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Abstract

Introduction: Cancer patients tend to prefer oral instead of parenteral chemotherapy. To date, there is little evidence

on the medication adherence in cancer patients. We investigated medication adherence to tyrosine kinase inhibitors in

patients suffering from non-small cell lung cancer.

Methods: Tyrosine kinase inhibitor adherence was measured electronically by MEMSV
R
(medication event monitoring

system) over at least six months. Adherence rates were calculated in terms of Dosing Compliance, Timing Compliance,

Taking Compliance, and Drug Holidays. Patients were dichotomized as adherent when Dosing Compliance and Timing

Compliance were �80%, Taking Compliance ranged between 90 and 110%, and <1 Drug Holiday was registered. Quality

of life was assessed by two questionnaires (EORTC QLQ-C30 version 3.0, EORTC QLQ-LC13) at three time points.

Adverse drug events were reported via patient diaries.

Results: Out of 32 patients enrolled, data from 23 patients were evaluable. Median Dosing Compliance, Taking

Compliance, and Timing Compliance adherence rates of tyrosine kinase inhibitor intake amounted to 100%, 98%,

and 99%, respectively; Drug Holidays were observed in three patients. Four patients were dichotomized as non-

adherent. Three of them had a twice-daily tyrosine kinase inhibitor regimen. Median quality of life scores amounted

to 67 (max. 100) and remained unchanged over the study period. Fatigue and rash were the most frequently reported

adverse drug events.

Conclusion: Medication adherence of non-small cell lung cancer patients treated with tyrosine kinase inhibitors was

extraordinarily high and is likely to support the effectiveness of tyrosine kinase inhibitor treatment and a good quality of

life over a long period of time. Adherence facilitating information and education is especially relevant for patients taking

tyrosine kinase inhibitors in a twice-daily regimen.
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Introduction

Lung cancer is the most common cancer entity world-

wide. It is associated with a high incidence and preva-

lence and ranks first and second in mortality statistics

for men and women, respectively.1 Over 80% of

patients suffer from non-small cell lung cancer

(NSCLC),2 which is mostly diagnosed in advanced

stages. Antitumor therapy of NSCLC changed a lot

during the last decade. Currently, antineoplastic
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agents (e.g. platin derivatives, paclitaxel, gemcitabine,
and pemetrexed), vascular endothelial growth factor
(VEGF) inhibitors (e.g. bevacizumab), check point
inhibitors (e.g. pembrolizumab, nivolumab), and oral
tyrosine kinase inhibitors (TKIs) are utilized as mono
or combination therapy. In patients with advanced
NSCLC, first- and second-line therapy regimens are
hallmarked by TKIs. Methods of molecular genetics
are used to identify driver mutations in the tumor
cells, such as EGFR (epidermal growth factor receptor)
mutations or ALK (anaplastic lymphoma kinase) and
ROS1 (reactive oxygen species) translocations, in order
to initiate targeted therapy with the appropriate oral
TKI. Afatinib, erlotinib, gefitinib, and osimertinib
target EGFR; nintedanib inhibits angiokinase recep-
tors; and alectinib, ceritinib, and crizotinib address
ALK.3 The TKI medication is to be taken once daily
(QD) except for alectinib, crizotinib, and nintedanib,
which must be taken twice daily (BID). Only crizotinib,
gefitinib, and osimertinib can be taken without regard
to meals.

Cancer patients tend to prefer oral chemotherapy,
because of fewer visits to in-/outpatient clinics and
medication use at home instead of invasive parenteral
administration.4,5 However, this type of treatment is
also associated with increased patient responsibility,
as effectiveness depends on correct and reliable
intake, also known as medication adherence.
Medication adherence is defined as the “degree to
which the person’s behavior corresponds with the
agreed recommendations from a health care
provider”.6 Conventionally, patients are considered
adherent if they take correctly more than 80% of the
prescribed doses.7 Non-adherence can occur conscious-
ly or unconsciously and manifest itself in different
forms: Patients might take no medication at all, take
the wrong dose, chose the wrong time point for intake
or discontinue the medication intake for several days
(Drug Holidays) or ultimately (non-persistence).
Treatment-related factors like a more complex regimen
(e.g. BID vs. QD administration) are believed to influ-
ence patients’ ability and intention of participation,
resulting in lower adherence rates.8 Medication adher-
ence can also be influenced adversely when the time of
medication intake depends on the time of meal intake.9

Lack of adherence can reduce the effectiveness of ther-
apy including quality of life (QoL)6 and increase
healthcare costs.10

