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Objective: The limitations of adrenocorticotrophic hormone (ACTH) treatment for
infantile spasms (ISs), such as high costs, limited availability, and adverse effects (AEs),
make it necessary to explore whether corticosteroids are optimal alternatives. Many other
compelling treatments have gone through trials due to the suboptimal effectiveness of
hormonal therapy. A systematic review and meta-analysis were performed to evaluate
the effectiveness and safety of hormonal therapy for patients with ISs.

Methods: EMBASE, Ovid MEDLINE, Cochrane Central Register of Controlled Trials
(CENTRAL), and online registers were searched through April 2021 for randomized
controlled trials (RCTs).

Results: A total of 19 RCTs (N = 1,279) were included. There was no significant
difference in the effectiveness of oral corticosteroids and ACTH in electro-clinical
response (risk ratio [RR] = 0.85, 95% CI 0.41-1.76). Low-dose ACTH had similar
effectiveness in electro-clinical response compared to usual-dose group (RR = 0.94,
95% Cl 0.60-1.47) but conferred a lower risk of AEs (RR = 1.71, 95% CI 1.08-
2.71). ACTH was more beneficial in controlling spasms than vigabatrin (VGB) (RR =
1.31, 95% Cl 1.05-1.64) for patients without tuberous sclerosis complex (TSC). Al
RCTs were connected through network meta-analysis, and we found that ketogenic diet
(KD), zonisamide, methylprednisolone, or combined treatment of hormonal therapy with
topiramate (TPM) or pyridoxine was not different in electro-clinical response compared
to usual-dose ACTH.

Conclusion: Our analysis showed that oral corticosteroids could be optional alternatives
when ACTH is not applicable, and ACTH is more beneficial for patients without
TSC. Moreover, low-dose ACTH is recommended due to comparative effectiveness
but lower risk of AEs. However, due to the high heterogeneity of included patients
and treatment protocols, these results must be interpreted with caution. RCTs with
multicentric involvement and larger sample size are needed for solid evaluation of other
alternative treatments.
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Heterogeneity: Tau? = 0.00; Chi? = 0.13, df = 2 (P = 0.94); I? = 0%
Test for overall effect: Z=0.29 (P =0.77)
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FIGURE 4 | Forest plot showing RR and 95% Cl of electro-clinical response between high and low dose of ACTH.
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FIGURE 5 | Forest plot showing RR and 95% ClI of adverse effects between high and low dose of ACTH.

receiving zonisamide were lethargy and irritability. One case
required dose reduction due to metabolic acidosis, and one case
withdrew the medication due to significant loss of appetite.

Monotherapy vs. Multitherapy

Zou et al. (22) was an open-label RCT with a 24-week follow-
up duration, comparing the effectiveness of ACTH monotherapy
and ACTH with MgSOy4. At 4 weeks of the initiation of treatment,
the proportion of patients with spasm cessation was higher in

ACTH + MgSO4 group compared to the ACTH group (12/19
vs. 8/19, p = 0.003), but the proportions of patients with
electro-clinical response were not statistically different in the
two groups. Developmental quotients (DQs) measured by the
Gesell tests showed no difference between the two groups at
baseline and after 24 weeks of treatment. However, patients of the
combination therapy group showed a significant improvement
of mean DQ at personal-social dimension compared to baseline
level (combination therapy group: from 48.6 to 65.2, p < 0.05;
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Lux 2004 40 28
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Vigevano 1997 14 19 11 23 19.3%
Total (95% ClI) 90 91 100.0%
Total events 66 50

Heterogeneity: Tau? = 0.00; Chi? = 1.14, df =2 (P = 0.57); I? = 0%
Test for overall effect: Z = 2.39 (P = 0.02)

Note: Since Omar 2002 did not provide EEG results, meta-analysis of electro-clinical response was not applicable.

FIGURE 6 | Forest plot showing RR and 95% ClI of spasm cessation between hormonal therapy and vigabatrin.
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ACTH group: from 47.7 to 49.9). AEs were reported in 31.6% and
42.1% of patients in the combination therapy group and ACTH
group, respectively, but were not significantly different between
the two groups.

O’Callaghan et al. (23) was an open-label RCT that studied
whether the combination of hormonal therapy and VGB was
superior to hormonal therapy alone. The type of hormonal
therapy (i.e., prednisolone or tetracosactide depot) was randomly
assigned or chosen by parents. Spasm cessation on days 13
and 14 was achieved in 166 (89%) of 186 patients treated with
combination therapy compared to 132 (69%) of 191 patients on
hormonal therapy (95% CI 11.8-28.6; x> = 23.2; p < 0.001).
Electro-clinical remission was achieved in 123 (66%) patients on
combination therapy compared to 104 (55%) who were allocated
to hormonal therapy (95% CI 1.4-21.6; x> = 5.2; p = 0.023).
Time taken to reach spasm-free was shorter on combination
therapy than hormonal therapy [median 2 days (interquartile
range (IQR) 2-4) vs. median 4 days (IQR 3-6); z = 6.04; p
< 0.001]. No significant difference in AEs was found between
groups (117 in the combination therapy group and 111 in the
hormonal therapy group).

