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Abstract

Introduction: Multiple sclerosis (MS) is a clinical entity characterised by both inflammatory and
neurodegenerative components. Ocrelizumab is an anti-CD20 monoclonal antibody that has
demonstrated high clinical efficacy in controlling neuroinflammation, and evidence suggests it
may also exert a beneficial effect on neurodegeneration by reducing brain volume loss and
progression independent of relapse activity. Our objective was to evaluate the effect of
ocrelizumab on brain atrophy in MS patients using bidimensional atrophy measurements
obtained from conventional MRI.
Patients and methods: This was a retrospective study involving 38 MS patients who had been on
ocrelizumab treatment for at least 24 months. Both relapsing forms (RMS) and active progressive
forms (PMS) were included. The brain atrophy indices assessed were bicaudate distance (Bicau,
mm), corpus callosum index (CCI), and third ventricle width (3VW, mm).
Results: The mean age was 45.6 ± 11.6 years. The clinical form distribution was RMS (n = 24)
and PMS (n = 14). The median treatment duration was 44.5 months (interquartile range: 35–58).
In RMS patients, the values of the atrophy indices were 3VW (3.73 ± 1.88 vs. 3.88 ± 1.95, p =
.06), CCI (0.33 ± 0.05 vs. 0.32 ± 0.05, p = N.S.), and Bicau (11.79 ± 2.89 vs. 12.24 ± 3.12, p =
.06). In PMS patients, no statistically significant differences were observed.
Conclusion: Our findings suggest that ocrelizumab is an effective therapy in reducing brain
atrophy progression in both relapsing and progressive forms of MS.
© 2025 Sociedad Española de Neurología. Published by Elsevier España, S.L.U. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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PALABRAS CLAVE
Esclerosis múltiple;
Ocrelizumab;
Atrofia cerebral;
Índice bicaudado;
Índice del cuerpo
calloso;
Anchura del III
ventrículo

Ocrelizumab reduce la progresion de la atrofia cerebral en pacientes con esclerosis

multiple

Resumen

Introducción: La esclerosis múltiple (EM) es una entidad clínica caracterizada por un
componente inflamatorio y otro neurodegenerativo. El ocrelizumab es un anticuerpo
monoclonal anti-CD20 que muestra una alta eficacia clínica sobre la neuroinflamación y
presenta datos que sugieren un efecto positivo sobre la neurodegeneración a través de la
reducción de la pérdida del volumen cerebral y de la progresión independiente de los brotes.
Nuestro objetivo fue valorar el efecto del ocrelizumab sobre la atrofia cerebral de pacientes con
EM utilizando las medidas bidimensionales de atrofia de la RM convencional.
Pacientes y métodos: Estudio retrospectivo donde se estudiaron 38 pacientes con EM que
llevaban al menos 24 meses en tratamiento con ocrelizumab. Se incluyeron tanto formas
recurrentes (EMR) como progresivas con actividad (EMP). Los índices de atrofia cerebral
valorados fueron la distancia bicaudado (Bicau, mm), el índice del cuerpo calloso (ICC) y la
anchura del III ventrículo (A3V, mm).
Resultados: La edad media fue de 45,6 ± 11,6 años. La distribución por formas clínicas fue EMR
(n = 24) y EMP (n = 14). La mediana de duración del tratamiento fue de 44,5 meses (rango
intercuartílico: 35–58). En los pacientes con EMR el valour de los índices de atrofia fue: A3V
(3,73 ± 1,88 vs 3,88 ± 1,95, p = 0,06), ICC (0,33 ± 0,05 vs 0,32 ± 0,05, p = N.S.), y Bicau
(11,79 ± 2,89 vs 12,24 ± 3,12, p = 0,06). En los pacientes con EMP no se encontraron diferencias
estadísticamente significativas.
Conclusión: Los datos de nuestra serie muestran que el ocrelizumab es un fármaco eficaz para
reducir la progresión de la atrofia cerebral en la EMR y en las formas progresivas.
© 2025 Sociedad Española de Neurología. Publicado por Elsevier España, S.L.U. Este es un
artículo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Introduction

Multiple sclerosis (MS) is an immune-mediated disease with a
neuroinflammatory component that causes clinical relapses
and the associated disability, and a neurodegenerative
component involved in the independent progression of
relapses, known as progression independent of relapse
activity (PIRA). Ocrelizumab is an anti-CD20 monoclonal
antibody that has been shown to be highly efficient in
reducing the annualised relapse rate and the appearance of
newMRI lesions.1 Furthermore, it has been suggested that the
drug has a positive effect on neurodegeneration, slowing the
rate of brain volume loss and reducing the increase in PIRA.2–4

