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Summary

Introduction. Recently, a subcutaneous formulation of in-
fliximab was approved. The switch from intravenous inflix-
imab to subcutaneous infliximab may improve convenience, 
but data on pharmacokinetics and immunogenicity are lim-
ited. We aimed to compare the efficacy and tolerability of 
subcutaneous infliximab and to assess whether the formu-
lation results in higher plasma levels of infliximab. Meth-
ods. Retrospective, single-center cohort study. Patients with 
Crohn’s disease or ulcerative colitis, 18 years of age or older, 
clinically stable, receiving intravenous infliximab (5mg/kg 

every eight weeks) for more than 6 months were switched. 
Subcutaneous infliximab (120 mg) was administered every 
2 weeks. Clinical and analytical evaluations were performed 
on day 0, week 2, week 8, and week 16. Plasma levels of 
infliximab and anti-drug antibodies were measured at these 
time points. Results. 41 patients included (27 with Crohn’s 
disease and 14 with ulcerative colitis. Azathioprine was ad-
ministered concomitantly in 47.6%. All patients remained  
in clinical remission. Analytical biomarkers remained sta-
ble. Treatment persistence: 95.1%. Median plasma levels 
of infliximab at day 0, week 2, week 8, and week 16: 4.89 
(3.25 - 7.27), 9.17 (7.89 - 12.6), 19.91 (15.02 - 21.64) 
and 21.55 (17.18 - 29.57) ug/mL, respectively. Statistical-
ly significant difference of plasma levels of infliximab in day 
0 vs. week 2 and week 2 vs week 8. Azathioprine resulted 
in a statistically significant difference in plasma levels of 
infliximab only at day 0 (not at week 2, week 8, or week 
16). Plasma levels of infliximab at week 2, week 8, and 
week 16, but not at baseline, were statistically associated 
with body mass index. No anti-drug antibodies were de-
tected. No severe adverse effects. Three patients developed 
injection site reactions. Three patients developed arthral-
gia of undetermined significance. Conclusions. Switching 
from intravenous infliximab to subcutaneous infliximab 
maintained clinical response. Plasma levels of infliximab 
at week two were still lower than expected, considering the 
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results at week eight. A possible advantage of subcutaneous 
infliximab may be the diminished necessity for concomitant 
immunomodulators.

Keywords. Crohn disease, ulcerative colitis, subcutaneous 
infliximab, intravenous infliximab, inflammatory bowel 
disease.

Del Infliximab intravenoso al subcutá-
neo: ¿igual pero diferente? Evidencia 
del mundo real de un centro terciario

Resumen

Introducción. Recientemente, se aprobó una formulación 
subcutánea de infliximab. El cambio de infliximab intra-
venoso a infliximab subcutáneo puede mejorar la comodi-
dad de la administración, pero los datos sobre farmacociné-
tica e inmunogenicidad son limitados. Nuestro objetivo fue 
comparar la eficacia y tolerabilidad de infliximab subcu-
táneo y evaluar si la formulación resultó en niveles plasmá-
ticos más altos de infliximab. Métodos. Estudio retrospec-
tivo de cohorte de un solo centro. Se realizó un cambio en 
el tratamiento de los pacientes con enfermedad de Crohn o 
colitis ulcerosa, mayores de 18 años, clínicamente estables, 
que recibían infliximab intravenoso (5 mg/kg cada 8 se-
manas) durante más de 6 meses. Se les administró cada dos 
semanas infliximab por vía subcutánea (120 mg). Se reali-
zaron evaluaciones clínicas y analíticas en: día 0, semanas 
dos, ocho y 16. En esos momentos se midieron los niveles 
plasmáticos de infliximab y los anticuerpos antifármacos. 
Resultados. Fueron incluídos 41 pacientes (27 con enfer-
medad de Crohn y 14 con colitis ulcerosa). Al 47,6% se les 
administró concomitantemente azatioprina. Todos los pa-
cientes mantuvieron la remisión clínica. Los biomarcadores 
analíticos se mantuvieron estables. Persistencia del trata-
miento: 95,1%. La mediana de los niveles plasmáticos de 
infliximab en el día 0 y las semanas dos, ocho y 16 fue 4,89 
(3,25 - 7,27), 9,17 (7,89 - 12,6), 19,91 (15,02 - 21,64) 
y 21,55 (17,18 - 29,57) μg/mL, respectivamente. Los ni-
veles plasmáticos de infliximab presentaron una diferencia 
estadísticamente significatival en el día 0 vs. las semanas 
dos y ocho. La azatioprina condujo a una diferencia esta-
dísticamente significativa en los niveles plasmáticos de in-
fliximab solo en el día 0 (no en las semanas dos, ocho y 16). 
Los niveles plasmáticos de infliximab en las semanas dos, 
ocho y 16, no en el inicio, se asociaron estadísticamente con 
el índice de masa corporal. No se detectaron anticuerpos 
antifármacos. No hubo efectos adversos graves. Tres pacien-
tes desarrollaron reacciones en el lugar de la inyección. Tres 
pacientes desarrollaron artralgia de significado indetermi-

