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High-dose, high-frequency infliximab: A
novel treatment paradigm for

hidradenitis suppurativa
Mondana H. Ghias, BS,a Andrew D. Johnston, MS,a Allison J. Kutner, MD,a Robert G. Micheletti, MD,b

H. Dean Hosgood, PhD,c and Steven R. Cohen, MD, MPHa

Bronx, New York and Philadelphia, Pennsylvania
Background: The permanent disfigurement associated with hidradenitis suppurativa (HS) necessitates
early aggressive disease intervention. Although limited data support the use of infliximab (IFX) in HS, the
efficacy of high-dose, high-frequency IFX has yet to be defined.
Objective: To evaluate the efficacy of IFX 7.5 to 10 mg/kg, with a maintenance frequency every 4 weeks.
Methods: Prospective analysis of 42 patients initiating IFX 7.5 mg/kg every 4 weeks (IFX 7.5) and 16
patients receiving dose escalation to IFX 10 mg/kg every 4 weeks (IFX 10) between March 1, 2018, and
February 28, 2019. The primary outcome measure (clinical response) was the proportion of patients with
Physician Global Assessment of clear, minimal, or mild (score of 0-2) HS with at least a 2-grade
improvement from baseline scores.
Results: The proportion of patients achieving a clinical response after initiating IFX 7.5 was 20 of 42
(47.6%) at week 4 and 17 of 24 (70.8%) at week 12. For patients receiving dose escalation to IFX 10 because
of incomplete initial response, 6 of 16 (37.5%) achieved clinical response at week 4 and 6 of 12 (50%) at
week 12.
Conclusions: Initiation of IFX 7.5 every 4 weeks, with possible dose escalation to IFX 10, if needed,
provides optimal mitigation of HS-related disease activity. ( J Am Acad Dermatol 2020;82:1094-101.)

Key words: acne inversa; anti-TNF; antieTNF-a therapy; biologics; hidradenitis; hidradenitis suppurativa;
high dose; high frequency; infliximab; TNF inhibitor.
T
he pain, disfigurement, and quality-of-life
impact of hidradenitis suppurativa (HS) un-
derscore the importance of early pharmaco-

logic intervention to improve symptoms and prevent
disease progression.1 The tumor necrosis factor
(TNF) a antagonist adalimumab is currently the
only biologic for HS approved by the US Food and
ment of Internal Medicine, Division of Derma-
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Drug Administration (FDA).2 Several studies have
reported efficacy with infliximab (IFX); however, the
appropriate dose of this medication for treatment of
HS is not defined.1,3-6

The recommended maintenance dose and fre-
quency of IFX for psoriasis is 5 mg/kg every 8 weeks,
but the optimal therapeutic regimen for HS remains
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unclear. The North American Clinical HS
Management Guidelines recently emphasized the
need for dose-ranging studies to optimize manage-
ment.3 The current FDA recommendation for adali-
mumab in HS doubles the loading dose and
increases the maintenance frequency approved for
plaque psoriasis.7 Furthermore, TNF-a levels in HS
CAPSULE SUMMARY

d Infliximab has reported efficacy in the
management of moderate to severe
hidradenitis suppurativa (HS), but the
optimal dosage remains unclear.

d High-dose, high-frequency infliximab,
initiated at 7.5 mg/kg every 4 weeks,
with optional dose escalation to 10 mg/
kg for inadequate disease control,
provides significant reduction in HS
disease activity and pain.
lesional skin were found to
be 5-fold higher than the
levels in psoriatic plaques.8

These findings underscore
the high inflammatory
burden in HS.8,9

The IFX FDA recommen-
dations include dose escala-
tion up to 10 mg/kg for
rheumatoid arthritis and
Crohn’s disease and interval
frequencies as often as every
4 weeks for rheumatoid
arthritis.10 Moriarty et al11

attributed greater efficacy of
IFX every 4 weeks in HS to
neutralizing the wearing-off

effects reported with longer treatment intervals.11

The increased inflammatory burden in HS relative to
psoriasis,8,9 in conjunction with a 9.5-day IFX half-
life,12 may explain the suboptimal efficacy of lower
dosing and longer treatment intervals.

