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Abstract An 11-year-old neutered male domestic short-haired cat presented 
with neurological symptoms that developed over a three-month period. These 
included mental dullness, vocalization, ataxia, and visual impairment. The pa-
tient was diagnosed with a primary intracranial tumor at a local animal hospital. 
After the first diagnosis, the cat was administered hydroxyurea, prednisolone, 
omeprazole, and gabapentin for 3 months. After the initiation of medical treat-
ment, the patient’s clinical symptoms did not improve and the size of the tumor 
was static on the second magnetic resonance imaging (MRI). The dosage of hy-
droxyurea and prednisolone was increased for two weeks. The patient’s clinical 
signs improved, and subsequently, a craniotomy was performed. The clinical 
signs completely resolved six days after surgery. Adjuvant chemotherapy with 
hydroxyurea was continuously administered after the craniotomy. The patient 
demonstrated a good clinical status during the nine-month follow-up period. 
Neoadjuvant chemotherapy has not yet been reported for meningiomas in cats. 
Further clinical trials with longer follow-up periods and larger patient cohorts 
will be required to confirm the effectiveness of neoadjuvant chemotherapy with 
hydroxyurea in feline meningioma.

Key words cat, corticosteroid, hydroxyurea, meningioma, neoadjuvant chemo-
therapy.

*Correspondence: jh.song@cnu.ac.kr

ORCID

Chae-Yeon Kim:  
https://orcid.org/0009-0003-6333-2002

Jin-Young Kim:  
https://orcid.org/0000-0001-7610-3442

Yoon-Ho Roh:  
https://orcid.org/0000-0002-3097-838X

Kun-Ho Song:  
https://orcid.org/0000-0001-8478-2035

Joong-Hyun Song:  
https://orcid.org/0000-0001-9961-6451

Copyright © The Korean Society of Veterinary Clinics

Case Report
pISSN 1598-298X • eISSN 2384-0749

J Vet Clin 2023;40:341-348
https://doi.org/10.17555/jvc.2023.40.5.341

Received July 7, 2023 / Revised August 3, 2023 / Accepted September 19, 2023

mailto:jh.song@cnu.ac.kr
http://crossmark.crossref.org/dialog/?doi=10.17555/jvc.2023.40.5.341&domain=pdf&date_stamp=2023-10-31


342 https://doi.org/10.17555/jvc.2023.40.5.341

Chae-Yeon Kim, et al.

Introduction

Meningioma is the most common feline intracranial tumor, 
accounting for 56-58% of all primary brain tumors in cats 
(35,37,43). Meningiomas are usually diagnosed in older cats; 
no significant sex predisposition has been observed (37). In 
previous studies, mixed-breed cats, American short-hair cats, 
and Norwegian forest cats were observed to be predisposed 
to developing meningiomas (30,32,35,37). Very few reports 
have described the etiology of feline meningiomas. Clinical 
signs of meningiomas vary according to the tumor location; 
the most common signs are behavioral changes and ataxia (4). 
Advanced imaging modalities for the diagnosis of intracranial 
meningiomas include computed tomography (CT) and mag-
netic resonance imaging (MRI) (3). On MRI, a meningioma 
usually presents as an extra-axial, strongly contrast-enhanc-
ing, space-occupying mass (9,15). Some specific characteris-
tics, such as the dural tail sign have also been identified (9). 
A definitive diagnosis of meningioma is established on the 
basis of histopathology (9). Most intracranial meningiomas 
in cats are benign and slow growing (37). Therefore, surgical 
excision is the primary treatment option for these tumors 
(8,33). The long-term outcomes of surgical excision alone are 
good, with a median survival of 23-37 months (4,8,12,37). 
However, in cases where complete surgical removal of the 

tumor is not possible, adjuvant chemotherapy and radiation 
therapy could be considered (18,28,42). There is limited in-
formation about adjuvant chemotherapy for feline meningi-
omas (8,9,21). Currently, hydroxyurea is the only well-known 
chemotherapeutic drug for feline meningiomas (8,9,42). 
Neoadjuvant chemotherapy involves the administration of 
chemotherapeutic drugs before the surgical removal of the 
cancer (41). 

