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Abstract
Although nasopharyngeal carcinoma (NPC) is a wide-
spread malignant tumor, it is particularly frequent in 
Southeast Asia. Although T1 tumors can be effectively 
controlled with exclusive radiotherapy, this treatment 
modality is insufficient for most NPC patients, who 
present with locally advanced disease at diagnosis. In 
fact, for stages ranging from T2b N0 to T4 N3, defini-
tive scientific evidence supports the use of concurrent 
platinum-based chemotherapy with standard external 
beam radiotherapy. This treatment approach has shown 
a statistically significant advantage in terms of overall 
survival, with respect to radiotherapy alone. Several tri-
als have also investigated the use of neoadjuvant and 
adjuvant chemotherapy in combination with radiother-
apy or chemo-radiotherapy. Platinum compounds, an-
thracyclines and taxanes are among the chemotherapy 
agents employed. This review focuses on the clinical 
results obtained in the field of adjuvant/concurrent/
neoadjuvant chemotherapy for locally advanced NPC, 
for which exclusive concurrent chemo-radiotherapy cur-
rently represents the standard treatment approach.

© 2011 Baishideng. All rights reserved.

Key words: Chemotherapy; Nasopharyngeal carcinoma; 
Radiotherapy; Treatment
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Perri F, Bosso D, Buonerba C, Di Lorenzo G, Della Vittoria 
Scarpati G. Locally advanced nasopharyngeal carcinoma: Cur-
rent and emerging treatment strategies. World J Clin Oncol 
2011; 2(12): 377-383  Available from: URL: http://www.wjg-
net.com/2218-4333/full/v2/i12/377.htm  DOI: http://dx.doi.
org/10.5306/wjco.v2.i12.377

INTRODUCTION
Nasopharyngeal carcinoma (NPC), a malignant tumor 
originating from the epithelium of  the nasopharynx, is 
particularly frequent in Southeast Asia and can be divided 
into three different histological types, that is, non-keratin-
izing squamous cell carcinoma, keratinizing squamous cell 
carcinoma and undifferentiated carcinoma[1]. At diagnosis, 
most NPC patients have locally advanced disease, which 
includes stages ranging from T2b N0 to T4 N3 (Table 1).

Radiotherapy (RT) can control early stage NPC effec-
tively, yielding an excellent 90%-95% 5-year local control 
rate in clinical trials. However, radiotherapy alone is not 
the optimal treatment for patients with locally advanced 
disease, which is the most frequent clinical presentation 
at diagnosis, since it yields an unsatisfactory 5-year sur-
vival rate of  about 50%[2]. For this reason, concurrent 
platinum-based chemotherapy and radiotherapy has be-
come the standard treatment for locally advanced NPC. 
While in early stage NPC (T1-2a N0), the addition of  
chemotherapy to standard radiotherapy has not provided 
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a survival advantage in clinical trials[3], a clear superiority 
has emerged for concurrent chemoradiotherapy when 
compared to RT alone in patients with locally advanced 
disease[4-5].

In locally advanced NPC patients, there are presently 
few data regarding the use of  neoadjuvant/adjuvant che-
motherapy, as an alternative to concurrent chemoradio-
therapy. The role of  neoadjuvant chemotherapy before 
RT or concurrent chemoradiotherapy is a matter of  great 
interest. In fact, induction chemotherapy is an effective 
way to control subclinical metastatic foci, especially in 
patients with lymph node metastasis. Moreover, in some 
patients with large tumors infiltrating the brain stem, it 
is often difficult to deliver the total required dose to the 
clinical target volume (CTV) with preservation of  critical 
tissues. Neoadjuvant chemotherapy is often able to pro-
vide objective responses in tumor lesions, which offers 
the possibility to shrink the CTV and reduce toxicity[6].

