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Abstract

To evaluate and compare the clinical and histopathological profile of primary and recurrent

orbital-periorbital plexiform neurofibromas (OPPN) in patients with neurofibromatosis type

1. We retrospectively evaluated 43 primary or recurrent neurofibroma (NF) specimens from

26 patients (2002 to 2018) at the King Khaled Eye Specialist Hospital, Saudi Arabia. Demo-

graphics, clinical presentation, and surgical intervention data were collected. Histopatholog-

ical specimens were studied with hematoxylin-eosin, Alcian blue, and immunohistochemical

markers; S-100, CD44, CD117, smooth muscle actin (SMA), neurofilament, and Ki-67. Of

the 43 NFs specimens, 20 were primary and 23 recurrent tumors. For primary NF, the ratio

of plexiform to the diffuse type was 13:7, however in recurrent tumors was 3:8 after the first

recurrence, and 1:5 after multiple recurrences. Of the 17 patients with primary tumors that

had paired recurrent tumors, 12/17 (70.6%) primary NFs were plexiform and 5/17 (29.4%)

were diffuse. However, when tumors recurred, 13/17 tumors (76.5%) were diffuse and only

4/17 tumors (23.5%) had a plexiform pattern. The odds of a tumor having a diffuse pattern in

recurrent NF was significantly higher than the plexiform pattern [OR = 7.8 (95% confidence

interval 1.69:36.1) P = 0.008]. Primary plexiform NFs underwent an excision at a signifi-

cantly younger age than the diffuse type. Recurrent NFs had significantly higher CD44,

CD117, and neurofilament labeling (P = 0.02, P = 0.01 and P<0.001 respectively) but had

significantly decreased Alcian blue, and S-100 labeling (P = 0.03, and P = 0.02 respectively)

compared to primary tumors. SMA and Ki-67 proliferation index were not different between

primary and recurrent NFs (P = 0.86, and P = 0.3 respectively). There appears to be a high

risk for primary plexiform NFs to develop a diffuse histologic pattern when they recur. Immu-

nohistochemical staining suggests a role of mast cells (CD117) and expression of infiltration

makers (CD44) in the transformation of plexiform tumors to the diffuse phenotype.
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Introduction

Neurofibromatosis type 1 (NF1; von Recklinghausen disease) is an autosomal dominant disor-

der that affects 1 in 3500 births worldwide [1–3]. Orbital-periorbital plexiform neurofibromas

(OPPN) affects about 10% (1–22%) of patients with NF1 and can cause devastating functional

and cosmetic effects secondary to ptosis, proptosis and facial disfigurement leading to social

and emotional distress to patients and their families [4,5]. OPPN is classified based on gross and

microscopic appearance as plexiform, diffuse and localized types of neurofibromas (NFs) [5–8].

Plexiform neurofibromas (PNs) are irregular, ill-defined, slowly growing lesions that often

involves periorbital tissues. Histologically, these tumors are composed of complex intertwining

bundles of enlarged nerves with a proliferation of Schwann cells and endoneurial fibroblasts in

a mucoid matrix surrounded by perineurium [8–10]. Diffuse NFs are poorly defined, infiltrat-

ing tumors that expand along connective tissue septa and intercellular spaces, replacing orbital

fat and permeating extraocular muscles without destroying the tissue. This tumor has a vascu-

lar component and carries minimal risk of malignant transformation. Histologically, it is simi-

lar to plexiform in its cellular components but differs in that it has a uniform matrix of fine

fibrillary collagen and sometimes contains pseudo-Meissner corpuscles [8–10]. Localized NFs

are well-circumscribed, non-encapsulated, lesions that is not associated with NF1. It is rare in

the orbit and has minimal risk of malignant transformation [11,12]. Little is understood about

the factors involved in the recurrence of NFs. Genetic and environmental factors are thought

to induce hyperproliferation of Schwann cells in NFs [13,14].

