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Abstract 

Objectives: Prostate cancer (PCa) is the most common malignancy in men, with variable 
presentation, clinical findings and natural progression. The expanding field of cancer neurobiology 
has highlighted perineural invasion, perineural tumour spread, and malignant spinal cord 
compression as features of interest in PCa. This study explored the interaction between PCa and the 
peripheral and central nervous systems and whether prostate cancer interacts with the central via the 
peripheral nervous system. Methods: Cross-sectional study. Adult men presenting with suspected 
PCa to a tertiary academic hospital in Pretoria were recruited. Patients with PCa confirmed via 
histology were subjected to magnetic resonance imaging or neurography, which was performed 
between February 2022 and October 2023. Histological and radiological data were collected for 
descriptive and univariate analyses at the 5% significance level. Magnetic resonance neurography 
(MRN) of patients with biopsy-proven PCa, which is investigational for the indication of assessing 
direct nerve infiltration by PCa. Magnetic resonance imaging (MRI) of patients with clinical suspicion 
of spinal cord compression (SCC) which is standard of care regardless of the possible cause. Results: 
Main outcome measures- Radiological evidence of perineural tumour spread. Almost half (48.3%) of 
the 58 men enrolled had perineural invasion on histology. Perineural tumour spread on MRI was 
evident in 65.8% (n = 32) of the patients. Eight patients presented with spinal cord compression 
caused by PCa in six patients and disc herniation in two patients. Soft tissue and skeletal metastases 
were present in 51.2% and 34.5% of patients, respectively. Conclusion: MRI imaging demonstrates 
clear interaction of PCa with the nervous system. This neurogenous route of tumour dissemination 
represents a novel additional mechanism by which PCa may cause neurological complications in the 
regions supplied by the lumbosacral plexuses and spinal cord, including neuropathic pain. Future 
studies incorporating MRI with positron emission tomography/computed tomography may better 
illustrate nerve involvement. Key messages: What is already known on this topic: Prostate cancer 
can present with perineural invasion on biopsy and can cause spinal cord compression. It has also 
been shown to cause direct neural infiltration in case reports. What the study adds: Perineural 
tumour spread is highly prevalent in patients with advanced disease, and prostate cancer can interact 
with the central nervous system via a direct neural route in addition to the accepted haematogenous 
route. Impact on research, practice or policy: In the setting of sensory or motor neurological 
dysfunction, MRI and magnetic resonance neurography provide noninvasive confirmation of 
perineural tumour spread, which, if followed by prompt initiation of appropriate treatment, reduces 
morbidity. 
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1. Introduction 

Prostate cancer (PCa) is the most common cancer in men [1] and the fifth leading cause of death, 
accounting for 7.1% of cancers in men worldwide [2]. A devastating consequence of advanced PCa is 
spinal cord compression (SCC), which causes paraplegia, erectile dysfunction, and urinary and faecal 
incontinence [3,4]. SCC occurs in 15–20% of patients with bone metastases [5] and in 7% of men who 
die from PCa [6]. 

Historically, four mechanisms of tumour metastases are recognised; contiguous, 
haematogenous, lymphogenous and transcoelomic spread [7]. In PCa-related SCC, the accepted 
mechanism is haematogenous metastasis to the lumbosacral vertebrae via Batson’s valveless venous 
plexus, followed by mass enlargement and extradural SCC [5,8,9]. However, the potential role of 
nerves in cancer dissemination is an emerging area of research. We propose that the dissemination 
of malignant cells via direct invasion into nerves, perineural invasion and propagation in the form of 
perineural tumour spread constitute neurogenous metastasis. Neurogenous, in keeping with the 
existing nomenclature of metastases as described above. 

SCC can precede or follow PCa diagnosis. Patients typically present with gait disturbances and 
incontinence. Timely intervention, including corticosteroids, anti-androgens (if PCa is known), spinal 
imaging, and spinal radiation, may preserve function. Treatment delays often lead to irreversible 
damage. Magnetic resonance imaging (MRI) is the imaging modality of choice for suspected SCC 
[7,10]. The hypothesis that PCa may reach the spinal cord directly via an intradural route through the 
pelvic plexus is of growing interest.  

