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Abstract
Background. Paraneoplastic neurological syndromes with anti-Hu antibodies (Hu-PNS) have a very poor prog-
nosis: more than half of the patients become bedridden and median survival is less than 12 months. Several lines 
of evidence suggest a pathogenic T cell-mediated immune response. Therefore, we conducted a prospective open-
label phase II trial with natalizumab.
Methods. Twenty Hu-PNS patients with progressive disease were treated with a maximum of three monthly 
natalizumab cycles (300 mg). The primary outcome measure was functional improvement, this was defined as at 
least one point decrease in modified Rankin Scale (mRS) score at the last treatment visit. In addition, treatment 
response was assessed wherein a mRS score ≤3 after treatment was defined as treatment responsive.
Results. The median age at onset was 67.8 years (SD 8.4) with a female predominance (n = 17, 85%). The median 
time from symptom onset to Hu-PNS diagnosis was 5 months (IQR 2–11). Most patients had subacute sensory 
neuronopathy (n = 15, 75%), with a median mRS of 4 at baseline. Thirteen patients had a tumor, all small cell lung 
cancer. After natalizumab treatment, two patients (10%) showed functional improvement. Of the remaining pa-
tients, 60% had a stable functional outcome, while 30% showed further deterioration. Treatment response was 
classified as positive in nine patients (45%).
Conclusions. Natalizumab may ameliorate the disease course in Hu-PNS, but no superior effects above other 
reported immunosuppressive and immunomodulatory were observed. More effective treatment modalities are 
highly needed.
Trial registration: https://www.clinicaltrialsregister.eu/ctr-search/trial/2014-000675-13/NL

Key Points

• Hu-PNS has a very poor prognosis with functional improvement in <10% of patients.

• Natalizumab showed no superior efficacy above other previously studied 
immunosuppressive and immunomodulatory therapies.

• More effective treatments are a highly unmet medical need.

Phase II trial of natalizumab for the treatment of 
anti-Hu associated paraneoplastic neurological 
syndromes
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Paraneoplastic neurological syndromes (PNS) are rare 
immune-mediated neurological disorders associated with 
malignancies. PNS with anti-Hu antibodies (Hu-PNS) are 
the most frequent among the PNS associated with well-
characterized onconeural antibodies. The underlying tumor 
in Hu-PNS is most often small cell lung cancer (SCLC). 
Hu-PNS is a severe disease progressing rapidly over weeks 
to months and has a poor prognosis: more than half of the 
patients become bed or wheelchair-bound, only 5–7% of 
patients improve and the median survival is less than one 
year.1,2 At the time of neurological presentation, the pa-
tient is not aware of the cancer in over 70%, delaying the 
diagnosis of Hu-PNS.1–4 It is thought that the expression 
of Hu antigens by the tumor provokes an autoimmune re-
sponse not only directed against the tumor but also against 
nervous tissues.5 Although the anti-Hu antibodies (Hu-Ab) 
are present in high titers in serum and CSF, neuronal de-
struction in Hu-PNS is more likely caused by T cells than by 
Hu-Ab. Hu proteins are intracellular proteins that can not be 
reached by antibodies and many animal models failed to 
demonstrate Hu-Ab induced disease. Furthermore, autopsy 
studies consistently showed T cell infiltrates with cytotoxic T 
cells frequently surrounding neurons with associated neu-
ronal loss.6–8

Natalizumab strongly inhibits the migration of activated 
T lymphocytes into the central nervous system (CNS) and 
is approved for the treatment of relapsing-remitting mul-
tiple sclerosis.9 In addition, it may contribute to reduced 
activation of T cells already present in the CNS, leading 
to increased apoptosis of pathogenic T cells and lowering 
damage done to the nervous system.10,11

We conducted a prospective open-label single-arm trial 
to evaluate the efficacy of off-label use of natalizumab in 
patients with progressive Hu-PNS. We monitored function 
and neurological impairment using well-defined clinical 
scales, as well as toxicity.

