital technology.

Nurse navigator-led clinical actions and use of the web app. After
an initial assessment, nurse navigators linked the electronic patient
record data with the CAPRI application, and each patient received
a starter box, including the login data to gain access to the portal,

instructions for use and covering letters for healthcare providers.
Through the CAPRI application (available in web or mobile ver-
sion), patients had access to the app to record and track data, and
could contact the nurse navigators via a secure messaging system,
view therapy and side-effect information, or store documents.
Several modules allowed them to report different symptoms (that
is, fever, pain, appetite, weight, and specific criteria depending on
their treatments; Extended Data Fig. 1a). The frequency of patient
input was time dependent (once weekly during the first month,
then once every other week from the second to the fourth months,
and once every 3weeks from the fifth month to the end of the
study), and could be more frequent (daily) depending on the sever-
ity of the symptoms and the related alerts. The CAPRI application
also included a dashboard for nurse navigators, allowing them to
monitor the electronic medical records of patients (Extended
Data Fig. 1b).

Last, the system generated automatic alerts that were sent to the
patients and the nurse navigators (with a warning message indicat-
ing the times when nurse navigators could be contacted). The alerts
and patient requests were generated in different ways: automatically,
via the app; by the nurse navigators during follow-up; or by mes-
saging or calling the patient or healthcare professionals. The nurse
navigators assessed the alert grade based on clinical decision sup-
port tools, and determined the action to be taken according to navi-
gation algorithms (Extended Data Fig. 4). Depending on the grade,
the nurse navigators could give advice, refer the patient to his or
her primary care physician or a Gustave Roussy professional (treat-
ing oncologist, other physicians and nurses; Fig. 2a), or contact the
relevant departments to schedule hospitalization or consultations
when needed.

Patients in the control arm had in-hospital follow-up visits (at the
discretion of the treating oncologist, typically after 1 month, then
every 2-3 months), but no interaction with the nurse navigators. In
the experimental arm, remote follow-up on top of similar hospital
visits encompassed a total of 3,445 interactions between patients
and nurse navigators, as a result of either scheduled follow-up
(n=2,623,76.1%) or incoming alerts from the patients or their rela-
tives (n=3822, 23.9%). Of these 3,445 interactions, 2,062 (59.9%) led
to a clinical intervention, of which 1,595 (77.4%) were performed by
nurse navigators alone (that is, without having to refer to the treat-
ing oncologist). The pattern of such nurse navigator-led clinical
interventions is shown in Fig. 2b.

After randomization in the CAPRI arm, 52% of patients down-
loaded the smartphone application while the remaining 48% used
the web portal, emails and/or phone calls to interact with the nurse
navigators. The proportion of patients who downloaded the smart-
phone application was age dependent, being highest in patients
aged below 30years (79%) and lowest in patients aged over 80 years
(15%). The overall completion of scheduled remote (excluding
in-hospital visits) follow-up (percentage of scheduled contacts
effectively performed) was 87.4%, ranging from 77% in patients
aged below 45 years to 90% for patients aged over 75 years. No miss-
ing interaction was observed during the first month of follow-up.

Improvement of relative dose intensity. The primary objective of
the study (that is, increase of the RDI) was met, despite its early
ending. Mean (s.d.) RDI was 93.4% (25.9%) in the CAPRI arm
and 89.4% (19.1%) in the control arm (P=0.043). This differ-
ence remained statistically significant when RDI was adjusted for
treatment adherence (assessed using a dedicated questionnaire,
see Methods section): mean (s.d.) RDI was 84.2% (26.3%) in the
CAPRI arm and 80.0% (20.9%) in the control arm (P=0.045). As
shown in Table 2, the proportion of patients with low adherence
was lower in the CAPRI arm (5.9% versus 9.8%), but did not reach
statistical significance (P=0.10). The number of treatment inter-
ruptions due to toxicity was similar in both arms: 72 (26.5%) in the
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CAPRI arm and 69 (24.0%) in the control arm, but tended to occur
earlier in the CAPRI arm (HR, 1.16; 95% CI: 0.83-1.61, P=0.39;
Extended Data Fig. 2), possibly explaining the impact on grade >3
toxicity rates. Regarding treatment activity (a secondary endpointof ~ Variable CAPRI Control  Total Statistics?
the study), 136 patients (58.9%) in the CAPRI arm and 137 patients

Table 1| Baseline patient demographics and disease
characteristics

0, 0, 0,
(53.5%) in the control arm had stable disease or objective response n %) n %) n %)
as best response (P=0.23). There was no significant difference in ~ ©ender
progression-free survival or overall survival (Extended Data Fig. 3). No. of patients 272 287 559 x*=0.62
Male N6 (42.6) M3(39.4) 229(41.0) P=043

Effect on grade>3 toxicities and healthcare utilization. Fernale 156 (574) 174 (60.6) 330 (59.0)
Regarding grade >3 toxicities (a pre-specified secondary end- Age (vears)
point of the study), 75 patients (27.6%) in the CAPRI arm had at EERERD
least one treatment-related grade >3 adverse event (according to 1o i patieits 2z 257 559 =l
the National Cancer Institute Common Terminology Criteria for <45 42(154)  37(129) 79041  P=087
Adverse Events, NCI-CTCAE v4.03, ref. '*), versus 106 (36.9%) in 45-54 45(165)  49(171) 94 (16.8)
the control arm (P=0.02) (Table 3). The mean (s.d.) number of dif- 55-64 70(257)  83(289) 153 (27.4)
ferent toxicities was 0.5 (0.8) in the CAPRI arm and 0.7 (0.9) in the
control arm (P=0.01). 65-74 76 (279)  79(275) 155(27.7)

