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Abstract: Background: Multiple Sclerosis (MS) is an autoimmune, inflammatory disease of the central nervous
system. Magnetic resonance imaging (MRI) findings are associated with disease clinical activity and response to
treatment. This study aimed to evaluate the future value of plaque number and volume in MRI as radiological cri-
teria in determining the treatment response to INF-B in patients with MS. Methods: This is a cross-sectional study
performed in 2016-2021 in Iran on patients with the newly diagnosed (less than one year) relapsing-remitting MS.
Brain MRI was taken for all patients. The number and volumes of the MS plaques were evaluated from FLAIR images
by the two radiologists. Patients were treated with INF-B1a with a dosage of 12 million units equal to 44 micrograms
subcutaneously, three times per week. Patients were visited monthly by neurologists to examine their clinical status.
After one year, the brain MRI was conducted with the similar characteristics to the beginning of the study, and the
number and volume of MS plaques were measured again. Results: The study population consisted of 33 males and
90 females with a mean age of 28.37 * 6.29 years. The mean Expanded Disability Status Scale (EDSS) of the pa-
tients was 3.16 + 0.23 at the beginning of the study. The specificity for a 50% reduction in the number and volume
of plaques as two separate criteria was the same and equal to 100%. The sensitivity of the number and volume of
plaques were 65.5% and 90.6%, respectively. In addition, considering 10% as the cut-off point of the number of
plaques, the sensitivity of the number of plaques as a criterion was equal to the sensitivity of the plaque volume.
Conclusion: The results of this study showed that imaging criteria provide a more objective tool for evaluating the
effectiveness of treatment. These findings indicate that the number and volume of plaques could be two reliable
MRI imaging criteria for assessing therapy response. The number of plaques was less accurate than the volume of
plaques.
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Introduction

Multiple Sclerosis (MS) is an autoimmune,
inflammatory disease of the central nervous
system mostly affecting young adults. The
exact mechanism and pathogenesis of MS
remain still undiscovered but there have been
valuable treatments with different efficacy
rates [1, 2]. Different lines of evidence have
revealed the important functions of T lympho-

cytes and inflammatory and anti-inflammatory
cytokine balance. Various MS models have
been studied to determine the pathology of MS
and factors affecting disease course [3-5].

Interferon-beta (INF-B) is currently the first line
of treatment for relapsing and remediating
multiple sclerosis (MS). It has been shown to
reduce the recurrence rate and progression of
the disease and has acceptable side effects
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[6]. However, not all MS patients respond to
this treatment and more invasive treatment is
needed to control the disease. Early detection
of cases of non-response is essential and early
change in treatment may be helpful; because it
prevents the progression of the disease [7, 8].

There is currently no reliable way to predict the
response to the variety of treatments available;
therefore, the response to treatment is judged
based on the patient’s clinical condition, recur-
rence and progression of disability and through
Expanded Disability Status Scale (EDSS) [9,
10].

The various clinical criteria that have been pro-
posed have a sensitivity of 47 to 77% and a
specificity of 84 to 97% to determine the rate of
treatment failure. There seems to be a need for
more sensitive and specific adjuvant criteria
that can be objectively calculated and accu-
rately determine response to treatment prior to
treatment [11, 12].

Magnetic resonance imaging (MRI) has revolu-
tionized the diagnostic methods for MS and
also provides a glimpse into the natural history
of the disease [13, 14]. However, the use of
MRI in monitoring patients with MS under-
going various treatments has not been clearly
evaluated [15, 16]. Although disease-modifying
therapies have had significant effects on MS
plaque activity on MRI, there are few reports
that MRI findings are associated with disease
clinical activity and response to treatment
[17-19].

This study aimed to evaluate the future value
of plaque number and volume in MRI as radio-
logical criteria in determining the response to
INF-B in patients with MS.

