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ABSTRACT 
Aim: Neurofilament light chain (NfL) is a nonspecific sensitive biomarker of axonal damage. 
M etho ds: This case series iden tified cancer pa tien ts with neurological complications who had serum 

NfL measurements and paired these results to outcomes. 
Results: NfL serum levels were available in 15 pa tien ts with hema t olog ical malig nancies or solid 
tumors. The neurolog ical c omplications studied w er e immune effect or c ell–associat ed neurot oxicity 
syndrome, immune checkpoint inhibit or–relat ed enc ephalopathy, anoxic brain injury, Guillain-Barre 
syndrome, hemophagoc ytic lymphohistioc ytosis, transv erse my elitis, paraneoplastic syndr ome, 
c entral nervous sy st em demy elinating disor der and chr onic lymphocytic inflammation with pontine 
periv ascular enhancemen t r esponsiv e t o st eroids. All pa tien ts but one with serum NfL > 900 pg/ml 
died during hospitalization. 
Conclusion: Serum NfL levels c onsist ently c orresponded t o death, disease sev erity or r ecov ery in 
this series. 

1. I ntro duction 

Neurofilamen t ligh t chain is a cytoplasmic protein that 
functions to maintain the axonal cytoskeleton. It is a 
nonspecific marker of axonal damage [ 1 ]. Longitudinal 
measurements of serum NfL levels have been shown 
t o c orrelat e with the disease c ourse in multiple sclero- 
sis, tr aumatic br ain injuries , ischemic infarcts , motor neu- 
ron disease and dementia [ 2–5 ]. In oncology, the role of 
NfL in pa tien ts with paclitaxel induced peripheral neu- 
ropathy [ 6–9 ], metastasis in the central nervous sy st em 

(CNS) [ 9 , 10 ] and in immune effector cell neurotoxicity syn- 
drome (ICANS) is under investigation and has been previ- 
ously described [ 8 ]. Beyond these specific conditions, the 
sig nificanc e -if any- of NfL in cancer patients with acute, 
serious neurological illness from the primary tumor or as a 
therapy adverse effect is unkno wn. T his study emphasiz es 
the importance of NfL as a significant indicator of global 
neurolog ical dy sfunction in canc er pa tien ts and can help 
t o prog nosticat e patients, pr edict sev erity of disease and 
or pot ential out c omes, pr ompt further w ork up and guide 
trea tmen t. 

We describe 15 cancer pa tien ts with acute and sev er e 
neurolog ical c omplications who had NfL serum measure- 

ments during workup and follow-up. We paired NfL levels 
to their hospital outcome (death or r ecov ery). 

2. Patients & methods 

This was a case series at The University of Texas-M.D. 
Anderson Canc er Cent er and included pa tien ts older 
than 16 years with any cancer diagnosis admitted due 
t o an acut e neurolog ical illness and av ailable NfL da ta. 
The study was appr ov ed by the institutional review 

boar d with waiv er of pa tien t consen t. Fifteen pa tien ts 
met the selection cr iter ia. We extracted the clinical, 
laboratory and demographic data from the electronic 
medical r ecor ds. The serum samples w er e c ollect ed 
during hospitalization or at follow-up appointments and 
sent to a single outside facility for digital immunoassay 
of NfL levels with a Quanterix Simoa HD-X aut omat ed 
immunoassay analyzer (Quanterix Corp., MA, USA) 
using the Single-Molecule Assay (SiMoA) technique 
( https://www.quant erix.c om/wp-cont ent/uploads/2023/ 
03/2023 _ SP- X- Brochure- download- version.pdf). Serum 

NfL v alues v ary by age and to a lesser degree, gender. 
It has been well established that cerebrospinal fluid NfL 
increases by age, and only more recently have age depen- 
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dent r efer ence values been established in serum [ 10 ]. 
The r efer ence values used in this study ar e based on the 
r efer ence values per the facility where the tests w er e 
analyzed. 

2.1. St atistical analy sis 

This report only included descriptive analysis because it 
does not have enough data for hypothesis testing and 
infer ence. We pair ed the NfL serum lev els with hospital 
out c omes for all pa tien ts. For the five cases with serial 
da ta, we quan tified the slope of incr easing or decr easing 
values with linear r egr ession and the R 2 value to r epr esent 
proximity to a linear regression fit. 

3. Results 

3.1. Age & primary diagnosis 

The mean age of the group was 56.5 years. The pri- 
mary diagnoses w er e diffuse large B cell lymphoma 
(n = 3), myeloma (n = 2), melanoma (n = 2), metastatic 
renal cell carcinoma (n = 1), oropharyngeal carcinoma 
(n = 1), squamous cell carcinoma of the tongue and glot- 
tis (n = 1), acute myeloid leukemia (n = 1), colon cancer 
(n = 1), my elofibr osis (n = 1), peripheral T cell lymphoma 
(n = 1) and Burkitt’s lymphoma (n = 1) ( Table 1 ). 

3.2. Individual case reports 

3.2.1. Patient 1 
A 78- year -old with diffuse large B cell lymphoma, germi- 
nal c ent er type treat ed with axicabtagene ciloleuc el aft er 
failure with R-CHOP. One day following administration, 
the pa tien t developed g rade 1 cyt okine r elease syndr ome 
(CRS), with impr ov ement and discharge on day 7. The 
pa tien t w as r eadmitted on day 9 with fev er and grade 
2 CRS and was treated with tocilizumab and steroids. 
The sympt oms prog ressed t o g rade 3 ICANS on day s 
11 to 13, with impr ov ement after 20 mg of dexametha- 
sone IV every 6 hours. An electroenc ephalog ram (EEG) 
show ed nonconvulsiv e sta tus epilepticus tha t responded 
to lorazepam and levetiracetam. Clinical impr ov ement 
was not seen until day 14. The repeat EEG, a brain mag- 
netic resonanc e imag ing scan (MRI) and c er ebr ospinal 
fluid (CSF) analysis results were normal. NfL levels on 
day 15 w er e 42.42 pg/ml (normal < 37.9 pg/ml) and the 
pa tien t w as dischar ged on da y 20. Repea t v alue on day 
28 was 35.5 pg/ml ( Supplementary Image S1 ). 