Neurofibroma tends to recur with increasing risk in patients younger than 10 years of age

and in partially resected tumors especially the diffuse ones. The rate of recurrence is 15–23%

in general and 43% in children [15–17]. Usually NF is worse when it recurs however, the

changes behind these recurrences are poorly understood.

We present the clinical and histopathological features of primary and recurrent OPPNs and

used the information to understand the clinical and cellular behavior of recurrent tumors.

Materials and methods

We retrospectively reviewed all patients diagnosed with NF1 who underwent surgical debulk-

ing for NFs as primary or recurrent procedures from 2002 to 2018 at King Khaled Eye Special-

ist Hospital (KKESH), a tertiary eye care referral center in Riyadh, Saudi Arabia. NF1

diagnosis was made using criteria established by the National Institute of Health [18]. The

study was approved (Project number 1809-R) by the Human Ethics Committee/Institutional

Review Board at KKESH, Riyadh, Saudi Arabia. The inclusion criteria were patients diagnosed

with NF1 who underwent surgical debulking of histologically diagnosed NF either primary or

recurrent from 2002 to 2018 at KKESH. The exclusion criteria were patients who did not have

the classic histological pattern of NF.

For this study, we identified patients meeting the inclusion criteria from KKESH Pathology

Department archives. We retrieved the medical records and reviewed the clinical data, includ-

ing demographics, ophthalmologic examination, and surgical interventions. We then classified

tumors into primary and recurrent tumors. In patients who had the primary tumor removed

before 2008, tissue blocks were unavailable since they were disposed according to the hospital

policy, we used those clinical details from records and pathology reports for these cases to

define the type of NF.

Hematoxylin and eosin (H&E) stained slides were examined under the light microscope to

identify the pattern of NFs (plexiform or diffuse). We also classified tumors that had both fea-

tures of plexiform and diffuse as mixed NFs. We also looked at primary tumors and paired

them with recurrent tumors from the same patient for analysis where tissue/slides were
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available for review by the ophthalmic pathologist and performed additional analysis to study

the relationship between the conversion of plexiform tumors to diffuse tumors.

Histochemical stains and immunohistochemistry

Histochemical stains were performed in the pathology department at KKESH and immunohis-

tochemical (IHC) staining were performed in the genomics department at King Fahad Medical

City (KFMC). Alcian blue was used to identify and compare the myxoid component of pri-

mary and recurrent NFs [19–21]. IHC studies and the rationale for use in this study are listed

in Appendix 1.

S-100, CD44, and Ki-67 slides were reviewed and scored by two pathologists (DE AND

MA) independently masked for tumor type (primary or recurrent) and the mean scores used

for analysis; the scores for both reviewers were nearly identical for all specimens and when

there was discrepancy, consensus was reached. For S-100 staining, the percentage of positively

staining cells within the enlarged plexiform nerves (excluding the surrounding matrix), and

for diffuse neurofibroma the positive spindle cells in the tumor matrix were estimated. For KI-

67, the percentage of positively staining cells at a fixed magnification (x20) was estimated. For

Alcian blue, CD44, CD117, smooth muscle actin (SMA), and neurofilament labeling we classi-

fied the positively stained areas into five categories: Zero if there was no staining in the tissue

section, as +1 if the cells or tissue in the tissue section showing staining less than 25%, as +2 if

stain was between 25–50%, and if between 50–75% as +3, and +4 if more than 75%.

The data was collected on a pretested data collection form and transferred to a Microsoft

Access spreadsheet. Univariate analysis was carried out using Statistical Package for Social

Studies (SPSS 25) (IBM, Chicago, USA). For qualitative variables, we estimated frequencies

and percentage proportions. To compare the outcomes in two subgroups we calculated Odds

Ratio, its 95% confidence interval and two-sided P value. For more than two subgroups, we

estimated chi-square value, degree of freedom and two-sided P value. For quantitative vari-

ables, we plotted a graph to study distribution. If the distribution was normal, we calculated

the mean and standard deviation. To compare quantitative outcomes in subgroup, we esti-

mated difference of mean its 95% confidence interval and two-sided P value. If the data was

not distributed normally, we calculated the median and interquartile range. To validate the

comparison of outcomes in related subgroups, we used Wilcoxon P value. A P value of� 0.05

was considered as statistically significant.