Persistent inflammatory activity and purulent
drainage observed in the majority of patients with
HS at our treatment center receiving IFX 5 mg/kg
(IFX 5) led us to investigate the efficacy of high-dose,
high-frequency therapy for moderate to severe HS,
initiating at IFX 7.5 mg/kg every 4 weeks (IFX 7.5) or,
as needed, implementing a dose escalation to IFX
10 mg/kg every 4 weeks (IFX 10) for incomplete
response.
METHODS
Study design

All research activities were conducted with
approval of the Albert Einstein College of Medicine
institutional review board. Patients initiating IFX for
HS received an induction dose of 7.5 mg/kg at weeks
0, 2, and 6, followed by a maintenance dose of
7.5 mg/kg every 4 weeks. Dose escalation to IFX
10 mg/kg was considered after completion of the
induction dose for patients with insufficient disease
control, defined by an HS Physician Global
Assessment (HS-PGA) of moderate or worse HS
(score $3).7 The efficacy of high-dose, high-
frequency IFX was based on validated clinical
measures, HS Physician Global Assessment
(HS-PGA)7 and Numerical Rating Scale (NRS) for
pain (range, 0-10).13

The 6-stage outcome measure, HS-PGA, was
defined as follows:
d 0, clear
d 1, minimal: noninflammatory nodules
d 2, mild: fewer than 5 inflammatory nodules or 1
abscess/draining fistula
with no inflammatory
nodules

d 3, moderate: 5 or more
inflammatory nodules, or
1 abscess/draining fistula
and at least 1 inflamma-
tory nodule, or 2 to 5
abscesses/draining fistulas
and fewer than 10 inflam-
matory nodules

d 4, severe: 2 to 5 abscesses/
draining fistulas and at least
10 inflammatory nodules

d 5, very severe: more than 5
abscesses/draining fistulas7
The patient-reported NRS for pain is an 11-point
NRS ranging from 0 (no pain) to 10 (worst pain
imaginable).13

Treatment efficacy was evaluated at weeks 4 and
12 for patients initiating IFX 7.5 or receiving dose
escalation to IFX 10. The primary outcome measure
was the proportion of patients with successful
clinical response, as defined by an HS-PGA of clear,
minimal, or mild (score of 0-2) and at least a
2-grade improvement from baseline.7 Secondary
outcome measures included (1) the proportion of
patients with an HS-PGA of clear, minimal, or mild
at weeks 4 and 12; (2) mean HS-PGA score at weeks
0, 4, and 12; (3) mean NRS pain score at weeks 0, 4
and 12; and (4) the proportion of patients achieving
a minimum clinically important difference (MCID)
in NRS pain scores at weeks 4 and 12. MCID,
defined as 30% or greater reduction and at least a
1-point decrease in NRS pain scores, was performed
for patients with baseline NRS pain scores of 3 or
greater.13-15
Patient selection and data collection
We established a prospective clinical cohort

presenting to the Montefiore Medical Center with a
diagnosis of HS (based on International
Classification of Diseases, ninth revision [705.83]
and International Classification of Diseases, tenth
revision (L73.2) codes) and IFX treatment from
March 1, 2018 through February 28, 2019. Looking
Glass Clinical Analytics (Streamline Health, Atlanta,



Fig 1. IFX-HS cohort dose and frequency regimens. We
prospectively followed 2 sets of patients recruited from the
Hidradenitis Suppurativa Treatment Center. The cohort
initiated on IFX 7.5 mg/kg every 4 weeks (IFX 7.5)
consisted of 42 patients with follow-up visits at week 4;
24 of these patients completed the week 12 follow-up. The
other cohort was composed of 16 patients with inadequate
disease control on IFX 7.5 (defined by HS-PGA $ 3) who
received dose escalation to IFX 10 mg/kg every 4 weeks
(IFX 10) with follow-up at week 4; 12 patients completed
the week 12 follow-up. HS, Hidradenitis suppurativa;
HSTC, Hidradenitis Suppurativa Treatment Center; IFX,
infliximab; NRS, Numerical Rating Scale; PGA, Physician
Global Assessment.

