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Abstract
Background:Adalimumab is used as a first-line biologic agent in the management of moderate-to-severe hidradenitis suppurativa
(HS). The objective of the present study was to evaluate the efficacy and safety of adalimumab in patients with moderate-to-severe
HS.

Methods: We performed a systematic review and meta-analysis according to Preferred Reporting Items for Systematic reviews
and Meta-Analysis guidelines. Pooled estimates, namely standardized mean difference (SMD) and relative risk (RR), were calculated
using random-effect model with trial sequential analysis. Small study effects were examined using the Doi plot. Certainty of evidence
(CoE) was assessed using “The Grading of Recommendations Assessment, Development, and Evaluation” approach, and number-
needed-to-treat (NNT) was calculated.

Results:Five randomized controlled trials, involving 1014 patients, were included. We performed subgroup analysis of adalimumab
administered subcutaneously both weekly and every other week. Adalimumab administered weekly was associated with better
clinical response achievement (RR 1.76, 95% confidence interval [95%CI] 1.35–2.29; trial sequential analysis TSA-adjusted CI 1.01–
3.08; CoE: low; NNT=5) and a significant improvement in modified Sartorius score (SMD=�0.45, 95% CI=�0.76 to �0.13; CoE:
very low; NNT=10) and dermatology life quality index (DLQI) (SMD �0.47, 95% CI �0.61 to �0.32; CoE: low; NNT=10).
Nevertheless, adalimumab administered every other week showed an improvement only in modified Sartorius score. The pooled RRs
of adverse events in both groups revealed no statistical significance when compared with the placebo.

Conclusions: Adalimumab administered weekly resulted in not only better clinical responses than placebo but also significantly
improved disease severity and quality of life of patients with moderate-to-severe HS. Our study provides supporting evidence to the
current guidelines and aids decision-making in the application of adalimumab in HS management.

Abbreviations: 95% CI = 95% confidence interval, AE = adverse events, CoE = certainty of evidence, DLQI = dermatology life
quality index, GRADE = the grading of recommendations assessment, development, and evaluation, HiSCR = hidradenitis
suppurativa clinical response, HS = hidradenitis suppurativa, IS = information size, LFK index = Luis Furuya–Kanamori index, NNH =
number-needed-to-harm, NNT= number-needed-to-treat, RCT= randomized controlled trials, RoB= risk of bias, RR= relative risk,
SMD = standardized mean difference, TNF = tumor necrosis factor, TSA = trial sequential analysis.
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analysis
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1. Introduction

Hidradenitis suppurativa (HS) is a chronic inflammatory disorder
that predominantly affects the skin in apocrine gland-bearing,
intertriginous regions and results in recurrent, painful, and
suppurating lesions.[1] The prevalence of HS varies from 0.05%
to 4.00% depending on the population studied and the
methodology used,[2] with not only medical burden but also
socioeconomic burdens.[3] Despite several management strate-
gies, such as topical, systemic, and surgical interventions,
ineffective HS treatment remains a challenge for dermatolo-
gists.[4] With an improvement in the understanding of the
pathophysiology of HS during recent years, biologic agents have
been used to relieve HS symptoms and decrease the associated
morbidity.[5]

Adalimumab, a fully human IgG1 monoclonal antibody
specific for the membrane-bound tumor necrosis factor (TNF)-
a, is currently approved for the treatment of moderate-to-severe
HS based on the results of the PIONEER trials.[6,7] Several
ongoing clinical trials are investigating the effectiveness and
safety of adalimumab for HS.[8] In previous trials, clinical
response rates have been reported using Hidradenitis Suppu-
rativa Clinical Response (HiSCR) and Hidradenitis Suppurativa-
Physician’s Global Assessment (HS-PGA).[8] Previous systematic
reviews and meta-analyses have concluded that adalimumab
administered weekly is effective in treating HS and that it caused
only tolerable adverse events (AEs).[9,10] However, the effects of
adalimumab in patients achieving clinical responses have not
been clarified, although the results of new trials have been
published. Therefore, here, we performed a meta-analysis of
randomized controlled trials (RCTs) with trial sequential analysis
(TSA) to assess the efficacy and safety of adalimumab compared
with those of a placebo for the treatment of HS. We aimed to
update current evidence, by scoring the certainty of evidence
(CoE) with “The Grading of Recommendations Assessment,
Development, and Evaluation” (GRADE) approach and calcu-
lating number-needed-to-treat (NNT). We applied a recently
developed novel graphical approach, the Doi plot, instead of
funnel plots and conventional quantitative approaches (such as
Egger test), and the Luis Furuya–Kanamori (LFK) index, which is
a quantitative measure, to improve the assessment of small study
effects owing to a small number of studies.
2. Materials and methods

