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Background: This study investigated the risk factors of infliximab (IFX)-related infusion reactions (IR) in Chinese patients
with inflammatory bowel disease (IBD).

Material/Methods: The medical records of 330 consecutive IBD patients treated with IFX between 2009 and 2017 were reviewed.
The incidence of IR and adverse effects were recorded in detail, and the potential risk factors related to IR were
analyzed by univariate and logistic regression analysis.

Results: The 330 patients received a total of 2108 IFX infusions, with a median follow-up of 29 months. Eighteen pa-
tients (5.5%) experienced IR: 15 were immediate (2 severe) and 3 were late (0 severe). The patients who were
treated with episodic IFX without concomitant IM therapy and at the 2" IFX series (all P<0.001) had higher in-
cidence of IR. Logistic regression revealed the 2" IFX treatment series (OR=0.017, P<0.001) and episodic use
of IFX (OR=0.113, P<0.001) as the significant predictors. Antibodies against infliximab (ATI) were highly posi-
tive in 10 of 14 patients (71%) with IR. Sixty-seven percent of patients finished infusions after IR through ap-
propriate management.

Conclusions: IFX infusions were accompanied by IR in about 5% of Chinese IBD patients. Severe IR was rare. The patients
with the 2" series or episodic use of IFX should be monitored closely during infusion.
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Background

Infliximab (IFX) (Remicade, Centocor) is a chimeric monoclonal
antibody designed to intercept and neutralize soluble and mem-
brane-bound tumor necrosis factor alpha (TNF-o), consisting
of human constant and murine variable regions. Since 1998,
IFX has revolutionized the treatment of inflammatory bowel
disease (IBD). It is effective in induction and remission of
fistulizing Crohn’s disease (CD) and steroid-dependent mod-
erate-to-severe ulcerative colitis (UC) [1,2]. However, admin-
istration of IFX is associated with a well-recognized risk of in-
fusion-related adverse events, such as infusion reactions (IR),
autoimmune disorders, malignancies, opportunistic infections,
and serious infections, including reactivation of tuberculosis
and hepatitis B virus in patients with IBD in Western coun-
tries [3,4]. The exact etiology and pathogenesis of IR are un-
clear. The possible mechanisms may be related to cytokine re-
lease syndrome caused by massive and simultaneous release
of cytokines from TNF-expressing immune cells affected by
IFX [4], activation of neutrophils [5], degranulation of mast
cells and basophils [6], or circulating IFX- antibodies to inflix-
imab (ATI) complexes activating complement [7].

The majority of published IFX-related studies in Chinese
IBD patients were related to the effectiveness of IFX [8-11].
However, few reports focused on adverse events. IFX is still the
only available biological agent for IBD in China. After the oc-
currence of IR and other adverse effects, the continuing ther-
apy of IFX and its clinical effectiveness may be challenged
by both patients and doctors. Therefore, in this study, we in-
vestigated the tolerance and safety of IFX therapy in Chinese
IBD patients. We found that the rate of IR (5.5%) in Chinese
IBD patients was similar with the data previously reported in
Western countries [12]. The patients with the 2" IFX treat-
ment series or episodic use of IFX had high risk of IR occur-
rence. Antibodies against infliximab (ATI) may contribute to
IR (71%, 10/14). Although having IR, 67% of patients still fin-
ished infusions after IR through appropriate management.
Short- and long-term IFX therapy was generally well tolerated
in these Chinese patients.

Material and Methods

Patients

A retrospective cohort study was conducted by collecting clin-
ical data associated with 330 cases of patients diagnosed
with IBD (including 309 CD cases and 21 UC cases) who re-
ceived IFX treatment at the Department of Gastroenterology
of the Shanghai Tenth People’s Hospital affiliated with
Tongji University (Shanghai, China) from January 2009 to
May 2017. The diagnosis of CD and UC was confirmed in all
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cases by reviewing patient’s medical, endoscopic, radiolog-
ical, and pathological records, in accordance with the diag-
nostic criteria published by the European Crohn’s and Colitis
Organization (ECCO) [13]. Patients who were younger than
70 years of age when they first received IFX injection were
included in this study. Data collection started from the first
injection of IFX and ended at the study endpoint or discon-
tinuation of treatment (Table 1). The study protocol was re-
viewed and approved by the Institutional Ethics Committee
of the Shanghai Tenth People’s Hospital of Tongji University
School of Medicine.