Although there are intensive discussions about
advantages and disadvantages of oral, targeted antitu-
mor therapy compared to parenteral chemotherapy,5

there is little evidence of adherence in cancer patients.
Adherence rates to oral anticancer therapy ranging
from 46% to 100% were reported in a systematic
review focusing on endocrine antitumor therapy and

oral leukemia medication. In most cases, question-
naires were used to measure adherence. Seven out of
63 studies deployed electronic adherence measurement
(medication event monitoring systems [MEMS]) and
found adherence rates amounting to minimum 78%
and maximum 100%.11 Another review dealt with six
studies reporting adherence rates with oral anticancer
medication assessed by MEMS amounting to 74%–
100%.12 To our knowledge, there are six studies pub-
lished regarding medication adherence in NSCLC
patients treated with TKIs, assessing erlotinib13–17 or
erlotinib and crizotinib.18 Electronic adherence mea-
surement with MEMS was used in only one of these
studies.16 The studies are heterogeneous in terms of the
study design, methods used to determine adherence,
and the threshold used to define adherence. Of note,
medium to high adherence rates (72%–97%) with erlo-
tinib were reported. When choosing the adequate ther-
apy for NSCLC patients, prolonged survival and
symptom palliation are the main therapeutic goals.
Additionally, (moderate) enhancement or at least
maintenance of patients’ QoL should play a vital
role. Unfortunately, QoL is not consistently assessed
in lung cancer trials and results are difficult to com-
pare.19 QoL may be affected by the severity and
frequency of adverse drug events (ADEs). Patient-
reported outcomes on ADEs could improve the
patient-physician communication as well as ADE man-
agement.20 Better knowledge about the anticancer
treatment is associated with higher medication
adherence.21

The aim of our study was to investigate the medica-
tion adherence, QoL, wellbeing, and occurrence of
ADEs in NSCLC patients, featuring the eight TKIs
approved for NSCLC therapy in Germany over a
long-term period of six to nine months. Data were
obtained by continuous objective electronic measure-
ment of medication adherence and questionnaires on
QoL, patient-reported outcomes on wellbeing and
ADE occurrence as well as patients’ knowledge about
their TKI therapy.

Material and methods

Study design

The study was designed as a prospective, non-
interventional, non-randomized, multicenter observa-
tional study for patients suffering from NSCLC. The
study was approved by the Ethics Committee
(Institutional Review Board) of the Federal State of
Rhineland-Palatinate (Germany; reference number
837.114.17 (10948)) and the Ethics Committee of the
Medical Faculty of Goethe University Frankfurt
(Germany; reference number 322/17). German-
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speaking NSCLC patients aged �18 years who were
treated in the outpatient clinics of University Medical
Centers of Mainz and Frankfurt (Germany), respec-
tively, and an oncologists’ office in Koblenz
(Germany) were eligible for the study. Further inclu-
sion criteria comprised intake of one of the eight TKIs
approved for NSCLC treatment, i.e. afatinib, alectinib,
ceritinib, crizotinib, erlotinib, gefitinib, nintedanib, and
osimertinib. Patients could be pretreated with TKIs or
start TKI therapy at the time point of enrollment. Any
dose of TKI as well as a switch between the TKIs
defined above was acceptable. The study was per-
formed according to The Declaration of Helsinki and
Good Clinical Practice Guidelines. Written informed
consent was obtained from all patients. Patients were
recruited by the attending physicians on occasion of
outpatient visits. Enrollment took place between June
2017 and September 2018. The observation period of
each patient was designated to be minimum six months
and maximum nine months. After enrollment, the
attending physician documented the patient’s sociode-
mographic data (e.g. sex, age, smoking status), medical
data (e.g. Eastern Cooperative Oncology Group
(ECOG) performance status, date of initial NSCLC
diagnosis, histology, driver mutation), and details
about the TKI medication, such as type of TKI and
dose, in a pre-printed form. During the subsequent
visits, modifications of the TKI regimen (e.g. dose
reduction, treatment interruption or switch to a differ-
ent TKI) and the current ECOG performance status
were documented by the responsible physicians in
pre-printed forms. All forms were sent to the pharma-
cist responsible for evaluation via pre-stamped
envelopes.