The most commonly reported symptoms using the app were =75 39043) 393136 78(14.0)
gastrointestinal disorders (n=15, 5.5%) and skin disorders (n=10,  Marital status
3.7%), the latter being significantly lower than in the control arm No. of patients 266 278 544 ¥2=003
(n=22,7.7%, P=0.04), possibly due to early interventions on grade Not married 83(312)  85(306) 168(30.9) P=087
1-2 toxicities (decreasing the likelihood of worsening to grade 3-4 i
toxicities). Married 183 (68.8) 193 (69.4) 376 (69.)

Sixty-two patients (22.8%) in the CAPRI arm were hospital- ~ Employment
ized, versus 91 (31.7%) in the control arm (P=0.02, Table 3). The No. of patients 95 94 189 y2=2.51
mean (s.d.) number of days of hospitalization (another secondary Employed 64(674)  73(777) 137(72.5) P=01
endpoint of the study) was 2.82 (6.96) days in the CAPRI arm ver- Unemployed 31(326)  21(223)  52(275)
sus 4.44 (9.60) days in the control arm (P=0.02). As an illustration,
the remote follow-up of neuro-oncology patients enabled an early Performance status
adjustment of the dose of corticosteroids in the case of symptoms No. of patients 272 287 559 x’=0.09
suggestive of intracranial hypertension; four (2.9%) glioblastoma 0 121(44.5) 127 (44.3) 248(444) P=096
patients in the control arm were hospitalized in the emergency 1 120 (447) 125 (43.6) 245 (43.8)
department for intracranial hypertension, versus none (0%) in the > 31 (114) 35(122) 66 (1.8)
CAPRI arm. Finally, the number of visits to an emergency depart- : : : : :
ment (at our institution (Gustave Roussy Comprehensive Cancer ftimaiyjtimorsite
Center) or another one) was significantly lower in the CAPRI arm: No. of patients 272 287 559 x*=393
41 (15.1%) versus 63 (22.0%) (P=0.04). Endocrine 51(188)  47(164) 98(175)  P=100
I d ¢ " di d patient . Breast 48 (17.6) 55(19.2) 103 (18.4)
ncreased use of supportive care and improved patient experi- -
ence. Whereas 101 plezgents (35.2%) in the Eontrol eﬁ‘m had atlieast Digestive R G0 PN
one ambulatory visit with supportive care teams during the study, ReTa] B0 ALY i)
119 (43.8%) did so in the CAPRI arm (P=0.04). Specifically, a sig- CNS 27 (9.9) 26 (9D  53(9.5)
nificant increase was seen in visits to nutritionists and dietitians Sarcoma 21(7.7) 24(84)  45(81)
(39 (14.3%) in the CAPRI arm versus 25 (8.7%) in the control Gricaleel 15 (5.5) 1862 33(59)
arm, P=0.04) and to social workers (59, 21.7% versus 31, 10.8%,
P<0.01). No difference was seen across age groups or engagement Lung LACH) LACHREICS)
with the smartphone app. Mean (s.d.) global health scores (assessed Hematological 6(22) 62N 122N
with the EORTC QLQ-C30 quality of life questionnaire, ref. *) at Melanoma 5(1.8) 4(1.4) 9 (1.6)
3 months and at the end of the study were 56.3 (21.7) and 55.2 (21.6) Other 20.7) 1(0.3) 3(0.5)

in the CAPRI arm, and 54.7 (22.2) and 54.7 (23.7) in the control
arm, and did not statistically differ (P=0.56 and 0.86, respectively).

Disease status at inclusion

H 2 —
Finally, the CAPRI intervention improved the patient experience of No. of patients 272 287 559 1'=03
care (another pre-specified secondary endpoint). The mean (s.d.) Locally advanced 50 (184)  58(202) 108(19.3) P=0.58
global Patient Assessment of Chronic Illness Care (PACIC) score Metastatic 222(816) 229(79.8) 451(80.7)

was 2.94 (0.83) in the CAPRI arm and 2.67 (0.89) in the control arm

. S . . Prior treatment lines
(P=0.01). As shown in Table 4, significant differences were seen in

problem-solving and coordination. No. of patients 262 266 528 w=17
0 76 (29.0) 73(274) 149(28.2) P=0.79
Discussion 1 58(221)  58(21.8) 116 (22.0)
ThlS. single-center randpnyzed phase 3. trial comparing an inter- 5 48(183)  54(203) 102(19.3)
vention (CAPRI) combining nurse navigator-led follow-up and a
>3 71(27.0) 76 (28.6) 147 (27.8)

mobile application on top of usual care versus usual care in patients

with advanced cancers treated with oral anticancer agents met its Of 559 evaluable patients, 228 (41.7%) were aged 65 or over and 66 (11.8%) had a performance

primary endpoint that is. a significant improvement Of RDI The status of 2. Primary tumor sites, metastatic status and prior treatment lines were balanced

CAPRI st d d,’ it 1 > ioat l d int t h b between the two study arms. *The chi-squared test was two-sided. CNS, central nervous system.
study, a digital, nurse navigator-led intervention, nas been
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Fig. 2 | CAPRI intervention design and nurse-led clinical interventions. a, Schematic diagram of the interactions between nurse navigators and patients
through the CAPRI platform; depending on predefined decision trees, primary healthcare providers or the treating oncologist could be contacted to inform
decision-making or provide guidance and, if needed, prescriptions. b, Outcomes of the 3,445 interactions between the nurse navigators and patients

enrolled in the CAPRI arm.

able to show a positive effect on the triple aims of healthcare inter-
ventions® through an improvement of patient experience of care
(that is, the PACIC score); the health of the target population (that
is, a decrease of grade >3 toxicities from 36.9% of patients to 27.6%
of patients); and cost control (that is, a decrease in days of hospital-
ization from a mean (s.d.) of 4.44 (9.60) to 2.82 (6.96)).

