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Abstract

rect from January 1990 to November 2018.

Context: Radiation-induced lumbosacral plexopathy is still under-recognized although its symptomatology can really lower the
quality of life and impair self-sufficient functions of patients often cured of cancer.

Objectives: This review aimed to depict radiation-induced lumbosacral plexopathy through a systematic review of the available
literature and discuss various aspects of the clinical management of this pathology.

Data Sources: We searched for all English medical papers registered in Web of Knowledge, PubMed, Google Scholar, and ScienceDi-

Study Selection: From amongall articles concerning radiotherapy and lumbosacral plexopathy, we included papers that dealt with
human samples and excluded non-human samples and case reports.

Results: Out of 1,312 articles, we selected 42 articles of which 21 met the eligibility criteria and were included in the present analysis.
Five papers were general reviews, three focused on the diagnosis of disease, three analyzed the role of different therapies, and the
remaining 10 articles concerned the methodology of radiation therapy.

Conclusion: In the next future, we must analyze the dosimetry parameters and the clinical parameters, with appropriate follow-up
times, thus providing sufficient data to use for developing organ sparing strategies tailored to individual patients. Therefore, we
can reduce this type of side effects that have a huge impact on the quality of life of patients.
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1. Context

In the clinical management of cancer patients, it is of
paramount importance to achieve optimal loco-regional
control of disease while simultaneously trying to mini-
mize complications (1). Although the plethora of literature
has discussed radiation-induced brachial plexopathy and
the validated dose constraints (2), radiation-induced lum-
bosacral plexopathy is still underestimated. This is while
its symptomatology can really lower the quality of life and
impair self-sufficient function of patients often cured of
cancer (3).

2. Objectives

This review aimed to depict radiation-induced lum-
bosacral plexopathy through a systematic review of the

available literature and discuss various aspects of the clin-
ical management of this pathology.

3. Data Sources

The systematic review was conducted by searching for
all English medical papers registered in Web of Knowl-
edge, PubMed, Google Scholar, and ScienceDirect from Jan-
uary 1990 to November 2018 (latest search on November 15,
2018).

The search strategy included “lumbo-sacral AND radi-
ation” or “plexopathy AND radiation”, or “peripheral AND
neuropathy AND radiation” (Figure 1).

We also searched in the reference lists of other reviews,
as well as in the references of the selected articles, to re-
trieve possibly missing papers in the electronic search. We
also evaluated the evidence level of each of the selected
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Choice of the search strategy, using a combination of the
words «plexopathy», «lumbo-sacral», «radiation» and
«peripheral neuropathy»

l

| Search of keywords in different databases: 1312 papers |

l

| A total of 42 articles selected |

l

| Assessment of inclusion and exclusion criteria |

!

Final analysis of 21 selected articles (five reviews, three
dealing with diagnosis, three dealing with diagnosis and ten
focused on methods to analyse and measure the endpoint)

Figure 1. Flowchart of the systematic review analysis

articles with the PICO format (patient/problem, interven-
tion, comparison, outcome), as illustrated in Table 1.

3.1. Inclusion Criteria

Based on the search strategy, we collected all articles
concerning radiotherapy and lumbosacral plexopathy. We
only included papers that dealt with human samples and
excluded non-human samples and case reports (up to
three cases for each paper).

Each researcher individually searched the databases,
which resulted in the retrieval of 42 articles. However, we
excluded 21 articles that met the exclusion criteria. Finally,
we used evidence-based medicine resources (EBMR) to as-
sess the scientific level of the evidence.

4. Results

Out of 21 papers included in this review, five were
general reviews of lumbosacral plexopathy and radiation-
induced neuropathies (3-7), three focused on the diag-
nosis of disease with imaging and/or electromyography
examinations (8-10), three analyzed the role of different
therapies (11-13), and the remaining 10 articles concerned
the methodology of radiation therapy (dosimetry analysis,
contouring guidelines) (14-23) (Table 2).

In the discussion section, we will briefly comment on
various aspects of radiation-induced lumbosacral plexopa-
thy, starting from anatomy of lumbosacral plexus, fol-
lowed by the pathophysiology of the damage, diagnosis,
current strategies to preserve lumbosacral plexus, and fu-
ture challenges.