The prostatic nerve plexus, a continuation of the inferior hypogastric plexus, contains 
sympathetic and parasympathetic fibres and originates from the sacral nerve roots (S2–S4), supplying 
both sides of the prostate. The pudendal and dorsal penile nerves, which control continence and 
sexual function, also arise from S2–S4. Motor and sensory control of the lower limbs is mediated by 
the sciatic (L4–S3) and femoral (L2–L4) nerves.  

Early studies have established the prognostic importance of perineural invasion (PNI) in PCa, 
linking it to adverse pathology [11], biochemical recurrence [12], soft tissue progression [13], and poor 
outcomes [14]. The definition of PNI has evolved. Batsakis originally described PNI as tumour 
invasion in, around, and through the nerve [15]. Liebig et al. defined PNI more precisely as tumour 
cells encircling at least one-third of a nerve’s circumference or invading any nerve sheath layer [16]. 

MRI can also detect perineural tumour spread (PNTS) [17], a radiological entity distinct from 
histological PNI. PNTS features include nerve thickening, enhancement, increased T2 signal, and loss 
of perineural fat. Secondary signs include muscle atrophy due to denervation [18]. Clinically, PNTS 
may cause neuropathic pain, characterised by hypersensitivity and spontaneous pain, present in up 
to 40% of patients with cancer [19]. Validated tools such as the Douleur Neuropathique 4 Q and the 
Leeds Assessment are used to differentiate neuropathic from nociceptive pain. Neuropathic pain is 
typically resistant to opioids and may require adjuvants such as antidepressants, anticonvulsants, 
and antiarrhythmic agents [20]. 

Reports by Ladha and Capek document lumbosacral plexopathy due to PCa [21], including a 
case of bilateral involvement confirmed via MRI and magnetic resonance neurography (MRN). 
Katsumi reported a case of PCa-related sciatica [22]. In both cases, nerve biopsies confirmed PCa cell 
infiltration.  

Magnetic resonance neurography (MRN), first described by Filler et al. [23] in 1993, uses 
modified MRI sequences to visualise peripheral nerves. MRN exploits prolonged T2 relaxation times 
and combines contrast-enhanced T1-weighting, fat suppression and blood-signal suppression 
techniques to create a ‘neurogram’. MRN has shown the most promise in imaging brachial and 
lumbosacral plexopathies [24], but its application in cancer neurobiology is expanding.  
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This study aimed to determine whether patients with PCa show radiological evidence of tumour 
interaction with the 1) peripheral nervous system (PNS), 2) central nervous system (CNS), and 3) 
whether the PNS serves as a conduit for CNS involvement. The histological finding of PNI in PCa, 
anatomy of the pelvic nerve plexus, proximity of the prostate to the lumbosacral spine and 
presentation of patients with SCC present a unique opportunity for further interrogation of tumour-
nerve interactions through the spatial imaging. MRI and MRN were used to trace peripheral nerves 
from the prostate to the lumbosacral spine. We sought radiological evidence of cancer tracking along 
the nerves toward the spinal cord.  

2. Materials and Methods 

This cross-sectional study was conducted as follows. Following informed consent, adult male 
patients with suspected PCa presenting to Steve Biko Academic Hospital in Pretoria, South Africa, 
were screened. Patients with histologically confirmed PCa were enrolled between February 2022 and 
October 2023. MRI and MRN were performed at state and private facilities, using protocols 
summarised in Table 1. The study was approved by the University of Pretoria Health Research Ethics 
Committee (Ref: 276/2021) and conducted according to the university’s code of research ethics and 
the Declaration of Helsinki. Patient and public participation in research design and conduct was not 
a requirement at the time of protocol submission.  

Variables 

Data were collected from clinical history including the presence of neurological fallout, blood 
tests, histology, and MRI. Back pain, back trauma, and HIV were assessed as confounders of 
abnormal nerve findings. Elevated prostate-specific antigen (PSA), routinely measured in suspected 
PCa, was an inclusion criterion. 

Histological variables included Gleason score, International Society of Uropathologists (ISUP) 
grade group, and presence of PNI. MRI/MRN assessments included evidence of PNTS in pelvic 
nerves, nerve roots, compression of the spinal cord, and midsagittal distances from the prostate base 
to the sacral promontory and the sacrococcygeal junction. 

