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Abstract. Background and Objectives: Subacute Sclerosing Panencephalitis (SSPE) is a rare, progressive, and
fatal neurological disorder caused by persistent measles virus infection, predominantly affecting children.
The recent resurgence of measles globally, driven by declining vaccination rates, has highlighted the need
for effective SSPE management strategies. Currently, treatment approaches focus on managing symptoms
and slowing down the disease progression. This review aims to systematically evaluate treatment outcomes
for SSPE based on the disease stage at which the therapy is initiated. Materials and Methods: A compre-
hensive PubMed search identified publications from 1994 to 2024 with the objective to list studies covering
in detail SSPE treatment regimens and reporting on patient outcomes by the disease stage at treatment
initiation. The inclusion criteria were as follows: randomized controlled trials, cohort studies, and case re-
ports which clearly documented the treatment initiation stages and outcomes. The review classified cases
into six treatment groups based on the most used medication combinations for the early (stages I-II)
and advanced stages (stages III-IV) of SSPE. Results: A total of 30 studies comprising 80 SSPE cases met
the inclusion criteria. Ribavirin combined with interferon and Isoprinosine showed favorable outcomes,
particularly in early-stage patients. In contrast, Isoprinosine monotherapy resulted in the highest progres-
sion rates across both stages. Other combinations demonstrated varied effectiveness. Antiepileptic drugs
provided symptomatic relief but did not alter the disease progression. Conclusions: This systematic review
highlights the influence of the SSPE treatment initiation stage on the patient outcomes, suggesting that a
tailored approach based on the disease progression may improve the treatment efficacy.
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Potumio sklerozuojancio panencefalito gydymo rezultatai pradéjus
gydyma skirtingose ligos stadijose: sisteminé literatiiros apzvalga

Santrauka. Potmis sklerozuojantis panencefalitas (PSPE) yra reta, progresuojanti mirtina neurologiné
liga, kurig sukelia tymy viruso infekcija, dazniausiai paveikianti vaikus. Pastaruoju metu pasaulyje mato-
mas tymy atvejy skai¢iaus didéjimas, susijes su mazéjanciomis skiepijimo apréptimis, pabrézia veiksmin-
gy PSPE gydymo strategijy poreikj. Dabartiniai gydymo metodai orientuoti j simptomy kontrole ir ligos
progresavimo létinimg. Sios sisteminés literatiiros apzvalgos tikslas — jvertinti skirtingy PSPE gydymo
strategijy efektyvuma, atsizvelgiant j tai, kurioje ligos stadijoje pradedama terapija. Perziarétos 1994-2024
mety ,,PubMed® publikacijos, kuriose aprasomi PSPE gydymo budai ir pacienty iSeitys, priklausomai
nuo gydymo pradzios stadijos. | analize jtraukti atsitiktiniy imciy kontroliuojami tyrimai (angl. RCT),
kohortiniai tyrimai ir atvejy, kai aiskiai dokumentuota gydymo pradzios stadija ir rezultatai, aprasymai.
Atvejai buvo suskirstyti j Sesias grupes pagal dazniausiai vartojamy vaisty derinius ankstyvomis (I-II) ir
pazengusiomis (III-IV) PSPE stadijomis. Analizuoti 30 publikacijy duomenys, apimantys 80 atvejy. Riba-
virino ir interferono derinys su isoprinozinu pasizyméjo palankiais rezultatais, ypa¢ gydant pacientus, ku-
riems buvo ankstyvosios ligos stadijos. O $tai isoprinozino monoterapija buvo susijusi su didziausiu ligos
progresavimo dazniu visose stadijose. Kiti vaisty deriniai pasizyméjo varijuojanciu veiksmingumu. Nors
priesepilepsiniai vaistai palengvino simptomus, jie nesulétino ligos progresavimo. Si sisteminé apzvalga
pabrézia PSPE gydymo pradzios stadijos jtakg pacienty iSgyvenamumui ir leidzia daryti prielaida, kad
individualizuotas pozitris, atsizvelgiant j ligos progresavima, gali pagerinti gydymo efektyvuma.
Raktazodziai: poumis sklerozuojantis panencefalitas, PSPE, tymai, vaiky neurologija.