Kunnanayaka et al. (24) was an open-label RCT to explore
whether the addition of pyridoxine to prednisolone could offer
more benefits to patients with ISs. All 66 eligible patients received
30 mg/kg/day of pyridoxine for 3 days before the commencement
of the study. Four patients were excluded due to marked
improvement after the initial pyridoxine trial. The proportions
of children with electro-clinical remission on day 14 were
not significantly different (monotherapy 28.1% vs. combination
therapy 30.0%, p = 0.87). The AEs in both groups included
increased appetite, irritability, weight gain, Cushingoid facies,
and excessive daytime sleepiness, but no patients were required
to withdraw the treatments. Follow-up of the patients who were
spasm-free showed that 4 patients relapsed in the prednisolone
group and one relapsed in the combination therapy group after 1
month of treatment.

Yi et al. (25) was an RCT that studied whether the addition of
topiramate (TPM) to prednisone was more beneficial for patients
with ISs or late-onset epileptic spasms. Cessation of spams at day
14 after treatment entry was achieved in 28 (71.8%) of 39 patients
on prednisone and in 29 (76.3%) of 38 patients on combination
therapy (x% = 0.205; p = 0.796). Among these patients who

were spasm-free, 21 of 28 patients in the monotherapy group
and 20 of 29 in the combination therapy group achieved electro-
clinical remission. The rate of patients who stayed spasm-free in
the monotherapy group and the combination therapy group at
day 49 or 56 was not significantly different (71.8 vs. 65.8%, p
= 0.569), so was at day 120 (61.5 vs. 50.0%, p = 0.308). There
was no significant difference in the rate of patients occurring AEs
between the two treatment groups.

Network Meta-Analysis

To gain a comprehensive understanding of the efficacy of
all included treatments compared to usual- or high-dose
ACTH, a network meta-analysis was conducted using MetaXL
(version 5.3) (Figure7A). Because ACTH usage was rather
heterogeneous, we defined less than 25 U/day of ACTH as
low-dose ACTH, otherwise as usual- or high-dose ACTH.
The assignment of treatment groups of all studies and
all comparisons of network meta-analysis are provided in
Supplementary Material 2.

Network meta-analysis (Figure 7B) showed that usual- or
high-dose ACTH did not superior to oral corticosteroids
(regardless of the dosage of oral corticosteroids), MEP,
zonisamide, and KD in the effectiveness of the electro-clinical
response. Additional treatments to hormonal therapy, such as
TPM, pyridoxine, and MgSOy, did not lend any benefits to
patients in controlling spasms, but the combination of hormonal
therapy and VGB was better than using ACTH alone (RR = 1.21,
95% CI 1.03-1.43). For general patients without TSC, ACTH had
an edge over VGB (RR = 0.65, 95% CI 0.45-0.94).

DISCUSSION

The limitations of ACTH treatment for ISs, such as high
costs, availability in resource-limited countries, and severe AEs,
make good alternatives of oral corticosteroids. Especially, there
is currently no potent evidence showing ACTH is superior
to oral corticosteroids regarding spasm cessation and EEG
remission of hypsarrhythmia. Our meta-analysis showed that
oral corticosteroids, prednisone, and prednisolone, regardless
of low (2 mg/kg/day) or high dosage (40-60 mg/day or 4
mg/kg/day), were as effective as ACTH in controlling spasms.
However, considering that infants have the inadequate ability
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MEP Low-dose corticosteroids ]
VGB Low-dose ACTH
N
KD lE Usual- or high-dose ACTH
Zonisamide High-dose corticosteroids+TPM ]
Low-dose ACTH+MgSO4 High-dose corticosteroids+pyridoxine }
i Usual- or high-dose ACTH+VGB ] ‘
B
Other Treatments vs Usual- or high-dose ACTH
Treatment RR (95% Cl)
Zonisamide L 2 0.60 ( 0.17, 2.07)
VGB —— 0.65 ( 0.45, 0.94)
Low-dose corticosteroids — 0.77 ( 0.39, 1.51)
High-dose corticosteroids+pyridoxine L 2 0.77 ( 0.23, 2.58)
MEP ® 0.86 ( 0.35, 2.11)
KD —— 0.91 ( 0.55, 1.50)
Low-dose ACTH —_— 1.04 ( 0.69, 1.57)
High-dose corticosteroids+TPM L 2 1.06 ( 0.43, 2.62)
High-dose corticosteroids L 2 1.18 ( 0.58, 2.38)
Usual- or high-dose ACTH+VGB —— 1.21 ( 1.03, 1.43)
Low-dose ACTH+MgS0O4 L 1.92 ( 0.71, 5.21)
0 11 22 33 4.4
RR
FIGURE 7 | (A) Network of all treatments of included randomized controlled trials. (B) Network meta-analysis of all other treatments vs. usual-dose ACTH in the
effectiveness of the electro-clinical response.

