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Brain tumors are devastating diseases that occur when 
resident brain cells are transformed. As most other solid 
tumors, brain tumors are classified as either malignant or 
benign.

Gliomas are the most common malignant brain tumors 
in the central nervous system, accounting for around 70% 
of the newly diagnosed cases in adults. They constitute ap-
proximately 30% of all brain tumors, and approximately 
60% of gliomas occur in the four lobes of the brain. Over-
all, brain tumors are relatively rare. The average annual 
age-adjusted incidence rates of all malignant brain tumors 
range from 4.95 to 8.97 per 100 000 people, whereas those 
of nonmalignant brain tumors range from 8.90 to 19.02 
per 100 000 people. Males are more frequently affected 
with gliomas than females [1]. Like that of most malignant 
cancers, the etiology of gliomas is still unclear. However, 

occupations, lifestyles, and environmental carcinogens 
have been reported to be associated with a high risk of 
gliomas, but the only unequivocal factor identified so far 
is therapeutic X-irradiation [2].

Multimodal treatments of gliomas include surgery, 
radiotherapy, chemotherapy, and immunotherapy. 
However, despite all these possible strategies, most pa-
tients with malignant gliomas still have poor progno-
ses. One of the reasons is drug resistance. Over the last 
years, several theories have evolved about drug resis-
tance in glioma treatment, such as the glioma stem cell 
hypothesis and epigenetic changes of the tumor cell 
genome. In our current issue, Dr. Cai and colleagues 
summarized the role of histone modifications in brain 
tumor drug resistance [Xi GF, Mania-Farnell B, Lei T, 
et al. Histone modification as a drug resistance driver  
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in brain tumors]. Recent studies showed that 
posttranslational gene regulation such as histone modifi-
cation provides a critical regulatory platform for chromo-
some condensation and segregation, gene transcription, 
and DNA replication and repair. For brain tumors, several 
studies reported differences in histone modification in 
adult and pediatric brain tumors compared with normal 
tissue, indicating that these changes are also character-
istics of brain tumors. Histone modifications, including 
acetylation, methylation, ubiquitylation, or glycosylation 
on lysine; methylation on arginine; and phosphorylation 
on serine or threonine, could indirectly or directly in-
fluence the ABC transporter and DNA repair, which are 
both critical mechanisms of drug resistance. The review 
also included other possible mechanisms thereby his-
tone modifications contribute to drug resistance in gli-
oma treatments. Understanding and uncovering further 
mechanisms of histone modification that induce drug re-
sistance by using sophisticated techniques will shed new 
light on glioma therapies.

Compared with traditional therapies, immunothera-
pies for gliomas have been subjected to in-depth investi-
gations and have drawn a lot of attention. Dendritic cell 
(DC) vaccination is an active immunotherapy that trains 
the immune system of the body to create an antitumoral 
response. We have been working on basic research and 
clinical applications of DCs in glioma treatment for sev-
eral years and have shown in a pilot clinical study that 
whole tumor extract-pulsed DC injection can significant-
ly prolong the survival of patients with glioblastoma mul-
tiforme. However, we could not clearly see any survival 
benefit in some of the patients. Along with other groups, 
we realized that whole tumor extract is not really a spe-
cific antigen for pulsing DCs. Dr. Wang searched for new 
antigens for DC vaccination [Wang Y, Xie RF, Niu HQ, et 
al. IL-13Ra2- and glioma stem cell-pulsed dendritic cells 
induce glioma cell death in vitro]. In this article, she re-
ported that IL-13Ra2 is significantly expressed in gliomas 
but not in normal brain tissue, and that it does stimulate 
DC activation. Moreover, she demonstrated that glioma 
stem cell (GSC) extract significantly triggered DC pro-
duction, indicating that GSC could also be used as anti-
gen for DC vaccinations. We will continue this work and 
try to optimize DC immunotherapy to contribute to the 
improvement of multimodal therapies for glioma in the 
future.

Malignant brain tumors such gliomas are lethal dis-
eases due to their relapse and drug resistance. Benign 
tumors could also be fatal because of difficulties in sur-
geries and complications in the perioperative period. Cra-
niopharyngiomas are epithelial tumors that arise from 
embryonic epithelial cells of the craniopharyngeal duct, 
which have a tendency to invade the critical neurovas-
cular structures, particularly the visual pathways and 

hypothalamus, resulting in high morbidity and mortal-
ity. We have been using the transsphenoidal approach to 
treat infradiaphragmatic craniopharyngioma, and have 
shared some of our experiences in the current issue. We 
recommend the transsphenoidal approach because it 
could preserve pituitary function and avoid damages to 
the hypothalamic structures and optic nerve. Moreover, 
for tumors that could not be totally removed at one time, 
the transsphenoidal approach is an ideal technique for re-
secting infradiaphragmatic tumors.

Pituitary adenomas are also quite common brain tu-
mors in the central nervous system, different subtypes 
of pituitary adenoma are identified according to their 
hormone secretion. Prolactinomas, which has the high-
est incidence rate in pituitary adenomas, are unique 
for its treatment with dopamine agonist. A few stud-
ies demonstrated that bromocripitne treatment could 
influence tumor consistency which is a very impor-
tant factor for surgery. We summarized 238 patients of 
prolactinoma who underwent transphenoidal surgery in 
our center (Department of Neurosurgery, Tongji Hos-
pital, Tongji Medical College, Huazhong University of 
Science and Technology, Wuhan, China), and we found 
that female patients who took dopamine agonist before 
surgery have harder tumor consistency, however with 
male patients we did not see any difference [Huang YM, 
Hu F, Wu K, et al. Sex-related changes in tumor con-
sistency in prolactinoma patients after bromocriptine  
pretreatment]. This information may give neurosurgeons 
suggestions before operations. 

Brain tumors are complicated cancers because of their 
location and histology. Understanding their molecular 
mechanisms of tumorigenesis and drug resistance could 
help optimize treatments. The last decades have seen great 
advances in basic and clinical research on brain tumors, 
and sophisticated techniques such as high throughput 
sequencing accelerate the development of personalized 
medicine in brain tumor treatment. This issue presents 
some of the new findings and summaries of cases of brain 
tumors in basic and clinical research. Hopefully, this will 
inspire our colleagues in this field.
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Craniopharyngiomas are epithelial tumors that arise 
from embryonic epithelial cells of the craniopharyngeal 
duct. They account for 1% of all primary intracranial 
neoplasms in adults and 1%–3% of intracranial tumors 
in children [1]. Despite their benign histological nature, 
craniopharyngiomas have a tendency to invade critical 
neurovascular structures, particularly the visual path-
ways and hypothalamus, resulting in high morbidity and 
mortality. 

Craniopharyngiomas are localized to the sella or under 
the diaphragma sellae, where it is referred to as an infra-
diaphragmatic craniopharyngioma. The choice of surgi-
cal approach for craniopharyngiomas is closely associated 
with the tumor position, size, and texture. Typically, the 
transcranial approach has been used for the treatment of 
craniopharyngiomas with suprasellar extension, whereas 
the transsphenoidal approach has been used mostly for in-
fradiaphragmatic craniopharyngiomas [2]. Total resection 
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ORIGINAL ARTICLE

Objective Typically, the transcranial approach has been used for the treatment of craniopharyngiomas 
with suprasellar extension, whereas the transsphenoidal approach has been used mostly for infradiaphrag-
matic craniopharyngioma. Total resection of craniopharyngioma can reduce the recurrence rate, especially 
in young children, but it may lead to severe complications. Therefore, any benefit of the degree of resec-
tion must be weighed against the risk of complications by the surgeons. The purpose of this study was 
to explore the therapeutic outcome after transsphenoidal microsurgical treatment of infradiaphragmatic 
craniopharyngioma and share our experiences.
Methods Between January 2003 and June 2013, 30 patients with infradiaphragmatic craniopharyngioma 
underwent transsphenoidal microsurgical resection in our hospital. The neurological, visual, and endocrine 
functions, and extent of resection were analyzed retrospectively. Recurrence or growth of residual tumor 
tissue during follow-up was assessed using magnetic resonance imaging (MRI).
Results Total resection was achieved in 25 patients (83.3%), subtotal resection was achieved in 4 pa-
tients (13.3%), and partial resection was achieved in 1 patient (3.4%). There were no perioperative deaths. 
Cerebrospinal fluid (CSF) leakage occurred in 6 patients, and among them, 2 required surgical repair of the 
sella. New-onset postoperative diabetes insipidus (DI) developed in 8 patients. Vision and visual fields were 
improved at different levels in 13 out of 16 patients who had sight impediments before treatment. Tumor 
recurrence and regrowth was observed in 2 patients; 1 patient underwent transsphenoidal reoperation, 
the condition of the other patient who had undergone several craniotomies grew worse over the 6-month 
follow-up period.
Conclusion Transsphenoidal surgery is an ideal choice in treating infradiaphragmatic craniopharyngio-
ma. The transsphenoidal approach, which preserves pituitary function and avoids damage to the hypotha-
lamic structures and optic nerve, is associated with fewer complications than the transcranial approach and 
a low mortality rate.
Key words: craniopharyngioma; transsphenoidal approach; therapeutic effect
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can reduce the recurrence rate, especially in young chil-
dren, but it may lead to severe complications. Therefore, 
any benefit of the degree of resection must be weighed 
against the risk of complications by the surgeons. In this 
paper, we present our experiences and the therapeutic 
effects of 30 cases of infradiaphragmatic craniopharyn-
gioma treated with transsphenoidal surgery. 

Materials and methods

Patients 
From January 2003 to June 2013, 30 patients with in-

fradiaphragmatic craniopharyngioma were treated using 
transsphenoidal microsurgery in our hospital. Patient 
consent and approval from the Institutional Review 
Board of Tongji Hospital were obtained for this study. 
The patient group consisted of 22 adults (9 men and 13 
women) and 8 children (4 boys and 4 girls). The age of 
the patients ranged from 4 to 50 years (mean 27.6 years). 
Twenty-seven patients had received no previous treat-
ments. One patient had undergone two craniotomies and 
one γ-knife treatment elsewhere. One patient presented 
with recurrence after undergoing a transsphenoidal oper-
ation elsewhere. One patient had undergone one γ-knife 
treatment elsewhere.

Clinical symptoms 
The main clinical characteristics of the 30 patients 

are summarized in Table 1. The preoperative duration 
of symptoms due to the tumor varied between 1 week 
and 17 years (mean 2.1 years). Principal complaints and 
symptoms included decreased vision and/or temporal 
hemianopsia in 16 cases, headache in 19 cases, hypogo-
nadism in 1 case, growth delay in 3 cases, polyuria and 
polydipsia in 4 cases, menstrual disorder in 8 cases, and 
hyperprolactinemia in 4 cases.

Neuroimaging evaluation
Location, size, degree of cystoid variation, calcifica-

tion, and sellar enlargement of the tumor were evaluated 
on films of computed tomography (CT) and magnetic 
resonance imaging (MRI). The masses measured between 
5 mm and 35 mm in diameter. The principal mass was 
located exclusively in the sella in 23 cases, partially in the 
sella and suprasellar region in 7 cases. Calcifications were 
found in 16 craniopharyngiomas, and cysts were observed 
in all cases. 

Endocrinological evaluation
During the preoperative period, the prolactin level in-

creased (from 28.07 ng/mL to 76.19 ng/mL) in 8 patients 
(2 men and 6 women), thyroid function decreased in 6 
patients. An adrenal function deficit occurred in 10 pa-
tients.

 Surgical procedure
The transsphenoidal approach, which has the advan-

tage of offering better exposure of the bottom of the sphe-
noid sinus, can be used for infradiaphragmatic craniopha-
ryngiomas located in the sella. The sphenoid sinus was 
opened; using rongeurs and a drill, the sinus opening was 
widened and its septum removed, especially exposing the 
window to the slope. Since most of the bony wall of the 
sphenoid sinus was eroded by the tumor, and the mu-
cus membrane laid directly against the dura mater. It was 
important to keep the dura intact during mucus mem-
brane and bony dissection. After the dura of the sellar 
floor was widely opened according to the size of the tu-
mor using micro scissors, a tumor with capsule of variable 
thickness was often exposed immediately. Subsequently, 
subcapsule tumor debulking was undertaken gently using 
aspiration. The capsule of the tumor could be dissected in 
3 planes as follows. First, capsular adhesion of the slope 
was dissected from the dura after coagulation. Capsular 

Table 1 Clinical characteristics of 30 patients who underwent transsphenoidal surgery for infradiaphragmatic craniopharyngioma

Variable Children Adults Total
n % n % n %

Number of patients 8 22 30
Mean age (years) at surgery 13.4 32.7 27.6
Female 4 50 13 59.1 17 56.7
Previous surgery 0 2 9.1 2 6.6
Headache 3 37.5 16 72.7 18 63.3
Adrenal function deficit 2 25 8 36.4 10 33.3
Menstrual disorder 1 12.5 7 31.8 8 26.7
Hypogonadism 1 4.5 1 4.5
Growth delay 3 42.9 3 42.9
Hyperprolactinemia 4 50 4 18.2 8 26.7
Polyuria and polydipsia 2 25 2 9.1 4 13.3
Visual deficit 4 50 12 54.5 16 53.3
* Values given as number of patients (%) unless otherwise indicated. Children is defined as <18 years old, adults as ≥ 18 years old
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adhesion near the normal pituitary gland was then dis-
sected. Since the normal pituitary gland acted as a barrier, 
tumor adhesion in this area could be easily detached. Sub-
sequently, the contralateral tumor was dissected. In cases 
of tight adhesion, it was treated by coagulating the walls 
of tumor along the cavernous sinuses and then cutting. 
If the adhesion was difficult to detach, the plane of the 
diaphragma sellae could be dissected in advance. Finally, 
dissection of tumor adhesion located in the plane of the 
diaphragma sellae. The normal pituitary gland was pro-
tected cautiously, because it was often seen at the surface. 
Meanwhile, due to the different levels of collapse, the 
diaphragma sellae was dissected gently along the capsule, 
and then the capsule was cut after coagulating the base of 
capsule. Intraoperative CSF leakage might occur during 
the dissection, which was controlled either with hemo-
static gauze or with a small cotton pad. The resection of 
the calcified part of the tumor was slow and meticulous. 
Since the diaphragma sellae was involved with the tumor, 
it could be deficient to differing extents. Therefore, repair 
of the diaphragma sellae was crucially important. In our 
cases, all sellar floor repairs were performed with autog-
enous fascia and fat.

Follow-up review
Postoperative endocrinological and ophthalmologi-

cal evaluations were performed 1 week after surgery. 
MRI and endocrinological evaluation were performed 3 
months after surgery. Subsequently, MRI was repeated 
annually. The duration of follow-up in this study was 
from 6 months to 116 months. Fig. 1 and 2 present two 
representative cases.

Results

Extent of resection
The tumors were totally resected in 25 (83.3%; 2 rep-

resentative cases shown in Fig. 1 and 2), subtotally re-
sected in 4 (13.3%), and partially resection in 1 (3.4%). 
During the follow-up period, 2 patients demonstrated a 
recurrence. 

Surgical complications 
Postoperative CSF leakage occurred in 6 patients. 

Among them, 2 patients required transsphenoidal sellar 
repair. In 4 patients, CSF leakage was successfully re-
solved after continuous lumbar drainage. Other compli-

Fig. 1 Preoperative and postoperative enhanced magnetic resonance (MR) images of the treatment of infradiaphragmatic craniopharyngioma. Pre-
operative sagittal (a) and coronal (b) MR images showing that the sella was enlarged, diaphragma sellae was raised, and tumor was separated from 
suprasellar structures by the diaphragma sellae. Postoperative sagittal (c) and coronal (d) MR images showing that the diaphragma sellae was collapsed 
and the pituitary gland together with the pituitary stalk were well preserved

Fig. 2 Preoperative and postoperative enhanced magnetic resonance (MR) images of the treatment of infradiaphragmatic craniopharyngioma. Pre-
operative coronal (a) and sagittal (b) MR images showing that the tumor was mainly located in the sella and the diaphragma sellae was raised. Post-
operative coronal (c) and sagittal (d) MR images showing that the diaphragma sellae was collapsed and the pituitary gland together with the pituitary 
stalk were well preserved
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cations included 7 cases of diabetes insipidus and 2 cases 
of electrolyte disturbance, which resolved after 3 months. 
The condition of 1 patient who had undergone several 
craniotomies grew worse during the follow-up period of 
half a year.

Visual evaluation 
Vision and visual fields improved at different levels in 

13 out of 16 patients who had sight impediments before 
the operation. There were no permanent visual deficits.

Postoperative endocrinological evaluation 
A postoperative normalization of excessive prolactin 

secretion was found in eight patients. Preoperative ad-
renal function deficit in one patient was back to normal 
after surgery. Normal thyroid function decreased after 
surgery in 4 patients. The normal level of cortisol was re-
duced after surgery in 2 patients. The newly disturbed 
functions normalized after 3 months.

Discussion

Morbidity characteristic
No significant sex difference was found to exist in terms 

of the incidence of craniopharyngiomas. However, in an 
analysis of a large sample of cases, craniopharyngiomas 
were detected more frequently in male rather than fe-
male patients [3]. Seventeen (56.7%) female patients were 
included in this group. Children aged between 5 and 9 
years and adults aged between 40 and 44 years had the 
highest incidence of this disease. Of the 30 patients, 11 
(36.7%) patients were aged between 18 and 30 years; 8 
(26.7%) patients aged between 40 and 50 years; 8 (26.7%) 
patients were younger than 18 years and 2 (6.7%) patients 
were aged between 30 and 40 years.

Clinical symptoms
Generally, the principal signs and symptoms of cranio-

pharyngiomas included headache, visual impediments, 
diabetes insipidus, and hypopituitarism. The initial symp-
toms of young children were different from those of adult 
patients. Endocrine disorder, progressive loss of vision, 
and intracranial hypertension mostly occur in children, 
while impaired vision mostly occurs in adults [4–5]. In our 
series, 3 (37.5%) children complained of headache and 12 
(54.5%) adult patients complained of decreased vision. In 
our cases, 25% of the patients with visual impediments 
were diagnosed with bitemporal hemianopsia. Intrasel-
lar craniopharyngiomas can affect the function of the 
anterior pituitary, resulting in hypopituitarism and de-
velopmental delay in patients younger than 18 years of 
age. In our cases, 2 of 8 juvenile patients demonstrated 
developmental delay, while those older than 18 years 
exhibited hypogonadism. Craniopharyngiomas can also 

increase the occurrence of endocrine symptoms such as 
amenorrhea-galactorrhea syndrome in female patients 
and hypogonadism in male patients. In our group, 4 adult 
patients demonstrated excessive prolactin secretion caus-
ing menolipsis together with/ without lactation, other 
menstrual disorders, and hypogonadism. The tumor can 
also affect the function of the posterior pituitary, result-
ing in diabetes insipidus; 6.7% of the patients in our cases 
developed symptoms of diabetes insipidus.  