Medication adherence

Electronic adherence measurement was conducted
using MEMSVR bottles (Medication Event Monitoring
Systems from AARDEX Group, Belgium). The device
consists of a pill bottle and a cap containing the elec-
tronic processor which records date and time of each
opening. Bottle openings were considered equal to
medication intake. The attending physician informed
the patients about the features of the MEMSVR .
Medication use was continuously monitored over a
period of minimum six and maximum nine months in
each patient. Patients who did not complete a six-
month observation period were to be replaced accord-
ing to the study design.

MEMSVR bottles were filled for each patient with the
amount of the TKI needed for one month, labeled, and
packed together with written instructions for MEMSVR

bottle use. All patients were supplied with the same size
of MEMSVR bottles (250mL). MEMSVR bottles were

only used as secondary package for the TKI dosage
forms. As needed, the TKI blister packages (primary
packages) were cut to fit into the MEMSVR bottle,
avoiding damage. If the monthly TKI demand did
not fit into a single MEMSVR bottle (i.e. alectinib, cer-
itinib, crizotinib, and nintedanib), additional refill
packages and instructions were provided together
with the filled bottle. Patients receiving afatinib refilled
their MEMSVR bottle weekly (to account for the fact
that the original packaging contains four individual
bags with seven tablets each). Following each subse-
quent outpatient appointment (about once per
month), refill packages covering the TKI demand for
one month were sent to the patients.

Patients were asked to document any exceptional or
missed MEMSVR bottle openings, specifying the date
and reason in a pre-printed form which was provided
initially together with the MEMSVR bottle. Patients
returned this form together with their MEMSVR bottle
during an outpatient visit at the end of the study
period.

Data were retrieved from the MEMSVR cap with
MEMSVR 6 USB Reader. MEMSVR Adherence
Software Version 4.3 (both from AARDEX Group,
Belgium) was used to calculate and analyze adherence
rates.

Adherence data were checked for plausibility and
amended, if necessary, by comparing it to patients’
written documentation (missing events could for exam-
ple be explained by the remark “removal the day before
due to business trip”). Information documented by the
physicians was included to avoid calculation errors
(e.g. periods without MEMSVR bottle openings
explained by medication discontinuation due to
ADEs).

Adherence rates. Adherence rates were calculated by the
retrieved MEMSVR data:

• Dosing Compliance (DC) is defined as the proportion
(%) of days with correct drug intake (correct
number of openings per day) within the observation
period. Patients were dichotomized as dosing adher-
ent when the DC was �80%.

• Taking Compliance (TC) is defined as proportion
(%) of doses taken in relation to the prescribed
doses. TC was calculated by the number of docu-
mented openings and the number of expected open-
ings (frequency of intake per day multiplied by the
number of observation days). Patients were dichot-
omized as taking adherent when the TC ranged
between 90% and 110%.

• Timing Compliance (TiC) describes the proportion
(%) of days with intake in the correct time interval,
here defined as 24� 6 h for once-daily intake and
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12� 3 h for twice-daily intake. The TiC rate was
calculated by the number of days with correct
timing intervals and the number of observation
days. Patients were dichotomized as timing adherent
when the TiC was �80%.

• Drug Holidays (DH) are defined as the number of
events (n) without intake for >48 h. Patients were
dichotomized as adherent when <1 DH was
registered.22

Questionnaires

Quality of life. Patients were asked to complete the
German version of the written, health-related QoL
questionnaire for cancer patients EORTC QLQ-C30
version 3.023 as well as the supplementary module
EORTC QLQ-LC1324 specific to lung cancer patients.
The EORTC QLQ-C30 comprises 30 questions, includ-
ing multi-item functional and symptom scales, a Global
Health (QL2) scale, and single-item measures. EORTC
QLQ-LC13 comprises 13 questions (one symptom scale
and 12 single items). Answers are evaluated as score
value ranging from 0 to 100. A score of 100 represents
best function/QoL or highest symptomatic burden.23,24

The pre-printed questionnaires were sent to the patients
on three occasions during the observation period:
about one week (t1), four months (t2), and seven or
nine months (t3; if still taking part) after enrollment.
Patients returned the questionnaires by mail with pre-
stamped envelopes.

Patient-reported outcomes (“patient diary”). Patients were
asked to document their wellbeing and the occurrence
of ADEs in a pre-printed diary. The specifically
designed forms covered a period of 28 days.
Maximum nine forms were used by a single patient.
For each day, the form comprised a Likert-type
rating scale of five differently graded smileys. Patients
were asked to tick each day one smiley that expressed
their wellbeing best. Using the same form, ADEs typ-
ical for TKI therapy, i.e. nausea/vomiting, rash, muco-
sitis, diarrhea, and fatigue were documented. Patients
were asked to mark, on daily basis, each ADE that
occurred.

