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SUMMARY Perineural spread has been demonstrated histologically in 65/180 (36%) major surgi-
cal resections for squamous carcinomas of the head and neck; the incidence in a smaller necropsy
series was 18/20 (90%). Perineural infiltration was observed most commonly in the vicinity of
carcinomas arising in the buccal cavity (31/63, 50%) and, at all sites, it was most commonly
encountered near tumours ¢2-5 cm in diameter. Perineural spread near cervical node metastases
was, by contrast, uncommon in the surgical series. Tumour within perineural spaces tends to be
concentrated at the margin of the nerve and shows only limited extension inwards, but cells may
track upwards and downwards within the spaces. Distant spread for >2 cm is unusual, and
interval sampling of involved nerves in necropsy material indicates that most perineural tumour
cells are confined to the distal 1 cm of the affected nerve. Infiltrated nerves regularly show
varying degrees of myelin and axonal degeneration, probably anoxic in origin, and segmental
infarction of nerve trunks was observed in three patients. Fine changes in axons and myelin have
been regularly demonstrated with two monoclonal antibodies, and the use of these new reagents
is described.

Infiltrating carcinomas frequently invade perineural
spaces which provide a route of further dissemina-
tion, notably to the intracranial cavity. The involved
nerves are often a source of severe local and refer-
red pain or dysaesthesia. Several descriptions of
perineural spread by tumours arising in the breast,
skin, lip, lungs, oesophagus and stomach' date from
the turn of the century, and a well-illustrated
account was published by Ernst in 1907.2 Infiltration
of perineural spaces was subsequently recognised in
other carcinomas, particularly those arising in the
pancreas and prostate. The perineural spaces were
originally regarded as lymphatics' but they have now
been shown to be separate from any part of the
organised lymphatic system.34

Within the head and neck, perineural spread is
particularly associated with adenoid cystic car-
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cinomas of the major and minor salivary glands, but
it is also a common feature of squamous car-
cinomas:5-9 The purpose of the present paper is
twofold: (i) to record the incidence of perineural
infiltration in a large series of squamous cancers of
the head and neck, drawn from both surgical and
necropsy material; (ii) to describe the detailed his-
topathology of the infiltrated nerves using two
monoclonal antibodies directed against axonal and
myelin components of human nervous tissue.

Patients and methods

Patients in the surgical series were admitted to the
Royal Marsden and Kings College Hospitals bet-
ween 1976 and 1982. Most of the patients in the
necropsy series were admitted to St Christophers
Hospice. Surgical specimens and necropsy tissues
were dissected in detail in the laboratory, fixed in
10% formol saline and processed by standard tech-
niques for histopathology. Bone was decalcified in
10% formic acid. Extra material was stained with
methazole fast blue to demonstrate myelin and with
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the Glees-Marsland silver impregnation technique
for axons.

MONOCLONAL ANTIBODIES

Preparation of immunogen
Human brains were obtained within four hours post
mortem from persons dying suddenly and unexpec-
tedly. Brains from patients dying with known malig-
nant or central nervous system diseases were

excluded. Brain tissue was sliced, homogenised and
salt-fractionated."0 The neurone-specific protein
fraction was prepared from this precipitate by
chromatography on a DEAE 52 cellulose column
(Whatman, preswollen)."1 Enolase (2-phospho-D-
glycerate hydrolase) activity was assayed12 and three
peaks of activity eluted from the column. The frac-
tions containing peak III were pooled and lyophil-
ised.