The present systematic review and meta-analysis were performed
according to the Preferred Reporting Items for Systematic reviews
and Meta-Analysis guidelines [11] and the Cochrane Handbook
for Systematic Reviews of Interventions.[12] We registered our
protocol on the PROSPERO website (registration number:
CRD42020193471). Two reviewers (JW Lu and YW Huang)
independently searched articles, extracted data, and evaluated the
quality of the included studies. Discrepancies and disagreement
were resolved by discussion with the third author (TL Chen).
2.1. Information source and search strategy

We systemically searched PubMed, Embase, and the Cochrane
Central Register of Controlled Trials for studies published from
inception until November 20, 2020. In brief, we searched for
articles using the following query terms: “hidradenitis suppu-
rativa” or “acne inversa”; and “adalimumab,” “Humira,” or
2

“D2E7 Antibody.” A detailed search strategy is described in
Supplemental Digital Content Table S1, http://links.lww.com/
MD/G165, and it was modified to satisfy the requirements of
different databases. We also supplemented our search by filtering
the reference lists or bibliographies of all included studies, and the
identified studies were further screened. Current Controlled
Trials, ClinicalTrials.gov, and www.centerwatch.com were
searched for any unpublished or ongoing trials.
2.2. Study selection

Studies that compared the efficacy and safety of adalimumabwith
those of a placebo for the treatment of moderate-to-severe HS
were considered eligible for inclusion. After the removal of
duplicate studies, both authors screened the title and abstract of
the remaining studies.
To avoid selection and confounding biases in non-RCTs, we

enrolled only RCTs. Case reports, observational studies, letters to
editors, quasi-experimental studies, and abstracts from confer-
ence proceedings were excluded. There was no language or age
restriction. We also excluded animal studies or those conducted
in laboratory settings.
2.3. Data extraction and quality assessment

We extracted the following data from the included studies: the
first author; publication year; clinical trial identifier; study design;
HS severity; sample size; patient age; intervention and control
methods; outcome measures in terms of efficacy and safety; and
potential confounders including dose, follow-up duration, and
conflict of interest.
The revised Cochrane risk of bias (RoB 2.0) tool was used for

methodological quality appraisal of the included RCTs.[13] This
tool can be used to assess the following: allocation concealment,
blinding of study participants, detection bias, attrition bias, and
reporting bias. We used Risk-of-bias VISualization tool for
creating “traffic light” plots of the domain-level judgments.[14]
2.4. Data synthesis and statistical analysis

We performed the meta-analysis using Stata Version 16
(StataCorp, College Station, TX). The efficacy outcomes included
the following: patients achieving clinical response, change in the
modified Sartorius score from baseline, and change in the
dermatology life quality index (DLQI) from baseline. Safety
outcomes included serious AEs, infectious AEs, headache, and
nasopharyngitis. The estimated rate ratio or risk ratio (RR) was
calculated with 95% confidence interval (CI) for dichotomous
outcomes, whereas standardized mean difference (SMD) was
calculated with 95% CI for continuous outcomes. If the data
were not available for data synthesis, we contacted the
corresponding authors to obtain relevant information.
Between-study heterogeneity was quantified using the I2

