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Background/Aim. Peripheral nervous system affection in people with lung cancer
is commonly associated with paraneoplastic neuropathy. However, clinical studies
evaluating the frequency, clinical,  and electrophysiological characteristics of pe-
ripheral neuropathies which are not related to onconeuronal antibodies, in this, on av-
erage, older population of patients, are very rare. The aim of this study was to define
the frequency, as well as clinical and electrophysiological characteristics of idiopath-
ic neuropathies in patients suffering from lung cancer in early stages of the diseases.
Methods. Clinical and electrophysiological data of 105 elderly subjects (age 63.4 ±
7.8 years) suffering from lung carcinoma who underwent extensive neurological and
electrophysiological evaluation (nerve conduction studies) between 2013-2018 were
estimated. Exclusion criteria were "classical" paraneoplastic neurological syndromes
with onconeuronal antibodies present, as well as patients with typical known causes
of peripheral neuropathy (e.g. diabetes, alcoholism, chronic renal insufficiency, vita-
min deficiencies, etc.). Results. There were 19.1% patients with clinically manifest
neuropathies, with additional 37.1% patients with only electrophysiological abnor-
malities.  The  most  frequent  pathophysiological  pattern  was  axonal  pathology
(71.2%) with predominantly distal and symmetrical distribution (86.4%). Conclu-
sion. Patients with lung cancer in the early stages of the disease show a high inci-
dence of clinically minor damage of the nerves, according to the pattern of chronic
sensomotor distal neuropathy, with predominance of axonal damage. These findings
underline the importance of a detailed clinical and electrophysiological evaluation in
this category of patients who are without the typical etiological factors for peripheral
neuropathies since, during cancer therapy, patients undergo a series of treatments
with additional risk for the development/aggravation of neuropathy.
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Introduction

Malignant lung tumors represent a leading cause of mor-
tality in the world [1]. Therefore, early detection tech-
niques pose an essential field of interest, especially hav-
ing in mind that this tumor is often diagnosed after it has 
metastasized [2]. Besides the "classical" metastasis syn-
drome, there are other clinical presentations which can 
represent an effect of the tumor, and these effects are es-
pecially prevalent in the structures of the nervous sys-
tem. Having in mind the general population, the paraneo-
plastic neurological syndromes (PNS) represent equally 
rare symptoms, mediated by onconeural antibodies and 
depends highly on the type of cancer [3].

Recent research has shown that the manifestations of the 
PNS on the peripheral nervous system is most common 
in small-cell lung cancer [4] [5], although rare even in 
this type of cancer [6]. Contrary to patients in the early 
stages of the disease, if the frequency is examined in pa-
tients in late stages, the damage of the peripheral nervous 
system is present in as much as 15% of patients, where 
this is pathophysiologically explained as metabolic and 
nutritive deficiencies, and⁄or the effects of chemotherapy 
as part of the primary disease treatment [7].
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In cases of early PNS manifestations, or even as a first 
simptom of a lung tumor (as well as some other solid or-
gan tumors), these effects are explained by the presence 
of  typical  onconeural  antibodies  (anti-Hu,  Yo,Ri, 
CV2/CRMP5, Ma2, andantiamphiphysin) in the serum of 
lung cancer patients. Therefore, following the recommen-
dations of the International Panel of Neurologists, it is as-
sumed that the two levels of evidence confirming the di-
agnosis of PNS as "definitive" or "possible", which is de-
pendant on the presence of onconeural antibodies [8], 
mostly is based on the clinical manifestations - classical 
versus non-classical forms of neuropathy [3].

Nevertheless, considering that lung cancer is typically a 
disease of the elderly, around 70 years of age on average 
[9], a higher frequency of neuropathies in this popula-
tion, independently of PNS, is already present, compared 
to a younger demographic. This frequency has been seen 
to arrive to up to 7% in some studies of the elderly popu-
lation [10] [11]. Among the detected neuropathies, there 
is a notable fraction, reported going to up to 49% in elder-
ly  patients,  of  characteristical  cryptogenic,  or  chronic 
idiopathic axonal neuropathies [12].

Having in mind the fact that older patients suffer from 
lung cancer more often, and equally, but not necessarily 
causally connected,  a  significant  fraction of  elder  pa-
tients present with neuropathic symptoms, a clinical inter-
est in defining the frequency, as well as clinical and elec-
trophysiological  characteristics  of  idiopathic  neuro-
pathies in patients suffering from lung cancer in early 
stages of the diseases, is evident.

Methods

Patients

Between December 2013 and January 2018, 105 patients 
with pathologically confirmed lung carcinoma were re-
ferred to our clinic regarding the screening neurological 
and electrophysiological evaluation aimed to diagnose pe-
ripheral  neuropathy.  For  this  study,  we  selected  only 
those patients who had no other known causes of pe-
ripheral neuropathy, including classical paraneuroplastic 
peripheral neuropathy, but diabetes mellitus, long-term 
alcohol consumption, renal failure, vitamin deficiencies, 
thyroid gland dysfunction, paraproteins, and cachexia, as 
well.

The study protocol was approved by the Ethical Commit-
tee of Clinical Centre of Serbia, Belgrade, and written in-

formed consent was obtained from each patient prior to
study engagement.

Clinical neurological evaluation and electrophysiological
examination were conducted immediately after the initial
presentation to the medical consulting team for oncology
patients prior to initiating any therapy.

Clinical neurological evaluation

Neurological examinations were performed repetitively
by an experienced physician (S.T.V.) in each case. The
presence of neuropathy was clinically defined through
the presence of sensory or motor signs, and the reduction
or absence of myotatic reflexes without pathological re-
flexes and symptoms (weakness, sensory disturbances,
and burning paresthesia). Clinical evaluation was based
on the Neurological Symptom Score and the Neurologi-
cal Disability Score [13].