Preparation of monoclonal antibodies
Female BALB/c mice aged eight weeks were
immunised by the subcutaneous injection of 100 ,g
(protein content) of lyophilised immunogen in 200
,ul Freund's complete adjuvant. The injections were
repeated intraperitoneally at 7 and 14 days and the
mice were then "rested" for one month. Three days
before cell fusion, the mice received a fourth
intraperitoneal injection of 100 ,ug immunogen in
sterile normal saline.
Lymphocytes disaggregated from the spleens of the

immunised mice were fused with cells of the mouse

myeloma line NS1 using polyethylene glycol. The
hybridized cells were selectively cultured in Dul-
becco's minimal essential medium containing
hypoxanthine, aminopterin and thymidine, and
cloned from the outset in 0-25% (wt/vol) agar.3 Ten
days after cell fusion, cultures producing antibodies
were identified using a modified plate-binding
assay.'4 Duplicate aliquots of tissue culture media
were incubated in the wells of microtitre plates pre-
viously absorbed with the original immunogen.
Bound antibody was then detected after incubation
with '25I-labelled affinity-purified rabbit antimouse
immunoglobulin GI' (Sera Lab). Hybridoma col-
onies picked from positive wells were grown up
individually. After 10 days, these culture supernat-
ants were assayed for antibodies binding to the
immobilised immunogen.

Positive supernatants were concentrated tenfold
with Amicon B-125 ultrafiltration chambers. A wide
range of normal human tissue stained immunohis-
tochemically by the concentrated supernatants was
examined. The supernatants from two hybridomas
showed specific staining (within the nervous system)
for myelin sheaths (LICR-LON-E25) and for nerve

axons (LICR-LON-E36). These hybridomas were
recloned by limiting-dilution before passage as
ascites tumours in mice.

IMMUNOHISTOCHEMICAL STAINING OF
SECTIONS
Histological sections were stained by the indirect
immunophosphatase technique. Ascites from each
hybridoma, diluted 1/100 in sodium phosphate buf-
fered saline (pH 7.4) containing 1% (wt/vol) bovine
serum albumin (PBS-BSA), was employed as the
primary immunohistochemical reagent. After rins-
ing in PBS containing 0-01% (vol/vol) Tween-80,
bound monoclonal antibodies were identified with a
sheep antimouse immunoglobulin G conjugated to
alkaline phosphatase'6 and visualised using a freshly
prepared mixture of Fast Red (0.5 ,g/,ul) and
sodium naphthol As-Bl (0.5 ,ug/,ul) in 30 ml veronal
acetate buffer (pH 9.2).

Results

OVERALL INCIDENCE OF PERINEURAL SPREAD
The results in the surgical series of 250 patients are
summarised in Table 1. Perineural spread is consi-
dered in two groups: in relation to primary tumours
and to metastases in cervical lymph nodes. The
overall incidence of perineural spread in the vicinity
of the primary tumours is 65/180 (36%). It was
reported most frequently for carcinomas arising in
the buccal cavity-31/63 (50%). At all sites,
perineural infiltration was most commonly seen in
association with primary tumours -2-5 cm in
diameter-Table 2. Perineural spread in the vicinity
of cervical node metastases is, by contrast, uncom-
mon and was encountered in only 5 out of 157 radi-

Table 1 Perineural spread in surgical series (250 patients;
210 men and 40 women; age range 26-86 yr (mean 60 yr))

Site Numbers Numbers and
percentage (%o)
with pernneural
spread

Primary tumours
*Buccal cavity 63 31 (50)
tOropharynx, hypopharynx,
cervical oesophagus 30 10 (33
Larynx 76 21(26
Nose, paranasal sinuses 9 2 (25
Miscelianeous 2 1 (50
Totals 180 65 (36

Metastases in cervical lymph nodes
t Radical neck dissections 157 5 (3)
*Tongue 39; floor of mouth, retromolar trigone and alveolus 20;
buccal mucosa 3; lip 1.
tOropharynx 14; hypopharynx and cervical oesophagus 16.
*87 dissections combined with en bloc resections of primary
tumours; 70 dissections performed as separate procedures.
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Table 2 Perineural (PN) spread in relation to size ofprimary tumour in surgical series