3.2.2. Patient 2 
A 35- year -old with diffuse large B cell lymphoma treated 
with axicabtagene ciloleucel. The pa tien t developed 
grade 1 cytokine release syndrome (CRS) 4–6 days later 
and grade 3 ICANS on day 7. The pa tien t r eceiv ed 

tocilizumab on day 5 and 6 in additional to high dose 
steroids for the remainder of the hospitalization. An 
EEG show ed nonconvulsiv e status epilepticus which 
responded to lorazepam and levetiracetam, with imme- 
diate impr ov ement in mental status and resolution of 
ICANS. The NfL level on day 9 was < 3 pg/ml (normal 
< 11.4 pg/ml). Repeat EEG and MRI results were normal. 
The pa tien t w as dischar ged on da y 11, with continued 
clinical impr ov emen t ( Supplemen tary Image S2 ). 

3.2.3. Patient 3 
A 59- year -old with relapsed/refr actory multiple myeloma 
who r eceiv ed ciltacabtagene aut oleuc el, admitt ed 
13 day s lat er with f ever, h yponatremia (Na + 129 mEq/L) 
and confusion. A brain MRI was c onsist ent with posterior 
r ev ersible encephalopathy syndr ome (PRES). The pa tien t 
was discharged on day 21 with no ICANS; NfL level follow- 
ing discharge was 188 pg/ml (normal < 20.8 pg/ml). The 
pa tien t w as without significan t symptoms a t the 2-mon th 
clinic follo w-up; ho w ev er, the NfL lev el r emained elev a ted 
was 437 pg/ml. On day 73, the pa tien t w as transferred 
from an outside hospital with delirium, aphasia and 
visual neglect despite trea tmen t with high-dose steroids. 
A repeat MRI showed worse FLAIR signal in the left occip- 
ital lobe that extended anter ior ly and crossed the midline 
at the splenium and right cerebellum. The CSF viral tests 
showed confirmed human polyoma virus 2. Serum NfL 
levels on admission were 490 pg/ml. Despite trea tmen t 
with intravenous immunoglobulin and cry opr eserv ed BK 
virus–specific T cells (R3), the pa tien t worsened and NfL 
lev els incr eased (952 pg/ml). The pa tien t transitioned to 
hospice care and died ( Supplementary Image S3 ). 

3.2.4. Patient 4 
A 62- year -old with melanoma and brain metastases 
treated with nivolumab and ipilimumab was admitted 
with confusion and neck stiffness. An EEG showed mild 
generaliz ed slo wing with periodic waves. T he CSF sho wed 
a borderline WBC ( = 7/mm 

3 , 98% lymphocytes) and 
elev a t ed prot ein (81 mg/dl). Subsequen tly, the pa tien t 
dev eloped adr enal insufficiency. Cr ea tine kinase w as 
1084 U/l (normal 38–308 U/l), aldolase 5.9 U/l (normal 
< 7.7 U/l), total cortisol 2.83 mcg/dl (normal 4.8–19.5 
mcg/dl) and ACTH < 2 pg/ml (normal 7–63 pg/ml). Clin- 
ically, the pa tien t had mild weakness and remained inde- 
pendent. Electr omy ography (EMG) show ed mild gen- 
eralized m yopath y, with minimal ir r itable features. The 
pa tien t w as trea t ed with high-dose st eroids and plasma 
exchange. After two sessions of plasma exchange and 
5 days of high-dose steroid trea tmen t, the NfL level was 
552 pg/ml (normal < 28 pg/ml). Serum and CSF para- 
neoplastic antibody panels and oligoclonal bands w er e 
nega tive. The pa tien t r ecov er ed fully, with normaliza- 
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Table 1. The table depicts the 15 patients studied. 

Patient 
no. 

Age 
(years) 

Sex Primary cancer Neuro- 
oncological 
diagnosis 

NfL initial 
value 

Follow-up NfL Reference 
range 

Outcome Proposed utility 

1 78 Female Diffuse large B 
cell lymphoma 

ICANS g r ade 3 42.2 pg/ml, ( + 2 wks) 35.5 < 37.9 pg/ml Symptoms 
impr ov ed 

ICANS g r ade 
follow-up 

2 35 Male Diffuse large B 
cell lymphoma 

ICANS g r ade 3 < 3.0 pg/ml None < 11.4 pg/ml Symptoms 
impr ov ed 

ICANS g r ade 
follow-up 

3 59 Female Refractory and 
relapsed 
multiple 
myeloma 

ICANS g r ade 3, 
PML 

188.0 pg/ml ( + 5 wks) 
437.0 
( + 2.5 wks) 
490.0 
( + 2 wks) 
952.0 

< 20.8 pg/ml Died ICANS g r ade 
follow-up, 
needing 
additional 
w ork -up 

4 62 Male Melanoma ICI-induced 
enc ephalopa thy 
and endocrine 
m yopath y + /- 
mild myositis 

552.0 pg/ml None < 28.0 pg/ml Symptoms 
impr ov ed 

Diagnostic utility 
in ICI-induced 
encephalitis, with 
negative 
paraneoplastic 
Abs and 
follow-up 

5 57 Female Metastatic renal 
cell carcinoma 

ICI-induced 
enc ephalopa thy 

> 1500.0 
pg/ml 

None < 20.8 pg/ml Died Diagnostic utility 
in ICI-induced 
encephalitis, with 
negative 
paraneoplastic 
Abs and 
prognosis 

6 63 Female Malignant 
melanoma 

ICI-induced 
vasculitis with 
multiple cranial 
neuropathies 

124.0 pg/ml None < 28.0 pg/ml Symptoms 
r esolv ed 

Diagnostic utility 
in ICI-induced 
vasculitis and 
follow-up 

7 80 Male Oropharyngeal 
carcinoma 

Car diac arr est 124.0 pg/ml None < 51.2 pg/ml Mental 
status 
impr ov ed 
but died 
from acute 
respiratory 
failure 