nado. Conclusiones. El cambio de infliximab intravenoso 
a infliximab subcutáneo mantuvo la respuesta clínica. Los 
niveles plasmáticos de infliximab en la semana dos todavía 
eran más bajos de lo esperado, considerando los resultados 
en la semana ocho. Una posible ventaja del infliximab sub-
cutáneo puede ser la disminución de la necesidad de admi-
nistrar inmunomoduladores concomitantes.

Palabras claves. Enfermedad de Crohn, colitis ulcerosa, 
infliximab subcutáneo, infliximab intravenoso, enfermedad 
inflamatoria intestinal.

Abbreviations

IBD: Inflammatory bowel disease.
IFX: Infliximab.
CD: Crohn’s disease.
UC: Ulcerative Colitis.
TNF: Tumor necrosis factor.
iv: Intravenous.
sc: Subcutaneous.
ivIFX: Intravenous Infliximab.
scIFX: Subcutaneous Infliximab.
IFXpl: Plasma levels of IFX.
SCCAI: Simple Clinical Colitis Activity Index.
HBI: Harvey-Bradshaw Index.
BMI: Body mass index.
FCP: Fecal calprotectin.
CRP: C-reactive protein.

Introduction

Inflammatory bowel disease (IBD) is one of the most 
common immune-modulated diseases worldwide, and its 
incidence is increasing.1 The pathophysiology and risk 
factors underlying this condition are still under debate, 
and widely effective therapies are yet to be discovered. 
Infliximab (IFX) is one of the most commonly used drugs 
for the treatment of Crohn’s disease (CD) and ulcerative 
colitis (UC). IFX is a chimeric anti-tumor necrosis factor 
(TNF) antibody. Many years after its introduction, this 
monoclonal antibody remains one of the most effective 
tools available for the treatment of these diseases.2 Eu-
ropean and American guidelines recommend infliximab 
as first-line treatment for the induction and maintenance 
treatment of moderate to severe UC and CD.3-6

IFX has been administered as an intravenous (iv) for-
mulation. Nonetheless, iv administration can have an 
impact on the quality of life of patients, as it indicates a 
dependence on hospital visits and a long infusion time. 
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Additionally, iv drugs have created a huge demand for 
nurses and hospital facilities. Switching from an iv to a 
subcutaneous (sc) formulation has shown a tendency to 
increase patient convenience and satisfaction.7

In addition, to reduce the immunogenicity of IFX, an 
immunomodulator is recommended concomitantly with 
the iv formulation.3-6 This results in a higher risk of side 
effects and less convenience for patients, who not only 
have to take the injections, but also have to take the drug 
orally every day.

A new sc formulation of IFX (CT-P13 SC) was recent-
ly approved by the European Medicines Agency, initially 
in rheumatoid arthritis and IBD.8 The safety and efficacy 
of switching from intravenous Infliximab (ivIFX) to sub-
cutaneous Infliximab (scIFX) has been evaluated,9-11 but 
studies of this transition in a real-world setting are still 
scarce. In addition, pharmacokinetic and immunogenic-
ity data are limited.12 Iv administrations results in rapid 
and high peak plasma concentrations of the molecules. In 
contrast, sc biologics are absorbed more slowly, leading to 
lower and broader peak concentrations, resulting in more 
stable and homogenous concentrations over time.