Site Numbers Largest diameter oftumour in resected specimen

<2Scm 2S cm

Buccal cavity JPN spread + 311 J 6 25
1PN spread - 32f 122 10

Oropharynx, hypopharynx, fPN spread + 101 f 2 8
cervical oesophagus IPN spread - 201 114 6

Larynx JPN spread + 211 f3 18
1PN spread - 55f 143 12

Nose, paranasal sinuses fPN spread + 21 J0 2
PN spread - 7f 1 5 2

Miscellaneous JPN spread + 11 f- 1
PN spread - i1 l 1

Total 180

All sites JPN spread + 65 11 54
1PN spread - 115 85 30

Table 3 Perineural spread in necropsy series (20 patients;
14 men and 6 women; age range 50-95 yr (mean 67 yr))

Site of Numbers Numbers with
primary tumour perineural spread

Buccal cavity 7 7
Oropharynx, hypopharynx 12 10
Nasal cavity 1 1
Total 20 18 (90%)

Patients with perineural spread
In vicinity of primary tumour 11
In vicinity of nodal metastases 3
In both sites 4

cal neck dissections (3%). Two of these five patients
also showed perineural infiltration near their prim-
ary tumours which were removed en bloc with the
neck dissection.

The results in the necropsy series of 20 cases are
shown in Table 3. The incidence of perineural
spread is high-18/20 (90%). Its general distribu-
tion has changed in that proportionately more
patients show evidence of perineural infiltration
near nodal metastases in the neck-7/20 (35%).

MORPHOLOGICAL CHANGES OF PERINEURAL
SPREAD
The histological features of perineural infiltration
were similar in the surgical and necropsy series and
may be summarised as follows. Tumour cells enter
perineural spaces and tend to remain at the margins
of the nerve trunks, showing little tendency to
invade inwards into the nerve bundles (Fig. 1).
Perineural tumour can, however, track upwards and
downwards within the spaces. Upward spread of 6

A,_
Fig. 1 Squamous carcinoma of the
tongue infiltrating perineural
spaces ofa local nerve deep in the
lingual musculature. Some of the

r .vt < Schwann cell nuclei appear
degenerate. The patient
complained ofsevere pain in the
territory of the mandibular nerve.
Haematoxylin and eosin x 500.
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H-

Fig. 2 Squamous carcinoma of the floor of the mouth
infiltrating penineural spaces of branches ofthe inferior
dental nerve within the inferior dental canal. Haematoxylin
and eosin x 225.

cm was observed in one surgical case of squamous
carcinoma of the external auditory meatus which
infiltrated the nerves of the sphenopalatine ganglion
in the pterygopalatine fossa. Downward spread of

1-3 cm was seen in four patients with intraoral car-
cinomas invading along the inferior dental nerve
within the mandible (Fig. 2). The extent of
perineural spread was examined in more detail in
the necropsy patients with sections taken at intervals
along fully dissected nerves: in most cases perineural
tumour was confined to the distal 1 cm of the nerve
trunk and more extensive linear invasion was
uncommon. Light perineural inflammatory
infiltrates, composed of lymphocytes and mononuc-
lear cells, were an inconsistent feature. Perineural
fibrosis, sometimes dense, was seen in heavily
irradiated tissues.
The nerve trunks themselves may be histologically

intact, but minor degenerative changes were not
uncommonly seen in conventionally stained sections
(Fig. 1). Foci of Schwann cells developed degener-
ate and pyknotic nuclei, and some of the nerve fibres
appeared fragmented. Segmental infarction of
infiltrated nerve trunks was observed in three cases.
One surgical patient had an infarcted inferior dental
nerve within the inferior dental canal. Two patients
from the necropsy group had infarcted vagal trunks
in the neck in association with massive nodal metas-
tases and dense postirradiation fibrosis (Fig. 3);
direct invasion of the sympathetic chain was also
demonstrated. Gross degeneration of axonal and

