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Abstract

Objective: To determine the frequency of autoimmune antibody testing in an inpatient neurology setting and its influence on
immunotherapy use on an inpatient neurology service. Methods: A retrospective descriptive cohort study of patients admitted
to the neurology inpatient service at a large tertiary academic medical center who had autoimmune and/or paraneoplastic
antibody testing performed between 10/1/2017 and 10/1/2018. Characteristics of patients’ initial clinical presentation, antibody
testing results, test timing in relation to initiating immunotherapy, and final diagnosis using consensus criteria were extracted and
analyzed. Case reports of patients with positive antibody panels are presented. Results: Of [,604 patients, 50 patients (3.1%) had
an antibody panel sent. Tests resulted after an average of |17 days (range 7-27). The most common clinical presenting symptom in
those with a panel sent was encephalopathy. There were 5 (10%) positive serum panels and no positive CSF panels. Only one of
these 5 patients had autoimmune encephalitis and was treated with immunotherapy. Of those with negative serum and CSF
panels, |5 were treated acutely with empiric immunotherapy and the remainder with supportive care. Of those treated with
immunotherapy, 14/15 (93%) were treated before the panel tests resulted. Four patients who had negative panels but were
empirically treated met consensus criteria for an autoimmune-mediated neurologic process. Conclusion: Our study suggests
that the results of antibody testing did not influence inpatient neurologists’ decision to treat with immunotherapy as most
treatments began prior to final results being available.
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over and underdiagnosing these conditions. In the inpatient
setting, clinicians may have varying familiarity with antibody
testing and may have difficulty interpreting subtle details
associated with some of the autoimmune panel results. Yet,
antibody testing is important for guiding screening for malig-
nancy and treatment decisions.

Prior work has included the antibody panel results from
patients admitted to an inpatient service, however to our
knowledge, there has been no report of testing this unique

Background and Purpose

Autoimmune and paraneoplastic antibody testing has
advanced our understanding of previously indistinct neurolo-
gic presentations. Diagnosis and treatment of autoimmune
encephalitis can in some cases reverse neurologic states
including coma and rapidly progressive dementia. Appropri-
ate testing may also detect malignancy earlier when intracel-
lularly targeted antibodies are found, and more prompt

diagnosis and treatment of the underlying cancer may lead
to improved neurological outcomes. '~

Antibody panels have allowed physicians to order a num-
ber of diagnostic tests simultaneously and efficiently. Given
that paraneoplastic antibodies are found in only approximately
60% of patients with central nervous system paraneoplastic
neurologic syndromes,” a negative test result does not exclude
the syndrome.* Additionally, recent works suggest a large
proportion of antibody testing produces false positive
results.>® Together, these factors could create risks of both

population of inpatients admitted to the neurology service.”’*®
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Further, we did not find any reports about the role of testing on
inpatient neurology management of patients.

In this study, we sought to determine the rates of antibody
testing amongst patients admitted to our inpatient neurology
service and to determine how testing for these antibodies
framed real world inpatient treatment decisions. We seconda-
rily identified the number of false and true positives amongst
the cohort of individuals for whom these panels were sent. We
present the case reports of patients with positive antibody
results and discuss the complexity of interpreting these results.

Methods
Study Population

This is a descriptive cohort study and case series. The elec-
tronic medical records of patients admitted to the Neurology
service at Brigham and Women’s Hospital between 10/1/2017
and 10/1/2018 (1,604 patients) were reviewed for paraneo-
plastic or autoimmune antibody testing in cerebrospinal fluid
(CSF), serum or both. The terms “autoimmune” and
“paraneoplastic” were electronically searched in each chart
throughout all notes during inpatient admissions. Then, labs
were reviewed to see if a panel was sent during inpatient
admissions. Patients with a known autoimmune condition that
were admitted to the inpatient neurology service were
excluded in this study.