Sample size 

This study forms part of a larger project studying the interaction of PCa with the nervous system. 
The calculated sample size was 158. The patient enrolment is summarised in Figure 1. The inclusion 
criteria for the overall project was all adult males presenting with suspected PCa who consented to 
prostate biopsy, 171 patients were enrolled. The patients who had biopsy-proven PCa were to 
proceed to MRI/N, 104 met this criterion. Resource constraints in the state hospital, where the MRI 
machine was out of service for a prolonged period led to most of the scans being performed in private. 
The costs of private services set a limit on the total number of patients who could be scanned. Fifty-
eight patients were enrolled into this leg of the project. 

Table 1. The magnetic resonance imaging (MRI) and magnetic resonance neurography (MRN) protocols used 
and patient profile in the state and private facility. 

Category State Private sector 
Patient profile Ambulant and wheelchair-bound patients Only ambulant patients 

Scanner used 
Philips Achieva 1.5T scanner with 

dedicated spine coil 
GE 3 Tesla Signa Pioneer 2.0 and 

GE 1.5 Tesla Signa Voyager 

Imaging scope 

The standard metastatic spine MRI 
protocol was modified to include the 

pelvis to assess the spread of perineural 
tumours. 

The lumbosacral spine and pelvis 
were scanned separately with 

high-resolution protocols. 
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Spine protocol 

Short T1 inversion recovery (STIR) 
sagittal and coronal 

T1-weighted (T1W) spectral presaturation 
with inversion recovery (SPIR) post-

Gadolinium (sagittal, coronal, selected 
axial) 

STIR coronal and sagittal 
T2 sagittal and axial 

T1 pre- and post-contrast in all 
three planes 

 

Pelvis protocol 

T2-weighted spectral adiabatic inversion 
recovery coronal 

T1W axial using the Principle of Selective 
Excitation Technique 

T1W SPIR post-Gadolinium (axial and 
coronal) 

Diffusion-weighted imaging (DWI) 

T2 high resolution in three planes 
T1 axial and coronal (pre- and 

postcontrast) 
DWI with b values of 1400 

STIR coronal 
 

Contrast agent Gadolinium Gadovist 

 

Figure 1. Patient enrolment. 

Statistical analysis 

Data were analysed using Stata Standard Edition 18.0. The data were descriptively analysed. 
Normality of the continuous variables was assessed using the Shapiro‒Wilk test. Normally 
distributed variables are reported as the mean and standard deviation (x ̄ [SD]). Nonnormally 
distributed continuous variables are presented as medians and interquartile ranges (25th–75th 
percentiles). Categorical variables are reported as frequencies and percentages (n [%]). Student’s t 
test was used to assess continuous data distribution, variance homogeneity, and data independence. 
The study used a 5% significance level.  

3. Results 

Fifty-eight patients were enrolled in the study, 19 were imaged in a state facility and 39 at a 
private facility.  

The average age was 66.6 years (+/- 8.1 SD), the average PSA was 35.3 μg/L (IQR 14–157). HIV 
was negative in 49 patients (92.5%) and positive in four patients (7.5%). Histologically, 28 patients 
(48.3%) were classified as high-risk based on Gleason score. ISUP grade grouping showed a near-
equal distribution between intermediate-risk (n = 23, 39.7%) and high/very high-risk (n = 22, 37.9%) 
categories. PNI was present in 28 patients (48.3%). The histology, MRI and MRN findings are 
summarised in Table 2. 
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Table 2. Histological, MRI and MRN findings. 