Neoadjuvant chemotherapy is a well-accepted treatment 
option for various tumor types in human medicine (31,38). 
However, the use of neoadjuvant medicine has not been 
extensively explored in veterinary medicine (41). Neoadjuvant 
chemotherapy has been reported for specific types of can-
cer in cats (3,34,41), but not for meningiomas. In this case 
report, we describe the use of hydroxyurea as a neoadjuvant 
and adjuvant chemotherapeutic agent in a cat with a me-
ningioma. To the best of our knowledge, this is the first case 
report of a feline meningioma treated with neoadjuvant che-
motherapy. 

Case Report

An 11-year-old neutered male domestic short-haired cat 
presented with neurological signs, including mental dull-
ness, wandering, vocalization, ataxia, and visual impairment. 

Fig. 1. Brain MRI scans obtained at a local animal hospital; T2-weighted sequences: transverse (A) and sagittal plane (B); T1-weighted post-contrast 
sequences: transverse (C), sagittal (D), and dorsal plane (E). (A, B) Multiple cystic lesions can be observed in the peritumoral and intratumoral regions 
(empty arrows) with cervical syringomyelia (arrows). (C, D) An extra-axial, broad-based enhanced mass is identified. (E) A solitary large extra-axial 
mass in the left frontal lobe is observed, with a dural tail sign (arrowheads).
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These signs had developed over a three-month period. The 
patient was diagnosed with a primary intracranial tumor 
based on an MRI scan performed at a local animal hospital 
(Fig. 1). MRI results demonstrated an extra-axial mass that 
was slightly hyperintense on T2-weighted images. Diffuse 
peritumoral and intratumoral cyst-like lesions and cervical 
syringomyelia were also observed. The cerebellum was her-
niated. After the initial diagnosis, this patient was prescribed 
hydroxyurea (25 mg/kg per os [PO] once every alternate day; 
Hydrin®, Korea United Pharm, Seoul, South Korea), prednis-
olone (0.5 mg/kg PO once daily; Solondo®, Yuhan, Seoul, 
South Korea), omeprazole (0.7 mg/kg PO once daily; OMP® 
tab, CKD Pharm, Seoul, Korea), and gabapentin (10 mg/kg 
PO once daily; gabapentin cap.; Donga Pharm, Seoul, Korea). 
After the initiation of medical treatment, the patient did not 
exhibit any significant improvement in the neurological signs. 
The patient was referred to our hospital 3 months after the 
first diagnosis. The physical examination at that time revealed 
no remarkable findings. Complete blood count (ProCyte Dx®, 
IDEXX, Portland, ME, USA) and serum biochemistry profile 
(Catalyst One, IDEXX, Westbrook, USA) results were within 
normal reference ranges. Neurological examination revealed 
mental dullness and lack of bilateral menace reactions. On 
the repeat MRI, the size of the mass was static (2.4 × 1.7 × 

2.1 cm, L × W × H) as compared with the previous MRI 
results (2.7 × 1.7 × 2.4 cm, L × W × H) (Fig. 2). However, 
the number and size of cyst-like lesions within or around the 
tumor had decreased compared to previous results. The size 
of the largest cyst had decreased from 5.5 × 4.0 (W × H) 
to 4.3 × 3.2 mm (W × H). Cervical syringomyelia was not 
observed in this scan. Cerebrospinal fluid (CSF) tapping was 
not performed because of cerebellar herniation and suspi-
cion of raised intracranial pressure. After repeat MRI scans, 
omeprazole was discontinued, and the dose of prednisolone 
was increased from 0.5 mg/kg once daily to 1 mg/kg twice 
daily. The dose of hydroxyurea was also increased from 25 
mg/kg once every alternate day to 25 mg/kg once daily. 
Gabapentin was continued at the same dose. We observed 
the complete resolution of the patient’s blindness and sig-
nificant improvement in the severity of their mental dullness 
after dose adjustment for prednisolone and hydroxyurea. 
Oral prednisolone was discontinued seven days before the 
surgery, while oral hydroxyurea was stopped one day before 
the surgery. The patient underwent a craniotomy two weeks 
after the second MRI scan for the removal of the intracranial 
tumor (Fig. 3). After left-sided transfrontal craniotomy, the 
dura mater was opened to expose the tumor. An ultrasonic 
aspirator (Sonopet, Stryker, Tokyo, Japan) was placed in the 

