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Abstract

Background and objective: As more people with multiple sclerosis (MS) survive cancer, questions
about MS management after cancer are increasingly relevant. This study aimed to describe post-cancer
treatment patterns and MS outcomes in people with recorded chemotherapy exposure.

Methods: Using MSBase, we identified people with MS with cancer and chemotherapy exposure. Time
to first relapse and 6-month confirmed disability progression (CDP) were analysed using Cox models
with disease-modifying therapy (DMT) as a time-varying covariate. Outcomes were contextualised using
1:2 propensity-matched MS controls without cancer or chemotherapy.

Results: In total, 363 individuals were followed for 2.8 years (median) after cancer. Older age at cancer
was associated with lower relapse hazard (hazard ratio (HR)=0.96 per year, p=0.008), while DMT cate-
gory was not. The DMT category was not associated with CDP. In matched analysis (256 vs. 505), relapse
hazard was lower during the first year after cancer (HR=0.30, p=0.015) with no difference thereafter;
CDP risk was similar (HR=1.13, p=0.60).

Conclusion: Post-cancer DMT category was not associated with relapse or CDP. Lower first-year relapse
hazard, together with lower relapse hazard at older age, may provide cautious reassurance regarding early
post-cancer inflammatory activity in similar clinical contexts, although the drivers of the first-year signal
remain uncertain.
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Introduction

Coexisting multiple sclerosis (MS) and malignancy is
increasingly encountered in neurology care, yet evi-
dence to guide MS treatment when a person with MS
(pwMS) receives systemic cancer chemotherapy
remains limited.! MS disease-modifying therapy
(DMT) aims to reduce inflammatory relapse activity

and disability accumulation by modulating immune
function.! Cancer chemotherapy uses cytotoxic regi-
mens that commonly cause neutropenia and lympho-
penia, with variable recovery.!? In this dual diagnosis
setting, clinicians must decide whether to continue,
pause, switch or restart DMT during and after cancer
treatment, with limited data to guide these decisions.
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Certain cytotoxic agents, including cyclophospha-
mide and mitoxantrone, have demonstrated efficacy
in MS, and autologous haematopoietic stem cell
transplantation (AHSCT) shows that a defined course
of intensive chemotherapy can produce sustained sup-
pression of MS inflammatory activity.!* However,
routine oncological regimens differ in agent, inten-
sity, schedule and intent, and their effects on MS out-
comes remain uncertain.!

The 2023 French MS Society recommendations pro-
vide expert consensus guidelines for managing MS in
the context of cancer.* They emphasise interdiscipli-
nary collaboration, consideration of pausing DMT dur-
ing lymphoablative therapies and reinitiation guided by
individual clinical assessment.* Empirical outcome
data are needed to inform these recommendations.
Using MSBase, we addressed two questions: (1) What
real-world patterns of DMT use are observed after can-
cer diagnosis in pwMS with recorded systemic chemo-
therapy exposure? and (2) What MS outcomes are
observed after cancer diagnosis in this cohort?

Methods

Standard protocol approvals, registrations and
patient consents

MSBase is registered with the World Health
Organization International Clinical Trials Registry
Platform (ID ACTRN12605000455662). Ethics
approval or exemption was obtained from each par-
ticipating site’s institutional review board, including
approval from the Alfred Health Human Research
Ethics. Written informed consent was obtained from
all enrolled participants.

This study is reported in accordance with the
Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines.?

Study design and population
This retrospective multicentre cohort study analysed
prospectively collected data from the MSBase

registry.

Inclusion criteria comprised a confirmed MS diagno-
sis, a malignancy occurring after MS onset and a cli-
nician-recorded exposure to systemic cancer
chemotherapy (Figure 1). Malignancies diagnosed
before 2010, before the introduction of high-efficacy
DMTs, were excluded. Analyses for individuals with

Chemotherapy exposure was recorded as a binary
variable; in a verified subset (n=41), this aligned with
recognised cytotoxic regimens including anthracy-
clines, taxanes, platinum agents, antimetabolites,
alkylating agents and combination protocols.

All analyses used complete case data without imputa-
tion. Data were extracted on 1 March 2024.

Statistical analysis

Analyses were conducted using R (version 4.3.3).
Continuous variables were summarised as means with
standard deviations or medians with interquartile
ranges (IQRs), and categorical variables as frequen-
cies and percentages. Group comparisons between
post-cancer DMT categories used the Kruskal-Wallis
test for continuous variables and the chi-square test
for categorical variables.