statistic [15] with the DerSimonian and Laird random-effects
model.[12] Heterogeneity was considered low,moderate, and high
if the I2 was <50%, 50% to 75%, and >75%, respectively.
Results with a P value of less than .05were considered significant.
To assess possible type I errors due to an increased risk of

random error when limited data were analyzed and significance
testing was repeated, we also applied TSA, using TSA Viewer,
version 0.9.5.10 beta.[16,17] The required information size (IS;
i.e., the lowest number of participants required for a statistically
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significant result) was calculated. We adjusted all TSA for
heterogeneity in accordance with an overall type I error of 5%
and a power of 80%. We conducted a predefined subgroup
analysis of adalimumab administered weekly and that adminis-
tered every other week to differentiate the methods of
administration. We also carried out a sensitivity analysis by
omitting each study individually to identify the influence of each
study on the overall pooled estimate.
Additionally, we calculated NNT and number-needed-to-harm

(NNH) to determine the evidence-based efficacy and safety of
adalimumab in the treatment of HS. NNT/NNH was calculated
using the pooled RR in dichotomous outcomes.[18] NNT/NNH
converted from SMD (presented in Cohen’s d) was implemented
in “dmetar” in R (version 3.6.1, R Foundation for Statistical
Computing, Vienna, Austria) with a control event rate of 0.10,[19]

using Furukawa’s methodology.[20]

Small-study effects (e.g., publication bias) were examined using
Doi plots, a recently developed graphical and quantitative
method to visualize asymmetry.[21] The Luis Furuya–Kanamori
index (LFK index) was utilized to quantify asymmetry of small
study effects from the Doi plot.[21] The LFK indexes less than ±1,
greater than ±1 but within ±2, or greater than ±2 represented
no, minor, or major asymmetry, respectively. MetaXL software
(version 5.3; EpiGear International Pty Ltd., Sunrise Beach,
Queensland, Australia) was used to generate the Doi plot and
LFK index.
Figure 1. Flowchart of the study. Preferred Reporting Items for Systematic
2.5. Grading of certainty of evidence

We used the GRADE approach, which classifies evidence as high,
moderate, low, or very low quality based on the risk of bias,
consistency, directness, precision, and publication bias.[22]
reviews and Meta-Analysis (PRISMA) schematic of the search process.
3. Results

3.1. Search results

Our initial database search yielded 1010 articles, with 993
records identified in electronic databases and 17 records retrieved
from ClinicalTrials.gov. After removing 292 duplicates, the titles
and abstracts of 718 articles were screened. Among the 718
articles, 179 were identified to be potentially relevant, and their
full text was accessed. One hundred seventy four studies were
excluded because the contents were not relevant to our study or
the study designs failed to meet our eligibility criteria. Ultimately,
five RCTs were included in the meta-analysis. A summary of the
selection process and detailed identification process are illustrat-
ed in Figure 1.

3.2. Characteristics of the included studies

Table 1 outlines the baseline characteristics of the 5 eligible
RCTs.[7,19,23,24] Two trials were reported in 1 article by Kimball
et al.[7] A total of 1,014 participants, investigated between 2011
and 2020, were evaluated. Most of the included publications
came from the same research group. The tests used for
determining the efficacy and safety of adalimumab in HS
management compared with those of a matching placebo were
summarized. Adalimumab was administered subcutaneously.
Among the 5 included studies, 4 studies were performed in 2

periods.[7,19,23] The first period was conducted in a randomized,
placebo-controlled manner. In contrast, the second period was
3

carried out in either an observational, open-label, or a
rerandomized controlled manner. To avoid the overall bias
and period effect, we extracted data from only the first period,
that is, the randomized controlled period.
3.3. Quality assessment of the included studies

We assessed the risk of bias (RoB) in the randomized controlled
period. The RoB in each domain is illustrated in Figure 2. As for
allocation bias, clinical trial NCT02808975 was classified under
“some concern” because there was no information about
allocation concealment, which might have caused prejudice in
the randomization process. The other 4 studies were considered
to have a “low” RoB.