For paired tumors, we used a 2 x 2 table to compare primary and recurrent tumors and

their histologic subtype. Odds ratio, 95% confidence interval and two-sided P values were cal-

culated. A P value of<0.05 was considered as statistically significant.

We also investigated the relationship between age and the primary histologic tumor type.

The median age and its inter quartile range was estimated for plexiform and diffuse+ mixed

type of tumors and compared using the nonparametric Mann Whitney U test for calculating

the two-sided P value.

Results

We identified 43 OPPN specimens from the KKESH ophthalmic pathology department

archives obtained from 26 patients who underwent primary or recurrent tumor debulking/

excision surgery from 2002 to 2018 at KKESH with a diagnosis of orbital-periorbital NF. Of

the 43 specimens included in this study, 33 samples had formalin-fixed paraffin-embedded

blocks available for further studies described below. Ten primary NF specimens had detailed

pathology reports generated at KKESH by an experienced ophthalmic pathologist, but slides

and tissue blocks were unavailable.
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In summary, we studied the clinical and histopathological pattern of the 43 specimens (20

primary and 23 recurrent) from 26 patients. Of the 26 patients, we had 17 patients with paired

tumors with both primary and recurrent tumor samples from the same patient. Three of the

26 patients only had a primary tumor excised with no recurrence and 6 patients in the recur-

rent group the primary tumor was excised elsewhere with no pathologic report of the primary

tumor available; those 9 patients had tissue available that was used for histochemical and IHC

studies. In cases where we had tissue specimens available (n = 33) we performed IHC stains.

Alcian blue staining was performed for 14 specimens.

For the IHC studies, we had 10 primary and 23 recurrent tumors. The recurrent tumors

were greater in number because tissues from primary tumors were unavailable because old

paraffin blocks being disposed according to the hospital policy. Alcian blue stain was per-

formed on 6 primary and 8 recurrent tumors.

The clinical presentation is summarized in (Table 1). The 26 patients included 13 males

and 13 females (1:1 ratio). The median age at first presentation was 15 years, ranging from 2 to

53 years.

During surgery, 10 tumors were grossly resected totally (38.5%), and 16 tumors had subto-

tal resection (61.5%) as per surgical records. More than one surgical debulking was necessary

for 23 patients (88.5%) and 8 of them (30.8%) needed more than 4 surgeries. The intervals

between the primary and recurrent NF surgeries ranged between 3 months up to 12 years.

On histopathological evaluation, plexiform NFs showed classic Schwann cells and fibro-

blasts in a myxoid matrix surrounded by perineurium. However, diffuse NFs showed infiltra-

tion of Schwann cells and fibroblasts to adjacent normal structures (muscles, glands, adipose

tissue) in a compact matrix. Mixed NFs mostly exhibited diffuse NF features with focal areas

of plexiform differentiation (Figs 1 and 2). Other cellular components were also seen within

NFs such as axons, mast cells, and blood vessels.

For analysis, we combined the mixed and diffuse tumors (termed as diffuse in descriptions

below) since the mixed tumors were mainly diffuse with focal areas that showed a plexiform

pattern. Of the primary NFs (n = 20) there were 13 plexiform (65%), and 7 diffuse (35%) NFs.

Of the recurrent NFs (n = 23), there were 5 plexiform (21.7%), and 18 diffuse (78.3%) NFs

(Table 2).

Table 1. Clinical presentation of 26 patients with orbital-periorbital plexiform neurofibromas.

