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Delaying an infliximab infusion by more 
than 3 days is associated with a significant 
reduction in trough levels but not with 
clinical worsening
Zohar Ben-Shatach , Tomer Ziv-Baran, Ella Fudim, Miri Yavzori, Orit Picard,  
Asaf Levartovsky , Limor Selinger, Batia Weiss, Uri Kopylov , Rami Eliakim  
and Bella Ungar

Abstract
Background: Higher infliximab trough levels (TLs) correlate with better clinical, inflammatory, 
and endoscopic outcomes among inflammatory bowel disease (IBD) patients. Although 
standard scheduled infliximab therapy regimen consists of infusions at pre-defined time-
points (weeks 0, 2, 6, and every 8 weeks), short-period deviations from therapeutic schedule 
are common in ‘real life’, but the pharmacokinetic impact of these deviations has not been 
explored. In this study, we aim to determine whether short-period deviations from infusion 
schedule affect infliximab-TL.
Methods: A retrospective analysis of all IBD patients receiving infliximab maintenance therapy 
every 8 weeks was conducted in a tertiary medical center. Patients with anti-drug antibodies, 
deliberate interval shortening and <3 sequential maintenance sera available were excluded. 
Associations between time since last infusion and TL were studied. Statistical analysis was 
performed using generalized estimating equations.
Results: Out of over 10,000 sera, 2088 sera of 302 maintenance period stable infliximab-
therapy-patients met inclusion criteria (median TL 4.1 μg/mL, interquartile range (IQR) 2.3–6.5 
μg/mL). A delay beyond 3 days in infusion schedule (n > 59 days since last infusion) was found 
to significantly affect TL (mean difference in TL 0.9 μg/mL, 95% confidence interval (CI): 
0.03–1.9 μg/mL, p < 0.04). Furthermore, among patients with delayed infusions, 80% had TL 
below 5 μg/mL, in comparison to 55% of patients who were not late (odds ratio (OR): 2.81, CI: 
2.02–3.92, p < 0.0001).
Conclusion: Real-life delays of ⩽3 days from infusion protocol can probably be allowed. 
Delays >3 days culminate in measurable decrease of TL, although effect on clinical outcome 
is unclear. This needs to be taken into account when interpreting drug-level test results.

Summary: A total of 2088 sera of 302 maintenance period inflammatory bowel disease (IBD) 
patients treated with infliximab were analyzed, to assess effect of small deviations from 
infusion schedule on TLs. A significant decline in patients’ trough level (TL) was noted as 
early as 3 days after scheduled infusion.Keywords: biologics, IBD, IFX, maintenance therapy, 
patient adherence, pharmacokinetics, TL
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Introduction
Infliximab (IFX) is a chimeric monoclonal anti-
body against tumor necrosis factor alpha (TNFα), 
used extensively for the last two decades in the 
treatment of inflammatory bowel disease (IBD). 
However, loss of response (LOR) to IFX occurs 
in approximately 30% of IBD patients within the 
first year of therapy, with an annual rate of 
approximately 13%.1 Several patient-related fac-
tors have been found to associate with LOR, 
including anti-drug antibodies (ADAs) and lower 
IFX TL, IFX monotherapy, low baseline albu-
min levels, and male gender.2

IFX trough levels (TLs), regardless of ADA, are 
considered one of the main factors associated 
with response to therapy in IBD patients treated 
with scheduled IFX infusions.3–5 Accordingly, 
patients with detectable IFX levels showed 
higher clinical and endoscopic remission rates 
and lower C-reactive protein (CRP) values in 
comparison to patients with undetectable IFX 
levels.3 The TAXIT and TAILORIX rand-
omized controlled trials, as well as additional 
retrospective studies, recommended that a ‘ther-
apeutic window’ of TL between 3 and 7 µg/mL 
is achieved, although the benefit of proactively 
adjusting dose according to TL in clinical remis-
sion still remains inconclusive.6–12 In another 
recent study, it was demonstrated that IFX lev-
els between 6 and 10 µg/mL were associated 
with mucosal healing in up to 80% of Crohn’s 
disease (CD) patients.13