Patients’ knowledge about TKI therapy. Two weeks after
enrollment, patients were contacted for a telephone
interview. It was based on a self-designed questionnaire
regarding patients’ knowledge on different aspects of
TKI therapy, i.e. name and strength of the prescribed
TKI, daily dosage and timing of intake in relation to
meals. Responses were compared to correct answers,
deducted from patients’ medical history and the
Summary of Product characteristics (SmPC). The num-
bers of correct and wrong answers were analyzed.

Statistical analysis

Statistical analysis was planned in cooperation with the
Institute of Medical Biometry, Epidemiology and
Informatics (IMBEI), University Medical Center,
Mainz, Germany. A sample size of 50 patients was
specified in consideration of the potential number of
eligible patients, feasibility, and probability of valid
results. The adherence rates (DC, TC, TiC, and DH)
and patients’ sociodemographic and medical parame-
ters were analyzed as median, minimum, and maximum
rates. QoL questionnaires were analyzed according to
the EORTC manual: The raw score (average of the
items contributing to a certain scale) was standardized
by using linear transformation, resulting in a final score
ranging from 0 to 100.25 Median, minimum, and max-
imum QoL scores were calculated at the three time
points. The difference (%) between an individual
patient’s QL2 score at t1 and t3 was analyzed. A differ-
ence of ��10% in the QL2 score was estimated as
clinically significant.26

The smileys documented in the patient diaries were
graded from happiest (0 points) to saddest (4 points).
The sum per patient over a 28-day period (“monthly
score”) could thus range from 0 points (best wellbeing)
to a maximum of 112 points (worst wellbeing).

Each ADE marked by the patient in the diary was
scored with one point. For each 28-day period, these
points were summated (minimum 0 points, maximum
28 points per ADE). The number of patients with low
ADE burden (defined as 0 points per ADE per month)
and the number of patients with high ADE burden
(defined as �15 points per ADE per month, i.e. occur-
rence rate> 50% per month) were analyzed. All calcu-
lations were performed with MS Excel 2010.

Results

Study population

A total of 32 patients were enrolled in three centers.
Seven patients did not complete the study over a min-
imum period of six months, most frequently due to
progressive disease, resulting in discontinuation of
TKI treatment. In addition, two patients did not
return the MEMSVR bottles at the end of the observa-
tion period. Thus, the data of 23 patients (13 female, 10
male) were analyzed per protocol. The median observa-
tion period per patient amounted to eight months
(251 days). In total, 21 patients were taking part over
a period longer than seven months and 14 patients
longer than eight months. Sociodemographic and med-
ical data characterizing the study population are shown
in Table 1. Mutation of the EGFR was dominant and
consequentially afatinib and osimertinib were most
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often prescribed. The median duration of TKI treat-

ment prior to enrollment amounted to 13months. Of

note, one patient received TKIs for almost seven years

prior to study inclusion. Only one patient was enrolled

on occasion of TKI treatment initiation. A TKI switch

took place in nine patients prior to enrollment, while

five patients had their TKI switched during the study

period. A reduced TKI dosage at enrollment was

observed in 13 patients.

Medication adherence

The adherence rates determined in NSCLC patients

taking TKIs over a period of about eight months

were extraordinarily high (median DC rate 100%, TC

rate 98%, TiC rate 99%, DH frequency 0, see Table 2).

Of note, the patient taking TKIs in the eighth year

achieved a DC rate of 100%. Adherence rates of

patients taking the TKI twice daily were lower than

those of patients taking the TKI once daily. TC, DC,

and TiC rates of the individual patients are shown in

Figures 1 and 2.
Four patients were dichotomized as non-

adherent regarding one or multiple specifications of

adherence rates. Two of them were dichotomized as

non-adherent regarding all types of adherence rates.

One patient was dichotomized as non-adherent regard-
ing TC and TiC and one patient was dichotomized as
non-adherent regarding DH only. All three patients
dichotomized as non-adherent for DC, TC, or TiC
belonged to the twice-daily dosing group. Two of
them had to take more than one capsule per dose
interval.

Questionnaires

Quality of life. The QoL questionnaires were returned by
21 and 22 out of 23 patients at t1 and t2 respectively,

Table 1. Sociodemographic and medical data of NSCLC patients who completed the study (n¼ 23 patients).