Prognosis after 
car diac arr est 

8 66 Male Squamous cell 
carcinoma of 
tongue/glottis 

Car diac arr est > 1500.0 
pg/ml 

None < 28.0 pg/ml Died Prognosis after 
car diac arr est 

9 74 Male Light chain 
myeloma 

Guillain-Barre 
syndrome 

1310.0 
pg/ml 

None < 37.9 pg/ml Died Follow-up and 
prognosis in 
Guillain-Barre 
syndrome 

10 16 Male A cute my eloid 
leukemia 

Transverse 
myelitis 

> 1500.0 
pg/ml 

None Not 
established 
for patients 
< 20 years 
old 

Died Follow-up and 
prognosis in 
transverse 
myelitis 

11 22 Male Diffuse large B 
cell lymphoma 

Hemophagocytic 
lymphohistiocy- 
tosis 

327.0 pg/ml ( + 5 wks) 
163.0 
( + 4 wks) 
136.0 
( + 3 wks) 91.5 
( + 7 wks) 38.9 
( + 5 wks) 26.1 
( + 8.5 wks) 
22.3 
( + 4.5 wks) 
19.2 

< 8.4 pg/ml Symptoms 
impr ov ed 

Follow-up and 
prognosis in 
hemophagocytic 
lymphohistiocy- 
tosis 

It lists the patients in numerical order as in the manuscript and provides information on age, sex, primary cancer, neuro-oncolog ical diag nosis, NfL initial v alues, 
NfL follow-up values, NfL r efer ence ranges based on age, patient outcome and the proposed utility of NfL measurement in that subset of patients. 

Follow-up: ( + ) indicates time since previous NfL serum test, wks (weeks). 
AMAN: Acut e mot or axonal neur opathy; CLIPPERS: Chr onic lymphocytic inflammation with pontine perivascular enhancement r esponsiv e t o st eroid; CNS: Central 
nervous system; ICAN: Immune effector cell neur o-toxicity syndr ome; ICI: Immune checkpoint inhibitor; PML: Pr ogr essiv e multifocal leukoenc ephalopa thy; PNS: 
Peripheral nervous system. 
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Table 1. The table depicts the 15 patients studied. (cont.). 

Patient 
no. 

Age 
(years) 

Sex Primary cancer Neuro- 
oncological 
diagnosis 

NfL initial 
value 

Follow-up NfL Reference 
range 

Outcome Proposed utility 

12 45 Colon cancer Paraneoplastic 
syndrome 

68.9 pg/ml ( + 17 wks)15.3 
( + 17 wks) 
11.4 

< 15.4 pg/ml Symptoms 
stabilized 

Follow-up and 
prognosis in 
paraneoplastic 
conditions 

13 
14 

70 
55 

Female 
Male 

My elofibr osis 
Peripheral T Cell 
Lymphoma 

Demyelinating 
central nervous 
system disease 
not otherwise 
specified 
Toxic/Metabolic 
enc ephalopa thy 
with status 
epilepticus, 
quadriplegia, 
AMAN 

417.0 pg/ml 
> 1500 pg/ml 

None 
( + 3 wks) 
> 1500 

< 28.0 pg/ml 
< 20.8 pg/ml 

Symptoms 
impr ov ed 
Mental 
status 
impr ov ed 
(tracking 
and 
nodding). 
Upper 
extremity 
motor 
strength 
minimal 
impr ov e- 
ment 

Follow-up and 
prognosis in 
demyelinating 
disease 
Follow-up and 
prognosis in 
status epilepticus 
and anoxic brain 
injury & ICU 
neur omy opa- 
thy/axonal GBS. 
Elevat ed tit ers 
can be from 

CNS + PNS 

15 65 Male Burkitt’s 
lymphoma 

Transverse 
myelitis 
CLIPPERS 

239 pg/ml ( + 3 wks) 123 
( + 12 wks) 
38.1 

< 28.0 pg/ml 
Impr ov ement 
of motor 
strength, 
impr ov ed 
gait 

Follow-up and 
r ecov ery in 
transverse 
myelitis and 
CLIPPERS 

It lists the patients in numerical order as in the manuscript and provides information on age, sex, primary cancer, neuro-oncolog ical diag nosis, NfL initial v alues, 
NfL follow-up values, NfL r efer ence ranges based on age, patient outcome and the proposed utility of NfL measurement in that subset of patients. 

Follow-up: ( + ) indicates time since previous NfL serum test, wks (weeks). 
AMAN: Acut e mot or axonal neur opathy; CLIPPERS: Chr onic lymphocytic inflammation with pontine perivascular enhancement r esponsiv e t o st eroid; CNS: Central 
nervous system; ICAN: Immune effector cell neur o-toxicity syndr ome; ICI: Immune checkpoint inhibitor; PML: Pr ogr essiv e multifocal leukoenc ephalopa thy; PNS: 
Peripheral nervous system. 

tion of CSF pleocytosis. The pa tien t had encephalitis and 
probable endocrine m yopath y with mild myositis (see 
Supplementary Image S4 ). 

3.2.5. Patient 5 
A 57- year -old with metastatic renal cell carcinoma treated 
with pembrolizumab and lenv a tinib w as admitted for 
immune checkpoint inhibit or–induc ed enc ephalopathy 
and Guillain-Barr e syndr ome. The pa tien t presen ted else- 
wher e with alter ed men tal sta tus, r equir ed in tuba tion 
for airway protection and trea tmen t for suspected aspi- 
r ation pneumonia. A br ain MRI was normal. The CSF 
had lymphocytic pleocytosis (WBC = 11/mm 

3 ) and ele- 
v a t ed prot ein (374 mg/dl). The CSF cyt ology was nega- 
tive. The pa tien t w as trea ted with in trav enous ster oids 
and plasma exchange. On ar r iv al a t our facility, the pa tien t 
was quadriplegic and encephalopathic, with serum NfL 
levels > 1500 pg/ml (normal < 20.8 pg/ml). Electromyo- 
graphic studies r ev ealed sev er e axonal radiculopathy. 
An EEG showed mild generalized slowing of 6–7 Hz, 
without epileptiform discharges. The pa tien t w as trea ted 
with intravenous immunoglobulin (IVIG), followed by 
repeat plasma exchange and rituximab. The patient wors- 

ened and died shortly after transition to comfort care 
( Supplementary Image S5 ). 