Abbreviations used:

BMI: body mass index
HS: hidradenitis suppurativa
IBD: inflammatory bowel disease
IFX: infliximab
IFX 5: infliximab 5 mg/kg
IFX 7.5: infliximab 7.5 mg/kg every 4 weeks
IFX 10: infliximab 10 mg/kg every 4 weeks
MCID: minimum clinically important difference
NRS: Numerical Rating Scale
PGA: Physician Global Assessment
SAE: serious adverse event
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GA) was used to extract data from electronic medical
records within the Montefiore Medical Center hos-
pital system. Patient demographics (age, sex, race,
and body mass index [BMI]); concurrent medica-
tions; initial Hurley stage; disease severity (HS-PGA);
NRS pain scores; and the dates, dose, and number of
IFX infusions before follow-up visits were docu-
mented. Patients included in the study fulfilled the
following diagnostic criteria for HS: history of
recurrent painful and/or purulent lesions localized
to apocrine glandebearing skin (at least twice in the
last 6 months) and clinical presentation of nodules,
abscesses, cysts, tunnels, and/or scarring of intertri-
ginous areas.16,17 All patient and infusion center
notes were reviewed for serious adverse events
(SAEs).

Statistical analysis
Nonparametric analyses were performed with the

Wilcoxon signed-rank test to evaluate change in HS-
PGA and NRS pain scores at weeks 4 and 12
compared with baseline for the IFX 7.5 and IFX 10
cohorts. We examined factors influencing the pri-
mary and secondary outcomes of the combined
cohorts by using binomial regression with covariates
for age, sex, BMI, number of infusions (at weeks 4
and 12, accordingly), concurrent medications (anti-
androgen therapy and oral antibiotics), current
smoking status, and initial PGA or NRS pain score.
Categorical data were evaluated for their association
with dose escalation by using the chi-square test or
Fisher’s exact test when appropriate. All analyses
were performed using R (version 3.5.1).18

RESULTS
High-dose, high-frequency IFX-HS prospective
cohort

Between March 1, 2018, and February 28, 2019,
patients with HS who had either never received IFX
treatment or for whom treatment with IFX 7.5 mg/kg
had failed were identified and enrolled into the IFX
7.5 and IFX 10 cohorts, respectively (Fig 1). Baseline
and follow-up outcome measures were recorded for
42 patients initiating IFX 7.5 and 16 patients receiving
dose escalation to IFX 10. Characteristics of each
cohort, including demographic data, disease
severity, concurrent medications, and IFX dosing
regimens, are detailed in Table I.

The patients in the IFX-HS cohort were 55.3%
female, with a mean age of 34.5 6 11.9 years and
mean BMI of 34.1 6 7.1 kg/m2. The average
number of infusions before the week 4 and week
12 follow-up visits was 1.8 6 0.5, and 4.1 6 0.9,
respectively. In accordance with the treatment
algorithm implemented at our HS Treatment
Center, most patients treated with IFX were concur-
rently prescribed topical antibiotics (98.8%), oral
antibiotics (91.0%), and anti-androgen therapy
(85.7%) based on the medication doses and fre-
quencies detailed in Table I. No known SAEs were
identified from the medical records of patients in
the IFX-HS cohort. One patient discontinued treat-
ment after developing myalgia and influenza-like
symptoms. Overall, treatments were well tolerated
across the IFX-HS cohort, with minimal safety
issues to date.