After a careful history and neurological examination, pa-
tients were further evaluated and the presence of neuropa-
thy eventually confirmed by nerve conduction studies in
each case.

Electrophysiological evaluation

Standard nerve conduction studies were performed bilat-
erally in the upper (the median and ulnar nerves) and low-
er limbs (the tibial and sural nerves), by standard proce-
dures with surface electrodes for stimulation and record-
ing using a Synergy electromyography machine (Viasys,
UK).

Parameters measured included: compound motor action
potentials (CMAPs) recorded from the abductor pollicis
(APB), abductor digiti minimi (ADM), extensor diggito-
rum brevis (EDB) and flexor hallucis brevis (FHB). Dis-
tal and proximal motor latencies, (DML and PML, re-
spectively), motor conduction velocities (MCV), and F-
wave latency were estimated (shortest at each case). The
sensory nerve action potentials (SNAPs) were investigat-
ed in the median, ulnar, and sural nerves using antidrom-
ic recordings from ring electrodes at the 2nd and 5th dig-
its for the median and ulnar nerves, respectively, and toe
finger for the sural nerve.

The MCVs were calculated from the following nerve seg-
ments: wrist to elbow (median nerve), wrist to below the
elbow  (ulnar  nerve),  ankle  to  popliteal  fossa  (tibial
nerve), and ankle to just below the fibular head (peroneal
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nerve), while sensory conduction velocity (SCV) was cal-
culated  for  the  distal  segment,  using  the  antidromic
method. The amplitudes of the CMAPs and SNAPs were
measured from the baseline to the first negative peak.

Values for the lower limits of normal were defined initial-

ly as mean values reduced by 2 standard deviations of
normative data for this laboratory, studied by the same
method. Subsequently, we have additionally decreased
the lower limit of normal of conduction velocities accord-
ing to reference values [14]. Absolute values of the low-
er limits of normal for all electrophysiological parame-
ters are summarized in Table 1.

Table 1. Absolute values of the lower limits of the normal and decreased values of electrophysiological parame-
ters (90% and 80% LLN, respectively)

Nerves
MCV* (m/s) or SCV† (m/s) CMAP* (mV) or SNAP† (µV)
LLN 90% LLN 80% LLN LLN 90% LLN 80% LLN

Motor*

    median/ ulnar 46.0 41.4 36.8 4.0 3.6 3.2

    peroneal/ tibial 40.0 36.0 32.0 3.0 2.7 2.2

Sensory†

    median/ ulnar 46.0 41.4 36.8 8.0 7.2 6.4

    sural 40.0 36.0 32.0 8.0 7.2 6.4

MCV – motor conduction velocity; CMAP – compound motor action potential; SCV – sensory conduction velocity; SNAP – 
sensory nerve action potential; LLN – lower limit of normal.

For each nerve examined, we defined typical electrophy-
siological  patterns  of  abnormalities:  a  demyelinating
[15], an axonal (A), and a combined axonal/demyelinat-
ing (A/D) pattern [16]. A demyelinating (D) pattern was
defined as when the MCV or SCV ≤ 80% of lower limit
of the normal (LLN) and CMAP or SNAP ≥ 80% LLN
or MCV or SCV ≤ 70% of LLN and CMAP or SNAP <
80% LLN; an axonal pattern as when the MCV or SCV
> 90% LLN and CMAP or SNAP < LLN or MCV or
SCV > 80% LLN and CMAP or SNAP < 80% LLN or
complete absence of motor or sensory responses after re-
peated  electrical  stimulations;  a  axonal/demyelinating
pattern as when the MCV or SCV 80-90% LLN and
CMAP or SNAP 80-100% LLN or MCV or SCV below
LLN but still above values for demyelinating pattern and
CMAP or SNAP in the lower range of normal values
(Table 1).

The presence of abnormalities in at least two peripheral 
nerves was considered as electrophysiological involve-
ment.

Statistical analysis

Descriptive  statistics  were  generated for  all  variables. 
The frequency of clinical and electrophysiological param-

eters was tested using chi-squares (χ2), and significance
was set at the p<0.05 level. The SPSSfor Windows (re-
lease 10.0; SPSS, Chicago, IL, USA) was used to per-
form the statistical analysis.

Results

Demographics and clinical characteristics

During the study period, we have evaluated 105 patients 
with lung carcinoma. Of the total number of patients, 
smallcell lung carcinoma, adenocarcinoma, squamocelul-
lar and large-cell carcinoma, according to confirmed his-
tological  specimens,  accounted  for  the  incidence  as 
shown in Table 2.
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Table 2. Patients’ demographics and clinical characteristics

Variable Value

105 (100)

72 (68.6)

63.4 ± 7.8

Total sample, n (%) 

Sex: male, n (%)

Age (years), mean ± SD 

Tumor type, n (%)

32 (30.5)    small-cell carcinoma 

    non-small-cell carcinoma 73 (69.5)

30 (28.6)

39 (37.1)

        adenocarcinoma 

        squamocelullar carcinoma 

        large-cell carcinoma 4 ( 3.8)

Neurological symptoms/signs of PNP, n (%) 20 (19.1)

SD – standard deviation; PNP – polyneuropathy.

One thousand and forty-four nerves, consisting of 584 
motor, and 447 sensory nerves, on 351 extremities were 
studied.  The  mean  number  (±  standard  deviation)  of 
studied nerves per patient was 9.85 ± 2.88, of which 5.58 
± 1.69 were motor, and 4.35 ± 1.42 sensory nerves.

Clinical  peripheral  neuropathy  was  diagnosed  in  20 
(19.05%) out of 105 patients, which was confirmed by 
electrophysiological evaluation. However, nerve conduc-
tion studies have identified electrophysiological 
abnormalities  in  additional  39  (37.14%).  Patients.  
Overall, electrophysiological abnormalities were present 
in 59 out of 105 (56.2%) patients.