Variable (n) Number (%) 

Histological findings (58)  

Gleason score  

  Low grade 13 (22.4%) 

  Intermediate grade 7 = 4+3 17 (29.3%) 

  High grade 28 (48.3%) 

ISUP  

  1 13 (22.4%) 

  2 17 (29.3%) 

  3 6 (10.3%) 

  4 16 (27.6%) 

  5 6 (10.3%) 

PNI present 28 (48.3%) 

MRI spine, pelvis (58)  

Institution  

  State 19 (32.8) 

  Private 39 (67.2) 

Soft tissue metastases  

  Extracapsular 29 (64.4%) 

  Seminal vesicle 26 (55.3%) 

  Lymph nodes  19 (38%) 

  Bladder wall 10 (20.8%) 

  Pelvic diaphragm 3 (6.5%) 

  Rectum 2 (4.1%) 

  Pelvic wall 0 (0%) 

Bony metastases  

  Pelvis  15 (30.8%) 

  Vertebrae  16 (30.6%) 

  Femur  4 (8.5%) 

Midsagittal distance  

  Sacral promontory 79.3 (13.2) 

  Sacrococcygeal junction 74.1 (10.2) 

Perineural tumour spread  

  Reduced perineural fat 24 (49%) 

  Thickening 20 (40.8%) 

  Increased T2 signal 17 (34.7%) 

  Enhancement 7 (14.3%) 

Secondary changes: Denervation 1 (2.0%) 
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No nerve changes 17 (34.7%) 

The median prostate volume was 32.5 cc (IQR 25–56), ranging from 8 to 261 cc. More than half 
of the patients had a prostate volume of ≤40 cc. Soft tissue metastases were present in 30 patients 
(51.2%) in the following structures in order of frequency: extracapsular extension, seminal vesicles, 
lymph nodes, bladder wall, pelvic diaphragm and rectum. No pelvic sidewall metastases were 
observed. 

PNTS was identified in 32 patients (65.3%). The individual features of PTNS are shown in Table 
2. Seven patients had only enhancement, 11 had only reduced perineural fat, and the remainder 
showed multiple features.  

Among the 32 patients with radiological PNTS, 15 had histological PNI, while 16 did not. Of the 
18 patients without radiological PNTS data, seven had histological PNI, and 11 did not. A correlation 
matrix (Table 3) showed associations between PSA and Gleason score, PSA and ISUP grade, and 
Gleason score and ISUP grade. No significant correlations were found between PNTS and any other 
variables. 

Table 3. Correlation matrix to investigate the associations between PNTS and PSA, ISUP grade, Gleason score 
and age. 

 PNTS PSA ISUP Gleason Score Age 

PNTS 1.00     

PSA 
 ρ 
 p value 

 
0.299 

0.05 

 
1.00 

   

ISUP 
 ρ 
 p value 

 
0.023 

0.87 

 
0.437 

<0.001 

 
1.00 

  

Gleason Score 
 ρ 
 p value 

 
0.003 

0.98 

 
0.418 

<0.001 

 
0.964 

<0.001 

 
1.00 

 

Age 
 ρ 
 p value 

 

0.252 
0.08 

 
0.008 

0.93 

 
0.031 

0.76 

 
0.031 

0.76 

1.00 

Eight patients with suspected SCC underwent MRI, not the extended MRN sequence. The 
findings are shown in Table 4 and Figure 2. In four patients, the presentation of SCC preceded the 
diagnosis of PCa. The other four patients were diagnosed with PCa before presenting with inability 
to walk. The cause of SCC was unrelated to PCa in two patients and was attributed to disc prolapse. 
Four patients had PNTS and nerve root compression, with no evidence of skeletal involvement or 
neurological fallout. Five patients had dural and epidural thickening and enhancement. 
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Table 4. Characteristics of patients who presented with spinal cord compression (SCC). 

Patient ID 
Known 

PCa 
PNI Disc bulge 

Osseous vertebral 
metastases 

Soft tissue mass Cause of compression 

SCC1 Yes No Yes, not compressive 
Yes, widespread, fracture 

T12 
Yes (thoracic and sacral) 