Patient compliance is a cardinal factor in terms of 
therapy success. Among IBD patients, it has been 
demonstrated that non-adherence seems to con-
tribute to approximately 20% of cases of LOR to 
anti-TNFs.14 Non-adherence was associated with 
increased total healthcare costs, including inpa-
tient, outpatient, and emergency room costs and 
increased rates of hospitalizations.15,16 However, 
‘real-life’ data on day-to-day variability in infu-
sion schedules is currently lacking. Thus, it has 
not yet been assessed if deviations from infusion 
schedules due to holidays, vacations, work, sick-
ness, and so on might affect serum TLs. 
Therefore, we decided to perform a retrospective 
analysis of all maintenance period sera of IBD 
patients receiving IFX maintenance therapy to 
determine which, if any, deviations may result in 
changes in IFX TLs.

Materials and methods

Study design
Sera were prospectively collected immediately 
before infusions from all IBD patients receiving 
IFX therapy at Sheba, a single tertiary medical 
center. In our center, all patients treated with IFX 
are routinely monitored for TLs before infusions 
since 2009. Clinical scores (HBI/SCCAI) were 
determined on the day of infusion. A retrospec-
tive cohort study analyzing the associations 
between inter-infusion intervals and drug levels 
was performed for all IBD patients receiving IFX 
maintenance therapy. The reporting of this study 
conforms to the STROBE statement.17

Study population
Venous trough serum samples were prospectively 
obtained from patients with CD and ulcerative 
colitis (UC) receiving IFX infusions at Sheba 
Medical Center between the years 2009 and 2018.

Inclusion criteria
 • Sera samples of patients receiving sched-

uled IFX therapy every 8 weeks after com-
pletion of standard induction dose (from 
week 14 onward).

 • Sera samples of patients who had at least 
three consecutive IFX infusions within the 
maintenance period.

Exclusion criteria
Sera samples were excluded in the following 
cases:

 • Patients with less than three consecutive 
TL measurements.

 • Patients who underwent interval shortening 
(i.e. receiving IFX 6 or 4-weekly), either 
during induction period or during 
maintenance.

 • Patients on episodic therapy (i.e. not fol-
lowing a standard infusion protocol).

 • Patient’s infusions given at a deviation of 
over seven days from scheduled therapy 
(the seven-day limit was chosen as the fact 
that large deviations from infusion protocol 
affects drug levels is well known. The study 
aimed to assess subtle deviations).

https://journals.sagepub.com/home/tag
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 • Patients with positive antibodies to IFX 
(ATI, levels > 2.5 μg/mL, measured by a 
previously described drug-tolerant anti-
lambda ELISA assay 18).

 • Missing clinical data.

Ethics
The study was approved by Sheba medical cent-
er’s ethics committees (N. 4530).

Therapeutic drug monitoring
IFX serum samples were routinely and systemati-
cally collected before IFX infusions. IFX and 
anti-IFX antibodies’ levels were measured by a 
previously described drug-tolerant assay.18,19

Clinical scores
Clinical status was determined by HBI (Harvey–
Bradshaw index) for CD and by SCCAI (Simple 
Clinical Colitis Activity Index) for UC 
patients.20,21 Clinical remission was defined as 
HBI < 5 for CD patients and SCCAI ⩽ 3 for UC 
patients.22 Clinical scores were prospectively 
determined on the day of infusion by the IBD 
nurse. Clinical remission status was defined as 
clinical and/or endoscopic remission during the 
last 3 months of IFX therapy.

Study endpoints
The primary analysis examined the association 
between time since last IFX infusion and TL in 
patients receiving scheduled IFX therapy every 8 
weeks.

The secondary analysis was a sub-group analysis, 
for patients with >10 consecutive maintenance 
period IFX level measurements (n = 60), among 
those treated every 8 weeks. The analysis was 
adjusted for several basic patient-related parame-
ters, including age, gender, concomitant immu-
nomodulatory therapy, weight, and IFX dose 
(5/10 mg per kg). The association between time 
since last IFX infusion and TL, clinical score and 
clinical/endoscopic remission were assessed. All 
parameters were obtained from the medical 
records. The analysis was performed per sera and 
not per patients. All patients in the study had one 
delay or more and the generalized estimating equa-
tions (GEEs) analysis takes into account different 
numbers of intervals per different patients—sera 

corresponding to early/late infusions were analyzed 
accordingly.