3.2.6. Patient 6 
A 63- year -old with melanoma treated with ipilimumab 
and nivolumab who presented with left-sided facial 
droop and ptosis. The MR brain was not different from 

an MR 2 months before. CSF studies showed mildly ele- 
v a ted WBC ( = 7/mm 

3 ) and normal protein. The CSF cytol- 
ogy was negative. The serum NfL level was 124 pg/ml 
(normal < 28.0 pg/ml). A renal biopsy showed granulo- 
matous necrotizing vasculitis c onsist ent with polyarteri- 
tis nodosa. The pa tien t w as trea ted with in travenous 
methylpr ednisolone with impr ov ement of r enal and cra- 
nial nerve function ( Supplementary Image S6 ). 

3.2.7. Patient 7 
An 80- year -old with oropharyngeal cancer who had 
pulseless elec trical ac tivity (PEA) with return of sponta- 
neous circulation (ROSC) after 5 min of cardiopulmonary 
resuscita tion. The managemen t w as in tuba tion, pressor 
therapy and targeted tempera ture managemen t . A n EEG 

on day 1 showed a generalized theta rhythm that slowed 
with variability, but no clear reactivity and spontaneous 
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cycling. The CT of the head on day 1 after cardiac arrest 
was unr emarkable. Neur on-specific enolase (NSE) on day 
2 was normal. On day 3, the NfL level was 124 pg/ml (nor- 
mal < 51.2 pg/ml). Over time, the pa tien t’s men tal sta tus 
impr ov ed . The pa tien t w as extuba ted around day 7 and 
answ er ed y es and no to simple questions. Unfortunately, 
shortly thereafter the pa tien t developed acute respiratory 
failure and was transitioned to hospice and eventually 
died ( Supplementary Image S7 ). 

3.2.8. Patient 8 
A 66- year -old treated with stereotactic r adiother apy and 
cisplatin for squamous cell carcinoma of the epiglottis. 
The pa tien t presen t ed with PEA, with ROSC aft er (min). 
In the immediate post-car diac arr est period , the pa tien t 
developed clinical myoclonus; the EEG showed malignant 
status epilepticus. On day 1, NSE was 56.0 ng/ml (normal 
< 15.0 ng/ml) and the NfL level was > 1500.0 pg/ml (nor- 
mal < 28.0 pg/ml). On day 2, an MRI show ed r estricted 
diffusion, with c orresponding bilat eral T 2 FLAIR hyperin- 
tensity in the perirolandic reg ions, oc cipital c ortic es, basal 
ganglia and thalami. Malignant status epilepticus contin- 
ued, despite high-dose anesthesia and multiple seizure 
medica tions. The pa tien t w as transitioned t o hospic e care 
and died (see Supplementary Image S8 ). 

3.2.9. Patient 9 
A 74- year -old with light chain myeloma transferred for 
rapidly pr ogr essiv e asc ending bilat eral low er extr emity 
w eakness unr esponsiv e to IVIG. On ar r iv al, the pa tien t 
was paraparetic and areflexic. The upper extremities were 
mildly weak, with bicipital areflexia. The pa tien t also had 
neck flexor w eakness, w eak c ough and aut onomic insta- 
bility. Sensa tion w as in tact without sensory lev el . An MRI 
of the cervical, thoracic and lumbar spine showed oste- 
olytic lesions compatible with multiple myeloma and 
chr onic degenerativ e changes of the cervical spine, with 
posterior disc osteophyte complexes resulting in multi- 
level moderate spinal canal stenosis, most prominently 
between C3–4 and C4–5. 

CSF studies showed albumin- c yt olog ic dissociation, 
with WBC = 0/mm 

3 and protein = 178 mg/dl. CSF 
cytology was negative for malignant/plasma cells. EMG 

showed axonal motor sensory radiculoneuropathy. The 
pa tien t w as trea ted again with IVIG a t 2.0 g/kg split over 
5 days while undergoing concurrent chemotherapy with- 
out change. The respiratory status w orsened , r equiring 
in tuba tion for airway protection. Only after the end of 
plasma exchange did strength in arms impr ov e with a 
fluctuating course. The hemodynamic instability also con- 
tinued r equiring pr essor support and mechanical ventila- 
tion. The NfL level after plasma exchange was 1310 pg/ml 

(normal < 37.9 pg/ml). The pa tien t transitioned to com- 
fort care and died (see Supplementary Image S9 ). 

3.2.10. Patient 10 
A 16- year -old with acute myeloid leukemia with ascend- 
ing bilateral leg weakness, sensory level at T6 and respira- 
tory distress. An MRI of the brain with con trast w as unre- 
markable. An MRI of the cervical spine showed a longi- 
tudinally extensive intramedullary cord signal abnormal- 
ity at C7. An initial lumbar punctur e show ed neutr ophilic 
pleocytosis with elev a ted protein despite being traumatic 
(WBC = 21/mm 

3 , RBC = 1600/mm 
3 , protein = 98 mg/dl). 

Serum pediatric aut oimmune enc ephalopathy panels 
w er e negativ e, except for minimal elev a tion of GAD65 
(0.27 nmol/L [normal < 0.02 nmol/L]). Serum aquaporin-4 
antibodies w er e negativ e. Serum NfL lev els w er e > 1500.0 
pg/ml (r efer ence range: not established for this age). 
An EMG/NCS r ev ealed axonal mot or g reat er than sen- 
sory neuropathy, in keeping with motor neuropathy (find- 
ings c onc erning for ant er ior hor n c ell dy sfunction g iven 
paraspinal denerv a tion). Despit e a 5-day c ourse of IVIG, 
the pa tien t did not impr ov e and died ( Supplementary 
Image S10 ). 