MS was classified as relapsing (clinically isolated
syndrome and relapse-onset MS) or progressive (pri-
mary progressive, secondary progressive and progres-
sive relapsing MS) at cancer diagnosis.

Relapse was defined as new or recurrent neurological
symptoms lasting at least 24 hours, occurring in the
absence of fever, infection or other external factors, as
documented by the treating clinician. MRI confirma-
tion is not required.

Confirmed disability progression (CDP) was defined
as an increase in Expanded Disability Status Scale
(EDSS) from baseline of at least 1.0 point, or at least
0.5 points where baseline EDSS was 5.5 or higher,
with progression confirmed at a subsequent EDSS
assessment recorded a minimum of 6 months after
baseline. Time to CDP was measured from the date of
cancer diagnosis to the first confirmed progression
event. Index EDSS differed by analysis, using the
EDSS closest to cancer diagnosis within 6 months for
descriptive EDSS change windows, the closest value
within the prior 12 months for adjusted primary mod-
els and EDSS at the index visit or the closest prior
value where missing for propensity score matching.
Participants without CDP were censored at the date of
their last available EDSS assessment.

For time-to-event analyses, follow-up commenced at
the date of cancer diagnosis, as chemotherapy timing
and related immune recovery data were unavailable.
CDP analyses were restricted to individuals with three
EDSS assessments recorded from cancer diagnosis

Nemilogicair;nd S multiple malignancies used the first cancer onwards, with a minimum interval of 6months
Translational Science, Sir . . .

Charles Gairdner Hospital, diagnosis. between consecutive assessments. Relapse analyses
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MSBase registry population: 106,802
participants, including 1,872 documented
malignancies.

Excluded
1977 non-MS diagnosis
316 non malignant conditions + duplicate entries
22: i ies prior to MS di i

cancer
42 malignancies with onset prior to 2010

Included in final analysis: 363 participants
with MS and cancer treated with
chemotherapy (373 malignancies)

> Descriptive Analysis

Included in DMT descriptive analysis (n = 299)

icipants with DMT exp inthe 12
months prior to cancer diagnosis and at least 6 months
of post-diagnosis follow up.

EDSS analysis cohort (n = 186)
Participants with baseline EDSS recorded at cancer
diagnosis and >= 1 EDSS recorded in the following 3 years

> Primary Analysis

Relapse analysis cohort (n = 312; relapse events n = 68)
Participants with at least one follow up visit recorded
after cancer diagnosis.

Relapse analysis cohort (n = 125; relapse events n = 35)
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Participants with at least one follow up visit de
after cancer diagnosis.

CDP analysis cohort (n = 160; CDP events n = 30)

icip with baseline EDSS recorded at cancer
diagnosis and >= 2 follow up EDSS assessments over a
minimum of 6 months

CDP analysis cohort (n = 80; CDP events n = 25)
Participants with baseline EDSS recorded at cancer
diagnosis and >= 2 follow up EDSS assessments over a
minimum of 6 months

Faculty of Medicine,
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of Medicine, Immune
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| y Analysis

Propensity score matching analysis cohort

(n = 256 pwMS + cancer treated with chemotherapy and
505 matched pwMS without cancer or chemotherapy)
Eligibility required a baseline EDSS score (or closest
available EDSS score prior to the index date if missing) +
>= 2 EDSS follow up assessments over a minimum of 6
months

A

Propensity score matching analysis cohort

(n =120 pwMS + breast cancer treated with
chemotherapy and 238 matched pwMS without cancer or
chemotherapy). Eligibility required a baseline EDSS score
(or closest available EDSS score prior to the index date if
missing) + >= 2 EDSS follow up assessments over a
minimum of 6 months
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Sensitivity Analysis

Age < 40 years subgroup (n = 52)
PwMS diagnosed with cancer before age 40 years.

Breast Cancer Analysis (n = 172)

PwMS diagnosed with breast cancer treated with
chemotherapy.