Neuroimaging evaluation
On imaging studies, most tumors are of lobular shape, 

while a few are rounded with a clear border. According 
to their structure, tumors can be separated into 3 types: 
cystic, solid, and cyst-solid. As to the cyst-solid mass, the 
cystic region is typically located superiorly and the solid 
region is located inferiorly. MRI suggests that most re-
gions of cystic change show high signal intensity on T1-
weighted images. In tumors with two or more cystic ar-
eas, the signal intensity can be the same or different. The 
reason for the high signal intensity on T1-weighted im-
ages in cystic regions is that cystic fluid contains higher 
protein content, including one or more of the following: 
cholesterol, triacylglycerol, methemoglobin (with a his-
tory of bleeding), calcifications, and epithelial exfolia-
tion. Areas of cystic change generally show high signal 
intensity on T2-weighted images, but a few regions may 
show low signal intensity, probably because they contain 
calcifications or hemosiderin. Solid craniopharyngiomas 
and the solid part of cystosolid craniopharyngiomas show 
uniform T1-weighted imaging signal intensity and uni-
form or high T2-weighted imaging signal intensity. A few 
lesions with calcifications and keratoprotein or sporadi-
cally located in trabecular bone show low signal intensity 
both on T1-weighted images and T2-weighted images. 
Both CT and MRI reveal that at times large cysts have 
an air-fluid level. MR enhancement scans show that the 
enhanced extent of normal glands is significantly higher 
than that of tumorous tissues. Normal glands crushed flat 
by medium-sized tumors appear as a lamellar band with 
high signal intensity. In general, they are pressed beneath 
the tumor or are unaffected. 

Differential diagnoses
Craniopharyngioma in the sellar region should be dis-

tinguished from cystic pituitary adenoma, Rathke cleft 
cyst, pituitary abscess, and epidermoid cyst. Differential 
diagnoses are mainly made through imaging tests before 
surgery; calcification in craniopharyngiomas can be de-
tected on CT imaging, but not in other tumors. MRI dem-
onstrates that the principal differences are as follows:

(1) Cystic pituitary adenomas are always visibly con-
nected with the pituitary gland or the normal pituitary 
gland is not visible. Due to the different contents of the 
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cystic fluid, the interface of the two signals frequently ap-
pears with an intracapsular air-fluid level. MR enhance-
ment scans show that the capsule wall and solid part of 
the tumor are significantly enhanced. 

(2) Rathke cleft cysts involve the intrasellar region and 
often extend upward. They usually have the following 
imaging features: a homogeneous signal intensity within 
the lesion, lack of internal enhancement, and small vari-
ance in the lesion during the follow-up period.

(3) The characteristics of pituitary abscess include a 
history of fever, lesions involving the whole pituitary 
gland, disappearance of the normal pituitary gland on im-
aging, and posterior pituitary symptoms.

(4) The typical signal intensity of epidermoid cysts is 
equal to that of cerebrospinal fluid. Enhancement scans 
show that the tumors are not enhanced.

Selection of surgical approach and results
The ideal surgical approach has been controversial 

since craniopharyngioma was first removed surgically. 
According to the tumor position, size, texture, and sur-
geon comfort, there are 3 major types of surgery: tran-
scranial surgery, transsphenoidal surgery, and drainage. 
Among them, transcranial surgery includes the pterional 
approach, subfrontal approach, transcallosal approach, 
and transcortial-transventricular approach [6]. The prin-
cipal for the selection of different approaches is based on 
the location and adhesion of the main tumor. 

 The selections of surgical approach in different treat-
ment groups are related to the preference and experience 
of the surgeons. The proportional use of the transsphe-
noidal approach in craniopharyngioma ranges 10%–75% 
[6]. Transsphenoidal surgery was initially considered to 
remove intrasellar craniopharyngioma due to the devel-
opment of tumors from the intrasellar area to the sphe-
noid sinus. Surgeons could not remove them under visual 
control by choosing the transcranial approach; therefore, 
transsphenoidal approach was the absolute operation in-
dication. When a craniopharyngioma in the sellar region 
was within an enlarged sella turcica, the suprasellar lesion 
was located under the diaphragma sellae, which acted as 
an anatomic barrier preventing invasion of or adherence 
to vital structures. Since a part of suprasellar lesions could 
be removed by transsphenoidal surgery, the surgical in-
dication was expanded to include infradiaphragmatic 
craniopharyngioma [7]. Owing to developments in the ex-
tended transsphenoidal approach and use of endoscopy, 
reports of treating craniopharyngiomas located in the su-
prasellar area, parasellar region, and in the third ventricle 
using transsphenoidal surgery have increased.

The use of transsphenoidal surgery is convincing. Cra-
niopharyngiomas involving the sella turcica are often 
cystic or friable [8–9] making intracapsular resection rela-
tively easy. Infradiaphragmatic craniopharyngioma usu-

ally does not infiltrate surrounding structures. Therefore, 
excision of the capsule from the optic chiasm, hypothala-
mus, and pituitary stalk can be carefully performed [10]. 
Transsphenoidal surgery involves less severe trauma, bet-
ter exposure of sellar lesions, and more efficient decom-
pression of the chiasm and optic nerves with reduced risk 
of vision worsening [11] compared with transcranial ap-
proaches. The total resection rate of transsphenoidal mi-
crosurgical treatment of infradiaphragmatic craniopha-
ryngioma as reported in the literature ranges from 27.7% 
to 89.7%; in our study, total resection was achieved in 
25 patients (83.3%). The patients who undergo subtotal 
resection should receive stereotactic or general radio-
therapy. During the follow-up period, one patient exhib-
ited recurrence 2 years after surgery, and underwent fur-
ther transsphenoidal surgery. No recurrence occurred in 
any other patients. Compared with the 8% reported in a 
Meta-analysis, the rate of the postoperative recurrence of 
craniopharyngioma ranges 0–17.6% [6]. In our study, the 
recurrence rate was 3.6%.

The postoperative recovery rate of patients with vision 
or visual field defects ranges from 70% to 90% in trans-
sphenoidal surgery, a higher recovery rate than transcra-
nial surgery in general [4]. In our study, the recovery rate 
was 81.3%, similar to results reported in the literature. 
The patients with preoperative endocrinological diseases 
did not improve after surgery. Two patients with preop-
erative diabetes insipidus are receiving long-term phar-
macological treatment to control urine volume, and 2 
patients with preoperative hypothyroidism also needed 
to take long-term medication after the operation. Post-
operative normalization of excessive prolactin secretion 
was detected in 8 patients, and the clinical symptoms dis-
sipated. Similar cases were also reported by other groups 
that preoperative hypopituitarism is rarely cured after 
surgery, and most patients with high level of prolactin 
recover after their operation [12]. The results regarding vi-
sual deficits and endocrinological function pre-and post-
operatively are shown in Table 2.

Complications
Diabetes insipidus is the most frequent endocrinopa-

thy following both transsphenoidal surgery and transcra-
nial surgery for craniopharyngioma [8]. The ratio of pa-
tients with postoperative diabetes insipidus reported by 

Table 2 Comparison of the results pre-and post operation

Variable Preoperative cases Postoperative cases
n % n %

Diabetes insipidus 4 13.4 12 40
Adrenal function deficit 10 33.3 11 36.7
Thyroid function deficit 2 6.7 6 20
Hyperprolactinemia 8 26.7 0 0
Visual deficit 16 53.3 3 10
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treatment groups differ. One group reported that 60% of 
patients were diagnosed with diabetes insipidus [8]. The 
histological type of tumor and frequent disturbance of 
the pituitary stalk in transcranial surgery are probably 
the reasons that the ratio of patients with postoperative 
diabetes insipidus (54.8%) after transcranial surgery is 
higher than the 31.7% after transsphenoidal surgery. In 
our group, 8 (26.7%) patients were newly diagnosed with 
diabetes insipidus after surgery, and they were cured in 
3 months. Electrolyte disturbance appeared in 2 patients 
and resolved after appropriate drug treatment. The most 
common technical complication of transsphenoidal sur-
gery is CSF leakage. Materials for repairing the sellar floor 
are varied, including titanium mesh, silicon resin, and na-
sal bone fragments glued using fibrin glue. Fat, fascia, and 
fibrin glue were used by Buchfelder M et al to reconstruct 
the sellar floor [1]. As a study in the literature has reported, 
the incidence of CSF leakage ranges from 2% to 33% [13]. In 
our cases, all sellar floors were patched with autogenous 
broad fascia and fat. Postoperative CSF leakage occurred 
in 6 (20%) patients and was successfully treated through 
continuous lumbar drainage or repair of the sellar floor. 
None of the patients with CSF leakage experienced men-
ingitis. Six patients were newly diagnosed with pituitary 
dysfunction, and the disturbed function normalized af-
ter 3 months. Since the 1980s, the perioperative mortal-
ity of craniopharyngioma decreased from 9% to 0% with 
progress in microtechniques and improvement of surgical 
skills. There were no cases of perioperative death in our 
group, although in one patient, the condition worsened 
because of impaired hypothalamus function over the 6-
month follow-up period.

Conclusions
Transsphenoidal surgery is an ideal choice in treat-

ing infradiaphragmatic craniopharyngioma. The patients 
whose tumors were not totally resected should receive 
stereotactic or general radiotherapy to reduce the risks of 
recurrence. Routine repair of diaphragma sellae is needed 
during the operation, and postoperative CSF leakage can 
be mostly cured. The transsphenoidal approach, which 
preserves pituitary function and avoids damages to the hy-
pothalamic structures and optic nerve, is associated with 
fewer complications and a lower mortality rate compared 
with the transcranial approach. For tumors that could not 
be or were not totally resected in the first operation, total 
resection would be more difficult or impossible during a 

secondary operation.
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Pituitary adenoma, a type of benign tumor occurring in 
the pituitary gland, accounts for 10%–20% of central ner-
vous system tumors [1]. Prolactinoma, which has the high-
est incidence rate (40%) in pituitary adenoma, is caused 
by pituitary prolactin hormone secretory cell hyperplasia 
[2–3]. Prolactinomas are unique, for they are pituitary tu-
mors that can be treated with medical therapy. Dopamine 
agonists (DA) have been the preferred drug therapy of 
prolactinoma for many years, with bromocriptine as the 
treatment of choice [4–6]. Since 1985, bromocriptine has 
been examined as part of a prospective multicenter trial 
and has gradually become the first-line medication to 
treat prolactinomas [7].

However, in many cases, patients of either sex do not 
experience normalization of prolactin levels or obvious 
tumor shrinkage as confirmed by MRI, are classified as 
resistant to the DA therapy, and receive surgical treat-
ment [4, 8–10]. In many clinical centers, neurosurgeons have 
found that the tumor consistency in some patients tends 
to be tougher and more tensile or, conversely, softer after 
long-term treatment with DA agonist. Previous studies 
have demonstrated that after DA therapy, tumor cells and 
interstitial tissue undergo tumor cell shrinkage and in-
terstitial tissue and perivascular fibrosis [11–17], which has 
generated some controversy regarding first-line therapy 
[18–19]. In our clinical experience, we found that the con-
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Objective It has long been reported that prolactinomas treated with bromocriptine increase fibrosis and 
may affect surgical outcomes. We retrospectively studied 238 consecutive patients with histopathologically 
confirmed prolactinomas undergoing microsurgery in a single neurosurgery department of Tongji Hospital 
(Wuhan, China) from 2012 to 2015 in order to evaluate tumor consistency changes after bromocriptine 
pretreatment and surgical outcomes. 
Methods We divided the patients into four groups: males in the dopamine agonist (DA) group, females 
in the DA group, males in the no DA group, and females in the no DA group, and we compared the surgery 
process, specimen Masson staining, and clinical outcomes of the four groups. According to a previously 
published classification, the operative notes from an experienced neurosurgeon were reviewed to classify 
the consistency of tumors as “fibrous” or “nonfibrous”. 
Results No differences in tumor consistency were found in male patients with or without DA treatment. 
However, in female patients with DA treatment, tumors were likely to be harder in texture than the tumors 
of female patients without DA treatment. Despite tumor consistency differences between sexes, the tumor 
biological remission rate was similar between groups, as was the rate of tumor resection. 
Discussion Our study indicates that preoperative DA therapy impacts tumor consistency in female pa-
tients but not male patients. Although the surgical and histopathological outcomes are not influenced, these 
findings may provide useful information for the choice of operative approach and surgery process for pitu-
itary adenoma.
Key words: prolactinoma; bromocriptine; tumor consistency; surgical outcomes
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sistency of tumors is different between males and females 
after bromocriptine pretreatment, and the surgical out-
comes are not identical.

In this study, our aim was to study sex differences in 
the relationship between DA pretreatment and tumor 
consistency. In our clinical center, in order to evaluate 
the choice of bromocriptine in treating male or female 
patients with prolactinomas, we assessed prolactinoma 
tumor consistency after DA therapy and the correlation 
of DA pretreatment with postoperative remission rates 
between the two sexes. 

Patients and methods

Patient population 
In our study, 238 patients were included, all of whom 

underwent transsphenoidal surgery with histopatho-
logically confirmed prolactinomas from 2012 to 2015 at 
Tongji Hospital, Wuhan, China. Demographics included: 
50 patients (Male, 5; Female, 45) with microprolactino-
mas and 188 patients (Male, 51; Female, 137) with macro-
prolactinomas. Of these, 106 patients (Male, 11; Female, 
95) previously received DA treatment (> 3 months) and 
132 (Male, 45; Female, 87) directly underwent surgery 
because of tumor local compression, intolerance to bro-
mocriptine, or strong desire for reproduction. Of the 106 
patients exposed to bromocriptine, 2 (Male, 0; Female, 
2) also received Gamma Knife treatment. The rest of the 
patients were treated by bromocriptine intake only. The 
total mean bromocriptine cumulative dose in all patients 
was 1.2 mg, ranging from 0.25 to 1.5 mg per day, over 
90–350 days. Demographic data were shown in Table 1.

Data collection and analysis
All preoperative and postoperative radiographic tests 

were obtained from our institution, and postoperative 
MRI scans were collected in the outpatient department 
when patients were referred to physicians. Initial pre, 
peri, and postoperative endocrine data were obtained 
from Tongji Hospital medical records and from records 
of referring and consulting physicians. Initial prolactin 
level refers to the earliest known documented level prior 
to medical therapy. The hormone statics were evaluated 

within 5 days before surgery, and the postoperative pro-
lactin (PRL) levels were tested 2 days to 3 months after 
surgery and defined as the immediate postoperative PRL 
levels. As in a previous classification [20], the patients were 
separated into two groups: ‘‘DA’’ if they had received 
preoperative treatment with bromocriptine and ‘‘no DA’’ 
if surgery was the first-line definitive therapy and there 
was no known exposure to bromocriptine. The exclusion 
criteria included missing information of preoperative 
prolactin levels, patients with a history of prior surgery 
or radiotherapy, or missing information of prolactin lev-
els after surgical treatment.

Tumor consistency and Masson staining value 
According to classification by Menucci [15], tumor con-

sistency was described by the surgeon in the operative 
notes as “firm”, “solid”, “difficult to resection”, “hard”, 
“close adhesion to peri-tissue”, or “difficult to resect 
tumor by aspirator” indicating fibrous consistency, or 
“soft”, “easily resect tumor by aspirator”, or “typical con-
sistency” indicating nonfibrous consistency. We collected 
prolactinoma tumor tissue from 25 patients to stain using 
the Masson procedure. In order to concisely conclude the 
Masson staining result, the fibrous positive was defined as 
high fibrous expression in a single field.

Radiographic and hormone data analysis
The radiographic tumor volume data were acquired by 

high resolution MRI and estimated by tracing the tumor 
using transparent film and measuring mean diameter of 
each section. The tumor resection rate data were collected 
by comparing the postoperative and preoperative tumor 
volume, using an analysis method known as the platform-
like volume calculation formula developed by Wang [21]. 
The surgery efficacy was determined by immediate PRL 
level and MRI data of the patient more than 6 months af-
ter surgery. Patients who necessarily received postopera-
tive bromocriptine treatment were estimated during the 
postoperative period prior to bromocriptine treatment. 
Curative conditions were defined as follows: normal PRL 
levels, menstruation recovery in females, and disappear-
ance of lactation symptoms. Ineffective conditions were 
defined as follows: PRL level reduction rate < 80% or PRL 

Table 1 Demographics of patients in this study

Groups DA (n = 106) No DA (n = 132)
Male Female Male Female

Number of patients 11 95 45 87
Age (years) 28.7 ± 10.0 29.1 ± 9.5 31.2 ± 9.6 29.4 ± 9.4
Pre-operative PRL level (ng/mL) 1397.8 ± 544.4  268.4 ± 27.8  1952.2 ± 354.0  344.1 ± 75.0
% Patients presenting with amenorrhea N/A 74.7% N/A 67.8%
% Patients presenting with sexual disfunction 81.8% N/A 75.6% N/A
% Patients with macroprolactinoma 61% 68%
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level unchanged or higher. 

Statistical analysis
The characteristics of tumor consistency, sex, present-

ing symptoms, preoperative prolactin levels, and rates of 
tumor resection were compared between groups using the 
chi-squared test. Bonferroni corrections were performed 
for subgroup analyses when relevant. P < 0.05 was con-
sidered statistically significant. All continuous variables 
were presented as mean ± SE. 

Results

Tumor consistency
The tumor consistency of patients preoperatively treat-

ed with DA was more likely to be described as “fibrous”. 
About 39.6% of patients in the total DA group had tumors 
depicted as “fibrous” consistency compared with 12.1% 
of patients in the no DA group (P < 0.05). When the pa-
tients were analyzed by sex, male and female patients 
showed different tendencies of tumor consistency change 
after DA treatment. In female patients, the “fibrous” con-
sistency description was more likely to be found in the 
DA group than in the no DA group (40% vs. 16%, P < 
0.05, Table 2). In male patients, the “fibrous” consistency 
description was generally less likely to be found in the 
DA group than in the no DA group, but there was no 
significant difference between them (43% vs. 47%, P > 
0.05, Table 2). To adjust for the effect of the significantly 
higher pre-therapy PRL levels seen in the DA group, we 
performed two subgroup analyses. In patients with base-
line PRL levels lower than 1000 ng/mL, the proportion of 
“fibrous” tumor consistency was less in the no DA pre-
treatment group than in the DA group (0% vs. 39.3%, P 
< 0.05). In other words, when male patients’ PRL levels 
preceding surgery were less than 1000 ng/mL, the tumor 
tissue consistency of those who received DA was more 
likely to be nonfibrous and easily resected by aspirator. 
Among female patients, regardless of preoperative PRL 
level, those treated with bromocriptine prior to transs-
phenoidal surgery had remarkably more “fibrous” tumor 
consistency. The representative intraoperative findings of 
patients were also shown in Fig. 1.