3.2.11. Patient 11 
A 22- year -old with diffuse large B cell lymphoma treated 
with R-CHOP (cy clophosphamide, doxorubicin, pr ed- 
nisone, rituximab and vincristine) and axicabtagene 
ciloleuc el aft er craniot omy and r esection of a right fr ontal 
brain metastasis, presented with headaches, nausea, pho- 
tophobia and neck pain. The pa tien t had recently been 
treated for EMG-confirmed motor v arian t Guillain-Barre 
syndrome. An MRI of the brain initially showed nonspe- 
cific FLAIR hyperintensities in the per iventr icular white 
matt er; MR venog ram was normal. CSF analy sis revealed 
persistent lymphoc ytic pleoc ytosis (2225/mm 

3 ) with ele- 
v a t ed prot ein (357 mg/dl) and an opening pr essur e of 
50 cm H 2 O. Despit e c overage with broad-spectrum antibi- 
otics, the pa tien t’s men tal sta tus worsened and serial 
EEGs confirmed nonconvulsive status epilepticus requir- 
ing multiple antiseizure medications and drug-induced 
burst suppr ession. Giv en the negativ e infectious w ork - 
up, trea tmen t with high dose steroids began. A repeat 
MRI r ev ealed a newly developed right parietal lobe and 
lept omeningeal enhanc emen t. Cen tral nervous sy st em 

hemophagoc ytic lymphohistioc yt osis (HLH) was c on- 
firmed with germline VUS in the PRF1 gene, with ele- 
v a ted CSF in ter leukin-2, CSF neopter in, CXCL9 and CD10a. 
The pa tien t w as trea ted with in tra thecal methotrex- 
a te, in tra thecal hy dr ocortisone, ster oids and ruxolitinib. 
Serum NfL levels at diagnosis of HLH w er e elev a t ed t o 
327.0 pg/ml (normal < 8.4 pg/ml). Following trea tmen t, 
r epeat NfL lev els began t o st eadily decrease t o 163.0 
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pg/ml , then 136.0 pg/ml , 91.5 pg/ml , 38.9 pg/ml , 26.1 
pg/ml, 19.2 pg/ml and 22/3 pg/ml. The NfL value of 38.9 
pg/ml corresponded to resolution of CSF pleocytosis to 
5 cells/mm 

3 and clinical impr ov emen t ( Supplemen tary 
Image S11 ). 

3.2.12. Patient 12 
A 45- year -old with colon cancer and paraneoplastic syn- 
dr ome with acr ofacial numbness, bilateral hearing loss 
and dy st onia of the head, left arm and left leg, with 
hypertonia and weakness. An MRI of the brain showed 
a nonspecific T2 FLAIR hyperintensity of the right tem- 
poral lobe. The infectious, inflammatory and autoim- 
mune/paraneoplastic tests w er e initially negativ e, includ- 
ing right temporal lobe biopsy, which showed reactive 
astrogliosis and microgliosis. An initial CSF cell count 
showed WBC = 21/mm 

3 without oligoclonal bands. 
IVIG, steroids and plasma exchange were unsuc c ess- 
ful. A biopsy following a whole-body PET scan con- 
firmed c olon canc er. Repeat CSF/serum t ests for aut oim- 
mune/paraneoplastic antibodies w er e negativ e. The CSF 
cellularity disappear ed . Giv en the persist enc e of abnor- 
mal movements, the patient was treated with two 1000- 
mg doses of rituximab. Serum NfL levels decreased from 

68.9 pg/ml before rituximab to 15.3pg/ml and eventu- 
ally 11.4 pg/ml (normal < 15.4 pg/ml) simultaneously with 
stabilization of inv oluntary mov ements ( Supplementary 
Image S12 ). 

3.2.13. Patient 13 
A 70- year -old with myelofibrosis with CNS demyeli- 
nating disease not otherwise specified. The symptoms 
w er e new-onset left-sided weakness, dysarthria and facial 
droop. An MRI of the brain showed bilateral frontoparietal 
T2 FLAIR hyperintensities. An extensiv e w ork -up was neg- 
ative, including an autoimmune antibody panel and JC 
virus. The serum NfL level was 417.0 pg/ml (normal < 28.0 
pg/ml). The pa tien t’s symptoms impr ov ed with ster oids 
along with MR white matter findings a t 3-mon th follow - 
up ( Supplementary Image S13 ). 

3.2.14. Patient 14 
A 55- year -old with peripheral T-cell lymphoma status post 
st em c ell transplant, with septic shock and acut e hypox - 
emic r espiratory failur e. The pa tien t needed mechanical 
ven tila tion, pressure support and w as complica ted with 
an upper gastrointestinal hemor r hage follo wed b y sta- 
tus epilepticus eventually controlled with levetiracetam, 
phenytoin and phenobarbital. With improvement, the 
pa tien t opened eyes, could track and nod to verbal com- 
mands with profound quadripleg ia. A limit ed first EMG 

on day 37 fav or ed critical illness m yopath y or motor neu- 
ropath y f or which the pa tien t r eceiv ed 5 doses of IVIG. 

MRI brain on day 40 showed increased T 2 FLAIR at gray- 
whit e matt er differentiation suggesting anoxic injury. The 
CSF on day 44 was normal . A r epeat EMG on day 63 
was c onsist ent with m yopath y and an underlying sev er e 
axonal motor and mild sensory neur opathies, suggestiv e 
of critical illness my oneur opathy and c onc ern for AMAN 

(ac quired mot or axonal neuropa thy). The pa tien t r eceiv ed 
another 5-day IVIG series. NfL on day 49 of hospital admis- 
sion was > 1500 pg/ml (normal < 20.8 pg/ml). Repeat 
NfL level on hospital admission day 76 and 90 remained 
> 1500 pg/ml. Pa tien t impr ov ed c og nitively (tracking and 
participating in speech therapy tasks utilizing trach col- 
lar and speaking valve The quadripleg ia persist ed with 
subtle impr ov ements in upper extr emities on day 90, as 
the pa tien t ba ttled posttransplan t infections, GI bleed- 
ing, r enal failur e on r enal r eplacemen t therapy and pancy - 
topenia ( Supplementary Image S14 ). NSE lev els w er e 16–
18 ng/ml (normal < 15 ng/ml) and later normalized. NSE 
normaliza tion with men tal sta tus impr ov ement and the 
pr ofound w eakness suggested that the peripher al ner - 
vous sy st em was the primary source for persistent ele- 
v a ted NfL ( Supplementary Image S14 ). 