Table I. Patient characteristics of the high-dose,
high-frequency IFX-HS cohort at the Albert Einstein
College of Medicine/Montefiore Medical Center
Hidradenitis Suppurativa Treatment Center

Characteristics

IFX 7.5 mg/kg

every 4 weeks

IFX 10 mg/kg

every 4 weeks

Total, n 42 16
Sex, n (%)
Male 18 (42.9) 8 (50.0)
Female 24 (57.1) 8 (50.0)

Age, years
Range 15-57 20-67
Mean 6 SD 33.3 6 10.1 37.2 6 15.5

BMI, kg/m2

Mean 6 SD 33.9 6 5.4 34.5 6 9.5
Hurley stage, n (%)
II 1 (2.4) 0 (0.0)
III 41 (97.6) 16 (100.0)

Race, n (%)
African American 10 (23.8) 8 (50.0)
White 3 (7.1) 2 (12.5)
Other 16 (38.1) 4 (25.0)
Unavailable/declined 13 (31.0) 2 (12.5)

Concurrent
medications, n (%)

Topical antibiotics* 42 (100.0) 16 (100.0)
Oral antibioticsy 37 (88.9) 16 (100.0)
Anti-androgenz 36 (85.7) 14 (87.5)

BMI, body mass index; IFX, infliximab; SD, standard deviation.

*Chlorhexidine wash, clindamycin gel (1%).
yClindamycin 300 mg and rifampin 300 mg twice daily; or

levofloxacin 500 mg daily, rifampin 300 mg twice daily, and

metronidazole 500 mg 3 times per day.
zSpironolactone 25-100 mg twice daily or finasteride 5 mg daily.
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We examined the potential association of patient
characteristics (age, sex, BMI, smoking status, and
concurrent medications) and response to treatment.
For patients in the IFX 7.5 and IFX 10 cohorts, there
was a significant relationship between the primary
outcome (achieving HS-PGA score of 0-2 with at least
a 2-point decrease) and sex at week 4. Specifically,
men were 4 times more likely to achieve the primary
outcome than women (95% confidence interval,
1.09-14.62; P = .03). There was no significant
relationship between therapeutic response and sex
at week 12. We observed no relationships between
the primary or secondary outcomes and age, BMI,
number of infusions, smoking status, or concurrent
medications.

IFX 7.5 every 4 weeks significantly reduces
disease burden

Patients initiated on IFX 7.5 had a significant
reduction in HS-PGA from week 0 to week 4 (n =
42, P\ .001) and from week 4 to week 12 (n = 24,
P\.001) (Fig 2, B). Mean HS-PGA at weeks 0, 4, and
12 were 4.2, 2.4, and 1.8, respectively. The pro-
portions of patients achieving clinical responses at
weeks 4 and 12 were 20 of 42 (47.6%) and 17 of 24
(70.8%), respectively.

Secondary efficacy outcomes are detailed in
Supplemental Table I (available at doi: 10.17632/
9mhhh2zjbb.2). The proportions of patients with HS-
PGA of clear, mild, or moderate (score of 0-2) at
weeks 4 and 12 were 24 of 42 (57.1%) and 19 of 24
(79.2%), respectively. NRS pain scores decreased
significantly from week 0 to week 4 (P\.001) (Fig 2,
C ) with sustained improvement at week 12
(P\.001) (Fig 2, C ). Mean NRS pain scores at weeks
0, 4, and 12 were 5.7, 1.3, and 0.5, respectively. Of
patients with baseline NRS pain scores of 3 or greater,
the proportion who achieved the MCID for pain at
weeks 4 and 12 was 31 of 35 (88.6%) and 21 of 22
(95.5%), respectively. Two thirds of patients (28/42)
had complete resolution of pain within 4 weeks of
initiating treatment.

Dose escalation to IFX 10 after inadequate
control on IFX 7.5 improves outcomes

Of the 16 patients prospectively followed after
dose escalation from IFX 7.5 to IFX 10, HS-PGA
scores significantly decreased fromweek 0 to week 4
(P\.001) (Fig 3, A), with sustained efficacy at week
12 (Fig 3, B). Mean HS-PGA scores at weeks 0, 4, and
12 were 4.0, 2.4, and 2.3, respectively. The pro-
portions of patients achieving clinical response at
weeks 4 and 12 were 6 of 16 (37.5%) and 6 of 12
(50.0%), respectively. The proportion of patients
with HS-PGA of clear, mild, or moderate at weeks 4
and 12 was 9 of 16 (56.3%) and 10 of 12 (83.3%),
respectively. NRS pain scores significantly decreased
from week 0 to week 4 (P = .002) (Fig 3, C ), with
continued efficacy at week 12 (Fig 3, D). Mean NRS
pain scores at weeks 0, 4, and 12 were 4.3, 1.7, and
0.8, respectively. Of patients with baseline NRS pain
scores of 3 or greater, the proportion who achieved
the MCID for pain at weeks 4 and 12 was 9 of 11
(81.2%) and 6 of 7 (85.7%), respectively.