Patients and Methods

Patients

At the Erasmus University Medical Center, the 
Departments of Neurology and Medical Immunology are 

the national referral centers for anti-neuronal antibody 
testing, diagnosis, and treatment, accredited as European 
Reference Network site (ERN-RITA). Between March 2016 
and June 2020, 80 patients were identified with increased 
serum titers of Hu-Ab (titer ≥400 by indirect immuno-
fluorescence on monkey cerebellum, and confirmed by 
Euroimmun [Lübeck, Germany] and RAVO Diagnostika 
[Freiburg, Germany] blots). Inclusion criteria comprised a 
paraneoplastic neurological syndrome associated with in-
creased Hu-Ab titer, progression of neurological symptoms 
over the last 4 weeks, a modified Rankin Scale (mRS)12 
score ≥2, age ≥18 years, and an absolute CD4+ cell count 
≥0.4 x 109 cells/liter. Exclusion criteria were unwillingness 
to undergo a lumbar puncture, known hypersensitivity to 
natalizumab or one of the additives, progressive multi-
focal leukoencephalopathy (PML), immune-compromized 
patients (patients using immunosuppressive medications 
other than a short course (<2 weeks) of steroids), liver and 
renal failure, active infections, pregnancy, a history of ac-
tive melanoma in the past 5 years, and T cell lymphoma or 
primary CNS lymphoma.

Of the 80 identified patients, 59 were excluded due to 
factors depicted in Figure 1. The remaining 21 patients 
were included in the trial and gave written informed con-
sent. One of the patients died unexpectedly before admin-
istration of the first study medication and was excluded 
from the analysis.

We performed immunohistochemistry (IHC) to detect ad-
ditional antibodies against extracellular neuronal proteins, 
on all sera and CSF samples of the included patients.13,14 
When positive, confirmatory laboratory analyses were 
performed using validated commercial cell-based assays 
(CBA) or live hippocampal neurons as described before.13,14

Study Design and Treatment

We performed an open-label single-arm, single-center 
phase II study. The 20 treated patients were treated with a 
maximum of three monthly cycles of natalizumab (intra-
venous infusions of 300 mg). Patients visited our clinic at 
least for every treatment cycle, four weeks after the third in-
fusion and the last study visit occurred twenty weeks after 
the start of the trial (12 weeks after the last natalizumab 
cycle). Each study visit, patients were subjected to clinical 

Importance of the Study

Paraneoplastic neurological syndromes with 
anti-Hu antibodies (Hu-PNS) are associated 
with malignancies, predominantly small cell 
lung cancer. It is important to search for an un-
derlying malignancy and start antitumor treat-
ment as early as possible. Previous trials with 
immunosuppressive or immunomodulatory 
treatment in Hu-PNS obtained functional im-
provement in a minority of patients (around 
10%). Several lines of evidence suggest that 
neuronal damage in Hu-PNS is caused by 

a pathogenic T cell-mediated immune re-
sponse. Therefore, we conducted a phase II 
trial of natalizumab, a monoclonal antibody 
that strongly inhibits the migration of acti-
vated T lymphocytes into the central nervous 
system and that inhibits activated T cells. This 
study shows that natalizumab is probably not 
more effective in treatment of Hu-PNS than 
previously studied immunosuppressive and 
immunomodulatory therapies.
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evaluation, toxicity monitoring (according to the Common 
Terminology Criteria for Adverse Events (CTCAE)), and lab-
oratory analysis. Natalizumab was used as monotherapy 
and concomitant immunotherapy was not allowed. 
Treatment of an underlying malignancy, including chemo-
therapy, was allowed (PD-(L)1 checkpoint inhibition was 
not standard care for SCLC in the Netherlands). The study 
drug was discontinued when the mRS score increased ≥2 
points or in case of intolerable toxicity. Use of natalizumab 
in multiple sclerosis has been associated with an increased 
risk of progressive multifocal leukoencephalopathy (PML), 
an opportunistic infection caused by John Cunnningham 
virus, which may be fatal or result in severe disability.9,15 
However, the intention to treat patients with only 3 cycles 
of natalizumab (12 weeks) renders the occurrence of PML 
very unlikely as most cases have occurred after >2 years of 
treatment. A data safety monitoring board was assigned to 
assess toxicity and review all serious adverse events.

This study was approved by the Institutional Review 
Board of Erasmus MC (MEC-2015-607). Guidelines for 
neuro-oncology: Standards for investigational studies 
were followed (GNOSIS).16

Outcome

The primary outcome measure of this study was functional 
improvement, defined as at least one point decrease in mRS 
score after 12 weeks compared to baseline mRS score. We 
used a standardized mRS algorithm to achieve consistent 
scores.17 In addition, we performed explorative analyses 
using the criteria for treatment response by Keime-Guibert 
et  al.18 in our cohort, and for comparison with previous 
studies. A  positive treatment response was defined by 
these authors as improvement or stabilization in patients 
with an mRS score ≤3, and an improvement from mRS ≥4 
to mRS ≤3. For both outcome scores, we additionally ana-
lyzed mRS scores at 20 weeks compared to baseline.