An axonal, a demyelinating, and a combined axonal/de-
myelinating patterns were diagnosed in 42/59 (71.2%), 
2/59 (3.41%) and 15/59 (25.4%) patients, respectively. 
However, the patients with described nerve conduction 
abnormalities did not differ significantly regarding histo-
pathological tumor type, small vs. non-small cell lung 
cancer (Mantel-Haenszel χ2, 0.294; p = 0.86).

An additional analysis of the above mentioned 
abnormalities referred to the symmetry of peripheral 
nerve involvement, showed that 51 out of 59 (86.4%) 
patients had a symmetrical pattern of damage while 
only eight (13.6%) had asymmetric nerve lesions.

Considering the entire sample of patients, the distribu-
tion of the fiber types (motor vs. sensory) and the patho-
logical mechanism of their damage is shown in Figure 1.

Figure 1.
Frequency of various forms of peripheral nerve damage in patients
with lung carcinoma.
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Regarding the type of neuropathy, we observed 
19/59 (32.2%) of patients with pure motor 
(predominantly axonal type) neuropathy, 9/59 
(15.3%) with sensory neuropathy, and 31/59 
(52.5%) of patients with combined sensory-motor 
neuropathy.

Since the study analyzes a substantial number of 
peripheral motor and sensory nerves, the results of the 
distribution of  motor  and sensory nerve conductions 
are shown in the form of scattergram separately, as well 
as for the upper and lower extremities (Figure 2 and 
Figure 3).

Figure 3.
Distribution of individual data of sensory conduction velocity
(SCV) (x-axis) vs. sensory nerve action potentials (SNAPs) (y-ax-
is) in the form of bivariate scattergram for: A) a total of 324 upper 
limbs sensory nerves (n. medianus + n. ulnaris), and B) 123 lower 
limbs sensory nerves (n. suralis).

Discussion

The main finding of this study is the unexpectedly 
high incidence of clinically manifest neuropathies 
(19.1%) in a sample of older patients with recently 
diagnosed and histopathologically confirmed lung 
carcinoma at a very early stage, before applying any 
therapeutic modality. Moreover, this frequency was 
seen in the category of exclusively lung carcinoma 
patients, where patients suffering from typical known 
causes of peripheral neuropathy (e.g., diabetes, 
alcoholism, chronic renal insufficiency, vitamin 
deficiencies, thyroid gland dysfunction, parapro-
teins, and cachexia) were excluded [15] [16]. 
However, the nerve conduction studies evaluation 

Figure 2.
Distribution of individual data of motor conduction velocity (M-
CV) (x-axis) vs. compound motor action potentials (CMAP) (y-ax-
is) in the form of bivariate scattergram for: A) a total of 307 upper 
limbs motor nerves (n.medianus + n.ulnaris), and B) 277 lower 
limbs motor nerves (n. peroneus + n. tibalis).

These scattergrams show a notable frequency of lower 
CMAP amplitude (axonal pattern of damage), manifest-
ed by a significant grouping of data points in the lower 
part of the diagram, for motor nerves of the lower 
extremities, and less evident for sensory nerves of the 
upper extremities.
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confirmed neuropathy in these patients but further 
revealed additional sub-clinical electrophysiological 
abnormalities in 39 (37.1%) clinically silent patients. 
Aggregating clinical and electro-physiological 
abnormalities in our sample of early-stage lung cancer 
patients, it was found that 59 out of 105 (56.2%) od 
patients showed some degree of peripheral nerves  
damage.  The most  frequent  pathophysiological 
pattern,  within  the  group  of  patients  with  confirmed 
nerve  damage,  was  the  axonal  pathology  for  sensory 
(31.4%) as well as for motor (40%) nerves.

Recent studies of lung carcinoma patients point to an in-
creasing incidence of  this  disease and high mortality, 
where the non-small-cell type of lung cancer (NSCLC) is 
seen in up to 85%-90% of patients, while the frequency 
of small-cell lung cancer (SCLC) is decreasing [17]. Al-
berg and Samet [18] underlined that the epidemics of 
lung cancer is positively correlated to cigarette smoking 
and that the most common histological subtypes are the 
squamocellular  (SCC) lung cancer  and SCLC. Newer 
studies have repeatedly shown a predominance of adeno-
carcinomas. Our study confirms these results. The lung 
adenocarcinoma was found in almost 29% of our pa-
tients. The reducing frequency of SCLC in patients who 
have lung cancer is explained by the reduced number of 
smokers and improvements of the cigarette filters [19]. 
Our study showed still high frequency of SCLC cancer, 
evident in almost 31% of our patients. A recent meta-a-
nalysis  of  studies  exploring the influence of  cigarette 
smoking  on  histological  subtypes  of  lung  cancer  has 
shown a stronger correlation with SCLC and SCC. Con-
sidering the description of the smoking-related microcel-
lular carcinoma, we can assume this fraction is so large 
in our patients because all our patients have been smok-
ing for more than 30 years.

The distribution by gender of our patients confirmed the 
dominance of the male sex, with around 69% of males 
among the patients, although some authors report an in-
creasing incidence of women suffering from lung carci-
nomas, which is leading to almost equal frequencies of 
male and female patients [19].

The underlying mechanisms of peripheral nerve damage 
in lung carcinoma patients are seen as consequences of 
cytotoxic chemotherapy, peripheral nerve or roots infil-
tration, metabolic or nutritive deficiencies. When all pre-
viously mentioned factors are excluded, and with a con-
firmation of the immune mechanisms activation, the neu-
ropathy can be considered as paraneoplastic (PNN) [8]. 
The mechanism of damage has been connected to on-
coneural antibodies together with onconeural antigenspe-

cific T-lymphocytes, although the absence of known on-
coneural antibodies in patients with so-called "classic"
clinical presentations does not exclude the possibility of
PNN [3]. These are often complicated forms of neuro-
pathies which point to the diagnosis of the underlying dis-
ease, and sometimes cause a high level of disability re-
gardless of cancer as the primary disease [20].

