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Synchronous Adie's syndrome and type 1 antineuronal
nuclear antibody (anti-Hu)-related paraneoplastic
neurological syndromes as predictors of complete response
in limited-stage small-cell lung cancer: A case report
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Abstract. Adie's syndrome (AS) and paraneoplastic sensorim-
otor neuropathy with cerebellar ataxia (PSN CA) are extremely
rare, rapidly progressive, autoimmune diseases associated
with the development of antibodies against neuronal-specific
Hu proteins that are abnormally expressed in small-cell
lung cancer (SCLC). We herein present the unique case of a
55-year-old obese woman, previous heavy smoker, who, during
treatment with standard cisplatin-etoposide chemotherapy for
limited-stage SCLC, developed simultaneous AS and wors-
ening symptoms consistent with PSN CA that led to significant
neurological disability and severe axonal electrophysiological
pattern on nerve conduction studies. Serology confirmed the
presence of low-titre type 1 antineuronal nuclear antibodies
(ANNA-1), previously referred to as anti-Hu antibodies.
Following plasmapheresis, immunosuppressive therapy and
physical rehabilitation, the neurological symptoms progres-
sively improved. The tumour completely regressed, with no
recurrence detected on subsequent radiological examinations.
The aim of this case was to highlight the importance of a multi-
disciplinary team approach for early recognition and rapid
treatment of paraneoplastic neurological syndromes (PNS) as
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key to achieving significant recovery and marked improvement
of the neurological deficit. This report extends the literature by
confirming earlier studies showing that the presence of serum
ANNA-1 in SCLC, an aggressive type of pulmonary carcinoma
that is challenging to treat, may portend a more favourable
prognosis and response to chemotherapy. Thus, patients with
SCLC and new-onset neurological symptoms should be tested
for ANNA-1. The role of a multimodality approach to treating
PNS is also emphasized.

Introduction

Small-cell lung cancer (SCLC), the most aggressive subtype
of pulmonary carcinoma, accounts for up to 15% of all newly
diagnosed lung cancers, with an overall 5-year survival rate
of only 6% (1,2). The initial response to chemotherapy may
be favourable, but relapse is common (3). Paraneoplastic
neurological syndromes (PNS) represent a wide spectrum of
rare autoimmune diseases that may often be the first mani-
festation of an underlying SCLC (4). Among cancer patients,
<1% overall develop PNS, but it occurs in up to 3-5% of those
with SCLC (5). These severe, often rapidly progressive and
debilitating neuropathies are frequently associated with type 1
antineuronal nuclear antibodies (ANNA-1), previously referred
to as anti-Hu antibodies (6).

The Hu antigens are intracellular proteins, normally
expressed throughout the central nervous system (CNS) and
peripheral nervous system (7). In healthy adults, anti-Hu
antibodies are not detected in the serum, as the blood-brain
barrier sequesters the developing CNS from the immune
system (5). Interestingly, all SCLCs also express the Hu
antigen (specifically HuD) (8). Detectable levels of circu-
lating anti-Hu antibodies may be found in ~20% of SCLC
patients, although not all will develop PNS (5.,9). It remains
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unclear why only some SCLC patients develop PNS (10). It
has been hypothesized that these ectopic neuronal antigens
are recognized by the immune system as foreign, triggering
the production of ANNA-1 with consequential paraneoplastic
effects manifesting clinically with various degrees of severity
and neurological symptoms (7,8).

When detected in the serum or cerebrospinal fluid (CSF),
anti-Hu antibodies have been associated with a wide spec-
trum of neurological and neuro-ophthalmological disorders
presenting as PNS (11). Adie's syndrome (AS), namely tonic
pupil with areflexia, has been previously reported as a rare
neuro-ophthalmic presentation of anti-Hu paraneoplastic
syndrome associated with SCLC (11). It is hypothesized that
concurrent loss of parasympathetic ciliary ganglia and dorsal
root ganglionic cells may be responsible for AS (12,13). We
herein present a unique case of concomitant AS and rapidly
progressive PNS associated with ANNA-1, with complete
response of chemotherapy-treated SCLC and subsequent
partial recovery of the neurological deficit following
multimodal therapy, with long-term stability.

Case report

In December 2012, a 55-year-old woman, former heavy smoker
(53 pack-years), was admitted to the Clinic for Respiratory
Diseases ‘Jordanovac’, University Hospital Centre Zagreb
(Zagreb, Croatia) due to hemoptysis and evaluation of a pulmo-
nary nodule in the right lung field juxtaposed to the right hilum
on chest X-ray (Fig. 1A). The patient's past medical history
included hypercholesterolemia, for which she was being treated
with simvastatin. A computed tomography (CT) scan of the
thorax revealed a proliferative nodule (1.7 cm in diameter) in
the lateral basal bronchopulmonary segment of the right lower
lobe. Following fiberbronchoscopy, the clinical stage was
determined to be IITA (T1aN2MO) or limited-stage (localised
disease) SCLC. A chemotherapy regimen with cisplatin and
etoposide was immediately initiated. By the third cycle of
chemotherapy (February 2013), the patient began to experience
paresthesia and weakness of the right hand. The head CT and
magnetic resonance imaging (MRI) scans were unremarkable.
Physical examination detected anisocoria. The patient was
promptly referred to the staff ophthalmologist and neurologist.