Masson staining of tumor tissue slices
From male patients in the DA group, 20% (1/5) of spec-

imens were fibrous positive, compared with 57% (4/7) in 
the male control group. Compared with 40% (2/5) fibrous 
positive specimens in female patients of the no DA group, 
specimens from those in the DA group were 87.5% (7/8) 
fibrous positive (Table 3). Typical samples were shown 
in Fig. 2.

Biological and radiographic remission rate
The tumor postoperative biological remission rate was 

not influenced by DA pretreatment among female prolac-
tinoma patients. The number of females in the DA group 
who had total biological remission was 81.3% (74/91), 
similar to the 88.0% (73/83) in the no DA group (P > 
0.05). Nevertheless, 13.2% of female patients in the DA 
group and 11.0% in the no DA group had partial biologi-
cal remission (13.2% vs. 11%, P > 0.05, Table 4). 

According to radiological reports written by several 
experienced radiologists, the tumor volumes were pre- 
and postoperatively evaluated to analyze the tumor re-
section rate. Regardless of preoperative tumor size, male 
patients in the DA group showed similar tumor resection 
rates to male patients in the no DA group (0.46 ± 0.69 vs. 
0.88 ± 0.13, P > 0.05, Table 5). As shown in the MRI in 
Fig. 3 and 4, the male macroprolactinoma patients who 
received DA pretreatment had total tumor resection, and 
the male macroprolactinoma patient in the no DA group 

Table 2 Tumor consistency of prolactinoma patients

Gender DA 
pretreatment

Number of 
patients

Number of 
fibrous tumor

Chi-square
test

Male DA 11 2 P = 0.680
(P > 0.05)No DA 45 6

Female DA 95 38 P = 0.003
(P < 0.05)No DA 87 14

Table 3 Masson staining of tumor tissue slices

Gender DA 
pretreatment

Number of 
patients

Number of fibrous 
positive tumors 

Chi-square
 test

Male DA 5 1  P = 0.293
No DA 7 4

Female DA 8 7 P = 0.217
No DA 5 2

Table 4 Prolactinoma patients’ postoperative immediate PRL remission rate

Gender DA pretreatment Number of patients Number of total  
remission

Number of partial 
remission

Number of no  
remission

Chi-square
test

Male DA 11 2 3 5 P = 0.000
(P < 0.01)No DA 45 16 21 4

Female DA 95 78 12 5 P = 0.254
(P > 0.05)No DA 87 77 9 1
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Fig. 1 Typical intraoperative findings in prolactinoma patients. (a and b) Male patients’ tumors in both the no DA and DA groups were typically trans-
lucent and soft upon incision of the dura mater, which allowed for easy resection by aspirator. (c and d) Tumor of female patient in the DA group was 
more substantial and solid with fiber separation, and we had to scrape the tumor piecemeal. The texture of the tumor of a female patient in the no DA 
group was typical and removed by aspirator

Fig. 2 Masson staining of prolactinoma patients’ tumor slices. Tumor tissues of male patients in the DA group (a) showed more tumor cells and 
vacuole-like cells in single field than those of male patients in the no DA group (b). Interstitial fibrosis (blue staining) was rare in these two slices, and the 
perivascular fibrosis was not particularly abundant (b). Interstitial fibrosis was much more highly expressed in female patients in the DA group (c) than 
in females in the no DA group (d)

Fig. 3 Representative preoperative (a and b) and postoperative (c and d) MRI of a male prolactinoma patient with DA pretreatment

Fig. 4 Representative preoperative (a and b) and postoperative (c and d) MRI of a male prolactinoma patient without DA pretreatment
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also had radiological total tumor removal. 

Discussion

Our data suggest that bromocriptine pretreatment in-
creases the tendency of fibrous prolactinoma formation in 
female patients compared with male patients. We demon-
strate that pituitary adenoma texture is sex-related, sug-
gesting that the choice of treatment can be more flexible 
for male prolactinoma patients. Furthermore, in terms of 
female prolactinoma patients, contrary to the idea that 
the increased fibrosis observed in bromocriptine-treated 
tumors may increase surgery difficulty and the risk of 
damage to peripheral structures (e.g. normal pituitary), 
the hormone remission rates and tumor resection rates 
were identical between the DA and no DA groups. In 
terms of male prolactinoma patients, DA pretreatment 
did not influence the surgical outcome or biological re-
mission rate in our clinical center. 

Several studies during the last two decades have re-
ported tremendous morphological changes occurring in 
prolactinomas after treatment with bromocriptine. These 
changes include: (1) tumor cells often appearing hyper-
cellular because of remarkable cell shrinkage observed by 
light microscopy; (2) cells exhibiting a significant reduc-
tion in cytoplasmic volume, nuclear hyperchromasia, and 
an increase in the nuclear/cytoplasmic ratio; and (3) long-
term treatment causing an increase in extensive intersti-
tial and perivascular fibrosis [11, 13–14, 16]. Our data describe 
the increased hardness of the tumor from the aspect of 
surgeon’s feeling during the operation process, which in 
general demonstrates the development of fibrosis in PRL 
tumors following bromocriptine premedication (Fig. 2c 
and 2d). Previous studies have not compared male and fe-
male patients separately, so the existence of sex differenc-
es was unknown. This study suggests that unlike in female 
patients, the consistency of male patient tumors will not 
develop a firm texture after pre-surgical bromocriptine 
treatment. In some cases, particularly those with ordinar-
ily high levels of PRL (under 1000 ng/mL), bromocriptine 
use pre-surgery may in fact cause soft tumor texture (data 
not shown).

Prolactinomas are relatively uncommon in men com-
pared to women and are ordinarily large and invasive tu-
mors with high PRL levels at the time of diagnosis. Dopa-

mine agonist therapy can normalize PRL level regardless 
of tumor size in most men with prolactinomas, although 
bromocriptine-resistant tumors may be more frequently 
encountered in men [22–24]. Male patients in the DA group 
with ordinarily high PRL levels had soft tumors, which 
may also indicate that prolactinoma consistency is cor-
related with pre-surgical PRL level. Our Masson staining 
of tumor specimens suggests that expression of fibrosis in 
male tumors is not influenced by bromocriptine therapy 
in comparison with female patients (Fig. 2). We suggest 
the possible explanation that fibrous formation deficien-
cy occurs in male patients receiving dopamine agonists. 
Thus, if a tumor is DA-resistant, the structure of the tu-
mor will much more easily collapse, as it is soft because 
of the lack of interstitial fibrous. In addition, prolactin 
secreted from the tumor cells is released through the mi-
crovasculature to the blood, together with mild prolactin 
secretion activity due to shrinkage of tumor cells, which 
eventually presents as ordinarily high, but not extremely 
high, PRL level. 

Compared with female patients, bromocriptine-re-
sistant tumors occur much more frequent in men [22, 25]. 
Additionally, previous studies showed that male patients’ 
tumors tend to express much more Ki-67 and PCNA, two 
markers for proliferative activity in tumors [26]. Further-
more, a recent study illustrated that PRL tumors in men 
are characterized by lower ER-alpha expression, which is 
related to higher resistance to treatment and worse prog-
nosis [27]. Some researchers discovered a significant down-
regulation of the TGF-beta/Smad signaling cascade in 
DA-resistant prolactinomas, which is the main signaling 
pathway involved in fibrosis in many organs, including 
kidney, liver, and lung [28–32]. In summary, we confer that 
the different changes in tumor consistency between sexes 
after DA treatment may be caused by different expres-
sion of TGF-beta/Smad and ER-alpha between men and 
women. However, the specific mechanisms of the differ-
ent results observed in male and female prolactinoma pa-
tients remain unclear, requiring further research.

That bromocriptine is related to tumor perivascular/
interstitial fibrosis has been reported, but whether fibro-
sis has a positive or a negative influence on the treatment 
of prolactinomas is an ongoing debate. In 1982, Landolt 
first reported that bromocriptine treatment prior to sur-
gery can negatively affect the outcome of microsurgery 
[33]. The choice of bromocriptine premedication has be-
come a critical question. Surgeons such as Derome and 
Esiri successively reported the similar discovery that bro-
mocriptine pretreatment may negatively affect operation 
outcomes [34]. However, the study of DA agonist premedi-
cation has shown different results since the 1990s. Turner, 
Hubbard, and Fahlbusch published their long-term single 
institutional study reporting that bromocriptine treat-
ment prior to microsurgery had no significant impact on 

Table 5 Prolactinoma patients’ tumor resection rate

Gender DA pretreatment Number of
patients

Tumor 
resection rate

Chi-square
test

Male DA 11 0.46 ± 0.69 P = 0.319
(P > 0.05)No DA 45 0.88 ± 0.13

Female DA 95 0.72 ± 0.54 P = 0.267
(P > 0.05)No DA 87 0.78 ± 0.23
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tumor resection effect and prognosis [13, 35–38]. Conversely, 
it has been reported that bromocriptine treatment prior 
to surgery seemed to improve surgical outcome possibly 
by inducing tumor regression [8, 18, 20, 37].

A possible explanation of these contradictory conclu-
sions is the lack of comparability between the DA group 
and the no DA group in the former study because the pa-
tients were separated only by whether they had received 
DA pretreatment. The clinical characteristics of patients, 
such as tumor volume, preoperative PRL level, and sex, 
were significantly different between groups, which can 
eventually affect prolactinoma operation outcomes. Fur-
ther, the entirely contrary results of these reports could 
be attributed to the small sample number of cases. There 
have been few multicenter studies using large sample 
sizes to examine the choice of bromocriptine prior to 
surgery and related factors. Otherwise, the development 
of microsurgery techniques, advanced neuronavigation 
technology, and the application of endoscope-assisted 
microneurosurgery are important factors that influence 
the results. 

Our results indicate that pretreatment with bromocrip-
tine does not affect surgical outcome as much as previ-
ously believed, regardless of patients’ sex, and that the 
biological remission rate does not differ between groups, 
suggesting that the formation of fibrosis in these patients 
is irrelevant to their overall outcome．

However, this conclusion is based on an experienced 
surgeon who performed the microsurgery, along with the 
tacit cooperation of our surgical team, and we discovered 
that the presence of fibrosis in the tumor often requires 
more time and experience to detach the tumor from 
neighboring tissue. The complexity of hemostasis during 
the process of separating and resecting tumor was also in-
creased when the tumor fibrous formation was promoted 
by bromocriptine premedication, according to our and 
other institutes’ surgery reports. These procedures also 
require more time of the whole surgery, which means 
the possibility of perioperative events would increase as 
well. The different morphology of tumor consistency be-
tween sexes still can be used as reference for the choice 
of operative approach. When treating male prolactinoma 
patients, DA therapy could be more positively chosen by 
the doctor for the low incidence of tumor consistency 
changes and negative effects on follow-up operation. In 
addition, tumors described as fibrous or “hard” may not 
easily be removed by junior doctors using the transsphe-
noidal approach; therefore, the level of experience in this 
study may also provide a reference for choice of surgical 
approach.

This study is limited by its retrospective nature and 
small sample size, due to most of the surgery are per-
formed in this year. Thus, long-term follow-up was need-
ed to evaluate the surgical outcome in each group. How-

ever, the findings of this study may provide significant 
reference information for young neurosurgeons, which 
may offer the most benefit in dealing with nonfibrous 
tumors. Finally, differences in the outcome of DA pre-
treatment between male and female patients still require 
further multicenter study.

Conclusion
Our study indicates that preoperative dopamine ago-

nist therapy impacts tumor consistency in female but not 
male prolactinoma patients. Although the surgical out-
comes and histopathological outcomes were not influ-
enced, our findings may provide some useful information 
in the choice of pituitary adenoma surgical process. Final-
ly, the mechanisms underlying these differences warrant 
further exploration.
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Malignant gliomas are the most common and deadly 
brain tumors and arise from glial cells in the central ner-
vous system (CNS) [1]. Gliomas are classified into four 
grades according to the histopathological criteria defined 
by the World Health Organization (WHO). Grade III 
and grade IV gliomas are the most aggressive types and 
are characterized by uncontrolled proliferation, necrosis, 
and infiltration [2]. Glioblastoma multiforme (GBM) is the 
most malignant type of glioma with a median survival 
time of 12 months despite an aggressive treatment con-
sisting of surgery, radiotherapy, and chemotherapy. Sub-
stantial progress has been made in other malignant cancer 
therapies over the past decades; however, GBM remains 
essentially untreatable [3]. 

Apart from surgery, chemotherapy, and radiotherapy, 
immunotherapy is believed to be a promising method of 
treatment for malignant gliomas [4]. Tumor cells are recog-
nized by immunocompetent cells that induce innate and 
adaptive immune responses. Adaptive immune responses 
are mostly characterized by tumor-specific T cells in the 
tumor microenvironment, and it has been demonstrated 
that these cell numbers are positively correlated with sur-
vival [5]. It is accepted that the brain is an immune-privi-
leged organ that lacks dendritic cells (DCs) and T cells; 
however, recent studies have discovered lymphatic ves-
sels in the brain and showed that tumor-derived antigens 
are transported to the cervical lymph nodes to stimulate 
specific T cells [6]. After amplification, these T cells are 
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able to migrate back to the brain and kill tumor cells ef-
fectively. These findings indicate that immunotherapy 
could be a potential method for treatment of gliomas.

Dendritic cells (DCs) are the most powerful antigen 
presenting cells (APCs) [7]; we showed that immunother-
apy using pulsed DCs from whole tumor extracts could 
significantly prolong the survival of GBM patients in a pi-
lot clinical study [8]. However, by using the whole tumor 
extract, DCs do not get pulsed in all the patients. Hence, 
we attempted to find a more specific antigen expressed in 
gliomas to optimize the treatment. 

Interleukin-13 receptor alpha 2 (IL-13Ra2) is a mem-
brane receptor composed of 380 amino acids, belonging to 
the erythropoietin receptor family [9]. The gene encoding 
IL-13Ra2 is located on Xq24. Recent studies have dem-
onstrated that IL-13Ra2 exhibits a highly tissue-specific 
expression in malignant tumors, especially in gliomas [10]. 
In addition, the expression is positively correlated with 
tumor malignancy, and no expression of IL-13Ra2 has 
been found in normal tissue and organs. Other research-
ers have found that IL-13Ra2 exhibits antigenicity and 
immunogenicity, which indicates its potential use in can-
cer immunotherapy [11].

Materials and methods

Human material
All material pertaining to human glioma and normal 

brain used in this study was obtained from the Depart-
ment of Neurosurgery and Department of Neuropathology 
at Tongji Hospital of Tongji Medical College, Huazhong 
University of Science and Technology, in accordance 
with the guidelines of the Ethical Committee.

Cell culture
Human glioma cell line U251 was cultured in Dulbec-

co’s modified Eagle’s medium (DMEM) supplemented 
with 200 mM glutamine, 50 units/mL penicillin, 50 mg/
mL streptomycin, and 10% FCS, as previously described 
[12].

Tumor tissue was enzymatically dissociated and cul-
tured as floating neurospheres in serum-free DMEM/F-
12 medium containing 20% BIT serum-free supplement 
(Stemcell Technologies Inc., Vancouver, Canada), EGF 
and bFGF at 20 ng/mL, respectively. Similarly, glioma 
U251 stem cells (U251-GSC), derived from the human 
glioma cell line U251, were cultured as non-adherent 
neurospheres in a serum-free supplemented medium 
as previously described. GSCs of more than six passages 
were used for further experiments. To induce GSC dif-
ferentiation, we used the conventional serum-containing 
medium (10% FBS in DMEM) for seven days.

Peripheral blood (50 mL) was drawn from glioma pa-
tients; monocytes were isolated and cultured in RPMI-

1640 medium supplemented with 10% patients’ own se-
rum. On the first, third, fifth and seventh day of culture, 
GM-CSF and Interleukin-4 were added to the culture 
medium. DCs were extracted and the samples were ana-
lyzed for purity by using flow cytometry, as previously 
described [8].

Clonal formation assay
Single-cell suspensions were calibrated to reach a con-

centration of 5,000 cells/mL in serum-free supplemented 
medium, diluted into gradient cell titers at 1,000, 500, 
200, 100, 50, 20, and 10 cells/200, and further transferred 
into the wells of a 96-well microplate. To confirm the re-
sults obtained after the gradient dilution, more stringent 
clonal assays were performed by plating single cells into 
the 96-well plate. Clonal spheres (non-adherent, tight 
and spherical masses >75 μm in diameter) were counted 
under a microscope (Olympus CKX31, Tokyo, Japan) at 
the end of two weeks.

CCK-8 assay
Cells were seeded into 96-well plates at a density of 5 

× 103 cells per well and maintained in culture medium for 
the indicated time. Thereafter, 10 μL CCK-8 reagent was 
added into the medium and incubated with the cells for 4 
h. The optical density (OD) was measured at a wavelength 
of 450 nm using an ELISA plate reader, with subtraction 
of blank control reading. In addition, the morphological 
alterations of cells post-incubation were recorded micro-
scopically.

ELISA
IFN-γ secretion was evaluated by detecting IFN-γ in 

the conditioned culture medium of DCs after indicated 
treatment for 48 h using a commercial IFN-γ ELISA kit 
(Uscn Life Science Inc., China) following the manufac-
turer’s instructions.

Flow cytometry
Up to 106 cells were resuspended in the recommend-

ed buffer (containing PBS pH 7.2, 0.5% BSA, and 2 mM 
EDTA) with CD133/1 (AC133) antibody (1:11; Miltenyi 
Biotec, Bergisch Gladbach, Germany) for 10 min at 4°C. 
Mouse IgG1 (1:11; Miltenyi Biotec) was used as the iso-
type control antibody. CD133 detection and analysis were 
performed on BD FACSAria [12].

Results

IL-13Ra2 was expressed in U251 glioma 
cells and human glioma tissue, not in 
normal brain tissue

The expression of IL-13Ra2 in U251 glioma cells and 
human glioma tissues was analyzed by immunostaining. 
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IL-13Ra2 was detected in U251 cells (Fig. 1a). In most of 
the human glioma tissues, no (or very faint) staining was 
observed in low-grade gliomas (grade I and grade II) (Fig. 
1c, 1d), while in high-grade gliomas (grade III and grade 
IV), a strong IL-13Ra2 expression was observed (Fig. 1e, 
1f). When the expression of IL-13Ra2 was evaluated in 
normal brain tissues, no signal was detected (Fig. 1b). 

Expression of IL-13Ra2 was associated with 
glioma grades

We analyzed 59 gliomas tissues including 10 grade I 
gliomas, 17 grade II gliomas, 13 grade III gliomas, and 19 
grade IV gliomas (Table 1). Five normal brain tissues were 
included as controls. The expression rates obtained are 
listed in Table 1. IL-13Ra2 was found to be significantly 
expressed in glioma tissues as compared to normal brain 
tissues (P = 0.0223), and high-grade gliomas expressed a 
level of IL-13Ra2 higher than that of low-grade gliomas 
(P = 0.0002) (Table 2). Although there is no difference 
in IL-13Ra2 expression between grade I and grade II (P 
= 0.1895), grade II and grade III (P = 0.1590), grade III 
and grade IV (P = 0.4012) gliomas, a significant difference 
was observed between grade I and grade III (P = 0.0097), 
grade I and grade IV (P = 0.002) and grade II and grade IV 
(P = 0.0140) gliomas. These data indicate that IL-13Ra2 is 
negatively correlated with glioma malignancy. 