Department of Neurology,
First Faculty of Medicine,
Charles University in
Prague, Prague, Czechia

Pavel Hradilek
Department of Neurology,
Faculty of Medicine,
University of Ostrava,
Ostrava, Czech Republic

Mario Habek
Department of Neurology,
Zagreb Medical School,
Zagreb, Croatia

Davide Maimone

Figure 1. Flow diagram of cohort selection and analytic populations from the MSBase registry.
PwMS: people with multiple sclerosis; DMT: disease-modifying therapy; EDSS: Expanded Disability Status Scale; CDP: confirmed

disability progression.

included all individuals with at least one post-diagno-
sis follow-up visit.

Primary analysis. Time to first relapse and 6-month
CDP were assessed using Cox proportional hazards
models (complete case analysis). Models were

adjusted for age at cancer diagnosis, disease dura-
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Table 1. Demographic and clinical characteristics of the study sample.

Characteristic

Value

Sex®

MS characteristics
Median age at MS onset

MS phenotype at cancer
diagnosis

MS duration with cancer

Relapse count in the
12 months before cancer

Disability outcomes (EDSS)

Timepoint (6 months)
Baseline for cancer
Year 1 post-cancer
Year 2 post-cancer
Year 3 post-cancer
Year 4+ post-cancer
Cancer characteristics
Median age at cancer
Follow-up time after
cancer

Cancer outcomes when
recorded, n=279
N (%)

Cancer types (%)
Breast: 46.2%

Ovarian: 3.5%

Pancreas: 1.9%
Adreno-urinary: 1.3%
Sarcoma: 0.8%
Unknown primary: 0.5%
Primary peritoneal: 0.3%

Female: 288 (79.4%)
Male: 75 (20.6%)

37.01 years (IQR: 15.4)

Clinically isolated syndrome: 22 (5.9%)
Relapse-onset MS: 270 (72.4%)
Primary progressive: 17 (4.6%)

Progressive relapsing: 11 (2.9%)

Secondary progressive: 53 (14.2%)

13.6years (IQR: 15.2)

Median 0 (IQR: 0-0); 38/363 (10.5%) had at least one recorded relapse

Median (IQR)
2.5(3.375)
3(4)

3.5(4.0)

3.0 (4.0)
3.0(4)

60.7 years (IQR: 15.7)

Median: 2.8 years (IQR: 5.4)

Missing (%)
34.4
41.9
65.6
58.4
66.4

58/363 (16.0%) were lost to follow-up by 6 months

Deaths: 15 (5.4%)

Ongoing cancer: 137 (49.1%)

Remission: 122 (43.7%)
Not specified: 5 (1.8%)

Blood: 12.0%
Gastro-oesophageal: 2.4%
Hepatobiliary: 1.6%
Testicular: 1.3%

CNS lymphoma: 0.8%
Anal: 0.5%
Vulvovaginal: 0.3%

Geographical distribution (%)

Argentina: 1.1%
Canada: 7.99%
Egypt: 0.55%
Lebanon: 1.38%

Saudi Arabia: 0.28%
Turkey: 14.6%

Australia: 25.9%
Colombia: 0.28%
Iran: 1.38%
Netherlands: 3.03%

Slovenia: 0.28%
United Kingdom: 0.83%

Colo-rectal: 11.5%
Uterus: 1.9%
Melanoma: 1.6%
Brain and nerve: 1.1%
Skin: 0.8%

Thyroid: 0.3%

Belgium: 2.2%
Czech Republic: 16%
Italy: 12.4%
Portugal: 0.83%
Spain: 6.06%

Lung: 4.3%

Head and neck: 1.9%
Cervix: 1.3%
Prostate: 1.1%
Mesothelioma: 0.5%
Neuroendocrine: 0.3%

Brazil: 0.28%
Croatia: 1.93%
Kuwait: 1.38%
Romania: 0.28%
Tunisia: 0.83%

United States of America: 0.28%

aSex is reported using the binary gender variable captured in MSBase.