Data collection

Data were collected from all patients’ medical records and
safety records. General demography data (age of disease onset,
gender, diagnosis), age of the first IFX injection, schedules of
infusions, IR (immediate or late), treatment after IR, pretreat-
ment before IFX infusion, severity grades, IFX outcome after IR
(stopped, continued, or switched therapy), outcome of infusion
reactions (observation, attenuation of infusion rate, attenua-
tion and medication management, or interruption of infusion
and medication management), regular use of IFX infusion or
episodically (reinitiation after >6 months), concomitant immu-
nomodulators during treatment, other adverse reactions (viral
infection, abscess, tuberculosis, perforation, upper-respiratory
tract infection), and timing of follow-up were recorded in detail.

IFX induction remission treatment was administered at a dose
of 5 mg/kg at 0, 2, and 6 weeks, as described previously [8].
Infusion was administered according to the initial rate schedule,
and the maintenance remission was infused every 8 weeks.
The initiation of maintenance therapy was based on an as-
sessment of the induction of remission therapy.

IRs that developed during the course of the infusion or within
1-2 h of its completion were classified as immediate IR. IRs that
first manifested more than 24 h after infusion were defined as
late IR to IFX [12]. The reactions were divided into 5 severity
grades, ranging from mild (requires observation only); moder-
ate (minimal, usually oral, intervention is sufficient); and se-
vere (vital organ involvement but nothing life-threatening;
usually requires parenteral medication); to life-threatening
(multi-system involvement of vital organs, urgent and critical
care required); and death [12]. All potential complications of
IFX were documented. Concurrent immunosuppressive therapy
was azathioprine (AZA) and methotrexate (MTX) in this study.

The IFX infusion protocol was a graded dose-challenge pro-
tocol [12]. The initial infusions were administered in a highly
controlled manner, beginning with small test doses, followed
by gradual and stepwise escalation of the infusion rate until
the full target rate was reached.
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Table 1. Baseline characteristics of patients in this study.

Parameter* Value

Gender (M/F) 330
”””” Male 237 q18%)
""" Female 93 (82%)
CDisease
""" e 63%)
""" ® 309 @39%
 Duration of follow-up (m), mean (SD) 2008193
 Age at first IFX infusion (yrs), mean (SD)  304:126

El 0 (0%)
E2 2 (9.5%)
E3 19 (90.5%)

Methotrexate 28 (8.5%)

* All values: mean +SD for continuous variables; ** a modifier
that can be added to L1-L3 when concomitant upper
gastrointestinal (Gl); * added to B1-B3 when concomitant
perianal disease is present.
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Pretreatment and clinical management after infusion
reaction

All patients received premedication with dexamethasone 5 mg
intravenously (IV), promethazine 25 mg intramuscular injec-
tion, and omeprazole 40 mg intravenously (IV).

Statistical methods

Mean and SD for continuous variables were used. Descriptive
statistics were calculated to characterize continuous variables
as percentages for discrete data, and medians with range or
interquartile range (IQR). Odds ratios and 95% confidence in-
tervals were calculated for the risk of IR. Univariate analysis
was used to analyze the potential risk factors as disease type,
gender, age at diagnosis, age at first IFX infusion, disease du-
ration at first IFX infusion, number of infusions, IFX infusion,
distribution of reactions during 1t and 2" IFX series and con-
comitant immunosuppression agents during the last IFX treat-
ment by Pearson chi-square or Fisher’s exact test. Comparison
of combined/monotherapy IFX infusion with different types or
severity grades of IR was conducted by use of the chi-square
test or Fisher’s exact test. Variables possibly associated with
reaction were further evaluated in a multiple logistic regression
analysis (enter method; Wald test used for assessing P-values).
P-value was <0.05 and two-sided P-values were considered sta-
tistically significant. SPSS 22.0 software (IBM, Sommers, NY,
USA) was used for statistical analysis.