All charts were reviewed independently by 2 different clinical
practitioners once. There were 2 cases that panels were sent but
missed by 1 clinical practitioner on initial review. These 2 cases
were included in the total number of panels sent. Demographic
information and other case specifics were all entered by 1 indi-
vidual. All CSF testing was performed through the Mayo
Medical Laboratory. Serologic testing was all sent to Mayo as
well. Additional serologic testing was sent to other sites. Fifty
patients were identified as having testing performed. Amongst
this group, multiple characteristics were recorded including age,
sex, race and ethnicity, time from symptom onset, presenting
symptoms, date of admission, date antibody testing was sent,
date antibody testing returned, immunotherapy received while
hospitalized, and date of immunotherapy received. Presenting
symptom were recorded in a descriptive fashion and then
grouped into the following: infectious cause, toxic/metabolic
causes, limbic encephalitis, sarcoidosis, immune-mediated
encephalitis, immune-mediated myelitis, immune-mediated
peripheral neuropathy or radiculopathy, neurodegenerative,
neoplastic, and other. Additionally a number of other tests and
evaluations were recorded. Lumbar punctures were analyzed for
white cell count, red cell count, protein, glucose and the presence
of oligoclonal bands. MRI result were collected and categorized
as abnormal due to non-specific changes, abnormal with T2 flair
changes consistent with a possible autoimmune basis and normal
MRI. MRIs were also categorized as abnormal or normal. EEGs
were also collected and categorized as those with epileptic activ-
ity (either seizure or epileptiform discharges) or abnormal with

slowing and normal. Additionally, follow-up information
including ongoing immunotherapy, diagnosis, imaging and
malignancy screening was recorded.

Analysis

We calculated the proportion of patients who had antibody
panels sent in the serum, CSF and both. We calculated the
percent of patients that were female. We calculated the pro-
portion of patients with positive antibody tests. We deter-
mined whether treatments had been initiated prior to the
results of the panels being available using dates that had been
obtained with chart review. We calculated the mean time from
test sent to result. We used consensus criteria for cases of
autoimmune encephalitis’ and myelitis'® as the standard for
diagnosing patients with these conditions. A false positive was
defined as when an antibody test returned positive and the
patient did not meet consensus criteria. A false negative was
defined as when the antibody test returned negative but the
consensus criteria indicated the diagnosis was consistent with
an autoimmune cause. This study was conducted with the
approval of the Institutional Review Board of the Partners
Human Research Committee. A descriptive analysis is pro-
vided due to the small number of patients with panels sent.

Results

Of 1,604 patients admitted during the study period, 50 patients
(3.1%) had an antibody panel sent from the CSF and/or serum
(Figure 1). The mean age of patients with a panel sent was
60 years (range 20-88 years) and 28 (56%) of them were
female.

Amongst these patients, there were 43 CSF and 41 serum
panels sent. Both serum and CSF testing were performed in
19 patients (38%). Both paraneoplastic and autoimmune
panels were sent in 4 patients. Tests resulted after an average
of 17 days (range 7-27 days). No CSF panels returned a pos-
itive result.

The most common clinical presenting symptom in those
with a panel sent was encephalopathy. Amongst all patients
admitted during the year reviewed, 225 (14%) presented with
encephalopathy. Amongst those that panels were sent on,
27 (54%) presented with encephalopathy.

Thirty eight patients with panels sent (76%) underwent an
EEG. Of those patients most had some degree of abnormal
slowing (19 patients, 38%) or epileptic activity (13 patients,
26%). The majority of patients 49/50 (98%) underwent lumbar
puncture of which 32/50 (64%) were abnormal defined as
having a protein greater than 45 mg/dL or CSF white blood
cell count greater than 5 cells per uL. All 50 patients under-
went MRI brain and/or spine of which 41 had some abnorm-
ality on imaging including T2 hyperintense lesions, enhancing
lesions, and/or cerebral atrophy.

There were 5 positive serum panels. Only one of those
5 patients had a relevant autoimmune syndrome (as determined
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Figure 1. Flow chart of patient admitted and patients with auto-antibody testing of different types and respective outcomes.

by consensus guidelines) and was treated with immunotherapy
(Table 1).

Patient 1 was a 71 year-old woman with stage 1 colon cancer
who presented with double vision and was found to have
multiple areas of restricted diffusion in her brainstem on MRI.
A serum paraneoplastic antibody panel was sent and returned a
positive calcium channel antibody against P/Q antibody at a
titer of 0.07nmol/dL (reference <=0.02). She underwent a lum-
bar puncture which showed a protein of 45 mg/dL, white blood
cell count of 3 cells per uL, red blood cell count of 178 cells per
uL and glucose of 97mg/dL. There were no oligoclonal bands
inthe CSF and IgG index was 0.56. A CSF paraneoplastic panel
was negative. A PET ofthe body was negative. She did not have
an EEG. The patient underwent biopsy of brain lesions which
were consistent with CNS lymphoma. She was treated with 1
dose of intravenous solumedrol while awaiting the results of
brain biopsy. The antibody panel result was considered a false
positive.