1. Introduction

Subacute Sclerosing Panencephalitis (SSPE) is a progressive and fatal neurological disorder result-
ing from a persistent measles virus infection, mainly affecting the paediatric population. SSPE
occurs in approximately 6.5 to 11 cases per 100,000 measles infections, predominantly affecting
children under five years old [1]. Recent epidemiological data underscore the resurgence of mea-
sles globally. In 2022, approximately 9 million cases of measles were reported worldwide, on top
of over 300,000 confirmed cases in 2023 [2,3]. The resurgence of measles, driven by the declin-
ing immunization rates and inadequate vaccine coverage, significantly elevates the risk of SSPE,
particularly in unvaccinated and under-vaccinated pediatric populations.

SSPE is characterized by cognitive decline, seizures, and eventual coma [4]. Currently, there is no
cure for SSPE, and no standardized treatment protocol has been established. The available therapies
primarily focus on symptom management and slowing down the disease progression [5].

Isoprinosine, an antiviral drug with immunomodulatory effects, is widely used for treating
SSPE. Although Isoprinosine is known for its immunomodulatory properties, it has demonstrat-
ed only limited success [6]. Interferons are naturally produced by animal cells in response to
viral infections, aiming to inhibit viral replication, activate immune responses, and are also used
in treating SSPE in both monotherapy and in addition with Isoprinosine [5]. Ribavirin, another
antiviral medication, was found to inhibit the replication of SSPE virus strains in in vitro studies
and animal models [7]. Lamivudine, an antiretroviral typically used in HIV treatment, has also
been used in SSPE due to its impact on viral RNA synthesis [8,9]. Antiepileptic Drugs (AEDs) are
primarily used to manage seizures in SSPE, providing symptomatic relief [1].

No systematic review has yet evaluated the impact of the SSPE stage at treatment initiation on
the therapeutic outcomes.

This review aims to analyse the effectiveness of various treatment types in SSPE patients by
comparing the outcomes (improvement/stabilization and progression) based on the stage at
which the treatment is initiated (early stages I-1II vs. advanced stages III-IV).
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2. Materials and Methods

The review includes patients diagnosed with Subacute Sclerosing Panencephalitis (SSPE) and con-
siders studies which clearly describe SSPE treatment regimens and specify the stage of SSPE
before treatment initiation, as well as the treatment outcomes. A comprehensive search was
conducted by using PubMed. The search was performed on March 1, 2024. The filters included
‘English;, ‘Full text, and ‘Abstract, with a publication time frame from 1994 to 2024. The strategy
ensured the inclusion of a wide range of relevant studies. A PRISMA flow chart illustrates the
selection process (Figure 1).

The inclusion criteria were as follows: 1) Randomized Controlled Trials (RCTs), cohort studies,
case-control studies, and case reports; 2) studies that specify both the treatment initiation stage
and the treatment outcomes and use well-defined clinical staging systems; 3) in terms of publica-
tions where not all patients had clearly documented stages or outcomes, only cases with sufficient
data were included.

Exclusion criteria: 1) patients whose treatment initiation stage and/or treatment outcomes
are not specified or defined, i.e., wherever an unclear staging system was used; 2) immunocom-
promised and/or pregnant patients; 3) studies where the patients did not receive specified SSPE
treatments; 4) literature reviews, systematic reviews, and meta-analyses (these studies are ex-
cluded to ensure the inclusion of primary research data and direct clinical evidence).

Publications were not filtered by location, hospital settings, income, or similar factors, thus
aiming to include a wide range of publications to thoroughly assess the treatment outcomes.

p
Identification of studies ]
___
Records from PubMed; keywords: ‘SSPE’ Records removed before screening:
-E OR ‘Subacute Sclerosing Panencephalitis’, )
s . L L , » Duplicate records removed (n=11)
& filters ‘English’, ‘Full text’, ‘Abstract’;
:,:: timeframe: 1994-2024, duplicates removed Records marked as ineligible by automation
= (n=1627) tools (n = 0)
—
— |
Records screened (n = 627) Records excluded (n = 194)
£
g Reports sought for retrieval (n = 142) »| Reports not retrieved (n = 485)
o
2
L Reports excluded:
Reports assessed for eligibility (n = 142) >
— Unrelated to SSPE (n = 34)
A4

Do not include SSPE treatment (n = 24)
Studies included in review (n = 30)

Review/survey (n =28)

=
%
g
<
=
—

Case reports of included studies (n = 80)

Figure 1. PRISMA Flowchart: Study selection process [10]
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Cases were classified to assess the effectiveness of different treatments at different stages of the
disease progression. The classification was based on:

1. SSPE stage before and after treatment: cases were divided into two groups: patients that
started treatment at the early stages (I-1I) and the advanced stages (III-1V).