Growth patterns and identification of GSCs
GSCs were initially harvested using the neurosphere 

assay, with the GSCs growing as suspended spheres en-
riched with stemness characteristics. U251 glioma cells 
presented distinctive growth patterns under different 
culture conditions. The U251 cells showed adherence 
and had elongated branches (Fig. 2a); trypsinization for 
passage took –4–5 min at 37 ℃. The U251 GSCs and hu-
man GSCs grew as floating spheres, which proliferated 

up to 100–200 μm in diameter within 3–4 days. The cells 
were mechanically filtered and dissociated into single 
cells without trypsinization, thereby forming secondary 
spheres for serial passage (Fig. 2b). CD133 was used as 
a marker and human GSCs showed more than 20% ex-
pression of CD133 (Fig. 2c), compared to less than 1% in 
glioma cells (Fig. 2d).

IL-13Ra2- and GSC-pulsed DCs induced T  
lymphocyte proliferation

Different effector to target cell ratios (E/T 1:5, 1:10, 
1:20, and 1:40) were applied to identify the optimal ratio. 
IL-13Ra2- and GSC-pulsed DCs and T cells were co-cul-
tured for 48 h and the proliferation of T cells was ana-
lyzed. In the group of GSC-pulsed DCs, E/T 1:10 induced 
the highest proliferation of T cells. However, in the group 
of IL-13Ra2-pulsed DCs, although DCs induced a very 
high proliferation of T cells, no difference was detected 
between different E/T subgroups. When DCs were not 
pulsed by any antigens, a very low rate of T cell prolifera-
tion was observed (Table 3). Hence, E/T 1:10 was consid-
ered the optimal E/T for T cell proliferation.

Fig. 1 (a)  Expression of IL-13Ra2 
in U251 cell line; (b) Expression of IL-
13Ra2 in human normal brain tissue; 
(c) Expression of IL-13Ra2 in grade I 
gliomas; (d) Expression of IL-13Ra2 in 
grade II gliomas; (e) Expression of IL-
13Ra2 in grade III gliomas; (f) Expres-
sion of IL-13Ra2 in glioblastomas 

Tumor type Total numbers Positive %
Grade  I 10 1 10
Grade  II 17 7 41.1
Grade  III 13 9   69.2
Grade  IV 19 16 84.2

Table 1 Expression of IL-13Ra2 in gliomas of different grades

Table 2 Expression of IL-13Ra2 in low-grade and high-grade gliomas
Tumor type Total numbers Positive % P
Low grade glioma 27 8 29.6 0.002High grade glioma 32 5 78.1
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Pulsed DCs stimulated cytotoxic T cells to  
induce glioma cell death in vitro

T cells were stimulated by different groups of pulsed 
DCs as described. Pulsed DCs were further co-cultured 
with U251 cells or GSCs and cell death was analyzed. As 
shown in Table 4, the GSC-pulsed DCs group showed the 
highest rate of killing glioma cells in the U251 group, and 
the E/T of 20:1 showed the highest killing rate in both 
groups. However, in the group of GSCs, IL-13Ra2-pulsed 
DCs failed to show any effect when compared to the 
non-pulsed group, indicating that IL-13Ra2 was unable 
to pulse DCs to kill GSCs (Table 5). In both groups, using 
GSCs as the antigen showed the highest killing rate.

GSCs induced higher IFN- γ release on DCs
Since GSC-pulsed DCs showed the highest glioma cell 

killing rate, we attempted to identify the effect factor. 
IFN- γ was shown to have a capacity to kill glioma cells. 
IFN- γ concentration was analyzed using ELISA. The GSC 
group showed a higher concentration of IFN- γ than the 
IL-13Ra2 group and the non-pulsed group (P < 0.05). E/T 
of 20:1 showed the highest concentration of IFN- γ (Table 
6).

Discussion

Previous studies, including ours, have shown that DC 
vaccines loaded with frozen glioma antigen could be used 
as a potential therapy for glioma patients. However, its 
specificity needs to be improved further. In the present 
study, we have shown that IL-13Ra2 is predominantly 
expressed in glioma tissue but not in normal brain tis-
sue and its expression is positively correlated with tumor 
grades. IL-13R is a complex consisting of IL-4Ra, IL-2Rar, 
IL-13Ra1, and IL-13Ra2, and it has been found that IL-
13Ra2 is expressed in several malignant tumors including 
Kaposi sarcoma and renal carcinoma; however, it is not 
expressed in normal tissues, thereby indicating its role in 
tumorigenesis. Kawakami showed that IL-13Ra2 could 

Fig. 2 (a) U251 cells; (b) Clonal for-
mation assay in brain tumor stem cells 
(BTSCs); (c) Expression of CD133 in 
fourth generation BTSCs; (d) Expres-
sion of CD133 in fourth generation of 
glioma cells

E/T IL-13Ra2 pulsed 
DCs

GSCs pulsed 
DCs

Glioma cells 
antigen Pure DCs

1:5 2.69 ± 0.19 3.41 ± 0.39 2.81 ± 0.24 1.11 ± 0.09
1:10 3.67 ± 0.27 4.01 ± 0.66 3.53 ± 0.41 1.44 ± 0.91
1:20 2.94 ± 0.24 3.78 ± 0.41 2.77 ± 0.33 0.91 ± 0.06
1:40 2.67 ± 0.21 3.43 ± 0.29 2.51 ± 0.19 0.69 ± 0.04

Table 3 Ability to stimulate T lymphocyte proliferation in dendritic cell 
(DC) groups pulsed by different antigens
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inhibit the JAK-STAT6 signaling pathway by binding to 
IL-4Ra to promote tumor growth [14]. Joshi reported that 
about 82% of GBM patients expressed IL-13Ra2; however, 
this is restricted to the mRNA level [15]. In addition, other 
groups demonstrated that IL-13Ra2 is mainly expressed 
in malignant tumors, but not benign ones [16]. These find-
ings, along with our data, indicate that IL-13Ra2 could 
be a potential specific antigen for DC vaccine therapy for 
gliomas. 

Immunotherapy is one of the promising methods in 
the treatment of malignant tumors. However, most of 
the immunotherapies for gliomas are still under clini-
cal trials. Some of the patients showed a good response 
to immunotherapy involving DC vaccines; however, no 
benefit was observed in other patients. There are a few 
probable explanations for this difference: (1) CNS is a rel-
ative immune-surveillance organ that lacks immune cells. 
(2) Glioma presents an immunosuppressive environment, 
wherein immune cells including DCs and T cells are in-
activated by glioma-released factors such as IL-10 and 
TGF-β [17]. (3) So far, there is no specific antigen that could 
be used for DC vaccines [18]. DCs are the most powerful 
antigen presenting cells; however, very few DCs could 
be found in the peripheral blood and in the brain. GM-
CSF and IL-4 have been used to stimulate monocytes to 
differentiate into DCs, which are capable of producing 
cytokines. In the current study, we found that IL-13Ra2-
pulsed DCs could significantly induce glioma cell death. 
However, this effect is not valid in case of GSCs. This re-

sult may explain why the DC vaccine failed with some 
patients, who showed a high percentage of GSCs.

The GSC hypothesis indicates that a subpopulation 
of cells within gliomas has true clonogenic and tumori-
genic potential [19]. These cells are not only responsible 
for tumor recurrence but also resistant to chemotherapy 
and radiotherapy. GSCs could also influence the tumor 
microenvironment to impact immunotherapy [20]. Our 
data showed that IL-13Ra2-pulsed DCs could induce nor-
mal glioma cell death but not GSC death, demonstrating 
that GSCs are resistant to immunotherapy. Interestingly, 
GSCs can also be treated as the antigen for stimulating 
DCs. The data obtained in this study showed that GSC-
pulsed DCs have a stronger effect on inducing glioma cell 
death than IL-13Ra2-pulsed DCs and normal glioma cells 
pulsed-DCs. However, the mechanism underlying this 
observation is not very clear.

We further analyzed the IFN-γ concentration in DCs 
after different stimulations, since IFN-γ is believed to be 
the key factor that induces glioma cell death [21]. It was 
found that GSC-pulsed DCs released the highest level of 
IFN-γ. Collectively, we found that both GSCs and IL-
13Ra2 could induce glioma cells death probably by re-
leasing IFN-γ, indicating that IL-13Ra2 could be used as a 
potential antigen for DC vaccines. 
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Brain tumors are among the most formidable and dev-
astating cancers in children and adults. Over 30,000 new 
malignant or benign brain tumors are diagnosed annu-
ally, accounting for 1.4% of all tumors and 2.3% of can-
cer-related deaths [1–2]. The overall 5-year survival follow-
ing diagnosis and treatment of a primary malignant brain 
tumor is approximately 30% [2].

Tumor treatment generally consists of surgical resec-
tion in conjunction with radiotherapy and/or treatment 
with one or more chemotherapeutic agents. Irrespec-
tive of the chemotherapeutic agent employed, acquisi-
tion of multidrug resistance (MDR) is a major challenge 
[3]. Mechanisms of MDR acquisition differ in response to 
reagents and genetic factors, and these mechanisms have 
been comprehensively studied in recent decades. How-

ever, understanding the role epigenetics plays in MDR 
acquisition is limited and continues to be an active area 
of research. 

Higher order chromatin structure is an important reg-
ulator of gene expression [4–5]. Chromatin is the condensed 
combination of DNA and histones within the nucleus of 
a cell. The structural and functional unit of chromatin is 
the nucleosome, which consists of a disc-shaped octamer 
composed of two copies of each histone protein (H2A, 
H2B, H3, and H4) wrapped twice by -147 base-pairs of 
DNA [6]. Nucleosomal arrays are visualized with electron 
microscopy as a series of ‘beads on a string’; the ‘beads’ are 
the individual nucleosomes and the ‘string’ is the linker 
DNA. Linker histones, such as histone H1, and other non-
histone proteins interact with the nucleosomal arrays to 
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Patients with brain tumors, specifically, malignant forms such as glioblastoma, medulloblas-
toma and ependymoma, exhibit dismal survival rates despite advances in treatment strategies. 
Chemotherapeutics, the primary adjuvant treatment for human brain tumors following surgery, 
commonly lack efficacy due to either intrinsic or acquired drug resistance. New treatments tar-
geting epigenetic factors are being explored. Post-translational histone modification provides a 
critical regulatory platform for processes such as chromosome condensation and segregation, 
apoptosis, gene transcription, and DNA replication and repair. This work reviews how aberrant 
histone modifications and alterations in histone-modifying enzymes can drive the acquisition of 
drug resistance in brain tumors. Elucidating these mechanisms should lead to new treatments 
for overcoming drug resistance. 
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further package the nucleosomes into higher-order chro-
matin structures (Fig. 1a). 

Histones, the key protein components of chromatin, 
are regulators of chromatin dynamics. These proteins are 
subject to a wide variety of post-translational modifica-
tions including acetylation, methylation, ubiquitylation, 
or glycosylation on lysine; methylation on arginine; 
phosphorylation on serine or threonine (Fig. 1b); and 
diphosphate ribosylation or carbonylation on adenosine. 
All of these modifications are catalyzed by histone-modi-
fying enzyme complexes in a dynamic manner [7]. Modi-
fications occur primarily within histone amino-terminal 
tails protruding from the surface of the nucleosome, but 
may also be present on the globular core region [8]. Recent 
studies have observed differential histone modification in 
adult and pediatric brain tumors compared to normal tis-
sue as summarized in Table 1. 

Histone modification in brain tumors

Histone modification has significant roles in brain 
tumorigenesis, proliferation, invasiveness, therapeutic 
response, and clinical outcome. Global histone modifica-
tion patterns are prognostic markers in glioma patients 
[20]. Increased histone H3 acetylation is observed more 
frequently in glioblastomas than in low-grade astrocyto-
mas and normal brain tissue [21]. Increased trimethylation 
of lysine 4 on H3 (H3K4me3) alters the transcriptional 
landscape and leads to oncogenic protein overexpression 
in glioblastomas [9]. Genes associated with H3K4me3 and 
H3K27me3 are potential therapeutic targets for inducing 
differentiation in glioblastomas [22]. Decreased H3K27me3 
has been found in glioblastomas expressing the K27M 
mutation in the H3F3A gene, which codes for the re-
placement histone H3.3 [13]. H3K4me3 and H3K27me3 [11], 
as well as monomethylation of lysine 9 on H3 (H3K9me) 

[17] also play critical roles in the pathogenesis of medul-
loblastomas (MBs). H3K27 methylation is a therapeutic 
target for CpG island methylator-positive hindbrain ep-
endymomas [14]. H3K9Ac inversely correlates with ep-
endymoma prognosis [23]. Enhanced H3 acetylation and 
diminished H3 methylation control the balance between 
FGF7/FGFR2-IIIb signals in pituitary neoplasia [19, 24–25].

As expected, enzymes targeting histones are also al-
tered in brain tumors. Class II and IV histone deacety-
lases (HDACs) are downregulated in glioblastomas [21]. 
HDACs 1, 2, 3, and 9, histone demethylases (JMJD1A and 
JMJD1B), and histone methyltransferases (SET7, SETD7, 
MLL3, and MLL4) also have altered expression patterns in 
gliomas [25–26], and have been linked to tumor recurrence 
and progression [26]. Inhibition of the lysine demethyl-
ase, KDM1, is associated with increased H3K4me2 and 
H3K9Ac and decreased H3K9me2, leading to apoptosis of 
glioma xenograft tumors [16]. The gene encoding BMI-1, 
a member of the polycomb group complex that regulates 
histone H3K27 methylation, is frequently subjected to 
copy number alterations in gliomas, and BMI-1 deletions 
are associated with poor prognosis in these tumors [21]. In 
MB, restoration of genes controlling H3K9 methylation 
diminishes proliferation in vitro [17]. HDAC2 is upregulat-
ed in primary MB subgroups with poor prognosis (Sonic 
hedgehog, Groups 3 and 4) compared to normal brain and 
MB of the WNT subgroup, and inhibition of HDAC2 is a 
valid target in patients with myelocytomatosis gene-am-
plified MBs [27].

Finally, mutations in genes coding for histones or his-
tone-modifying enzymes can bring about gene dysregula-
tion in brain tumors. For example, mutations in H3F3A 
are observed in pediatric and young adult gliomas, and 
the presence of these mutations is associated with alter-
native lengthening of telomeres and specific gene expres-
sion profiles [28]. Mutations for genes coding for MLL2, 

Fig. 1 Nucleosome structure. (a) The core 
protein of the nucleosome: disc-shaped oc-
tamer composed of two copies each of histones 
H2A, H2B, H3, and H4 wrapped twice by DNA; 
(b) Amino-terminal tails of core histones show-
ing potential modifications
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MLL3, KDM6A, and ZMYM3, enzymes for H3K27 and 
H3K4 trimethylation, are defined novel targets for sub-
group 3 and 4 MBs [11, 15, 29–30]. 

As illustrated, histone modifications are key regulators 
of gene expression in brain tumors. Increasing evidence 
indicates cell-specific and spatiotemporal histone marks 
related to brain tumor chemo- and radio-sensitivity. 
MDR is a major clinical challenge that hampers the suc-
cess of brain tumor pharmacotherapy. This review sum-
marizes major MDR mechanisms in brain tumors, and 
presents an overview of the current findings on the role 
of histone modifications in MDR in pediatric and adult 
brain tumors. Future directions to further elucidate how 
epigenetic changes impact these mechanisms will also be 
discussed. 

Classic MDR mechanisms in brain  
tumors 

Mechanisms of MDR include increased drug efflux 
by ATP-binding cassette (ABC) transporters, perturbed 
DNA damage repair, inactivation of pro-apoptotic genes, 
activation of parallel or downstream signal transduction 
pathways and secondary mutations in drug targets, as 
summarized in Table 2. This section will review MDR 
mechanisms, with the following section outlining cur-

rent knowledge of epigenetic modifications associated 
with these mechanisms. 

ABC transporters
ATP-dependent efflux pumps impair chemotherapeu-

tic efficacy by lowering intracellular drug concentrations. 
These pumps belong to a family of ABC transporters that 
share sequence and structural homology. Presently, 48 
human ABC genes have been identified and divided into 
seven distinct subfamilies (ABCA-ABCG) [31] [refer to 
Gottesman PA, et al (2002) for a complete review on the 
role of these molecules in cancer [32]]. 

P-glycoprotein (P-gp), also known as multi-drug re-
sistance protein 1 (MDR1), mediates drug resistance and 
is the most extensively characterized brain tumor MDR 
mechanism. P-gp is an ATP-driven transmembrane drug 
transporter that decreases intracellular drug accumula-
tion bidirectionally by both decreasing drug uptake and 
increasing drug efflux. High expression of P-gp, encoded 
by the ABCB1 or MDR1 gene is associated with chemore-
sistance and poor outcome in brain tumors including MBs 
[33–34], gliomas [35] and ependymomas [36–38]. 

Regulatory mechanisms that induce the overexpres-
sion of P-gp in brain tumors remain largely undefined, 
however there is growing evidence that protein kinase C, 
the RAS oncogene, the TP53 tumor-suppressor gene, and 
the murine double minute 2 (MDM2) gene are involved 

Table 1 Histone modification, histone modifying enzymes and target genes deregulated in brain tumors
Histone modification Enzymes Genes affected Gene function Brain tumor References
H3K4me3 Unknown hTERT Limitless replication potential Glioblastoma Nagarajan RP, et al [9]

GLI3 Cell growth, cell specialization, 
and patterning of structures

TP73 Cell cycle arrest, apoptosis
MLL2 MLL2 mutation Histone lysine methyltransferase MB Parsons DW, et al [10]

MLL3 MLL3 mutation
ZMYM3 KDM1A Robinson G, et al [11]

H3K27me3 N/A H3F3AG34/RV mutation Coding histone H3.3 Glioblastoma Costa BM, et al [12]

EZH2 HOXA9 Apoptosis Venneti S, et al [13]

EZH2 PRC2 Polycomb group Ependymoma Mack SC, et al [14]

KDM6A KDM6A mutation Histone methyltransferase MB Dubuc AM, et al [15] 
KDM6B KDM6B mutation Parsons DW, et al [10]

H3K4me2, H3K9Ac KDM1 P21, PUMA Proliferation, apoptosis Glioblastoma Sareddy GR, et al [16]

H3K9me2 EHMT1 EHMT1 amplification Histone lysine methyltransferase MB Northcott PA, et al [17]

SMYD4 SMYD4 amplification
L3MBTL2 L3MBTL2 deletion Polycomb group
L3MBTL3 L3MBTL3 deletion
SCML2 SCML2 deletion
JMJD2B JMJD2B amplification Histone lysine demethyltransferase
JMJD2C JMJD2C amplification
MYST3 MYST3 amplification Histone lysine acetyltransferase
KDM1 P21, PUMA Proliferation, apoptosis Glioblastoma Sareddy GR, et al [16]

H4K20me, H3K36me NSD1 MEIS1 Homeobox gene, normal development NB, glioma Berdasco M, et al [18]

H3Ac, H3me N/A MAGE-A3 Enhanced ubiquitin ligase activity Pituitary tumor Zhu X, et al [19]

Abbreviations: me, methylation; Ac, acetylation; MB, medulloblastoma; NB, neuroblastoma
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in modulating MDR1 expression and P-gp phosphoryla-
tion [39]. Our laboratory has demonstrated that ABCB1 is 
overexpressed in glioblastoma cells following prolonged 
chemotherapy, and this process is regulated by CD133 
and DNA dependent protein kinase (DNA-PK) via the 
PI3K- or Akt-NF-κB signaling pathway [40]. 