3.2.15. Patient 15 
A 65- year -old with remote history of Burkitt’s lymphoma 
status post aut ologous st em c ell transplan t. The pa tien t 
was admitted with dysarthria, diplopia, leg weakness 
and impaired gait, as well as headache, back pain and 
altered mental status. MRI brain showed linear and punc- 
tat e enhanc ement in the pons. MRI spine showed an 
expansile intramedullary thoracic cord signal with patchy 
enhancement and linear enhancement in cauda equina 
nerv e r oots. Initial lumbar punctur e initially show ed ele- 
v a ted CSF WBC 35/mm 

3 with lymphohistiocytic pleo- 
cyt osis, prot ein 85 mg/dl and glucose 54 mg/dl. Cytol- 
ogy , flow cytometry , oligoclonal bands and meningitis 
panel w er e negativ e. The pa tien t w as trea ted for clini- 
cal/radiolog ical diag nosis of transv erse my elitis and CLIP- 
PERS (chronic lymphocytic inflammation with pontine 
periv ascular enhancemen t r esponsiv e t o st eroids) with 
a 2-week course of intravenous methylprednisolone fol- 
lo wed b y a slo w prednisone taper. T he pa tien t w as also 
treated with foscarnet for CSF HHV 6 positivity, although 
repeat testing was negative. Repeat LP after intravenous 
steroid therapy showed persistent but improved lympho- 
c ytic pleoc ytosis and elev a t ed prot ein. Lumbar puncture 
33 day s lat er show ed WBC 16/mm 

3 , pr otein 52 mg/dl and 
glucose 73 mg/dl. Repeat imaging r ev ealed pr ogr ession 
of linear enhancement in the brainstem and surrounding 
the occipital horns of the lateral ventricles and stable tho- 
racic lesions. The pa tien t r eceiv ed an induction dose of 
IVIG (2 gm/kg divided over 5 days), followed by 2 doses 
of rituximab (total 2 grams). NfL was initially elev a ted a t 
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239 pg/ml and decreased to 123 pg/ml after steroids, 
IVIG and r ituximab. Wor k up a t 3 mon ths showed disap- 
pearance of brain and spine lesions and clinical impr ov e- 
ment. Lumbar puncture revealed only WBC 6/mm 

3 and 
nor mal protein. R epea t NfL 5 mon ths la ter w as 38.1 pg/ml 
( Supplementary Image S15 ). 

3.3. Serum NfL: cross-sectional & serial levels 

Five pa tien ts had serial measuremen ts of serum NfL with 
steadily increasing or decreasing values (cases 1, 3, 11, 
12 and 15). One pa tien t (pa tien t 14) had serial measure- 
ments, all of which r emained abov e 1500 pg/ml. In four 
of the five pa tien ts, the levels trended down and the 
pa tien ts r ecov er ed . One pa tien t (pa tien t 3) had increas- 
ing NfL levels un til dea th ( Figure 1 ). In all cases, there was 
a linear correlation with outcome ( Figure 2 ). 

In the series, six pa tien ts had NfL lev els > 900 pg/ml . All 
but one died. The survivor had a permanent and severe 
neurological disability. 

In Figure 2 , there are two types of slopes reported: 
an overall slope corresponding to the linear regression 
fit comprising data from all visits (reported in black text) 
tha t indica tes the global tr end , and a slope corr espond- 
ing to the change between consecutive visits (reported 
in blue text with blue dashed lines) that depicts more 
localized trends. For subject 3, there is a sharp local slope 
between the last and the second to last visit that indicates 
a negative out c ome. For subjects 11, 12 and 15, there is a 
decreasing local slope between consecutive visits, which 
coincides with an impr ov ement in conditions for these 
subjects. Mor eov er, for subjects 11 and 15 with a large 
negativ e slope, ther e was an impr ov ement in symptoms, 
whereas for subject 12 with a small negativ e slope, w e 
see a stabilization of conditions. These results imply that a 
large negative slope indicates a strong chance to impr ov e 
whereas a large positive slope indicates a strong possibil- 
ity of a negative out c ome including death. 

4. Discussion 

Until 2023, very few studies had measured NfL in pa tien ts 
with acute or subacute neurological complications of can- 
cer and its trea tmen ts. Serum NfL measured in pa tien ts 
with lung cancer and brain metastases w er e higher than 
controls. This rise in NfL values was on average 3 months 
before the diagnosis of brain metastasis and corre- 
lated with shorter survival [ 11 ]. Another study assessed 
the value of NfL in predicting neuroaxonal damage in 
pa tien ts with paclitaxel-induced polyneuropathy. This 
study found elev a t ed NfL levels c orrelat ed with increased 
risk of polyneuropathy [ 6 ]. Other reports found that NfL 
lev els corr elated with disease severity in pa tien ts with 
paclitaxel-induced polyneuropathy [ 9 ]. 

Curr ently ther e is no literatur e quantifying NfL in can- 
cer pa tien ts with other neurolog ical c omplications as in 
this case series. We paired the available serum NfL val- 
ues t o canc er pa tien ts with demyelina ting, inflamma tory, 
paraneoplastic and hypoxic-ischemic etiologies resulting 
in widespread neuronal damage. Thus, pa tien ts 1 and 2 
had grade 3 ICANS with normal or minimally elev a ted NfL 
levels. Pa tien t 1 improved rapidly with return of NfL levels 
t o normal aft er trea tmen t of nonconvulsive status epilep- 
ticus. Pa tien t 2 who had normal NfL values also recov- 
ered after grade 3 ICANS. Pa tien t 3 presented with clinical 
deterioration and rising NfL levels after CAR-T cell therapy 
pr ompting further inv estigation and ev entual diagnosis 
of pr ogr essiv e multif ocal leukoencephalopath y. In con- 
trast, pa tien t 11 with HLH had decreasing NfL levels which 
c orresponded t o clinical impr ov ement and r esolution of 
CSF v alues. Similarly, pa tien t 15 with posttransplant CLIP- 
PERS had brainstem and spinal cor d inv olv ement with 
good response to immunomodulation and suppressive 
therapy (steroids, IVIG, Rituxan). 

Pa tien ts 5 (immune checkpoint inhibit or–relat ed 
encephalopa thy), pa tien t 8 (anoxic brain injury), pa tien t 
9 (sev er e Guillain-Barr e syndr ome), pa tien t 10 (transverse 
myelitis) and pa tien t 14 (toxic metabolic encephalopathy 
with status epilepticus and critical illness m yopath y and 
A MAN) markedly elev a ted serum NfL lev els > 1000pg/ml . 
This elev a tion in serum NfL w as associa ted with clin- 
ical decline and eventual death in all but patient 14. 
Although longitudinal tracking of NfL levels is missing in 
these pa tien ts, elev a t ed serum NfL level c orresponded 
with poor prognosis and worse out c omes ( Figure 1 ). 