In previous randomized studies on remote monitoring of
cancer patients, the patients were under intravenous chemo-
therapy (that is, with more frequent hospital visits)'**, and
analyses were restricted to a limited number of tumor types'.
The CAPRI trial, however, was dedicated to the remote monitor-
ing of patients under oral treatment, including all advanced solid
tumor types.

Importantly, nurse navigators were able to manage 77.4% of clin-
ical interventions without having to refer to the treating oncologist.
These results derived from a prolonged design process prior to the
initiation of the study?', a critical phase that requires a sound meth-
odological basis. It seems likely that such a remote patient monitor-
ing system represents not only a technological advance using digital
tools, but also (and most importantly) an organizational innovation
that includes the recruitment of nurse navigators with clinical and
managerial skills, and the definition of institutionally approved
algorithms for clinical decision-making for patient assessment
and orientation. The adoption rate of the smartphone application
was 52% in 272 patients randomized in the CAPRI arm, of whom
42.2% were aged 65years or over. This rate is in line with those

NATURE MEDICINE | www.nature.com/naturemedicine


http://www.nature.com/naturemedicine

NATURE MEDICINE ARTICLES

Table 2 | Treatment disposition and outcomes

Variable CAPRI Control Total Statistics®
RDI (until study discontinuation)
No. of patients 272 287 559 t=4.38
Mean (s.d.) 0.9344 (0.2590) 0.8943 (0.1914) 0.9138 (0.2275) P=0.0426
95% Cl 0.9035-0.9653 0.8720-0.9165 0.8949-0.9327
Min-Max 0.20-2.00 0.00-1.51 0.00-2.00
Median 1.00 1.00 1.00
Q1-Q3 0.80-1.00 0.80-1.00 0.80-1.00
RDI (until study discontinuation) adjusted for global adherence
No. of patients 255 265 520 t=4.07
Mean (s.d.) 0.8417 (0.2632) 0.7998 (0.2090) 0.8204 (0.2378) P=0.0451
95% Cl 0.8093-0.8742 0.7745-0.8251 0.7999-0.8408
Min-Max 0.0-2.0 0.0-1.3 0.0-2.0
Median 0.9 0.8 0.9
Q1-Q3 0.7-1.0 0.7-1.0 0.7-1.0
Adherence, n (%)
No. of patients 255 265 520 ¥>=2.76
High/Medium 240 (94 239 (90.2) 479 (92.1) P=0.10
Low 15 (5.9) 26 (9.8) 41(7.9)
Treatment interruptions, n (%)
No. of patients 272 287 559 x>=0.28
0 182 (66.9) 198 (69.0) 380 (68.0) P=0.60
>1 90 (33D 89 (31.0) 179 (32.0)
Cause of treatment interruptions, n (%)
No. of patients 272 287 559
Toxicity 72 (26.5) 69 (24.0) 141 (25.2) P=0.51
Patient decision 8(2.9) 4(1.4) 12 (2.1) P=0.21
Other 23(8.5) 27 (9.4) 50 (8.9) P=0.69
Planned 1(0.4) 1(0.3) 2 (0.4) P=1.00
Duration of treatment interruption (days)
No. of patients 130 123 253 t=0.16
Mean (s.d.) 13.2 (11.9) 13.9(14.7) 13.5(13.3) P=0.69
95% Cl 11.1-15.3 11.3-16.5 11.9-15.2
Treatment received
No. of patients 272 287 559 ¥>=0.26
Oral chemotherapy 109 (40.1%) 109 (38.0%) 218 (39.0%) P=0.61
Molecular-targeted agents 162 (59.6%) 177 (61.7%) 339 (61.0%)

The primary objective of the study was met, given that the mean RDI was 93.4% (+25.9) in the CAPRI arm, which was significantly higher than in the control arm (89.4% +19.1, P=0.0426). This difference
remained statistically significant when adjusted for adherence. The main reason for treatment interruptions was treatment-related toxicity (n=141, 25.2%). *The chi-squared test and the t-test were

two-sided.

expected in Western countries in the present decade?-**. However,
the proportion of patients who downloaded the smartphone appli-
cation was low in patients aged over 80 years (15%), suggesting an
age-dependent digital divide*.

Although the RDI was higher in the CAPRI arm, there was no
significant difference in terms of clinical benefit rates (stable dis-
ease or objective responses) or survival. An RDI>85% seems to be
associated with a favorable impact on survival®, but in the present
study the control arm outperformed historical data on RDI***, with
amean (s.d.) RDI of 89.4% (19.1%), suggesting that further studies
are needed to better assess the impact of maintaining planned treat-
ment dose intensity on outcomes in metastatic solid tumors.