Methods and material
Study design

This is a cross-sectional study performed
in 2016-2021 in Imam Khomeini hospital,
affiliated to Tehran University of Medical Sci-
ences. The current study was conducted on
patients with newly diagnosed (less than one
year) relapsing-remitting MS using easy sam-
pling. The Research Committee of Tehran
University of Medical Sciences has approved
this study and the Ethics committee has
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confirmed it (Ethics code: IRTUMS.MEDICINE.
REC.1392.309).

Inclusion and exclusion criteria

The inclusion criteria were age between 18-
45 years, diagnosis of relapsing-remitting MS
based on McDonald’s criteria by expert neurol-
ogists, candidates of treatments with INF-B,
EDSS between 1 to 5 and signing the written
informed consent to participate in this study.
The criteria of the MS diagnosis included: two
attacks or symptom flare-ups (lasting at least
24 hours with 30 days between episodes), plus
two lesions. Two episodes, one lesion, and evi-
dence of dissemination in space (or a different
attack in a different part of the nervous sys-
tem). Patients with the following criteria did not
enter the study: receiving corticosteroids in the
past three months before the study initiation,
any recurrence within the past month, any his-
tory of previous neurological or psychiatric dis-
orders, pregnancy and history of other autoim-
mune diseases.

Sample size calculation

Patients were included according to the
mentioned criteria. Based on formula for esti-
mating the sample size and 90% reliability
equal to 1.96 and 0.84 for the test power,
and the effects size of 0.62S, we considered
125 patients as the study population. The
study population was calculated equal to 125
patients using sample size formula. At the
beginning of the study, the clinical and
demographical information of patients were
collected.

Brain MRI assessments

The main aim of this study was to assess the
volume and frequencies of MS plaques in the
brain MRI before treatments with INF-Bla and
compare the results with 1 year after treat-
ments. As a result, patients underwent brain
MRI before and 1 year after receiving INF-Bla.

Brain MRI was taken for all patients using
1.5 tesla apparatus (Phillips Gyroscan) Intra
1.5-Tesla MR imaging system. We used Spin-
echo axial, sagittal and coronal T-weighted
repetition/echo time [TR/TE] 500/20 ms, T2-
weighted (TR/TE, 11000/140 ms) Sequences
with 8 mm thickness slices containing 1 mm
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gap. The imaging was performed without con-
trast injection. The image matrix was 256*256
with 24 cm field of view.

Study variables

The brain MRI images were evaluated by two
expert radiologists that were unaware of the
demographic and clinical conditions of the
patients. The primary variables in this study
were the number and volume of the MS
plaques. These were evaluated from FLAIR
images by the two radiologists and in cases
of disagreement; the third radiologist with at
least 15 years of experience in this field
assessed the images. The number of plaques
was assessed for each patient. The volume of
the plaques was evaluated using MRI Chris
Rorden MRICRO Version 1.40 build 1 software
on FLAIR axial images. The slice with the larg-
est plaque diameter was used for determina-
tion of plaque diameter.

Treatments and clinical assessments

Patients were treated with INF-Bla with
dosage of 12 million unit equal to 44 micro-
gram subcutaneously, three times per week.
Patients were visited monthly by neurologists
to examine their clinical status. Extra visits
were also conducted in cases of suspicious
recurrence. The use of corticosteroids was
permitted in cases with recurrence. Increase
in disability was considered as an increase in
Expanded Disability Status Scale (EDSS) for
at least 1 score that lasted at least 6 months
during the study which also was equal to lack of
response to treatments [20].

EDSS is a clinical assessment tool for MS
induced disability. This scale could be widely
used by health care providers diagnosing MS
and provides a total score on a scale that
ranges from O to 10. The first levels 1.0 to 4.5
refer to people with a high degree of ambulato-
ry ability and the subsequent levels 5.0 to
9.5 refer to the loss of ambulatory ability. This
scale assesses the following domains in pati-
ents: pyramidal (motor function), cerebellar,
brainstem, sensory, bowel and bladder, visual
and cerebral or mental [20].