Retrospective studies that used RT alone for NPC 
indicated that local control was closely linked to the 
radiation dose delivered to target tissues[7-8]. Intensity 
modulated RT (IMRT) is a special type of  conformal RT 
that creates a high dose volume that is precisely shaped 
around the target volume in order to minimize the ra-
diation dose delivered to surrounding healthy tissues. 
Investigators compared dosimetric plans of  IMRT with 
conventional RT techniques and concluded that IMRT 
provided improved tumor coverage and preservation of  
normal tissues. The proximity of  the nasopharynx to 
critical normal tissues, such as the brainstem and optic 
structures, makes it challenging for radiotherapists to 
deliver the optimal radiation dose to the tumor using 
conventional conformal RT, and underdosing of  affected 
areas is often necessary to preserve healthy tissues. IMRT 
for locally advanced NPC spares critical portions of  the 
brain stem and of  the parotid glands, avoiding neurologic 
toxicity and permanent xerostomia, respectively. While 
IMRT has completely replaced conventional conformal 
RT and has become the standard practice for early stage 
NPC, its role in the locally advanced setting is not yet 
well defined[9].

Intracavitary brachytherapy may be used in patients 
with residual mass after exclusive upfront radiotherapy, 
especially in the case of  a T2b tumor (parapharyngeal 
infiltration) at initial diagnosis[10]. The combination of  ex-

378 December 10, 2011|Volume 2|Issue 12|WJCO|www.wjgnet.com

ternal beam RT followed by endocavitary brachytherapy 
may play an important role in patients with T2b disease. 
In this review, the treatment of  patients with locally ad-
vanced NPC is reviewed and discussed, with a special 
focus on novel experimental therapeutic options.

ROLE OF EXCLUSIVE CONCURRENT 
CHEMORADIOTHERAPY
In several phase Ⅲ trials, radiotherapy with concurrent 
platinum-based chemotherapy has been compared to 
standard external beam radiotherapy alone in patients 
with locally advanced NPC. Concurrent chemo-radio-
therapy has shown a statistically significant advantage in 
terms of  survival and response rate when compared with 
radiotherapy alone, but at the expense of  more severe 
toxicity, mainly mucositis and bone marrow suppres-
sion[4,5,11]. Results of  a large meta analysis carried out by 
Zhang et al[12] which included 1608 patients enrolled in 
seven studies confirmed the superiority of  concurrent 
chemo-radiotherapy with respect to RT alone. Of  note, 
this meta-analysis was the first to include studies con-
ducted in endemic areas only.

Another meta-analysis included 18 trials enrolling a 
total of  1993 patients from China. A comparison be-
tween concurrent chemo-radiotherapy and RT alone 
showed that concurrent chemo-radiotherapy was able to 
obtain a 3-year overall survival rate of  68.5%, compared 
with 56.4% in the RT alone arm[13].

More recently, the association of  cisplatin and pacli-
taxel given concurrently with standard radiotherapy was 
evaluated in a phase Ⅱ trial. Thirty-one patients with lo-
cally advanced NPC received three-weekly 120 mg/m2 
of  paclitaxel and 75 mg/m2 of  cisplatin concurrently 
with standard 70 Gy external beam radiotherapy. Three-
year overall survival rate was 83.9% and the main grade 
3/4 toxicity was neutropenia, reported in 12.9% of  
patients[14]. Another way of  improving the effectiveness 
of  standard concurrent chemo-radiotherapy may be to 
modify the radiotherapy scheme. In a phase Ⅱ trial, Jian 
et al[15] investigated the activity of  hyperfractionated radio-
therapy and concomitant platinum-based chemotherapy. 
As a result, three-year overall survival rate was 72%, with 
73% of  patients showing grade 3 mucositis, 31% of  pa-
tients experiencing severe weight loss and 15% requiring 
a feeding tube. In view of  such an unfavorable toxicity 
profile, further investigation in this direction does not 
seem justified.

IMRT is widely employed as an alternative to conven-
tional RT in NPC patients with stage Ⅰ-Ⅱ disease, but 
its role in association with chemotherapy is still unknown. 
Lu et al[16] evaluated the feasibility and efficacy of  a weekly 
cisplatin (40 mg/m2/wk) regimen given concurrently with 
definitive IMRT in twenty-one locally advanced NPC 
patients, obtaining a good safety profile and an excellent 
one-year overall survival of  95.5%[17]. In another similar 
trial, the association of  three-weekly cisplatin and weekly 
cetuximab was employed together with standard IMRT 

Table 1  Standard approach to nasopharyngeal carcinoma

 Stage Denomination Gold standard therapy
  T1-2a N0 M0 Early stage - IMRT alone

- Conventional RT alone
  From T2b N0 M0
  to T4b N3 M0 
  also every
  T N2/3 M0

