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Abstract

Introduction: Infliximab (IFX) therapy is efficacious for in-
ducing and maintaining symptomatic remission in patients
with Crohn’s disease (CD), but whether this benefit results in
reduced hospitalization rates and therefore may improve
patients’ quality of life in an economically sensible way is
conflicting so far. Methods: We conducted a noninterven-
tional, multicenter, open-label, prospective study to evalu-
ate the effect of originator IFX treatment on patient-report-
ed outcomes and disease-related hospitalizations in adult
CD patients in Germany treated for the first time with IFX
according to label. Results: Two hundred and ninety-four
patients were included in the study. We observed a statisti-
cally significant reduction in the number of CD-related hos-

pitalizations from the year before baseline (mean 1.00 per
patient, SD + 0.93) to the mean value of the 1st (0.62, SD +
0.95) and 2nd year (0.32, SD + 0.75) of the observation period
(p < 0.0001). After 3 months of IFX therapy, work productiv-
ity and activity increased by an average of 12.6 and 17.1%,
respectively. Patient’s clinical outcome was markedly im-
proved as the total CD activity index (CDAI) sum score con-
tinuously decreased from baseline to month 24 and the
mean score of the total inflammatory bowel disease ques-
tionnaire (IBDQ) changed substantially from 141 at baseline
to 172 after 24 months of IFX treatment. Additionally, the
number of work incapacity days declined. Recently, no new
safety issues of IFX have been identified. Conclusion: In this
large, prospective, multicenter study on disease-related hos-
pitalization rates, work productivity, capacity for daily activi-
ties,and HRQoL in patients with CD, IFX significantly reduces
their hospitalization rates and improves work productivity,
daily activity, and quality of life over 24 months.
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Introduction

Crohn’s disease (CD) is a chronic inflammatory bowel
disease (IBD) usually diagnosed in early adulthood. It is
characterized by debilitating symptoms such as diarrhea,
abdominal pain, anemia, and fatigue [1]. Persistent CD
activity often causes reduced patients’ work ability as well
as patients’ capacity to perform daily activities resulting
in an impaired health-related quality of life (HRQoL) [2,
3]. Furthermore, emergency hospital admissions are re-
peatedly necessary in a significant number of patients
representing further disease burden [2, 4].

Infliximab (IFX), a monoclonal antibody against the
anti-tumor necrosis factor alpha, is a proven-effective
therapeutic agent in treatment of moderate to severe
chronically active and fistulizing CD [5-7]. IFX and oth-
er anti-TNFs such as adalimumab offer significant ben-
efits in CD, but their continuous use leads to higher med-
ication costs in the treatment of CD [8-10]. Nevertheless,
disease-related hospitalizations and other socioeconomic
effects of CD cause high utilization of health-care re-
sources but might be minimized by an adequate treat-
ment strategy [10-13]. So far, the effect of IFX on CD-
related hospitalizations and work ability impairment is
inconsistently assessed [10, 14, 15]. Usually, studies con-
cerning CD-related hospitalizations focus on hospitaliza-
tion costs, differences between older and younger CD pa-
tients, or compare different CD treatments and their in-
fluence on disease-related hospitalization rates [10, 14,
15]. However, the extent to which more frequent hospi-
talizations lead to a worsening of HRQoL has mostly been
neglected in previous studies. Van der Valk et al. [10] in-
vestigated the development of overall costs in patients
suffering from IBD and demonstrated that costs remained
stable over a time period of 2 years, although the propor-
tion of anti-TNF-related health-care costs increased. The
main reason was a reduction in hospitalization-related
costs showing that an intensified use of anti-TNF therapy
led to a decline in hospitalization rates but whether these
findings were associated with changes in costs due to pro-
ductivity loss or with an improvement of HRQoL was not
determined by the authors. Another study, conducted by
Xu et al. [15], evaluated the impact of IFX treatment of
HRQoL in IBD patients in comparison to conventional
therapies. Therefore, they analyzed the marriage status,
employment, and economic burden in IBD patients in
China. The study revealed that IFX treatment significant-
ly improved the HRQoL and increased work time when
compared with conventional therapies, but there was no
assessment concerning a correlation between hospitaliza-
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tions and HRQoL. In our study, we aimed to overcome
this lack of knowledge since both aspects are important
factors in CD patients and evaluate whether a decline of
hospitalization rates due to IFX treatment leads to im-
proved work ability in CD patients.