Soft tissue impingement on the spinal cord, T12, 
and sacral nerve roots 

SCC 2 Yes Yes 
Yes, multiple levels, 

compressive at C5/6, C6/7, 

L4/5 
No No Disc herniation, bilateral L4/5 nerve root 

SCC 3 Yes Yes 
Yes, diffuse, not 

compressive 
Yes, widespread 

Yes, enhancing, thickened epidural 
and dura, not compressive 

Osseous compression bilateral S1 nerve root 
impingement 

SCC 4 Yes Yes Yes, C3/4, C4/5 Yes Yes Soft tissue, T10/11 nerve root, right side 

SCC 5 No Yes 
Yes, diffuse, not 

compressive 
Yes, sacrum, pelvis 

Yes, enhancing, thickened epidural 
and dura involving the entire spine, 

compressive 

Spinal canal narrowing plus lobulated 
impressions on the cord due to soft tissue, 

buckling of the cauda equina 
SCC 6 No Yes  Yes No Osseous compression, L2 
SCC 7 No Yes  Yes No Vertebral collapse with compression, T3 
SCC 8 No Yes Yes, not compressive Yes, widespread No Disc herniation, L5/S1 
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Image A, top image:  T1 post-

contrast, axial. 

Thickened nerve root with 

increased T2 signal, L4, left 

Image B, bottom image:  T1 post-

contrast, axial, same patient as 

above 

Fat suppressed image 

Thickened nerve root S2 

Image C:  T1 post-contrast, sagittal 

Dural and epidural thickening with 

enhancement and beading, causing 

concentric compression on the 

spinal cord 

Multilevel vertebral metastases 

Image D: T1 post-contrast, sagittal 

Distances from the prostate base to 

the sacral promontory and the 

sacrococcygeal junction 

Prostate volume = 261 cc 

Multilevel vertebral metastases 

Image E: T1 post-contrast sagittal 

Dural and epidural thickening and 

enhancement, no compression 

from vertebral masses  

Image F: T1 post-contrast, coronal 

Enhancement of the prostate and 

lymph nodes 

Figure 2. Magnetic resonance (MR) and magnetic resonance neurography (MRN) images. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 August 2025 doi:10.20944/preprints202508.0698.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.0698.v1
http://creativecommons.org/licenses/by/4.0/


 

 

4. Discussion 

This study addressed three objectives: (1) to determine whether PCa interacts with the PNS, (2) 
whether it interacts with the CNS, and (3) whether CNS involvement occurs via the PNS. Fifty-eight 
patients were enrolled in the study. 

The average patient age and PSA levels were consistent with previously reported data. Nearly 
half (48.3%, n = 28) of the cohort fell into the intermediate- or high-risk categories by ISUP grade. 
High-grade disease typically indicates advanced cancer, reflecting greater architectural 
disorganisation as reflected by higher Gleason or ISUP scores. In low- and middle-income countries, 
including South Africa, patients with PCa often present late due to delays in healthcare access, low 
health literacy, unemployment, and low income [25]. Studies from South Africa confirm this trend, 
with patients frequently presenting with high PSA levels, high-grade tumours, or metastatic disease 
[26–29].  

Contiguous soft tissue spread was observed in 51.2% of patients. Lymph node metastasis (38%) 
and skeletal and vertebral metastases (34.5%) reflected lymphatic and hematogenous spread, 
respectively (Table 2). Of the four currently recognised mechanisms of metastasis, we did not explore 
transcoelomic spread, but it may be relevant in future studies given the location of the CNS within 
the discrete, fluid-lined meningeal cavity. A novel additional mechanism of tumour spread, 
neurogenous metastasis, is the focus of this study.   

Interaction between PCa and the PNS 

Radiological evidence of PTNS was found in 69.1% of patients, and histological evidence of PNI 
was found in 48.3%. PNI is a well-established prognostic factor and is routinely reported per 
international guidelines [30]. PNI is associated with adverse pathology [11], biochemical recurrence 
[12], soft tissue progression [13], and poor prognosis [14]. 

MRN is a noninvasive modality that enables visualisation of nerve structures along their course, 
distinguishing them from the surrounding vasculature and tissue [23,24,31]. In this study, MRN 
visualised nerves directly invaded by cancer. PNTS was visualised in the inferior hypogastric plexus, 
femoral nerve, sciatic nerve, and lumbar and sacral nerve roots. Prior case reports confirmed PNTS 
through nerve biopsies, typically years after initial PCa diagnosis. PNTS has been observed in the 
lumbosacral nerve roots and plexus [32], the lumbosacral plexus only [33], the lumbosacral plexus 
and sciatic nerve [34], bilateral lumbosacral plexuses [21], and the sciatic nerve [22]. Invasive nerve 
procedures carry a high risk of permanent motor or sensory deficits [35]. In two case reports, 
neurological symptoms preceded PCa diagnosis; in others, symptoms arose years later. Confirmation 
of PNTS via MRN may eliminate the need for surgical biopsy and allow earlier treatment initiation. 
Neuropathic symptoms, including pain, gait disturbance, and sensory or motor deficits, should 
prompt MRN assessment for PNTS. 