Locally advanced - Neoadjuvant platinum-based CT
  followed by IMRT or CCRT
  (platinum-based)
- Concurrent cDDP and RT

  Every T every
  N M1

Metastatic - Exclusive CT

RT: Radiotherapy; IMRT: Intensity modulated RT; CCRT: Concurrent 
chemoradiotherapy; CT: Comptued tomography.



in 100 locally advanced NPC patients. The complete + 
partial response rate achieved was 100% and the toxic-
ity profile was very low, except for a 64% rate of  grade 2 
acneiform rash. Clinical studies assessing the efficacy and 
activity of  exclusive concurrent chemo-radiotherapy in 
locally advanced NPC patients are shown in Table 2.

ROLE OF ADJUVANT CHEMOTHERAPY 
FOLLOWING CONCURRENT
CHEMO-RADIOTHERAPY
The Intergroup-0099 was the first randomized trial to 
compare concurrent chemo-radiotherapy followed by ad-
juvant chemotherapy with RT alone[18]. In this study, con-
current chemo-radiotherapy consisted of  cisplatin (100 
mg/m2 every 21 d) for three cycles, followed by adjuvant 
cisplatin (80 mg/m2 on day 1) and 5-fluorouracil (1000 
mg/m2 on days 1-4 every 4 wk). A clear and statistically 
significant advantage in the chemo-radiation arm was 
seen in terms of  overall survival, disease-free-survival, 
locoregional failure rate and time to distant metastases. 
However, these encouraging results did not translate into 
a change in clinical practice for many Asian oncologists, 
in view of  the high rate of  well differentiated carcinomas 
enrolled in both treatment arms (about 25%) which does 
not reflect common clinical practice. Furthermore, a 
particularly low compliance was reported, with only 55% 
undergoing adjuvant treatment and a particularly poor 
survival observed in the RT-alone arm.

A comparison between concurrent chemo-radiothera-
py followed by adjuvant chemotherapy and RT alone was 
performed in 316 locally advanced NPC patients enrolled 
in a phase Ⅲ trial conducted by Chen et al[19]. Patients 
were assigned to receive concurrent chemo-radiotherapy, 
consisting of  a standard radiation dose of  70 Gy plus cis-
platin followed by three adjuvant cycles of  cisplatin and 
5-fluorouracil, or RT alone. Concurrent chemo-radio-

therapy plus adjuvant chemotherapy yielded better results 
with respect to RT alone in terms of  survival and activity, 
at the cost of  higher toxicity. Similar results were seen in 
another phase Ⅲ trial enrolling only non-keratinizing lo-
cally advanced NPC patients randomized to concurrent 
chemo-radiotherapy followed by adjuvant cisplatin and 
5-fluorouracil or to RT alone. In this trial, concurrent 
chemo-radiotherapy was superior in terms of  efficacy but 
also more toxic than RT alone[20].

Park et al[21] carried out a retrospective analysis in for-
ty-three locally advanced NPC patients treated with con-
current chemo-radiotherapy using cisplatin and 5-fluoro-
uracil followed by adjuvant chemotherapy consisting of  
three cycles of  cisplatin, epirubicin and bleomycin. The 
overall response rate (ORR) was 95% after concurrent 
chemo-radiotherapy and 100% after adjuvant therapy. 
The main toxicities observed were grade 3/4 neutrope-
nia and mucositis occurring during concurrent chemo-
radiotherapy.

In a prospective phase Ⅱ trial conducted by Hu et al[22] 
fifty-four patients were treated with concomitant weekly 
paclitaxel and external beam radiation therapy (concurrent 
chemo-radiotherapy) followed by three cycles of  cisplatin 
(30 mg/m2 on days 1-3) and paclitaxel (135 mg/m2 on 
day 1), both given every three weeks. An excellent 100% 
ORR was obtained after the entire treatment with a com-
plete response (CR) rate of  85%. An acceptable toxicity 
profile was seen with no grade 3/4 side effects.