NATURE MEDICINE | www.nature.com/naturemedicine

As far as medico-economic endpoints are concerned, the
decrease in days of hospitalization associated with the CAPRI inter-
vention appears critical. Indeed, the economic gain associated with
improved coordination varies according to the perspective adopted
to calculate this gain®~*. The inclusion of indirect costs (loss of
productivity, family assistance), and even intangible costs (pain,
psychosocial burden of the disease) in addition to direct costs, var-
ies the impact of the program®-*>. On top of the improvement of
the quality and patient experience of care, the economic gain we
observed suggests that the CAPRI program can be considered as an
intervention that offers cancer care value, and could therefore be the
subject of new payment models.
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Table 3 | Grade >3 toxicities and hospitalizations per treatment
arm

Table 3 | Grade >3 toxicities and hospitalizations per treatment
arm (Continued)

Variable CAPRI Control Total Statistics? Variable CAPRI Control Total Statistics®
At least one toxicity, n (%) Yes 6(2.2) 11(3.8) 17 (3.0)
No. of 272 287 559 x>=5.59 Metabolic and nutritional disorders, n (%)
patients No. of 272 287 559 x?=0.96
No 197 (72.4) 181(63.1) 378 (67.6) P=0.02 patients
Yes 75 (27.6) 106 (36.9) 181(32.4) No 267 (98.2) 278 (96.9) 545(975) P=0.33
No. of toxicity groups Yes 5(1.8) 93D 14 (2.5)
No. of 272 287 559 t=6.29 No. of hospitalizations
EEHERTS No. of 272 287 559 t=3.06
Mean (s.d.) 0.4 (0.7) 0.5(0.9) 0.5(0.8) P=0.01 patients
95% Cl 0.3-0.5 0.4-0.6 0.4-0.5 Mean (s.d.) 0.33(0.69) 0.44(0.76) 0.39(0.73) P=0.08
Min-Max 0.0-4.0 0.0-5.0 0.0-5.0 95% Cl 0.25-0.41 0.35-0.53 0.33-0.45
Hematological and lymphatic system disorders, n (%) Min-Max 0.0-4.0 0.0-4.0 0.0-4.0
No. of 272 287 559 x2=0.12 Median 0.0 0.0 0.0
PEUETIES Q1-Q3 [0.0;0.0]  [0.0;10] [0.0;1.0]
No 246 (90.4) 262(91.3) 508(90.9) P=073 Days of hospitalization per patient
Yes 26 (9.6) 25(8.7) 51(9.1) No. of 272 287 559 =519
Gastrointestinal disorders, n (%) patients
No. of 272 287 559 ¥?=0.75 Mean (s.d.) 2.82(696) 4.44(9.60) 3.65(845) P=0.02
S 95% Cl| 199-365  332-555  295-4.35
Yes 15 (5.5) 21(7.3) 36 (6.4) Median 0.0 0.0 0.0
Respiratory disorders, n (%) Q1-Q3 0.0-0.0 0.0-6.0 0.0-3.0
No. of 272 287 559 x’=19 Duration of hospitalization (days)
patients
No. of 89 124 213 t=1.82
No 272(100.0)  285(993)  557(99.6) P=017 patients
LS 0 287 20 Mean (s.d) 845(729) 10.02(9.04) 936(837) P=018
General disorders, n (%) 95% Cl 691-998 8411162  823-10.49
s 2 2z 257 = x=147 Min-Max  1.0-38.0 00-440  00-440
patients
Median 7.0 75 7.0
No 258 (94.9) 265 (92.3) 523(936) P=0.23
During the study period, 181 of 559 evaluable patients had at least one grade >3 treatment-related
Yes 14 (51 22 (7.7) 36 (6.4) toxicity. The number of toxicity groups per patient ranged from O to 5, and the most frequent
. . . toxicity groups are listed. The number of days of hospitalization per patient was significantly lower
Infections and mfeStatlonS' n (%) in the CAPRI arm (2.82+ 6.96 versus 4.44 +9.60, P=0.02). *The chi-squared test and the t-test
No. of 272 287 559 =11 were two-sided.
patients
No 265 (97.4) 275 (95.8) 540 (96.6) P=0.29
Ves 7(2.6) 1242 19 (3.4) The external validity of the findings relies on the prospective,
o \ : : randomized design of the trial, with a patient population as close
Nervous system disorders, n (%) as possible to that of routine practice (for example, all solid tumor
No. of 272 287 559 =028 types, approved oral treatment, 11.8% of patients with a perfor-
patients mance status of 2 and 14% aged >75years). However, CAPRI was a
_ single-center study, and nurse navigators were located in our insti-
No AED A5 CED oG PEtsy tution (thereby facilitating interactions with the treating oncologists
Yes 1(0.4) 2007 3(05) whenever needed, through emails, phone calls or direct contact).
Skin disorders, n (%) The full-time employment of two nurse navigators represents a size-
No. of 272 287 559 =412 able expense for most community oncology practices, and must be
patients balanced against the expected positive impact on hospital direct
costs and medical time savings. In our institution, the nurse navi-
No 262(96.3)  265(923)  527(943) P=0.04 gator positions were funded by the study budget; however, recent
Yes 103.7) 22.(77) 32(57) changes in the French healthcare financial laws now allow for the
Vascular disorders, n (%) reimbursement of remote monitoring of patients with cancer (as
No. of 272 287 559 =125 other care activities performed in hospitals), making this approach
patients sustainable™.
- 266 (078)  276(962)  542(970) P=026 . The lilgitﬁtignsl of.the pfresept study ejn.compais lEhe single—lce;ter
S esign and the inclusion of patients receiving oral therapy excluding

hormone therapy alone. Regarding the latter, durations of treatment
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Table 4 | Patient experience (PACIC score) per treatment