DISCUSSION
High-dose, high-frequency IFX significantly miti-

gated both HS-related disease activity and pain
during the initial 4 weeks of treatment, with sus-
tained efficacy at week 12. The results of this study
suggest that initiation of IFX 7.5 with potential dose
escalation to IFX 10may optimize HS disease control.

It is of considerable interest that a 16-week ran-
domized trial for weekly adalimumab in HS showed
that 9 of 51 (17.6%) patients achieved a clinical
response, using the same primary outcome as

https://doi.org/10.17632/9mhhh2zjbb.2
https://doi.org/10.17632/9mhhh2zjbb.2


Fig 2. HS-PGA and NRS pain score improvement for patients initiated on IFX 7.5 mg/kg every
4 weeks. Riverplot diagram following individual patient response after initiating IFX 7.5 mg/kg,
from weeks 0 to 4 (n = 42) and from weeks 4 to 12 (n = 24). Patients had significant
improvement in (A) HS-PGA and (C) NRS pain from baseline to week 4 (P\.001). There was
also (B) significant improvement in HS-PGA from weeks 4 to 12 (P\ .001) and (D) sustained
improvement in NRS pain at week 12. The majority of patients (85.7%) reported complete
resolution of pain at week 12. The proportion of patients at each HS-PGA and NRS pain level is
listed adjacent to the score for each time point. HS, Hidradenitis suppurativa; IFX, infliximab;
NRS, Numerical Rating Scale; PGA, Physician Global Assessment.
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reported in our study.7 By comparison, the propor-
tion of patients initiating IFX 7.5 who achieved a
clinical response was 20 of 42 (47.6%) and 17 of 24
(70.8%) at weeks 4 and 12, respectively.

The results of this prospective study support
recommendations of the North American HS
Guidelines, which suggest IFX dose and frequency
adjustments up to 10 mg/kg every 4 to 8 weeks,
based on expert experience.3 These outcomes are
also consistent with other studies regarding the
efficacy of high-dose and high-frequency IFX regi-
mens for HS. In a retrospective analysis of 52 patients
with HS treated with IFX conducted by Oskardmay
et al,6 the majority of patients achieved stable dosing
regimens for at least 8 weeks at 10 mg/kg every
6 weeks (n = 10) or every 8 weeks (n = 17).
Additionally, Moriarty et al11 reported superior out-
comes with IFX 5 mg/kg every 4 weeks compared
with every 8 weeks, observing disease flares approx-
imately 4 weeks after infusions.

Several inflammatory conditions, including rheu-
matoid arthritis, inflammatory bowel disease (IBD),
and psoriasis, have shown greater clinical improve-
ment with shorter intervals of IFX compared with
dose escalation.19-23 A pharmacokinetic analysis of
IFX in IBD found greater efficacy in achieving
therapeutic trough levels with interval shortening
from every 8 weeks compared with dose escalation
from 5 mg/kg.24 Luber et al23 also reported that
increasing IFX frequency before dose escalation
significantly improved treatment response and dura-
bility in themanagement of psoriasis. Although these
findings support the therapeutic value of high-
frequency IFX, high-dose IFX has also been shown
to improve clinical outcomes.6,25,26 Shapiro et al25