In clinical trials and the research setting, brain atrophy is
measured with cerebral volume quantification techniques,
whose use is limited to certain tertiary-level hospitals. In
everyday clinical practice, cerebral atrophy should be
assessed in conventional brain MRI studies using such
bidimensional measurements as bicaudate distance (BCD,
mm), third ventricle width (TVW, mm), and corpus callosum
index (CCI).5–8 These measurements enable indirect assess-
ment of thalamic atrophy (TVW) and subcortical atrophy
(BCD); the corpus callosum is the largest interhemispheric
commissure and is affected in the majority of patients with
MS. Furthermore, these measurements show significant
correlations with cognitive impairment as assessed with the
Symbol Digit Modalities Test (SDMT),9 as well as cerebral
volume measurements.10

The aim of our study was to measure the progression of
brain atrophy in patients with MS treated with ocrelizumab
using bidimensional measurements in MRI studies.

Patients and methods

We conducted an observational, descriptive, open study.
Patients were recruited from an outpatient neurology
consultation. We included patients with MS, aged older than
18 years, who were receiving treatment with ocrelizumab
according to clinical guidelines. Therefore, we included
patients presenting highly active relapsing MS (RMS), second-
ary progressive MS (SPMS), and primary progressive MS (PPMS)
with clinical (relapses) or radiological activity (appearance of
new lesions/contrast uptake). Patients had to have been
receiving treatment with ocrelizumab for at least 24 months.

All patients had undergone a baseline MRI study in the
6 months prior to the onset of treatment with ocrelizumab.
Brain atrophy was estimated using bidimensional measure-
ments, specifically BCD, bicaudate index (BCI), CCI, and TVW
(Fig. 1). Measurements were obtained by a neurologist after a
training period at our hospital's radiology department. The BCI
was measured using the axial FLAIR slice in which the head of
the caudate nuclei was most visible and closest together, and
was defined as the minimum intercaudate distance divided by
brain width along the same line.10 The CCI is measured on the
sagittal T1-weighted image with the best view of the corpus
callosum, centred on the cerebellar vermis; a straight line is
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drawn between the most prominent part of the splenium and
the genu of the corpus callosum (a–b); the index is obtained by
adding the thickness of the genu (a_a′), the splenium (b_b′),
and corpus callosum (c_c’), and dividing the sum by the a-b
distance ((a_a′ + b_b′ + c_c′)/a_b).8

The study variableswereage, time sincediagnosis, Expanded
Disability Status Scale (EDSS) score, BCD, BCI, CCI, and TVW.

Data were analysed using the SPSS Statistics software.
Firstly, we used the Kolmogorov–Smirnov test to check the
normality of variables (goodness of fit). For normally
distributed variables, we used parametric statistics (mean,
standard deviation, and t test for paired samples) and, for
non-normally distributed variables, we used non-parametric
statistics (median, range, and Wilcoxon test). P-values <.05
were considered statistically significant.

The study was approved by the drug research ethics
committee of the region of Galicia, with the record code
2025/219. Before inclusion in the study, patients gave their
written informed consent.

Results

We analysed 38 patients with MS (17 women and 21 men)
with a mean (SD) age of 45.6 (11.6) years. Twenty-four

patients (63.2%) presented RMS, and the remaining patients
had active progressive MS (SPMS: 9; PPMS: 5). The mean time
since diagnosis was 13.7 (9.1) years. Eleven patients (28.9%)
had not previously received treatment with disease-
modifying therapies for MS; of the remaining patients, 7
had switched from natalizumab due to a high risk of
progressive multifocal leukoencephalopathy, and the other
20 from various other treatments due to treatment failure
(relapses) in all cases. The mean EDSS score of the group
amounted to 3.8 (2.5) (RRMS: 2.2 [1.4]; progressive MS: 6.7
[0.7]). Patients had been receiving ocrelizumab for a median
of 44.5 months (range, 25–72 months). None presented MS
relapses during the follow-up period.

All measurements were significantly correlated (Pearson
coefficient) with EDSS score (CCI: r = −0.35, P = .032; TVW:
r = 0.49, P = .002; BCD: r = 0.55, P < .001).