Table 4 | Patient experience (PACIC score) per treatment arm

arm (continued)
Dimension CAPRI Control Total Statistics® Dimension CAPRI Control Total Statistics®
Patient activation Global score
Missing, n 100 (36.76) 124 (43.21) 224 (40.07) Missing, n 148 (54.41) 166 (57.84) 314 (56.17)
(%) (%)
No. of 172 163 335 t=0.82 No. of 124 121 245 t=6.34
patients patients
Mean (s.d)  3.46 (114) 3.35@11m 3.40 (113) P=0.37 Mean (s.d.) 2.94(0.83) 267(0.89) 2.81(0.87) P=0.01
95% Cl 3.29-3.63 3.17-3.52 3.28-3.52 95% ClI 2.80-3.09 2.51-2.83 2.70-2.92
Min-Max 1.00-5.00 1.00-5.00 1.00-5.00 Min-Max 1.00-5.00 1.00-5.00 1.00-5.00
Median 3.67 3.67 3.67 Median 2.85 2.50 270
Q1-Q3 2.33-4.33 2.33-4.33 2.33-4.33 Q1-Q3 2.38-3.53 2.05-3.20 215-3.40
DeIivery system design The global PACIC score, an instrument used to evaluate the chronic care experiences of patients,
Msnen 0sGa) Wz B3 e L
No. of 166 160 326 t=2.48
patients in the present study were shorter than in adjuvant hormone therapy
Mean (s.d.)  3.23(095) 3.06(1.05)  3.15(1.00) P=012 trials, and adherence issues related to treatment duration® might
95% Cl 309-3.38 289-3.22 3.04-3.25 have been underestimated. Also, the CAPRI intervention was com-
i bined with usual care (scheduled hospital visits with the treating
il LC0x>: U 00 DO 00 (10 oncologist), and did not facilitate exploration of whether remote
Median 3.00 3.00 3.00 monitoring per se could decrease the frequency of hospital visits.
Q1-Q3 2.33-4.00 2.33-3.67 2.33-3.67 Future directions for the CAPRI program encompass (but are
Goal setting not restricted to) possible upgrades of the digital tool, a better
o identification of the patient subpopulations who derive the most
[I)\/llssmg, i 1843 58) IS5 (17.04) 253 1(45:26) benefit from this program, and implementation of the program in
(%) specific therapeutic areas. For instance, neuro-oncology patients,
No. of 154 152 306 t=0.95 in whom disease-related cognitive disorders might impair the opti-
patients mal use of first-line oral treatments (for example, temozolomide),
Mean (s.d) 253 (1.04) 2410101 247(1.03) P=033 represent credible candidates for this approach, and the CAPRI
95% C| 236-2.69 225-258 236-2.59 remote monitoring program has already become a standard of care
i for neuro-oncology patients at our institution. Future research will
i L0020 VR 00 OV 0 O OO also need to address the issue of psychological or emotional sec-
Median 240 240 240 ondary outcomes. Furthermore, the development of electronic
Q1-Q3 1.80-3.20 1.60-3.00 1.80-3.00 onco-geriatric evaluations and dedicated programs for patients
Problem-solving included in clinical trials represent fields of application with poten-
o tially rapid implementation in view of the retrospective studies
[')Vl'ss'”g'” 131(4816)  144(5017) 275 (4919) already published**, with the possible implementation of elec-
(%) tronic patient-reported outcomes, which were a feasible approach
No. of 14 143 284 t=5 in recent trials”. Finally, we have reported the implementa-
patients tion of the CAPRI program to monitor COVID-19 infections in
Mean (s.d) 319 (117) 286 (1.29) 3.02(124) P=0.03 cancer patients”, suggesting that nurse navigator-led digital
95% Cl 299-338 264-3.07 288-317 interventions deserve further prospective assessment in other
i non-oncological conditions.
Min-Max 1.00-5.00 1.00-5.00 1.00-5.00
Median 3.25 275 3.00 Online content
Q1-Q3 250-4.00  1.75-4.00 2.00-4.00 Any methods, additional references, Nature Research report-
Coordination ing summaries, source data, extended data, supplementary infor-
o mation, acknowledgements, peer review information; details of
l\/hssmg,n 125(45.96) 129 (44.95) 254 (45.44) author contributions and competing interests; and statements of
W) data and code availability are available at https://doi.org/10.1038/
No. of 147 158 305 t=25.96 $41591-022-01788-1.
patients
Mean (s.d.) 2.54 (0.86) 2.02 (0.93) 2.27 (0.94) P<0.0001 Received: 7 October 2021, ACCthCdI 16 March 2022,
95% Cl 240-2.68 187-216 217-238 Published online: 25 April 2022
Min-Max 1.00-5.00 1.00-5.00 1.00-5.00
References
Median 2.60 1.80 2.20 1. Chaudhry, S. L et al. Telemonitoring in patients with heart failure. N. Engl. J.
Q1-Q3 1.80-3.20  140-240  160-3.00 Med. 363, 2301-2309 (2010). _ o
Continued 2. Kroenke, K. et al. Effect of telecare management on pain and depression in
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Methods

Trial status and ethics. The clinical trial number (NCT02828462) is posted on
www.clinicaltrials.gov/. The study was conducted in agreement with applicable
laws and regulations and the Declaration of Helsinki, and was approved by an
ethics committee (CPP Paris-Ile-de-France IV no. 2016/20SC, US Department of
Health and Human Services approved IRB no. 00003835).