The first secondary outcome measure was neurological 
improvement, assessed using the Edinburgh Functional 
Impairment Tests (EFIT).19 The EFIT integrates upper and 
lower limb function, memory, and a rating scale for dys-
phasia. Neurological improvement was defined as one-
point increase in overall EFIT score. Secondly, limitations 
in daily living activities were evaluated using the Barthel 
index (BI).20

The prospective open-label sirolimus trial, conducted 
in 17 patients with Hu-PNS in our institution from 2008 to 
2012, was used as a historical control group.21

Statistical Analysis

Based on previous studies, the chance of improvement ≥1 
point in mRS score in historical Hu-PNS controls was put 
at 10%.1,2,18,21,22 We designed the study to detect improve-
ment in 35% of the patients following natalizumab treat-
ment. To achieve power of 80% with two sided α = 0.05, we 
calculated a sample size of 18 patients. To allow for 10% 
drop-outs we intended to include 20 patients. Statistical 
analysis was performed using SPSS 25.0 (IBM, New York, 
NY) for Windows, as well as Prism 8.4.3 (GraphPad Prism 
Software Inc., San Diego, CA). All p-values were two-sided 
and were considered statistically significant when below 
0.05. Patient-specific baseline characteristics were evalu-
ated using standard descriptive features: mean with 
standard deviation, median with interquartile range (IQR) 
and range for continuous variables, and frequency (pro-
portions) for categorical variables. For group compari-
sons, encompassing categorical data, we used the Pearson 
Chi-Square test or the Fisher-Exact test if appropriate. 
Continuous data were analyzed using the Student’s t-test 
or the Mann-Whitney U test in case of skewed distribution. 
Wilcoxon matched-pairs test was used to compare Hu-Ab 
titers in serum and CSF at baseline and after treatment (12 
weeks after start trial).

  

- Patient died before administration of the first study drug

- Diseased before test results came available or before the
 trial started (n = 8)

- Not meeting inclusion criteria (n = 27)

- Other reasons (n = 24)

- No neurological deterioration last 4 weeks (n = 21)

- Not wanting any treatment (n = 7)
- Long travel distance to our clinic (n = 6)
- Unwilling to participate due to severe illness (n = 6)
- Other reasons (n = 6)

- Brain metastasis (n = 5)
- Low CD4+ cell count (n = 1)

Excluded from analysis (n = 1)

80 patients assessed for
eligibility

21 patients included in
the study

20 patients treated with
natalizumab

Excluded (n = 59)

Figure 1. Patient inclusion. In total, 80 patient with a high serum titer of Hu-Ab (≥400) were identified between March 2016 and June 2020. Twenty-
one patients were included in this study, one of whom died before administration of study medication and was excluded from analysis. In total, 20 
patients were treated with natalizumab and included for analysis.
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Results

Patients, Treatment, and Toxicity

In total, 20 patients were treated with natalizumab (Table 
1, and baseline cohort characteristics in Supplementary 
Table 1). The median age at onset was 67.8 (SD ±8.4) and 
there was a female predominance (n = 17, 85%). Diagnosis 
of Hu-PNS took a median of 5  months (IQR 2–11) from 
symptom onset. In most patients, the dominant clinical 
syndrome was subacute sensory neuronopathy (SSN, 
n  =  6) or SSN combined with other symptoms (total 
n = 15, 75%). Their median mRS at baseline was 4 (range 
2–5).