In addition to P-gp, multidrug-resistance-related pro-
teins (MRPs), which belong to ABC transporter subfam-
ily C, may also be a factor in the formation of intrinsic or 
acquired MDR in brain tumors [41–44]. MRP-mediated drug 
transport is influenced by intracellular glutathione levels 
[45]; the details of this interaction are still being elucidated. 
The mechanism of MRP induction in brain tumors re-
mains unclear, however post-transcriptional regulation is 
likely the primary mode of MRP upregulation [45]. A link 
between MRP overexpression and decreased patient sur-
vival has been shown for neuroblastomas [46].

A number of additional drug transporters, ABCG2 
(breast cancer resistance protein, BCRP) [47–49], ABCA1 
[50-51], and ABCB6 [52], are overexpressed in brain tumors 
and are involved in the formation of either intrinsic or 
acquired MDR. For instance, ABCG2 is a dominant drug 
transporter in brain tumors [53], and its expression and 
activity are upregulated in neuroepithelial tumors such 
as ependymomas and in glioma tumor stem-like cells [54]. 
However, ABCG2 protein expression and transport ac-

tivity are downregulated in primary CNS lymphoma [55]. 
ABCG2 is highly expressed in the plasma membrane of 
human neural stem cells and tumor stem cells [56–57]. At 
a functional level, ABCG2 significantly overlaps with P-
gp [58–59]. Anticancer drugs transported by ABCG2 include 
tyrosine kinase inhibitors [60–65], topotecan, irinotecan, 
epirubicin, doxorubicin, daunorubicin, and mitoxantrone 
[66–67]. ABCG2 restricts brain tumor penetration by these 
chemotherapeutics. 

Overall, enhanced ABC transporter activity is a pri-
mary mechanism for drug resistance and a significant im-
pediment to successful brain tumor treatment.

DNA repair
DNA repair is another crucial mechanism associated 

with chemotherapeutic resistance in human brain tu-
mors. The majority of chemotherapeutic agents used to 
treat brain tumors, including chloroethylnitrosourea 
(CENU), carmustine (BCNU), cisplatin, carboplatin, and 
temozolomide (TMZ), target rapidly dividing cancer cells 
directly or indirectly, which in turn induces DNA dam-
age. Upon recognizing DNA damage, cells initiate a com-
plex variety of signaling pathways collectively referred to 
as the DNA damage response. Some repair mechanisms 
target specific lesions, such as mismatch repair, excision 
repair, double-strand break repair, and the addition of 

Table 2 Chemotherapy drugs are currently in use for brain tumors and their potential relevant mechanisms of resistance
Mode of action Drugs Mechanism of resistance Brain tumor

DNA crosslink

Nimustine (ACNU) MGMT, PKC, DNA repair Glioblastoma, anaplastic astrocytoma
Carmustine (BCNU) MGMT, GST/GSH, PKC, DNA repair Glioblastoma, anaplastic astrocytoma
Lomustine (CCNU) MGMT, PKC, DNA repair Glioblastoma, anaplastic astrocytoma, 

anaplastic oligodendroglioma, PNET, MBs
Fotemustine MGMT, DNA repair Glioblastoma, anaplastic astrocytoma

Cisplatin, carboplatin Metallothioneins, GST/GSH, PNET, MBs, anaplastic ependymoma
MRP, PKC, cell cycle arrest

Ifosfamide DNA alkylation by attachment at PNET, MBs, anaplastic ependymoma
the N-7 guanine 

Cyclophosphamide DNA alkylation PNET, MBs, anaplastic ependymoma

Topoisomerase Teniposide Topoisomerase Iiα, P-gp *, MRP, PKC Glioblastoma, anaplastic astrocytoma
Etoposide (VP-16) Topoisomerase Iiα, P-gp, MRP, PKC PNET, MBs, anaplastic ependymoma

II interference

MGMT

Temozolomide MGMT, DNA repair Recurrent of progressive high grade glioma
Procarbazine MGMT, DNA repair Glioblastoma, anaplastic astrocytoma, 

anaplastic oligodendroglioma, PNET, MBs
Dacarbazine MGMT, DNA repair PNET, MBs

Anaplastic oligodendroglioma, progressive
Inhibition of Vincristine P-gp, MRP, PKC  high grade glioma, PNET, MBs
microtubule formation
Folate pathway
 interference Methotrexate DHFR PNET, MBs, anaplastic ependymoma
Abbreviations: MGMT, O6-methylguanine-DNA methyltransferase; PKC, protein kinase C; GSH, reduced glutathione; GST, glutathione-s-transferase; 
MRP, multidrug resistant-associated protein; DHFR, dihydrofolate reductase; MB, medulloblastoma; PNET, primitive neuroectodermal tumors. * ABCG2 
may work with P-gp in this process
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poly-ADP ribose, while other more general mechanisms 
can act on a wide range of lesions. Enhanced DNA repair 
capability has been implicated as a cause of increased che-
moresistance in brain tumors including gliomas [40, 68–70], 
ependymomas [71], MBs [36, 71–72], primitive neuroectoder-
mal tumors (PNET) [71], and pituitary carcinoma [73]. 

Alkylating agent-based chemotherapy increases re-
sponse rates and survival times for glioma patients. The 
most frequently used alkylating agent, TMZ, crosses the 
blood-brain barrier, and exhibits schedule-dependent 
antitumor activity. The efficacy of TMZ for glioblastoma 
treatment is influenced by the expression of the ubiqui-
tous DNA repair enzyme O6-methylguanine-DNA-meth-
yl-transferase (MGMT). MGMT is overexpressed in glio-
mas and is the primary mechanism for TMZ resistance. 
TMZ induces cytotoxic O6-guanine methyl adducts that 
are removed by functional MGMT. MGMT promoter 
methylation lowers MGMT protein expression, improves 
clinical outcomes in adults and children with high grade 
gliomas, and is thus a predictor for TMZ response [74]. De-
ficiencies in DNA mismatch repair (MMR) are also linked 
with resistance to alkylating agents like TMZ [74], as are 
elevated levels of Ape1/Ref-1, a major component of the 
base excision repair (BER) system [75]. Attempts to en-
hance TMZ-induced cytotoxicity by disrupting BER via 
poly-(ADP-ribose)-polymerase inhibition has been pro-
posed as a treatment for malignant gliomas, particularly 
in tumors deficient in DNA mismatch repair [76]. 

Other DNA damage repair factors also contribute to 
drug resistance in brain tumors. For example, functional 
alterations of the MMR system, such as overexpression of 
the MMR gene hMSH2, are associated with drug resis-
tance in gliomas [77]. The double strand break (DSB) DNA 
repair enzyme DNA-dependent protein kinase catalytic 
subunit (DNA-PKcs), a critical enzyme for DSB repair 
via non-homogeneous end joining, is overexpressed and 
regulates drug resistance in glioblastoma cells [40]. PARP1, 
which is essential in single strand break DNA repair 
through BER, is overexpressed in malignant pediatric 
brain tumors including ependymomas, atypical teratoid/
rhabdoid tumors, MBs, choroid plexus papillomas, and 
PNET [78]. Rad51-mediated homologous recombination 
directed DNA repair contributes to cisplatin resistance 
in MB cells [79] and oligodendrogliomas [80]. ARTD-5, a 
poly ADP-ribose enzyme (PARP) involved in non-ho-
mologous end-joining the major pathway for DSB repair, 
enhances DNA damage repair through DNA-PKcs activa-
tion in MB cells [81]. 

Additional mechanisms of drug resistance  
in brain tumors

In addition to efflux pumps and DNA repair mecha-
nisms, apoptosis, cell cycle, and cell transduction path-
ways are also factors in drug resistance. For instance, 

anti-apoptotic BCL2 proteins such as BCL2, BCL-XL, 
MCL1, and BCL2A1 are overexpressed and appear to be 
involved in MDR of various cancer types, including glio-
ma [82–83] and MB [84–86]. The tumor suppressor p53, which 
can limit cell proliferation through several mechanisms, 
is also associated with drug resistance. Artificial expres-
sion of wild-type p53 curtails MGMT transcription in 
human tumor cells and enhances their sensitivity to al-
kylating agents [87]. Mutant TP53 enhances glioblastoma 
cell resistance to TMZ by upregulating MGMT [88], while 
abrogation of wild-type p53 function strongly attenuates 
TMZ cytotoxicity [70]. The oncogenes RB [89], c-Myc, c-Jun 
[90] and Ras [91], the cell cycle regulators p21 and p27 [92], 
the MDM2 gene [93], signal transduction elements such as 
protein kinase C [94–95] and NF-κB [40], and tyrosine kinase 
receptors such as EGFR [96–97] and c-Met [98–99] also dem-
onstrate critical roles in the genesis of drug resistance in 
brain tumors.

Histone modifications and drug  
resistance in brain tumors

Drug resistance mechanisms were initially associated 
with genetic alterations, however, recent studies indicate 
that histone modifications also play a role in drug efflux, 
perturbed DNA repair, and silencing of apoptotic genes. 
Post-translational histone modification provides an im-
portant regulatory platform for biological processes such 
as chromosome condensation and segregation, gene ex-
pression, proliferation, apoptosis, and DNA replication 
and repair. Recent studies demonstrated that histone 
modifications also contribute to brain tumorigenesis [11, 

14, 25, 28–30, 100–104]. These studies established a critical role for 
epigenetics as a driving force in tumorigenesis and pro-
vide a rationale for epigenetic changes and non-genetic 
heterogeneity observed in brain tumors. The establish-
ment of tumor epigenomes further allows for the deter-
mination of additional epigenetic changes that regulate 
biological processes, including MDR. 

Histone modification of ABC transporters 
Histone modification has not yet been shown to di-

rectly affect ABCB1 expression in brain tumors, however, 
histone modification and changes in activity of key chro-
matin remodeling complexes do alter ABCB1 promoter 
methylation, and thus ABCB1 expression. Chemothera-
peutic drugs can actively induce H3 and H4 acetylation, 
H3K4 methylation [105], and H3K9 acetylation [106] within 
discrete regions of the ABCB1 locus. Acetylated histone 
H3, H3K4me3, H3S10 phosphorylation, and H3K9me3 
are associated with the ABCG2 promoter following se-
lection for drug resistance [107]. Overall, it is highly likely 
that histone modification regulates ABC transporter ex-
pression in brain tumors. 
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In addition to global aberrations at the histone level, 
enzymes for histone modification and their effects on 
drug tolerance have been studied. Trimethylation of 
H3K4 at the ABCB1 promoter is dependent on the meth-
yltransferase MLL1. MLL1 knockdown decreases consti-
tutive ABCB1 expression and sensitizes cancer cells to 
chemotherapeutic agents [108]. HDAC inhibition enhances 
global histone acetylation, and results in upregulation of 
several members of the ABC transporter family, MDR1, 
ABCG2, and MRP8 [45, 107, 109–112]. MeCP2, a methyl-CpG-
binding protein [113], binds to hypermethylated DNA at 
the ABCB1 promoter [114] and provides a docking platform 
for nucleosome modifiers and remodelers, such as SWI/
SNF, HDAC1, HDAC2, and mSIN3, thereby altering the 
chromatin state of gene promoters and subsequent tran-
scription [115–117]. Although a direct interaction of these 
corepressors with ABCB1 promoter-bound MeCP2 has 
not been described, ABCB1 expression is induced upon 
inhibition of HDAC activity or by overexpression of the 
p300/CREB lysine acetyltransferase, KAT3B [105, 118–119]. 
The MeCP2/HDAC complex represses ABCB1 expression 
[114], however, removal of HDAC inhibition dramatically 
reduces ABCB1 protein levels, suggesting that other fac-
tors may also regulate ABCB1 expression [120]. Overall, the 
data indicate that ABC transporter expression is regulated 
by promoter histone modification, and these changes can 
contribute to acquisition of drug resistance in response to 
chemotherapy. 

Histone modification and DNA repair in brain 
tumors

Eukaryotic cells encounter numerous endogenous and 
exogenous genotoxic stresses that trigger DNA damage, 
including DNA DSBs. To overcome these threats, cells 
have evolved mechanisms of DNA damage repair to main-
tain genomic stability and prevent oncogenic transforma-
tion or disease. Compacted chromatin is a major obstacle 
in the orchestration of DNA repair. For efficient DNA 
repair, chromatin must first be relaxed to give repair pro-
teins access to the break sites, thus chromatin remodeling 
is an early event in the DNA repair process [121].

Histone modifications, such as acetylation, methyla-
tion, phosphorylation, and ubiquitylation, as well as his-
tone dynamics promoted by histone chaperones and re-
modeling factors, play critical regulatory roles in response 
to DNA damage. H4K16Ac and an intact acidic pocket 
at H2AX are required for recruitment of the DNA repair 
complex adapter protein Mdc1 to DNA damage sites [122]. 
H3K56Ac and H3K9Ac are downregulated by DNA dam-
age [123], while H3K56Ac accumulates in response to DNA 
damage [124–125]. H3K36me3 is involved in MMR [126] and 
H4K20me1/2 is recognized by the checkpoint mediator 
53BP1, which targets it to DNA damage sites [127]. H2AX 
phosphorylation is required for the recruitment of HATs 

to DNA break sites; this recruitment is mediated by Arp4 
and leads to acetylation of the chromatin surrounding 
the breaks, thereby relaxing the chromatin and facilitat-
ing access for repair proteins [128]. Mono-ubiquitylation 
of H2A at lysine 119 (H2AK119Ub) mediated by BMI-
1 occurs at DNA double-strand breaks [129]. Histone loss, 
enhanced histone mobility/turnover, histone chaperones 
and enrichment of histone variants are also associated 
with DNA repair, as recently reviewed by Adam S et al 
[130] and House NC et al [131]. Finally, crosstalk between his-
tone modifications during the DNA damage response is 
also crucial for DNA repair [132].

Histone modification is involved in the DNA damage 
response in brain tumors. Phosphorylation of H2AX at 
serine 139 (Ser139), termed γH2AX, accumulates at DNA 
damage sites in glioblastoma cells [133]. Acetylated H3, 
along with the γH2AX/53BP1 complex increase follow-
ing DNA damage induced by radiation in glioblastoma 
cells [134]. Inhibition of LSD1 (also known as KDM1A), a 
demethyltransferase of H3K4me2, sensitizes glioblastoma 
cells to DNA damage induced by HDAC inhibitors [135]. 
Overexpression of γH2AX following valproic acid and 
pyrimethamine treatment sensitizes meningioma cells to 
radiotherapy [136] and pituitary adenomas cells to TMZ [137], 
respectively. Accumulation of γH2AX occurs in MBs fol-
lowing DNA damage induced by irradiation and SPARC, 
a putative radioresistance-reversal gene, increases γH2AX 
levels [138]. These studies indicate that chromatin remodel-
ing, including histone modification, is involved in DNA 
repair induced by irradiation or DNA-damaging pharma-
cotherapy in brain tumors. 

Histone modification and other drug resistance 
mechanisms in brain tumors

Epigenetic perturbations, including histone modifica-
tion, may result in defective apoptotic response, cell cycle 
arrest, and/or cell signal transduction, which may in turn 
produce drug-resistant tumor cells. 

The tumor suppressor gene TP53 promotes cell-cycle 
arrest or apoptosis in response to chemotherapy. TP53 
loss or inhibition can induce drug resistance [70]. Inhibi-
tion of LSD1 increases H3K4me2 and H3K9Ac, reduces 
H3K9me2, and promotes p53 target genes p21 and PUMA, 
leading to apoptosis of glioma xenograft tumors [16]. Treat-
ment of glioma cells with the HDAC inhibitor vorinostat 
enhances H3 and H4 acetylation, increases p21 levels in a 
p53-independent manner, and decreases cyclin B1, result-
ing in G2 phase cell cycle arrest followed by apoptosis [139]. 
HDAC4 suppresses the expression of the cell cycle regula-
tor p21WAF1/CIP1 in tumor cells by reducing H3 acetylation 
at the proximal promoter of the CDKN1A gene (cyclin 
dependent kinase inhibitor 1A). Silencing HDAC4 induc-
es p21WAF1/CIP1 expression and decreases tumor growth of 
glioblastoma cells independently of p53 [140]. 
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Histone modifications regulate a number of other 
apoptotic genes. For example, CHI3L1 (chitinase-3-like 
protein 1, also known as YKL-40) is overexpressed in 
glioma cells, where it affects chemo- and radio-sensitiv-
ity [141]. TNF-α (tumor necrosis factor-alpha)-mediated 
recruitment of NF-κB subunits p65 and p50 to the YKL-
40 promoter suppresses its expression. Recruitment of 
HDAC1 and HDAC2 deacetylates H3 at the YKL-40 pro-
moter region, preventing NF-κB binding [142]. RASL10A 
(RAS-like family 10, member A, also named RRP22), a 
novel neural tumor suppressor that induces caspase-in-
dependent cell death [143], is downregulated in astrocyto-
mas [144]. RASL10A is repressed by H3K9me3 and reduced 
pan-Ac-H3 in its promoter region [145]. Apoptosis has been 
observed in response to HDAC inhibition in PNET [146], 
atypical teratoid/rhabdoid tumors [147], and MBs [148]. His-
tone modification regulates the expression of NEURL1, 
thereby downregulating Notch target genes [149], which 
are potentially associated with drug resistance [150]. The 
oncogenic PI3K–AKT pathway, frequently altered in 
malignant gliomas, upregulates expression of the tran-
scription factor HOXA9 (homeobox A9) through histone 
modification. Pro-proliferative, anti-apoptotic properties 
of HOXA9 are associated with poor glioma prognosis. 
These modifications could possibly be initiated by AKT-
induced EZH2 histone methyltransferase activity [12].

Histone modification: therapeutic  
targets for treating brain tumors

Four epigenome-targeted anticancer drugs have been 
approved by the U.S. Food and Drug Administration: 
two DNA methyltransferase inhibitors, azacitidine and 
decitabine, and two HDAC inhibitors: vorinostat and 
romidepsin. Only HDAC inhibitors are being tested in 
glioblastomas, as reviewed by Spyropoulou A et al [151]. 
HDACs cooperate with LSD1 to regulate key cell death 
pathways in glioblastoma cell lines but not in normal 
cells, therefore a combination of LSD1 and HDAC inhibi-
tors is being investigated as a therapeutic approach for 
glioblastoma [135]. 