Statistical analysis
Continuous variables were expressed as the 
median and interquartile range (IQR). All 
reported p values were two-sided, and a p value 
less than 0.05 was considered statistically signifi-
cant. GEEs were used to study the association 
between TL and days from previous infusion, the 
effect of different patient-related parameters on 
TL, and association of disease activity with TL 
and infusion timing. Difference in TL (μg/mL) 
was calculated by subtracting the median IFX 
TL, calculated for all every-8-weeks patients, 
from TL at day of interest. All statistical analyses 
were performed using SPSS (SPSS statistics for 
windows, version 24, IBM Corporation, Armnok, 
NY, USA, 2016).

Results
A total of 10,635 trough sera from 2257 IFX-
treated patients were collected and analyzed at 
Sheba Medical Center between 2009 and 2018. 
In total, 2088 sera from 302 maintenance period 
IFX therapy patients were included (Figure 1). 
All sera were collected within ±7 days of thera-
peutic schedule. Median TL among all scheduled 
maintenance therapy patients was 4.1 μg/mL 
(IQR: 2.3–6.5 μg/mL, Figure 2).

Delays from IFX infusion schedule among main-
tenance period patients were then analyzed in 
association with actual IFX TLs. A delay of more 
than 3 days from the every-8-weeks infusion pro-
tocol (n > 59 days since last infusion) significantly 
affected TL (mean difference in TL was 0.9 μg/
mL, 95% confidence interval (CI): 0.5–1.2 μg/
mL, p < 0.001, Figure 3). With regard to earlier 
than scheduled arrival for an infusion, shortening 
the interval between infusions up to 6 days was 
not significantly associated with a change in TL; 
however, shortening the interval from last infu-
sion by 1 week (49 days from previous infusion) 
showed significant increase in TL (mean differ-
ence in TL was 0.93 μg/mL, 95% CI 0.3–1.5 μg/
mL, p < 0.003).

A sub-analysis was performed for maintenance 
period IFX therapy patients with >10 consecutive 
TL measurements each. Sixty patients with 1226 
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Figure 1. Flow chart demonstrating patients’ inclusion into the study.
ATI, antibodies to infliximab; IFX, infliximab; TL, trough level.

Figure 2. 2088 TL measurements of 302 patients receiving scheduled IFX therapy, stratified by days from 
previous infusion. Median TL at exactly 8 weeks (56 days) from previous infusion was 4.1 μg/mL, as marked by 
the gray ‘8 weeks’ square.
TL, trough level.
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samples in total were included in the analysis 
(Supplementary Figure 1). Among these patients, 
adjustment for basic background parameters was 
performed to account for possible confounders 
including patient gender, IFX dose (either the 
standard 5 mg/kg dose or an escalated dose of 10 
mg/kg, disease type, concomitant immunomodu-
lator, age, or weight at induction (Table 1). 
Among the sub-analysis group, 42% of visits were 
exactly as per schedule, while 37.3% arrived late 
and 20.7% arrived earlier than scheduled. Median 
serum TL at 8 weeks for the sub-analysis popula-
tion was 5.19 μg/mL (IQR 2.8–6.7 μg/mL). 
Among these patients, a delay of more than 3 days 
from infusion schedule also resulted in a statisti-
cally significant decline in IFX TL (Figure 4, 
mean difference in TL 0.8 μg/mL, 95% CI 0.25–
1.36 μg/mL, p < 0.005). Shortening the interval 
between infusions by 4–7 days from regular 
8-week interval (i.e. arriving 49–51 days from pre-
vious infusion), was significantly associated with 
an increase in TL (mean difference in TL was 
1.97 μg/mL, 95% CI 0.5–3.44 μg/mL, p < 0.008).