3.4. Quantitative meta-analysis of efficacy

In terms of the pooled RR of patients achieving clinical response,
patients who received adalimumab weekly showed better clinical
responses than those who received the matching placebo (RR
1.76; 95% CI 1.35–2.29; TSA-adjusted CI 1.01–3.08; I2=
44.6%; Fig. 3a). Adalimumab administered every other week did
not significantly improve the clinical response (RR 3.43; 95% CI
0.75–15.75; Fig. 3a). Diversity-adjusted IS was calculated based
on a clinical response rate of 46.4% in the adalimumab group
and 25.9% in the placebo group (a=5% (two-sided) and b=
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Figure 2. Risk of bias table for the included studies. Green circles represent a low risk of bias, yellow circles depict some concern of bias, and red circles indicate a
high risk of bias.

Lu et al. Medicine (2021) 100:22 Medicine
20%). The cumulative Z-curve crossed the trial sequential
monitoring boundary and reached the required IS of 506, making
the present meta-analysis findings conclusive (Fig. 3b). In
addition, as illustrated in Figure 3c, a major asymmetry across
studies in patients achieving clinical response suggests small study
effects, and this was supported by the LFK index of 3.43.
Patients who received adalimumab weekly or every other week

showed a significant reduction in themodified Sartorius score from
baseline (Fig. 4a). The SMD presented in Cohen’s d was �0.45
(95%CI�0.76 to�0.13; I2=75.4%) and�0.74 (95%CI�1.11
to �0.37; I2=0%) for patients who received adalimumab weekly
or every other week, respectively. Furthermore, the patients who
received weekly injections exhibit significant changes in the DLQI
frombaseline (SMD inCohen’s d�0.47; 95%CI�0.61 to�0.32;
I2=0%; Fig. 4b). The patients who received injections every other
week showed no improvements in the DLQI (SMD in Cohen’s d
�0.21; 95% CI �0.57 to 0.14; I2=0%; Fig. 4b). The results
pertaining to efficacy remained similar after sensitivity analyses of
6

each outcome (see Supplemental Digital Content Table S2 for
details, http://links.lww.com/MD/G166).

3.5. Quantitative meta-analysis of safety

Patients receiving adalimumab for HS treatment did not show a
significantly higher risk of developing AEs than patients receiving
the placebo. As illustrated in Figure 5a–d, the pooled RRs of
serious AEs, infectious AEs, headache, and nasopharyngitis were
comparable between the weekly and every-other-week adalimu-
mab groups. The sensitivity analysis performed by omitting 1
study at a time yielded similar results (see Supplemental Digital
Content Table S3 for details, http://links.lww.com/MD/G167).

3.6. Small-study effects across studies

As mentioned above, a major asymmetry across studies in
patients achieving clinical response suggests small study effects

http://links.lww.com/MD/G166
http://links.lww.com/MD/G167


Figure 3. Forest plots of patients who achieved clinical response (a), trial
sequential analysis (TSA) of clinical response (b), and Doi plot of clinical
response (c). LFK index, Luis Furuya–Kanamori index; RR= risk ratio.

Lu et al. Medicine (2021) 100:22 www.md-journal.com
(the LFK index of 3.43; Fig. 3c). Based on the asymmetry of the
Doi plots and LFK index, minor (LFK index, �1.16) and major
asymmetries (LFK index, �2.09) were observed with regard to
the modified Sartorius score and DLQI outcomes.
Small study effects were not detected in the pooled RR of

nasopharyngitis (LFK index, �0.77); whereas, a minor asymme-
try was observed in the groups of serious AEs (LFK index,�1.68)
and infectious AEs (LFK index, 1.37). However, a major
asymmetry (LFK index, 2.78) was observed in the group of
patients with headache.
3.7. GRADE approach for CoE

The effects of administering adalimumab weekly and every other
week are summarized in Tables 2 and 3, respectively, using the
7

GRADE proGDT platform. An explanation for downgrading in
each domain of outcomes is also listed. The NNT for the
effectiveness of adalimumab in HS management is presented in
the far-right column.
As shown in Table 2, the levels of inconsistency in the modified