Nevertheless,  the  causal  relationships  of  neuropathies,
above all of sensorimotor type, in this population of pa-
tients, add controversy, considering we are discussing an
elderly population (in our study 63.5 was the mean age),
with  many  potential  underlying  causes  of  peripheral
nerve damage,  such as:  metabolical  (diabetes,  chronic
kidney disease), nutritive or iatrogenic (cytotoxic, e.g. pa-
clitaxel, cisplatin, vinca alkaloids, but also non-cytotoxic
pharmaceuticals, e.g. antimicrobial agents, cardiovascu-
lar medication, etc.). The etiology of these neuropathies
in  cancer  patients  can  be  considered  multifactorial,
which includes the mentioned metabolical and nutritive
deficiencies, but also unrecognized factors which appear
in later stages of the primary disease [21].

In our sample, the patients were meticulously selected, at
the very beginning of the disease, excluding all patients
with cachexy,  recognizable  nutritive deficits,  or  those
with risk factors for most common metabolical, nutritive,
or  immunologically  mediated  neuropathies  typical  for
this age group. Nevertheless, after a detailed examina-
tion and neurophysiological evaluation of each patient
we  have  found  an  unexpectedly  high  percentage  of,
above all, electrophysiological, but also clinical abnor-
malities. Finally, the pattern of damage which appeared
as the dominant one in our sample was the distal sensori-
motor neuropathy, with mostly axonal damage.

In  case  we tried  to  compare  our  results  with  similar
studies,  we came across a relatively small  number of
studies exploring the etiology of peripheral neuropathies
in elderly patients, but not suffering from lung cancer
[22] [23]. It is important to note that, based on modern
guides for diagnosis of neuropathies, with increasing ac-
curacy over the years, more than a hundred of different
causes have been identified [24]. Nevertheless, even af-
ter applying all  of the proposed criteria,  for a certain
number of patients (around one fourth) it is impossible to
identify the cause of neuropathy, and this is considered a
chronic idiopathic axonal  neuropathy (CIAN) [25].  In
general,  the  pathophysiological  mechanism underlying
this type of neuropathy is axonal degeneration, which is,
as  a  rule,  irreversible,  and consequently,  a  permanent
loss of nerve fibers occurs. However, in addition to the
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Conclusion

Patients suffering from lung cancer at the moment of ini-
tial presentation show a high frequency of clinically ap-
parent, as well as clinically silent neuropathies. Based on 
the characteristics, these neuropathies, manifesting them-
selves symmetrically in distal parts of the extremities, 
with most common electrophysiological pattern of axon-
al damage, suggest a common existence of a chronic axo-
nal idiopathic neuropathy. Knowing of the possibility of 
a high frequency of mild subclinical neuropathies, seen 
mostly in the elderly population, suggests particular atten-
tion is needed when evaluating lung cancer patients in 
early diagnostic phase, to confirm or exclude this possi-
bility. The most important implications of these results 
are on the analysis of the frequency and probability of 
clinically  manifest  neuropathies  appearing  during  the 
treatment of the primary disease, e.g., using chemothera-
peutic protocols.
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increased incidence of axonal lesions on our sample of 
early-stage lung cancer patients and the fact that older 
people are more likely to determine CIAN, it is interest-
ing to consider whether there is any relationship between 
the axonal type of neuropathy and lung disease in gener-
al. The possibility that a chronic obstructive pulmonary 
disease, based on presumed hypoxia, may lead to the axo-
nal pathology of the peripheral nerves has been refuted 
so far [26]. In considering the CIAN etiology, special in-
terest is currently focused on disturbed peripheral nerve 
vasa  nervorum  microcirculation,  which  is  associated 
with the metabolic risk factors, but also the diseases of 
peripheral circulation of the atherosclerotic type [27]. As 
this series of patients, according to our knowledge, is the 
first of its kind on the patient population in our country, 
it is therefore not possible to link the observed neuropath-
ic changes to lung carcinoma, as an etiological factor. In 
our view, future studies of similar interest should define 
the presence of chronic risk factors for peripheral micro-
circulation disorders, in particular with laboratory values 
(e.g. blood glucose) within the upper limits of normal.

References

1. Blum TG, Rich A, Baldwin D, Beckett P, de Ruysscher D,
Faivre-Finn C, et al. The European initiative for quality
management in lung cancer care. Eur Respir J.
2014;43(5):1254-1277. [Crossref] [Google Scholar]

2. Dubey AK, Gupta U, Jain S. Epidemiology of lung cancer
and approaches for its prediction: A systematic review and
analysis. Chin J Cancer. 2016;35(1):71-71. [Crossref] [Goo-
gle Scholar]

3. Kanaji N, Watanabe N, Kita N, Bandoh S, Tadokoro A, Ishii
T, et al. Paraneoplastic syndromes associated with lung can-
cer. World J Clin Oncol. 2014;5(3):197-223. [Google Scho-
lar]

4. Iannuzzi MC, Scoggin CH. Small cell lung cancer. Am Rev
Respir Dis. 1986;134(3):593-608. [Google Scholar]

5. Elrington GM, Murray NM, Spiro SG, Newsom-Davis J.
Neurological paraneoplastic syndromes in patients with small
cell lung cancer: A prospective survey of 150 patients. J Neu-
rol Neurosurg Psychiatry. 1991;54(9):764-767. [Crossref]
[Google Scholar]