Fig. 3 Infarction of the main vagal
trunk in the neck, associated with
perineural infitration from a
squamous carcinoma of the
oropharynx metastatic to cervical
lymph nodes. There is also marked
fibrosis. The patient developed
complete dysphagia but no local
obstruction was found at necropsy
(see ref 9). Haematoxylin and eosin
x 60.
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Fig. 4 Squamous carcinoma of the
floor of the mouth with penineural
spread along branches ofthe
inferior dental nerve. Preparation,
stined with antimyelin T,
monoclonal antibody
(LICR-LON-E25). The x

uninvolved branch on the right side
(large curved arrow) shows dark
uniform staining ofmyelin. Two of ,.A
the involved nerves (straight
arrows) also have intact myelin,
but the others (small curved
arrows) show a variable, patchy
loss ofstainable myelin. x 220.

\S ... '

F~~~~~~~~~~~Y

Fig. 5 Squamous carcinoma of the . ' 4.i
nasal septum infiltrating the facial * t-t
branches ofthe maxillary nerve. YF y4+4
Preparation stained with A
anti-axonal monoclonal antibody .
(LICR-LON-E36). Intact nerve - *S
fibres are largely concentrated at 4
one pole of the nerve, opposite the * s., : ;*
infiltrate. The patient had local '' ,e'4 M'
anaesthesia, subsequently I& W
developed palsies ofthe facial and ;..t.,,,,' ,
abducent nerves, and died of *Rf
intracranial extension ofhis
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myelin components was confirmed by impregnation
techniques.
The occurrence of finer degenerative changes in

involved nerves was subsequently examined in more
detail with a new immunohistochemical method.

IMMUNOHISTOCHEMICAL CHANGES
Observations were made with two monoclonal anti-
bodies which identified epitopes within axonal and
myelin components of human nervous tissue. In pre-
liminary experiments, both antibodies were shown
to be active with surgical and necropsy material
fixed in 10% formol saline, with tissues decalcified
in 10% formic acid, and with tissues stored as
paraffin blocks for up to five years. The histological
preparations were of consistent quality, they
retained fine cytological detail, and they were per-
manent.

Blocks from 15 cases with perineural infiltrates
were examined. Uninvolved nerve trunks showed
strong specific staining with both monoclonal anti-
bodies (Fig. 4). Faint weak-positive staining of nec-
rotic debris, keratin and striated muscle was
observed in some slides stained with antimyelin
antibody, but staining in nerve trunks was not com-
promised. Most involved nerves showed decreased
staining with both antibodies (Figs. 4, 5). This
decrease was most marked with the antimyelin anti-
body so that several nerve trunks lacking stainable
myelin still contained some axonal elements.
Marked decrease in staining correlated with the
abnormalities previously described in infiltrated
nerves in standard histological preparations. Only
axonal remnants, and no myelin, were demonstrated
in infarcted nerve trunks. Small decreases in stain-
able myelin and axon components were regularly
found in nerves which, apart from perineural
infiltrates, had appeared intact in conventional sec-
tions. Decreased staining in involved nerve trunks
was not related to the thickness of the neoplastic
infiltrates nor to the presence of perineural
inflammatory cells.

Discussion

The findings reported here confirm the high inci-
dence of perineural spread by squamous carcinomas
of the head and neck and demonstrate that many
infiltrated nerve trunks sustain damage to axonal
and myelin components. The number of patients
examined is large and the various sites of the prim-
ary tumours are adequately represented, but certain
preliminary points should be noted. Carcinomas of
the nasopharynx are not included as these tumours
are not treated by radical excision. Most of the sur-
gical patients had advanced tumours which, in many
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instances, had failed to respond to previous
radiotherapy or chemotherapy, or both. Both surgi-
cal and necropsy material was examined in consid-
erable detail with at least four blocks, and some-
times many more, taken from the tumour and its
immediate environs. The recognition of nerve inva-
sion in tissue sections was straightforward though
possible confusion of perineural spread in the oral
cavity with local neuroepithelial embryological
remnants'7-20 was borne in mind.
Three main findings emerge from the surgical