Consequently, it has been hypothesized that this for-
mulation may lead to less formation of anti-drug anti-
bodies due to its unique pharmacokinetic properties.12

In fact, a recent randomized controlled trial evaluating 
the efficacy and safety of this new formulation showed 
that scIFX resulted in less anti-IFX antibodies formation 
than ivIFX.12

Thus, we aimed to assess the symptomatic and analyt-
ical efficacy and tolerability of scIFX. We also wanted to 
confirm whether this formulation resulted in higher plasma 
IFX levels (IFXpl) and to evaluate the clinical and analyti-
cal factors that may influence IFXpl in a real-world setting.

Materials and Methods
Ethical considerations
The project was conducted in accordance with good 

clinical practice and adhered to the ethical principles of 
the Declaration of Helsinki. All data were anonymized 
before the analysis. Written informed consent was ob-
tained prior to inclusion in this study.

Study design
This retrospective single-center cohort study was con-

ducted in a tertiary hospital in Portugal. The transition 
from iv to sc IFX was performed.

Patients were aged 18 years or older, with either UC 
or CD, undergoing maintenance therapy with ivIFX 
(5 mg/kg every eight weeks) (without prior biologic ther-
apy prior to infliximab) for more than 6 months, clinical-
ly stable (Simple Clinical Colitis Activity Index (SCCAI) 

< 3 or Harvey-Bradshaw Index (HBI) < 5), and normal 
C-reactive protein (CRP). In addition, all patients with 
prior anti-drug antibodies were excluded from the study. 
All patients who switched between September 2021 and 
July 2022 were included. The follow-up period was de-
fined as the time from the first dose of scIFX to the end 
of December 2023.

Baseline information collected included age, age at 
diagnosis, weight, duration, extent and location of the 
disease, presence of perianal disease, time from diagno-
sis to the initiation of scIFX, history of prior abdominal 
surgery for IBD, concomitant use of immunomodulators 
or corticosteroids, body mass index (BMI), SCCAI and 
HBI, biomarkers (fecal calprotectin (FCP) and C-reactive 
protein (CRP), IFXpl, and anti-drug antibodies prior to 
scIFX initiation. We also evaluated the median IFXpl for 
the year preceding the transition. The concomitant use 
of immunomodulators was not discontinued during the 
study period. Categories of patients with respect to disease 
behavior were created according to the Montreal classifi-
cation to homogenize patients’ subgroups characteristics.

ScIFX was administered at 120 mg every other week. 
The initial administration of scIFX coincided with the 
last intravenous dose. Clinical and analytical evaluations 
were performed on day 0 (d0) and at weeks two (w2), 
eight (w8), and 16 (w16) after initiation of treatment. 
The analytical evaluation included the assessment of 
CRP, FCP, hemoglobin, leukogram, albumin, alkaline 
phosphatase, alanine transaminase, and creatinine. One 
year after the initiation of scIFX, an additional clini-
cal and analytical assessment of FCP was conducted. 
IFXpl and anti-drug antibodies were also measured at 
these time points. This assessment was performed imme-
diately before the next dose. The LISA-TRACKER kit 
from Theradiagnostics was used. Positive anti-drug anti-
bodies were defined as those with a concentration higher 
than ≥ 10 AU/mL. Adverse events, discontinuations, and 
dose escalations were recorded. 

Clinical remission was defined as SCCAI < 3 or HBI 
< 5, and analytical remission was defined as FCP 
≤ 150ug/mg and CRP ≤ 1.5 mg/dL.

Outcomes
The primary outcome was the maintenance of clinical 

and analytical remission. Secondary outcomes included 
clinical and analytical factors associated with IFXpl and 
anti-drug antibodies, and the proportion of patients with 
adverse events or discontinuation of therapy.