Count %

Affected Side Right 11 42.3

Left 15 57.7

Number of Surgical Debulking 1 3 11.5

2 to 3 15 57.7

4 and more 8 30.8

Clinical Presentation Lump/swelling 26 100

Eyelid ptosis 23 88.5

Eyebrow ptosis 1 3.8

Proptosis 5 19.2

Location of Tumor Upper eyelid 22 84.6

Lower eyelid 4 15.4

Eyebrow 6 23.1

Orbit 5 19.2

The Extent of Surgical Resection Total 10 38.5

Subtotal 16 61.5

https://doi.org/10.1371/journal.pone.0258802.t001
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Of the 17 patients with paired tumors, 12/17 (70.6%) primary NFs were plexiform and 5/17

(29.4%) were diffuse, however when they recurred in the 17 cases, 13/17 tumors (76.5%)

showed a diffuse pattern and only 4/17 tumors (23.5%) had a plexiform pattern suggesting a

reversal in the dominant histologic pattern from plexiform to a diffuse pattern (Table 3). The

ratio of primary NFs by histopathological pattern was 13:7 plexiform: diffuse whereas the ratio

of plexiform NFs to diffuse NFs in recurrent tumors 3:8 after the first recurrence, and after

multiple recurrences was 1:5 suggesting that there was an increased likelihood of seeing a dif-

fuse pattern after additional tumor excision/debulking. For the paired samples, the odds of

recurrent tumors being diffuse in pattern was significantly higher than having a plexiform pat-

tern [Odds ratio (OR) = 7.8 (95% confidence interval 1.69: 36.1) P = 0.008].

The median age of 13 primary NFs with plexiform type was 6 years (IQR 3.5; 16). The

median age of 7 primary NFs with diffuse type was 18 years (IQR 15; 24). The age at initial sur-

gery was significantly different between the two histologic subtypes (Mann Whitney U

P = 0.014).

Examination of Alcian blue staining in 14 representative cases showed a significantly higher

intensity of Alcian blue staining in the extracellular matrix of primary (plexiform and diffuse)

NFs when compared to the recurrent group (P = 0.03) (Fig 3). When we compared the staining

intensity between plexiform and diffuse NFs in primary and recurrent cases, it appeared higher

in intensity in the plexiform group but was not statistically significant (P = 0.42) (Table 4).

IHC staining with S-100 protein antibody, which labels Schwann cells, showed strong

immunoreactivity of spindle cells in all specimens with variable areas of staining (Fig 4). Pri-

mary (plexiform and diffuse) NFs showed significantly higher areas of spindle cell labeling

with S-100 protein compared to recurrent tumors (100% vs 86%) (P = 0.02). However, areas of

S-100 labeling in plexiform and diffuse (primary or recurrent) NFs were not significantly dif-

ferent (P = 0.6) (Table 4).

CD117, a mast cell marker that plays a role in NFs [22,23]. Larger areas of CD117 cellular

labeling were noted in recurrent (plexiform and diffuse) NFs compared to primary tumors

(P = 0.01). The labeling appeared to qualitatively increase with each recurrence (Fig 5). Diffuse

NFs in primary and recurrent cases had significantly larger areas of CD117 labeling than plexi-

form NFs (P<0.001) (Table 4). When the recurrence was a transformation from a plexiform to

mixed type NF, CD117 was almost absent in the primary plexiform areas and prominent in

the areas of diffuse NF in the recurrent tumor.

CD44 immuno-reactivity was variable in NFs from being absent to reaching up to 75% of

the cell population with no significant difference among NF patterns (P = 0.08) (Fig 6). Recur-

rent (plexiform and diffuse) NFs had significantly higher CD44 areas of labeling than primary

tumors (P = 0.02) (Table 4).

Smooth muscle actin (SMA), a myofibroblast marker [24], showed absent immunoreactiv-

ity in 42% of NFs and low immunopositivity in the rest of the tumors (Fig 7). There was no sig-

nificant difference between primary and recurrent (plexiform and diffuse) NFs (P = 0.86).

However, plexiform NFs (primary and recurrent, combined) were found to have significantly

greater areas of labeling than diffuse tumors (primary and recurrent, combined) (P = 0.02)
(Table 4).