Fig. 2. Repeat MRI images 3 months after the initiation of medical treatment; T2-weighted sequences: transverse (A) and sagittal plane (B); 
T1-weighted post-contrast sequences: transverse (C), sagittal (D), and dorsal plane (E). (A, B) The number and size of the cystic lesions have de-
creased compared to 3 months before (empty arrows). The cervical syringomyelia can no longer be observed (arrows). (C, D) An extra-axial, broad-
based enhanced mass is observed with severe midline right shifting and dural tail sign (arrowhead). (E) A solitary large extra-axial mass is observed 
with a dural tail sign (arrowheads).
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middle of the tumor. After aspirating the inner part of the 
tumor, the cutaneous muscle was transplanted to suture 
the dura mater and suture glue was applied. The surgical 
margin was incomplete due to methodological limitations of 
the ultrasonic aspirator machine. The tumor tissue was sent 
to a commercial laboratory (IDEXX Laboratories, Inc., USA); 
histopathological evaluation confirmed the psammomatous 
meningioma subtype (Fig. 4) of the tumor. Neurological 
signs, including mental abnormalities, ataxia, and visual im-
pairment were observed to completely resolve six days after 
the surgery. The patient was discharged eight days after the 
surgery with the prescription of hydroxyurea (25 mg/kg orally 

once daily) as adjuvant chemotherapy. A complete blood cell 
count was obtained every two weeks during the first one 
month and every four weeks thereafter. Renal toxicity was 
monitored by evaluating blood urea nitrogen and creatinine 
levels every four weeks. The patient tolerated chemothera-
py well. After 74 days of adjuvant chemotherapy, complete 
blood cell count revealed mild neutropenia (1,560 cells/µL; 
reference range, 5,050-16,760 cells/µL). Hence, the dose of 
hydroxyurea was decreased to 20 mg/kg once daily. After 
four weeks, neutropenia (1,390 cells/µL) still persisted; thus, 
the dose was further decreased to 25 mg/kg once every al-
ternate day. Subsequently, the patient demonstrated a good 
clinical status without any hematological abnormalities or 
other adverse effects. No neurological abnormalities were 
observed during the nine-month follow-up period.

Discussion

This case report describes neoadjuvant and adjuvant che-
motherapy for a feline meningioma. In dogs, the complete 
excision of meningiomas is difficult because of their highly 
infiltrative characteristics (13). Therefore, the prognosis is usu-
ally poor after surgical treatment of canine meningiomas (16). 
Unlike in dogs, most feline meningiomas do not commonly 
infiltrate the brain tissue (37). Thus, long-term remission of 
clinical signs associated with intracranial meningiomas can 
be achieved by surgical excision followed by adjuvant che-
motherapy with hydroxyurea in cats (27). In an in vitro study, 
multiplication of feline meningioma cells was inhibited by the 
administration of hydroxyurea (8). In another study, four cats 
treated with hydroxyurea after surgery were still alive with no 
neurological sequelae at 12-24 months postoperatively (9).

Neoadjuvant chemotherapy involves the administration 
of chemotherapeutic drugs before the surgical removal of 

Fig. 3. Intraoperative appearance of the 
craniotomy site and the gross findings of 
the mass; (A) the dura mater is opened and 
an ultrasonic aspirator machine is used to 
remove the mass (arrow). (B) Aspirated me-
ningioma. Bar = 10 mm.