Nine patients received a short course of immunotherapy 
(iv methylprednisolone (ivMP) or iv immunoglobulins 
(ivIg)), with a median of 28 days (IQR 18–64) prior to the 
start of natalizumab treatment. Eight out of nine patients 
subsequently progressed prior to study inclusion. All pa-
tients received a structured tumor workup, including FDG-
PET/CT imaging. Thirteen patients had a tumor, all SCLC, 
diagnosed median 5 months from onset of Hu-PNS (IQR 
3–6, range 0.5–8). Ten patients received standard chemo-
therapy (a platinum-based drug plus etoposide) for SCLC 

concomitant with natalizumab. The remaining three pa-
tients received chemotherapy outside the study period, 
two patients before (–800 and –217 days) and one patient 
after (+155 days) the study. None of the patients received 
PD-(L)1checkpoint inhibitors for SCLC (extended disease), 
since this was not standard care in The Netherlands during 
the study period. No adverse effects were observed due 
to the combination of chemotherapy and natalizumab 
treatments. Thirteen patients (65%) completed a total of 
three natalizumab cycles, and the remaining seven pa-
tients received one or two cycles (Table 2). Reasons for 
discontinuing study treatment included: four patients 
died, two patients experienced too high a burden contin-
uing the visits to our clinic, and one patient developed un-
controllable anxiety for the study treatment. There were 
no serious adverse events (SAE) related to natalizumab 
treatment, and none of the patients withdrew because of 
natalizumab toxicity.

In total, ten patients had died at the last follow-up, 
and the cause of death was PNS in four patients, in an-
other three patients it was due to the tumor, and three 
patients requested euthanasia (Supplementary Table 2). 
Patients were followed from onset for a total of 19 months 
(IQR 13–27) and median overall survival was 13 months 
(Figure 2).

  
Table 1. Patient and Tumor Characteristics

No. Age/ 
Sex

PNS—Clinical 
Phenotype

Onset to Diagnosis 
Hu-PNS (months)

Tumor Onset to Diagnosis 
Tumor (months)

Tumor 
Stage

Tumor Treat-
ment

Tumor  
Response

1 64/F SSN, MN, PLE 5 SCLC 5 LD Chemo, RT CR

2 57/F SSN 62 SCLC 6 ED Chemo, RT a CR

3 66/F SSN 3 SCLC 5 LD Chemo, RT CR

4 53/F SSN, AN 2 SCLC 3 LD Chemo, RT CR

5 75/F PLE, SSN 3 SCLC 3 LD Chemo Near CR

6 60/F SSN 7 SCLC 8 LD Chemo, RT PR

7 75/F SSN, PCD 1 SCLC 8 LD Chemo, RT b Unknown

8 73/M SSN, PCD 1 SCLC 4 LD Chemo, RT CR

9 64/F SSN 12 SCLC 5 ED Chemo c PR

10 61/F PLE 0.2 SCLC 0.5 ED Chemo, RT PR

11 52/F SSN 5 SCLC 5 LD Chemo, RT n.e.

12 76/F MN 5 SCLC 6 LD Chemo, RT n.e.

13 65/F PEM 0.3 SCLC 0.5 ED Chemo n.e.

14 72/F SSN, MN 3 No n.a. n.a. n.a. n.a.

15 79/M SSN, AN 36 No n.a. n.a. n.a. n.a.

16 80/F PCD 11 No n.a. n.a. n.a. n.a.

17 72/F SSN, AN 11 No n.a. n.a. n.a. n.a.

18 63/F SSN 9 No n.a. n.a. n.a. n.a.

19 72/F PLE, SSN 4 No n.a. n.a. n.a. n.a.

20 76/M PCD 2 No n.a. n.a. n.a. n.a.

PNS: paraneoplastic neurological syndrome; F: female; M: male; PLE: paraneoplastic limbic encephalitis; SSN: subacute sensory neuronopathy; 
AN: autonomic neuropathy; PCD: paraneoplastic cerebellar degeneration; MN: motor neuronopathy; PEM: paraneoplastic encephalomyelitis; SCLC: 
small-cell lung cancer; ED: extensive disease; LD: limited disease; Chemo: chemotherapy; RT: radiotherapy; PR: partial response; CR: complete re-
sponse; n.a.: not applicable; n.e.: not evaluable.
a-cpatients receiving treatment outside the study period; Time to start chemotherapy: –800 days (a), +155 days (b), and –217 days (c).
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Outcome Measures

Two patients (No. 1 and 14) reached the primary endpoint 
as they had a decrease of one point in mRS score com-
pared to baseline (10%, Table 2). They had stable or im-
proved scores on the secondary outcome measures. Both 
patients had a combined sensorimotor neuronopathy 
(with accompanying limbic encephalitis symptoms in one). 
During treatment muscle strength improved and both re-
gained the ability to walk without help. The mRS remained 
stable in twelve patients (60%), while six patients (30%) 
had further functional deterioration (Supplementary Figure 
1). mRS scores per patient did not differ at timepoints 12 
and 20 weeks. Nine patients (45%) were classified as treat-
ment responders according to the Keime-Guibert criteria.18 
Both patients who improved by mRS had central nervous 
system involvement, while 9/18 patients who did not im-
prove had only peripheral nervous system involvement 
(P = .48). Measuring a positive treatment response, 6/9 had 
only peripheral involvement, while 8/11 non-responders 

had central nervous system or combined involvement 
(P = .17).