6. Ruelle L, Bentea G, Sideris S, El KM, Holbrechts S, Lafitte
J, et al. Autoimmune paraneoplastic syndromes associated to
lung cancer: A systematic review of the literature: Neurologi-
cal paraneoplastic syndromes, involving the peripheral ner-
vous system and the neuromuscular junction and muscles.
Lung Cancer. 2017;111:150-163. [Crossref] [Google Scho-
lar]

7. Croft PB, Wilkinson M. The incidence of carcinomatous neu-
romyopathy in patients with various types of
carcinom. Brain. 1965;88(3):427-434. [Crossref] [Google
Scholar]

8. Graus F, Delattre JY, Antoine JC, Dalmau J, Giometto B, Gri-
sold W, et al. Recommended diagnostic criteria for paraneo-
plastic neurological syndromes. J Neurol Neurosurg Psychia-
try. 2004;75(8):1135-1140. [Crossref] [Google Scholar]

9. American Cancer Society Inc. Key Statistics for Small
Cell Lung Cancer. Atlanta, GA: 2018.

10. Hanewinckel R, van Oijen M, Ikram AM, van Doorn
PA. The epidemiology and risk factors of chronic
polyneuropa-thy. Eur J Epidemiol. 2016;31(1):5-20.
[Crossref] [Google Scholar]

11. Baldereschi M, Inzitari M, di Carlo A, Farchi G, Scafato
E, Inzitari D, et al. Epidemiology of distal symmetrical

 neuropathies in the Italian 
elde r l y . Neurology. 2007; 68(18):1460-1467. 
[Crossref] [Google Scholar]

12. Vrancken AF, Kalmijn S, Buskens E, Franssen
H, Vermeulen M, Wokke JH, et al. Feasibility and cost
efficien-cy of a diagnostic guideline for chronic
polyneuropathy: A prospective implementation study.
J Neurol Neurosurg Psychiatry. 2006;77(3):397-401.
[Google Scholar]

13. Dyck PJ, Thomas PK. Polyneuropathy due to nutritional defi-
ciency and alcohoism. In: Dyck PJ, Thomas PK, ed(s).
Pe-ripheral Neuropathy. Philadelphia, PA: W.B.
Saunders. 1993. [Google Scholar]

https://doi.org/10.1183/09031936.00106913
https://scholar.google.com/scholar_lookup?author=Blum+T.G.&author=Rich+A.&author=Baldwin+D.&author=Beckett+P.&author=de+Ruysscher+D.&author=Faivre-Finn+C.&author=Gaga+M.&author=Gamarra+F.&author=Grigoriu+B.&author=Hansen+N.C.G.&author=Hubbard+R.&author=Huber+R.M.&author=Jakobsen+E.&author=Jovanovic+D.&author=Konsoulova+A.&author=Kollmeier+J.&author=Massard+G.&author=McPhelim+J.&author=Meert+A.P.&author=Milroy+R.&publication_year=2014&title=The+European+initiative+for+quality+management+in+lung+cancer+care&journal=Eur+Respir+J&volume=43&pages=1254-1277
https://doi.org/10.1186/s40880-016-0135-x
https://scholar.google.com/scholar_lookup?author=Dubey+A.K.&author=Gupta+U.&author=Jain+S.&publication_year=2016&title=Epidemiology+of+lung+cancer+and+approaches+for+its+prediction:+A+systematic+review+and+analysis&journal=Chin+J+Cancer&volume=35&pages=71-71
https://scholar.google.com/scholar_lookup?author=Dubey+A.K.&author=Gupta+U.&author=Jain+S.&publication_year=2016&title=Epidemiology+of+lung+cancer+and+approaches+for+its+prediction:+A+systematic+review+and+analysis&journal=Chin+J+Cancer&volume=35&pages=71-71
https://scholar.google.com/scholar_lookup?author=Kanaji+N.&author=Watanabe+N.&author=Kita+N.&author=Bandoh+S.&author=Tadokoro+A.&author=Ishii+T.&author=et+al.&publication_year=2014&title=Paraneoplastic+syndromes+associated+with+lung+cancer&journal=World+J+Clin+Oncol&volume=5&pages=197-223
https://scholar.google.com/scholar_lookup?author=Kanaji+N.&author=Watanabe+N.&author=Kita+N.&author=Bandoh+S.&author=Tadokoro+A.&author=Ishii+T.&author=et+al.&publication_year=2014&title=Paraneoplastic+syndromes+associated+with+lung+cancer&journal=World+J+Clin+Oncol&volume=5&pages=197-223
https://scholar.google.com/scholar_lookup?author=Iannuzzi+M.C.&author=Scoggin+C.H.&publication_year=1986&title=Small+cell+lung+cancer&journal=Am+Rev+Respir+Dis&volume=134&pages=593-608
https://doi.org/10.1136/jnnp.54.9.764
https://scholar.google.com/scholar_lookup?author=Elrington+G.M.&author=Murray+N.M.&author=Spiro+S.G.&author=Newsom-Davis+J.&publication_year=1991&title=Neurological+paraneoplastic+syndromes+in+patients+with+small+cell+lung+cancer:+A+prospective+survey+of+150+patients&journal=J+Neurol+Neurosurg+Psychiatry&volume=54&pages=764-767
https://doi.org/10.1016/j.lungcan.2017.07.025
https://scholar.google.com/scholar_lookup?author=Ruelle+L.&author=Bentea+G.&author=Sideris+S.&author=El+K.M.&author=Holbrechts+S.&author=Lafitte+J.&author=Grigoriu+B.&author=Sculier+C.&author=Meert+A.&author=Durieux+V.&author=Berghmans+T.&author=Sculier+J.&publication_year=2017&title=Autoimmune+paraneoplastic+syndromes+associated+to+lung+cancer:+A+systematic+review+of+the+literature:+Neurological+paraneoplastic+syndromes,+involving+the+peripheral+nervous+system+and+the+neuromuscular+junction+and+muscles&journal=Lung+Cancer
https://scholar.google.com/scholar_lookup?author=Ruelle+L.&author=Bentea+G.&author=Sideris+S.&author=El+K.M.&author=Holbrechts+S.&author=Lafitte+J.&author=Grigoriu+B.&author=Sculier+C.&author=Meert+A.&author=Durieux+V.&author=Berghmans+T.&author=Sculier+J.&publication_year=2017&title=Autoimmune+paraneoplastic+syndromes+associated+to+lung+cancer:+A+systematic+review+of+the+literature:+Neurological+paraneoplastic+syndromes,+involving+the+peripheral+nervous+system+and+the+neuromuscular+junction+and+muscles&journal=Lung+Cancer
https://doi.org/10.1093/brain/88.3.427
https://scholar.google.com/scholar_lookup?author=Croft+P.B.&author=Wilkinson+M.&publication_year=1965&title=The+incidence+of+carcinomatous+neuromyopathy+in+patients+with+various+types+of+carcinom&journal=Brain&volume=88&pages=427-434
https://doi.org/10.1136/jnnp.2003.034447
https://scholar.google.com/scholar_lookup?author=Graus+F.&author=Delattre+J.Y.&author=Antoine+J.C.&author=Dalmau+J.&author=Giometto+B.&author=Grisold+W.&author=et+al.&publication_year=2004&title=Recommended+diagnostic+criteria+for+paraneoplastic+neurological+syndromes&journal=J+Neurol+Neurosurg+Psychiatry&volume=75&pages=1135-1140
https://doi.org/10.1007/s10654-015-0094-6
https://scholar.google.com/scholar_lookup?author=Hanewinckel+R.&author=van+Oijen+M.&author=Ikram+A.M.&author=van+Doorn+P.A.&publication_year=2016&title=The+epidemiology+and+risk+factors+of+chronic+polyneuropathy&journal=Eur+J+Epidemiol&volume=31&pages=5-20
https://scholar.google.com/scholar_lookup?author=Hanewinckel+R.&author=van+Oijen+M.&author=Ikram+A.M.&author=van+Doorn+P.A.&publication_year=2016&title=The+epidemiology+and+risk+factors+of+chronic+polyneuropathy&journal=Eur+J+Epidemiol&volume=31&pages=5-20
https://doi.org/10.1212/01.wnl.0000260606.36443.29
https://scholar.google.com/scholar_lookup?author=Baldereschi+M.&author=Inzitari+M.&author=di+Carlo+A.&author=Farchi+G.&author=Scafato+E.&author=Inzitari+D.&author=ILSA+Working+Group&publication_year=2007&title=Epidemiology+of+distal+symmetrical+neuropathies+in+the+Italian+elderly&journal=Neurology&volume=68&pages=1460-1467
https://scholar.google.com/scholar_lookup?author=Vrancken+A.F.&author=Kalmijn+S.&author=Buskens+E.&author=Franssen+H.&author=Vermeulen+M.&author=Wokke+J.H.&author=et+al.&publication_year=2006&title=Feasibility+and+cost+efficiency+of+a+diagnostic+guideline+for+chronic+polyneuropathy:+A+prospective+implementation+study&journal=J+Neurol+Neurosurg+Psychiatry&volume=77&pages=397-401
https://scholar.google.com/scholar_lookup?author=Dyck+P.J.&author=Thomas+P.K.&publication_year=1993&title=Polyneuropathy+due+to+nutritional+deficiency+and+alcohoism