The study protocol has been previously published elsewhere®. In brief, the
recruitment took place at the Gustave Roussy Comprehensive Cancer Center and
was open to patients with advanced or metastatic cancer started on approved
oral chemotherapy and/or molecular-targeted therapy, not eligible for enrollment
in another clinical trial (according to the treating oncologist’s judgment). No
compensation was offered to participants. The first patient was included on 24
October 2016 and the last patient on 24 April 2019.

Eligibility criteria. All participants had to speak French, to be aged 18 years

or older, to have a performance status <2, and to have a life expectancy of at

least 6 months (according to investigator judgment). Exclusion criteria included
hormone therapy alone, not having a referring general practitioner, having neither
internet nor phone access at home, and being deprived of liberty.

Sample size calculation. Given the previous reports suggesting that RDI varies
from 60% to 95% for oral anticancer agents*"*’, with an RDI lower than 85%
being associated with worse outcomes”, and considering that a difference of
6-20% was found between different treatment options or between different cancer
types, we expected a sizeable effect of the CAPRI intervention on RDI (a +5%
difference from the control group). Therefore, 393 individuals per group (n=786
in total) were estimated as sufficient to detect a difference in RDI (from 85% to
90%) between the CAPRI intervention and usual care, assuming a significance
threshold set at 5% (x=0.05), power at 80%, and a standard deviation of 25%

for the distribution of mean change. In agreement with CONSORT guidelines®,
randomization occurred once participants had completed their consent form.
Given the potential difference in adherence and socioeconomic status between
the different cancer types***, stratified randomization was used to minimize these
differences between and within groups. This randomization was performed using
computer software and was completed by an independent researcher (Gustave
Roussy randomization department). A randomization number was allocated to
each participant, and results of the randomization were sent to both the treating
oncologist and the nurse navigators. Participants included in the intervention arm
were given immediate access to the CAPRI program, including access to their
personalized online portal.

Intervention: the CAPRI program. Throughout the course of the study,
participants from the control group received usual care (consultations with the
treating oncologist at Gustave Roussy, mainly for prescription renewals and
dose modifications), while participants from the intervention group benefited
(for 6 months) from the CAPRI program on top of similar usual care. Two nurse
navigators ensured the remote follow-up of patients randomized to the CAPRI
arm, scheduled as follows: once weekly during the first month, then once every
other week from the second to the fourth months, and once every 3 weeks from the
fifth month to the end of the study. Nurse navigators could be contacted (by phone
or internet) from Monday to Friday, during office hours only (09:00-17:00 hours).
Out of hours, the patients received the instruction to contact the emergency
department of our institution. Nurse navigators provided the link between hospital
professionals, patients and primary care professionals (general practitioner, private
nurse, pharmacist and so on) identified by the patient. The web portal provided
a unique interface through which healthcare professionals were able to connect
with patients (each program stakeholder having his or her own login for access
to a dedicated portal). The web portal included a dashboard for nurse navigators,
enabling them to monitor the records of all patients enrolled in the program.
Following each contact with a patient, nurse navigators created ‘interaction reports’
detailing what they had done or discussed, and shared the information with other
healthcare professionals involved, tracked in the medical record. These healthcare
professionals could log on to the portal to communicate with nurse navigators
online, and access information regarding the patients they cared for. The system
also generated automatic alerts to patients or nurse navigators. Alerts and patient
requests could be generated in various ways: automatically, through the web portal,
for instance while reporting follow-up measures (that is, if the patient measures are
below or above predefined thresholds); by the nurse navigators during scheduled
follow-up; or by a message or call from the patient or healthcare professionals.

The nurse navigator then evaluated the alert level using algorithms (based
on the NCI-CTCAE v4.03 classification*’) and determined the clinical action to
implement, in line with the navigation decision trees developed at our institution
through a collaboration between physicians, nurse navigators and CAPRI
investigators. An example (hand-foot skin reaction) is shown in Extended Data
Fig. 4. Depending on level, nurse navigators could give advice, refer the patient to
their primary care physician or to a professional at Gustave Roussy, or contact the
dedicated services to organize a hospitalization or schedule an appointment for the
patient. The nurse navigators’ responses to alert notifications were also tracked and
reported in the medical record.
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Nurse navigators involved in the study were trained internally with the hospital
discharge platform developed in Gustave Roussy and described elsewhere”, they
had a clinical experience of >1 year, and had obtained a university diploma in
nursing care in clinical oncology (100h over 1year) from our institution.