The PRODUCTIVE (Improvement of Patient-Re-
ported Outcomes during treatment with IFX in a real-life
setting) study was designed to evaluate hospitalization
rates and work impairment in CD patients in a real-life
setting in Germany. Our aim was to provide useful infor-
mation to enhance patients’ quality of life (QoL) in a
medically and economically sensible way.

Materials and Methods

Study Population

The PRODUCTIVE study was a noninterventional, multi-
center, open-label, prospective study in Germany. Adult patients
fulfilling the following inclusion criteria were enrolled: (1) a mini-
mum age of 18, (2) CD diagnosis by a gastroenterologist, (3)
planned treatment with IFX in accordance to the respective sum-
mary of product characteristics (SmPC) [16] independently of in-
cluding the patient into the study, and (4) given informed consent
and agreement with documentation and evaluation of patient’s
data in a pseudonymized way. Patients with prior treatment with
IFX (1), a switch to IFX from former biologic treatment because of
serious adverse events (SAE), opportunistic infection, or allergic
reaction (2), participation in another clinical trial (3), known hy-
persensitivity to the active compound, to other murine proteins,
or to any of the excipients of the therapeutic drug (4), tuberculosis
or other severe infections such as sepsis, abscesses, and opportu-
nistic infections (5), and/or with moderate or severe heart failure
(NYHA [New York Heart Association] class III/IV) (6) were ex-
cluded from the study. Women of childbearing age were intended
to use adequate contraception to prevent pregnancy during IFX
therapy as specified in the SmPC. Male patients and their female
partners were also expected to use adequate contraception during
and after IFX therapy. According to the SmPC, IFX was adminis-
tered intravenously at a dose of 5 mg/kg body weight in weeks 0,
2, and 6 mentioned as the induction phase (shown in Fig. 1a). Af-
terward, patients switched to maintenance therapy and received
IFX every 8 weeks in the given dose via intravenous administra-
tion. Adjustment of dose and interval of administration was al-
lowed as currently approved in CD.

Data Collection

Data were collected from 46 centers over 2 years starting with
a baseline (BL) visit in month 0 followed by 6 post-BL visits in
months 3, 6, 9, 12, 18, and 24. Investigators had to document dis-
ease-related hospitalization, health-related work productivity/ac-
tivity impairment (WPAI), and patients’ QoL at all appointments.
Disease-related hospitalization was assessed at BL and during ob-
servational period by physician’s records, patient information, and
discharge summaries from the hospital. The decision concerning
relationship between hospitalization and CD was made upon phy-
sician’s discretion. At BL, investigators also asked for disease-re-
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Fig. 1. Study design and patient flow diagram. a Overview of the study design. b Patient flow chart. #, number of
patients; mITT, modified intention to treat; AE, adverse effect.

lated hospitalizations in the year prior to study initiation and for
both the work incapacity days and the number of physician visits
as well as non-physician visits during the 3 months before BL vis-
it as initial situation previous to the start of IFX therapy. Reilly et
al. [17] had demonstrated the discriminative validity, reliability,
and responsiveness of the WPAI in 62 patients with CD in a pro-
spective randomized 26-week clinical trial. Therefore, the WPAI
questionnaire was used for evaluation of health-related WPAI,
whereas for the overall health status, the ability to perform moder-
ate activities, and patients’ QoL, the Short Form 12 (SF-12) and the
inflammatory bowel disease questionnaire (IBDQ) were used.
Clinical outcomes during the observational period were assessed
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by Crohn’s disease activity index (CDAI). A broad range of items
in terms of health-care resource utilization (HCRU) such as num-
ber of physician visits, medication, physiotherapy, or psychother-
apy were committed by the physician at all visits within the obser-
vational phase to enable the calculation of overall resource con-
sumption. At each study visit, a complete physical examination
was performed albeit vital signs including heart rate and blood
pressure were just gathered at BL visit. All adverse events (AEs)
during the observational phase were recorded including dates of
onset and end, severity, relationship to IFX, any action taken, and
outcome in accordance with ICH/GCP (International Conference
on Harmonisation/good clinical practice) guidelines.
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Table 1. Patient demographics and vital signs at baseline

Characteristic Unit Total (n = 294)
Age, years Median (range) 33.5(18-74)
Sex

Male n (%) 139 (47.3)

Female n (%) 155 (52.7)
BMI, kg/m?