Tomanović-Vujadinović, S. et al.

14. Kimura J. Principles and variations of nerve conduction
studies and assessment of individual nerves. In: Kimura J,
ed(s). Electrodiagnosis in diseases of nerve and muscle, prin-
ciples and practice. Oxford, UK: Oxford University Press.
2001. [Google Scholar]

15. Cornblath DR, Asbury AK, Albers JW, Feasby TE, Hahn
AF, Mcleod JG, et al. Research criteria for diagnosis of chron-
ic inflammatory demyelinating polyneuropathy (CIDP). Neu-
rology. 1991;41(5):617-618. [Crossref] [Google Scholar]

16. Camdessanché JP, Antoine JC, Honnorat J, Vial C, Petiot P,
Convers P, et al. Paraneoplastic peripheral neuropathy associ-
ated with anti-Hu antibodies: A clinical and electrophysiologi-
cal study of 20 patients. Brain. 2002;125:166-175. [Google
Scholar]

17. Reck M, Popat S, Reinmuth N, de Ruysscher D, Kerr KM,
Peters SM, et al. Metastatic non-small-cell lung cancer (NS-
CLC): ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up. Ann Oncol. 2014;25(3):iii27-iii39.
[Crossref] [Google Scholar]

18. Alberg AJ, Samet JM. Epidemiology of Lung Cancer. Chest.
2003;123(1):21S-49S. [Crossref] [Google Scholar]

19. Govindan R, Page N, Morgensztern D, Read W, Tierney R,
Vlahiotis A, et al. Changing Epidemiology of Small-Cell
Lung Cancer in the United States over the Last 30 Years:
Analysis of the Surveillance, Epidemiologic, and End Results
Database. J Clin Oncol. 2006;24(28):4539-4544. [Crossref]
[PubMed] [Google Scholar]

20. Antoine JC, Mosnier JF, Absi L, Convers P, Honnorat J,
Michel D, et al. Carcinoma associated paraneoplastic pe-
ripheral neuropathies in patients with and without anti-on-
coneural  antibodies.  J  Neurol  Neurosurg  Psychiatry.
1999;67(1):7-14. [Crossref]  [Google Scholar]

Lancaster E. Paraneoplastic Disorders. Continuum (Minneap21.
Minn). 2017;23(6, Neuro-oncology):1653-79. [Google Scho-
lar]