Patient 2 was a 68 year-old woman with a 15 year history of
bipolar disorder who presented with altered mental status.
Serum autoimmune panel was positive for NMDA receptor

antibody at a 1:10 dilution. Higher titers of antibody were not
detected. The NMDA receptor antibody was also individually
sent to another testing site and was negative. She underwent a
lumbar puncture which showed a protein of 21 mg/dL, white
blood cell count of 1 cell per uL, red blood cell count of 1 cells
per uL and a glucose of 64 mg/dL. Oligoclonal bands and IgG
index were not sent in the CSF. CSF autoimmune panel was
negative. An MRI of the brain which was notable for
non-specific white matter changes thought to be the result of
small vessel disease. EEG showed bilateral slowing with no
epileptiform abnormality attributable to receiving lorazepam
due to concern for catatonia. She received no immunotherapy.
Her psychiatric medications were titrated and she returned to
her premorbid baseline thus the etiology of her condition was
thought to be psychiatric.

Patient 3 was a 45 year-old man who presented with 7 months
of confusion and progressive left leg weakness throughout the
left leg worst at the hip. Brain MRI showed extensive symmetric
white matter disease involving the corpus callosum and bilateral
crus cerebri. Serum autoimmune panel showed a positive
anti-GADG65 antibody with a titer of 0.06 nmol/L (reference



Galetta et al

217

Table . Description of Patients with Positive Serum Panel Results.

Case

# Antibody Titer Sex Age CSF MRI abnormal Final diagnosis Immunotherapy and response

| PQ-VGCC  0.07mmol/L F 71 No Yes- scattered T2 changes CNS Lymphoma Improved with chemotherapy

2 NMDA Positiveat I:10  F 68 No No Polypharmacy Improved with reduction in

dilution polypharmacy

3 GAD65 0.04 mmol/L F 79 No Yes, non-specific white-matter Non-Alzheimer’s  Improved with supportive
changes Dementia care

4 GAD65 0.06 mmol/L M 45 Yes Yes- diffuse HIV Improved with ART therapy
leukoencephalopathy Encephalopathy

5 VGKC 0.76 F 70 No Yes, bilateral mesotemporal Limbic Encephalitis Steroid-responsive

LGI-I mmol/L lobe T2 changes

<=0.02 nmol/L). A note is made by the lab that GAD65 antibody
values less than 2.00 nM have a lower positive predictive value
for neurological autoimmunity than values of 20.0 nM and
higher and the reported level of 0.06 nmol/L has a lower speci-
ficity for autoimmune encephalitis. Lumbar puncture was per-
formed and showed protein of 31 mg/dL, white blood cell count
of 1 cells per uL, red blood cell count of 1 cell per uL and a
glucose of 46 mg/dL. The IgG index was 0.5 and there were
3 oligoclonal bands that were also present in the serum. A CSF
HIV viral load was 48,764 copies/mL. A CSF panel was not sent.
EEG showed non-specific slowing. He was ultimately found to
be HIV positive and started on anti-retroviral therapy. No immu-
notherapy was given. His presentation was consistent with a new
diagnosis of HIV and HIV encephalopathy and myelopathy.

Patient 4 was a 79 year-old woman who presented with
rapidly worsening memory over a 1 year period. Brain MRI
showed non-specific white matter changes. Serum autoim-
mune panel showed a positive anti-GAD65 antibody with at
a titer of 0.04 nmol/L (reference <=0.02 nmol/L). CSF
showed protein of 58 mg/dL and no white blood cells, 1 red
blood cell per uL and a glucose of 78 mg/dL. CSF autoim-
mune panel was negative. EEG showed non-focal slowing. No
immunotherapy was given. She was felt to have a non-AD
dementia by a dementia specialist at follow-up.

Patient 5 was a true positive case. She was a 72 year-old
woman who presented with a few months of rapidly progres-
sive memory difficulties and confusion. Her sodium was
129 on her general laboratory workup on admission. A brain
MRI showed bilateral mesial temporal lobe hyperintensities.
A serum autoimmune panel was positive for leucine-rich,
glioma inactivated 1 protein IgG (LGI1) antibodies at a titer
of 0.76 nmol/L (reference <=0.02 nmol/L). Her CSF showed
a protein of 49 mg/dL, glucose of 74 mg/dL, red blood cell
count of 40mg/dL and 1 white blood cell per uL. There were
no oligoclonal bands in the CSF and the IgG index was 0.48.
A CSF autoimmune panel was negative. A 24-hour EEG was
normal but given clinical concern for seizures she received
lamotrigine. A PET body was negative. She was treated with
intravenous methylprednisolone for 5 days with improvement

in her mental status. She was then started on rituximab and she
returned to her pre-hospitalization clinical baseline.