Fig 1. Microphotograph at low magnification showing different histologic types of primary periocular

neurofibroma. a Primary plexiform neurofibroma showing discrete neurofibromas with Schwann cells and

endoneurial fibroblasts within a myxoid matrix surrounded by perineurium (magnification x4). b Primary diffuse

neurofibroma showing uniform extracellular matrix with collagen (magnification x4). c Primary mixed neurofibroma

showing plexiform (arrows) and diffuse (asterisks) components (magnification x4). (all hematoxylin and eosin).

https://doi.org/10.1371/journal.pone.0258802.g001
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Neurofilament protein, an axon marker, showed variable expression between the tumors

with significantly larger areas of axonal labeling in recurrent (plexiform and diffuse) NFs com-

pared to primary tumors (P<0.001) (Fig 8). Also, the primary plexiform tumors showed label-

ing that was confined to axons in the plexiform component of the tumor whereas in primary

and recurrent diffuse the NF labeled axons were scattered in the cellular matrix. Though we

did not quantify the number of axons labeled in each type it was felt that the larger area of

staining in recurrent tumors that were diffuse in nature were as result of change in distribution

rather than the increase in the number of axons. However, there was no significant difference

in labeling between plexiform and diffuse NFs (primary and recurrent, combined) (P = 0.55)

(Table 4).

Ki-67 proliferation index (PI) showed either no mitotic activity in 40% or 1% or less mitotic

activity in 60% of NFs. PI was not significantly different between primary and recurrent NFs

(P = 0.3) or between histologic types (P = 0.35) (Table 4).

Discussion

In this study we show that the primary tumors of 17 paired OPPNs were typically plexiform

NFs (70.6%) and were more common than the diffuse type. However, after surgical debulking

in recurrent tumors, 66.7% of plexiform NFs lost the pattern seen in primary tumors with

transformation to a diffuse pattern during recurrence and became the most common pattern

in most of the cases (76.5%). Furthermore, it appeared that the likelihood of the change from

plexiform to diffuse pattern increased with the number of debulking procedures. Friedrich

et al. [25] studied 25 NFs in head and neck, breast, back, and extremities of NF1 patients and

the NF type did not differ between primary lesions and recurrent tumors. Unfortunately, in

this study no data was provided on how many tumors were OPPN and therefore direct com-

parisons between our study and this report was not possible.

S-100 protein-labeled Schwann cells are reported to be variably immunoreactive in all types

of NFs [13,19,26–28]. In this study, all cases of primary (plexiform and diffuse) NFs demon-

strated extensive Schwann cells immunopositivity in the spindle cells within the plexiform

enlarged axons of plexiform tumors and the spindle cells within the stroma in diffuse tumors

(100%), but recurrent tumors showed spindle cells that stained only 86% of the cell population

in both plexiform and diffuse tumors. This decrease in area of staining in recurrent NFs was

likely due to fewer spindle cells showing S-100 labeling and not a decrease in the number of

spindle cells. There was also a shift in the pattern of spindle cell distribution from a more

loosely arranged cells to a more compact pattern in diffuse tumors which may have influenced

Fig 2. Microphotograph at low magnification showing different histologic types of recurrent neurofibroma. a

Recurrent plexiform neurofibroma with infiltration of the periocular skeletal muscle (arrow) (magnification x2). b

Recurrent diffuse neurofibroma (magnification x4). c Recurrent mixed neurofibroma showing plexiform (arrow) and

diffuse (asterisks) components (magnification x4). (all hematoxylin and eosin).

https://doi.org/10.1371/journal.pone.0258802.g002

Table 2. Distribution of 43 neurofibroma specimens in 26 patients with primary and recurrent tumors.

Primary (n = 20; 46.5%) Recurrent (n = 23; 53.5%) Total (n = 43; 100%)

P = 0.005
Count % Count % Count %

Plexiform 13 65 5 21.7 18 41.9

Diffuse 6 30 13 56.5 19 44.2

Mixed 1 5 5 21.7 6 13.9

https://doi.org/10.1371/journal.pone.0258802.t002
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the density of S-100 labeling but not area of S-100 labeling in diffuse tumors which appeared

more cellular.