In view of  the conflicting results reported on the 
role of  adjuvant chemotherapy after concurrent chemo-
radiotherapy, it is presently unclear whether the addition 
of  adjuvant therapy may improve the efficacy of  concur-
rent chemo-radiotherapy. Interestingly, a combined anal-
ysis of  two large studies (NPC-9901 and the NPC-9902) 
revealed that the dose of  cisplatin during the concurrent 
phase of  concurrent chemo-radiotherapy had a signifi-
cant impact on locoregional control, while additional 
adjuvant chemotherapy with a fluorouracil-containing 
combination contributed to improving distant control. 
Table 3 shows the results of  clinical trials assessing the 
efficacy and/or activity of  adjuvant chemotherapy fol-
lowing concurrent chemo-radiotherapy.

ROLE OF NEOADJUVANT 
CHEMOTHERAPY FOLLOWED BY 
CONCURRENT CHEMO-RADIOTHERAPY
The role of  neoadjuvant chemotherapy followed by 
concurrent chemo-radiotherapy or RT is a matter of  
outstanding interest. Several clinical phase Ⅲ trials from 
Western countries have proved that induction chemo-
therapy based on the administration of  cisplatin, 5-fluo-
rouracil and taxanes, may significantly improve treatment 
outcomes in patients with squamous cell carcinoma of  
the head and neck. An interesting approach may be to 
employ the same chemotherapy or a similar regimen in 
locally advanced NPC patients. Amro et al[23] treated 110 
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  Trial Phase        Pts Study design Main end-
point

Results

  Lin JC et al[4] Ⅲ 284 Exclusive RT 
alone vs cDDP-
5FU + RT

5-year DFS Experimental 
arm better
(P < 0.0012)

  Chan AT 
  et al[5]

Ⅲ 350 Exclusive RT 
alone vs cDDP-
5FU + RT

2-year PFS Experimental 
arm better
(P < 0.016)

  Zhang L 
  et al[12]

Ⅲ(m) 1608 Exclusive RT 
alone vs cDDP 
based CT + RT

5-year OS Experimental 
arm better
(P < 0.001)

  Yang AK 
  et  al[13]

Ⅲ(m) 1993 Exclusive RT 
alone vs cDDP 
based CT + RT

5-year OS Experimental 
arm better 
(P < 0.05)

  Lu H et al[17] Ⅱ 22 IMRT + cDDP 1 year OS 96%
  Ekenel M 
  et al[34]

Ⅱ 100 IMRT+ cDDP-
Cet

ORR 100%

Table 2  Chemo-radiation trials

RT: Radiotherapy; IMRT: Intensity modulated RT; CT: Comptued 
tomography; ORR: Overall response rate; DFS: Disease-free survival.
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patients with induction cisplatin and epirubicin followed 
by a radical course of  radiotherapy with three cycles of  
concurrent cisplatin, and obtained encouraging results 
in terms of  safety and effectiveness. Italian investiga-
tors used the same treatment schedule in 40 patients and 
obtained an overall response rate of  100% and a 5-year 
disease-free survival of  77%[24]. In another Italian phase 
Ⅱ study, Ferrari et al[25] treated thirty-four patients with 
three cycles of  neoadjuvant cisplatin and 5-fluorouracil 
followed by concurrent cisplatin and RT. As a result, the 
overall response rate obtained was a satisfactory 85.3% 
and the 3-year overall survival rate was 80%.

In the last five years, taxanes have been employed 
in several phase Ⅱ and Ⅲ clinical trials in patients with 
squamous cell carcinoma of  the head and neck, showing 
a good activity and manageable toxicity profile. Lu et al[26] 

carried out a trial to compare two different schedules of  
induction chemotherapy, namely carboplatin-5-fluoroura-
cil (CF) vs docetaxel-carboplatin (TC). Fifty-eight patients 
with locally advanced NPC were enrolled and random-
ized to receive CF or TC induction chemotherapy, both 
followed by concurrent carboplatin and RT. There was 
no significant difference in terms of  response rate and 
1-year survival rate. More grade 3/4 neutropenia events 
were reported in the TC group than in the CF group, 
whereas less grade 3/4 thrombocytopenia and emesis oc-
curred with the TC regimen than with the CF regimen. 
An egyptian study enrolled thirty-six patients who were 
treated with three cycles of  induction paclitaxel (175 mg/
m2) and cisplatin (80 mg/m2) given every three weeks, fol-
lowed by concomitant cisplatin-radiotherapy. The overall 
response rate after the entire treatment schedule was 89% 