Fig. 4. Histopathology image of the resected mass; a mass comprised 
of densely packed streams, whorls (arrowhead), and solid sheets of a 
monomorphic population of neoplastic cells is observed. Psammoma 
bodies are also identified (arrows). There are numerous deposits of 
hyalinized collagen and mineral throughout the mass. This is consistent 
with the psammomatous subtype meningioma. Hematoxylin and eosin 
stain. Original magnification ×200. Bar = 50 µm.
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cancer (41). The aim of neoadjuvant chemotherapy is to re-
duce tumor size, decrease mass density, and alter the tumor 
microenvironment prior to surgery (41). In veterinary and 
human medicine, neoadjuvant chemotherapy for meningi-
omas has not yet been reported, except in one human ex-
perimental study (2). This experimental study demonstrated 
that the growth of meningiomas in tissue culture media was 
markedly inhibited after the preoperative administration of 
methotrexate. A human case report demonstrated a marked 
reduction in preoperative tumor size of an intracranial glioma 
after temozolomide-based neoadjuvant chemotherapy (1). 
In veterinary medicine, neoadjuvant chemotherapy has been 
well described for other tumor types such as mast cell and 
mammary tumors (41). According to previous studies, the 
tumor response to neoadjuvant chemotherapy is correlated 
with both disease-free survival and overall survival (6,38,42).

Several human studies have described the process of 
clinical and pathological evaluation for neoadjuvant chemo-
therapy; changes in tumor size are often used for evaluation 
(6,38). However, the goal of neoadjuvant chemotherapy is 
not only to reduce tumor size but also to alter the tumor 
microenvironment (31,39). In addition, various pathological 
changes that occur after the administration of neoadjuvant 
chemotherapy can influence tumor size (31,39). Thus, the 
tumor can be overestimated clinically or macroscopically 
due to various pathological changes (7). In conclusion, the 
effects of neoadjuvant chemotherapy should not be eval-
uated based on tumor size alone because tumor cellularity 
can decrease without significant changes in tumor size; 
pathological changes can also influence tumor size (7,31,39). 
In the present case, the patient was treated with hydroxy-
urea for three months prior to the surgery. Sequential MRI 
scans demonstrated no significant difference in tumor size 
compared with that in the previous 3 months. However, the 
peritumoral edema, cyst-like lesions, and cervical syringomy-
elia improved. In addition, the clinical signs improved after 
increasing the doses of hydroxyurea and corticosteroids. 
Corticosteroids decrease the permeability of tumor capillar-
ies, tumor-associated inflammation, and blood supply to the 
tumor (24). Corticosteroids also reduce inflammation and 
CSF production (11,14,40). Therefore, most cats with menin-
giomas receive corticosteroids preoperatively (4,12). When 
combined with neoadjuvant chemotherapy, the corticoste-
roid dose is usually described as anti-inflammatory (30). Thus, 
for feline meningiomas, the addition of corticosteroids can 
be recommended at an anti-inflammatory dose with neoad-
juvant chemotherapy before surgery. In the present case, it 
could not be definitively defined whether the corticosteroids 
or hydroxyurea contributed to the improvement of lesions, 

such as the improvement in peritumoral edema. However, it 
seems that corticosteroid has contributed to these changes 
due to their anti-inflammatory properties. In conclusion, our 
experience suggests that a combination of hydroxyurea and 
corticosteroids can be helpful in the management of feline 
meningiomas. Further studies are required to determine the 
exact effects of hydroxyurea and corticosteroids on feline 
meningiomas. 

In human and veterinary medicine, there is no consensus 
regarding when hydroxyurea chemotherapy should be dis-
continued and resumed before and after the surgery. In one 
human study, hydroxyurea chemotherapy for a meningioma 
was administered immediately after the surgery (19). How-
ever, the exact interval between surgery and chemotherapy 
has not yet been determined. Another human medicine 
study described a patient treated for polycythemia vera who 
underwent gastrectomy for gastric cancer (26). In that study, 
hydroxyurea was administered before and after the surgery 
to manage the polycythemia vera. Hydroxyurea was discon-
tinued three days before the surgery and resumed seven days 
postoperatively. Administration of hydroxyurea during the 
perioperative period led to good clinical results. In the pres-
ent study, hydroxyurea was discontinued one day before the 
surgery and re-administered eight days after the surgery with 
the patient discharged home. No significant adverse effects 
were associated with hydroxyurea during the perioperative 
period. Thus, this regimen can be considered for feline me-
ningiomas. Further studies with a larger cohort of patients 
and extended follow-up periods are required to establish the 
protocol.