Age mean (min–max) (years) 65 (40–81)

Sex female/male (n) 13/10

(Former) smoker (n) 13

Patients with ECOG performance status 0/1/2 (n) 13/7/3

Patients with stage IV cancer at initial diagnosis (n) 20

Patients with histology of adenocarcinoma (n) 22

Patients with driver mutation at initial diagnosis (n)

EGFR 17

ALK 2

ROS 2

Other 2

Period between initial diagnosis and enrollment, median (min–max) (months) 21 (0–107)

Characteristics of TKI treatment

Patients pretreated with TKI before enrollment (n) 22

TKI treatment duration before enrollment, median (min–max) (months) 13 (0–83)

Patients with one TKI switch before enrollment (n) 8

Patients with two TKI switches before enrollment (n) 1

Patients treated with TKIs at enrollment (n)

Afatinib 11

Osimertinib 6

Crizotinib 2

Alectinib, Ceritinib, Gefitinib, Nintedanib 1 each

Erlotinib 0

Patients with reduced TKI dosage at enrollment (n) 13

Patients with TKI switch during observation time (n) 5

NSCLC: non-small cell lung cancer; EGFR: epidermal growth factor receptor; ALK: anaplastic lymphoma kinase; ROS: reactive oxygen species; ECOG:

Eastern Cooperative Oncology Group; TKI: tyrosine kinase inhibitor.

Table 2. Adherence rates with TKI in NSCLC patients deter-
mined by MEMSV

R
(n¼ 23 patients).

Dosing Compliance rate Median (%) 100

Min–Max (%) 75–100

Taking Compliance rate Median (%) 98

Min–Max (%) 85–106

Timing Compliance rate Median (%) 99

Min–Max (%) 48–100

Drug Holiday frequency Median (number

of events)

0

Min–Max (number

of events)

0–6

TKI: tyrosine kinase inhibitor; NSCLC: non-small cell lung cancer; MEMS:

medication event monitoring systems.
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and by 18 out of 21 patients at t3 (for detailed results,
see Table 3). On the level of the patient group, the
median QL2 score amounted to 67 and remained
unchanged at each time point. On the individual

patient level, QL2 scores remained unchanged between
t1 and t3 in four patients. A significant increase in QL2
scores from t1 to t3 was observed in eight patients, and
a significant decrease in five out of 17 patients. Median
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scores for the functional scales varied between 58 and

83 during the three time points, while the median scores

of the symptomatic scales mostly remained unchanged.

The scores per item were quite different, ranging from 0

(e.g. nausea/vomiting, appetite loss and financial diffi-

culties) to the highest median score for fatigue (44) at t1
and t2, respectively. According to the EORTC QLQ-

LC13, coughing and “pain in other parts” were

reported with the highest median score of 33.

Patient-reported outcomes (“patient diary”). Out of 187 dis-

tributed reporting forms 175 were returned and ana-

lyzed. One patient did not return any of the nine

forms provided. The monthly scores describing well-

being on the individual patient’s level ranged from

0 (optimum) to 66.
All patients reported occurrence of ADEs. One

patient reported only a single event of fatigue during

the whole observation period. On the opposite, one

patient reported three different ADEs (fatigue, muco-

sitis, and rash) almost daily during the whole observa-

tion period. The least reported ADE overall is nausea/

vomiting, while fatigue and rash are the ADEs most

often reported. For all types of ADEs and all months,

there are more patients with low ADE burden than

with high ADE burden. The number of patients with

high ADE burden is highest for fatigue and rash.

Table 4 details the frequency and longitudinal develop-

ment of patient-reported ADE burden.

Patients’ knowledge about TKI therapy. The telephone inter-

view (duration: approximately 15minutes) was con-

ducted with 21 out of 23 patients. Five patients did

not correctly name the TKI used, with three of them

only making minor spelling mistakes. Four other

patients did not know the correct dosage per tablet/

capsule. Another two patients did not correctly state

the timing of TKI intake in relation to meals. Both of

them were receiving afatinib at that point and were

informed about correct intake during the interview.

All patients knew how many doses they were supposed

to take per day.