Sartorius scores were downgraded by2 levels because the I2 was
>75%. The levels of publication bias were downgraded by 1 or 2
level(s) owing to the minor or major asymmetry in the Doi plot,
respectively. In summary, the CoE of clinical response, modified
Sartorius score, and DLQI for the efficacy of adalimumab in HS
management, as well as serious AEs, infectious AEs, headache,
and nasopharyngitis were classified as low, very low, low,
moderate, moderate, low, and high, respectively.
As the Doi plot was not applicable when there were only 2

studies in the group of patients administered adalimumab every
other week, small-study effects were not detected using the
approach. Alternatively, per the guidance of the Cochrane
handbook,[12] the levels of publication bias were further
downgraded owing to potential conflict of interests (Table 3).
The overall CoE of each outcome was judged as “moderate.”
4. Discussion

In this review, we demonstrate that subcutaneous adalimumab is
an effective treatment for moderate-to-severe HS with tolerable
adverse effects. The efficacy of adalimumab was indicated by
clinical response and the changes in the modified Sartorius score
and DLQI from baseline. Additionally, TSA provided conclusive
evidence for clinical response. The safety issues of adalimumab
were not significant compared with those of the placebo. The
sensitivity analysis yielded similar results, making the pooled
effect estimates robust. Nevertheless, limited CoE with small
study effects must be taken into consideration when the findings
are clinically applied by dermatologists.
Several inflammatory modulators have been proposed in the

pathophysiological mechanism of HS, including TNF-a, inter-
leukin (IL)-1b, IL-10, and IL-17.[25,26] In fact, it has been
reported that the TNF-a concentration was significantly higher in
the skin and serum of patients with HS than in those of healthy
controls.[27,28] The use of TNF-a inhibitors in HS management
stemmed from the recognition that patients with inflammatory
bowel diseases treated with these medications showed a
concurrent improvement in their HS symptoms.[29,30] Previous
case reports and case series have elucidated the potential of TNF-
a inhibitors in the treatment of HS and other chronic diseases
such as psoriasis.[31,32] In real-life observational research,
treatment with adalimumab was associated with both clinical
remission of HS and an improvement in the quality of life of
patients.[33] Bothmodified Sartorius score andDLQI significantly
decreased during evaluation (Friedman test; P< .001).
Our results of quantitative meta-analysis supported the

findings of a previous review conducted by Tchero et al.[10]

Furthermore, we assumed that the true effect of adalimumab in
treating moderate-to-severe HS varies from 1 study to another,
owing to the different loading doses and pharmacological effects
between individuals. Therefore, we considered the random-effect
model is more suitable for pooled effect size estimation.
Moreover, after our evidence-based appraisal, efficacy outcomes
regarding adalimumab administered weekly yielded low and very
low CoE because of likely and very likely publication biases.
Interestingly, adalimumab administered every other week
influenced the modified Sartorius score with moderate CoE from

http://www.md-journal.com


Figure 4. Forest plots of the (a) changes in the modified Sartorius score from baseline and (b) changes in the dermatology life quality index from baseline. SMD=
standardized mean difference.

Lu et al. Medicine (2021) 100:22 Medicine
baseline. This result was different from that of a previous
GRADE systematic review [9] in 2016, probably because we
included more recent studies. Considering the prevalence, disease
burden, and high cost of biologic agents, more studies on the cost-
effectiveness of adalimumab in clinical practice are warranted.
Among the RCTs in patients with HS, 90% of the outcomes

lacked validated measurement to support their clinical applica-
bility.[34] HiSCR is a validated outcome measure, which is
supported by good-quality evidence and is recommended for the
assessment of treatment effectiveness in controlling inflammatory
manifestations in patients with HS (evidence level 2, grade of
8

recommendation B).[16,35] There were 3 studies that applied
HiSCR to report the proportion of patients achieving clinical
response. Other novel treatment outcome measures that correlate
with HS severity have been introduced for implication.[36] To the
best of our knowledge, this is the first meta-analysis to assess the
pooled RR of clinical response of adalimumab in treating HS.
The NNT is widely recommended as a quantitative measure of

effectiveness to overcome the lack of intuitiveness of traditional
measures of risk from clinical trials.[37] While the acceptable
value of NNT depends on the “threshold NNT” in different
circumstances,[38] single-digit NNTs have been often considered



Figure 5. Forest plots of (a) serious adverse events, (b) infectious adverse events, (c) headache, and (d) nasopharyngitis.