Statistical analysis
Data were analyzed using Stata (StataCorp LP®) (ver-

sion 16.0). Descriptive statistics were used to describe 
clinical and analytical data at baseline and throughout fol-
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low-up. Continuous variables were described as median 
and interquartile range (IQR), and categorical variables 
as frequencies. Comparisons of CRP, FCP, hemoglobin, 
albumin and IFXpl between time points were performed 
using the Wilcoxon signed-rank test. Univariate analy-
sis of factors associated with IFXpl was performed using 
the Wilcoxon rank-sum test (categorical or binomial 
variables) and Spearman’s correlation with Bonferroni 
correction (continuous variables). Multivariate analysis 
of the factors associated with IFXpl was performed using 
median regression. Factors with a p < 0.2 in the univariate 
analysis and those that were clinically relevant were used 
for multivariable analysis. Statistical significance was set 
at p < 0.05.

Results
Patient characteristics
We included 41 patients, 31.7% of whom were male. 

CD was present in 27 (65.9%) patients and 14 (34.1%) 

had UC. The median age of the patients was 32 years 
(IQR 28-45). The median BMI was 23.3 (IQR 20.7-
27.3). Before the transition, 47.6% of the patients were 
on concomitant immunomodulators, all of whom re-
ceived azathioprine. The previously administered intra-
venous infliximab was a biosimilar. None of the patients 
were receiving concomitant corticosteroids. Demograph-
ic, clinical, and analytical characteristics of the patients at 
baseline are summarized in Table 1.

Median follow-up period was 25 months (IQR 
22-26). All patients maintained clinical remission. 
CRP levels remanined approximately stable during 
the study period (Figure 1). With regard to FCP, 
only one patient developed a marked elevation of this 
biomarker (with posterior normalization), in contrast 
to the rest of the cohort, whose levels remained stable 
throughout the whole follow-up period, as shown in 
Figure 2.

Demographic, clinical and analytical characteristics of patients included, at baseline

Age at diagnosis (years) (IQR)	 22 (17-29)
Age at time of the transition (years) (IQR)	 32 (28-45)
Male			   31.7%
Type of IBD
		 UC	 14	 (34.1%)
			  E2	 7 (50%)
			  E3	 7 (50%)
		 CD	 27	 (65.9%)
			  L1	 11 (40.7%)
			  L2	 3 (11.1%)
			  L3	 13 (48.2%)
			  L4	 2 (7.4%)
			  B1	 20 (70.1%)
			  B2	 4 (14.8%)

			  B3	 3 (11.1%)

	Perianal disease		  10 (24.4%)

	Duration of IBD at baseline (years) (IQR)	 10 (6 - 18)

	Body mass index (kg/m2)	 23.3 (20.7 - 27.3)

Infliximab at baseline

		 Median trough level (ug/mL) (IQR)	 4.9 (3.25 - 7.27)

Concomitant azathioprine 	 47.6%

Biomarkers at baseline (IQR)

		 CRP (mg/dL)	 0.16 (0.7 - 0.47)

		 FCP (ug/mg)	 40 (21 - 66)

		 Albumin (mg/dL)	 4.3 (4.05 - 4.4)

		 Hemoglobin (g/dL)	 13.7 (13.1 - 15)

Table 1. Demographic, clinical and analytical characteristics of patients included at baseline 
(N = 41 patients) who underwent a transition from intravenous to subcutaneous infliximab

CD: Crohn’s disease; CRP: C-reactive protein; FCP: fecal calprotectin; IBD: inflammatory bowel disease; IQR: inter-quartile 
range; UC: ulcerative colitis. Categories of patients according to Montreal classification
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Figure 1. Serum C-reactive protein levels throughout the study (evaluations at baseline, w 2, w 8 and w 16)
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Figure 2. Fecal calprotectin serum level throughout the study (evaluations at baseline, w 2, w 8, w 16 and after one year 
of follow-up)
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Effect of clinical and biochemical variables on in-
fliximab plasma levels

IFXpl measured at w 2, w 8, and w 16, but not at 
baseline, had a statistically significant association with 
BMI. Azathioprine showed a statistically significant 
association with IFXpl at day 0, but not at w 2, w 8, 
and weeks 16. No statistically significant association 
was found between IFXpl at different time points and 
type of IBD, age, sex, time from diagnosis to initiation 
of IFX, albumin or hemoglobin levels, FCP, and CRP 
(Table 2).