Table 3. Quality of life determined by EORTC QLQ-C30 and EORTC QLQ-LC13 questionnaires at t1¼ study enrollment, t2¼ after
4months, and t3¼ after 7–9months.

t1 t2 t3

Number of NSCLC patients participating 21 22 18

EORTC QLQ-C30

Global Health (QL2), median (min-max) score 67 (33–92) 67 (42–100) 67 (33–100)

Functional scales, median (min–max) score Physical functioning (PF2) 73 (7–100) 77 (7–100) 80 (40–100)

Role functioning (RF2) 67 (0–100) 67 (0–100) 58 (0–100)

Emotional functioning (EF) 79 (42–100) 75 (8–100) 67 (50–100)

Cognitive functioning (CF) 83 (0–100) 83 (33–100) 83 (33–100)

Social functioning (SF) 67 (0–100) 67 (0–100) 67 (17–100)

Symptomatic scales, median (min–max) score Fatigue (FA) 44 (0–100) 44 (0–78) 33 (0–78)

Nausea/vomiting (NV) 0 (0–50) 0 (0–33) 0 (0–17)

Pain (PA) 17 (0–100) 17 (0–83) 0 (0–67)

Dyspnea (DY) 33 (0–100) 33 (0–67) 33 (0–67)

Insomnia (SL) 33 (0–100) 33 (0–67) 33 (0–67)

Appetite loss (AP) 0 (0–67) 0 (0–67) 0 (0–67)

Constipation (CO) 0 (0–100) 0 (0–67) 0 (0–100)

Diarrhea (DI) 33 (0–100) 33 (0–100) 33 (0–67)

Financial difficulties (FI) 0 (0–100) 0 (0–100) 0 (0–67)

EORTC QLQ-LC13

Symptomatic scales, median (min–max) score Dyspnea (LCDY) 22 (0–78) 17 (0–78) 11 (0–67)

Coughing (LCCO) 33 (0–67) 33 (0–67) 33 (0–67)

Hemoptysis (LCHA) 0 (0–7) 0 (0–0) 0 (0–0)

Sore mouth (LSM) 0 (0–100) 17 (0–67) 0 (0–67)

Dysphagia (LCDS) 0 (0–100) 0 (0–33) 0 (0–67)

Peripheral neuropathy (LCPN) 0 (0–67) 0 (0–100) 33 (0–100)

Alopecia (LCHR) 0 (0–100) 0 (0–100) 0 (0–67)

Pain in chest (LCPC) 0 (0–100) 0 (0–100) 0 (0–33)

Pain in arm/shoulder (LCPA) 0 (0–33) 0 (0–100) 33 (0–100)

Pain in other parts (LCPO) 0 (0–67) 33 (0–100) 33 (0–67)

NSCLC: non-small cell lung cancer.
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Discussion

The present study evaluated the medication adherence
to TKIs in a small but well-characterized patient group
for an extraordinary long median observation time of
eight months. To our knowledge, this is the longest
observation of medication adherence in TKI therapy
reported. On the other hand, seven patients dropped
out of the evaluation because of a shorter period of
treatment. Compared to the study cohort analyzed by
Timmers et al.,16 our patients were of similar age but
included more female patients, more (former) smokers,
and a higher number of patients on reduced TKI
dosage. The latter issue is attributable to the long
median TKI treatment duration (13months) prior to
enrollment. The high number of 14 patients having
experienced at least one TKI switch either before or
after enrollment is in accordance with the long period
since initial NSCLC diagnosis and since TKI treatment
initiation. It is noteworthy that in the present study not
a single patient was treated with erlotinib, although in
the current clinical practice guidelines none of the
EGFR-targeting TKIs is favored.3 Previous studies
on medication adherence in NSCLC patients were
almost exclusively on erlotinib,13–18 only one of them
also assessing three patients taking crizotinib.18

Today’s diversification of targeted oral chemotherapy
in NSCLC patients is reflected in the present study with
eight TKIs and allows a better understanding of the
current clinical practice.

Medication adherence

Adherence was assessed using MEMSVR , which allows
for detailed analysis of adherence patterns and is cur-
rently regarded as the gold standard of objective,
electronic adherence measurement.27 Assessing
adherence with MEMSVR is an indirect measurement

method, i.e. without direct observation of patient’s
medication-taking behavior or analyzing blood sam-
ples. Time differences between TKI removal and
actual ingestion or removal of less/more TKI than
prescribed per dose are therefore possible scenarios.27

Conscious non-adherence (e.g. opening the bottle
without removing medication or discarding the
removed TKI instead of swallowing it) would most
probably reduce the effectiveness of the anticancer
therapy.28 This issue seems to be unlikely, as the
patients’ adherence patterns corresponded with the
ECOG performance status documented by the physi-
cians. Adjusting MEMSVR data according to patients’
and physicians’ written documentation on deviations
of regular TKI intake (e.g. TKI removal from the
MEMSVR bottle the day before, therapy interruption
prescribed by the physician) allows for a more precise
description of patients’ adherence patterns.27