showed that 70% of children with severe IBD



Fig 3. Patients requiring dose escalation from IFX 7.5 to IFX 10 mg/kg every 4 weeks. Riverplot
diagram depicting individual patient response after dose escalation from IFX 7.5 to IFX 10 mg/
kg from weeks 0 to 4 (n = 16). Patients had significant improvement in (A) HS-PGA (P\.001)
and (C) NRS pain (P = .002) from baseline to week 4, with (B, D) sustained efficacy at week 12.
The proportion of patients at each HS-PGA and NRS pain level is listed adjacent to the score for
each timepoint. HS, Hidradenitis suppurativa; IFX, infliximab; NRS, Numerical Rating Scale;
PGA, Physician Global Assessment.
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required dose escalation from IFX 5, with treatment
failure in 43% due to nonresponsiveness or infusion
reactions. In contrast, all patients receiving high-
dose IFX were able to continue therapy successfully.
Given the risk of secondary loss of response to IFX
over time, the first 6 to 12 months of therapy are
critical for disease control, reinforcing the potential
benefit of initiating IFX at higher dosing regimens for
severe disease.27 These studies, together with the
significant improvement observed in the IFX 7.5 and
IFX 10 cohorts, favor high-dose, high-frequency IFX
regimens as the most effective means of optimizing
HS therapeutic response.23

A significant finding from the multivariate analysis
of our study was the greater proportion of male
patients achieving the primary outcome measure at
week 4. There were no significant sex associations at
week 12, although this may be attributed to the
smaller sample size with follow-up visits at week 12.
A longer observational period with more patients is
necessary to confirm whether this difference is
sustained. Previous studies in rheumatoid arthritis
and psoriasis also reported male sex as a positive
predictor of IFX therapeutic response.28-33 Although
the reproducibility of sex-specific differences with
antieTNF-a in other inflammatory conditions sug-
gests a potential treatment-specific rather than
disease-specific phenomenon, larger studies evalu-
ating long-term outcomes are needed to confirm this
association.

Although there was no standardized collection of
safety event data, it is unlikely that many SAEs were
overlooked because themajority of patients received
IFX at the institutional outpatient infusion center
with orders to contact the prescriber in the event of
an adverse reaction. Review of all patient and
infusion center notes found no documentation of
SAEs. Furthermore, there is little evidence to suggest
that high-dose IFX increases the risk of SAEs. In a
prospective study of Crohn’s disease managed with
IFX, neither an increased number of total IFX in-
fusions nor dose escalation from 5 to 10 mg/kg
significantly increased the occurrence of serious
infections. The relative specificity of this monoclonal
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antibody ostensibly accounts for its desirable
adverse effect profile.34

Limitations of this study include lack of a control
group or direct comparison of high-dose, high-
frequency IFX to placebo or to standard IFX dosing
regimens. To standardize the outcome measures,
week 12 follow-up data were included for patients
seen within 7 days of this designated time frame.
Patient and provider scheduling limited the number
of patients seen at this time point. Additionally, a few
individuals had not reached the 12-week follow-up
at the conclusion of the study. Although office visits
and infusion notes document SAEs in the electronic
medical records, some information reviewed for this
study may have been lost due to recall bias.

Tunnel formation and scarring distinguish HS
from other cutaneous inflammatory diseases (eg,
psoriasis and atopic dermatitis) where irreversible
damage is not observed. This has led to a paradigm
shift in HS management from disease control to
disease prevention and aggressive, early interven-
tion.35 Proactive implementation of high-dose, high-
frequency IFX in the management of moderate to
severe HS may not only improve clinical outcomes
but also enhance patient quality of life and halt
progressive disfigurement.
CONCLUSION
Patients with severe HS benefit significantly from

a starting dose of IFX 7.5 mg/kg at a standard loading
dose frequency (0, 2, and 6 weeks), followed by a
maintenance frequency of every 4 weeks. This pro-
posed therapeutic regimen may include a dose
escalation to IFX 10mg/kg every 4weeks, as needed,
to achieve sufficient disease and pain control. Our
preliminary data affirm that high-dose, high-
frequency IFX significantly improves active HS,
with minimal safety issues to date. Large-scale, ran-
domized, multicenter clinical trials are needed to
confirm these promising results and optimize IFX
dosing regimens and maintenance strategies for
moderate to severe HS.
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