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examined and Magnetic Resonance Imaging (MRI) to assess extent of damage
Int J Med Pub Health was obtained and congervatively managed.

2024; 14 (4); 417-420 Results: Only 80 patients received dose greater than 50 Gray (Gy) to more
than 10 cm length of spinal cord. Of these 12 patients developed
demyelination which was confirmed on MRI and managed conservatively with
Vit.B12 supplementation and pregabaline. Among thesel0 patients recovered
while 2 patients had irreversibly damaged cord. Main reasons for exceeding
tolerance dose include locally advanced disease extending to posterior triangle
in 80 % patients, progression of disease in 10 % which required additional
doses to the gross tumor and Positive margins in 10 % patients for which
additional boost doses needed to be delivered.

Conclusions: Demyelination is a debilitating late sequel of Radiotherapy and
adversely affect quality of life of the patient and care should be taken while
planning radiotherapy so that tolerance doses are not exceeded.

Keywords: Radiotherapy, Demyelination, Spinal cord, Myelopathy, Head and
Neck cancer.

INTRODUCTION head and neck cancers, several organs at risk (OAR)
include salivary glands, trachea, eyes, optic nerve
The Head and neck cancer (HNC) poses a difficult and spinal cord amongst others. With advancement
challenge to healthcare and with around 660000 new in treatment delivery techniques in past few
cases and 325000 deaths annually worldwide.™™ It is decades, the inadvertent damage to the vital
also one of the most common malignancy in India structures surrounding the primary target lesion site
accounting for 30-40% of the new cases. In could not be prevented. Spinal cord is an important
developing countries like India managing HNC OAR when treating head and neck cancer patients,
poses a very difficult challenge to healthcare being serial organ damage to any part may result in
providers as most of the patients report in advanced severe dysfunction of which may manifest in form
stage. Radiotherapy forms the mainstay of treatment of lot of symptoms but mainly in form of
along with surgery in management of Head and demyelination which is one of the troublesome and
Neck cancers. During Radiotherapy planning of major late sequel of Radiotherapy to HNC.
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Demyelination means loss of this myelin sheath
which forms insulation around nerves.[! Myelin was
first discovered in 1854 by Rudolf Virchow.4
Myelin plays pivotal role in the functioning of
Nervous system. Myelin is rich in Lipid and engulfs
the nerve fiber which leads to increased velocity of
inter-neuronal  electrical communication. The
process of development of myelin sheath is called
Myelinogenesis/ Myelination. Reverse of this
process, i.e., myelin degeneration is called
Demyelination.®l Development of myelin occurs
from Glial cells in Central nervous system (CNS)
and Schwann cells in Peripheral nervous system
(PNS). Myelin decreases the capacitance of the
axonal membrane thus increasing the rate at which
electrical impulses pass via the axons.
Demyelination can present with varied symptoms
depending on the affected neurons. Commonly
noticed symptoms include central visual field
defects like blurriness, double vision, cognition
defect, movement or balance disorder, auditory
problems, heat sensitivity, speech impairment,
tingling or numbness, loss of bowel/bladder control
etc. Lhermitte’s phenomenon/Syndrome (LS) is a
short, intense electrical shock like sensation passing
below from the neck via spine to body and limbs,
seen as a common sign of demyelination injury.
Due to widespread use of Radiotherapy in the
management of HNC and owing to the radio-
sensitivity of the spinal cord, these demyelination
damages are bound to happen, especially when
inadvertent delivery of dose higher than tolerance
level or to a longer segment of the cord included in
the treatment field especially spinal cord in cervical
region is most commonly affected.[! Symptoms
may develop after sometime ranging from 6 months
to 2 years later’l Thus we aim to assess the
incidence of demyelination and its symptoms in
HNC patients in which the tolerance dose was
exceeded for cervical spine during radiotherapy.

MATERIALS AND METHODS

This is a prospective observational study including
485 patients of HNC who have received
Radiotherapy as treatment from January 2019 to
December 2019.After taking informed consent from
the patients, their hospital records were assessed to
look for the dose of radiation received by the spinal
cord. All the patients were treated on Theratron
780C Co-60 based machine using 2D conventional
radiotherapy technique radiation was used and given
in divided doses of 30-35 fractions using Co-60
based 2D conventional radiotherapy technique
Appropriate doses as per indications were given
Ranging from 60 Gy to 70 Gy at 2Gy/fraction over
five days a week for 6-7 weeks. Then Mean

Maximum dose of radiation to the spinal cord was
calculated using the ONCENTRA V.2 treatment
Planning system for all the patients. Also the mean
of length of spine receiving the dose above tolerance
level was measured. The patients in whom the
tolerance dose of 50Gy to spinal cord exceeded
were then patients were followed regularly from 6
months till completion 2 years.