The possible mechanisms involved in this unusual switch in histological pattern in recur-

rent OPPN was then investigated using an array of IHC stains to probe the cellular elements

and extracellular matrix in primary and recurrent tumors.

Review and analysis of the clinical data revealed that the age of excision of patients with pri-

mary diffuse tumors was significantly higher when compared to primary plexiform tumors.

The reasons for the age differences at the time of surgical intervention in this small cohort

with an unequal sample size of plexiform and diffuse primary tumors, is not entirely clear.

One could possibly hypothesize that diffuse NF tumors were slow growing and not that disfig-

uring as the plexiform variant, and hence the later age of excision for diffuse tumors. Whether

age played an independent role in the structural differences between the primary and recurrent

tumors is difficult to dissect in this small cohort.

The reduction in S-100 labeled spindle cells in recurrent tumors could have several explana-

tions. Based on the IHC studies, the most likely explanation is that these S-100 negative spindle

cells represent proliferation of NF1 related fibroblasts stimulated by mast cells. NFs contain

three major types of neural tissue derived cells: Schwann cells, fibroblasts and perineurial cells

[29]. The presence and role of mast cells in NFs has been well described [22,23]. It has been

Table 3. Distribution of 34 neurofibromas in 17 patients with paired primary and recurrent tumors.

Primary (n = 17) Recurrent (n = 17)

Count % Count %

Plexiform 12 70.6 4 23.5

Diffuse 4 23.5 9 52.9

Mixed 1 5.9 4 23.5

https://doi.org/10.1371/journal.pone.0258802.t003

Fig 3. Representative Alcian blue staining patterns showing diffuse staining of greater intensity in the matrix of

primary diffuse neurofibromas compared to recurrent tumors. a Primary diffuse neurofibroma (magnification x4).

b Recurrent diffuse neurofibroma showing diffuse staining of lower intensity (magnification x4).

https://doi.org/10.1371/journal.pone.0258802.g003
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suggested that mast cells secrete transforming growth factor β (TGF-β) which in turn causes

fibroblast migration proliferation and collagen synthesis by these fibroblasts [30]. Though we

did not specifically label the spindle cells for fibroblast markers, we noted that these spindle

cells were not myofibroblastic in nature since the areas of smooth muscle actin expression [24]

in spindle cells did not increase in recurrent tumors. On the other hand, there was a significant

increase in number of mast cells in recurrent tumors that appeared to increase with each

recurrence and suggests these cells may play a role in the proliferation of spindle cell fibroblasts

Table 4. Immunohistochemical and histochemical staining in different types of neurofibromas.

Primary Recurrent P values Plexiform Diffuse P values

S-100a 100 86.1 ± 17.7 P = 0.02 93.9 ±16.6 88 ± 16 P = 0.6
CD117b 1.1 ± 0.9 2.2 ± 1.1 P = 0.01 1.1 ± 1.0 2.4 ± 1.0 P<0.001
CD44b 0.6 ± 0.8 1.3 ± 0.7 P = 0.02 0.7 ± 0.8 1.38 ± 0.7 P = 0.08
Smooth muscle actinb 0.5 ± 0.7 0.5 ± 0.6 P = 0.86 0.9 ± 0.7 0.3 ± 0.4 P = 0.02
Neurofilamentb 1.4 ± 1.0 2.8 ± 0.8 P<0.001 2.1 ± 1.2 2.5 ± 1.0 P = 0.55
Ki-67a 0.25 ± 0.4 0.37 ± 0.3 P = 0.3 0.27 ± 0.3 0.4 ± 0.3 P = 0.35
Alcian blueb 3.0 ± 1.3 1.4 ± 1.1 P = 0.03 2.7 ± 1.2 1.63 ± 1.5 P = 0.42

a Results are percentage (0–100%).
b Results are classified as: 0: No staining +1: <25% +2: 25–50% +3: 50–75% +4: >75%.