2. Treatment outcomes: the outcomes were divided into two groups: improvement/stabilization
versus progression.

3. Different treatment types: cases were classified into six treatment groups based on the most
used medication combinations: Isoprinosine monotherapy, Interferon ((IFN-a) or IFN-B) with
Isoprinosine, Interferon monotherapy, Ribavirin with Interferon and Isoprinosine, Lamivudine
with Interferon and Isoprinosine, and Antiepileptic Drugs (AEDs) as monotherapy. IFN-a and
IFN- were grouped for analysis, as some studies did not differentiate between them. In cases
where only one type of Interferon was used, it was still included in the combined interferon
category to allow for broader comparison. One case involving intravenous gamma globulin
treatment was excluded due to insufficient data.

The protocol for this systematic review was registered and published on PROSPERO (ID:

CRD42024547588).

3. Results

We included 30 publications and 80 cases meeting the predefined inclusion criteria. Figure 2
highlights six different treatment approaches and the percentage of patients who either improved/
stabilized or progressed under each treatment type across both stages. For detailed information
on patient outcomes by the treatment type and disease stage, see Appendix A, Table 1.

Improved/Stable I-II stage, % M Progressed I-1I stage, %
Improved/Stable III-1V stage, % B Progressed III-1V stage, %
m 3 m S8
— —
IS
2 2
© =)
p s
R 2
3 EI,
Lf')
Te}
o~ Y
S &3
o
IP (+/- AED) IFNA/B +1IP (+/- IFNA/B ( LMV + IFNA + AED ONLY RBV + IFENA + IP
AED) AED) IP (+/- AED)

Figure 2. Patient outcomes percentage by treatment type and disease stage (I-II and III-IV)

Abbreviations. IP: Isoprinosine; IFN: interferon; RBV: Ribavirin; LMV: Lamivudine; AED: antiepileptic drugs
(Nitrazepam, Levetiracetam, Lamotrigine, Valproate, etc.)

Isoprinosine monotherapy showed the poorest outcomes, with all patients in the early stages
(I-II) and 75% of patients in the advanced stages (III-IV) experiencing disease progression.
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A combination of Interferon (IFN) with Isoprinosine led to mixed outcomes. In the early stag-
es, 46.2% of patients improved or stabilized, while 53.8% progressed. However, in the advanced
stages, this combination seemed to be effective, with 100% of patients improving or stabilizing.
It is important to note that only 5 patients in stages III-IV received this treatment, which limits
the reliability of the results, as such a small sample size may fail to fully reflect the treatment ef-
fectiveness.

Ribavirin combined with IFN and Isoprinosine demonstrated some of the most favorable out-
comes, particularly in the early stages, where 83.3% of patients improved or stabilized. In ad-
vanced stages, 80% of patients also improved or stabilized. Here, it is also important to note that
the sample sizes were small.

Lamivudine combined with IFN and Isoprinosine showed more favorable outcomes in the ad-
vanced stages compared to the early stages, with 54.5% of advanced-stage patients improving or
stabilizing, versus only 12.5% in early stages.

Antiepileptic drugs used as monotherapy were observed in only three cases, making definitive
conclusions difficult. In the early stages, all patients progressed, while one patient in the advanced
stages improved.

Interferon monotherapy also had limited data, with only one patient improving, while the
remaining two patients (one from each stage) progressed.

4, Discussion

4.1. Ribavirin + IFNa + Isoprinosine

In our analysis, a Ribavirin, IFN and Isoprinosine combination therapy showed the lowest overall
progression rates, indicating potential efficacy in slowing down the disease progression. Our find-
ings align with the results of another publication which reported clear improvements particularly
in patients treated during the early stages of SSPE [7]. Gutierrez et al. found conflicting results in
the literature: while some studies showed that Ribavirin combined with Interferon provides better
outcomes than monotherapy, there are also reports suggesting that such a combination therapy
can be totally ineffective [11].