During  follow-up,  thorough neurological
examination was conducted on these patients and
those who presented with positive symptoms for
demyelination of cord were then taken for MRI
(1.5Tesla) to confirm demyelination. After
confirmation they were managed medically using
Vitamin B12 and Pregabalin.

RESULTS

Figure 1: Sagittal view for one of the patient’s
radiotherapy plan showing 50Gy to the spinal cord
with 12.88cm length spine irradiated

Figure 2: Cervical spine T2 weighted images showing
small intramedullary area of cervical cord at C2-C3
level, represent demyelination
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Table 1: Total number of Patients, Range maximum dose to spinal cord, length of spinal cord irradiated and patients
developing demylination in patient exposed to radiation dose above tolerance level

Rangeof Max | Mean maximum - Mean length of Patients having Reversible/
plzgézfts dose received by | Dose Received by E;?:goﬁ g,ié\gﬁg cord received > 50 demyelination irreversible
spinal cord (Gy) spinal cord ) Gy (cm) symptoms demylination
31 50-52 51.25 60/30 10.78 0
25 52-54 53.4 66/33 12.04 2
10 54-56 54.6 66/33 14.37 7 1Reversible
14 56-58 56.8 70/35 12.88 9 27'”8"9"5.""9'
reversible

Table 2: Factors increasing demyelination risk

Factors

Factors for increased risk of injury

Exposed radiation dose

Large total dose

Single fraction dose

Dose per fraction > 200 cGy

Organ proportion

Higher volume, e.g. whole-organ radiation

Patient factor

Co-morbidity e.g. hypertension, diabetes

Beam property

High LET radiation

DISCUSSION

Spinal cord is one of the most important organs at
risk in HNC treatment with Radiotherapy. The
radiation induced toxicities in spinal cord may
manifest in form of demyelination. Demyelination
post radiation is a rare but serious side effect of
Radiotherapy which may be easily missed as it
usually develops from 6 months to 2 years after the
completion of treatment.6and symptoms are usually
transient. LS a type of benign form of myelopathy
and results from the demyelination of the sensory
neurons due to probable inhibition of
oligodendrocyte proliferation after radiotherapy
treatment and other symptoms include generalized
weakness, stiffness numbness of extremities etc.
Etiopathogenesis for the same is inconclusive but it
is thought to be due to the damage of vascular
endothelium resulting in coagulation and fibrinoid
necrosis. !

Cervical spinal cord being extremely radiosensitive
gets affected the most, especially when exposed to a
higher dose of radiation (above tolerance level).
This results in damage to myelin sheath of posterior
and lateral column (mainly) of the cord. This
tolerance level depends on various factors like
treatment related factors time duration, quality of
radiation given, total calculated dose, dose given per
fraction, various host factors include age, co
morbidities like hypertension, Diabetes,
endocrinological diseases, developmental defects
and vascular disorders and adjunctive therapies like
concurrent administration of chemotherapy are
included.[®% Table 2 shows various factors which
increase the risk of Demyelination.

In studies done by Fein et al,l'Y in patients who
received doses >50 Gy to spinal cord, LS developed
in 8% of patients while in those who received <50
Gy e the incidence was only 3.3%. They also
reported that daily doses exceeding 2 Gy per
fraction are associated with increased incidence of
LS .Similarly Leung et al,*? in their study, found a
correlation between dose and incidence of LSand
reported when the total dose to the cervical spinal

cord exceeded 48.9 Gy incidence of LS has
increased. It is also considered that spinal cord is
protected by toxic effects of chemotherapy by the
Blood brain barrier. Concurrent chemotherapy
administration along with radiotherapy may disrupt
the BBB and increase the effect of chemotherapy on
the spinal cord.[*314

The incidence of LS is around 3.63 and 13% as
reported in available literature,112151 however the
incidence in present study was it found to be around
15%(12/80) which may be due to use of 2D
conventional radiotherapy and most of the patient
presenting in locally advanced stage requiring
bigger treatment fields and higher doses. Also all the
patients who developed LS received concurrent
chemotherapy with Injection Cisplatin may also be a
possible reason for the increase in the number of
patients.