Adjuvant chemotherapy involves treatment with chemother-
apeutic drugs after surgery or radiotherapy. The goal of this 
treatment is to delay the recurrence or distant metastasis 
and improve survival. The patient receive adjuvant chemo-
therapy after surgery because of incomplete surgical margins. 
The postoperative MRI scan was refused by the owner for 
financial issues and concerns about the patient. In cats, most 
cases managed with neoadjuvant chemotherapy, included 
feline soft tissue sarcoma, were also treated with adjuvant 
chemotherapy (3,36). Generally, the protocol for neoadjuvant 
chemotherapy is identical to that for adjuvant chemotherapy 
(41). No significant differences in adverse effects were ob-
served between the neoadjuvant and adjuvant chemothera-
py groups. A similar result was observed in the present case.

In both human and veterinary medicine, hydroxyurea is well 
tolerated, with only reversible dose-dependent myelosuppres-
sion observed as a side effect (5,25). In humans, hydroxyurea is 
well tolerated by most patients with meningiomas (20,29). In 
large-scale human studies, the only consistently reported ad-
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verse effect is hematological toxicity (20). Hydroxyurea is well 
tolerated in dogs, similar to humans (10). However, unusual 
dermatological toxicity was reported in two dogs (23). In that 
study, onychomadesis was observed in two dogs receiving 
long-term hydroxyurea treatment. Discontinuation of hydroxy-
urea treatment or dose tapering of hydroxyurea was required 
to treat the nail lesions. Another case study described long-
term chemotherapy with hydroxyurea in a dog with suspected 
meningioma (17). In that study, no significant adverse effects 
were observed during the treatment period, and hydroxyurea 
was well tolerated. A few reports have described the long-
term administration of hydroxyurea in cats. Recently, long-
term hydroxyurea chemotherapy for intracranial meningiomas 
was reported in one cat (42). In that report, one cat with a 
meningioma survived for 408 days after chemotherapy with 
hydroxyurea and corticosteroids. Chemotherapy with hydroxy-
urea was initiated (25 mg/kg PO once daily) and tapered to 
once every alternate day. Only mild anemia occurred; no other 
adverse effects were observed during the treatment period. 
In our study, neoadjuvant and adjuvant chemotherapies were 
well tolerated. No clinical signs of hematological toxicity were 
observed. Neutropenia was observed 74 days after adjuvant 
chemotherapy. This was classified as Grade I according to the 
Veterinary Cooperative Oncology Group (VCOG) Common Ter-
minology Criteria for Adverse Events (22). In our study, the ad-
ministered dose of hydroxyurea was 25 mg/kg PO once daily. 
However, it was adjusted according to hematological toxicity 
and tapered once every alternate day for maintenance purpos-
es. Hydroxyurea, as used in this regimen, was well tolerated by 
the patient. No chemotherapy-associated adverse effects were 
observed during the treatment period. Hematological toxicity 
is most commonly observed, with a reduction in hemoglobin, 
white blood cells, and platelets in both human and veterinary 
medicine (20,23,29). Thus, periodic complete blood cell counts 
to identify any adverse effects of hydroxyurea during chemo-
therapy are recommended. 

The limitations of this study are that only one case was 
investigated and the follow-up period was relatively short. 
Therefore, further studies are required to investigate the 
effects of hydroxyurea as a neoadjuvant and adjuvant che-
motherapy in a larger number of feline meningioma cases. 
Based on the patient’s quality of life and minimal adverse 
effects observed in our study, neoadjuvant and adjuvant che-
motherapy with hydroxyurea can be considered for the man-
agement of feline meningiomas, along with other treatments 
such as surgical resection and anti-inflammatory drugs. Al-
though the long-term benefits of neoadjuvant chemotherapy 
in feline meningiomas have not yet been extensively elucidat-
ed, it appears to be relatively safe and well tolerated in cats.

Conclusions

In this case report, we have described the use of neoadju-
vant and adjuvant chemotherapy for a feline meningioma. 
Although neoadjuvant and adjuvant chemotherapy have 
not been well documented in either human or veterinary 
literature, neoadjuvant and adjuvant chemotherapy with hy-
droxyurea appear to be well tolerated. Hence, they may be 
considered as palliative treatment options for feline menin-
giomas. Further large-scale studies are required to establish 
guidelines for neoadjuvant and adjuvant chemotherapy in 
cats with meningiomas.
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