Results

General patients characteristics

A total of 330 consecutive IBD patients (309 CD patients and
21 UC patients) who received IFX treatment at the IBD center
of the Shanghai Tenth People’s Hospital affiliated with Tongji
University were evaluated in the study (Table 1). A total of
237 male patients and 93 female patients with a median
age of disease onset was 22 years (range, 8-76 years years),
with median age at the first IFX infusion 30 years (range,
13-78 years) were included in this study. Forty-six of the
330 patients (13.6%) were adolescents (age 18 years or
younger). We followed up 311 patients (94.2%) after IFX treat-
ment, and 19 patients were lost to follow-up. The median fol-
low-up was 29 months (range, 1-82 months) with 19 patients
having 1 month of follow-up. A total of 76 patients were fol-
lowed for 1-12 months, 57 patients for 13-24 months, 63 pa-
tients for 25-36 months, 40 patients for 37-48 months, 38 pa-
tients for 49-60 months, 15 patients for 61-80 months, and
3 patients for over 80 months. Table 1 shows that 205 (70.6%)
patients were treated with concomitant immunomodulators
(IM) (205 AZA, 28 MTX).
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Table 2. Characteristics of infliximab-related infusion reactions
in patients with IBD.

Characteristic N=330 (%)

Infusion reactions per patient 18 (5.5)

Immediate infusion reactions 15 (45
o o @7
Moderate 4 2
Csevere 2 08
lateinfusion reactions 3 09
 Average IFX number of infusion reactions 5
Over2infusion reactions 6 (18
Otheradverse events 2 (66
 Outcome of infusion reaction (patients) | N-18
Obsemvaton 1 56
| Attenuation of infusion rate 6 (333
 Attenuation and medication management 5 (278)
'"im;{iir';{gigiﬁ;%iﬁ%&giéé{;};&}{{é&i'c';t};;}{ """"""" 6(333) """"
* Infusion reactions per infusion (numbers) 38 (2108)
* Outcome of IFX after infusion reaction
(patients) N=18

Stopped 1 (5.6)

Continued 6 (333
Switched therapy 1 611

Characteristics of infliximab-related infusion reactions

In Table 2, when assessed on a patient basis, IR and serious IR
occurred in 5.5% (18/330) of patients and 0.6% (2/330) of pa-
tients, respectively. The incidence of immediate IR was 4.5%
(15/330), and late IR was 0.9% (3/330). When assessed based
on the number of infusions, a total of 2108 infusions with IFX
were administered, and the IR rate was 1.8% (38/2108) and se-
rious IR was 0.4% (9/2108) of infusions. The most IFX infusions
were 28 times, and the least was 1. The average IFX infusion re-
lated to IR was about the 5th infusion. Six patients (1.8%) had
2 or more IRs. After IR, 6 patients (33.3%) had attenuated of in-
fusion rate, 5 (27.8%) had attenuated infusion and were given
medication management, and 6 (33.3%) stopped IFX infusion
and needed medication therapy. Eleven patients (50.0%, 9/18)
switched to other therapies after IR, 6 patients (33.3%, 6/18)
continued IFX treatment, and 1 (5.6%, 1/18) stopped IFX. Among
the 3 patients who had late IR, 1 had serum sick-like response
with pruritic skin, eruptions, fever, malaise, and polyarthralgia.
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(Case

Clinical manifestations of IFX-related infusion reactions

Figure 1. Clinical manifestations of infliximab-related infusion
reactions.

250- P=0.000

200

150

100

Number of patients

50

Regular therapy

Episodic therapy
Infusion reactions to IFX

Figure 2. Patients with infusion reactions more often received
episodic therapy than patients with regular treatment
(P=0.000).

Outcomes of infliximab and patients with infusion
reactions

Among the 18 patients with IR (Table 2), IFX infusion was con-
tinued in 1 patient having slight pruritus and dyspnea and kept
under close observation. The symptoms disappeared after 5 h
without any intervention. Six patients had urticarial and pru-
ritus during the infusion, but the symptoms vanished after
attenuating infusion rate. Three patients experienced arthralgia,
fever, and tachycardia. Two patients had dermatalgia. These
5 patients recovered after attenuating infusion speed and were
given transient steroid management. Five patients had palpita-
tion, bronchospasm, throat tightness, and chest pain, and 1 pa-
tient had Henoch-Schonlein purpura (Figure 1). The infusions
were interrupted immediately and these patients received meth-
ylprednisolone IV, oxygen uptake, and electrocardiograph moni-
toring. All the patients recovered after immediate management.
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Table 3. Risk factors of infusion reactions of infliximab in patients with IBD in our study.