Ocular examination revealed a right mydriatic pupil, without
direct or consensual pupillary constriction to light, and no
constriction on attempted accommodation. A neuro-ophthal-
mologist was consulted. Following local instillation of one
drop of diluted pilocarpine (0.1%) in each eye, the affected
pupil showed cholinergic supersensitivity by constricting,
a finding consistent with unilateral Adie's pupil. The nerve
conduction study pointed to a suspected peripheral neuropathy
congruent with the presenting clinical characteristics. The
etiology was hypothesized to be associated with the underlying
malignancy. The treating neurologist recommended immuno-
logical work-up, particularly serological tests for antinuclear
antibodies, to evaluate the possibility of a PNS. Autoantibody
screening was positive for anti-Hu antibody at a low titre.

By the sixth cycle of chemotherapy, the patient was
exhibiting symptoms of further peripheral sensory and motor
neurological decline. A repeat brain MRI scan was again
unremarkable. Follow-up electromyoneurography indicated
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profound neurological and electromyographic progression.
Nerve conduction studies showed severe axonal sensorimotor
polyneuropathy with sensory predominance, and signs of
cerebrospinal toxic-like lesions. Based on the results of the
electrophysiological study, neurological examination and
earlier positive serum ANNA-1, it was concluded that the
patient was suffering from a PNS, more specifically peripheral
neuropathy with cerebellar symptomatology. A planned posi-
tron emission tomography-CT scan and radiotherapy were not
performed due to the patient's poor performance status.

Within 2 months, the patient was bedridden, no longer able
to tolerate sitting due to vertigo, and experiencing uncontrolled
movements of her right hand and head tremor; her speech was
laboured with discrete dyslalia and she exhibited horizontal
nystagmus on left and right gaze. The muscle tone was
decreased overall, most prominently in the right extremities.
Areflexia of both the upper and lower extremities was observed.
Due to worsening of her clinical condition, the patient under-
went plasmapheresis treatments (five in total) through a central
venous catheter every second day. Each treatment consisted
of 3,500 ml of intravenous 5% albumin and concomitant oral
methylprednisolone at 32 mg. The patient tolerated the therapy
well and exhibited a minor improvement of the neurological
status. A higher dose of oral methylprednisolone (48 mg daily)
was recommended at discharge.

By September 2013, the patient's condition had declined
further. Given that the plasmapheresis treatments had not
led to any significant improvement in neurological status,
cyclophosphamide at one 50-mg tablet daily was added to her
treatment, along with valproate and clonazepam. The myoc-
lonus improved during in-hospital treatment. The patient was
re-evaluated in March and October 2014. Further neurological
recovery was observed. The motor coordination of her right
hand improved and she was able to independently sit and
walk a few steps with assistance. In addition to the medica-
tion, continuous and intense physical rehabilitation at home
and in-hospital proved key to the patient's improvement. She
continued to exhibit a slow but steady recovery of neurological
functioning over the next year. In November 2014, serum
ANNA-1 remained positive at a low titre. At the clinical visit
(late November 2015), the patient's neurological status and
overall health were stable. The latest telephone update 1 year
later (early November 2016) was promising, as the patient
reported her condition to be stable.

Partial tumour regression was observed on chest X-ray
after the first cycle of chemotherapy. Subsequent follow-up
radiological examinations remained unchanged, until complete
response was noted 6 months later in May 2013 (Fig. 1B), as
well as on subsequent visits. The latest follow-up radiological
examinations [thoracic CT scan in May 2015 and chest X-ray
in November 2015 (Fig. 1C)] revealed no tumour recurrence.

Discussion

Anti-Hu antibodies are a polyclonal IgG type of antibody that
bind to intracellular antigens found in neural as well as tumour
cells, thus leading to immune cross-reactivity (9,14). This
simultaneous attack of neurons and malignant cells may cause
PNS symptoms and slow down tumour growth (14). In 88%
of the cases, the presence of anti-Hu antibodies is associated
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Figure 1. Chest X-rays (A) at first presentation in November 2012, revealing an infiltrating proliferative nodule in the right lung field juxtaposed to the right
hilum, (B) at the 6-month follow-up, showing complete tumour regression and (C) at the latest follow-up in November 2015, without signs of tumour recurrence.

with an underlying neoplasm; of those, 81% are SCLCs (15).
SCLC is reported to account for >90% of cases of PNS related
to ANNA-1 (5). The present case highlights the importance of
considering rare associations as possible diagnoses.