BCI significantly increased by 3% during follow-up (13.40
[3.89] vs 13.86 [4.00] mm, P = .01), which represented an
increase of 0.12 mm/year. TVW did not significantly change
(4.84 [2.70] vs 5.01 [2.73] mm, P = .10). CCI showed a slight
improvement of 2% (0.313 [0.055] vs 0.307 [0.057], P = .02).
Table 1 and Fig. 2 show the values of the different
measurements in patients with RMS and progressive MS.
The neuroprotective effect of treatment with ocrelizumab is
more evident in progressive forms.

Figure 1 Measurements and indices used to estimate brain atrophy on brain MRI sequences. Bicaudate distance and index (A), third
ventricle width (B), and corpus callosum index (C).

Table 1 Bidimensional measurements of brain atrophy in relapsing and progressive forms of multiple sclerosis.

RMS (n = 24) P PMS (n = 14) P

Bicaudate distance in mm, mean (SD)
11.79 (2.89) vs 12.24 (3.12) 0.06 16.15 (3.91) vs 16.61 (3.92) NS

Bicaudate index, mean (SD)
0.104 (0.024) vs 0.108 (0.025) NS 0.141 (0.033) vs 0.144 (0.031) NS

Third ventricle width in mm, mean (SD)
3.88 (1.95) vs 3.73 (1.88) 0.06 6.95 (2.83) vs 6.75 (2.90) NS

Corpus callosum index, mean (SD)
0.328 (0.049) vs 0.324 (0.051) 0.19 0.268 (0.056) vs 0.277 (0.056) 0.05

NS: not significant; PMS: progressive multiple sclerosis; RMS: relapsing multiple sclerosis.
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Discussion

Multiple sclerosis is a disease with a pronounced neurode-
generative component that translates into brain and spinal

cord atrophy and is associated with clinical progression and
cognitive impairment.11 Scientific evidence suggests that
moderately and highly efficacious disease-modifying thera-
pies present a benefit by reducing the progression of
cerebral atrophy, mainly measured with cerebral volume
quantification techniques.4,12–15

Ocrelizumab has been reported to slow the rate of brain
volume loss, approaching the healthy ageing rate,4 and to
reduce thalamic atrophy.16 Our clinical series demonstrates
the potential effect of ocrelizumab on brain atrophy in
patients with MS through the use of bidimensional measure-
ments to quantify atrophy in brain MRI studies. Thus, in our
series, for a median follow-up period of 44 months, we
observed a benefit, with a reduction in the progression of
brain atrophy, which seems to be more significant in
progressive forms of MS. Studies of patients with MS have
reported a mean increase in brain atrophy of 0.46 mm/year
as measured with BCD and 0.20 mm/year with TVW.5 In our
series, BCD increased by 0.12 mm/year, which represents a
75% reduction in the progression of atrophy with regard to
the data available in the literature; this positive effect is
reinforced by the absence of significant differences in BCI
during follow-up (Fig. 2). In this context of slowing the rate
of brain atrophy, the absence of statistically significant
differences in TVW and CCI should be noted. When RMS and
progressive forms of MS are analysed independently, the
positive effect of ocrelizumab on brain atrophy becomes
even clearer.

Serum neurofilament light chain levels are elevated in
patients with MS and increase with inflammatory activity
(relapses and/or gadolinium-enhancing lesions). Treatment
with ocrelizumab in RMS and progressive MS has shown a
greater effect on thalamic atrophy in patients with high
neurofilament light chain levels at treatment onset.6 In our
study, we observed no statistically significant differences in
TVW for a median follow-up time of almost 4 years,
supporting the effect of ocrelizumab in reducing thalamic
atrophy in patients with RMS and with active progressive
forms.

Some limitations of our study are the small number of
patients included and its open, retrospective design.
However, our findings are in line with the data reported in
the literature on the effect of ocrelizumab in reducing the
progression of brain atrophy as measured with MRI volumet-
ric quantification techniques.4,16 Furthermore, we highlight
the moderate correlation between bidimensional measure-
ments of atrophy in brain MRI studies and MS-related
disability as measured with the EDSS.