https://doi.org/10.1371/journal.pone.0258802.t004

Fig 4. Representative immunostaining patterns for S-100 positive Schwann cells in primary and recurrent

neurofibromas. a Primary plexiform neurofibroma showing large areas of S-100 positive spindle cells (magnification

x10). b Primary diffuse neurofibroma showing large areas of S-100 positive spindle cells (magnification x10). c Recurrent

plexiform neurofibroma showing decrease in S-100 positive spindle cells (magnification x10). d Recurrent diffuse

neurofibroma showing decrease in S-100 positive spindle cells (magnification x10). (chromogen diaminobenzidine).

https://doi.org/10.1371/journal.pone.0258802.g004
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and the conversion to a diffuse pattern represented by fibroblasts, and not spindle cells.

Increase in mast cells density been described in diffuse NFs [22]. Another contribution to the

S-100 negative spindle cell population could have been EMA positive perineurial cells [31] but

this was not investigated in this study.

Fig 5. Representative immunostaining patterns for CD117 positive mast cells in primary and recurrent

neurofibromas. a Primary plexiform neurofibroma showing grade +1 around a plexiform neurofibroma (magnification

x20). b Primary diffuse neurofibroma showing grade +1.5 (magnification x20). c Recurrent diffuse neurofibroma showing

grade +2 in the second recurrence (magnification x20). d Recurrent diffuse neurofibroma showing grade +3 in the fourth

recurrence (magnification x20). (chromogen diaminobenzidine).

https://doi.org/10.1371/journal.pone.0258802.g005

Fig 6. Representative immunostaining patterns for CD44 positive cells in primary and recurrent neurofibromas.

Note the cytoplasmic membrane staining typical of CD44 and spindle cells staining. a Primary plexiform

neurofibroma showing scarce CD44 positive cells (grade +0.5) (magnification x10). b Recurrent diffuse neurofibroma

showing grade +2 positive cells (magnification x10). (chromogen diaminobenzidine).

https://doi.org/10.1371/journal.pone.0258802.g006
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An additional explanation for a decrease in S-100 labeled Schwann cells could be related to

the injury to Schwann cells caused by surgical excision. Schwann cells lose S-100 staining in

peripheral nerve injuries when mature Schwann that label with S-100, dedifferentiate back to

an immature state and lose S-100 immunoreactivity [32,33]. This change described in the

report is likely an acute event and is unlikely to be an explanation for loss of spindle cell S-100

standing in our study.

We also investigated the proliferative nature of the cellular components using Ki-67 label-

ing which was low [19,25,27,34] and comparable in primary and recurrent tumors reflecting

the clinical behavior of recurrent tumors which is slow and not rapid growth in recurrent NFs.

Friedrich et al. [25] showed that using Ki-67 staining, the proliferative index of most NF speci-

mens were less than 1% with no association between primary and recurrent tumors or between

the different tumor patterns, similar to that seen in our series. Furthermore, a case report also

compared a primary with recurrent plexiform NF found that there was no change in tumor

pattern and that proliferative index was 0% in the primary tumor but reaching 5% in the recur-

rence [35].

The extracellular myxoid matrix in plexiform NF’s is usually loose, whereas in diffuse NFs

it is more compact and the loose myxoid matrix labels with Alcian blue [8]. Our study showed

Fig 7. Representative immunostaining patterns for smooth muscle actin positive myofibroblast cells in primary

and recurrent neurofibromas. Note typical staining in pericytes around blood vessels (asterisk) with few spindle cells

staining (arrow). a Primary plexiform neurofibroma showing grade +2 staining in spindle cells (magnification x20). b

Recurrent diffuse neurofibroma showing grade +0.5 staining in spindle cells (magnification x20). (chromogen

diaminobenzidine).

https://doi.org/10.1371/journal.pone.0258802.g007

Fig 8. Representative immunostaining patterns for neurofilament protein positive cells in primary and recurrent

neurofibromas (arrow). a Primary plexiform neurofibroma showing grade +1 (magnification x20). b Recurrent

diffuse neurofibroma showing grade +2 (magnification x20). (chromogen diaminobenzidine).

https://doi.org/10.1371/journal.pone.0258802.g008
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significantly less intense Alcian blue staining in the recurrent NFs compared to the primary

(P = 0.03). This observation was not surprising since most recurrent NFs were diffuse in nature

with paucity of loose mucoid extracellular matrix and abundance of a compact collagenous

matrix.