Chemotherapy is generally not considered to be effective
in SCLC, as recurrence is inevitable in the majority of patients,
regardless of the extent of the disease (3,16). However, the
presence of ANNA-1 appears to be protective (17), and has
been shown in several reports to be associated with increased
tumour chemosensitivity, indolent tumour growth, complete
response to therapy, and prolonged survival (6,15,16,18-22).
Spontaneous tumour regression associated with ANNA-1
in patients with histologically proven SCLC, without any
active treatment, has also been described in 2 cases in the
literature (7,23), and in 1 rare case of non-SCLC (24). The
present study adds further evidence to support the theory that
ANNA-1 in the serum may confer antitumour activity, causing
regression of lung neoplasms (7).

In the case presented herein, unilateral Adie's pupil and
peripheral sensorimotor neuropathy with cerebellar symp-
tomatology developed during chemotherapy for limited-stage
SCLC. Anti-Hu antibodies were detected in the patient's
serum at a low titre, which is a highly uncommon finding, as
the patient also had Hashimoto's thyroiditis. Low antibody
titres are usually present in SCLC patients without autoim-
mune diseases (25). Those with SCLC and no clinical PNS
have detectable anti-Hu antibodies in their serum in ~16-25%
of the cases (25-27). When SCLC and PNS are found concur-
rently, the latter is usually mediated by a high titre of anti-Hu
antibodies (28).

According to the limited number of cases reported in the
literature, a multimodality approach to the treatment of PNS,
consisting of immunosuppressive therapy with a combination
of intravenous immunoglobulin, methylprednisolone and
cyclophosphamide, may transiently stabilize the disorder (5).
However, to the best of our knowledge, there are currently no
studies reporting long-term improvement in PNS (5). It appears
that a vigorous immunosuppressive treatment combining high
doses of steroids, cyclophosphamide and intravenous immu-
noglobulins in anti-Hu-associated PNS (regardless of the type)
in severely disabled patients at the onset of treatment is not
beneficial (29). It has been reported that 65% of patients with
SCLC and paraneoplastic encephalomyelitis with detectable
serum ANNA-1 succumb to neurological complications rather

than tumour progression (6,16). The prognosis is poor, with
the median survival for anti-Hu patients following the onset of
treatment reported to be 6 months (range, 3-35 months) (29).
The recent discovery that ANNA-1 may cause neuronal cell
death may account for the irreversible nature of paraneoplastic
neurological deficits in patients with these autoantibodies (30).

Although the exact underlying pathological mechanism
has not been fully elucidated, it is likely that humoral immu-
nity may not be solely responsible for the incidence of PNS.
Several types of T cells may in fact be present in different PNS
patients, and these variants may explain the spectrum of clin-
ical outcomes that have been described in the literature thus
far with regards to tumour response and PNS severity (31). A
number of experimental studies have suggested that cytotoxic
T cells may be the main effectors of the immune response (32).
This T-cell mediated response may result in neuronal cell
death and axonal degeneration that are extremely difficult
to treat (32,33). It remains unclear, however, why only some
SCLC patients develop PNS, given that the HuD antigen is
constantly expressed by these tumour cells (29).

A few exceptional reports of neurological recovery
have been described in the literature, both spontaneous and
following immunosuppressor treatment alone (29). In the
present case, the patient was already bedridden at the time
of initiation of multimodal immunosuppressive therapy for
anti-Hu-associated PNS. The positive outcome described
herein may be attributed to the addition of plasmapheresis to
the treatment regimen, which may have exerted a synergistic
effect. Interestingly, however, it has been demonstrated that
plasmapheresis reduces anti-Hu antibody levels in the serum,
but not in the CSF (10). Unlike the majority of previous reports
of imminent death from progressive PNS, the patient described
herein has achieved steady recovery of the neurological status
over the course of the past 45 months since the first presenta-
tion of neurological deficit, and has remained stable.

In general, PNS should be highly suspected in a SCLC
patient who develops a progressive neurological and/or
neuro-ophthalmic disorder in a subacute course after all other
possible causes have been excluded (5). The presence of
anti-neural antibodies, such as anti-Hu, should be investigated
in the patient's serum. A multidisciplinary team approach
cannot be underestimated, as it entails a comprehensive
investigation of the presenting symptoms. We recommend
that both a neurologist and ophthalmologist be included in the
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initial diagnostic process and subsequent regular follow-ups.
Similarly, in patients with neurological symptoms, but
without known lung cancer diagnosis, a search for anti-Hu
may reveal an underlying tumour, such as SCLC. Given that
there is currently no screening tool for early SCLC detection,
ANNA-1 and other SCLC-related autoantibodies may prove
useful as antibody-based early cancer detection biomarkers.
Discovering SCLC when the malignancy is at an early stage
and undetectable by available radiological methods should
lead to better prognosis and prolong survival. Further research
using animal-based models to study immunological events
that occur during SCLC growth may provide insight into the
process that drives the development of paraneoplastic disease
in humans. Translating these results into clinical practice
may enable initiating treatment during a window of better
functional state, leading to improved clinical outcomes.

Written informed consent was obtained from the patient
for publication of this manuscript and any accompanying
radiological images.
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