Clinical evaluation presents with difficulty of being
non-specific and hence MRI plays a critical role in
confirming the diagnosis and thus aids in proper
management. MRI findings suggestive of positive
demyelination includes, cord swelling/oedema
(decrease intensity on T1 images and increase
intensity on T2 MRI images). Prognosis mainly
depends on the extent of cord involved in receiving
radiation and at which level.[*8!

Treatment is mainly conservative and palliative
involving Vitamin D3 supplementation which has
proven to be effective in recovering from
demyelination defect as these patients to develop
Vitamin D deficiency. Another vitamin with similar
efficiency is Vitamin B12 which is mandatory for
development and proper functioning of myelin
sheath. It strengthens the Myelin sheath and its
deficiency has been correlated with demyelination
disorders and impaired myelin repair.[t"]

CONCLUSION

We would like to thank all the faculty, post graduate
students and technical staff of Department of
Radiation Oncology for helping and encouraging
throughout the study.

419

International Journal of Medicine and Public Health, Vol 14, Issue 4, October- December, 2024 (www.ijmedph.org)




Funding: Nil. No Funding was received from
anyone to conduct this study.

REFERENCES

1. SungH, Ferlay J, Siegel RL, Laversanne M, Soerjomataram
I, Jemal A et al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J
Clin 2021: 71: 209-49

2. Sharma JD, Baishya N, Kataki AC, Kalita CR, Das AK,
Rahman T. Head and neck squamous cell carcinoma in
young adults: A hospital-based study. Indian J Med Paediatr
Oncol 2019; 40:18-22.

3. Weil MT, Mobius W, Winkler A, Ruhwedel T, Wrzos C,
Romanelli E et al. Loss of myelin basic protein function
triggers myelin breakdown in models of demyelinating
diseases. Cell Rep 2016; 16:314-22.

4. Boullerne Al. The history of myelin. Exp Neurol 2016;
283:431-45.

5. Love S. Demyelinating diseases. J Clin Pathol 2006;
59:1151-9.

6. Okada S, Okeda R. Pathology of radiation myelopathy.
Neuropathology 2001; 21:247-65.

7. Ahlbom HE. The results of radiotherapy of hypopharyngeal
cancer at the Radiumhemmet, Stockholm, 1930 to 1939.
Acta Radiol 1941; 22:155-71.

8. Burger PC, Mahley MS Jr, Dudka L, Vogel FS. The
morphologic ~ effects  of  radiation  administered
therapeutically for intracranial gliomas: a postmortem study
of 25 cases. Cancer 1979; 44:1256-72.

9.

10.

11.

12.

13.

14.

15.

16.

17.

Leibel SA, Sheline GE .Tolerance of the brain and spinal
cord to conventional irradiation. United States: Raven
Press; 1991.

Schultheiss TE, Kun LE, Ang KK, Stephens LC. Radiation
response of the central nervous system. Int J Radiat Oncol
Biol Phys 1995; 31:1093-112.

Fein DA, Marcus RB Jr, Parsons JT, Mendenhall WM,
Million RR. Lhermitte's sign: incidence and treatment
variables influencing risk after irradiation of the cervical
spinal cord. Int J Radiat Oncol Biol Phys 1993 Dec
1;27(5):1029-33.

Leung WM, Tsang NM, Chang FT, Lo CJ. Lhermitte's sign
among nasopharyngeal cancer patients after radiotherapy.
Head Neck 2005; 27(3):187-94.

Ciucci G, De Giorgi U, Leoni M, Bianchedi G. Lhermitte's
sign following oxaliplatin-containing chemotherapy in a
cisplatin-pretreated ovarian cancer patient. Eur J Neurol
2003; 10(3):328-9.

Heinzlef O, Lotz JP, Roullet E. Severe neuropathy after
high dose carboplatin in three patients receiving multidrug
chemotherapy. J Neurol Neurosurg Psychiatry 1998;
64(5):667-9..

Gemici C. Lhermitte's sign: review with special emphasis in
oncology practice. Crit Rev Oncol Hematol 2010; 74:79—
86

Tillema JM, Pirko I. Neuroradiological evaluation of
demyelinating disease. Ther Adv Neurol Disord 2013;
6:249-68.

Miller A, Korem M, Almog R, Galboiz Y. Vitamin B12,
demyelination, remyelination and repair in multiple
sclerosis. J Neurol Sci 2005; 15: 233(1-2):93-7.

420

International Journal of Medicine and Public Health, Vol 14, Issue 4, October- December, 2024 (www.ijmedph.org)