CD44, a transmembrane glycoprotein receptor for hyaluronic acid participates in cell-

extracellular matrix interactions and migration [36–40]. CD44 may play a vital role in NF1

[36] related to the invasion and promotion of metastases of tumors with malignant transfor-

mation, through the alteration of their ability to infiltrate adjacent tissue. Riddle et al. [36]

found that malignant peripheral nerve sheath tumors (MPNSTs) were strongly positive for

CD44; however, most of the NFs demonstrated only focal immunopositivity, which was most

intense in infiltrative and non-encapsulated tumors. In our series, CD44 labeling was signifi-

cantly higher in the spindle cells of recurrent tumors (P = 0.02). Though these recurrent

tumors in our study were not malignant, the increase in CD44 expression might reflect the

infiltrative nature of recurrent tumors that are mainly diffuse in nature.

Neurofilament protein is a neural marker targeting nerve axons and dendrites typically

found in neural tumors like NF [13,41–43]. Wechsler et al. [44] found that all NFs were immu-

nopositive for neurofilament protein however, Ghilusi et al. [43] found that only 40% were

immunopositive. In our study all tumors showed neurofilament protein labeling with signifi-

cantly higher expression in recurrent NFs compared to the primary tumors (P<0.001). The

increase in neurofilament protein in recurrent tumors could represent new axons sprouts fol-

lowing surgical injury during excision.

Clinically, the most common clinical presentation of OPPN was a lump/swelling in all

cases, ptosis of the upper eyelid in 88.5%, followed by proptosis in 19.2%. These findings were

similar to those reported in the literature [4,5]. There was no sex preference, and the tumor

was almost always isolated to one side of the face and recurrences did not show a specific clini-

cal phenotype. Only a few cases have been reported showing a bilateral OPPN [4,12,45,46].

Surgical resection remained the mainstay of treatment for OPPN [5]; however, surgeons find

it difficult to achieve a complete tumor excision without complications due to the infiltrative

nature of the tumor and ability to define margins. About 60% of tumors had subtotal resection

either due to extensive and infiltrative growth behavior of the tumor or the involvement of

vital structures, e.g. nerves or muscles and that was similar to that reported in the literature

[15]. Our observation that recurrent tumors are more likely to be diffuse suggests that removal

of such tumors in total when they recur may be challenging and is reflected in the observation

that 88.5% of patients needed multiple debulking procedures in our series. Needle et al. [15],

in a 20 year retrospective study reported that of the 168 NFs in pediatric patients, 43% of

tumors recurred after surgery and that higher recurrence was associated with children less

than 10 years old (60%), subtotal resection (45%) and tumors of head, neck, and face. The

need for repeated surgical debulking of NFs in the orbital-periorbital region was 88.5% in our

series which is higher than what was previously published in the literature (15–23 and 43%)

[15–17] but these recurrences reported were not in the orbital-periorbital region and hence

likely the reason for the lower recurrence rate.

One limitation of this study is a small number of patients that were studied retrospectively.

Also, the lack of a robust number of paired samples for analysis is a minor limitation; however,

the conversion rate from plexiform to diffuse tumors appeared in the paired samples was evi-

dent. Whether a similar conversion of histologic type happens in recurrent NFs elsewhere in

the body, remains to be studied.

There seems to be a high risk for primary periocular plexiform NFs to transform into a dif-

fuse pattern when they recur. This observation has not been previously reported. We suggest

that following surgical injury, mast cells may play a potential role in that transformation
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process leading to non-Schwann cell spindle proliferation, a compact collagenous matrix and a

CD44 related ability of the tumor to become infiltrative in nature. Further laboratory-based

experiments are needed to shed further light into the specific mechanisms involved in this

morphologic switch.
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