5. Discussion

5.1. Anatomy

The lumbosacral plexus is anatomically divided into
upper lumbar plexus and lower lumbosacral plexus (24-
26). The lumbar plexus originates from the L1 - L4 nerve
roots, and is located in the retroperitoneum behind the
psoas muscle. The primary anterior branches divide into
anterior and posterior branches and the plexus terminates
into six major branches: iliohypogastric, ilioinguinal, gen-
itofemoral, femoral, and lateral femoral cutaneous nerves
(posterior division), and obturator nerves (anterior divi-
sion). The first three nerves supply motor and sensory in-
nervation to the abdominal wall, superior gluteal region,
groin, and external genitalia while the next three ones in-
nervate the anterior and medial sides of the thigh. The
femoral nerve, similarly, terminates into the saphenous
nerve that provides sensation to the medial aspect of the
leg. The seventh branch is a contribution from L4 to the
sacral plexus (24-26). The latter, composed of primary ven-
tral branches from the L5 - S3 levels (divided into anterior
and posterior divisions), is located in the back of the small
pelvis between the piriformis muscle and the pelvic fas-
cia. The five main terminal nerves are superior and infe-
rior gluteal, posterior femoral cutaneous, pudendal, and
sciatic nerves. The sciatic nerve (common peroneal and tib-
ial branches in the thigh), gives innervation to the knee
flexors (hamstrings: semimembranosus, semitendinosus,
and long and short heads of the biceps femoris), the lat-
eral division of the adductor Magnus muscle, and all mus-
cles innervated by the peroneal and tibial nerves (24-26).
It also provides sensory innervation into the entire lower
leg below the knee, except for the medial calf, which is in-
nervated by the saphenous nerve. The superior and infe-
rior gluteal nerves supply the innervations of gluteus min-
imus, medius,and maximus and tensor fascia lata muscles,
while the posterior femoral cutaneous nerve gives the sen-
sory innervation to posterior thigh, scrotum/labia, proxi-
mal calf, and lower border of gluteus maximus (24-26).

5.2. Pathophysiology

Historically, as described in the related literature, pe-
ripheral nerves were considered relatively radioresistant,
mainly due to their low mitotic index and low metabolism
(27), though the main reason was the short follow-up of ra-
diation therapy patients; thus, this side effect was not com-
monly reported. Nowadays, as many patients undergoing
radiation therapy for pelvic malignancies have good prog-
nosis and the quality of life outcomes are of paramount
importance in oncology, this particular type of side effect
needs to be taken into serious consideration.
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Table 1. PICO Format for the Systematic Review

Definition Description

Patients Patients developing radiation-induced lumbosacral plexopathy

Interventions Type, pathophysiology, and diagnosis of plexopathy

Comparison The role of different approaches to reduce this side effect, both in the prevention of the event and in the treatment
Outcome Recovery (or reduction of the ratio of the patients) of the lumbosacral plexopathy induced by radiation therapy

Table 2. A Summary of the Descriptions of the Reviewed Papers Dealing with Lumbosacral Plexopathy

First Author Year Type Description

Dyck (4) 2014 Review Description of clinical features, pathogenesis, and management of different types of lumbosacral plexopathy

Pradat (5) 2013 Review Physiopathology of radiation-induced peripheral nerve damage

Delanian (3) 2012 Review Review of radiation-induced neuropathy in cancer survivors

Forman (6) 1990 Review Description of peripheral neuropathy in cancer: clinical types, etiology, and presentation

Dropcho (7) 2010 Review Clinical features, diagnosis, and management options for patients with radiation neurotoxicity

Rash (14) 2015 Original Article  Analysis of dose delivered to the lumbosacral plexus although the dose threshold for radiation-induced
neuropathy remained undefined.

Tunio (15) 2014 Original Article Evaluation of dose distribution and correlation with radiation-induced lumbosacral plexopathy

Yi (17) 2012 Original Article ~ Development of a standardized method for contouring the lumbosacral plexus

Min (16) 2014 Original Article ~ External validation of the method developed by Yi, 2012

Frykholm (18) 1996 Original Article ~ Retrospective analysis of the individual treatment of patients with rectal adenocarcinoma developing acute
pain and subacute neurological symptoms

Georgiou (19) 1993 Original Article  Clinical findings and dosimetric analysis of radiation-induced lumbosacral plexopathy in gynecologic
tumors

Stubblefield (20) 2017 Original Article ~ Determination of the percentage of high-dose single-fraction stereotactic radiosurgery to the spine that
resulted in peripheral nerve injury.

Brydoy (21) 2007 Original Article Estimation of the rate of neurological adverse effects following radiotherapy for testicular seminoma and
analysis of possible dose-related effects.