Impact evaluation. The primary endpoint of the study was a significant increase
in the delivery of oral treatment, measured by RDI (defined as the ratio of the dose
actually delivered over time to the prescribed dose intensity). We proposed that,
thanks to earlier management of treatment-related adverse events, patients in the
intervention arm would have a significant increase in RDI compared with those in
the control group. Secondary endpoints were patient adherence to oral anticancer
therapy (measured with a dedicated questionnaire’ and/or the Medication Event
Monitoring System (MEMs)), quality of life (EORTC QLQ-C30 questionnaire'’),
patient experience (PACIC score*), tumor response, progression-free survival,
overall survival (evaluated by investigators, using RECIST 1.1)*° and grade

>3 toxicities (graded according to the NCI-CTCAE v4.03 classification*). We
expected that patients in the intervention arm, compared with controls, would have
significantly greater improvements in secondary outcome measures. Demographic,
socioeconomic and clinical variables were assessed and adjusted for in the study
results. Outcomes were collected by a clinical research associate at baseline, and
each month until the end of the program (after 6 months), except for patient
quality of life (at baseline, after 3 months and at the end of the program) and for
patient experience (at the end of the program). The instruments used to

collect data from participants, including primary and secondary outcomes, are
detailed elsewhere™.

Economic evaluation. The economic evaluation of the CAPRI program adopted

a societal perspective, assessing intervention, medical and non-medical costs. All
resources used by the patients included in the study were considered in the frame
of a cost-effectiveness study. We expected that in comparison with usual care,

the CAPRI intervention would result in cost-effective care with improvement in
patient adherence to oral anticancer therapy. Cost data were collected monthly
using retrospective self-questionnaires for non-hospital costs. For hospital costs,
medico-administrative data were collected. The resources used and included in the

cost-effectiveness study, and their value units, are detailed elsewhere™.

Process evaluation. Data on access to, and use of, the web portal were extracted
from the web portal records. In addition, focus groups with nurse navigators
were conducted monthly throughout the study. Last, semi-structured interviews
with patients, relatives and healthcare professionals engaged in the program were
conducted by the research team at the end of the trial.

Statistical analysis. Appropriate descriptive statistics enabled presentation and
comparison of sample characteristics at baseline, and at each evaluation time

point. The primary analyses used a between-group design (CAPRI versus control
groups) at six time points (each month). Significant changes in treatment delivery
were measured using RDI, calculated with the dedicated questionnaire*” and/or

the MEMs results. If the data distribution was normal, Student’s ¢-test was used to
compare the RDI means, as well as the secondary outcomes designed as continuous
variables. If not, a Mann-Whitney test was used. A chi-squared or Fisher’s test was
used to compare secondary outcomes designed as binary variables. All tests were
two-sided. Baseline data were examined to analyze the probability of attrition bias.

Software. Data were collected and analyzed using Microsoft Excel 2016, and Fig. 2
was designed using the BioRender.com Premium portal.

Reporting Summary. Further information on research design is available in the
Nature Research Reporting Summary linked to this article.

Data availability

The datasets generated and/or analyzed in this study are considered commercially
sensitive and, therefore, are not publicly available. However, to ensure independent
interpretation of clinical study results the authors will consider requests for data
supporting the findings in this study. These data are available to be shared on
request after publication. Bona fide, qualified scientific and medical researchers
are eligible to request access to the clinical study data. Prior to providing access,
clinical study documents and data will be examined and, if necessary, redacted
and de-identified to protect the personal data of the study participants, to respect
the boundaries of the informed consent of the study participants. Data might be
shared in the form of aggregate data summaries and via a data transfer agreement.
Individual participant-level raw data containing confidential or identifiable
patient information are subject to patient privacy and cannot be shared. Requests
should be made by email to E.M. (etienne.minvielle@gustaveroussy.fr) and will be
reviewed individually on a quarterly basis.

Code availability
The decision trees (algorithms) used by the nurse navigator are also the intellectual
property of Gustave Roussy. An example is shared in Extended Data Fig. 4, but
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others are not publically available. However, to ensure independent interpretation
of clinical study results the authors will consider requests for data supporting the
findings in this study. Bona fide, qualified scientific and medical researchers are
eligible to request access to other examples of the decision trees, which might

be shared via a data transfer agreement. These data are available to be shared on
request after publication. Requests should be made by email to E.M. (etienne.
minvielle@gustaveroussy.fr) and will be reviewed individually on a quarterly basis.
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Extended Data Fig. 1| Screenshots of the patient smartphone app (panel @) and nurse navigators dashboard (panel b).
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Sample size Since previous reports suggesting that Relative Dose Intensity (RDI) varies from 60% to 95% for oral anticancer agents, with a RDI lower than
85% being associated with worse outcomes, and considering that a difference of 6% to 20% was found between different treatment options
or between different cancer types, we expected a sizeable effect of the CAPRI intervention on RDI (+5% difference with the control group).
Therefore, 393 individuals per group were estimated as sufficient to detect a difference in RDI between the CAPRI intervention and usual care,
assuming a significance threshold set at 5% (a=0.05), power at 80%, and a standard deviation of 25% for the distribution of mean change.

Data exclusions  As shown in the CONSORT diagram, 50 patients were excluded, for the following reasons :
- Follow-up < 28 days (n=36)
- Treatment duration < 10 days (n=6)
- Investigator decision (n=4)
- Withdrawal of consent (n=4)

Replication No replication was made, since this is a randomized clinical trial with limited funding.
However, the external validity of the study may be questioned, and an attempt to replicate our findings is ongoing in separate studies
conducted at other institutions (i.e. Hematology patients, based on Compaci G, Ysebaert L, Obéric L, Derumeaux H, Laurent G. Effectiveness of
telephone support during chemotherapy in patients with diffuse large B cell ymphoma: the Ambulatory Medical Assistance (AMA)
experience. Int J Nurs Stud. 2011 Aug;48(8):926-32. doi: 10.1016/j.ijnurstu.2011.01.008. Epub 2011 Feb 23. PMID: 21349519.)