At 12 weeks, the secondary endpoints were evaluable 
in thirteen patients (four patients died and three had other 
reasons for discontinuing study visits). Two patients im-
proved on the EFIT scale, of whom one patient (No. 10) re-
mained stable on the mRS scale until her functional status 
deteriorated due to tumor progression, and the other pa-
tient (No. 4) had stable mRS scores during the whole study 
period. Six out of sixteen patients improved on the BI (≥5 
points), of whom five were treatment responders.

The patients classified as treatment responders had sig-
nificantly better baseline mRS, EFIT, and BI scores than the 
non-responders (Table 3). In addition, the time from onset 
of symptoms to Hu-PNS diagnosis was significantly longer 
in responders (9 vs 2 months, P = .008), probably reflecting 
the milder disease. First-line immunotherapy (ivMP or 
ivIg) was not associated with treatment response. Within 
the group of responders, fewer underlying tumors were 
detected and of the underlying tumors, more achieved 

  
Table 2. Natalizumab Treatment and Outcome

No. No. of  
Natalizumab  
Cycles

Reason 
Early Treat-
ment Termi-
nation

mRS 
Start

mRS  
12 
Weeks

Func-
tional 
Out-
come

Positive 
Treat-
ment Re-
sponse

EFIT 
Start

EFIT 
12 
Weeks

Neu-
rological 
Out-
come

Onset to Last 
FU (months)

Dead/
Alive at 
Last FU

1 3 n.a. 4 3 Im-
proved

Yes 2 2 Stable 16 Alive

2 3 n.a. 3 3 Stable Yes 2 2 Stable 75 Alive

3 3 n.a. 3 3 Stable Yes 2 2 Stable 28 Alive

4 2 Study 
burden

5 5 Stable No 3 2 b Im-
proved

22 Alive

5 3 n.a. 4 4 Stable No 3 3 Stable 20 Dead

6 3 n.a. 3 3 Stable Yes 1 1 Stable 33 Alive

7 3 n.a. 4 4 Stable No 2 2 Stable 25 Dead

8 1 Study 
burden

4 5 Worse No 3 - n.a. 18 Alive

9 2 Died 3 6 Worse No 1 2 b Worse 15 Dead

10 3 n.a. 3 4 Worse a No 4 2 Im-
proved a

7 Dead

11 1 Died 5 6 Worse No 2 - n.a. 6 Dead

12 1 Died 5 6 Worse No 3 - n.a. 7 Dead

13 1 Died 5 6 Worse No 3 4 b Worse 2 Dead

14 3 n.a. 4 3 Im-
proved

Yes 3 3 Stable 23 Dead

15 3 n.a. 2 2 Stable Yes 2 2 Stable 41 Alive

16 3 n.a. 2 2 Stable Yes 1 1 Stable 40 Dead

17 1 Study  
anxiety

3 3 Stable Yes 1 - n.a. 18 Alive

18 3 n.a. 3 3 Stable Yes 1 1 c Stable 15 Alive

19 3 n.a. 4 4 Stable No 3 3 Stable 13 Dead

20 3 n.a. 4 4 Stable No 2 3 Worse 13 Alive

mRS: modified Rankin Scale; EFIT: Edinburgh Functional Impairment Tests; FU: follow-up; n.a.: not applicable.
aFunctional outcome was worse due to tumor progression while the neurological outcome remained improved.
bEFIT score 4 weeks after baseline.
cEFIT score 8 weeks after baseline.
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complete remission. However, these changes were not 
significant. Patients with a tumor had a lower age at di-
agnosis and a worse mRS score at the end of the study, 
while all other characteristics did not differ significantly 
(Supplementary Table 3, and Supplementary Figure 2).