Male Median (range) 24 (17.3-48.3)

Female Median (range) 24 (15.3-95.3)
Systolic blood pressure, mm Hg

Male Median (range) 125 (100-165)

Female Median (range) 120 (90-189)
Diastolic blood pressure, mm Hg

Male Median (range) 78 (55-110)

Female Median (range) 80 (45-118)
Biologic-naive

Yes n (%) 243 (82.7)

No n (%) 51(17.3)
Nicotine abuse

Yes n (%) 93 (31.6)
Patients with tuberculosis n (%) 0(0)
Patients with fistulae

Anal fistula n (%) 28 (9.5)

Rectovaginal fistula n (%) 1(0.3)

Intra-abdominal and enterocutaneous fistula n (%) 6 (2.0)

Anal fissure n (%) 11 (3.7)
Concomitant medication

Azathioprine n (%) 91 (31.0)

Methotrexate n (%) 19 (6.5)

Cortisone n (%) 17 (5.8)

Prednisolone n (%) 18 (43.5)

Outcome Measurements was analyzed. All AEs and SAEs during the observational period

The primary end point was the absolute change in disease-
related hospitalizations per year between the computed previous
number of hospitalizations per patient and year before BL and
mean value of the observed number of hospitalizations per pa-
tient per 1st and 2nd year of the observational period. Percent-
age change in total work productivity impairment (TWPI) and
activity impairment using the WPAI between BL and month 3
represented the co-primary end point. Secondary objectives
were to assess the changes in disease-related hospitalizations per
year between the historical (previous) number of hospitaliza-
tions per patient and year and the observed number of hospital-
izations per patient separately for the st and the 2nd year of the
observation period as well as the percentage change in the TWPI
and activity impairment and the percentage change in work time
missed (absenteeism) and impairment at work (presenteeism),
all assessed using the WPAI between BL and months 3, 6, 9, 12,
18, and 24. The absolute change in SF-12 between BL and month
3 and the absolute change in IBDQ and in CDAI between BL and
months 3, 6,9, 12, 18, and 24 represented further secondary ob-
jectives. Additionally, the change in disease-related HCRU be-
tween 3 months before BL and during the observational phase

The PRODUCTIVE Study

were documented for an enlarged safety analysis of IFX treat-
ment.

Statistical Analysis

Statistical analyses were performed using SAS version 9.4. Cat-
egorical variables are presented as numbers and percentages.
Quantitative variables are shown as mean with SD or median with
range. Differences or changes from BL are indicated as mean
change with SD or percentage change (%). All enrolled patients
who received at least one dose of IFX were included in the modi-
fied intention-to-treat (mITT) analysis set and considered for
evaluation if data were available for analysis of the respective end
point. Data from visits assessed during the observational phase
but after early discontinuation of treatment or during treatment
break were kept in the mITT analysis set. For those patients who
early discontinued the study prior to visit month 24, the number
of disease-related hospitalizations per year was extrapolated (ei-
ther for the 1st or 2nd year of observation period) as (number of
hospitalizations x 365 [days])/observation period (days), with ob-
servation period = date of last visit (end) - date of BL (month 0).
For the main end point parameter, a subgroup analysis of biolog-
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ical-naive versus biological pre-treated patients was performed.
Demographic data (age, sex, marital status, occupational status,
and pre-treated with biologics or not), BL vitality data (body
height, body weight, BMI, blood pressure, and heart rate), ensured
contraception, any substance abuse, tuberculosis anamnesis, as
well as previous and concomitant medications were summarized
descriptively. Disease-related HCRU was also descriptively as-
sessed for physician visits, non-physician visits, rehabilitation, in-
capacity to work, and level of care. The primary, the co-primary,
and the secondary end point variables were calculated with sum-
mary statistics. WPAI results were expressed as impairment per-
centages, with higher numbers indicating greater impairment and
less productivity. WPATI outcomes (with exception of question Q6
and the activity impairment) were evaluated and analyzed only for
patients who were employed during the study periods (before BL,
Istyear, 2nd year, and mean of 1stand 2nd year). A repeated mea-
surement analysis was conducted on WPAI, SF-12, IBDQ, and
CDAI data to identify any changes on outcomes during the obser-
vational period (visits). The SF-12 domains were calculated by the
software Optum PRO CoRE version 1.3. For each IBDQ domain,
a total score and average per item scores were calculated and ana-
lyzed. A paired ¢ test was conducted to analyze changes in prima-
ry, co-primary, and secondary end points. If case data were non-
normally distributed, the Wilcoxon signed-rank test was to be
used.