No statistically significant associations were found in 
the multivariable analysis.

Adverse events and treatment continuation
No serious adverse events were documented.
Regarding treatment persistence, two patients discon-

tinued treatment during the follow-up: one patient re-
turned to ivIFX by personal choice, and one patient had 
to switch to another biologic therapy (vedolizumab) due 
to an adverse event (arthralgias of undetermined signifi-
cance). This represents a treatment continuation rate of 
95.1%. No patients had to be dose escalated or switched 
to another biologic therapy due to loss of efficacy.

In terms of adverse events, three patients developed 

Pharmacokinetics of infliximab
The median IFXpl at d0, w2, w8 and w16 were 4.89 

(3.25 - 7.27), 9.17 (7.89 - 12.6), 19.91 (15.02 - 21.64) 
and 21.55 (17.18 - 29.57) ug/mL, respectively. The 
difference between the median IFXpl in the year pre-
ceding the transition and IFXpl on d0 was not statis-
tically significant. A statistically significant difference 
was found between the median IFXpl values at differ-
ent time points (d0 vs. w2 and w2 vs. w8) (Figure 3). 
The difference between the IFXpl values at w8 and 
w16 was not statistically significant (p = 0.09).

No patient developed detectable anti-drug antibodies.

Figure 3. Infliximab plasma levels throughout the study (evaluations at baseline, w2, w 8 and w 16)
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IFXpl week 16IFXpl week 8IFXpl week 2IFXpl day 0

		 BMI	 Aza	 Alb	 CRP	 FCP

IFXpl Day 0	 0.522	 0.043	 0.157	 0.388	 0.642
IFXpl week 2	 0.009	 0.255	 0.489	 0.086	 0.786
IFXpl week 8	 0.049	 0.175	 0.688	 0.011	 0.156
IFXpl week 16	 0.017	 0.123	 0.397	 0.708	 0.759

Table 2. Association between infliximab plasmatic levels 
at different time points and azathioprine, body mass index 
and biomarkers in study population (N=41 patients) that 
underwent a transition from intravenous to subcutaneous 
Infliximab (Wilcoxon Sign rank test; statistical significance 
with p < 0,05)

IFXpl: infliximab plasmatic levels; BMI: body mass index; Aza: Azathioprine; 
Hb: Hemoglobin; Alb: Albumin; CRP: C-reactive protein; FCP: fecal calprotectin.
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injection site reactions and three patients developed ar-
thralgia of undetermined significance. As previously 
mentioned, in one case of arthralgia, the patient initiat-
ed treatment with vedolizumab; in the other cases, two 
patients with arthralgia and three patients with injection 
site reactions, the adverse events resolved spontaneously, 
and the patients continued to use scIFX.

Discussion

IFX is still the first-line therapy for moderate-to-se-
vere CD and UC, both for induction and maintenance 
of remission.3-6 Recently, a new scIFX formulation was 
approved. This formulation has been associated with 
increased convenience and patient satisfaction.7 In our 
cohort, there was a high rate of treatment persistence, 
consistent with previous studies.13

The clinical efficacy, tolerability, and satisfaction 
with scIFX in patients with IBD have been report-
ed.9-11,13,14 In our cohort, there were no cases of clini-
cal relapse, and only one patient developed transitory  
biomarker elevations. Moreover, previous studies have 
shown that few patients develop anti-IFX antibod-
ies.9,13,14 In our study, none of the patients developed 
anti-IFN antibodies. This supports the idea that the 
transition from IV to scIFX does not lead to a loss of ef-
ficacy or tolerability in IBD. However, the authors not-
ed that the absence of relapse may be due to the strict 
selection of patients in this transition.