China L, Fernandez A, Lacroix C, Adams D, Plante V, Said22.
G, et al. Contribution of never biopsy findings to the diagno-
sis of disabling neuropathy in the elderly: A retrospective re-
v i e w  o f  1 0 0  c o n s e c u t i v e  p a t i e n t s .  B r a i n .
1996;119(4):1091-1098. [Crossref] [Google Scholar]

Kararizou E, Karandreas N, Davaki P, Davou R, Vassilopou-23.
los D. Polyneuropathies in teenagers: A clinicopathological
study of 45 cases. Neuromuscul Disord. 2006;16(5):304-307.
[Crossref] [Google Scholar]

Burns TM, Mauermann ML. The Evaluation of Polyneuro-24.
pathies.  Neurology.  2011;76(Issue  7,  suppl  2):S6-S13.
[Crossref] [Google Scholar]

Notermans NC, Wokke JH, van der Graaf Y, Franssen H,25.
van Dijk GW, Jennekens FG, et al. Chronic idiopathic axonal
polyneuropathy: A five year follow up. J Neurol Neurosurg
Psychiatry.  1994;57(12):1525-1527.  [Crossref]  [Google
Scholar]

Visser NA, Notermans NC, Teding VBF, van den Berg LH,26.
Vrancken AF. Chronic obstructive pulmonary disease is not a
risk  factor  for  polyneuropathy:  A  prospective  controlled
study.  Chron  Respir  Dis.  2017;14(4):327-333.  [Crossref]
[Google Scholar]

Samuelsson K, Press R. Microangiopathy: A Potential Con-27.
tributing Factor to Idiopathic Polyneuropathy: A Mini Re-
view. Front Neurol. 2018;9:43. [Crossref] [Google Scholar]

https://scholar.google.com/scholar_lookup?author=Kimura+J.&publication_year=2001&title=Principles+and+variations+of+nerve+conduction+studies+and+assessment+of+individual+nerves
https://doi.org/10.1212/wnl.41.5.617
https://scholar.google.com/scholar_lookup?author=Cornblath+D.R.&author=Asbury+A.K.&author=Albers+J.W.&author=Feasby+T.E.&author=Hahn+A.F.&author=Mcleod+J.G.&author=et+al.&publication_year=1991&title=Research+criteria+for+diagnosis+of+chronic+inflammatory+demyelinating+polyneuropathy+(CIDP)&journal=Neurology&volume=41&pages=617-618
https://scholar.google.com/scholar_lookup?author=Camdessanché+J.P.&author=Antoine+J.C.&author=Honnorat+J.&author=Vial+C.&author=Petiot+P.&author=Convers+P.&author=Michel+D.&publication_year=2002&title=Paraneoplastic+peripheral+neuropathy+associated+with+anti-Hu+antibodies:+A+clinical+and+electrophysiological+study+of+20+patients&journal=Brain
https://scholar.google.com/scholar_lookup?author=Camdessanché+J.P.&author=Antoine+J.C.&author=Honnorat+J.&author=Vial+C.&author=Petiot+P.&author=Convers+P.&author=Michel+D.&publication_year=2002&title=Paraneoplastic+peripheral+neuropathy+associated+with+anti-Hu+antibodies:+A+clinical+and+electrophysiological+study+of+20+patients&journal=Brain
https://doi.org/10.1093/annonc/mdu199
https://scholar.google.com/scholar_lookup?author=Reck+M.&author=Popat+S.&author=Reinmuth+N.&author=de+Ruysscher+D.&author=Kerr+K.M.&author=Peters+S.M.&author=ESMO+Guidelines+Working+Group&publication_year=2014&title=Metastatic+non-small-cell+lung+cancer+(NSCLC):+ESMO+Clinical+Practice+Guidelines+for+diagnosis,+treatment+and+follow-up&journal=Ann+Oncol&volume=25&pages=iii27-iii39
https://doi.org/10.1378/chest.123.1_suppl.21s
https://scholar.google.com/scholar_lookup?author=Alberg+A.J.&author=Samet+J.M.&publication_year=2003&title=Epidemiology+of+Lung+Cancer&journal=Chest&volume=123&pages=21S-49S
https://doi.org/10.1200/jco.2005.04.4859
https://pubmed.ncbi.nlm.nih.gov/17008692
https://scholar.google.com/scholar_lookup?author=Govindan+R.&author=Page+N.&author=Morgensztern+D.&author=Read+W.&author=Tierney+R.&author=Vlahiotis+A.&author=Spitznagel+E.L.&author=Piccirillo+J.&publication_year=2006&title=Changing+Epidemiology+of+Small-Cell+Lung+Cancer+in+the+United+States+over+the+Last+30+Years:+Analysis+of+the+Surveillance,+Epidemiologic,+and+End+Results+Database&journal=J+Clin+Oncol&volume=24&pages=4539-4544
https://doi.org/10.1136/jnnp.67.1.7
https://scholar.google.com/scholar_lookup?author=Antoine+J.C.&author=Mosnier+J.F.&author=Absi+L.&author=Convers+P.&author=Honnorat+J.&author=Michel+D.&publication_year=1999&title=Carcinoma+associated+paraneoplastic+peripheral+neuropathies+in+patients+with+and+without+anti-onconeural+antibodies&journal=J+Neurol+Neurosurg+Psychiatry&volume=67&pages=7-14
https://scholar.google.com/scholar_lookup?author=Lancaster+E.&publication_year=2017&title=Paraneoplastic+Disorders&journal=Continuum+(Minneap+Minn)&volume=23&pages=1653-79
https://scholar.google.com/scholar_lookup?author=Lancaster+E.&publication_year=2017&title=Paraneoplastic+Disorders&journal=Continuum+(Minneap+Minn)&volume=23&pages=1653-79
https://doi.org/10.1093/brain/119.4.1091
https://scholar.google.com/scholar_lookup?author=China+L.&author=Fernandez+A.&author=Lacroix+C.&author=Adams+D.&author=Plante+V.&author=Said+G.&publication_year=1996&title=Contribution+of+never+biopsy+findings+to+the+diagnosis+of+disabling+neuropathy+in+the+elderly:+A+retrospective+review+of+100+consecutive+patients&journal=Brain&volume=119&pages=1091-1098
https://doi.org/10.1016/j.nmd.2006.03.001
https://scholar.google.com/scholar_lookup?author=Kararizou+E.&author=Karandreas+N.&author=Davaki+P.&author=Davou+R.&author=Vassilopoulos+D.&publication_year=2006&title=Polyneuropathies+in+teenagers:+A+clinicopathological+study+of+45+cases&journal=Neuromuscul+Disord&volume=16&pages=304-307
https://doi.org/10.1212/wnl.0b013e31820c3622
https://scholar.google.com/scholar_lookup?author=Burns+T.M.&author=Mauermann+M.L.&publication_year=2011&title=The+Evaluation+of+Polyneuropathies&journal=Neurology&volume=76&pages=S6-S13
https://doi.org/10.1136/jnnp.57.12.1525
https://scholar.google.com/scholar_lookup?author=Notermans+N.C.&author=Wokke+J.H.&author=van+der+Graaf+Y.&author=Franssen+H.&author=van+Dijk+G.W.&author=Jennekens+F.G.&publication_year=1994&title=Chronic+idiopathic+axonal+polyneuropathy:+A+five+year+follow+up&journal=J+Neurol+Neurosurg+Psychiatry&volume=57&pages=1525-1527
https://scholar.google.com/scholar_lookup?author=Notermans+N.C.&author=Wokke+J.H.&author=van+der+Graaf+Y.&author=Franssen+H.&author=van+Dijk+G.W.&author=Jennekens+F.G.&publication_year=1994&title=Chronic+idiopathic+axonal+polyneuropathy:+A+five+year+follow+up&journal=J+Neurol+Neurosurg+Psychiatry&volume=57&pages=1525-1527
https://doi.org/10.1177/1479972316636993
https://scholar.google.com/scholar_lookup?author=Visser+N.A.&author=Notermans+N.C.&author=Teding+V.B.F.&author=van+den+Berg+L.H.&author=Vrancken+A.F.&publication_year=2017&title=Chronic+obstructive+pulmonary+disease+is+not+a+risk+factor+for+polyneuropathy:+A+prospective+controlled+study&journal=Chron+Respir+Dis&volume=14&pages=327-333
https://doi.org/10.3389/fneur.2018.00043
https://scholar.google.com/scholar_lookup?author=Samuelsson+K.&author=Press+R.&publication_year=2018&title=Microangiopathy:+A+Potential+Contributing+Factor+to+Idiopathic+Polyneuropathy:+A+Mini+Review&journal=Front+Neurol