immunosuppressing (CD20 depleting
(anti-CD20), sphingosine 1 phosphate (S1P) modu-
lators, Bruton’s tyrosine kinase inhibitors (BTKIs),
natalizumab, daclizumab, alemtuzumab, fumarates,
cladribine, cyclophosphamide, mitoxantrone and

therapies

AHSCT), or non-immunosuppressing (terifluno-
mide, glatiramer acetate and interferons) to reflect
overall immunosuppressive burden in the context of
cancer and chemotherapy, rather than an efficacy

hierarchy.
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(a) Whole cohort — changes in EDSS
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Figure 2. Panel (a) shows the full cohort (»=186), and
panel (b) shows the breast cancer subgroup (n=88).
Stacked bar plots show the proportion of individuals whose EDSS
decreased, remained stable or increased between baseline and

the 12-to-18-month and 30-to-42-month windows, with adjacent
spaghetti plots illustrating individual trajectories. Only individuals
with EDSS recorded at baseline and at least one follow-up were
included. Baseline EDSS was defined as the score closest to cancer
diagnosis within 6 months, and follow-up scores were the first
available within each window. Among individuals with available
EDSS, the median EDSS was 2.5 at baseline, 3.4 at 12 months and
3.0 at 24 months in the full cohort. In the breast cancer subgroup,
median EDSS remained 2.5 across windows, with interquartile
ranges of 3.25 at baseline and 3.5 at 12 and 24 months.

Schoenfeld residuals were used to assess proportional
hazards assumptions.

Secondary analysis. Propensity score matching
(PSM) compared pwMS with cancer and chemother-
apy to pwMS without cancer or chemotherapy to con-
textualise MS outcomes after cancer. Both groups
were required to have complete baseline covariates

and sufficient follow-up. Matching was 1:2 using
nearest neighbour matching with replacement at the
index visit level, with exact matching on age at cancer
or index visit and visit calendar year. The propensity
score used a 0.05 calliper and included relapse count
in the 12 months pre-index, EDSS at index, age at MS
onset, disease duration, sex, current DMT class at
index and prior DMT exposure (binary indicators by
pharmacological class). Balance was assessed using
absolute standardised mean differences.

Time to first relapse and time to CDP were analysed
using Cox models with robust standard errors clus-
tered by participant to account for matching with
replacement. Follow-up commenced at cancer diagno-
sis or the matched index visit and ended at the first
event or the last recorded visit. MS phenotype at index
was included in all models, and any covariates remain-
ing imbalanced after matching were added as adjust-
ment terms. Proportional hazards were assessed, and
where violated, a piecewise Cox model with yearly
intervals was used for interpretability and alignment
with standard annual survivorship reporting.

Post-cancer DMT was not modelled as a time-varying
covariate because post-cancer prescribing is shaped by
the cancer treatment pathway and clinical recovery, and
adjustment would risk exposure-induced confounding
by conditioning on a mediator or collider. The matched
analysis, therefore, reflects the broader cancer treatment
pathway in pwMS with recorded chemotherapy expo-
sure and cannot isolate the contribution of chemother-
apy from other components of post-cancer care.

Sensitivity analyses. A sensitivity analysis replicat-
ing both the primary and secondary analyses was con-
ducted in the breast cancer subgroup. Breast cancer
was the most common malignancy in the cohort and
was selected due to its relatively standardised treat-
ment protocols® and sufficient sample size.

A second sensitivity analysis descriptively compared
outcomes in a younger subgroup (age at cancer <40)
to those aged >40 years.

Results

Participant characteristics

We assessed 373 malignancies in 363 people with MS
(pwMS) with recorded chemotherapy exposure as
part of their cancer management (Figure 1). Study
participants were from 77 centres across 23 countries
(Table 1). The median calendar year of cancer diagno-
sis was 2017 (range: 2010-2024). Breast cancer was

journals.sagepub.com/home/msj
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most common (46.2%), reflecting both its global
prevalence in 20247 and the predominance of women
in the MS population (79.4% in our cohort). Median
age at cancer diagnosis was 60.7 years, with a median
interval of 13.6years from MS onset. Cancer out-
comes were available for 279 individuals, mostly
reflecting status at data entry: 137 (49.1%) had ongo-
ing cancer, 122 (43.7%) were in remission, and 15
(5.4%) had died.

Changes in EDSS scores post-cancer diagnosis
There was a high rate of missing EDSS data in the
early follow-up period after cancer. Among available
data, median EDSS increased from 2.5 at the time of
cancer diagnosis to 3.4 at 12-18 months and then
decreased to a median of 3.0 from 24 months onwards
(Table 1 and Figure 2).