A major challenge for cancer treatment via epigenetic 
therapy is target specificity. For instance, genes that are 
normally inactive due to histone deacetylation may be-
come activated in response to HDAC inhibitors. More-
over, HDACs not only catalyze deacetylation of lysine 
residues in core histones but also in non-histone proteins, 
and as a result, they exhibit complex, unpredictable ef-
fects. In addition, interactions between histone modifica-
tion, DNA methylation, and DNA binding proteins are 
crucial in DNA repair and cellular signaling and function 
[132, 152]. These interactions have yet to be fully elucidated. 
Overall, molecular mechanisms that bring about histone 
modifications and their outcomes should be further stud-

ied to get an overall understanding of their role in these 
biological processes. 

Conclusion
Histone modifications described in this review and 

their roles in development of drug resistance are only 
the tip of the iceberg. With advances in high throughput 
studies, including methylated DNA immuno-precipita-
tion and sequencing, RNA-seq, and chromatin immuno-
precipitation and sequencing (ChIP-seq), new patterns of 
histone modifications as well as their interactions with 
DNA methylation and non-coding RNAs are likely to 
be uncovered in brain tumors and other tissues. Gain-
ing insight into the causes and consequences of aberrant 
histone modifications will extend our understanding of 
brain tumor carcinogenesis, adaption, and survival in re-
sponse to environmental factors such as drug treatment. 
This knowledge will accelerate the development of “epi-
genetic drugs” for prevention or treatment of drug-resis-
tant cells.
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Radical surgical resection is the recommended treat-
ment for patients with early-stage (limited-stage, lymph-
adenopathy-negative) small cell lung cancer (SCLC), 
according to the latest National Comprehensive Cancer 
Network (NCCN) guidelines [1]. SCLC is characterized by 
a number of malignant biological features, such as rapid 

proliferation, early metastases, and frequent relapse; as a 
result, the majority of SCLC patients have dismal long-
term survival outcomes [2]. Patients suitable for resection 
represent < 5% of all SCLC patients [3]. It has been deter-
mined that multimodality treatment methods, combining 
surgery with chemoradiotherapy, provide patients with 
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Objective The present study attempted to evaluate the value of neoadjuvant chemotherapy in limited-
disease small cell lung cancer (LD-SCLC), and to identify the predictive value of the tumor regression 
grading (TRG) system in LD-SCLC treatment-response and prognosis.
Methods The records of patients with LD-SCLC (p-Stage I–IIIa) who underwent definitive radical resec-
tion at Shaanxi Provincial People’s Hospital between March 1, 2000 and March 31, 2014 were retrospec-
tively analyzed. We compared the disease-free survival (DFS) and overall survival (OS) rates between 
Group A patients (patients who underwent surgery combined with pre- and post-operative chemotherapy) 
and Group B patients (patients who underwent surgery combined with adjuvant chemotherapy only) using 
the Kaplan-Meier method and the Mantel-Cox test. The specimens of patients who received neoadjuvant 
chemotherapy were reassessed according to the TRG system. 
Results The median DFS for 27 patients was 16.267 months and the median OS was 81.167 months (1-
year OS, 74.07%; 3-year OS, 22.22%; 5-year OS, 14.81%). Thirteen patients received neoadjuvant chemo-
therapy, and their specimens were reassessed by TRG (pathological complete remission, 3/13, 23.08%). 
Patients in group A had a longer OS than those in group B (mean, 93.782 months versus 42.322 months, 
P = 0.025), although there was no significant difference in DFS between the two groups (median 20.100 
months versus 14.667 months, P = 0.551). Statistical analysis revealed that TRG Grade (G) 0 (mean, 
61.222 months) was associated with better OS than G1-2 (mean, 31.213 months) (P = 0.311). 
Conclusion Our study indicated that neoadjuvant chemotherapy combined with surgical resection may 
represent a feasible treatment method for patients with LD-SCLC. The TRG system may be a valuable pre-
diction tool to assess neoadjuvant chemotherapeutic efficacy, especially in patients with G0 disease as de-
termined by TRG; these patients may attain an improved survival benefit with neoadjuvant chemotherapy. 
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more survival benefits. In a study of 41 patients with lim-
ited-disease (LD)-SCLC, Chen et al [4] reported that for 
patients with p-Stage Ⅲa (N2-positive), the 5-year over-
all survival (OS) rate in patients who underwent both 
pre- and post-operative chemotherapy was significantly 
better than that in patients who received only postop-
erative chemotherapy (34% versus 12%, P = 0.020). A 
multicenter clinical trial (JCOG9101) [5] showed that 61 
patients with stage I–IIIa SCLC who received adjuvant 
chemotherapy, consisting of four cycles of cisplatin and 
etoposide, followed by surgical resection yielded a 3-year 
OS rate of 61%. However, an essential role for preopera-
tive adjuvant chemotherapy in LD-SCLC treatment has 
not yet been established.

The Response Evaluation Criteria In Solid Tumor 
(RECIST) guidelines are routinely used to evaluate the 
efficacy of chemotherapy in lung cancer [6–7]. Given that 
surgical resection is infrequently performed in patients 
with LD-SCLC, there is a strong demand for tools that 
will inform the choice of therapy. The tumor regression 
grading (TRG) system has been used to evaluate the ef-
ficacy of treatment in digestive tract tumors [8–10], but to 
our knowledge, it has been rarely used to assess response 
to neoadjuvant chemotherapy in patients with SCLC. In 
this study, we analyzed the clinical outcomes of patients 
with SCLC and evaluated the prognostic ability of the 
TRG system in these patients. Furthermore, we evaluated 
the association between response to preoperative chemo-
therapy and postoperative survival.

Patients and methods

Criteria
We retrospectively evaluated the cases of 37 patients 

with SCLC who underwent radical surgical resections in 
Shaanxi Provincial People’s Hospital between March 1, 
2000 and March 31, 2014. The selection criteria were as 
follows:

(1) Patients were diagnosed with LD-SCLC on routine 
workup. Tumor location was limited to one hemithorax; 
local involvement of the supraclavicular, hilar, or medias-
tinal lymph nodes was acceptable (ipsilateral and/or con-
tralateral). Diagnosis and location was confirmed through 
evaluation of bronchoscopic biopsies and surgical speci-
mens; clinical stage did not progress beyond IIIa. 

(2) Complete preoperative evaluations were per-
formed; this included brain magnetic resonance imaging 
(MRI)/computed tomography (CT), chest CT, upper ab-
dominal ultrasonography/CT, bronchoscopy, and whole-
body bone scintigraphy. These evaluations confirmed 
that there was no distant metastasis. Of note, one male 
patient did not undergo the above-mentioned workup. 
However, he underwent positron emission tomography, 
and was therefore included.

(3) All patients received adjuvant therapy.
(4) All surgical resections were R0 resections. 
(5) Patients were not diagnosed with second primary 

tumors or serious cardiac or pulmonary disease. 
(6) Patients did not die during the perioperative period 

(survived for > 3 months).
Pathological diagnosis, preoperative clinical stage, and 

postoperative pathological stage were defined based on 
the WHO classification of tumors and the Tumor, Node, 
Metastasis (TNM) staging system (7th edition) [11]. Ten pa-
tients were excluded because their postoperative follow-
up was too short (< 3 weeks after surgery) or their treat-
ment involved resection only. Finally, 27 patients were 
enrolled in our study group.

Neoadjuvant chemotherapy
 In accordance with SCLC management guidelines and 

the Eastern Cooperative Oncology Group guidelines [12–13], 
neoadjuvant chemotherapy was administered to patients 
with a performance status (PS) < 2 (0 or 1), following an 
accurate pathological diagnosis of SCLC. Neoadjuvant 
treatment included a platinum-based regimen (100 mg/
m2 cisplatin or 400 mg/m2 carboplatin on Day 1 for at 
least two cycles at 3-weeks intervals). After neoadjuvant 
therapy, resection was performed. 

TRG
 In accordance with the histological TRG criteria and 

NCCN guidelines for gastroesophageal carcinoma [8–10], 
the extent of any residual cancer was evaluated under the 
microscope. To ensure accuracy, two pathologists were 
invited to double-check the results. No residual cancer 
was defined as TRG Grade (G) 0, < 50% residual cancer 
was defined as G1, and > 50% residual cancer was defined 
as G2 [9].

Postoperative treatments
 During the postoperative period, all patients under-

went adjuvant chemotherapy. Neoadjuvant and adjuvant 
chemotherapy were administered to 13 patients. Adju-
vant chemotherapy alone was administered to 14 patients. 
Prophylactic cranial irradiation (PCI) and irradiation of 
the region of recurrence was performed in five and eight 
patients, respectively. Adjuvant platinum-based therapy 
was continued unless serious hematologic toxicity or 
death occurred; however, some patients refused to accept 
further treatment. Similar to the neoadjuvant treatment 
format, the adjuvant chemotherapy was administered to 
patients with PS < 2 and consisted of 80 mg/m2 etopo-
side on Days 1–3 plus cisplatin/carboplatin, for two to six 
cycles at 3-week intervals. The radiotherapy dosage was 
1.5–2.0 Gy per fraction, to a total dose of 24–40 Gy.
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Follow-up
Follow-up information included outpatient clinic vis-

its and phone and mail correspondence. Brain CT/MRI, 
chest CT, upper abdominal ultrasonography, and whole-
body bone scintigraphy were assessed. The tracking 
intervals were every 6 months for first 2 postoperative 
years, followed by once a year thereafter. The follow-up 
end-point was defined as the date of recurrence or death, 
or the date of last follow-up. All records were updated 
before May 31, 2014.

Statistical analysis
Pearson’s chi-square test was used to compare the dif-

ferences across categorical variables. Kaplan-Meier curves 
and the Mantel-Cox test were used to calculate and evalu-
ate disease-free survival (DFS) and OS, respectively. Tests 
were two-sided. A P value < 0.05 was considered statisti-
cally significant. All statistical analyses were performed 
using SPSS version 16.0.

Results

General information
Our study cohort consisted of 22 males (81.48%) and 

5 females (18.52%) patients with SCLC who underwent 
radical surgical resections. The mean patient age was 
56.59 years (range, 37.00–77.00 years). Based on the post-
operative pathological examinations, solid tumors were 
confirmed in all 27 cases: 21 cases of single small-cell car-
cinoma and 3 cases of mixed carcinoma (small-cell carci-
noma and squamous carcinoma); in 3 cases, cancer cells 
were not found in the remainder of the removed lung 
tissues. The specific characteristics are listed in Table 1. 
Group A represented patients who received neoadjuvant 
chemotherapy, and Group B represented patients who 
did not receive neoadjuvant chemotherapy.

Survival analysis
The median postoperative follow-up time for the 27 

patients in our study was 20.50 months. Fig. 1 show that 
the median DFS was 16.267 months, and the median OS 
was 81.167 months, with overall 1-, 3- and 5-year sur-
vival rates of 74.07%, 22.22%, and 14.81%, respectively. 
Subgroup evaluation was performed using univariate 
analysis. Comparing group A with group B, the former 
had better postoperative survival outcomes: mean DFS, 
20.100 months versus 14.667 months, P = 0.551; mean 
OS, 93.782 months versus 42.322 months, P = 0.025 (Fig. 
2–3). Moreover, we confirmed that the pathological 
lymph node stage influenced DFS in our study. Patients 
diagnosed with pN0-1 disease attained more survival ben-
efit than those diagnosed with pN2, especially in terms of 
DFS (P = 0.036) (Table 2).

Efficacy assessment
In our cohort, 13 patient received neoadjuvant chemo-

therapy. Pathological evaluation revealed nine cases of 
single SCLC and one case of mixed SCLC; in three cases, 
no cancerous cells were found. The pathological com-
plete remission (PCR) rate reached 23.08%. In view of 
the small-scale nature of our study, TRG was categorized 
into three grades; three patients were confirmed as hav-
ing G0 disease. Statistical analysis results showed that the 
DFS of G0 patients was similar to that of than G1-2 pa-
tients (median 16.267 versus 20.100 months, P = 0.956). 

Table 1 Patient characteristics (n = 27)

Variate Group A Group B P value
n % n %

Numbers of cases 13 14
Age (years) 52.7 60.4 0.017

≥ 65 0 0 5 35.7
< 65 13 100 9 64.3

Gender 0.557
Male 10 76.9 12 85.7
Female 3 23.1 2 14.3

Smoking index 0.085
≥ 400 5 38.5 10 71.4
< 400 8 61.5 4 28.6

Histopathology 0.155
Pure SCLC 9 69.2 12 85.7
Mixed SCLC 1 7.7 2 14.3
None 3 23.1 0 0

cT-stage 0.037
T1 0 0 4 28.6
T2–T4 13 100 10 71.4

cTNM 0.315
I 1 7.7 3 21.4
II–IIIa 12 92.3 11 78.6

pT-stage 0.010
T0 3 23.1 0 0
T1 7 53.8 3 21.4
T2–T4 3 23.1 14 78.6

pN-stage 0.148
N0–1 10 76.9 7 50.0
N2 3 23.1 7 50.0

Surgery method 0.557
Segmentectomy 0 0 1 7.1
Lobectomy 8 61.5 8 57.1
Bilolobectomy 0 0 1 7.1
Pneumonectomy 5 38.5 4 28.6

Radiotherapy 7.1 0.050
Yes 5 38.5 1
No 8 61.5 13 92.9

PCI 0.017
Yes 0 0 5 35.7
No 13 100 9 64.3

group A: neoadjuvant chemtherapy; group B: adjuvant chemotherapy; 
SCLC: small lung cell cancer; mixed SCLC: squamous cell carcinoma and 
small cell carcinoma
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However, G0 patients were associated with better, albeit 
not statistically significant, OS than G1-2 patients (mean, 
61.222 versus 31.213 months, P = 0.311).

Discussion

Although chemotherapy represents the mainstay 
treatment option for LD-SCLC [14–15], surgical treatment 
still plays a crucial role. More attention is being paid to 
multimodal therapies for SCLC, and many studies have 
shown that resection therapy in the multimodal treat-
ment setting is associated with less local relapse and 
increased survival benefits [16–18]. A meta-analysis of 13 
randomized control trials of non-small cell lung cancer 
(NSCLC) patients, revealed than neoadjuvant chemother-
apy combined with surgery could significantly prove the 
OS of patients with operable NSCLC [17]. However, surgi-
cal resection combined with neoadjuvant therapy is not 
feasible for all patients with LD-SCLC. 

Hara et al [19] reported that, in patients with LD-SCLC, 
preoperative chemotherapy combined with subsequent 

surgery resulted in a better survival outcome than an 
initial surgery followed by adjuvant chemotherapy (5-
year rate, 42% versus 33%). In addition, surgical resec-
tion after neoadjuvant chemotherapy may represent the 
optimal treatment choice for resectable stage III SCLC 
(particularly for patients with N2-positive disease). It is 
encouraging that neoadjuvant treatment extends the life 
of LD-SCLC patients undergoing surgical resection. Pre-
operative chemotherapy shrinks solid tumors, reduces the 
rate of recurrence, and prevents potential metastasis. As a 
result, the down-staging and subsequent tumor-removal 
rates are improved. We believe that pre- and post-opera-
tive chemotherapy in combination with surgery result in 
improved outcome due to the effects of the preoperative 
chemotherapy.

 The TRG system is frequently used to evaluate the ef-
ficacy of neoadjuvant chemotherapy in esophageal car-
cinoma and gastroesophageal junction tumors [8–10, 20–21]; 
it is also a valuable survival prediction tool for patients 
with rectal cancer [22–23]. There is currently much de-
bate regarding the standards in the TRG system. Some 

Fig. 2 Comparison of disease-free survival in patients with limited-dis-
ease small cell lung cancer between group A and group B

Fig. 3 Comparison of overall survival in patients with limited-disease 
small cell lung cancer between group A and group B

Fig. 1 Kaplan-Meier survival curves for 27 
patients with limited-disease small cell lung 
cancer after surgical resection. (a) Disease-
free survival; (b) Overall survival 
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experts recommend categorizing TRG into three grades 
[9], while others recommend four (G0, 0%; G1, 1%–10%; 
G2, 11%–50%; G3, > 50%) [10], or even five grades [24]. In 
this study, we prudently took the characteristics of our 
samples into consideration and chose to use three, rather 
than four or five, grades. Patients in the G0 group dem-
onstrated a significantly greater survival benefit than pa-
tients in the other groups. While our survival evaluation 
did not show a significant difference in survival between 
patients in the G0 and G1-2 subgroups, there was a trend 
towards improved OS in the G0 subgroup. This may be 
explained by the high PCR rate in the patients who re-
ceived preoperative chemotherapy. In studies of NSCLC, 
PCR has been shown to be a powerful prognostic factor 
for survival; it is also associated with better clinical out-
come following neoadjuvant chemotherapy or chemo-

radiotherapy. Neoadjuvant therapy has been proven to 
prolong long-term local control rates and reduce progres-
sion in patients with locally advanced NSCLC (N2-posi-
tive) [25–26]. Considering that SCLC is generally sensitive to 
chemoradiotherapy, we believe that similar results may 
be achieved with neoadjuvant treatment of SCLC. Addi-
tionally, it has been shown that 60–90% of patients with 
LD-SCLC and 40-70% of patients with extensive disease 
respond to first-line chemotherapy [27]. All of the patients 
who achieved PCR received the etoposide and cisplatin 
(EP) regimen. Effective preoperative chemotherapy could 
diminish the pathological stage; an earlier stage is associ-
ated with a better prognosis. However, patients who re-
ceived chemotherapy as a second-line treatment only and 
patients with mixed tumors did not achieve PCR. 