Ratto (22) 1997 Original Article Analysis of late effects of different therapies on lumbosacral plexus and anorectal physiology in patients
treated for rectal cancer

Lim (23) 2006  Original Article  Analysis of preoperative chemoradiation for rectal cancer and correlation with pudendal neuropathy

Ko (8) 2011 Diagnosis Clinical and electrophysiological findings in adult patients with non-traumatic plexopathies

van Alfen (9) 2013 Diagnosis Diagnosis of brachial and lumbosacral plexus lesions, with a focus on clinical examination

Jaeckle (10) 2010 Diagnosis Differential diagnosis between neoplastic and radiation-induced plexopathy, based on clinical,
neuroimaging, and electrophysiological features

Glantz (1) 1994 Therapies Experimental treatment with heparin and warfarin for radiation-induced nervous system damage

Schiano di Visconte (12) 2018 Therapies Sacral nerve stimulation in fecal incontinence after multimodal therapies for pelvic malignancies

Delanian (13) 2008 Therapies Experimental therapy of radiation-induced lumbosacral plexopathy with pentoxifylline, tocopherol, and

clodronate combination

The early effects of radiation exposure start some hours
after the event, and include enzyme alterations, bioelectri-
cal changes, abnormal microtubules, and altered perme-
ability of the vascular structures (27, 28). Mendes et al. illus-
trated two phases of this process. The first phase included
electrophysiology and histochemistry alterations and the
second phase was strictly correlated with the radiation-
induced fibrosis of the surrounding connective tissue (28).
Radiation-induced lumbosacral plexopathy has been re-
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portedin the treatment of different pelvic malignancies,
especially small pelvic tumors, including the tumors of re-
productive organs, testis, rectum, lymphomas, and tumors
involving para-aortic nodes (3).

The anatomopathological changes in radiation-
induced plexopathy include necrosis and hyalinization
of the media of small arteries, as well as the fibrosis of
nerves, demyelination, and thickening of epineurium
and perineurium (27, 29). The inflammatory response
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has a pivotal role, like fibroblasts and various infiltrat-
ing inflammatory cells, as well as extracellular matrix
components, are found in the surrounding connective
tissue (30). The physiologyof radiation-induced damage
is yet not clear. It seems to rely on the total dose, dose per
fraction, irradiation technique, and the use of brachyther-
apy (15). Since this type of side effects is observed both at
doses lower than 60 Gy and at higher doses (31), it seems
there are also effective factors not related to radiation
therapy (RT). Specifically, these factors could be divided in
treatment-related factors, including the surgery especially
when it includes extended lymphadenectomy and the
use of neurotoxic chemotherapy (cisplatin, taxanes, vinca
alkaloids) and patient-related factors, including younger
age or advanced age, obesity, diabetes, arthritis, smok-
ing, alcohol consumption, pre-existing collagen vascular
diseases, and hypersensibility of patients to radiation
damage (3).

5.3. Diagnosis

The diagnosis can be very challenging in the clini-
cal management of patients with suspicious radiation-
induced lumbosacral plexopathy. It is important, first,
to exclude a recurrence of cancer disease, lumbosacral
plexopathy due to different etiologies (diabetic amy-
otrophic, inflammatory plexitis, retroperitoneal hemor-
rhage), others neurological disorders (lumbosacral radicu-
lopathy, motoneuron disease, mononeuropathies), and
other radiation-induced side effects (mainly on the pelvic
bones) (8-10, 32, 33). Computed tomography (CT) and/or
magnetic resonance imaging (MRI) are mainly used for
this purpose, as they can show metastases infiltrating the
plexus, lymphadenopathy, bone erosions, and so on (34).
Although a distinctive and pathognomonic imaging ap-
pearance of plexopathy is still not clear, MRI can show
patchy or multinodular enhancement along the cauda
equina and the conus medullaris, appearing to correlate
with this type of damage (35, 36).

5.4. Clinical and Electrodiagnostic Findings

Clinical examination and electrodiagnostic tests can
be helpful in the diagnostic assessment of lumbosacral
plexopathies, especially in cases of difficult differential di-
agnosis. The onset of neurological signs and symptoms
is usually insidious mostly with a sensory-motor damage.
Acute and transient symptoms may also appear during or
soon after irradiation (21). Patients mainly refer to walking
difficulties, with asymmetric bilateral leg painless weak-
ness (80%) (37), starting from 1- 3 months to years after the
completion of radiotherapy, accompanied by amyotrophy
and fasciculations. Pain can be present in the lumbar re-
gion or in the lower limbs, but usually not early or severe;