DMT use after cancer diagnosis

A 12-month timeframe (*6months) was selected to
evaluate DMT use following cancer diagnosis, allowing
time for treatment completion, management of compli-
cations and clinical reassessment. DMT exposure
shifted over this period (Figure 3). At diagnosis, 35.5%
(n=106) had no recorded DMT, 29.8% (n=89) were
receiving non-immunosuppressing DMTs, and 34.8%
(n=104) were receiving immunosuppressing DMTs; by
12months, 49.2% (n=147) had no recorded DMT,
31.1% (n=93) were receiving non-immunosuppressing
DMTs, and 19.7% (n=59) were receiving immunosup-
pressing DMTs. Among those receiving an immuno-
suppressing DMT at diagnosis, 39.4% remained on an
immunosuppressing DMT, 17.3% switched to a non-
immunosuppressing DMT, and 43.3% had no recorded
DMT at 12months. Among those receiving a non-
immunosuppressing DMT at diagnosis, 77.5%
remained on treatment, and 22.5% had no recorded
DMT at 12months. Among those with no recorded
DMT at diagnosis, 22.6% had initiated treatment by
12 months (Figure 3, Supplemental eTables 1 and 2).

At 12 months, those receiving non-immunosuppressing
DMTs were younger than those with no recorded DMT,
and baseline EDSS was higher in the immunosuppress-
ing than non-immunosuppressing group; no other dif-
ferences were observed (Supplemental eTable 1).

Primary analysis: MS outcomes after cancer
diagnosis in pwMS and recorded chemotherapy

The relapse analysis included 312 participants with a
median follow-up of 2.8 years after cancer diagnosis;
68 (21.8%) experienced a relapse over the

(a) Whole cohort — changes in DMT
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Figure 3. Disease-modifying therapy use at cancer diagnosis
and 12 months after diagnosis. Sankey diagrams show

DMT status at cancer diagnosis (left) and at 12 months after
diagnosis (right). Each ribbon represents individuals and
shows whether they remained on the same agent, switched

to a different agent or DMT class, stopped DMT or initiated
DMT from no recorded DMT. Panel (a) includes the full
cohort (7=299). At cancer diagnosis, 34.8% (n=104) were
receiving immunosuppressing DMTs, 29.8% (n=89) were
receiving non-immunosuppressing DMTs, and 35.5%
(n=106) had no recorded DMT. At 12months, 19.7% (n=59)
were receiving immunosuppressing DMTs, 31.1% (n=93)
were receiving non-immunosuppressing DMTs, and 49.2%
(n=147) had no recorded DMT. Agent-level counts at each
time point are reported in Supplemental eTable 1. Definitions
of DMT classes are provided in “Methods” section. Panel (b)
includes the breast cancer subgroup (n=138).
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observation window. In adjusted Cox models, older
age at cancer diagnosis was associated with lower
relapse hazard (hazard ratio (HR)=0.96 per year,
95% confidence interval (CI)=0.93-0.99, p=0.008),
while relapsing phenotype was associated with higher
relapse hazard (HR=4.31, 95% CI=1.56-11.87,
p=0.005). There was no evidence that the current
DMT category at the time of relapse was associated
with relapse hazard for non-immunosuppressing
DMT exposure (HR=1.74, 95% CI=0.86-3.50,
p=0.13) or immunosuppressing DMT exposure
(HR=1.19, 95% CI=0.46-3.05, p=0.72).

Relapse incidence rates by time-varying DMT expo-
sure were 7.24 per 100 person years off treatment (56
events over 773 person years), 12.8 per 100 person
years during non-immunosuppressing DMT exposure
(9 events over 70.4 person years) and 7.86 per 100
person years during immunosuppressing DMT expo-
sure (3 events over 38.2 person years).

In a descriptive subgroup of pwMS receiving a DMT
at cancer diagnosis who discontinued and remained
off treatment at 12 months (n=39), 7 (18.0%) experi-
enced a first relapse; all occurred beyond 12 months
after cancer diagnosis, with the median time to relapse
of 3.69years (IQR: 1.87-4.0).

The CDP analysis included 160 participants: 30 expe-
rienced CDP. Neither non-immunosuppressing DMTs
(HR=0.93, 95% C1=0.44-1.97, p=0.85) nor immu-
nosuppressing DMTs (HR=1.02, 95% CI=0.47-
2.21, p=0.97) were associated with CDP risk. Higher
EDSS (HR=1.19, 95% CI=1.01-1.41, p=0.041) and
progressive phenotype (HR=2.42, 95% CI=1.05—
5.56, p=0.038) were associated with a higher pro-
gression risk.