Results

Patient Demographics and Therapy Details

From December 6, 2012, to September 25, 2018, 306
patients were screened at 46 sites in Germany for par-
ticipating in the PRODUCTIVE study. Finally, 294 eli-
gible patients from 46 sites provided written informed
consent and were included in the study (mITT analysis
set, shown in Fig. 1b). In total, 170 patients completed
the study after last visit in month 24. The gender-bal-
anced study population (female 52.7%) had a median
age of 34 years (min 18, max 74 years, shown in Table 1).
At BL, the majority of patients were full-time employed
(50.0%) or a study/trainee (12.2%). Part-time employ-
ment was more often due to other reasons (8.5%) than
to CD (4.4%). The majority of patients (82.7%) were bi-
ological-naive before initiating the study. Most patients
required concomitant IBD medication (91.2%), from
which prednisolone and azathioprine were the most
commonly taken concomitant drugs by 43.5 and 31.0%
of the patients, respectively. Perianal fistulae were re-
ported in 9.5% of the patients. The median overall treat-
ment period with originator IFX was 66 weeks (range:
0-131 week, n =291 patients), and the mean duration of
observation was 2 years (range: 0-3 years). In sum,
59.2% of all the patients terminated IFX therapy prema-
turely (shown in Fig. 1b). In most of the patients (n =
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103), treatment was stopped by investigator’s decision
due to AEs (n = 40), missing efficacy (n = 34), or other
reasons (n = 29) such as remission, surgical interven-
tions, or switch to a biosimilar, whereas 42 patients ter-
minated treatment by their own decision. Finally, 117
patients received originator IFX therapy for the entire
observation period of 24 months.

Disease-Related and Non-Disease-Related

Hospitalization in IFX-Treated Patients with CD

The mean number of hospitalizations per year de-
creased continuously from 1.00 in the year before obser-
vation to 0.62 in the 1st year and to 0.32 in the 2nd year
of IFX therapy (statistically significant change in the
Wilcoxon signed-rank test with p = 0.0005 [1st year] and
p < 0.0001 [2nd year], respectively, shown in Fig. 2a).
The mean number of hospitalizations during the 2-year
observational phase (sum of 1st and 2nd year) of IFX
therapy was 0.55 and dropped markedly by 0.45 com-
pared to the number in the year before the study was
initiated (statistically significant in the Wilcoxon signed-
rank Test, p < 0.0001). Subgroup analyses of the prima-
ry endpoint revealed statistically significant changes in
disease-related hospitalizations between the year before
observation and the Ist year (mean difference 0.51, p <
0.0001, Wilcoxon signed-rank test), the 2nd year (mean
difference 0.80, p < 0.0001, Wilcoxon signed-rank test),
and the whole 2 years (mean difference 0.60, p < 0.0001,
in both Wilcoxon signed-rank test and paired ¢ test) of
IFX therapy in biological-naive patients versus patients
pre-treated with biologics (shown in Fig. 2¢). The num-
ber of non-disease or therapy-related hospitalizations
per year was evaluated for only about 20 patients. Our
analysis exhibited that the mean number of non-disease
or therapy-related hospitalization decreased continu-
ously and substantially from 0.73 in the year before BL
to 0.62 in the 1st year and to 0.21 in the 2nd year of ob-
servation (shown in Fig. 2b). We further had a closer
look on the number of days in hospital and detected an
obvious and sustained decrease in the mean duration of
hospitalizations per year with a mean decline of the av-
erage duration of 2.1 days (p < 0.0010, Wilcoxon signed-
rank test) in the 1st year and 4.2 days (p < 0.0001, Wil-
coxon signed-rank test) in the 2nd year of IFX therapy
(shown in Fig. 2d). Regarding the entire 2-year observa-
tional period, the average duration of hospitalizations
was 2.5 days and dropped by 3.7 days compared to the
duration in the year before the observation (p < 0.0001,
Wilcoxon signed-rank test).