In conclusion, our data not only corroborate the effec-
tiveness of ocrelizumab treatment in reducing the progres-
sion of brain atrophy, but are also consistent with the
cerebral volume measurements reported in clinical trials.
Furthermore, our findings also support the role of conven-
tional MRI as a useful tool both for assessing brain atrophy in
everyday clinical practice9,17 and for rapidly assessing the
effect of treatment on disease progression.18

Ethical approval and patient consent

The study was approved by the drug research ethics
committee of the region of Galicia (record code: 2025/219).
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Figure 2 Mean values of the different measurements of brain
atrophy in brain MRI studies, grouped by relapsing and
progressive forms with clinical and/or radiological activity.
Blue: baseline values prior to ocrelizumab treatment. Red:

D.A.G. Estévez

ARTICLE IN PRESS
+Model

NEUROP-100216; No. of Pages 5

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

4



U
N
C
O

R
R
E
C
T
E
D
 P

R
O

O
F

Declaration of generative AI and AI-assisted
technologies in the writing process

Not applicable.

Funding

This study has received no external funding of any kind.

Declaration of interest statement

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

References

1. Hauser SL, Bar-Or A, Comi G, Giovannoni G, Hartung H-P, Hemmer
B, et al. Ocrelizumab versus interferon beta-1a in relapsing
multiple sclerosis. N Engl J Med. 2017;376:221–34. doi:10.1056/
NEJMoa1601277.

2. Ingwersen J, Masanneck L, Pawlitzki M, Samadzadeh S, Weise M,
Aktas O, et al. Real-world evidence of ocrelizumab-treated
relapsing multiple sclerosis cohort shows changes in progression
independent of relapse activity mirroring phase 3 trials. Sci
Rep. 2023;13:15003. doi:10.1038/s41598-023-40940-w.

3. Kappos L, Wolinsky JS, Giovannoni G, Arnold DL, Wang Q,
Bernasconi C, et al. Contribution of relapse-independent progres-
sion vs relapse-associated worsening to overall confirmed disabil-
ity accumulation in typical relapsing multiple sclerosis in a pooled
analysis of 2 randomized clinical trials. JAMA Neurol. 2020;77:
1132–40. doi:10.1001/jamaneurol.2020.1568.

4. Kolind S, Gaetano L, Assemlal H-E, Bernasconi C, Bonati U, Elliott
C, et al. Ocrelizumab-treated patients with relapsing multiple
sclerosis show volume loss rates similar to healthy aging. Mult
Scler. 2023;29:741–7. doi:10.1177/13524585231162586.

5. Butzkueven H, Kolbe SC, Jolley DJ, Brown JY, Cook MJ, van der
Mei IAF, et al. Validation of linear cerebral atrophy markers in
multiple sclerosis. J Clin Neurosci. 2008;15:130–7. doi:10.1016/
j.jocn.2007.02.089.

6. Martola J, Stawiarz L, Fredrikson S, Hillert J, Bergström J,
Flodmark O, et al. One-dimensional-ratio measures of atrophy
progression in multiple sclerosis as evaluated by longitudinal
magnetic resonance imaging. Acta Radiol. 2009;50:924–32. doi:
10.1080/02841850903062732.

7. Bermel RA, Bakshi R, Tjoa C, Puli SR, Jacobs L. Bicaudate ratio
as a magnetic resonance imaging marker of brain atrophy in
multiple sclerosis. Arch Neurol. 2002;59:275–80. doi:10.1001/
archneur.59.2.275.

8. Figueira FFA, Silva dos Santos V, Medeiros Andrade Figueira G,
Marques Correa, da Silva A. Corpus callosum index. A
practical method for long-term follow-up in multiple sclerosis.
Arq Neuropsiquiatr. 2007;65:931–5. doi:10.1590/s0004-
282x2007000600001.

9. García-Estévez DA. Aproximación al estudio del deterioro
cognitivo en la esclerosis múltiple recurrente remitente. Un
estudio en práctica clínica habitual empleando el Symbol Digit
Modalities Test y la resonancia magnética convencional. Neurolol
Perspect. 2021;1:27–32. doi:10.1016/j.neurop.2021.03.006.

10. Ajitomi S, Fujimori J, Nakashima I. Usefulness of two-dimensional
measurements for the evaluation of brain volume and disability in
multiple sclerosis. Mult Scler J Exp Transl Clin. 2022;8:
20552173211070749. doi:10.1177/20552173211070749.

11. Vollmer T, Signorovitch J, Huynh L, Galebach P, Kelley C,
DiBernardo A, et al. The natural history of brain volume loss
among patients with multiple sclerosis: a systematic literature
review and meta-analysis. J Neurol Sci. 2015;357:8–18. doi:10.
1016/j.jns.2015.07.014.