Variables IR*, n=23 No IR, n=307 P value
Gender (M/F) = n (%) 0.489
"""" Male 8@ 26 @0
"""" Femae 5@ e Gy
CDisease-n (%)
"""" wo 1@ 2 100
"""" ®© 209 27 0
| Age at disease onset (yrs), median (QR) 15 (-3 2% (16700 0289
"""" @ s
o7 s 164
 Ageatfirst IFX infusion (yrs), median (QR) 28 (1642 38 (19-72 0120
"""" @ e 2
s 7o s
 Disease duration at the first IFX (m), median (1QR) 43 (-128 % (1-98) 0194
"""" @ 7 w0
o2 6 17
CRKinfusion—n (%)
"""" Regulr 1 6n 2902 (©) 0000
"""" Episodic 9@y 156G
* Number of infusions (times), median (QR) 6 (-1 0 @25 0639
"""" o s e
o0 5 a6
Patients with concomitant IM** therapy —n (%) 0000
"""" withm & en 29 @
"""" without 9@y 16 @)
Infusion with concomitant IM therapy —n (%) N=38  N=2070
"""" with 21 (5 1684 (81) 0000
"""" without 4 17 @ 38 a9
CXseries—n (%)
"""" 1IFXseles 13 (57 293 (5 0000
"""" 2 |FX series 104 133G

* IR — infusion reaction; ** IM — immunomodulator.

After IR, 1 patient stopped all the medications, and 11 pa-
tients switched to other medications, e.g., prednisone com-
bined with MTX in active CD, or AZA in remission therapy. Six
patients continued IFX therapy. Among them, 2 patients were
given oral antihistamine and prednisone 20 mg 3 time 3 times
a day 24 h prior to the infusion. Four patients did not receive
special premedication before IFX administration. No IR was
occurred in these patients thereafter.

Potential risk factors associated with infliximab-related
infusion reactions

Table 3 shows potential risk factors for IFX-related IR, assessed
using univariate analysis. Patients with IR more often received
episodic therapy than regular treatment (P=0.000, Figure 2).
Nine patients (9 of 15) had IR during episodic IFX therapy,
and in 7 (78%) this occurred during the 2" IFX series. A sig-
nificant difference of IR was observed between patients who
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Table 4. Summary of other adverse effects related to infliximab.

Serious
adverse event
(death)

Treatment/
outcome

Concomitant
treatment

Clinical
presentation

Gender/ Infusion Time since
age (n) last infusion

Types

Viral infections

Chicken pox F/21 3 1 day Chicken pox No No (no) Acyclovir/healed
HBV F/52 3 2 mo HBsAg positive MTX* 25 mg/wk No (no) Entecavir/controlled
" o Anti-tuberculosis/
F/39 3 2 mo TB-IGRA positive AZA** 50 mg/day Yes (no) controlled
TUDEICULOSIS oo oooooooooooooooioooooo S o
M/28 5 1 wk Pulmonary. No s i) Anti-tuberculosis/
tuberculosis controlled
F/32 1 2 wk Abdominal abscess No No (no) Antibiotics/healed
Abscess fee 1 twk Peicabscess o el A
. Antibiotics+
F/57 6 1 wk Pelvic abscess AZA 50 mg/day Yes (no) e
Perforation M/34 2 4 wk Acgte abdommal. AZA 50 mg/day Yes (no) Antibiotics
pain and perforation +surgery/healed
M/17 2 1 wk Bronchitis AZA 50 mg/day No (no) Observe/healed
Upper respiratory  M/27 1 ddays nfuenza No  Noto) ~ Observe/hesled
tract infections F/18 3 1 wk Bronchitis AZA 25 mg/day No (no) Observe/healed
M/34 2 1 wk Bronchitis AZA 50 mg/day No (no) Antibiotics/healed

* MTX — methotrexate; ** AZA — azathioprine.

experienced the 1%t and 2" IFX series (P=0.000, Table 3), and
the incidence of IR at 2" IFX series was significantly higher
than the incidence of IR at 1% IFX series.