Teich/Bliker/Holtkamp-Endemann/
Jorgensen/Stallmach/Hohenberger



1.25 presesesseero e e 125 e
85
T o
- ©
5 1004 B2 100 e
© L = o
e 5w
T © P
a2 075+ §S 0754
25 a8
o ° s
k] £ 050~ S'a 050
32 52
ES 025 8% 025
z< " 3% 0
R
P4
0 T T 0 T T
Year before 1st year of 2nd year of Year before 1st year of 2nd year of
baseline visit observation observation baseline visit observation observation
Year before | 1styear of | 2nd year of |1st & 2nd year Year before | 1styear of |2nd year of |1st & 2nd year
baseline | observation | observation |of observation baseline | observation | observation |of observation
Number of n 123 121 87 121 Number of n 22 21 14 21
hospitalizations| Mean (+SD) | 1.00 (0.93) |0.62 (0.95) 0.32 (0.75) 0.55 (0.85) hospitalizations| Mean (+SD) | 0.73 (1.16) | 0.62 (0.67) | 0.21(0.43) | 0.50 (0.50)
. - 121 87 121 .
Difference n Difference n - 21 14 21
Mean (+SD) - 0.38(1.32) | 0.61(1.33) | 045 (1.24) B
from BL o value - 20,0005 20,0001 200001 from BL Mean (+SD) 0.10 (1.64) | 0.21(0.80) | 0.21 (1.50)
a b
1.25 g 8
2
25 100 kN
3> £
] 2
82 o075 s
25 5%
°E c T
B 050 2
5 & s
£% =
2< 025 “é,
g
0 T T < o0 T T
Year before 1st year of 2nd year of Year before 1st year of 2nd year of
baseline visit observation observation baseline visit observation observation
@ Biological-naive A Pre-treated
Year before | 1styear of | 2nd year of |1st & 2nd year Year before | 1styear of | 2nd year of |1st & 2nd year
baseline | observation | observation |of observation baseline | observation | observation | of observation
Number of n 102 100 70 100 Hospitalization n 144 141 141 141
hospitalizations| Mean (+SD) | 1.07 (0.96) | 0.56 (0.91) | 0.21(0.63) | 0.48 (0.83) duration, days | Mean (+SD) | 6.21 (6.47) | 4.13(7.20) | 1.29(3.86) | 2.51(3.54)
. n - 100 70 100 n - 141 141 141
Difference | Mean (+SD) - 0.51(1.29) | 0.80(1.29) 0.60 (1.22) Difference | Mean (+SD) - 2.08(9.63) | 4.19(8.29) 3.70(7.72)
from BL p value - <0.0005 <0.0001 <0.0001 from BL p value - 0.001 <0.0001 <0.0001
Number of n 21 21 17 21 d
hospitalizations| Mean (+SD) | 0.67 (0.73) | 0.90 (1.09) | 0.76 (1.03) | 0.93(0.87)
) n - 21 17 21
Difference | Mean (+SD) - 024 (1.34) | 0.18(1.24) | 0.26 (1.09)
from BL p value - ns ns ns
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and 2nd year of observation. Before BL means the number of disease-
related hospitalizations documented during the 12 months before BL
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overall number of hospitalizations during the 1st year of observation
which is counted from the day of BL visit + 1 until visit month 12. The
2nd year of observation sums up the number of hospitalizations dur-
ing the 2nd year with an observation period starting on the day of
visit in month 12 + 1 until visit month 24. For patients who early dis-
continued the study prior to visit month 24, the number of disease-
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related hospitalizations per year was extrapolated (either for the 1st or
2nd year of the observation period) as (number of disease-related hos-
pitalizations x 365 [days])/observation period (days), with observa-
tion period = date of last visit (end) — date of BL (month 0).
b Displays the non-disease or therapy-related number of hospitaliza-
tions showing no statistically significant results. The average duration
of hospitalization is shown in (d). Statistical analyses were done on the
descriptive model, and p values were calculated by the Wilcoxon
signed-rank test for the mean difference from BL for the 1st, the 2nd,
and the mean of the 1st and 2nd year. Linear regression lines were
calculated using GraphPad Prism 7.05. ns, not significant; n, number
of patients with available data for the respective time point; CD,
Crohn’s disease; BL, baseline.
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months of IFX treatment (mean change from BL). The decrease of
work incapacity days before BL and after 3 months of IFX therapy is
shown in (f) indicated as days/3 months. a—e Analyses were per-
formed in the mITT analysis set using the descriptive model. p values
were generated by the Wilcoxon signed-rank test and are pointed un-
der the respective graphs. Data are shown as percentage mean with
SD. n number of patients with available data for the respective time
point; CD, Crohn’s disease; TWPI, total work productivity impair-
ment; IFX, infliximab; BL, baseline; mITT, modified intention to treat.
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Fig.4. QoL and PROs. The absolute change
in IBDQ (a) and CDAI (c) is shown as
mean with SD and was statistically signifi-
cant for all visits (months 3-24) compared
to BL (month 0). The mean change for each
of the 4 domains of the IBDQ is presented
in (b) revealing statistically significant
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Changes in Work Productivity and Activity