Thus, overall 1 patient had a clinical autoimmune syn-
drome attributable to detected antibodies and 1 patient had
antibodies and were found to have a malignancy at 1 year of
follow-up.

Of those with negative serum and CSF panels, 14 were
treated empirically with immunotherapy (steroids, intrave-
nous immunoglobulin, or rituximab), 1 was treated with che-
motherapy, and the rest (31) were treated with supportive care.
Of those treated acutely with immunotherapy overall, 14/15
(93%) were treated before the panel tests resulted. Four
patients who had negative panels but were empirically treated
and met consensus criteria for an autoimmune-mediated neu-
rologic process. The final diagnoses for all patients that panels
were sent on consisted of: seizures from non-immune causes
(13), infectious causes (10), toxic/metabolic causes (2), limbic
encephalitis (1), sarcoidosis (2), immune-mediated encepha-
litis (1), immune-mediated myelitis (2), immune-mediated
peripheral neuropathy or radiculopathy (3), neurodegenerative
(5), neoplastic (4), and other (7). Of the entire cohort of
1,604 patients, there was one case which on long-term
follow-up was felt to have an antibody-mediated neurological
syndrome though antibody testing was not sent.

Conclusion

In this retrospective descriptive study we found low rates of
true positive results amongst patients tested for an
antibody-mediated neurologic process while admitted to the
inpatient neurology service. Additionally, we found that due
to acuity of presentation, the results of antibody testing did not
appear to influence initial treatment decisions.

The presentations for antibody mediated neurologic dis-
ease are highly variable and can be challenging to diagnose.
The advent of paraneoplastic and autoimmune antibody
panels has simplified broad testing for these diagnoses. How-
ever, these advances in testing have created a need for further
education regarding understanding and interpreting results
within a clinical context. We investigated the number of



218

The Neurohospitalist 11(3)

autoimmune panels sent on patients seen on our inpatient
service over the course of 1 year. We found that amongst
1,604 patients admitted over the course of 1 year, fifty patients
had antibody testing sent and only 1 patient had a true positive
result. During the inpatient stay most patients were treated
prior to the return of their antibody test result, suggesting that
antibody testing did not impact clinical decision-making. Out
of 50 patients tested, there were 4 patients (8%) that had
negative antibody panels but were ultimately felt to have an
antibody-mediated disease that met diagnostic criteria and
was responsive to steroids. There were also 4 patients (8%)
that had a positive antibody result but were not felt to have a
true antibody-mediated disease.

The average age and gender distribution of patients with
antibody testing sent is similar to prior studies of cohorts of
patients undergoing paraneoplastic testing.”!' The percent of
true positives was higher than in other reports with our true
positive rate of 2% higher than another report of 2/500 or
0.04%° but lower than 1 group which reported 17/401 true
positives (4%).'> We wonder if this may be related to the
backgrounds of the physicians who sent testing. In the case
of the group with more true positives, they were neurologists
at a center with expertise in autoimmune neurology. In the
case of our study, all neurologists ordering tests had experi-
ence with immune-mediated disease, though were not neces-
sarily experts in the diagnosis and treatment of autoimmune
neurologic disorders. Other works have suggested that anti-
body testing ordered by non-neurologists have a low yield of
true positive tests (0/71 sent).” Taken together, this suggests
the experience of the provider in diagnosing this type of dis-
ease may influence their appropriate ordering of testing. How-
ever, it is also possible that given small numbers the rates of
positive results are difficult to interpret. Future work by our
group would be to investigate the yield of testing sent by
non-neurologists at our center.

We have presented details of the 5 cases of positive anti-
body results by titer in our cohort. We feel these cases are
emblematic of the challenges of interpreting the results of
positive antibody testing according to cut-off values, and the
need for clinical evaluation and expertise.

In Case 1, while the neurologic presentation of multifocal
areas of restricted diffusion does not fit with typical P/Q anti-
body neurologic disease, the positive antibody test result is
still relevant as around 20% of patients with positive antibo-
dies have malignancy of differing types.'? The results from
Mayo do include the possibility of associated malignancy
within the interpretation of results and the unlikely nature that
this low titer represents a true neurologic presentation of P/Q
antibody disease. This patient was ultimately diagnosed with
lymphoma. The positive antibody result was felt to be a false
positive in that the patient’s symptoms were attributable to her
lymphoma. Positive P/Q antibodies have been reported in 21%
of patients including patients with systemic lymphoma.'?
Some of these patients do not have a neurologic manifestation.
To our knowledge there are not other reports of positive P/Q

antibodies in patients with CNS lymphoma. This emphasizes
how the panel results can be helpful for patients’ diagnosis and
care. However, without additional insight from the Mayo,
there is the potential for misinterpretation.