Pharmacokinetics differ depending on the route of 
administration. In scdrugs, the Ctrough (blood plasma 
concentration of the drug immediately before the next 
administration) is higher because plasma concentra-
tions are more stable and do not reach high peak or low 
trough concentrations, unlike the pharmacokinetics of 
intravenous drugs. In fact, it has been confirmed that 
IFXpl in sc formulations can be measured at any time 
point during the cycle.15 In our patients, IFXpl levels 
were higher than those in iv formulations, consistent 
with previous studies.9,10 Nevertheless, the IFXpl on 
w2 was much lower than that on w8 and w16. From 
w2 to w8, there was a significant increase in IFXpl, 
and between w8 and w16, the levels were more stable 
with statistically significant differences. Consequently, 
the authors hypothesized that during the first week, 
the area under the curve is not sufficient for adequate 
exposure to IFX. This may lead to a loss of anti-drug 
antibodies response. The authors consider that the ini-
tiation of the sc formulation one or two weeks before 
the end of the ivIFX cycle would avoid a window of 
reduced drug exposure. This introduction may be con-

sidered for patients on higher doses or shorter intervals 
of ivIFX.

Azathioprine administered concomitantly with IFX 
induces higher rates of clinical remission than IFX 
monotherapy.4,16 These findings also apply to ivIFX. 
Nevertheless, combination therapy may lead to higher 
rates of mostly infectious adverse events.4,17 Regard-
ing scIFX, it has been suggested that this formulation 
may be associated with reduced immunogenicity due to 
more stable plasma levels.12 In our study, we verified 
that azathioprine given  concomitantly to IFX influ-
ence intravenous IFXpl, but not subcutaneous IFXpl. 
The authors suggest that scIFX may lead to improved 
pharmacokinetic properties and consequently increased 
plasma exposure to the drug. This may lead to a reduced 
need for immunomodulators, which may be an advan-
tage of sc formulations.

However, it remains unclear whether scIFX doses 
should be individualized. Our group tried to identify 
the clinical and analytical factors that could potential-
ly influence IFXpl. Inter-individual variation of IFXpl 
may be explained by body weight, but IFXpl modified 
by BMI has not been consistent across the studies.18 
Buisson et al. investigated this association, but did not 
reach any conclusion possibly due to a low BMI in the 
majority of patients.9 In fact, in our study, higher BMI 
was statistically associated with lower IFXpl at the three 
time points of evaluation. The possible need for dose 
optimization in overweight patient needs to be consid-
ered in future prospective studies.

Our study revealed a treatment persistence rate of 
95.1%, one of the highest compared to previous stud-
ies,13 which may be related to the high selection of our 
patients, which may have led to very good results in 
terms of efficacy.

Regarding adverse events, three patients in our co-
hort developed injection site reactions and three pa-
tients developed arthralgia of undetermined signifi-
cance. One of these patients had a history of arthralgias 
that worsened after switching prior to scIFX initiation, 
leading to a change of biological agent in one patient. 
The remaining two patients had spontaneous resolution 
of this condition. None of the patients had detectable 
anti-IFX antibodies.

The main strengths of our study are as follows: a 
real-world analysis of a switch from intravenous to 
subcutaneous IFX, confirming its efficacy and safety. 
Moreover, in our study, we found that IFXpl of the 
sc formulation was not influenced by azathioprine, 
and a lower IFXpl was found in patients with a high-
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we did not evaluate the efficacy of transition in patients 
without a clinical or analytical remission. Patients with 
higher biomarkers may require dose escalation.9 In ad-
dition, we did not assess the efficacy of transition in 
patients receiving ivIFX > 5mg/kg and with less than 
eight weeks between administrations. Buisson et al. 
showed that these patients represent a population in 
which dose intensification may be required.9 Finally, 
this study should be continued over time with longer 
follow-up periods to assess all these variables and to 
see the need for drug optimisation as this study does 
not exceed the time in which most anti-TNFs would 
lose efficacy.

In the future, the authors see the need for studies 
with longer follow-up periods to assess the long-term 
efficacy and adherence to these subcutaneous formu-
lations. In addition, studies are needed to evaluate the 
details of the pharmacokinetics of this drug and to 
identify patients in whom dose optimization would be 
beneficial.

Conclusion
In conclusion, switching from ivIFX to scIFX is a 

safe option in the maintenance treatment of UC and 
CD. ScIFX showed similar efficacy and tolerability 
compared to iv formulations and plasmatic levels of 
scIFX are influenced by BMI but not by concomitant 
azathioprine. Concomitant use of azathioprine may not 
be beneficial and patients with higher BMI may need 
optimized doses of scIFX.
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