A multivariate analysis was performed to detect 
factors affecting TL. A test of model effects dem-
onstrated that of the parameters collected, only 
interval between infusions affected TL (Table 2, 

p = 0.001). No significant difference in TL was 
attributed to patients’ gender (p = 0.53), patient 
age (p = 0.07), disease type (CD/UC, p = 0.15), 
concomitant immunomodulator therapy 
(p = 0.49), or weight at induction (p = 0.13).

Next, an analysis was performed to assess whether 
patients arriving late for infusions have lower 
trough IFX levels compared to those arriving early 
or on-time. The lower threshold for IFX TLs,3,10 
3 μg/mL, was used as a cut-off point for the analy-
sis. Among patients with delayed infusions (4 days 
late or over), 43.6% had TL below 3 μg/mL, in 
comparison to 25% of patients that were not late 
(Figure 5(a), OR: 1.88, CI: 1.33–2.66, p < 0.001). 
We also examined the cut-off of 5 μg/mL, which is 
considered optimal in terms of IFX therapy out-
come.23 Among patients with delayed infusions, 
80% had TL below 5 μg/mL, in comparison to 
55% of patients that were not late (Figure 5(b), 
OR: 2.18, CI: 1.63–2.92, p < 0.001).

We then analyzed the associations between delays 
in infusion schedule and prospective same time-
point clinical scores. The clinical scores on infu-
sion day were analyzed for the 60 patients 
included in the adjusted analysis. 834 clinical 
scores (HBI/SACCAI) were available at the same 

Figure 3. Delaying infusions by >3 days (>59 days from previous infusion) resulted in a significant decline in 
infliximab drug levels. *Delayed infusions by more than 3 days. **Shortening the interval by 1 week (49 days 
from previous infusion) showed significant increase in TL.
∆ TL, the difference in TL (μg/ml) from scheduled therapy.
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time-points of TL measurements (68% of sub-
analysis visits) and were analyzed accordingly. In 
our cohort, neither TL below 3 μg/mL nor below 
5 μg/mL were associated with active disease (OR: 
1.22, CI 0.78–1.9, p = 0.37, and OR: 0.92, CI: 
0.58–1.45, p = 0.73, respectively). Deviations 
from infusion schedule were also analyzed in 
association with clinical remission status. No sig-
nificant correlation was seen between arriving late 
or early for an infusion (up to ±7 days from the 
scheduled 8 weeks interval) and disease activity 
(OR: 1.01, CI: 0.73–1.39, p = 0.94). Finally, an 
analysis of clinical/endoscopic remission status, 
based on the previous 3 months was performed in 
association with being late for infusions. Hence, 
patients with >55% of total infusions being over-
due (>3 days delay) were classified as late. No 
association was detected between arriving mostly 
late for infusions and the patients remission status 
in our cohort (p = 0.15, CI: 0–1.99).

Discussion
Higher IFX levels, and specifically, IFX TL higher 
than 3 μg/mL, have been associated with better 

Table 1. Sub-analysis population: demographic and clinical characteristics.

N* 60

Total number of sera 1226

Number of TL measurements per patient 
(median, IQR)

18.5 (14–25)

Male, n (%) 32 (53.3)

CD, n (%) 48 (80)

UC, n (%) 12 (20)

Age at diagnosis, years (median, IQR) 22 (16–25)

Weight at induction, kg (median, IQR) 64.5 (55–78)

Infliximab dose, n (%) 5 mg/kg – 52 (86.7)

 10 mg/kg – 7 (11.7)

Concomitant immunomodulator therapy, n (%) 23 (38.3)

Previous immunomodulator therapy, n (%) 49 (81.7)

CD, Crohn’s disease; IQR, interquartile range; TL, trough-levels; UC, ulcerative 
colitis.
*Number of patients with over 10 consecutive infliximab trough level  
measurements within scheduled therapy patients.