Ancillary Testing

In all patients, CSF was collected prior to the start of treat-
ment. An elevated white blood cell count was present in 
eight patients (40%; maximum 26 WBC/uL), 11 (55%) had 
elevated total protein levels, two (10%) had increased IgG 
index, and 6/10 patients had oligoclonal bands. All these 
parameters were normal in five patients (25%). Nine pa-
tients consented to a second CSF evaluation after treat-
ment which showed neither differences in WBC nor in 
total protein elevation (both P = 1.00). Hu-Ab median CSF 
titer at baseline was 32 (IQR 14–128) and 4 (IQR 1–64) after 
treatment (P = .67). In serum, median titer was 3200 before 
(IQR 1000–3200) and 1600 (IQR 800–3200) after treatment 
(P = .37; Supplementary Table 4). Hu-ab titers neither cor-
related with baseline mRS, nor with mRS change during 
follow-up.

IHC showed in all 20 patients’ sera and CSF the typ-
ical Hu-staining pattern, and 18 were negative for ad-
ditional antibodies. One patient’s CSF showed a strong 
positive neuropil staining pattern, and antibody binding 
to membrane-bound proteins was confirmed using live 
hippocampal neurons. Results for anti-GABABR, anti-
AMPAR, anti-VGKC, anti-CASPR2, anti-LGI1, anti-NMDAR, 
anti-GAD, anti-DPPX, anti-IgLON5, anti-VGCC, anti-CNTN1, 
anti-NF155 antibodies, all returned negative. This patient 
(No. 13) had encephalomyelitis, SCLC, and high baseline 
Hu-Ab titers (serum 1:3200; CSF 1:64). Prior to diagnosis, 
she received ivIg without improvement. The patient died 

after one cycle of natalizumab. The CSF of another patient 
(No. 6) showed an atypical staining pattern on IHC, suitable 
with AQP4. This was confirmed by a CBA in serum. This pa-
tient presented with SSN, had SCLC and high Hu-Ab titers 
(serum 1:3200; CSF 1:16). SSN remained stable during 
the study period. Six months after natalizumab treatment, 
she developed optic neuritis attributed to the anti-AQP4 
antibodies.

Comparison with Treatment Response from 
Historical Hu-PNS Patients

As we compared our data to the sirolimus trial21 no dif-
ference in functional outcome was observed, 10% vs 6% 
showed improvement in mRS (P  =  .87; Supplementary 
Table 1). In addition, treatment response was similar be-
tween the two cohort (45% vs 41% responders, P  =  .82), 
as was neurological outcome (P  =  .53). The natalizumab 
cohort was comparable to the sirolimus cohort, but for a 
longer duration to tumor diagnosis (median 5 vs 2 months, 
P = .036). Baseline mRS appeared higher in the natalizumab 
cohort (median 4 vs 3, P = .18), without reaching statistical 
significance.

Discussion

In this prospective open-label trial administering 
natalizumab in patients with Hu-PNS, we show that ob-
jective functional improvement is rare and achieved in 
10%, while a stable situation was obtained in another 60%. 
Ascertained by the Keime-Guibert criteria, treatment re-
sponse was classified as positive in 45%. As all patients 
had progressive neurological symptoms in the four weeks 

  

Natalizumab trial

Sirolimus trial

S
u

rv
iv

al

Onset to death

Time (in months)

Natalizumab
Number at risk:

Sirolimus

1.00

0.75

0.50

0.25

0.00
0 12

Log rank p = 0.60

24 36

20 17
17 16 9 6 3 2 1

15 10 6 4 3

Figure 2. Kaplan-Meier estimates of survival for patients treated with natalizumab or sirolimus. Kaplan-Meier estimates of survival in Hu-PNS 
patients. Patients were divided into two groups based on natalizumab or sirolimus treatment. Survival in the natalizumab trial is depicted with the 
continuous line and survival in the sirolimus trial is depicted with the dashed line.
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prior to inclusion, the high percentage of functional im-
provement and stabilization (70% together) suggests 
some efficacy of natalizumab. However, due to the non-
randomized design of our study, it cannot be excluded that 

stabilization reflected the natural course of the disease as 
Hu-PNS ultimately reaches a plateau phase.1–3

Published studies of immunosuppression or 
immunomodulation in Hu-PNS using the same mRS 

  
Table 3. Treatment Response According to Keime-Guibert Criteriaa

Treatment Response (n = 9) No Treatment Response (n = 11) P 
value

Gender, female 8 (89%) 9 (82%) 1.00

Age at onset (median, IQR, range) 66 (61–75, 57–80) 72 (61–75, 52–76) .94

Onset to diagnosis, months (median, IQR, 
range)