Impairment

At BL, patients showed a mean TWPI of 41.2% (n =
144 patients) and activity impairment of 48.6% (n = 288
patients), respectively (shown in Fig. 3a, b). During IFX
therapy, the work productivity impairment as well as the
activity impairment decreased continuously. TWPI

The PRODUCTIVE Study

dropped to 28% in months 3 and 6 and to 22% in month
24. Activity impairment also dropped notably to approx-
imately 30% at months 3, 6, 9, and 12 and to 26% at
months 18 and 24. In summary, we observed a statisti-
cally significant change from BL of —12.6% in TWPI (n =
91, p = 0.0003, Wilcoxon signed-rank test) and —17.1%
(n =249, p <0.0001, Wilcoxon signed-rank test) in activ-
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Fig. 5. Disease-related HCRU. Disease-re-
lated HCRU were assessed by the number
of physician (black bars) and non-physi-
cian (blank bars) visits over the 3-month
period as indicated. Alternative services or
out-patient visits were counted among
non-physician visits. HCRUs documented
with start of utilization at most 90 days pri-
or to BL visit (month 0) were defined as “be-
fore BL.” For post-BL periods, the start date

200

175 A

150

125 -

100 -

Number of visits

of any HCRU is allocated to the respective 75
visit period. The numbers of HCRUs with

date 90 days prior to the date of the respec- 50 1
tive visit are used, regardless of the exact 25 1

duration between the visits and the start
date of the HCRU. #, number of patients 0
with available data for the respective time
point; nd, no visits were documented (num-
ber of visits = 0); HCRU, health-care re-
source utilization; BL, baseline.
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BL

Months
22-24

Months
16-18

Months
10-12

Months
7-9

Months
4-6

Months
0-3

ity impairment after 3 months of IFX therapy. Having a
closer look at the defined subgroups, TWPI decreased
statistically significantly from BL visit to month 3 of the
IFX therapyin biologic-naive patients (—11.9%, p = 0.0022
and —17.3%, p < 0.0001, both in the Wilcoxon signed-
rank test) and in patients pre-treated with biologics
(-16.2%, p = 0.1221, Wilcoxon signed-rank test and
—-16.1%, p = 0.0004, paired t test, shown in Fig. 3e). For
absenteeism as well as presenteeism, we also detected a
statistically significant decline during the IFX therapy
(shown in Fig. 3¢, d). The mean work time missed de-
creased by >10% from BL ranging from —12.3 (month 3)
to —18.9% (month 12, for all changes p < 0.0005, Wilcox-
on signed-rank test). A mean change from —12.4 (month
3) to —15.3% (months 12 and 18, for all changes p <
0.0004, Wilcoxon signed-rank test) was assessed for pre-
senteeism during the observational phase. Additionally,
the work incapacity days decreased from 55 days during
the 3 months before BL to 24 days/3 months during IFX
therapy (shown in Fig. 3f).

QoL and Patient-Reported Outcomes

HRQoL was assessed using the SF-12 and the IBDQ.
Our data revealed that the total and mental health compo-
nent score as well as all individual norm-based subscores
assessed by the SF-12 were improved after 3 months of IFX
therapy with mean changes ranging from 3.4 to 7.0 (for all
changes p < 0.0001, Wilcoxon signed-rank test or paired
t test, shown in online suppl. Fig. 1; for all online suppl.
material, see www.karger.com/doi/10.1159/000512159).
This enhancement of HRQoL had been observable over

56 Inflamm Intest Dis 2021;6:48-60
DOI: 10.1159/000512159

the entire time of IFX therapy. Evaluation of the IBDQ
also revealed an improvement of HRQoL as the mean
score of the total IBDQ (covering bowl symptoms, sys-
temic symptoms, emotional function, and social function,
items added up) had changed from 141 at BL to 166 scores
at month 3 and to 172 scores after 24 months with statisti-
cally significant changes from BL to each visit (p < 0.0001,
Wilcoxon signed-rank test or paired ¢ test, shown in
Fig. 4a). Having a closer look at the mean change of the 4
IBDQ domains, an improved HRQoL was statistically sig-
nificant for all items over the whole observational time
(p < 0.0001, Wilcoxon signed-rank test or paired ¢ test,
shown in Fig. 4b). Patients’ clinical outcome, reported by
the CDAI score, was markedly improved clearly recogniz-
able by a decrease of the total CDAI sum score from 177
at BL to 95 at month 24 (for all changes p < 0.0001, Wil-
coxon signed-rank test, shown in Fig. 4c).