Secondary analysis: contextualising MS outcomes
after cancer diagnosis

The matched analysis included 256 pwMS with cancer
and chemotherapy and 505 matched MS controls with-
out cancer or chemotherapy exposure (Figure 4(a),
Supplemental eTable 3). Relapse hazard was lower in
the cancer and chemotherapy group in year 1
(HR=0.30, 95% robust CI=0.12-0.79, p=0.015)
with no difference thereafter (Figure 5(a)). Relapsing
phenotype was associated with higher relapse hazard
(HR=2.27,95% robust=1.28-4.03, p=0.005); EDSS
was not (HR=0.99, 95% robust CI=0.90-1.08,
p=0.76). CDP risk did not differ between groups
(HR=1.13, 95% robust=0.71-1.79, p=0.60). Higher

EDSS was associated with higher CDPrisk (HR=1.10,
95% robust CI=1.01-1.20, p=0.035); progressive
phenotype was not (HR=1.33, 95% robust CI=0.86—
2.07, p=0.20).

Sensitivity analysis: breast cancer subgroup

There were 172 breast cancers among 167 individu-
als (Supplemental eTable 4). Median age at MS
onset was 35.9 years, and median age at cancer diag-
nosis was 48.6years, compared with 55.3 years in
those diagnosed with non-breast cancers (p <0.001).
Most had relapse-onset MS (73.4%). EDSS trajecto-
ries were variable but broadly aligned with the full
cohort; the median EDSS score remained stable at
2.5 despite individual fluctuation (Figure 2(b),
Supplemental eTable 4). Post-cancer, DMT expo-
sure again showed a shift towards treatment discon-
tinuation or non-immunosuppressing therapies
(Figure 3(b)).

Following cancer diagnosis, relapse risk was greater
in those with relapsing (HR=4.67, 95% CI=1.16—
18.70, p=0.03) rather than progressive MS, while
older age at cancer diagnosis was associated with
lower relapse risk (HR=0.94, 95% CI=0.91-0.99,
p=0.025). Post-cancer use of non-immunosup-
pressing (HR=1.75, 95%=0.46-6.50, p=0.40) and
immunosuppressing (HR=1.50, 95% CI=0.42-5.32,
p=0.53) DMTs was not associated with relapse
risk or CDP (non-immunosuppressing HR=1.53,
95% CI=0.54-4.33, p=0.43; immunosuppressing
HR=1.46, 95% CI=0.53-3.99, p=0.46).

In the breast cancer subgroup, PSM analyses
(Supplemental eTable 5, Figure 4(b)) showed a lower
relapse hazard in the cancer chemotherapy group than
matched controls during the first year after index
(HR=0.35, 95% robust CI=0.17-0.71, p=0.004;
Figure 5(b)), with no difference thereafter and no dif-
ference in CDP (HR=1.13, 95% robust CI=0.69-1.79,
p=0.60).

Subgroup analysis of individuals under 40

To examine the impact of age, a subgroup analysis was
conducted in individuals diagnosed with cancer before
age of 40 years (n=55; median age at diagnosis:
36.3years, IQR: 5.7; Supplemental eTable 6). Among
those with follow-up, relapse occurred in 30.3% of
individuals under 40 years, compared with 18.5% of
those aged 40 years or older (odds ratio (OR)=1.90,
95% CI1=0.72-4.74, p=0.15; Fisher’s exact test).
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(a) PSM covariate balance whole cohort
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(b) PSM covariate balance breast cancer cohort
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Figure 4. Covariate balance before and after propensity score matching in the full cancer cohort and breast cancer subgroup.
Love plots show absolute standardised mean differences for baseline covariates in the whole cohort (a) and breast cancer
subgroup (b). Maroon points indicate unadjusted samples, and green points indicate matched samples. The dashed line marks
the balance threshold of 0.15. Most covariates achieved acceptable balance after matching. EDSS remained above the balance
threshold after matching in the whole cohort (Panel (a)), with a residual difference of 0.29 EDSS units (3.21 vs. 3.50).