12. BAC Cree, Arnold DL, Fox RJ, Gold R, Vermersch P, RHB
Benedict, et al. Long-term efficacy and safety of siponimod in
patients with secondary progressive multiple sclerosis: analysis
of EXPAND core and extension data up to >5 years. Mult Scler.
2022;28:1591–605. doi:10.1177/13524585221083194.

13. Noteboom S, Strijbis EMM, Coerver EME, Colato E, van Kempen
ZLE, Jasperse B, et al. Long-term neuroprotective effects of
natalizumab and fingolimod in multiple sclerosis: evidence from
real-world clinical data. Mult Scler Relat Disord. 2024;87:
105670. doi:10.1016/j.msard.2024.105670.

14. Cohen JA, Comi G, Selmaj KW, Bar-Or A, Arnold DL, Steinman L,
et al. Safety and efficacy of ozanimod versus interferon beta-1a
in relapsing multiple sclerosis (RADIANCE): a multicentre,
randomised, 24-month, phase 3 trial. Lancet Neurol. 2019;18:
1021–33. doi:10.1016/S1474-4422(19)30238-8.

15. Kappos L, Fox RJ, Burcklen M, Freedman MS, Havrdová EK,
Hennessy B, et al. Ponesimod compared with teriflunomide in
patients with relapsing multiple sclerosis in the active-comparator
phase 3 OPTIMUM study. A randomized clinical trial. JAMA Neurol.
2021;78:558–67. doi:10.1001/jamaneurol.2021.0405.

16. Bar-OR A, Thanei GA, Harp C, Bernasconi C, Bonati U, Cross AH,
et al. Blood neurofilament light levels predict non-relapsing
progression following anti-CD20 therapy in relapsing and primary
progressive multiple sclerosis: findings from the ocrelizumab
randomized, double-blind phase 3 clinical trials. EBioMedicine.
2023;93:104662. doi:10.1016/j.ebiom.2023.104662.

17. Pérez-Álvarez AI, Suárez-Santos P, González-Delgado M, Oliva-
Nacarino P. Cuantificación de la atrofia cerebral en esclerosis
múltiple mediante medidas bidimensionales. Neurología.
2020;35:433–5. doi:10.1016/j.nrl.2018.04.004.

18. García-Estévez DA. Benign multiple sclerosis, old age, and
cognitive impairment: is teriflunomide an appropriate treat-
ment for this clinical triad? Neurol Perspect. 2021;1:189–91.
doi:10.1016/j.neurop.2021.05.004.

Neurology Perspectives xxx (2025) 100216

ARTICLE IN PRESS
+Model

NEUROP-100216; No. of Pages 5

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

5

https://doi.org/10.1056/NEJMoa1601277
https://doi.org/10.1056/NEJMoa1601277
https://doi.org/10.1038/s41598-023-40940-w
https://doi.org/10.1001/jamaneurol.2020.1568
https://doi.org/10.1177/13524585231162586
https://doi.org/10.1016/j.jocn.2007.02.089
https://doi.org/10.1016/j.jocn.2007.02.089
https://doi.org/10.1080/02841850903062732
https://doi.org/10.1080/02841850903062732
https://doi.org/10.1001/archneur.59.2.275
https://doi.org/10.1001/archneur.59.2.275
https://doi.org/10.1590/s0004-282x2007000600001
https://doi.org/10.1590/s0004-282x2007000600001
https://doi.org/10.1016/j.neurop.2021.03.006
https://doi.org/10.1177/20552173211070749
https://doi.org/10.1016/j.jns.2015.07.014
https://doi.org/10.1016/j.jns.2015.07.014
https://doi.org/10.1177/13524585221083194
https://doi.org/10.1016/j.msard.2024.105670
https://doi.org/10.1016/S1474-4422(19)30238-8
https://doi.org/10.1001/jamaneurol.2021.0405
https://doi.org/10.1016/j.ebiom.2023.104662
https://doi.org/10.1016/j.nrl.2018.04.004
https://doi.org/10.1016/j.neurop.2021.05.004

	Ocrelizumab reduces progression of brain atrophy in patients with multiple sclerosis
	Introduction
	Patients and methods
	Results
	Discussion
	Ethical approval and patient consent
	Declaration of generative AI and AI-assisted technologies in the writing process
	Funding
	Declaration of interest statement
	References