Health-Care Resource Utilization

Besides the disease-related burdens in CD patients, we
further evaluated the CD-related HCRU by analyzing the
number of physician and non-physician visits within the
3-month period in comparison to the 3 months prior to
study initiation. In the first 3 months of IFX therapy, the
number of physician visits (163) increased, whereas the
number of non-physician visits (25) was approximately
unchanged compared to the 3 months before BL (145 and
27, respectively, shown in Fig. 5). At the end of the obser-
vational phase, the number of visits at both, physician
visits and non-physician visits, was considerably lower
with 76 and 0 for months 16-18 and 22-24, respectively.
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Fig. 6. Safety report. An overview of all AEs is given in (a), whereas in (b), the intensity of all AEs in the patient
population is shown. Percentages are based on the total number of patients (n = 294). ! AEs were considered to
be related to IFX or not judged. AEs, adverse events; IFX, infliximab; SAEs, serious adverse events.

For rehabilitation or convalescence treatment, no chang-
es had been observable during the observational period.

Safety Report

In total, 815 AEs were documented during the obser-
vational phase (shown in Fig. 6a). For 73% of the patients
(214 0f 294), at least 1 AE was reported. Forty-six percent
of the AEs (374 of 815) were considered to be related to
the IFX treatment by the respective physician, and at least
53% of all patients (n = 156) had been affected by an IFX-
related AE. The most commonly reported system organ
classes (SOCs) concerning AEs were gastrointestinal dis-
orders and infections and infestations which occurred in
32% (n = 95) and 29% (n = 85) of the patients, respec-
tively. Within the SOCs, most of the patients were affect-
ed by diarrhea (8%, n = 24) and nasopharyngitis (10%,
n = 29). Interestingly, in 12% of the patients (n = 34), the
AE “drug ineffective” was reported belonging to the SOC
general disorders and administration site conditions.
Most of the AEs were documented as mild or moderate,
but 102 AEs were classified as severe (shown in Fig. 6b).
One-third (n = 37) of severe AEs was considered as re-
lated to study medication (shown in Fig. 6a). SAEs were
documented in 37.4% of the patients (n = 110) followed
by therapy discontinuation in most of the cases. In 4 pa-
tients, a total of 5 life-threatening SAEs were reported.
The remaining SAEs were mainly documented as mild,
moderate, or with no specified intensity (total n = 124),
whereas 75 SAEs were notified as severe. A total of 51
SAEs were considered to be IFX related. Hospitalization
was required by 11 of these SAEs while additional medi-
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cation was needed in 21 and another therapy was indi-
cated in 14 SAEs. Finally, most of the SAEs and IFX-re-
lated SAEs had resolved or resolved with sequelae, and no
death occurred during the observational period.

Discussion/Conclusion

In this large prospective multicenter study on disease-
related hospitalization rates, work productivity, capacity
for daily activities, and HRQoL in patients with CD, IFX
significantly reduces their hospitalization rates and im-
proves work productivity, daily activity, and QoL in CD
patients over 24 months.

Our finding of a marked reduction in the number of
hospitalizations per year in the 1st and 2nd year of IFX
therapy demonstrated that originator IFX attenuated ef-
fectively symptoms of CD, and therefore, patients start-
ing IFX could be constrained to a less disease-related hos-
pitalization. Furthermore, the PRODUCTIVE study re-
vealed a considerably reduced duration of hospitalization
which supports previous studies showing both a reduc-
tion in the mean number of hospitalizations as well as less
hospitalization days in patients who received IFX either
in comparison to patients obtaining placebo maintenance
[18] or to patients without adherence to IFX maintenance
therapy [19, 20]. A decreased risk of hospitalization was
also shown for adalimumab used in the CHARM study
[21]. In addition to that, a Canadian study analyzing ret-
rospectively patients treated with IFX showed a signifi-
cant decrease in hospitalization once IFX was added [22].
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In this study, patients served as their own control. In the
PRODUCTIVE study, we chose the same approach in or-
der to determine the change in hospitalization due to the
applied treatment and to receive an assessment of HRQoL
for a certain patient since disease-related hospitalizations
should be considered as a subjectively perceived disease
burden in CD patients. However, using such an approach
also has a potential kind of bias since information given
by patients is non-standardized and might be incomplete.