Unblinded adherence measurement by MEMSVR can
influence adherence patterns for the better
(“Hawthorne effect”29). This effect has been shown
to wane after several weeks and an observation
period of at least three months is in general sufficient
to record an undistorted picture of the medication
intake behavior.27,30

However, there are challenges inherent to MEMSVR

bottles. There is a risk of patients refraining to partic-
ipate due to the device itself as transport is inconve-
nient and the bulky cap may be difficult to handle.
High material costs and time-consuming service (prep-
aration of monthly TKI refill packages) are to be con-
sidered. Systems like the “SmartBlister” (Confr�erie
Clinique, The Netherlands) could be a more convenient
solution for future studies: The adherence measuring
unit is contained in a thin, adhesive label, which is
designed to fit the size of the medicinal product’s
blister.

Table 4. Occurrence of ADEs: Symptoms of any severity per month according to the patients’ diaries.

Month

Number of patient

diaries analyzed (n)

Number of patients reporting an ADE on days per month (n)

Nausea/Vomiting Rash Mucositis Diarrhea Fatigue

0 days �15 days 0 days �15 days 0 days �15 days 0 days �15 days 0 days �15 days

1 22 19 0 12 4 11 5 7 1 9 7

2 20 15 0 11 5 12 3 9 2 8 6

3 21 16 0 12 5 12 3 8 1 9 6

4 22 19 0 13 4 15 3 11 1 13 4

5 22 21 0 12 8 14 1 11 1 13 3

6 22 18 0 14 5 14 2 13 0 13 3

7 19 15 0 11 5 11 2 9 0 12 4

8 16 14 0 9 5 11 4 10 0 10 4

9 11 11 0 6 3 9 0 8 0 7 2

ADE: adverse drug event.
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The observed high adherence rates are similar
to those reported for oral anticancer therapy in gener-
al11,12 and for TKI therapy16 in particular. In
agreement with other reports,31 older patients
achieved higher adherence rates than the younger
ones (�45 years). In contrast to other studies,11,16 we
did not observe a decrease of the adherence rates over
the prolonged observation period of eight months.

All patients dichotomized as non-adherent regard-
ing DC, TC, and TiC were on a BID-TKI regimen and
two of them had to take several capsules per dose inter-
val. A third patient on a QD-TKI regimen and taking
several capsules per dose interval showed 100% adher-
ence rates and 0 DH. The finding that once-daily intake
favors the medication adherence rates is in accordance
with our previously published adherence data with
immunosuppressive medication in liver transplant
patients.32 In a previous review,31 a correlation
between therapy-related factors (like intake regimen)
and medication adherence did not get obvious. With
respect to the limited number of patients observed, our
findings nevertheless give a hint that patients with a
twice-daily regimen might have an increased need for
education and training on correct medication intake
and medication adherence.

Out of the eight TKIs used, five require correct
timing of intake in relation to meals and the filling
stage of the stomach. Incorrect intake relative to the
time-points of a meal can either diminish or elevate
serum concentrations, leading to reduced efficacy or
increased ADEs, thus possibly influencing outcome
and QoL. Erlotinib is to be taken under fasting con-
ditions and sub-optimal adherence was also significant-
ly related with sub-optimal timing of the erlotinib
intake.16 Based on the high adherence rates of our
study population and the good knowledge about their
TKI therapy, we assume that TKI intake was correctly
timed. In patients with sub-optimal timing of erlotinib
or afatinib intake related to the filling stage of the
stomach, osimertinib might be a preferred option.
Osimertinib is also approved for first-line therapy of
EGFR-positive NSCLC and can be taken without
regard to meals.3

Questionnaires

Quality of life. The health-related QoL questionnaires
employed in the present study are the ones most fre-
quently used in lung cancer trials.19 However, today the
revised version EORTC QLQ-LC2933 would be pre-
ferred. The results show that long-lasting TKI therapy
allows patients to maintain their QoL over a long
period despite the advanced stage of disease. The oral
TKI intake was associated with higher QL2 scores than
those reported by lung cancer patients undergoing i.v.

chemotherapy34,35 and the observed QL2 scores come
close to those of the normal population.35 Of note, we
found a higher proportion of patients with consistently
good or improved QoL than reported by Bezjak et al.
for patients receiving erlotinib.36 It should be noted
that those patients were TKI-naı̈ve and treated with
erlotinib without mandatory analysis of EGFR
expression.