Figure 4. Delaying infusions for >4 days results in a significant decline in infliximab drug levels in the sub-
analysis population. *Delayed infusions by more than 3 days. **Shortening the interval between infusions by 4 
to 7 days from regular eight-week interval, showed significant increase in TL.
TL, trough level; ∆TL, the difference in TL (μg/mL) from scheduled therapy.
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therapeutic outcomes.24–29 The optimal TL range 
was suggested by prospective studies to be 3–7 μg/
mL, although many others suggest that even 
higher TL are required to achieve mucosal heal-
ing.10,13,30 At any rate, measuring TL upon clinical 
worsening (i.e. reactive therapeutic drug monitor-
ing) has been proven to result in better therapeutic 
decision-making in both adult and pediatric 
patients with IBD31 and thus to improve patient 
outcome and to save costs.32 Episodic IFX ther-
apy and remarkable delays from infusion routine 
have been associated with immunogenicity and 
detrimental outcomes.33,34 Furthermore, it was 
shown in many studies that marked deviations 
from scheduled infusion protocol (due to concur-
rent illness/infection/lack of adherence) result in 
lower drug levels, worse clinical outcomes, and 
increased disability.35–39 However, scarce data 
exist as to the effect of minor deviations on patient 
outcome. As this study aimed to explore subtle 
changes, patients with a deviation of over 7 days 
from scheduled therapy (above 9 or less than 7 
weeks since last infusion) were excluded.

A Canadian study reported that adherence to 
maintenance IFX therapy was as low as 32%;40 
however, no distinction was made between 
patients late for infusions, versus those skipping 
infusions. Moreover, it has been shown that only 
one-third of CD patients were compliant with 
maintenance schedule, in comparison to induc-
tion therapy, when three quarters of patient were 

adherent to schedule.40 In another study, patients 
who were late for purchasing their subcutaneous 
biologics (adalimumab/certolizumab) by over 2 
days, had significantly increased risk of flares.41 
As we encourage patients to lead a normal daily 
routine, with minimal interferences due to their 
chronic illness, it is important to define how much 
flexibility is allowed in terms of deviations from 
infusion protocol. Our results suggest that for 
patients on long-term IFX maintenance therapy, 
deviations from infusion protocol by 3 days or 
less can probably be allowed. However, larger 
gaps between IFX infusions could result in lower 

Table 2. Association of demographic factors with infliximab trough  
levels.

Parameter Wald-chi square Significance level (p)

Time from last visit 58.51 0.001

Age at diagnosis 3.28 0.07

Gender 0.38 0.535

IBD type (CD/UC) 1.98 0.159

Weight at induction 2.19 0.138

Infliximab dose (5/10 mg/kg) 0.21 0.646

Concomitant 
immunomodulator therapy

0.46 0.496

CD, Crohn’s disease; IBD, inflammatory bowel disease; UC, ulcerative colitis.

Figure 5. Patients arriving more than 4 days late of schedule had a greater prevalence of subtherapeutic 
levels: (a) infliximab TL below 3 μg/mL and (b) TL below 5 μg/mL, than patients that were not late.
TL, trough level.
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trough serum levels (lower by a median of 0.9 μg/
ml at 4 to 7 days from schedule) which could be 
associated with deleterious therapeutic outcome. 
To our knowledge, our study is the first to address 
the association of time between infusions versus 
IFX levels in serially treated IFX patients. These 
results should also be borne in mind by physicians 
interpreting results of TDM measurements in 
real life, where exact infusion dates may be often 
be overlooked but may impact the interpretation 
of TLs obtained.

In this study, inspecting small deviations from 
infusion protocol, there was no clear correlation 
between being late or early for an infusion and the 
patient’s clinical status. This counter-intuitive 
finding suggests that clinical factors mainly drive 
patients to receive an earlier-then-scheduled infu-
sion. It seems that some of the patients schedule 
their own infusions based on their clinical status. 
Thus, additional studies are required to deter-
mine whether patients allow larger delays in ther-
apy when they are in remission, and schedule 
earlier infusions when they feel worse. Previous 
publications have also suggested that patients in 
remission can often withdraw/delay biological 
therapy, without significant worsening.42 
Moreover, it has been shown that in patients who 
are in clinical and endoscopic remission despite 
low IFX levels, drug discontinuation probably 
does not lead to detrimental outcomes.43 This 
goes in line with our findings that patients who 
were doing well were more often late for infu-
sions, which resulted in lower TLs. It is of note 
that a causative effect has been identified between 
TL and clinical outcome. However, we presume 
that when performing same-point analysis of TL 
and clinical score, the cause and effect relation-
ship cannot be assessed and the effect of delaying 
an infusion on drug levels is not possible to assess. 
Furthermore, as deviations in drug levels have 
been subtle following minor delays in infusions 
(median 4.1, IQR 2.3–6.5μg/ml), they were 
mostly within the therapeutic range, thus proba-
bly not affecting response to therapy in most 
cases.