After 1 year, the brain MRl was conducted with
the similar characteristics to the beginning of
the study, and the number and volume of MS
plaques were measured again.
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Further assessments

After assessing plaque number and volumes,
we aimed to evaluate the changes in these
variables regarding patient responses to the
treatments and assess the possible cut-off
points to determine patient’s progression. The
negative predictive value was considered as
the ratio of subjects diagnosed as negative to
those who had negative test results. The posi-
tive predictive value was defined as the ratio
of patients truly diagnosed as positive to all
those who had positive test results. The sensi-
tivity was considered as the probability of the
positive test, conditioned on truly having the
condition and the specificity was the ability of
the test to identify people without the disease
correctly. The cut-off point regarding the treat-
ment response, including a reduction in the
number and volume of plaques was conducted
using the Receiver operating characteristics
(ROC) curve.

Statistical analysis

The obtained data were entered into the
Statistical Package for Social Sciences (SPSS)
(version 24, SPSS Inc., Chicago, IL). Quantita-
tive data were reported as mean * standard
deviation and qualitative data as frequency
distribution (percentage). Independent t-test,
Chi-square were used to analyze the data.
P-value <0.05 was considered as significance
threshold.

Results
Study population

In the current study, 125 patients entered and
followed for 1 year. Two cases were excluded
due to improper follow-up. Data of 123 pati-
ents were analyzed. The study population con-
sisted of 33 males and 90 females with the
mean age of 28.37 + 6.29 years. The mean
EDSS of the patients was 3.16 + 0.23 at the
beginning of the study. The demographic data
of cases are presented in Table 1.

Evaluation of MS plaques
During the 1 year follow-up, 27 cases (21.9%)
were unresponsive to the treatment based on

the mentioned criteria. Our data showed signifi-
cant decrease in the number (P<0.001) and
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Table 1. Evaluation of the demographic infor-
mation

Variable Mean * Sd./Number (%)
Age (year) 28.37 £ 6.29
Gender Female 90 (73.1%)

Male 33 (26.9%)
EDSS 3.16 £ 0.23

Table 2. Accuracy of predicting the reduction in
number and volumes of plaques

Variable VOTJ?T(:I: ?%) nurzlsgruse(%)
AUROC (0.90-1.02) (0.79-0.99)
Cut-off 45.2 90.6
Sensitivity 90.6 90.6
Specificity 100 7.7
Positive predictive value 100 93.5
Negative predictive value 92.6 87.8

volume (P<0.001) of MS plaques after the fol-
low-up. The average number of license plates
increased from 8.7 + 5.68 at the beginning of
the period to 15.14 + 8.83 at the end of the
period.

Cut-off point assessments

Assuming a 50% cut-off point and response
to treatment in the form of a decrease in the
number and volume of plaques, 62 patients
(50.4%) responded to the treatment based on
the changes in the number of plaques. 87
patients (70.7%) responded to the treatment
based on the changes in the volume of plaqu-
es. Sensitivity, specificity, positive predictive
value, negative predictive value and accuracy
were calculated in the same way, which is
shown in Table 2. Table 2 shows that the vol-
ume of plaques has a higher sensitivity, nega-
tive predictive value, and accuracy than the
number of plaques in order to predict the clini-
cal response to treatment. In order to deter-
mine the appropriate cut-off point to reduce
the number and volume of plaques after treat-
ment, ROC curve analysis was performed
(Figure 1). There was no significant difference
between the area under the ROC curve (AUC) to
reduce the number and volume of plaque in
predicting response to treatment. Sensitivity,
specificity, positive predictive value, and nega-
tive predictive value of reducing the number of
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plaques as well as reducing the volume of
plagues to respond to treatment based on the
cut-off point are shown in Table 2.

Assessing the sensitivity

The specificity for a 50% reduction in the num-
ber and volume of plaques as two separate
criteria was the same and equal to 100%. The
sensitivity of the number and volume of plaqu-
es were 65.5% and 90.6%, respectively. In
addition, considering 10% as the cut-off point
of the number of plaques, the sensitivity of the
number of plaques as a criterion was equal to
the sensitivity of the plaque volume.