Patients who were treated with concomitant IM had significantly
lower incidence of IR compared with patients who received IFX
treatment only (P=0.000, Table 3). Similarly, there were sig-
nificantly fewer IR episodes in patients treated with concomi-
tant IM than in those just treated with IFX (P=0.000, Table 3).
However, multiple logistic regression analysis revealed the 2"
IFX treatment series (OR=0.017, P<0.001) and episodic use of
IFX (OR=0.113, P<0.001) as the significant predictors of IR.

Relationship between infusion reactions and TNF-o, serum
IFX concentration, antibodies (Ab) against infliximab (ATI)

ATl were highly positive in 10 of 14 patients (71%) who
had anti-IFX 1gG Ab after the IR (median 114 ng/mL, IQR
30-300 ng/mL). These patients had low serum IFX concen-
tration (0.60+1.08 pg/ml, range 0.5 pg/ml) and high serum
TNF-o level (418.7267+829.5 pg/ml, range <8.1 pg/ml). In the
10 patients with ATI, 7 had acute IR in the 2" IFX series with
reinitiation of IFX after therapy discontinued over 6 months,
and 3 had IR in the 1%t [FX series. Furthermore, levels of ATI

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

after IR in patients with IR were significantly higher than in
the patients without IR to IFX maintenance therapy (median
0 ng/mL, IQR 0-0 ng/mL, n=21, P<0.0001).

Other adverse events

Twelve patients (3.6%) had the other adverse effects, possibly
related to IFX (Table 4). Two patients had viral infections: 1 had
chicken pox and recovered after anti-viral therapy for 2 weeks;
another had HBV activation and was given Entecavir. Two pa-
tients had tuberculosis infection: 1 patient who received IFX
combined with AZA therapy had fever again after the 3 IFX
infusion, and then her repeated tuberculosis-interferon gamma
release assay (TB-IGRA) result was positive. Another patient
had severe acute military pulmonary tuberculosis 1 week after
methylprednisone 40 mg infusion for 7 days combined with
IFX. The patient was given anti-tuberculosis therapy immedi-
ately and stopped the anti-TNF and steroid.

Three patients had abdominal or pelvic abscess 1-2 weeks af-
ter IFX infusion. All the patients stopped IFX and IM therapy
and received antibiotics. Four patients had upper-respiratory
tract infection with clinical manifestations of influenza
or bronchitis, with 3 of them having AZA simultaneously.
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All the adverse effects resolved or were controlled eventually.
No patients developed other autoimmune disorders or malig-
nancies during the follow-up (Table 4).

Discussion

No previous studies have focused on the safety of IFX in Chinese
IBD patients, but this is an important topic because of its in-
creasing use and it is the only available biologic for IBD pa-
tients in China. The main results in this study at our IBD cen-
ter showed infusion reactions (IR) occurred in 5.5% of 330 IBD
patients with 2108 infusions. Severe IR were rare. The 2" IFX
treatment series and episodic use of IFX were significant pre-
dictors of IR. Positivity of antibodies against infliximab (ATI)
(71%, 10/14) may be related to IR occurrence.

Immediate IR to IFX are reported in 5-23% of IBD patients in
large randomized controlled trials, with some comparable rates
in unselected patient populations from Western countries [12].
In our center, acute (including immediate and late) IR occurred
in 5.5% of Chinese patients. This percentage is similar to the
results reported in previous uncontrolled multicenter stud-
ies from the USA (3.8-19.7%) [3,14-17]. The various methods
used to record levels of IR may have contributed to the dif-
ferent IR rates observed in clinical practice. We recorded all
the IR in our clinical practice. More than half (66.7%, 12/18)
of them led to the permanent discontinuation of the infusion
and IFX treatment, and 11 patients transferred to other treat-
ment. According to the combined safety data from all clinical
trials with IFX, 2.6% of USA patients had IR leading to discon-
tinuation [15], which is slightly lower than our results (3.6%,
12/330). The decision to stop permanent IFX treatment usually
was made by doctors for safety consideration, although the
incidence of severe IR was only 0.6% (2/18), which is compa-
rable to a previous study from USA [15]. Severe IR with clini-
cal symptoms, including bronchospasm, laryngeal/pharyngeal
edema, palpitation, and Henoch-Schonlein purpura [18], were
observed during IFX infusion in our study.