Randomization  Inagreement with CONSORT guidelines, randomization occurred once participants had completed their consent form. Given the potential
difference in adherence and socioeconomic status among the different cancer types, stratified randomization was used in order to minimize
these differences between and within groups. This randomization was performed using computer software, and completed by an
independent researcher (Gustave Roussy randomization department). A randomization number was allocated to each participant, and results
of the randomization was sent to both the treating oncologist and the nurse navigators. Participants included in the intervention arm were
given immediate access to the CAPRI program, including access to their personalized online portal.

Blinding No blinding process was used, since this is an open-label, randomized study.
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Human research participants

Policy information about studies involving human research participants

Population characteristics All participants had to speak French, to be aged 18 years or older, to have a performance status <2, and their life expectancy
had to be of at least 6 months (according to investigator’s judgement). Exclusion criteria included: hormonotherapy alone,
not having a referring general practitioner (GP), having neither internet nor phone access at home, and being deprived of
liberty.

609 patients (59% females) initiating a new treatment line with oral anticancer agents were included (39% were receiving
chemotherapy, and 61% molecular targeted therapies)Baseline demographics and disease characteristics were generally
similar in both arms (Table 1). Median age was 62.0 years (range: 20.0-92.0), 155 patients (27.7%) were aged 65-74 and 78
patients (14%) were aged over 75. Performance status was 0-1 in 493 patients (88.2%), and 2 in the remaining 66 patients
(11.8%). One hundred forty-seven patients (27.8%) had received three or more prior lines of treatment.

Recruitment All patients initiating an approved oral anticancer treatment (chemotherapy or moleculat targeted agent) were invited to
participate, after having excluded a possible inclusion in another clinical trial (phase 1-3).
There is a possible selection bias, since around 20% of patients in our tertiary institution are enrolled in therapeutic clinical
trials (phase 1-3), but also reflects the study population (real life oncology outside clinical trials).
Self selection bias was limited since the attrition of participants was limited, with the overall completion of scheduled remote
(excluding in-hospital visits) follow-up (percentage of scheduled contacts effectively performed) being 87.4%,
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Ethics oversight Ethics Commitee (CPP Paris-lle-de-France IV no. 2016/20SC, US Department of Health and Human Services approved IRB no.
00003835).

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  Clinicaltrials.gov NCT02828462
Study protocol https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5307879/

Data collection The study was conducted from October 2016 to May 2019 (The first patient was included on October 24th, 2016 and the last patient
on April 24th, 2019) at the Gustave Roussy Comprehensive Cancer Center (located in Villejuif, France).
Data analysis was performed in February 2020.

Outcomes The primary endpoint of the study was significant increase in the delivery of oral treatment, measured by RDI (defined as the ratio of
the dose actually delivered over time to the prescribed dose intensity). Our hypothesis was that, thanks to earlier management of
treatment-related adverse events, patients in the intervention arm would experience a significant increase in RDI, in comparison with
those from the control group. Secondary endpoints were patient adherence to oral anticancer therapy [measured with a dedicated
questionnaire 9 and/or Medication Event Monitoring System (MEMs)], quality of life (EORTC QLQ-C30 10), patient experience (PACIC
score), tumor response, Progression Free Survival (PFS), Overall Survival (OS) (evaluated by investigators, using RECIST 1.1) and grade
>3 toxicities (graded according to NCI-CTCAE v4.03 classification 8). We expected that patients in the intervention arm, by
comparison with controls, would demonstrate significantly greater improvements in secondary outcomes measures. Demographic,
socio-economic and clinical variables were assessed and considered in order to adjust the study results. Outcomes were collected by
a clinical research associate at baseline, and each month until the end of the program (after 6 months), excepted for patient quality
of life (at baseline, after 3 months and at the end of the program) and for patient experience (at the end of the program).
Instruments used to collect data from participants, including primary and secondary outcomes, are detailed elsewhere (Gerves-
Pinquié, C. et al. Impacts of a navigation program based on health information technology for patients receiving oral anticancer
therapy: the CAPRI randomized controlled trial. BMC Health Serv Res 17, 133 (2017).)

Economic evaluation. The economic evaluation of the CAPRI program adopted a societal perspective, assessing intervention, medical
and non-medical costs. All resources used by patients included in the study were considered in the frame of a cost-effectiveness
study. We expected that in comparison with usual care, the CAPRI intervention would result in cost-effective care with improvement
in patients” adherence to oral anticancer therapy. Cost data were collected monthly using retrospective self-questionnaires for non-
hospital costs. For hospital costs, medico-administrative data were collected. The resources used to be included in the cost-
effectiveness study, and their value units are detailed elsewhere (Gerveés-Pinquié, C. et al. Impacts of a navigation program based on
health information technology for patients receiving oral anticancer therapy: the CAPRI randomized controlled trial. BMC Health Serv
Res 17, 133 (2017).)

Process evaluation. Data on access to, and use of, the web portal were extracted from the web portal records. In addition, focus
groups with NNs were conducted monthly throughout the study. Lastly, semi-structured interviews with patients, relatives and
healthcare professionals engaged in the program were conducted by the research team at the end of the trial.
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