of the HSD11B1 enzyme to reduce prednisone to prednisolone,
the use of low-dose prednisone probably should not be
recommended (27). Although oral corticosteroids have overcome
many of the limitations associated with ACTH treatment, their
overall long-period treatment (usually 4-6 weeks) is still a
drawback. MEP, as another application form of corticosteroids,
overcomes the drawback of long-period treatment and, thus,
improves treatment compliance. No head-to-head RCT that
compared ACTH and MEP was retrieved during literature
searching, but through network meta-analysis, we found that
MEP had similar efficacy as ACTH in the short-term spasm
control (RR = 0.86, 95% CI 0.35-2.11). However, the included
RCT (17) and a non-RCT (28) both reported a higher rate of
reoccurrence of spasms in patients who received MEP, which
should not be overlooked.

The commonly reported serious AEs of ACTH treatment
include hypertension, infection, reversible brain shrinkage,
cardiac hypertrophy, and electrolyte abnormalities, which deter
the extensive usage of ACTH. These AEs may be dose- and

duration-dependent, so it is of great concern to strike the
balance among the lower ACTH dose, fewer AEs, and maximum
therapeutic effects. Our analysis showed the effectiveness of low-
and usual-dose ACTH was not different, but patients using usual-
dose ACTH were at higher risk of having AEs. Overall, low-dose
ACTH should be considered over high-dose regimens due to
comparative effectiveness and a preferable profile of AEs.

The VGB, as an inhibitor of GABA-transaminase, has been
introduced as a first-choice drug in the treatment of ISs, especially
it is the best choice for IS caused by TSC (29, 30). VGB is
given orally and rapidly absorbed, which is a great advantage for
pediatric patients. Although visual-field defect, which is usually
irreversible and asymptomatic, has been reported in pediatric
patients, VGB, in general, is well-tolerated in children (31). It
is of utmost importance to address whether VGB has similar
therapeutic effectiveness as hormonal therapy in patients with
IS who do not have TSC. Our analysis showed that hormonal
therapy had better efficacy in spasm cessation for general patients
with ISs; compared to VGB, even a few patients with TSC
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were occasionally included. In addition, the only regimen in our
analysis that had better efficacy than ACTH was the combined
use of hormonal therapy and VGB.

Even if hormonal therapy and VGB are administered at the
first-line treatments, only about 30% of patients achieve long-
term remission. Many patients have the reoccurrence of spasms
or develop other types of epilepsy, such as Lennox-Gastaut
Syndrome. There is a strong demand for other compelling
therapeutic options. A systematic review showed that at least
25% of patients, most of which failed the first-line treatments,
can be expected to have a >50% reduction of spasm frequency
after the treatment of zonisamide (32). A systematic review of
13 observational studies showed that 57.4% of patients achieved
>50% improvement in spasm frequency with 6 months of
KD treatment (33). A recent non-RCT on patients who failed
hormonal therapy showed that 13.4% of patients had >50%
spasm reduction compared to 10% in the control group (34).
When addressing the effectiveness and safety of other non-first-
line treatment for ISs, out of consideration of ethics, most studies
used observational or uncontrolled trials, and inevitably, the
included patients often have complicated medication histories
of AEDs or long treatment lag. During our literature search,
only two RCTs administered alternative treatments (i.e., KD and
zonisamide) as the first-line treatments to patients with hormonal
therapy naive. Our network meta-analysis revealed that neither
of these two treatments showed a difference in the effectiveness
of short-term spasm control compared to usual-dose ACTH.
Additionally, the combining use of hormonal therapy with TPM,
pyridoxine, or MgSOy4 did not lend any benefits to patients in
spasm control, either.

The main limitation of this study is the high heterogeneity
of included patients and treatment protocols. The age range,
sex ratio, and the ratio of cryptogenic and symptomatic ISs
varied from study to study. A variety of agents were used,
such as natural ACTH gel or synthetic ACTH, in a rather wide
range of treatment lengths and dosages. Although 2 weeks after
initiation of treatment was the most common time point to
evaluate electro-clinical response, some studies adopted longer
time intervals (4-8 weeks) before the evaluation, which was
another source of clinical heterogeneity. As shown in Zou et al.
(22) and Angappan et al. (21), the proportion of patients with
EEG remission increased at a later time point. Another limitation
is the limited number and small sample size of RCTs that studied
other alternative treatments, such as KD or zonisamide, thereby,
making the level of evidence low. Furthermore, many of the
included studies, even studies that compared hormonal therapy
and VGB, did not exclude the patients with TSC, which may
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