Table 2

Certainty of evidence by GRADE (adalimumab weekly).

of participants (studies)
Risk of
bias Inconsistency Indirectness Imprecision

Publication
bias Overall CoE

NNTs / NNHs Mean
(95% CI)

Clinical response
941 (4 RCTs) not serious not serious not serious not serious very likely† ⊕⊕ LOW NNT=5 (3–11)

Modified Sartorius score
839 (3 RCTs) not serious very serious

∗
not serious not serious likely‡ ⊕ VERY LOW NNT=10 (5–41)

Dermatology Life Quality Index
839 (3 RCTs) not serious not serious not serious not serious very likely† ⊕⊕ LOW NNT=10 (7–15)

Serious adverse events
939 (4 RCTs) not serious not serious not serious not serious likely‡ ⊕⊕⊕ MODERATE NR

Infectious adverse events
939 (4 RCTs) not serious not serious not serious not serious likely‡ ⊕⊕⊕ MODERATE NR

Headache
939 (4 RCTs) not serious not serious not serious not serious very likely† ⊕⊕ LOW NR

Nasopharyngitis
939 (4 RCTs) not serious not serious not serious not serious none ⊕⊕⊕⊕ HIGH NR

CI = confidence interval, CoE = certainty of evidence, NNT/NNH = number-needed-to-treat/number-needed-to-harm, NR = not reasonable (no statistical significance in meta-analysis), RCT = randomized
controlled trial.
∗
I2>75%.

† Doi plot indicated major asymmetry.
‡ Doi plot indicated minor asymmetry.
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Table 3

Certainty of evidence by GRADE (adalimumab every other week).

of participants (studies)
Risk of
bias Inconsistency Indirectness Imprecision

Publication
bias Overall CoE

NNTs / NNHs Mean
(95% CI)

Clinical response
103 (1 RCT) not serious not serious not serious not serious likely

∗
⊕⊕⊕ MODERATE NR

Sartorius score
124 (2 RCT) not serious not serious not serious not serious likely

∗
⊕⊕⊕ MODERATE NNT=6 (4–13)

Dermatology Life Quality Index
124 (2 RCT) not serious not serious not serious not serious likely

∗
⊕⊕⊕ MODERATE NR

Serious adverse events
124 (2 RCT) not serious not serious not serious not serious likely

∗
⊕⊕⊕ MODERATE NR

Infectious adverse events
124 (2 RCT) not serious not serious not serious not serious likely

∗
⊕⊕⊕ MODERATE NR

Headache
124 (2 RCT) not serious not serious not serious not serious likely

∗
⊕⊕⊕ MODERATE NR

Nasopharyngitis
103 (1 RCT) not serious not serious not serious not serious likely

∗
⊕⊕⊕ MODERATE NR

CI = confidence interval, CoE = certainty of evidence, NNT/NNH = number-needed-to-treat/number-needed-to-harm, NR = not reasonable (no statistical significance in meta-analysis), RCT = randomized
controlled trial.
∗
Potential conflict of interest was indicated.