EDSS and MS phenotype at index were included as covariates in matched outcome models. PSM: propensity score matching; EDSS:
Expanded Disability Status Scale. Combined interferons: Interferon beta 1a, interferon beta 1b, pegylated interferon beta 1 and interferon
therapy not otherwise specified. Fumarates: dimethyl fumarate and diroximel fumarate. SIP: fingolimod, siponimod, ozanimod and
ponesimod. BTKI: Bruton’s tyrosine kinase inhibitors. Anti-CD20: rituximab, ocrelizumab and ofatumumab. Combined IRT: cladribine
and alemtuzumab. Non-specific immunosuppression: mycophenolate, methotrexate and azathioprine.
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(a) Time to first relapse whole cohort
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Figure 5. Time to first relapse since index in propensity score matched analyses. Panel (a) shows the whole cohort

(256 people with multiple sclerosis and cancer treated with chemotherapy and 505 matched controls). Panel (b) shows
the breast cancer subgroup (120 people with multiple sclerosis and cancer treated with chemotherapy and 238 matched
controls).

Curves show relapse-free survival over time, with shaded 95% confidence intervals. Time since index is measured from the date of
cancer diagnosis in the cancer and chemotherapy group and from the matched index visit in controls. Tables report interval-specific
hazard ratios with 95% robust confidence intervals and p values from piecewise Cox proportional hazards models comparing the cancer
and chemotherapy group with matched controls, using 12-month intervals with a final interval of more than 60 months. Numbers at risk
are shown below each panel. HR: hazard ratio; CI: confidence interval.

Discussion pwMS with recorded chemotherapy exposure.
This MSBase analysis provides real-world data on  Although not designed to evaluate the 2023 French
post-cancer DMT patterns and MS outcomes in guidelines,* it adds observational data to an area
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where management remains guided largely by expert
consensus.

Question 1: What post-cancer DMT patterns were
observed in real-world practice?

By 12 months after cancer diagnosis, no recorded
DMT was more common, and immunosuppressing
DMT exposure was less common than at diagnosis,
with discontinuation, switching and some treat-
ment initiation observed. These data describe post-
cancer prescribing patterns rather than treatment
intent, but are broadly consistent with recommen-
dations for reassessment of MS therapy in the con-
text of cancer.*

Question 2: What MS outcomes were observed after
cancer diagnosis in this cohort?

Post-cancer DMT category was not associated with
relapse hazard in either the primary cohort or the
breast cancer subgroup. Within the primary cohort,
relapse hazard was higher in those with relapsing phe-
notypes and lower with older age at cancer diagnosis.
Relapse was more frequent in those diagnosed before
age of 40 years, consistent with known age-related
patterns of inflammatory disease activity.®

To contextualise relapse activity, we compared pwMS
with cancer and recorded chemotherapy exposure
with propensity-matched MS controls without cancer
or chemotherapy. This was a pragmatic rather than
causal comparison, because the post-cancer treatment
pathway and subsequent MS management could not
be replicated in cancer-free controls. In matched anal-
yses, relapse hazard was lower during the first year,
with no difference thereafter. Of note, relapse ascer-
tainment in our cohort was restricted to clinician-
recorded activity without MRI confirmation.
Therefore, in pwMS with cancer and recorded chemo-
therapy exposure, some recorded events may have
reflected nonspecific neurological worsening related
to cancer, its treatment or comorbidity rather than new
inflammatory MS activity, and recorded relapse rates
may, therefore, have been overestimated. Taken
together, these findings suggest relatively low
recorded inflammatory activity early after cancer
diagnosis in pwMS with recorded chemotherapy
exposure, particularly in older individuals, and may
provide cautious reassurance when interpreting indi-
vidualised post-cancer DMT management within
similar real-world care pathways. In contrast to
relapse, CDP findings appeared more closely related
to baseline neurological status than to post-cancer
DMT category. Higher baseline disability and pro-
gressive phenotype were associated with CDP in the
primary cohort, while CDP risk did not differ in

matched analyses. Interpretation is limited by few
events, incomplete EDSS follow-up and the possibil-
ity that disability worsening after cancer diagnosis
reflected cancer morbidity, treatment effects, comor-
bidity or ascertainment patterns rather than MS
progression.’