9 (4–23, 3–62) 2 (1–5, 0.2–12) .008

PNS syndrome, only peripheral nervous 
system involvement

6/9 (67%) 3/11 (27%) .17

Tumor

Tumor (all SCLC) 4 (44%) 9 (82%) .16

Onset to tumor, months 6.0 (1.1) 4.0 (2.6) .17

Tumor stage—ED 1 (25%) 3 (33%) 1.00

Tumor response—CR 3/4 (75%) 2/6 (33%) .52

Tumor response—PR and near CR 1/4 (25%) 3/6 (50%) .57

Ancillary testing    

Serum Hu titer, start (median, IQR, range) 1600 (1200–3200, 400–6400) 3200 (800–6400, 400–>10000) .36

Serum Hu titer, 12 weeks (n = 11) (median, 
IQR, range)

800 (400–1600, 0–6400) 3200 (2000–3200, 1600–3200) .082

CSF Hu titer, start (median, IQR, range) 24 (4–104, 0–512) 64 (26–160, 2–256) .24

CSF Hu titer, 12 weeks (n = 9) (median, IQR, 
range)

2 (0–48, 0–64) 34 (4–112, 4–128) .17

WBC (mean, SD) 4.2 (2.3) 9.1 (7.6) .067

WBC elevated 2 (22%) 6 (55%) .20

Total protein elevated 4 (44%) 7 (64%) .65

IgG index elevated 1 (11%) 1 (9%) 1.00

Oligoclonal bands present 3/6 (50%) 3/4 (75%) .57

Treatment

Immunotherapy before trial 2 (22%) 7 (64%) .092

No. Natalizumab cycles (median, IQR, range) 3 (3–3, 1–3) 2 (1–3, 1–3) .065

Outcome

mRS, baseline(median, IQR, range) 3 (2–3, 2–4) 4 (4–5, 3–5) .005

mRS, follow-up (n=20)(median, IQR, range) 3 (2–3, 2–3) 4 (4–6, 4–6) <.0001

EFIT, baseline(median, IQR, range) 2 (1–2, 1–3) 3 (2-3, 1-4) .015

EFIT, follow-up (n=16)(median, IQR, range) 2 (1–2, 1–3) 3 (2-3, 2-4) .036

BI, baseline(median, IQR, range) 95 (57–97, 20–100) 40 (25–70, 5–885) .012

BI, follow-up (n=16)(median, IQR, range) 90 (81–98, 55–100) 40 (12–53, 10–75) .001

Follow-up

mRS lastfollow-up(median, IQR, range) 5 (3–6, 3–6) 6 (5–6, 3–6) .33

Dead at last follow-up 2 (22%) 8 (73%) .070

Onset to death, months (median, IQR, range) 30 (22–n.a., 22–39) 9 (6–19, 1–24) .07

IQR: interquartile range; PNS: paraneoplastic neurological syndrome; SSN: subacute sensory neuronopathy; SCLC: small-cell lung cancer; ED: 
extensive disease; CR: complete response; PR: partial response; WBC: white blood cell count; SD: standard deviation; mRS: modified Rankin Scale; 
EFIT: Edinburgh Functional Impairment Tests; BI: Barthel Index.
Data are n (%), n/n (%), median (SD), or median (IQR, range).
aA positive treatment response was defined as improvement or stabilization in patients with an mRS score ≤3, and improvement from mRS ≥4 to  
mRS ≤3.18
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based outcome criteria evaluated various treatments, in-
cluding plasma exchange, ivMP, cyclophosphamide, ivIg, 
rituximab, and human chorionic gonadotropin.18,23–30 
These studies found similar rates of objective functional 
improvement (0–40%, pooled 11%) and stabilization 
(20–71%, pooled 49%). Also, the treatment response was 
classified as positive in 0–65% (pooled 42%) of patients in 
these studies, similar to the positive response we found 
in 45%.18,23–30 In our institution, an earlier trial in patients 
with Hu-PNS was conducted by De Jongste et al.21 treating 
patients with sirolimus (activated T cell suppressor). We 
used this cohort as a control group after showing that there 
were no relevant differences between the two cohorts. 
Treatment with sirolimus or natalizumab showed similar 
results in all outcome measures.