In pa tien ts with demyelina ting disorders, serum NfL 
in addition to EMG may be a useful and noninvasive 
biomarker for estimating disease severity, secondary 
axonal injury and r ecov ery poten tial [ 7 ]. Pa tien t 9 devel- 
oped Guillain-Barre syndrome persisting despite inter- 
v ention r epeated doses of IVIG and plasma exchange. 
An EMG confirmed axonal motor sensory neuropathy, 
which portends a prolonged disease course and recov- 
ery. Serial NfL levels in these pa tien ts may allow for 
a more precise and timely assessment of the disease 
course. 

NfL levels may also be used with other markers of neu- 
rolog ic det erioration t o help impr ov e pr ognostication. 
For example, in pa tien t 7, NSE w as normal on day 2 after 
car diac arr est; how ev er, on day 3 the NfL level was ele- 
v a ted (124 pg/ml [normal < 51.2 pg/ml]). NSE has been 
used as a marker for neur ologic pr ognostica tion follow - 
ing cardiac arrest; however, because of the lack of stan- 
dar dization betw een cutoff values and confounding fac- 
tors such as targeted temperature management, the rele- 
vance of this test in question [ 12 , 13 ]. In such cases, NfL lev- 
els may impr ov e accuracy in predicting neuronal injury. 
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Figure 1. NfL levels for all patients across single or multiple visits. NfL levels are truncated at 1500 pg/ml. The notation * stands for the 
deceased subjects. It is clear that all but one subjects with NfL levels greater 600 pg/ml or more at the final visit had negative outcomes 
including death. 

Serum NfL may be helpful in paraneoplastic disorders 
when serum and CSF paraneoplastic antibody testing and 
imaging are nondiagnostic [ 14 , 15 ]. Rising serum NfL with 
clinical deterioration can prompt further investigation 
and aid in prognostication of paraneoplastic syndromes. 
Pa tien t 11 showcases the potential of NfL in such scenar- 
ios. The pa tien t presen ted with unexplained numbness, 
hearing loss, weakness and abnormal involuntary move- 
ments. Serum and CSF paraneoplastic antibody panels 
w er e r epea tedly done. The pa tien t con tinued t o det e- 
r iorate alongside r ising serum NfL. Clinical pr ogr ession 
halt ed aft er trea tmen t with r ituximab which cor related 
well with decreasing N fL values. I n this setting, measure- 

ment of NfL could gauge response to immunosuppres- 
sive/immunomodulation therapy. 

NfL levels can be above normal in central and periph- 
eral nervous sy st em dy sfunction. Pa tien ts 9 and 14 had 
peripheral nervous sy st em dy sfunction in the setting of 
critical illness m yopath y/AMSAN and GBS r espectiv ely. 
Although longitudinal ev alua tion of serum NfL w as not 
available for patient 9, each patient had a NfL value 
g reat er than 600 pg/ml. Pa tien t 9 died and pa tien t 14 sur- 
vived with a severe neurological disability. 

Based on the linear r egr ession models for pa tien ts 
with repeat measurements, the steeper the positive slope 
bet ween t wo NfL values, the higher the likelihood of a 



CNS ONCOLOGY 9 

Subject 1

Subject 3

41

39

37

750

2022-12-28 2023-01-10

2022-08-13 2022-09-19 2022-10-06 2022-10-19

N
F

Lc
N

F
Lc

Date

Date

500

250

R-square=0.795

Slope=6.730

Slope=3.118

Slope=9.778

Slope=35.538

R-square=1

Slope=-0.515

Figure 2. Analysis Methodology: In the following figures, the solid black line indicates a linear r egr ession fit for subjects with multiple 
visits, for which the R-squared value and the slope values between visits are reported. The R-squared value lies between zero and one 
and a higher value indicates a better linear r egr ession fit, i.e. it indicates that the longitudinal trajectory of the NfL values are indeed 
linear. The R-squared value will also be exactly one for individuals with only two visits, which is not very informative. 
Two types of slopes are reported – an overall slope corresponding to the linear regression fit comprising data from all visits (reported in 
black text) that indicates the global tr end , and a slope corresponding to the change between consecutive visits (reported in blue text 
with blue dashed lines) that depicts more localized trends. The global slope corresponding comprising all visits is obtained directly 
from the linear regression model. On the other hand, the local slopes between consecutive visits are calculated as the ratio of the 
change in the NfL value between consecutive visits and the duration between these visits. A high negative or positive value of the slope 
indicates a sharp decreasing or increasing trend for the NfL values, respectively. 
In subject 15, there is a decreasing local slope between consecutive visits, which coincides with an improvement in conditions for these 
subjects. These results imply that a large negative slope indicates a strong chance to impr ov e In summary, decreasing or stable NfL 
values over time that are less than the critical cut-off of 600 pg/ml can be considered to imply improving symptoms and conditions. On 
the other hand, increasing NfL values with large slopes between consecutive visits is a cause for c onc ern and may potentially indicate 
high risk individuals with future negative outcomes. Moreover, although the NfL levels vary across the disease type, the above 
conclusions hold for all patients in the study. 
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Figure 2. Analysis Methodology: In the following figures, the solid black line indicates a linear r egr ession fit for subjects with multiple 
visits, for which the R-squared value and the slope values between visits are reported. The R-squared value lies between zero and one 
and a higher value indicates a better linear r egr ession fit, i.e. it indicates that the longitudinal trajectory of the NfL values are indeed 
linear. The R-squared value will also be exactly one for individuals with only two visits, which is not very informative (c ont .). 
Two types of slopes are reported – an overall slope corresponding to the linear regression fit comprising data from all visits (reported in 
black text) that indicates the global tr end , and a slope corresponding to the change between consecutive visits (reported in blue text 
with blue dashed lines) that depicts more localized trends. The global slope corresponding comprising all visits is obtained directly 
from the linear regression model. On the other hand, the local slopes between consecutive visits are calculated as the ratio of the 
change in the NfL value between consecutive visits and the duration between these visits. A high negative or positive value of the slope 
indicates a sharp decreasing or increasing trend for the NfL values, respectively. 
In subject 15, there is a decreasing local slope between consecutive visits, which coincides with an improvement in conditions for these 
subjects. These results imply that a large negative slope indicates a strong chance to impr ov e In summary, decreasing or stable NfL 
values over time that are less than the critical cut-off of 600 pg/ml can be considered to imply improving symptoms and conditions. On 
the other hand, increasing NfL values with large slopes between consecutive visits is a cause for c onc ern and may potentially indicate 
high risk individuals with future negative outcomes. Moreover, although the NfL levels vary across the disease type, the above 
conclusions hold for all patients in the study. 
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Figure 2. Analysis Methodology: In the following figures, the solid black line indicates a linear r egr ession fit for subjects with multiple 
visits, for which the R-squared value and the slope values between visits are reported. The R-squared value lies between zero and one 
and a higher value indicates a better linear r egr ession fit, i.e. it indicates that the longitudinal trajectory of the NfL values are indeed 
linear. The R-squared value will also be exactly one for individuals with only two visits, which is not very informative (c ont .). 
Two types of slopes are reported – an overall slope corresponding to the linear regression fit comprising data from all visits (reported in 
black text) that indicates the global tr end , and a slope corresponding to the change between consecutive visits (reported in blue text 
with blue dashed lines) that depicts more localized trends. The global slope corresponding comprising all visits is obtained directly 
from the linear regression model. On the other hand, the local slopes between consecutive visits are calculated as the ratio of the 
change in the NfL value between consecutive visits and the duration between these visits. A high negative or positive value of the slope 
indicates a sharp decreasing or increasing trend for the NfL values, respectively. 
In subject 15, there is a decreasing local slope between consecutive visits, which coincides with an improvement in conditions for these 
subjects. These results imply that a large negative slope indicates a strong chance to impr ov e In summary, decreasing or stable NfL 
values over time that are less than the critical cut-off of 600 pg/ml can be considered to imply improving symptoms and conditions. On 
the other hand, increasing NfL values with large slopes between consecutive visits is a cause for c onc ern and may potentially indicate 
high risk individuals with future negative outcomes. Moreover, although the NfL levels vary across the disease type, the above 
conclusions hold for all patients in the study. 