The average distances from the prostate base to the sacrococcygeal junction (74.1 mm) and the 
sacral promontory (79.3 mm) represent the shortest linear path to the spinal cord, although actual 
nerve length is longer due to anatomical complexity. These distances may help estimate the time to 
potential spinal cord involvement if the rate of propagation of tumour cells in PNTS is determined, 
particularly in patients with PNI at diagnosis. Future studies to determine the rate of propagation 
could be modelled on what is known about the rate of nerve regeneration following injury which is 
1 mm per day [36,37]. 

Interaction between PCa and the CNS 

Eight patients presented with SCC, indicating possible interaction of PCa with the CNS; four 
patients did not have a prior diagnosis of PCa. In six patients, PCa was the underlying cause; in two, 
disc herniation was responsible (Table 3). Malignant SCC is a well-known complication of advanced 
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cancers, including prostate, breast, and lung cancers [7]. Early detection is critical for neurological 
recovery [38].  

Currently, cancer cells are believed to reach the spinal cord via haematogenous spread into 
Batson’s valveless venous plexus and the vertebral bodies, with subsequent expansion of the 
malignant mass causing SCC [8], which occurred in four patients in our study. One patient (SCC 7) 
had compression from vertebral collapse, and another exhibited concentric dural and epidural 
thickening without compression from vertebral collapse or an expanding metastatic vertebral deposit 
(SCC 5). These findings underscore the need for comprehensive imaging to differentiate PCa-related 
causes  from other  causes and guide appropriate management. 

CNS involvement via the PNS  

One patient had dural and epidural thickening with enhancement and no compression from 
vertebral related metastases. This finding suggests a neurogenous route of CNS invasion. Hebert-
Blouin et al. proposed direct perineural spread from the pelvic plexus to the lumbosacral plexus as a 
potential mechanism for dural metastases [33]. Our findings support this hypothesis. The meninges 
may prevent intradural metastases, dural and epidural involvement can cause SCC via an extradural 
route, as in patient SCC5. 

Additionally, four patients with radiological PNTS but no neurological symptoms were present, 
including one with dorsal root ganglion enhancement and no skeletal metastases. These findings 
suggest subclinical PNTS with potential for progression. Serial imaging may provide further insights.  

The limitations of the study include the single-centre design, small sample size, and lack of serial 
imaging. Multi-centre studies involving larger sample sizes will be important in determining the 
generalisability of the findings. The high cost of MRN may limit its widespread use in resource-
constrained settings. We propose three future directions:  

(1) Combine MRN with positron emission tomography/computed tomography to improve 
specificity for PNTS and exclude other causes of nerve inflammation 

(2) Correlate PNTS with the radiological TNM stage, PIRADS score, grade of disease per Gleason 
score or ISUP grade grouping or PNI to refine prognostic implications.  

(3) Incorporate MRN data into mathematical models to predict the spread of cancer cells along 
nerve fibres. 

5. Conclusions 

This study demonstrates that PCa interacts with the PNS and CNS. PTNS was frequently 
identified via MRN, supporting a neurogenous route of dissemination of PCa. 
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Abbreviations 
The following abbreviations are used in this manuscript: 

CNS  central nervous system 
DWI  diffusion-weighted image 
ISUP  International Society of Uropathologists 
MRI  magnetic resonance imaging 
MRN  magnetic resonance neurography 
PCa  prostate cancer 
PNI  perineural invasion as observed via histology 
PNS  peripheral nervous system 
PNTS  perineural tumour spread as observed via radiological imaging 
PSA  prostate-specific antigen 
SCC  spinal cord compression 
SPIR  spectral presaturation with inversion recovery 
STIR  short T1 inversion recovery 
T1W  T1-weighted 
T2W  T2-weighted 
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