In LD-SCLC, PCI has been proven improve survival 

Table 2 Univariate survival analyses on enrolled 27 patients

Variate n        DFS        OS
95% CI (median) P value 95% CI (mean) P value

Age (years) 0.207 0.002
≥ 65 5 8.351–9.782 (9.067) 8.310–25.103 (16.707)
< 65 22 9.156–23.377 (16.267) 57.301–109.323 (83.312)

Gender 0.594 0.970
Male 22 8.435–22.631 (15.533) 42.355–96.784 (69.570)
Female 5 7.631–33.969 (33.964) 20.395–35.191 (27.793)

Smoking index 0.670 0.676
≥ 400 15 2.912–28.155 (15.533) 32.344–92.434 (62.389)
< 400 12 8.701–23.833 (16.267) 46.138–111.163 (78.650)

Histopathology 0.923 0.196
Pure SCLC 21 10.683–29.517 (20.100) None
Mixed SCLC 3 7.206–17.128 (12.167) None
None 3 0.000–33.124 (16.267) None

cT-stage 0.532 0.506
T1 4 None 0.000–111.143 (50.983)
T2–T4 23 5.931–23.402 (14.667) 47.976–101.240 (74.593)

cTNM 0.354 0.875
I 4 0.000–84.787 (37.133) 31.795–117.255 (74.525)
II–IIIa 23 10.091–20.976 (15.533) 42.362–97.711 (70.037)

pT-stage     0.812 0.288
T0 3 0.000–33.124 (16.267) None
T1 10 14.578–27.022 (20.800) None
T2–T4 14 7.016–17.317 (12.167) None

pN-stage 0.036 0.094
N0–1 17 6.037–42.897 (24.467) 58.011–110.213 (84.112)
N2 10 1.976–16.155 (9.067) 17.518–30.629 (23.876)

PCI 0.886 0.189
Yes 5 0.000–27.621 (9.067) 0.000–84.525 (42.196)
No 22 9.009–23.525 (16.267) 51.140–105.358 (78.249) 

Therapeutic strategy 0.551 0.025
Group A 13 7.254–32.945 (20.100) 68.768–118.797 (93.782)
Group B 14 6.140–23.193 (14.667) 14.890–69.754 (42.322)

TRG 0.956 0.311
G0 3 0.000–33.124 (16.267) No CI (61.222)
G1–2 10 2.972–37.228 (20.100) No CI (31.213)

CI: confidence interval; DFS: disease-free survival; OS: overall survival
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outcomes in patients who achieve complete response [28–29]. 
However in this study, there was no significant difference 
in DFS between patients who underwent PCI and those 
who did not (P = 0.886). On the contrary, patients who 
did not undergo PCI appeared to have a slightly better 
OS than patients who underwent PCI (P = 0.189). Some 
studies [28, 30] have reported that PCI resulted in long-last-
ing neurotoxicity and potentially deleterious effects that 
negatively affected survival. Lee et al [30] showed that in 
cases of severe neurotoxicity, no PCI was superior to PCI. 
In addition, in a recent meta-analysis, PCI had a detri-
mental effect on the OS of patients with extensive-disease 
SCLC [30], including NSCLC [31]. Therefore, PCI should be 
used with caution.

Our study has some clear limitations. The retrospec-
tive nature and the small cohort size reduced the statisti-
cal power, and may have introduced confounding factors 
and biases. In spite of these limitations, our evaluation is 
authentic. In an upcoming prospective controlled study, 
we will focus on more factors, including PCI and adju-
vant thoracic radiation therapy.

Conclusion
Neoadjuvant chemotherapy combined with surgical 

resection results in a significant survival benefit (OS) and 
is a feasible treatment for patients with LD-SCLC. Our 
results, based on the TRG system, indicate that patients 
who receive neoadjuvant chemotherapy and who have 
no residual cancer after surgery will attain the best sur-
vival outcome.
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The treatment planning system (TPS) currently repre-
sents one of the basics of radiation therapy because it is 
the only method that estimates patient dose delivery fast 
forward and accurately estimates tumor location with the 
possibility of determining estimate densities teams in the 
tissue surrounding the tumor to overcome dose calcula-
tion defects, but radial estimated the patient. Although 
the errors associated with the systems and calculates the 
dose of all programs currently existing in the world. For 

that necessary, to the existence of a review of the accu-
racy of accounts and how to confirm the radiation dose to 
the patient programs.

The rapid development of advanced treatment tech-
niques and planning has placed higher demands on the 
verification of the dose delivered to the patient. In vivo 
dosimetry is an essential element in the quality assurance 
program used in today’s radiotherapy departments. Fur-
thermore, in vivo dosimetry is used to control the total 
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Objective The treatment planning system currently represents one of the basics of radiation therapy, 
because it is the only method to estimate patient dose delivery fast forward and accurately represent esti-
mated tumor location of the tumor with the possibility of estimating densities in the tissue surrounding the 
tumor to overcome dose calculation defects but radial estimated the patient. Despite the flaws associated 
with the systems and calculates the dose of your programs in all programs currently existing in the world. 
Than necessary, to the existence of a review of the accuracy of accounts and how to confirm the radiation 
dose to the patient programs. 
Methods A total of 35 cancer patients were considered for this study, with 245 field measurements made 
with low- and high-energy diode detectors for brain and prostate cases. The treatments for all patients were 
planned using Eclipse Treatment Planning System version 13.6. 
Results Of the 105 field measurements made for the prostate cancer patients, 16 included discrepancies 
outside the ±5% action level. Of the 145 measurements taken of the brain cases, there were four outside 
the ±5% action level. The results indicated a higher degree of accuracy. The study revealed that, for the 
prostate measurements, the higher discrepancy in the doses for the particular fields (exceeding the action 
level) may have been due to the isocenter being very close to the jaws and multi-leaf collimator of the linear 
accelerator machine. As a result, scatter from the jaws and the multi-leaf collimator could have contributed 
to the high dose delivered to the diode; hence, a probable higher discrepancy of the dose in more brain 
cases due highest quality of VMAT technique and fixation system. 
Conclusion A greater percentage of the observed discrepancies were well within the set tolerance level. 
However, it is recommended that the positioning of the diode on the patient’s skin and the angular sensitiv-
ity of the diodes be reconsidered. It is also recommended that a more accurate calculation of expected 
diode values be performed, especially for fields that pass through the table. These efforts would achieve 
action levels of ±5%.
Key words: diodes; in vivo dosimetry; radiotherapy; dose verification
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accumulated dose in cases in which the TPS is less accu-
rate, such as in total body irradiation (TBI), the build-up 
region, and at-risk organs in the head and neck region 
[1–2].

There is a simultaneous need to safely implement 
new treatment techniques in a radiotherapy department, 
which increases the workload and creates the potential 
for serious errors in radiotherapy planning and delivery. 
Therefore, an effective net of quality assurance proce-
dures is highly recommended. In vivo dosimetry, recom-
mended by various national and international organi-
zations including the IAEA publication in 2013, can be 
performed at several levels. Two different goals can be 
identified: measuring doses to at-risk organs that are dif-
ficult to calculate (such as the eyes and gonads) and veri-
fying the delivered dose to improve treatment accuracy 
and minimize the risk of dose misadministration. These 
measurements are compared to the planned doses speci-
fied by the oncologist and calculated by the TPS for the 
target and critical organs.

In this way, set-up calculations, motions, or transcrip-
tion errors that may have gone unnoticed during pre-
treatment checks can be recovered prior to dose delivery. 
In the absence of errors, routine in vivo dose measure-
ments indicate that the treatment was delivered cor-
rectly. The diodes are basically small detectors attached 
to a long wire that are used to measure the dose being 
received in real time while a patient is undergoing ra-
diotherapy treatment. They are normally attached to the 
patient’s body with adhesive tape at specific points where 
the treatment beam enters the body. Many professionals 
acknowledge their importance because they have the po-
tential to detect any errors that may have slipped through 
the quality safety net [3]. While errors in the delivery of 
radiation therapy are rare and usually result in little or no 
patient injury, the real danger is an administration error 
going undetected. This may result in healthy tissues be-
ing exposed to unnecessary radiation levels or the tumor 
site not receiving the full therapeutic effect. According to 
previous studies, a severe misadministration may result in 
radiation necrosis to vital organs or structures and can be 
fatal. In recent publications, several radiotherapy reports 
have described erroneous patient exposure to radiation 
[4].

The errors in predicting the dose rate resulted in its 
underestimation by 10%–45%, which translates to the 
patients receiving corresponding overdoses of 10%–55%. 
It was eventually revealed that 426 patients received sig-
nificant overdoses as a result. The IAEA also reported on 
an erroneous use of a TPS. In that report, the distance 
correction factor was erroneously applied twice for all pa-
tients treated isocentrically or at non-standard SSD. This 
error caused patients to receive doses lower than those 
prescribed [5–6]. This deficiency was 5%–35%, and in the 

end, it was revealed that, of 1045 patients whose calcula-
tions were affected by the incorrect procedures, 492 de-
veloped local recurrences that could be attributed to the 
error. The International Commission on Radiation Units 
and Measurements has recommended that radiation be 
delivered to within 5% of the prescribed dose [7–8]. 

Moreover, in a recent publication by the IAEA (2013), 
an appropriate goal is to be able to use a tolerance level 
of 5% for simple treatments, with a level of 7% for situ-
ations such as breast treatments and other treatments 
where measurement complications exist. However, it is 
recommended that, although in the initial stages of the 
introduction of in vivo dosimetry the tolerance levels 
may need to be higher, every effort should be made to 
achieve tolerance levels of about 5% by a process of pro-
gressive elimination of identified causes of dose differ-
ences [5]. This paper seeks to compare the entrance doses 
derived from the signal of the diode detectors placed on 
the skin with the theoretical values as calculated by the 
TPS under set tolerance values [9–11].

Materials and methods

The OmniPro-InViDos is a dosimetry management 
system that handles all tasks related to in vivo dosimetry. 
It simplifies the use of in vivo dosimetry by giving the 
user an overview of the calibration as well as the tools 
needed to perform the calibration efficiently by auto-
matically selecting correction factors for each field. The 
OmniPro-InViDos provides instruments that improve 
treatment accuracy while reducing the time require-
ment. It may be linked to the verification and therapy 
system either locally on the same PC as the verification 
system or via the internal network. It is well known that 
some characteristic can be affected when the detector is 
exposed to high-energy radiation. 

(1) The sensitivity will decrease over time; (2) For 
some detector types, the signal will not be proportional 
to the dose rate. In some cases, this non-linearity will 
change the cumulative dose, leading to an incorrect read-
ing if the dose rate in the measuring position will differ 
from the calibration situation; (3) Sensitivity will vary 
with temperature; (4) Detector leakage current, which is 
correlated to the detector impedance. This parameter can 
be important if the measured dose rate is very low, and 
an effect voltage of the input amplifier will increase; (5) 
Directional and field size dependencies exist; (6) Increas-
ing the number of parameters to handle will increase the 
workload for the physicist ensuring quality control of the 
vivo system.

When the test for several characteristics for diodes has 
been used in high-energy (15 MV) and low-energy (6 MV) 
situations for linear accelerator Varian model DMX:

(1) Diode sensitivity is one parameter that will be af-
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fected (sometimes after a certain amount of use); (2) Dose 
linearity;  (3)Dose rate linearity; (4) Temperature affects 
the signal per unit dose from the detector; (5) Directional 
and field size dependencies exist.

Dosimetry, mechanical, and safety checks are per-
formed. These measurements ensure that the system is 
working as intended. The entrance dose D is defined as 
the maximum dose (Dmax) for the corresponding energy. 
The diode reading that is expected for each treatment 
field is given by the TPS at Dmax. The TPS uses the PBC 
and AAA algorithms to calculate doses and equivalent 
path length for homogeneity corrections. The Dmax for a 
6-MV photon is 1.5 cm, while that for a 15-MV photon is 
3 cm. The diodes were placed in the field based on the ra-
diation type as well as its energy (low or high) being used 
to treat the patient at the time. For 6-MV photon energy, 
the P10 diode was used. For 15-MV photon energy, the 
P20 diode was used.

All measurements were performed in photon radia-
tion beams generated by an accelerator. The in vivo dose 
measurements were taken immediately after patient 
set-up and before treatment was started for all radiation 
treatment fields. The diode should be stacked over the 
patient’s skin for prostate tumors and over a mask for 
brain tumors (mask should be very stick on same patient 
should be measure) at the treatment site symmetrically or 
asymmetrically. For symmetrical fields, after set-up, the 
diodes were placed on the crosswire at the central beam 
and secured with adhesive tape. For asymmetrical fields, 
after set-up, the diodes were placed 2 cm from the field 
edge along one of the cross wires. If these were closer to 
the edge than 2 cm, the diodes were placed centrally into 
the field. However, care was taken to calculate the dose 
for the correct position by consideration of the inverse 
square correction factor when the field goes through the 
couch, and the diode was placed on the surface of the 
couch. For prostate cases, the uncertainties resulting from 
the angular dependence of the beam were analyzed. In 
these cases, a measurement point was found that could be 
uniquely defined and at which the expected dose could 
be calculated. If for some reason the diode could not be 
placed on the beam axis and a wedge was used, the diode 
was moved away from the beam axis.

Results

The external beam irradiation technique intensity-
modulated radiation technique (IMRT) for tumor regions 
like the prostate and brain had a number of treatment 
fields (Fig. 1). The AAA algorithm was used to calculate 
dosage, with a dose grid size spacing of 0.5 × 0.5 mm. All 
of the patients included in this study were treated in a 
supine position. Computed tomography scans were ac-
quired using a Siemens Emotion CT scanner. 

Patient treatment was delivered using the linear ac-
celerator equipped with a multi-leaf collimator (MLC) to 
execute the IMRT. Fig. 2 shows the data for 15 patients 
with prostate cancer. The standard deviation for each pa-
tient for prostate cancer by the Eclipse planning was ap-
proximately 3.5% between the calculated and measured 
values. In Fig. 3, data of 20 patients with brain cancer 
are shown. The standard deviation between the measure-
ments and calculated values by Eclipse planning was ap-
proximately 1.2%.

As shown in Table 1, the variation between patients 
calculated used eclipse treatment planning and data mea-
surement as QA for IMRT patient with max value in 
patient selected in this study was approximately 3.3%. 
(In some cases, the variation will increase due to diode 
displacement and not stick well in a good measurement 
position) (Fig. 4 and table 2). 

Discussion

The in vivo dosimetry results for patients with brain 
cancer were better than those for patients with prostate 
cancer. Of the 105 field measurements made for the pa-
tients with prostate cancer, 16 fields had discrepancies 
outside the ±5% action level. Of the 145 field measure-
ments made for the patients with brain cancer, only four 
field discrepancies outside the ±5% action level were re-
corded for each case. The results indicated a higher de-
gree of accuracy for the brain cancer cases. In the case of 
the prostate measurements, the higher discrepancy in the 
doses for the particular fields (exceeding the action level) 
may have been due to the isocenter being very close to 
the jaws and the MLC of the linear accelerator machine 
and fixation system for prostate cancer and in some like 
example large patient dimensions. As a result, scatter from 
the jaws and the MLC may have contributed to the high 
dose delivered to the diode, hence a probable good result 
of the brain case due highest quality of IMRT technique 
and fixation system and separation of brain in comparison 

Table 1 Ten IMRT brain patients for dose as total for all fields mea-
sured and calculated 

Patient Calculated dose 
cGY TPS

Measured dose 
cGY Diode Variation %

1 212 210.5 0.75
2 214 211.0 1.5
3 203 201.0 1.0
4 200 198.2 0.9
5 211 210.1 0.45
6 200 197.5 1.25
7 215 214 0.5
8 207 201.0 3.3
9 219 216.6 1.5
10 214 209.5 2.25
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with prostate patients.
During some of the treatment sessions, the diodes were 

slightly displaced as a result of adhesive tape loosening. 
Therefore, these diodes had recorded doses outside the 

isocenter, leading to some of the observed discrepancies. 

Fig. 3 Example for axilla view for IMRT for brain tumor patient

Fig. 1 Screen shot of the IMRT plan 
for a patient with prostate cancer diffi-
cultly plan for prostate IMRT for very large 
patient separation and check for dose 
plan. IMRT, intensity-modulated radiation 
technique

Fig. 4 Axial dose wash for intensity-modulated radiation technique for two brain cancer patients and variation between dose measured and calcu-
lated

Fig. 2 Discrepancy for ten patients with prostate cancer
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Conclusion
 In summary, in vivo dosimetry is an effective method 

for detecting radiotherapy errors, assessing clinically rel-
evant differences between the prescribed and delivered 
doses, reducing potential patient harm, and fulfilling re-
quirements set forth by national and international regu-
lations. In this study, a much greater percentage of the 
observed discrepancies was well within the set tolerance 
level, while a greater percentage of the observed discrep-
ancies were well within the set tolerance level. However, 
we recommend that the diode positioning on a patient’s 
skin, and the angular diode sensitivity be reconsidered. 
We also recommended that a more accurate calculation 
of expected diode values be performed, especially for 
fields that pass through the table. These efforts would en-
able the achievement of action levels of ±5%.
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Table 2 Ten IMRT  prostate patients for dose as total for all fields mea-
sured and calculated 

Patient Calculated 
dose cGY TPS

Measured 
dose cGY Diode Variation %

1 223 220.6 1.1
2 205 203.2 0.9
3 220 217.6 1.1
4 203 198.3 2.35
5 205 204.9 0.5
6 224 218 3.0
7 215 211 2
8 203 202 0.5
9 208 205.2 1.4
10 206 205.3 0.4
Illustrates the very small variation between data measurement and calcu-
lations for patients with brain cancer due to the good fixation system and 
lack of diode position displacement
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Dyspnea occurs mainly in patients with tracheal ob-
struction or external compression by either a foreign ob-
ject or neoplasm, and can be difficult to treat. Stenting is 
widely used for palliation of airway stenosis in patients 
with metastatic disease [1–5]. However, tracheal hemor-
rhage and other complications are more common in pa-
tients who have not received radiation therapy before, 
because tissues are very fragile after radiotherapy. 

Case report

A 56-year-old male with a history of esophageal can-
cer was admitted to our hospital (The Affiliated Hospital 
of Jiangsu University, Yixing People’s Hospital, Wuxi, 
China) on November 23, 2013. He was diagnosed with 
esophageal cancer and underwent radical surgery on Feb-
ruary 26, 2010 in our hospital. The postoperative pathol-
ogy report found moderately differentiated esophageal 
squamous cell carcinoma, with invasion of the submu-
cosa; some squamous cells with atypical hyperplasia in 
the upper margin; no carcinoma in the lower margin; 1 
of 6 lymph nodes was found to have cancer cells. The pa-
tient was treated with 4 cycles of postoperative adjuvant 
chemotherapy, using TP (paclitaxel 120 mg on day 1 and 
90 mg on day 8, and nedaplatin 50 mg on days 1 and 8), 

from March 27, 2010 to July 3, 2010. Computed tomogra-
phy (CT) revealed mediastinal lymph node enlargement 
on January 3, 2013 (Fig. 1). The patient subsequently re-
ceived 2 cycles of GP (gemcitabine 1.4 g on day 1 and 
1.2 g on day 8, and cisplatin 20 mg on days 1 to 4) on 
January 14, 2013 and February 16, 2013. CT on March 
20, 2013 showed no obvious changes in the mediastinal 
lymph node enlargement after 2 cycles of chemotherapy 
(Fig. 2). Following palliative chemotherapy, gamma-knife 
treatment was administered to the patient’s enlarged me-
diastinal lymph nodes in April, 2013, followed by rest at 
home. The patient had no awareness of hoarseness as of 
June, 2013, but developed dyspnea as the disease gradu-
ally progressed. 