Use of immunomodulators such as AZA, 6-mercaptopurine
(6-MP), and MTX at the time of anti-TNF therapy was associ-
ated with a decreased likelihood of anti-TNF discontinuation
in both CD and UG, as it reduces the immunogenicity of IFX
and therefore the incidence of IR [19-20]. In our study, the low
incidence of acute IR is consistent with previous results that
concomitant treatment with IM may reduce the frequency of
IR. Over 70% of our patients who received concomitant AZA
or MTX started either before or at the time that they received
their first infusion of IFX, and showed significantly lower in-
cidence of IR than those without combined IM. However, this
concomitant treatment with IM was not a predictor of IR in
our study, and 17 of 45 patients with IR who did not receive

CLINICAL RESEARCH

immunosuppressive medications also had IR risk. Studies with
larger samples are needed to investigate the relationship be-
tween IFX-related IR and concomitant therapy with IM.

Premedications are commonly given to patients with IBD before
intravenous IFX administration. All the patients in our study
were given pretreatment routinely with intravenous corticoste-
roids before each IFX infusion. However, high inter-practice and
intra-practice variability for premedication use exits before IFX
administration in different centers in Western countries [21].
The clinical rationale for premedicating patients seems to be
driven by individual preference or group practice habit [21].
In contrast, data from the Mayo Clinic found that in the adult
population, premedication was not associated with a reduced
risk of recurrent IR [15].

The main argument in favor of premedication with antihista-
mines, antipyretics, and/or corticosteroids is that it may be
justified in patients with a history of moderate infusion reac-
tions [13]. Better knowledge of the evidence may help in un-
derstanding the significance of premedication in preventing IR.

The presence of antibodies to IFX (ATls) has been associated
with a significantly higher risk of acute IR in some studies of
patients with IBD, especially in patients receiving episodic or
on-demand IFX for resuming treatment after a long interval,
who suffer increased chances of infusion responses with high
ATI titers [19,22]. Our results also showed the patients who
were treated with episodic IFX had higher incidence of IR.
At the same time, the patients at the 2" IFX series also had
high IR rate. These 2 factors were significant predictors for IR.
Similar to the reported data, episodic regimens, resumption of
IFX infusions after a prolonged drug-free interval, and admin-
istration of IFX to patients with high ATI titers increased the
risks of IR [22]. Ten of 14 patients (71%) after the IR had the
high anti-IFX 1gG Ab in this study. All the patients with 3 late
IR and 7 of immediate IR detected ATl and had positive results.
Other possible etiologies are cytokine-release syndrome, ana-
phylactic reaction, and complement activation [16,23]. The ma-
jority of reactions can be predicted by the appearance of anti-
IFX antibodies, according to a previous report [24].

The other adverse events associated with IFX treatment were
infections such as abscess, upper-respiratory tract infection,
and viral infection (including HBV infection), but none were
fatal. Five of 9 cases of infections were treated with concom-
itant immunosuppressive therapy. It has been reported that
combination therapy with IFX and IM increases the occur-
rence of infections [23]. Recent published data emphasize
the risk of tuberculosis associated with IFX [25]. In our study,
2 cases of tuberculosis were observed in this series, although
chest computerized tomography (CT) screening and TB-IGRA
were applied in all patients before initiating IFX therapy.
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Many recent studies have shown that the incidence of tuber-
culosis reactivation during IFX infusion is still very low [25].
However, in countries at high risk for hepatitis B virus and
Mpycobacterium tuberculosis, such as China, it is still neces-
sary to regularly monitor patients for hepatitis B virus infec-
tion and IGRA during IFX infusion. One patient had acute per-
foration after 2 IFX infusions. This is a very rare adverse event
and happened after a long internal (2 years) of reuse IFX. Small
bowel stricture and fibrosis in this patient with long disease
duration may have led to poor effectiveness of IFX and could
have caused the emergent complication.
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