Discussion

This study suggests that both the number
and volume of plaques can be reliable imaging
criteria for estimating response to treatment in
patients with MS, but plague volume is a more
accurate indicator. In addition, if the cut-off
point for the number of plaques defined before
this 50% is reduced to 10%, the sensitivity of
the number of plaques will be used as an
imaging criterion for the sensitivity of the vol-
ume of plagues. Some reports have shown
the usefulness of MRI as an adjunct to treat-
ment response. Patients treated with IFN-B
have been shown to have an increased risk
of poor tissue response if they develop more
than two new lesions in T2 after two years of
treatment [21, 22]. In 2021, Sanchez et al.
conducted a study to evaluate the use of IFN-
B-1a in patients with relapsing-remitting MS. In
this study, 31 patients with relapsing-remitting
MS between the ages of 10 and 65 were
treated with IFN-B-1a three times a week for
one year. The treatment was determined to be
safe and effective based on the number of
adverse events, the disability scale score, and
the number of lesions at MRI. In this study, a
significant reduction in the number of attacks,
disability scale score, and the number of lesi-
ons on MRI was observed in patients with
relapsing-remitting MS treated with [FN-B-
1a [23, 24]. In 2018, Zettl et al. conducted a
study on the effect of IFN-B-1a and [B-1b in
treating patients with MS. According to the find-
ings of this study, IFN-B treatment is well toler-
ated and has one of the best-identified safety
characteristics among all first-line therapies.
The overall severity of side effects does not
appear to vary with exposure to IFN-B. Also, the
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Figure 1. ROC for reducing the number and volumes of plaques.

side effects that patients may experience with
IFN-B are mild, reversible, and manageable.
According to the study, IFN is one of the best-
characterized therapies for MS, with a vast
body of clinical and real-world evidence con-
firming the risk-benefit profile. Furthermore,
high-dose/frequency regimens may result in
improved long-term outcomes [25]. This study
is in line with our study.

In another study, a poor response to treatment
was defined as an increase in disability after
two years of treatment, and this rate was higher
in patients with three or more new active
lesions (new or larger in T2 or gadolinium-bear-
ing after one year of treatment) than in patients
with two or fewer active lesions [26, 27]. Other
studies have shown that the absence of gado-
linium contrast or a new lesion in T2 after one
year of treatment may be a criterion for a better
response to treatment [28, 29]. It has also
been shown that those who do not respond to
treatment have a higher volume of hyperin-
tense lesions in T2 [30]. These studies demon-
strate that the presence and size of lesions
examined by MRI may indicate a response to
IFN-B. The results of this study were consistent
with previous observations in which the extent
and presence of MRI lesions were used as an
adjunct to treatment response. Another study
showed that new lesions in T2 after one year of
treatment compared with baseline MRI were
associated with a poor response to IFN-3 treat-
ment and the risk of responding to poor treat-
ment increased with an increasing number of
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we had a evaluation of pati-
ent’s documents and radio-
logic images. The limitations
of this study were that this
study could have unknown
potential confounders. We us-
ed the data originally collected for these pur-
poses, not all the relevant information, and we
had also inferior level of evidence compared
with prospective studies. We also had a restrict-
ed study population compared to some former
studies and therefore, suggest that more stud-
ies on larger populations should be performed.
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Conclusion

This study showed that imaging criteria provide
a more objective tool for evaluating the effec-
tiveness of treatment. In addition, quantitative
monitoring of response to imaging therapy may
be a suitable complementary method for clini-
cal response in MS patients. These findings
show that the number and volume of plaques
could be two reliable MRI imaging criteria for
assessing therapy response. The number of
plaques was less accurate than the volume of
plaques. Considering the relative diversity in
MS treatment strategies, the critical point is
cost-effectiveness evaluation, which is evalu-
ated by quality criteria; different results have
been obtained from that point of view and sub-
jective judgment.
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