Patient-reported outcomes (“patient diary”). In the present
study, fatigue and rash are the ADEs most often
reported and most burdensome, which is in accordance
with the findings in patients taking erlotinib.16 Patient-
reported outcomes are increasingly utilized to optimize
the medical care of lung cancer patients.37 The discrep-
ancy between the patient’s and physician’s perception
about the occurrence of ADEs during erlotinib treat-
ment16 underlines the importance of self-reporting by
the patients. Daily documentation of wellbeing and
ADEs by the patient provides a comprehensive picture
of the disease course and can be used by the physician
in the decision-making process regarding necessary
dose adjustments or timely onset of ADE management.
This can improve communication and satisfaction
among the involved parties.37 However, daily docu-
mentation is associated with higher effort for both
patients and health care providers. In the future,
other self-reporting tools like the PRO-CTCAE ques-
tionnaire (patient-reported outcomes version of
common terminology criteria for adverse events)38 or
electronic applications should be tested.

Patients’ knowledge about TKI therapy. To increase the ben-
efit of oral anticancer therapy, patients need to be edu-
cated on the relevance of medication adherence, intake
modalities, and self-management of ADEs. There is
evidence that adequate information is associated with
better medication adherence and QoL.38 Moreover,
structured patient education can help to reduce the
ADEs in patients receiving oral antineoplastic
agents.39 The good knowledge about TKI therapy in
our study population might be attributable to the long-
term treatment with TKIs and the availability of spe-
cific patient information leaflets. In the future, health
care professionals should focus on patients’ knowledge
about self-management of ADEs. To measure satisfac-
tion with the information received, the Satisfaction
with Information about Medicines Scale (SIMS ques-
tionnaire)40 or the EORTC QLQ-INFO2541 question-
naire can be used.

Limitations

The present study has certain limitations. The main
issue is the limited number of participating patients.
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The envisaged goal of enrolling 50 patients was not met
and related to the study design. The study was planned
to last two years; thus, patient enrollment was termi-
nated after 16months. The number of patients fulfilling
the inclusion criteria in the participating centers was
lower than originally assumed. Due to inconsistent
documentation, it is not possible to evaluate whether
all eligible patients were invited to participate, how
many of the invited patients refused to participate,
and what the reasons for their refusal were. Since we
included pretreated as well as TKI-naı̈ve patients, the
study cohort was heterogeneous in terms of TKI treat-
ment duration prior to enrollment as well as time
between patients’ initial NSCLC diagnosis and enroll-
ment. Conducting a study with only TKI-naı̈ve patients
would require multiple trial centers and a much longer
recruiting period.

Participation was linked to additional efforts for the
patients, especially the use of MEMSVR bottle, the ongo-
ing documentation of ADEs in a diary, and answering
questionnaires. It can be further assumed that some of
the invited patients refrained from participating due to
the advanced stage of cancer and resulting life circum-
stances. A selection bias cannot be excluded. Attending
physicians’ motivation for study enrollment may also
play a role: The surmount workload was not reim-
bursed. Additional obstacles were the high percentage
rate of drop-outs caused by patients not returning their
MEMSVR bottle and patients not completing the mini-
mum observation period of six months, most frequent-
ly due to treatment discontinuation. In the study of
Timmers et al., a total of 62 patients were included,
of whom only 15 were on erlotinib treatment after
four months.16 Therefore, a minimum observation
period of three months would be more appropriate in
future studies.

The objective method of adherence measurement
was not completed with a subjective method by
means of self-reporting, like the Morisky Medication
Adherence Scale (MMAS).42 On one hand, that makes
it difficult to compare our results. On the other hand,
such self-reports depict adherence only at certain points
in time. A gold standard of adherence measurement
has not yet been determined for oral anticancer
therapies.43

Conclusion/outlook

Medication adherence is a prerequisite to achieve clin-
ical benefit with orally administered anticancer agents.
NSCLC patients treated with targeted TKI therapy are
able to accomplish high adherence rates, which is likely
to support effectiveness and good QoL over a treat-
ment period of more than six months. Adherence facil-
itating information and education is especially relevant

for patients taking TKIs in a twice-daily regimen.
Regarding ADE management, special attention
should be paid to fatigue and rash. Further real-life
studies should evaluate a bigger number of patients,
include new TKIs approved for NSCLC treatment
(like brigatinib, dacomitinib, lorlatinib), investigate
the intake of TKIs in relation to meal intake, and com-
bine electronic adherence measurement with patient-
reported adherence over periods of at least three
months.
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