Relation to existing evidence

Evidence on MS care after cancer remains limited. A
US mixed-methods study (n=43) of women with MS
and breast cancer reported infrequent relapses and
stable EDSS, with qualitative findings highlighting
the uncertainty of managing a dual diagnosis and pri-
oritisation of oncology care.!® A German cohort
(n=16) of pwMS with CNS tumours reported higher
inflammatory activity in those who did not receive
chemotherapy, with events clustering after the last
documented lymphopenia.!’ More recently, a multi-
national population-based cohort of pwMS with inci-
dent cancer (n=6902) and matched cancer-free pwMS
controls (n=13,804) found reduced DMT use after
cancer diagnosis, particularly among those receiving
chemotherapy, without strong post-cancer change in
neurologist visits or MS hospitalisations.'> These
studies suggest that cancer diagnosis and treatment
pathways commonly reshape MS prescribing, but evi-
dence on subsequent relapse and disability outcomes
remains limited. Our analysis adds international reg-
istry data on post-cancer DMT patterns together with
relapse and 6-month CDP outcomes in pwMS with
recorded chemotherapy exposure.

Study limitations

This study has several limitations. It represents sec-
ondary use of MSBase data, which were not designed
to capture cancer outcomes or oncological treatments
in detail. The data set, therefore, cannot estimate can-
cer prevalence or report cancer-specific outcomes.

The cohort was heterogeneous, comprising multiple
cancer types with differing biology, prognosis and
treatment pathways. Attempts to validate chemother-
apy regimens through site investigators were largely
unsuccessful because cancer treatment often occurred
outside neurology centres. Consequently, regimen
data, chemotherapy timing, lymphocyte nadirs and
immune recovery data were unavailable. Follow-up
was, therefore, indexed to cancer diagnosis rather
than chemotherapy completion, precluding separation
of possible chemotherapy-related effects from
immune recovery, DMT interruption or other aspects
of cancer care. Findings should, therefore, be inter-
preted within the broader cancer care pathway.

1092

journals.sagepub.com/home/msj


https://journals.sagepub.com/home/msj

C Nesbitt, P Sanfilippo et al.

Although the breast cancer sensitivity analysis
reduced heterogeneity, incomplete receptor status and
histology data still limited treatment characterisation
(Supplemental eTable 4). Other cancer treatments,
including immune checkpoint inhibitors and hormo-
nal therapies, were not captured and may also have
influenced MS activity, introducing potential unmeas-
ured confounding.!*13

The broad immunosuppressing versus non-immunosup-
pressing classification may also have obscured clinically
relevant differences between specific DMTs or mecha-
nism-based groups. Because post-cancer treatment
selection was not random and was likely influenced by
prior MS activity, disability, cancer characteristics, clini-
cian preference and the broader cancer care pathway,
comparisons between post-cancer DMT categories are
susceptible to confounding by indication.

Early attrition after cancer diagnosis was itself a clini-
cally relevant real-world finding, although the rea-
sons for attrition could not be determined in this
registry data set. Consistent with the US mixed-meth-
ods study noted above,!° this may in part reflect prior-
itisation of oncology care over MS during cancer
treatment. These follow-up patterns may have biased
ascertainment in more than one direction, with greater
detection of neurological events and disability change
in those under closer neurological review and under
ascertainment in those less engaged with follow-up.
The remaining cohort may, therefore, have overrepre-
sented healthier survivors or those more engaged with
MS care. Death after cancer diagnosis may also have
acted as a competing risk for relapse or CDP.

Case ascertainment may also vary across countries.
For example, MSBase operates as a national registry
in the Czech Republic but is used mainly in special-
ised MS clinics in Australia, potentially influencing
case mix. Finally, although analyses were limited to
cancers diagnosed after 2010 to reflect the modern
treatment era, the median diagnosis year of 2017 pre-
dates widespread use of newer DMTs, limiting gener-
alisability to contemporary MS management.

Conclusion

Among pwMS with recorded chemotherapy expo-
sure, post-cancer DMT use shifted towards no
recorded DMT and less immunosuppressing therapy
by 12months. Post-cancer DMT category was not
associated with time to first relapse or 6-month CDP,
while older age at cancer diagnosis was associated
with lower relapse hazard. In matched analyses,
relapse hazard was lower during the first year after

cancer diagnosis only, although the drivers of this sig-
nal could not be separated from the broader cancer
treatment pathway in this study design. These find-
ings suggest relatively low recorded inflammatory
activity, particularly in older individuals, and may
cautiously inform interpretation of individualised
post-cancer DMT management in similar clinical
contexts. Prospective studies with regimen-level
oncology data, treatment timing and immune recov-
ery measures are needed.
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