Besides the number of disease-related hospitaliza-
tions, the number of non-disease-related hospitalizations
also declined. Nevertheless, in our study, the reasons for
non-disease-related hospitalizations were not ascertained
and the number of patients with available data for this
endpoint was considerably low. The physician decided
without predefined criteria whether the hospitalization
was CD-related or not. These weaknesses do not allow a
conclusion regarding cause and severity of non-CD-re-
lated hospitalizations.

The PRODUCTIVE study confirmed patients’ im-
provement in HRQoL as evaluation of the IBDQ revealed
an increase in IBDQ score after 3 months of IFX therapy
which persisted over the whole observational period.
Subsidiarily, the total and mental health component score
assessed by the SF-12 was also enhanced after the onset as
well as during IFX therapy. Finally, a significant improve-
ment of the CDAI score was observed.

Several publications postulated a reduction in hospi-
talization and surgical interventions due to improved CD
course in patients who respond to biologic-based treat-
ment [4, 23]. A systematic review with meta-analysis con-
firmed these studies as they noted statistically significant
reductions in yearly hospitalizations in this recent ran-
dom effects meta-analysis for both IFX (OR 0.45, 95% CI
0.32-0.63) and - less-intensive — adalimumab (OR 0.50,
95% CI 0.32-0.79). In addition to that, Mao et al. [24]
demonstrated superiority of IFX and adalimumab to aza-
thioprine in preventing CD-related hospitalization. Fur-
ther restrictions in CD patients’ QoL are often caused by
work-life impairment [25]. Results from studies analyz-
ing the work productivity loss in other gastrointestinal
diseases suggest that CD patients are challenged with dis-
ease-specific embarrassments during working time [26,
27] such as abdominal bloating, diarrhea, and fatigue. Us-
ing the validated WPALI tool [17], we were first able to
show that absenteeism and presenteeism decreased sub-
stantially during maintenance with originator IFX. Fur-
thermore, statistically significant declines in TWPI and
activity impairment with a pronounced effect in biologi-
cal-naive patients within the first 3 months of IFX treat-
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ment in comparison to biological pre-treated patients
were observed. As mentioned before, additionally used
patient-reported outcomes (IBDQ and SF-12) demon-
strated that IFX-induced improvement of HRQoL was
obviously detectable in the study population revealing
that originator IFX seems to enable CD patients a “nor-
mal” work life with less absenteeism and presenteeism
rates and a lower number of work incapacity days.

Circumstances negatively affecting working time might
cause psychical problems and self-doubts. This mostly
hampers young adult patients who are at the beginning of
their carrier when they have to make their pioneering ca-
reer steps [28]. The PRODUCTIVE study is one initial
study assessing TWPI in patients before the onset of IFX
treatment and after 2 years of IFX therapy combined with
patient-reported outcomes to evaluate HRQoL. We dem-
onstrated that IFX treatment successfully restored pa-
tients’ work life as well as HRQoL due to an improvement
of disease symptoms. The same outcome was already
shown for certolizumab [29] and adalimumab [30].

Besides the patients themselves, CD also compromises
the society due to increasing total costs of this chronic dis-
ease [31-33]. CD is associated with unemployment, sick
leaves, and claiming of disability pensions leading to high
utilization of health services [9, 34, 35]. Additionally, high
presenteeism rates in CD patients cause economic impair-
ment of employer and further increase the indirect costs
of the disease [36]. Our study demonstrated a decline in
TWPI and a reduced number of hospitalizations after the
onset of IFX treatment. These results persisted over the
whole observational period of 2 years revealing a sus-
tained effect of IFX maintenance in CD patients and there-
fore may contribute to a reduction of disease-related costs.

Finally, our study revealed no new safety issues on
originator IFX, which is in line with other recent reports
[37]. In summary, the PRODUCTIVE study reinforced
that the usage of the originator IFX constituted an effec-
tive and well-tolerated therapy in CD [6, 25] resulting in
reduced hospitalization rates which in turn had a positive
effect on work life and HRQoL.
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