4.2. Isoprinosine

Isoprinosine monotherapy in our study exhibited the highest progression rates across all stages,
thus echoing findings by Pritha et al. [5]. Jafri et al. also agree on Isoprinosine’s limited success
and potential adverse effects [12]. Hoppen et al. state that larger case series suggest a potential
benefit of Isoprinosine monotherapy, but no conclusive evidence exists [13].

4.3. Interferon + Isoprinosine

According to Samia et al., IFN and Isoprinosine combination therapy has been reported to in-
duce remission or stabilize 44-55% of SSPE cases [14]. These results are similar to our findings,
where approximately half of the patients who received Interferon-alpha and Isoprinosine experi-
enced improvement or stabilisation. However, the improvement is often temporary, as long-term
follow-up reveals eventual neurological deterioration [15]. Studies comparing Isoprinosine alone
to its combination with intraventricular IFN-a show no significant difference in the improve-
ment rates [16,17]. In contrast, in a study done in 1998, subcutaneous IFN- was found to extend
the survival and delay the disease progression when used with Isoprinosine for five out of seven
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patients [18]. Despite these benefits, the overall effectiveness of interferons in SSPE treatment
remains limited by the temporary nature of remission and the potential side effects.

4.4. Prognosis

Despite these varied treatment outcomes observed across different therapies, the overall progno-
sis for SSPE remains challenging, with the majority of patients failing to survive beyond five years
from the onset [19].

4.5. Limitations

Given the rarity of SSPE, most studies included in this review consist of small patient cohorts or
case reports, which can affect the accuracy and generalizability of the results. Reliance on smaller
studies raises the risk of a publication bias, where positive or more remarkable outcomes are
more likely to be published than negative or inconclusive results. Consequently, the perceived ef-
ficacy of certain treatments may be overestimated due to the underreporting of the less favorable
outcomes. The absence of large-scale randomized controlled trials further limits the strength of
the conclusions drawn from this review, thus emphasizing the need for caution when interpreting
the treatment effectiveness.

Future research should aim to include larger studies with the objective to diminish these bi-
ases and provide a more comprehensive understanding of the SSPE treatment outcomes.

5. Conclusions

The results highlight the variability in the treatment outcomes for SSPE based on both the dis-
ease stage and the therapeutic regimen. Ribavirin combined with IFN and Isoprinosine demon-
strated the most favorable results, with high rates of stabilization and improvement in both early
and advanced stages, but the sample sizes were small. The Isoprinosine monotherapy resulted in
the poorest outcomes, with high progression rates regardless of the timestamp when the treat-
ment was initiated. Monotherapies, including Interferon and antiepileptic drugs, demonstrated
minimal efficacy. Other combinations, such as Lamivudine or IFN with Isoprinosine, showed
more mixed outcomes but were more effective in the advanced stages. While the search for more
effective treatments continues, personalized management and measles vaccination programs
remain the most reliable strategies to prevent the primary infection and reduce the future cases
of SSPE.

Supplementary Materials: Supplementary Table S1: Overview of SSPE Cases and Treatment
Outcomes. This table can be accessed at: https://figshare.com/s/057139ebb01f2fe2144b
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Appendix A

Table 1 provides a summary of the patient outcomes categorized by the type of treatment and the
stage of disease progression. It includes details on improvement, stabilization, and progression rates
across early and advanced stages of SSPE. For detailed case information, see Supplementary Table S1

[9,15,18,20-46].

Table 1. Patient outcomes by treatment type and disease stage (I-II and ITI-I1V)

Stages I-11 Stages ITI-IV

Improved | Pro- P:t(;:llts Improved | Pro- p:t(;:nlts

or stable = gressed (St. I-11) or stable | gressed (St. II-1V)
IP (+/- AED) [20-25] 0 9 9 1 3 4%
IFNa/p + IP (+/- AED) N
[18,20-22,26-33,47] 12 14 26 > 0 >
IFNa/p (+/- AED) [34-36] 0 1* 1 2%
LMYV + IFNa + IP [9] 8 6 11
AED only [43,44] 0 2% 0 1*
RBV + IFNa + IP (+/- AED) N
[37-42] 5 1 6 4 1 5

Abbreviations: 1P: Isoprinosine; IFN: Interferon; RBV: Ribavirin; LMV: Lamivudine; AED: antiepileptic drugs
(Nitrazepam, Levetiracetam, Lamotrigine, Valproate, etc.)

*Results should be interpreted with caution due to the small sample size (fewer than 5 patients), which may

limit the reliability of the findings.
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