series. Perineural spead of squamous cancer in this
region is more commonly seen near primary
tumours than near nodal metastases in the neck. The
anatomical site of the primary tumour is an impor-
tant determinant, largely reflecting differences in the
number and distribution of nerve trunks and their
likely contiguity to invading neoplasm. The size of
the primary tumour is also relevant, perineural
spread being more common in lesions -2-5 cm in
diameter. The difference between perineural
infiltration in the vicinity of primary and metastatic
tumours is less apparent in the smaller necropsy
series where many of the terminal patients had mas-
sive nodal and extranodal disease in the neck. The
overall incidence of perineural spread in the nec-
ropsy group was very high. In both surgical and nec-
ropsy series, large squamous carcinomas arising in
the buccal cavity are identified as the most likely
tumours to spread into the nerve trunks.
The basic histopathological changes of perineural

infiltration are familiar. The tumour cells are charac-
teristically concentrated within the perineural spaces
and do not advance inwards for any distance into the
substance of the affected nerve trunks. In a study of
the spread of squamous cancers of the head and
neck, Willis5 claimed that "medullated nerves enjoy
a decided immunity from invasion by epidermoid
carcinoma" and commented that he had "yet to see
an example of ... invasion and disruption of a mi-
croscopic nerve bundle." These views may now be
re-examined. Degenerative changes in involved
nerves are sometimes apparent in routinely stained
material. Infiltrated nerves occasionally develop
segmental infarction. Staining with sensitive mono-
clonal antibodies demonstrates that varying degrees
of axonal and myelin damage are common in
involved nerves, including trunks which appear
normal in conventional preparations. It was sug-
gested previously8 that the segmental blood supply
of nerve trunks is compressed by columns of tumour
cells growing axially along the perineural spaces,
and the changes now observed in involved nerves-
ranging from trivial axonal and myelin degeneration
to complete infarction-are compatible with differ-
ent degrees of hypoxic damage. New information
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has also become available on the extent of axial
growth of tumour up and down the perineural
spaces. Examples of distant spread of several cen-
timetres were encountered here and have been
recorded previously ;6 7 but interval sampling of
nerves in our necropsy series indicates that most
perineural tumour is confined to the distal 1 cm of
the affected nerve.

In order to obtain probes which are useful in an
analysis of pathological changes, many investigators
have sought monoclonal antibodies directed towards
the so-called "tissue-specific" antigens.2122 How-
ever, as we have previously demonstrated,23 such a
requirement is not essential. To be a useful analyti-
cal reagent, it is only necessary that a given mono-
clonal antibody exhibits "within-tissue" specificity
and that it binds to a particular tissue in a precise
and reproducible manner. Thus, within the nervous
system, LICR-LON-E25 only binds to myelin
sheaths whereas LICR-LON-E36 binds to nerve
axons. With respect to the use of monoclonal anti-
bodies as immunohistochemical reagents, an addi-
tional caveat applies to the manner in which the his-
tological tissues are processed, and in particular, the
mode of their fixation. Since a particular epitope
may be preserved by one fixative but destroyed by
another, it is important to specify the method of
tissue fixation before comparing the binding of
monoclonal antibodies to different tissues. The two
monoclonal antibodies (LICR-LON-E25 and
LICR-LON-E36) have proved extremely useful in
this study. They demonstrate fine structural changes
in a specific and reproducible manner, more reliably
than the conventional metallic impregnation techni-
ques, and they can be used in formalin-fixed surgical
and necropsy tissues which have been decalcified or
stored for several years. Their value in detecting
degenerative changes in disorders of the central and
peripheral nervous system is likely to be consider-
able.

The authors are indebted to Mr HJ Shaw, Mr Peter
Clifford, and Dr Vera Dalley for access to their
patients. Financial support is acknowledged from
the Medical Research Council (RLC) and the Van-
dervell Foundation (MRP).
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