negative out c ome (patient 3). In c ontrast, a st eeper neg- 
ative slope between two consecutive NfL values corre- 
lat ed with sympt omatic impr ov ement (patients 11 and 
15). Pa tien t 12 had a smaller negative slope with symp- 
tom stabilization only. 

The limitations of this case series are its retrospec- 
tiv e natur e, the small number of pa tien ts, the inclusion 
of differ ent neur olog ical c omplications and the limit ed 
availability of serial measurements. The high cost of com- 
mer cial laboratory NfL measur ements in r outine car e lim- 
ited repeat testing and longitudinal tracking in several of 
these pa tien ts. The shipmen t of samples to outside labo- 
ratories and the turnaround time for results also impose 
limits to medical decision making in real time. We hope 
that the cost of testing will decrease with wider usage. 

We did not include CSF data because it is currently less 
practical especially for repeat serial measurements, and 
because NfL testing in CSF has not been standardized 
commercially. 

5. Conclusion 

Our results favor the use of NfL in multiple central and 
peripheral nervous sy st em diag noses in pa tien ts with 
cancer, pr oving its w orthiness as a sensitiv e marker of 
neur onal str ess and injury [ 1 , 3 , 5 , 7 , 12 , 14 ]. It ma y ha ve 
additional value as a diagnostic biomarker in seronega- 
tiv e paraneoplastic neur ological disor ders and may guide 
clinical decisions if further immune modulation is nec- 
essary after CSF inflammation has normalized. Longitu- 
dinal tracking of serum NfL levels could be useful as a 
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noninvasive method to follow neur onal str ess and help in 
trea tmen t-rela ted decisions. Elev a ted or increasing titers 
may guide prompt diagnostic w ork -up that could lead 
t o alt ernative diag noses and int erventions. Finally, serum 

NfL can be a useful tool for pr ognostication, pr edicting 
poor or prolonged recovery in pa tien ts with persistently 
elev a ted v alues. We hope this case series can stimula te 
future studies with the appropriate design to test NfL in 
serum to understand its true meaning in predicting out- 
c omes and rec overy in canc er pa tien ts with acute neuro- 
log ical c omplications. 

Article highlights 

• Neurofilamen t ligh t chain is a non-specific but sensitive mark er of 
neur onal str ess and injury with utility in various conditions 
affecting the central and peripheral nervous system. 

• Measuring neurofilament titers can be useful in cancer patients 
with varied neurological diagnoses. 

• Elevated neurofilament light chain levels should prompt 
neur ological w ork up. Serial measur ements with decr easing or 
increasing titers can be more useful to predict neurological 
r ecov ery or worsening. 

• Usefulness in chimeric antigen receptor T-cell therapy (CAR T-Cell) 
patients: Previous studies have shown elevated pr e-tr eatment 
neurofilamen t ligh t chain lev els pr edict incr eased risk for 
developing ICANS. This case review shows utility in post CAR-T Cell 
infusion patients who develop ICANS, as the titer levels can help 
predict the severity of neuronal stress and recovery time. 

• In patients with anoxic brain injury, neurofilament light chain 
lev els ar e mor e sensitiv e then neur on specific enolase in prognosis. 

• Measuring neurofilament light chain levels can be useful in 
patients with rarer neurological manifestations such as 
hemophagoc ytic lymphohistioc ytosis (HLH), CLIPPERS (chronic 
lymphocytic inflammation with pontine perivascular 
enhancement r esponsiv e t o st er oids), transv erse my elitis, or 
pr ogr essiv e multifocal leukoenc ephalopa thy (PML). Elevated 
baseline or rising neurofilament light chain levels c orrela ted with 
clinical status and further deterioration. 

• Neurofilamen t ligh t chain has pr ov en useful in patients with 
paraneoplastic syndromes. Titers can be more useful when 
paraneoplastic antibody titer and CSF evaluation are 
non-diagnostic to aid in immunomodulatory treatment decisions. 

• Neur ofilament lev els can be of diagnostic and pr og nostic v alue in 
ICI (immune checkpoint inhibitor) encephalitis and CNS vasculitis. 
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