Lu et al. Medicine (2021) 100:22 Medicine
as “clinically desirable” for drug application.[39] In our study, the
NNTs were low for the efficacy outcomes, and this indicated an
acceptable effect in clinical practice. Consequently, the results of
our evidence-based approachmay be informative to both patients
and physicians in clinical dermatology.
Based on the available evidence, there is a high risk of infection

after the initiation of TNF-a inhibitor therapy.[40] Despite the risk
of developing malignancies and tuberculosis, mild upper respira-
tory tract infection is the most commonAE.[41,42] The safety issues
of adalimumab in our analysis were comparable and consistent
with the expected adalimumab AE profile.[43] We demonstrated
that the pooled estimates of developing headaches and nasophar-
yngitis account for over 10% in each of the study arms in the
PIONEER trials. Although the CoE of safety issues have been
influenced by potential small study effects, the pooled results did
not indicate significant risks of serious or infectious AEs following
the administration of adalimumab either weekly or every other
week. On the contrary, a recent data analysis of PIONEER I and II
revealed minimal differences in the incidence of respiratory
infections between patients with HS on adalimumab and those
on placebo.[44] Both patients and physicians should cautiously
consider infections when making treatment decisions for patients
with HS, especially during the unfolding COVID-19 pandemic.
The I2 was less than 50% in nearly all our desired outcomes,

except for the modified Sartorius score in the weekly adalimu-
mab-administered group. Owing to the small number of the
included studies, meta-regression for addressing heterogeneity
was not accessible. Thus, we failed to explore the substantial
heterogeneity in the modified Sartorius score of the weekly
adalimumab-administered group.
The occurrence of small study effects such as publication bias

suggests an overestimation of treatment benefits.[45,46] In their
meta-analysis, Tchero et al[10] did not use funnel plot or
quantitative approach, such as Egger test, because the number of
studies was less than 10.[12] Additionally, there have been
concerns about Egger asymmetry test and its power to detect
asymmetry, especially when the number of studies is small;[47]

this a common feature in meta-analysis.[48] Recently, the Doi plot
and LFK index have been shown to outperform Egger P test for
potential small study effects, even when the number of studies is
10
small. A comparison using Egger P test revealed that the LFK
index had superior areas under the receiver operating character-
istic curve (0.74–0.88 vs 0.58–0.75) and higher sensitivity
(71.3%–72.1% vs 18.5%–43.0%).[21] However, the specificity
was higher for Egger P test (87.6%–90.0% vs 64.7%–

87.1%).[20] We used the Doi plot and LFK index to detect
major andminor asymmetries in several outcomes of our interest,
which may be ignored by the inapplicability of funnel plot and
quantitative approaches such as Egger P test.
A major strength of this study was the application of Cochrane

methodology. We conducted an up-to-date literature search and
included recent trials in the analysis. RoB 2.0 was assessed for
eligible RCTs, and the GRADE approach was used for essential
outcomes to emphasize the certainty of our meta-analysis results.
The TSA was performed to explore the risk of random error
because of sparse data and repetitive testing to increase the
robustness of our meta-analysis. Furthermore, this is the first
meta-analysis to assess the pooled RR of clinical response in
moderate-to-severe HS treatment with adalimumab. We believed
that the RR of clinical response might be more comprehensive
and practical to both physicians and patients in clinical practice
than the actual value of mean difference. Finally, we evaluated
small study effects using methods with high sensitivity, such as
the Doi plot and the LFK index.
Therewere some limitations toour study. First,weonly included

five studies in our analysis and therefore, the sample sizewas small.
The TSA was conducted to calculate IS and possible type I error
adjustment. However, because of the inherent limitation of TSA
software, we were unable to perform TSA considering the SMD
effect size. Second, the between-study heterogeneity was unclear.
Most of the included publications came from the same research
team and the sample size of individual studies is generally small.
Finally, while the LFK index has been shown to discriminate
asymmetry better andhave higher sensitivity, its specificity is lower
than that of the Egger P value.
5. Conclusions

In our systematic review and meta-analysis, adalimumab
administered weekly was found to be an effective biologic agent
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for achieving clinical response and improving symptoms in and
quality of life of patients with HS. The risk of developing adverse
reactions was comparable between the intervention and control
groups. Given the limited CoE, future large-scale RCTs are
necessary to obtain more robust evidence for the application of
adalimumab in the treatment of moderate-to-severe HS.
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