Interval between infusions was the only signifi-
cant factor affecting IFX levels in our study. This 
goes in line with known pharmacokinetics,44 
whereby after intravenous administration, slow 
degradation of IFX takes place by non-specific 
proteases, in a linear manner with no accumula-
tion of the drug in body compartments between 

intervals.45 Concomitant immunomodulator use 
was previously associated with decreased ATI 
formation and IFX clearance in both adult and 
pediatric CD patients.46,47 However, no clear 
association between combination immunomodu-
latory use and IFX TL was detected in our cohort. 
This may be due to the fact we focused on patients 
on long-term maintenance therapy, whereas the 
use of immunomodulators probably affects 
immunogenicity and IFX TL48–50 most notably 
during induction period/first 6 months of ther-
apy.51,52 Furthermore, as measurements of 
metabolites (6TGN/6MMP) of immunomodula-
tors were not regularly performed in our medical 
center, compliance issues may have affected the 
outcomes of this analysis. The effect of patient 
gender on serum TL was described elsewhere for 
a variety of monoclonal antibodies.53,54 It was pre-
viously suggested that gender and weight often 
correlate and the increased clearance may actu-
ally be related to the patient weight;2 however, it 
was demonstrated by prospective studies that 
higher clearance rate and central compartment 
concentration of IFX 55 and lower TL was seen in 
men.56 This association was demonstrated incon-
sistently,29 and no effect of gender on patient IFX 
TL was seen in our sub-analysis group. IFX dos-
age is adjusted according to patients’ weight. 
Nevertheless, it seems to have a non-linear effect 
on the clearance of monoclonal antibodies2 in a 
mechanism not entirely clear, thought to involve 
the proinflammatory effect of mesenteric fat in 
the production of inflammatory mediators such 
as TNF-α.57 At any rate, in our cohort patient 
weight did not impact the drug TL, similarly to 
previous publications.58 IFX dose has been previ-
ously positively associated with higher IFX lev-
els.59 In our study, no such association was found, 
probably because in this real-life observational 
study drug levels were reactively adjusted accord-
ing to serum levels in individual patients.

Our study has several limitations. Although our 
database included over 10,000 sera, some of the 
sub-analyses were limited by serum numbers, 
such as the adjusted sub-analysis among UC 
patients. Patient’s albumin and CRP levels were 
not routinely measured with TL at time of infu-
sion and therefore were not included in this study. 
Furthermore, different numbers of sera were ana-
lyzed per each patient. To overcome this, GEEs 
was utilized. Moreover, it is debatable whether 
arriving late for an infusion can be considered as 
a violation of adherence, particularly when 
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adapted on other grounds than patient wishes; 
therefore, no implication on patient adherence 
could be deduced from our data, nor the reason 
for individual delays from schedule. Finally, in 
this study, clinical scores were evaluated at the 
same time-point of TL measurements. Although 
this enables evaluation of association between the 
two parameters, causality is lacking when per-
forming same time-point analysis.

To conclude, real-life delays from maintenance 
infusion protocol of 30 days or less can probably 
be allowed. Delays beyond that would notably 
decrease TL, which should be borne in mind 
when interpreting drug levels. Furthermore, it 
seems that patients allow larger delays in therapy 
when they are in remission and prompt the staff 
to schedule earlier infusions when they feel worse. 
This suggests that most patients navigate therapy 
according to personal well-being. Corroborating 
studies ought to explore associations between 
delays in infusion protocol and endoscopic scores. 
A comparison with an infusion center where infu-
sions are scheduled by the staff solely might dem-
onstrate a different aspect as to the significance of 
delays in IFX therapy schedule.
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