moreover, there are sensory disturbances such as pares-
thesias, numbness, and dysesthesias, according to the der-
matome involved. In lumbar plexus damage, the knee re-
flex is reduced, with sensoryloss in the L2 - L4 dermatomes,
weakness of hip flexors, knee extensors, and leg adductors.
Alesion of the sacral plexus often causes symptoms similar
to sciatic nerve lesions, with further involvement of gluteal
muscles and sometimes, of the anal sphincter, with sen-
sory symptoms in the pelvis, posterior aspect of thigh, lat-
eral calf, and foot. Sphincter disorders, when present, can
be due to peripheral neurogenic damage or pelvic fibrosis.
These disturbances are usually slowly progressive; some
of them are irreversible, dramatically impairing the qual-
ity of life and causing mood disorders. Some authors de-
scribed stabilization or progression of neurological symp-
toms over a few months or a few years while others re-
ported rare cases of neurological improvement (10, 38-40).
In this scenario, electrophysiological studies are crucial to
localize the site of injury and discriminate the etiology.

The sensory nerve action potential (SNAP) amplitude
may be decreased in lesions affecting the plexus while in
cases of lesions proximal to the dorsal root ganglia., such
as radiculopathies and nerve root avulsions, SNAP param-
eters are normal, even in the presence of sensory loss. A
decreased compound muscle action potential (CMAP) am-
plitude on the affected side compared to the normal side
is generally a better indicator of extensive axonal loss and
severe injury.

Needle electromyography (EMG) abnormalities gener-
ally include abnormalities in denervation activity at rest
(fibrillation potentials, positive sharp waves) and neuro-
genic recruitment at full effort (reduced motor unit ac-
tion potentials with increased firing frequency), often ac-
companied by fasciculations, in the myotomes supplied by
the anterior rami of multiple spinal nerves, with sparing
of paraspinal muscles. A highly characteristic radiation-
induced damage finding is the presence of myokymic dis-
charges, which are absent in direct tumornot present in di-
rect tumor invasion of the plexus (8, 37, 41).

The evaluation of paraspinal muscle is mandatory to
rule out lumbosacral radiculopathy because abnormali-
ties in these muscles place the lesion on root levels. In
mononeuropathy, abnormalities are limited to one nerve,
whereas in plexopathy, more than one nerve is involved. In
cases of pure motor-onset lumbosacral plexopathies, the
most common differential diagnosis is amyotrophic lat-
eral sclerosis, which is then excluded for the lack of rapid
progression of the motor involvement in new territories,
the absence of sensory disturbances/electrodiagnostic ab-
normalities, and pyramidal signs (3). Finally, it is im-
portant to underline that electrodiagnostic study results
could be normal in acute plexopathy, especially during the
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first week; therefore, it is recommended waiting at least
three weeks before assessing for these typical findings.

5.5. Current Strategies and Future Challenges

At present, the treatment of radiation-induced lum-
bosacral plexopathy is only symptomatic, as a curative
strategy is still not defined. The pain, if present, is
treated with non-opioid analgesics, benzodiazepines, tri-
cyclic antidepressants, and antiepileptics, whereas carba-
mazepine could be used to reduce nerve hyperexcitability,
like myokymia (3); however, the role of surgery is still not
established.

Vitamins B1 - B6 are often used in clinical practice.
Physical therapy is advised for the maintenance of mus-
cular function. It is also very important to avoid the car-
rying of heavy loads and to avoid movements in exten-
sion that could stretch the suffering plexus (3). Experimen-
tal treatments are currently under investigation, such as
heparin and warfarin, combined pentoxifylline and toco-
pherol alone or in combination with clodronate (PENTO-
CLO) (11,13).

As always in medicine, the best approach could be pre-
vention by reducing the total dose, the dose per fraction,
and the RT volumes, especially in high-risk patients. In this
regard, it is noteworthy to underline that currently in clin-
ical trials, the lumbosacral plexus is still not defined as an
organ at risk (OAR). Thus, in spite of the use of more ad-
vanced techniques of radiation therapy, such as intensity
modulated radiotherapy (IMRT), this organ could undergo
unwanted “dose dumping”. Yi et al. tried to standardize
a method for contouring the lumbosacral plexus, but un-
fortunately, it is currently not adopted at most RT Depart-
ments, as well as in clinical trials (16, 17).

5.6. Conclusions

Radiation-induced lumbosacral plexopathy is actually
under-recognized although its symptomatology can really
compromise the quality of life of patients often cured of
cancer. In the next future, it is of paramount importance
to start studying this type of RT-induced damage, includ-
ing the dosimetry parameters (total dose, dose per frac-
tion, and dose-volume histograms of the whole organ ac-
cording the standardized contouring) and clinical param-
eters (sex, age, cancer, smoking status, and comorbidities)
with an appropriate follow-up time, thus providing suffi-
cient data to develop organ sparing strategies tailored to
individual patients.
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