Cases 2-4 were all felt to have false positive antibody
panels. Case 2 of a patient with psychiatric disease who had
a low titer positive NMDA result, demonstrates the how low
positive titers can lead to diagnostic uncertainty. Further, in
this case 1 serum sample from Mayo resulted as positive but
another facility resulted with negative at lower titers. Her age,
comorbidities, and lack of other markers of inflammation
were indicators that this was likely not immune-mediated and
her improvement without immunosuppression and with
psychiatric medication titration also allowed to exclude this
possibility. Cases 3 and 4 both have low positive antibody
titers and a note is made in their results that this low degree
of positivity had a low specificity for autoimmune encephalo-
pathy and that GADG65 antibody values less than 2.0 nM have
a lower positive predictive value for neurologic autoimmu-
nity. The note of how to interpret the results within context
with the lack of clinical correlation with known neurologic
manifestations GAD65 and patient 3 and 4’s presentation
allowed us to interpret these results.

Case 5 was thought to be an autoimmune/paraneoplastic
process prior to the results of antibody panel testing given
expected subacute onset of symptoms, exclusion of other
causes including infection, and inflammation involving tem-
poral parenchyma seen on MRI. The specific auto-antibody
identified corresponded with her presentation of altered cog-
nition, memory difficulty, and hyponatremia.'* The positive
result of the test did not change the empiric use of steroids in
the hospital as the result had not returned, however may have
influenced the long term decision to treat with rituximab
given the risk of reoccurrence reported in clinic notes as up
to 30%."

We additionally noted that after 1 year of follow-up patients
followed in our outpatient clinics with positive panels did not
receive routine malignancy screening at follow-up, or in some
cases even at initial assessment. While we think there is benefit
to having a dedicated group of clinicians (i.e., neurohospital-
ists) involved in the care of these patients, there is a risk of
fragmented care and discontinuity during the transition from
inpatient care to ambulatory follow up. In some instances, pos-
itive results could have been missed if they returned after the
patient had been discharged. Non-synchronous release of
results on the panels may reduce the risk of missed results. In
other cases, patients did not follow-up in our clinics as they
were referred from remote hospitals and sought follow up care
closer to home.

The majority of our patients who were felt clinically to
have an autoimmune process were treated empirically before
the results of the laboratory studies became available. This
suggests that the results of antibody testing was not the main
driver of a decision to initiate treatment. Rather, if there is
clinical concern for an antibody-mediated disease, prompt
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empiric treatment may be helpful while awaiting further diag-
nostic test results. We noted that 4 of our patients ultimately
met criteria for possible immune-mediated neurologic process
and benefitted clinically from immunotherapy despite a lack
of antibody positivity. We noted a higher frequency of ence-
phalopathy amongst patients who had antibody testing sent by
our group, yet the 4 cases in which we felt there was an
immune-mediated process based on clinical features were all
peripheral nervous system or spinal-cord syndromes. Myelitis
is a common autoimmune neurologic syndrome, and often
seronegative. This suggests the importance of ongoing sur-
veillance for immune-mediated disease with yet-to-be identi-
fied antibodies. We anticipate that more antibody biomarkers
will emerge but in the interim patients are best treated empiri-
cally based on clinical features.

Both a paraneoplastic and autoimmune panel was sent in
4 patients, compared to just one of the 2 panels sent. Given the
overlap between these panels, this may suggest problems in
understanding which antibodies are included on which panel,
or difficulty ordering individual tests not included in the panel.
This may also add to the additional cost of testing amongst
these patients.

There are many limitations to this study. First, given the
small numbers, this is a descriptive analysis. Given that
CSF and serum panel testing is known to increase the yield
of detecting pathologic antibodies when sent together, we
support the practice of sending both in patients suspected
of having an autoimmune etiology of their neurologic
symptoms.'® We also recognize our small sample size as
a limitation. Given the small number of patients in the
study this may not be generalizable. We also acknowledge
that due to the retrospective nature of this study we have
may have missed some patients with antibody panels sent.
We also have only followed these patients over 2 years;
further longitudinal follow-up may provide further insights
to their care.

In summary, the use of antibody panels has important impli-
cations for ongoing neurologic care, though may be less useful
in guiding initial treatment decisions during the early diagnos-
tic phase on an inpatient service, when decisions must be made
rapidly. The rate of true positive panel results may be influ-
enced by the physicians ordering the tests. Our data highlight
the complexity of making a diagnosis of an antibody-mediated
neurologic condition and the need for ongoing education sur-
rounding these conditions.
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