Clinical and electrophysiological features of peripheral neuropathy in older patients with lung carcinoma

Kliničke i elektrofiziološke karakteristike periferne neuropatije kod 
starijih bolesnika sa karcinomom pluća

Uvod/Cilj. Zahvatanje perifernog nervnog sistema kod osoba obolelih od karcinoma 
pluća uobičajeno se povezuje sa paraneoplastičkim neuropatijama. Studije koje 
procenjuju učestalost, kliničke i elektrofiziološke karakteristike perifernih neuropatija 
koje nisu povezane sa onkoneuronalnim antitelima, kod ove populacije bolesnika, u 
proseku starije životne dobi, veoma su retke. Cilj ove studije bio je da se definišu 
učestalost, kao i kliničke i elektrofiziološke karakteristike idiopatskih neuropatija 
kod bolesnika sa karcinomom pluća u ranim stadijumima bolesti. Metode. Prikazani 
su klinički i elektrofiziološki podaci o 105 starijih bolesnika (63,4 ± 7,8 godina) 
obolelih od karcinoma pluća koji su bili podvrgnuti detaljnoj neurološkoj evaluaciji i 
ispitivanju provodljivosti nerava između 2013. i 2018. godine. Bolesnici sa 
"klasičnim" paraneoplastičnim neurološkim sindromima uz prisustvo onkoneuralnih 
antitela, kao i oni koji boluju od poznatih uzroka periferne neuropatije (npr. 
dijabetes, alkoholizam, hronična bubrežna insuficijencija, deficijencija vitamina D) 
isključeni su iz studije. Rezultati. U ovom istraživanju 19,1% bolesnika imalo je 
klinički manifestnu neuropatiju, a dodatnih 37,1% imalo  je  samo
abnormalnosti  uočene  tokom  ispitivanja  nervne provodljivosti.  Najčešći  
patofiziološki  supstrat  bila  je  aksonalna  patologija (71,2%) sa predominantno 
distalnom i simetričnom distribucijom (86,4%). Zaključak. Bolesnici oboleli od 
karcinoma pluća u ranoj fazi bolesti pokazuju visoku učestalost klinički nemih 
oštećenja nerava, a prema obrascu hronične senzorimotorne distalne neuropatije lakog 
stepena ispoljavanja, uz predominaciju aksonalnih oštećenja. Ovi rezultati ukazuju na 
značaj detaljne kliničke i neurofiziološke evaluacije ove kategorije bolesnika bez 
tipičnih etioloških faktora za periferne neuropatije, budući da se tokom lečenja 
bolesnici podrgavaju nizu tretmana sa dodatnim rizikom od razvoj/pogoršanja 
neuropatija.

Ključne reči: pluća, neoplazme; plineuropatije; komorbiditet; stare osobe; elektrofizi-
ologija
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