Previous studies in Hu-PNS found that in patients with 
a tumor, the functional outcome is better with antitumor 
treatment.1,22,31 In our study, the outcome in the three pa-
tients with a tumor not receiving concomitant antitumor 
treatment was similar to the ten patients receiving concom-
itant antitumor therapy. As previously observed, we saw 
a trend in better functional outcome in patients without a 
tumor compared to patients with a tumor.29 Five of nine pa-
tients with a positive outcome received only natalizumab 
without concomitant antitumor treatment indicating that 
immunosuppression may ameliorate the disease course.22 
In patients receiving both chemotherapy and immuno-
suppressive or immunomodulatory therapy, it is unclear 
whether the immunotherapy has an additional effect.

As functional improvement is rare with the currently 
available treatment modalities, stabilization of the patient 
seems the most realistic treatment goal. Because of the 
rapidly progressive course of the disease, early diagnosis 
with the patient in a better condition is warranted. Indeed, 
moderate disability (mRS ≤ 3) at start of treatment asso-
ciates with a more favorable outcome.29 Unfortunately, 
the median time from symptom onset to diagnosis 
was 5  months, which has not improved over the last 
20 years.1,26,27,29 By this time, most patients already have 
severe symptoms, probably reflecting extensive and irre-
versible neuronal loss.

In Hu-PNS, patients can harbor other neuronal autoanti-
bodies including those recognizing surface antigens.2,32 In 
these patients the neurological syndrome may be caused 
by the cell-surface antibodies while the Hu-Ab may be 
biomarkers of an underlying SCLC (15% of SCLC harbor 
Hu-Ab, most without PNS).33 As their treatment strategies, 
response, and outcome may be different, we screened for 
cell-surface antibodies. We identified a second antibody in 
two patients: one patient with a currently unidentified an-
tibody and one with anti-AQP4 antibodies, a rare accom-
paniment. In both patients, the clinical presentation and 
disease course were typical of Hu-PNS. The second pa-
tient developed optic neuritis six months after natalizumab 
treatment, most likely related to anti-AQP4 antibodies. 
We found no GABABR antibodies, the most frequently de-
scribed co-occurrence with Hu-Ab.34,35

Limitations of our study are the small sample size and 
the open-label non-randomized design. A  marginal posi-
tive effect of natalizumab cannot be excluded as the trial 
was not powered to detect a difference in effect <25% 
compared to historic studies. These limitations are directly 

related to the low incidence of Hu-PNS and the difficulty 
to accrue patients who are still in the progressive phase 
of the disease. Due to the severity of the disease, a high 
percentage of trial candidates were unwilling to participate 
in a trial outside their own region. This could have been 
a source for selection bias. However, our cohort still con-
sisted of patients with a high mRS at baseline, similar to 
other studies in this field. Seven patients chose not to com-
plete all three cycles of natalizumab. Some secondary or 
exploratory outcome measures could not be collected in 
these patients. However, as the mRS scores were always 
available, this did not change the primary outcome of our 
study. In our trial, almost half of the patients had received 
a form of first-line immunotherapy (ivMP or ivIg or both) 
in the referral hospital before the start of natalizumab 
treatment. As all but one of these patients had evident 
neurological progression prior to inclusion in the study, 
first-line immunotherapy is unlikely to have influenced the 
results. Finally, many of our patients had involvement of 
dorsal root ganglia (SSN) and there are very few data on 
the effect of natalizumab on the traffic of T cells into dorsal 
root ganglia.36 Natalizumab may theoretically be less effec-
tive in blocking T cell traffic into dorsal root ganglia than 
traffic into the central nervous system. However, we did 
in our study not observe better efficacy of natalizumab in 
patients with central or combined central and peripheral 
nervous system involvement than in patients with involve-
ment of peripheral nervous system only.

To conclude, natalizumab may ameliorate the disease 
course in Hu-PNS. However, the efficacy of natalizumab 
seems not superior to other immunosuppressive and 
immunomodulatory treatment strategies. Rapid diagnosis 
of Hu-PNS followed by tumor identification and treatment 
are essential to stabilize the patient when still ambulatory. 
In patients without a tumor, or not receiving antitumor 
treatment for another reason, immunosuppressive or 
immunomodulatory therapies should be seriously con-
sidered. Until now, there is no preferred choice in the kind 
of immunotherapy. Better, more effective treatments are 
clearly still needed.

Supplementary Material

Supplementary data are available at Neuro-Oncology 
Advances online.
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