He came to our hospital on November 23, 2013, when 
the symptoms were severe, and a three-concave sign was 
observed. CT showed that the mediastinal lymph nodes 
had enlarged significantly between March 20, 2013 and 
November 25, 2013 (Fig. 3). Anti-inflammatory drugs 
and asthma treatment had no apparent effect. By No-
vember 30, 2013, the patient could not lie down because 
of dyspnea, even with large doses of aerosol inhalation, 
and other conventional treatment methods. The dyspnea 
worsened on December 2, 2013; electrocardiography 
monitoring showed a heart rate up to 120 beats per min-
ute and blood oxygen saturation decreased to 80%, but 
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Dyspnea from tracheal stenosis due to compression by a tumor is an emergency that complicates therapy 
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the blood pressure was normal. We administered large 
doses of methylprednisolone immediately, with no ap-
parent effect. As the patient was critical, we administered 
0.5 mg of epinephrine by subcutaneous injection. To our 
surprise, the patient’s dyspnea eased slightly after about 
5 minutes; the heart rate decreased to 100 beats per min-
ute, the blood oxygen saturation increased to 95%, and 
the blood pressure increased slightly. Subsequently, aero-
sol inhalation of budesonide, ambroxol, and epinephrine 
was administered every 4 to 6 hours. The patient’s dys-
pnea eased slightly after each inhalation or epinephrine 
subcutaneous injection, but he still could not lie down. 
Bevacizumab combined with TP chemotherapy was ad-
ministered on December 3, 2013 (bevacizumab 200 mg 
on day 1 and paclitaxel 120 mg on day 1, and cisplatin 
20 mg on days 1 to 3). The patient’s dyspnea had sub-
sided by December 5, 2013. He was obviously in much 
better health by December 7, 2013, and could again lie 
down. Therefore, we discontinued aerosol inhalation of 
epinephrine on December 7, 2013. Third-degree bone 
marrow suppression subsequently developed. We again 
gave bevacizumab combined with TP chemotherapy on 
December 30, 2013 (bevacizumab 200 mg on day 1 and 

paclitaxel 120 mg on day 1, and cisplatin 20 mg on days 
1 to 4). The patient’s condition was stable, and he was 
hospitalized for additional treatment. Respiratory diffi-
culty occurred after eating on January 12, 2014, but CT 
revealed a significant decrease in the mediastinal lymph 
nodes between November 25, 2013 and January 12, 2014 
(Fig. 4). However, there was evidence of a tracheoesopha-
geal fistula (Fig. 5), which was confirmed by gastroscopy 
(Fig. 6). Nasal feeding and peripheral parenteral nutrition 
were started. The patient died of a massive tracheal hem-
orrhage on February 16, 2014.

Discussion

Dyspnea caused by a neoplasm is not common in on-
cology, but is an emergency when it occurs. The conse-
quences can be catastrophic, and the majority of patients 
die of hypoxia in a few days if tracheal stenosis is not 
corrected. Surgical resection is an option [6–7], but is not 
suitable in a critically ill patient. Airway stenting has 
been considered the “gold standard” for the treatment 
of benign and malignant airway stenosis in the past 20 
years [4, 8]. Two patients with esophageal cancer received 

Fig. 4–5 CT showed a significant decrease in the mediastinal lymph nodes between November 25, 2013 and January 12, 2014, but a tracheoesopha-
geal fistula appeared to have developed
Fig. 6 Gastroscopy showed a fistula in the esophagus, 20 cm distance from the incisors

Fig. 1 CT showed mediastinal lymph node enlargement on January 03, 2013
Fig. 2 CT on March 20, 2013, showed no obvious change in mediastinal lymph node enlargement after 2 cycles of chemotherapy 
Fig. 3 CT showed a significant increase in mediastinal lymph nodes between March 20, 2013 and November 25, 2013, and the primary bronchi were 
severely compromised by the enlarged lymph nodes
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chemoradiotherapy after airway stenting and survived for 
24 months and 54 months, respectively. One patient with 
esophageal cancer died of airway bleeding 2 months af-
ter stent placement [9]. Some studies used airway stenting 
as a temporary measure, with removal after relief of tra-
cheal stenosis [3, 5]. In this case, the patient’s general status 
was very poor, and surgical resection would be difficult 
to implement; airway stenting was also ruled out because 
radiation therapy had been used for the enlarged medias-
tinal lymph nodes; moreover, the patient’s family refused 
surgery. Chemotherapy seemed to be our only option, 
and the patient’s family consented. With the family’s full 
understanding, bevacizumab combined with chemother-
apy was administered, but the dose was small because of 
the patient’s poor condition. However, when he became 
critical, relief of dyspnea was essential, or death from hy-
poxia would occur within hours. 

Epinephrine acts on α and β receptors, and is usually 
used to rescue patients with anaphylactic shock, sudden 
cardiac arrest, and severe dyspnea caused by bronchial 
spasm in emergencies, but it is seldom used to treat dys-
pnea caused by tumor compression. The side effects of 
epinephrine include elevation of blood pressure, palpi-
tations, headache, and arrhythmia. We did not observe 
these side effects in this case, but some symptoms may 
have been concealed by severe dyspnea. In this case, 
epinephrine may have acted by alleviating edema in the 
compromised trachea and relaxing bronchial smooth 
muscles; the duration of effect was only 4–6 hours after 
each dose of epinephrine, which was consistent with the 
metabolism and pharmacokinetics of epinephrine.

We gave this patient a total of 24 mg of epinephrine, 
with 2 doses of 0.5 mg subcutaneously, and 23 mg by 
aerosol inhalation of 1 mg per dose. After each dose of 
epinephrine, the patient’s dyspnea eased for about 4 to 6 
hours. We simultaneously gave bevacizumab combined 
with TP chemotherapy. The general status of this patient 
was very poor, necessitating a relatively low chemother-
apy dose. With these measures, the patient’s dyspnea was 
relieved after 3 days, and he could lie down again after 
5 days. Bevacizumab is a vascular endothelial growth 
factor-specific angiogenesis inhibitor indicated for the 
treatment of metastatic colorectal cancer, non-squamous 
non-small cell lung cancer, and metastatic breast cancer. 
It is not clear whether bevacizumab or chemotherapy, or 
possibly both, played a greater role in this case. We did 
not consider this in detail.

Airway stenting has only been performed in large 
medical centers. Most smaller hospitals do not have this 
technology. Our experience may be of use in the treat-
ment of patients with dyspnea caused by tracheal steno-
sis in smaller hospitals, and possibly buy time until air-
way stenting can be performed at a large medical center. 
Airway stenting also has many complications, including 

cough, and massive tracheal hemorrhage due to stent ir-
ritation. One study showed that despite improvement in 
symptoms, the actual survival benefit was limited due to 
severe potential complications. Two patients with ad-
vanced lung cancer who underwent bronchial stenting for 
intractable dyspnea had dramatic improvement in symp-
toms and quality of life, but both died shortly after [10]. 
We prolonged the life of this patient more than 2 months, 
but he finally died of a massive tracheal hemorrhage on 
February 16, 2014. The patient’s quality of life was clearly 
improved, however briefly. The experience from this case 
can also be of value for patients who do not want or can-
not afford airway stenting. Moreover, radiotherapy may 
also be effective on a compressing neoplasm. 

In conclusion, we present a case of using epinephrine 
combined with chemotherapy to relieve dyspnea caused 
by a neoplasm. 
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Malignant melanoma occurs most frequently in the 
skin, but may also manifest in many other organs and tis-
sues. However, primary hepatic malignant melanoma is 
exceedingly rare. Only 19 cases have been reported thus 
far, comprising 8 cases from PubMed and 11 cases from 
the Chinese literature. Only 4 cases of definite primary 
melanoma have been reported in PubMed (mean patient 
age 42.2 years, range 27–60 years). Microscopically, it 
may be easily misdiagnosed because of the morphological 
heterogeneity and hypomelanotic appearance. We report 
the only case of primary hepatic malignant melanoma en-
countered in our department. 

Case report

A 61-year-old man was admitted to the Department 
of Hepatopancreatobiliary Surgery, Huai’an No. 1 Hos-
pital, the Nanjing Medical University (Huai’an, Jiangsu 
Province, China) with a 3-month history of right upper 

abdominal pain that had been worsening over the past 2 
days. His past medical history included a 1-year history 
of neck year, a 20-year history of hepatitis A, a 10-month 
history of hypertension, and a 10-day history of diabetes, 
all of which were under treatment. His family history was 
not significant. His vital signs were normal apart from a 
slightly elevated blood pressure (145/75 mmHg, normal 
range 90–140/60–90 mmHg). His skin and sclera were 
not yellow, no superficial nodular lesions were observed 
on his body, and no palmar erythema and spider nevi 
were present. On auscultation, his breath sounds were 
rough bilaterally, and bronchial wheezing was occasion-
ally heard. The liver was not palpable below the costal 
margin, and the spleen was not palpable as well. Light 
percussion elicited pain in the hepatic region. Routine 
clinical biochemistry tests showed normal levels of serum 
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), lactate dehydrogenase (LDH), γ-glutamyl-
transferase (γ-GTP), total bilirubin (TB)，direct bilirubin 
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Objective Primary malignant melanomas of the liver are exceedingly rare. Only 19 cases have been 
reported in the literature worldwide. In this report, we describe our pathological findings and review the 
literature in order to improve our understanding of the disease and prevent misdiagnosis, as well as provide 
evidence for its treatment and prognosis. 
Methods We present a case of an isolated malignant melanoma of the liver in a 61-year-old male Chi-
nese patient. 
Results Comprehensive dermatological and ophthalmological examinations did not reveal any evidence 
of a primary cutaneous or ocular lesion. Similarly, serial physical examinations, auxiliary examinations, and 
bone scans did not demonstrate any other lesions in the brain, respiratory tract, and gastrointestinal tract. 
Microscopic examination of the resected specimen revealed malignant melanoma, which was confirmed by 
immunohistochemical staining for S-100 protein (+), ki67 (30%+), EMA (+), CD10 (+), and HMB-45 (++). 
Conclusion Primary malignant melanoma may occur in the liver, and should be considered when the 
histopathological appearance is atypical of other hepatic neoplasms. The diagnostic criteria for hepatic 
malignant melanoma depend mainly on the clinical, radiographic, and histopathological findings. Pathomor-
phology and immumohistochemical staining can be utilized to confirm the diagnosis.
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(DB), indirect bilirubin (IB), and pre-albumin; however, 
his blood glucose level (GLU) was elevated (7.89 mmol/L, 
normal range 3.60–6.20 mmol/L). Levels of serum tumor 
markers including alpha-fetoprotein (AFP), carcinoem-
bryonic antigen (CEA), and cancer antigen 50 (CA50) 
were within the normal range. Laboratory tests demon-
strated negative hepatitis B surface antigen (HBsAg). An 
abdominal computed tomography (CT) scan showed a 3.7 

cm × 3.4 cm mass in the left lobe of the liver, which ap-
peared round in shape and uneven in density (Fig. 1a). A 
contrast-enhanced CT scan displayed a 3.7 cm × 3.5 cm 
well-defined hepatic mass in the left internal lobe of the 
liver, and revealed low-density enhancement without 
evidence of spread to the neighboring lymph nodes (Fig. 
1b). A chest radiograph confirmed chronic bronchitis in 
both lungs. The working diagnosis was liver cancer on 
a background of chronic bronchopneumonia, hyperten-
sion, and diabetes. 

Macroscopically, the resected mass had an intact cap-
sule, and measured 4 cm × 4 cm × 3.5 cm at the junction 
of the left lateral lobe and left internal lobe. The mass 
was clearly differentiated from the normal surrounding 
tissue, and its cut surface was ash-black in color. Micro-
scopically, the tumor cells showed diffuse infiltration, 
and fibrous tissue was observed between the lesion and 
the normal hepatocytes. Microscopically, the tumor cells 
were arranged diffusely or in nests, and mesenchymal fi-
brous tissue hyperplasia was observed. On deep dyeing 
with hematoxylin and eosin (HE × 100), spindle-shaped 
nuclei were observed in the tumor cells (Fig. 2a). The tu-
mor cells were pleomorphic and eosinophilic, with large 
volumes, abundant cytoplasm, large nucleus, and abun-
dant nucleoli (HE × 400) (Fig. 2b). 

Immunohistochemically, the tumor cells were positive 
for S-100 protein (+), ki67 (30% +), EMA (+), CD10 (+)，
HMB-45 (++) (HE × 100) (Fig. 3). The complete absence of 
any cutaneous, ocular, or mucosal lesions in all organs on 
serial physical examinations, auxiliary examinations, and 
bone scans supported the final diagnosis of primary he-
patic malignant melanoma. After local surgical resection, 
the patient was started on a comprehensive treatment re-
gime of cisplatin, fluorouracil, interferon, epirubicin, and 
thymosin. He showed good recovery. However, recurrent 
foci were found 5 months postoperatively. The patient 
underwent 8 months of regular follow-ups in total, and 
no disease recurrence was observed. 

Discussion

Melanomas were first described by Pilliet in 1887 [1]. 
They originate from epidermal melanocytes or neural 
cells, both of which derive from neural crest precursors. 
Chamaejasme extract is thought to inhibit proliferation 
and induce apoptosis of malignant melanoma B16 cells by 
down-regulating the expression of Akt and up-regulating 
the expression of PTEN [2]. Only 10%–30% of malignant 
melanomas are radio- or chemo-sensitive [3]. Malignant 
melanomas may present as single or multiple lesions, and 
are characterized by a coated appearance, easy hemor-
rhage, necrosis, cystic degeneration, tumor cells rich in 
melanin granules, a high degree of malignancy, rapid me-
tastasis, and a poor prognosis. In particular, liver metas-

Fig. 3 lmmunohistochemistry: revealing tumor cells positive for CD10 
(× 100) (a); HMB-45 (× 100) (b); Ki67 (× 100) (c); and S-100 protein (× 
100) (d)

Fig. 1 (a) Computed tomography (CT) scan showing a 3.7 cm × 3.4 
cm mass in the left lobe of the liver that appeared round in shape and 
uneven in density. (b) Contrast-enhanced CT scan displaying a 3.7 cm × 
3.5 cm well-defined hepatic mass in the left internal lobe of the liver, which 
showed low-density enhancement

Fig. 2 Pathological findings. (a) The tumor cells were arranged diffuse-
ly or in nests, and mesenchymal fibrous tissue hyperplasia was observed. 
On deep dyeing with hematoxylin and eosin, spindle-shaped nuclei were 
observed in the tumor cells (original magnification, ×100). (b) Tumor cells 
were pleomorphic and eosinophilic, and had large volumes, abundant cy-
toplasm, large nucleus, and abundant nucleoli (original magnification, × 
400)
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tasis portends a grave prognosis, with a median survival 
time of approximately 4 months. Malignant melanomas 
are most prevalent in Caucasian patients over the age of 
30 years [4]. They mainly manifest in the skin (accounting 
for 79% of cases) [5], and usually originate from border 
hemorrhoids. Hepatic metastases occur in 20% of patients 
with malignant melanoma. In the early stages of the dis-
ease, metastasis occurs via the lymphatic route. However, 
in the advanced stages, the tumor cells spread to the lungs, 
liver (14%–20% of cases), bone, and brain via blood flow. 
Therefore, primary malignant melanoma of the liver is 
extremely rare and very few cases have been reported. 
Hepatic metastasis is more common in intraocular mela-
nomas, which makes up 50% of such cases [6]. Melano-
mas of unknown primary sites (MUP) are estimated to 
account for 3.7% to 6% of all incident melanomas [7]. Pre-
vious studies have reported that hepatic malignant mela-
nomas tend to present as single or multiple lesions, grow 
expansively, may have false capsules (mean diameter 8.8 
cm, range 1.8–16 cm), and usually develop in the right 
lobe of the liver. Their origin and pathogenesis remain 
unclear, but interleukin (IL)-8 is thought to play a crucial 
role in disease progression. A relationship between Hepa-
titis B virus (HBV) and malignant melanoma has not been 
established. The HbsAg test result was negative for our 
patient. Genetic analyses have shown that abnormalities 
in chromosomes 1, 6, 7, 9, and 10 may be present. 

The diagnosis of hepatic malignant melanoma depends 
mainly on the clinical, radiographic, and histopathologi-
cal findings, and may be confirmed by pathomorphology 
and immumohistochemical staining. The clinical mani-
festations of hepatic malignant melanoma are non-spe-
cific, comprising symptoms such as epigastric discomfort, 
paroxysmal abdominal pain, and abnormal liver function. 
Indeed, our patient conformed to this pattern of pre-
sentation. Abdominal CT scans generally display single 
or multiple slightly high-density nodules with calcifica-
tion. Contrast-enhanced CT scans may enhance the foci 
slightly. The garland manifestations of metastatic ma-
lignant melanoma can usually be identified on CT im-
ages [8]. Discoidin domain receptor (DDR)-2 promotes 
A375 melanoma metastasis to the liver [9]. As compared 
to CT scans, magnetic resonance imaging (MRI) scans 
can provide more detailed information for hepatic ma-
lignant melanomas. Wang et al has suggested that the 
most characteristic finding on imaging is a T2-weighted 
low-signal lesion with abundant hemosiderin from re-
mote hemorrhages [10]. In our case, the CT scan showed a 
mass in the left internal lobe of the liver, which appeared 
round in shape and uneven in density. The focus showed 
mild strengthening on contrast-enhanced CT. Due to in-
sufficient experience in diagnosing and treating hepatic 
malignant melanoma at that time, we did not request an 
MRI scan to be performed. 

Pathologically, the tumor cells were pleomorphic, 
with a large nucleolus, and with or without melanin pig-
ment deposition. Immunohistochemically, the tumor 
cells tended to express HMB-45, S-100 protein, vimentin, 
and Melan-A strongly [11]. Gong et al suggested that once 
the pathologic diagnosis is established, it is important to 
consider whether the tumor is a primary or secondary 
lesion. If an extensive investigation of potential primary 
sites demonstrates no evidence of primary melanomas, 
the hepatic tumor is likely to be a primary melanoma of 
the liver [12]. Our experience was in complete accord with 
this report. 

A standard treatment approach for hepatic primary 
malignant melanoma and single metastatic malignant 
melanoma has yet to be established. While partial liver 
resection may be effective, the prognosis is poorer for 
cases with multiple or metastatic lesions. Surgical treat-
ment is always palliative. Adjuvant measures such as che-
motherapy, immunotherapy, and radiotherapy are ex-
tremely important in prolonging survival and improving 
quality of life postoperatively. Molecular targeting thera-
pies have been used to manage Stage III melanomas ef-
fectively. Previous studies have reported that ipilimumab 
can prolong the median and 5-year survival rates [13], and 
that IL-18 can effectively prevent the inflammation as-
sociated with malignant melanoma [14]. 

Long-term follow-up is necessary for melanomas with 
a diameter of 2 cm or larger. Imaging examinations such 
as X-rays, positron emission tomography (PET)-CT, and 
MRI are commonly used to monitor patients. Serum LDH 
may also be used to monitor disease progression – higher 
LDH levels tend to indicate more aggressive tumors and 
poorer prognoses. Serum LDH may also be used to assess 
treatment effect [15]. 

No large randomized controlled studies have been con-
ducted thus far. As such, we need to constantly summa-
rize our experiences of diagnosing and treating malignant 
melanomas of the liver.
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