and the 3-year overall survival was 68%. The main toxic-
ity encountered was grade 3/4 neutropenia which was 
observed in 25% of  patients[27]. Hui et al[28] published the 
results of  a randomized phase II trial in which stage III-
IVb NPC patients, not previously treated, were randomly 
assigned to receive either neoadjuvant docetaxel and 
cisplatin for two cycles followed by concurrent chemo-
radiotherapy, or concurrent chemo-radiotherapy alone. 
A positive impact on survival was observed, since the 
3-year overall survival for the neoadjuvant versus the con-
trol arm was 94.1% versus 67.7% (P = 0.012). Bossi et al[29] 

recently presented data of  a study on docetaxel, cisplatin 
and 5-fluorouracil as induction chemotherapy followed 
by concomitant cisplatin/RT. After completion of  treat-
ment, the ORR was 98%, with a complete response rate 
of  70%. Other authors showed that the same combina-
tion had similar results with a 93% response rate and a 
median time to progression of  39 months[30]. In a phase 
II study, induction docetaxel, cisplatin and capecitabine 
followed by chemo-radiation was tested in 40 patients, 
and resulted in an ORR of  98% and a complete response 
rate of  48%[31]. In a phase Ⅱ clinical study, Bae et al[32] 
treated thirty-three patients with induction cisplatin (70 
mg/m2), 5-fluorouracil (1000 mg/m2 in i.c of  4 d) and 
docetaxel (75 mg/m2)  followed by cisplatin (100 mg/m2) 
and RT. Twenty-seven patients achieved a partial response 
and five patients a complete response. An excellent ORR 
of  98% was achieved and the three-year overall survival 
rate was 86.1%. Nevertheless, a 72.7% rate of  grade 2/3 
neutropenia and a 9.1% rate of  febrile neutropenia were 
reported. Xie et al[33] administered induction cisplatin (80 
mg/m2) and docetaxel (70 mg/m2) to fifty-seven patients 
and randomized them to receive either concomitant RT 
and single agent cisplatin (80 mg/m2) or concomitant 
cisplatin (80 mg/m2) and docetaxel (60 mg/m2) with RT. 
After completion of  treatment, the complete response 
rates were very similar in both treatment arms (about 
93%), but the occurrence of  grade 3/4 neutropenia was 
significantly higher in the concomitant docetaxel, cispla-
tin and RT group (P > 0.05). In a recent phase Ⅱ clini-
cal study, fifty-nine locally advanced NPC patients were 
treated with neoadjuvant cisplatin (75 mg/m2), docetaxel 
(75 mg/m2) and 5-fluorouracil (500 mg/m2  on days 1-5 
in i.c) for three cycles, followed by concomitant weekly 
cisplatin (40 mg/m2) and conventional RT or IMRT. The 
overall response rate three months after RT was 90.2% 
and the 1-year overall survival was 100%. The rate of  
grade 3/4 myelosuppression during induction CT was 
55.9% and the corresponding rate during concomitant 
chemotherapy and RT was 11.9%[6]. More recently, Eke-
nel et al[34] published the preliminary results of  a phase 
Ⅱ trial in which patients with locally advanced NPC re-
ceived induction cisplatin (75 mg/m2) and docetaxel (75 
mg/m2) for three cycles, followed by definitive RT and 
concomitant cisplatin (100 mg/m2). Fifty-nine patients 
were evaluable and the ORR obtained after RT was 95%. 
Three-year overall survival was 93% and the treatment 
was generally well tolerated with a 10% rate of  grade 3/4 

  Trial Phase Pts Study design Main 
end-point

Results

  Al-Sarraf M 
  et al[18]

Ⅲ 147 Exclusive RT 
alone vs CCRT 
followed by 
cDDP-5FU

3-year PFS Experimental 
arm better
(P < 0.01)

  Chen Y 
  et  al[19]

Ⅲ 316 Exclusive RT 
alone vs CCRT 
followed by 
cDDP-5FU

2-year OS Experimental 
arm better
(P < 0.003)

  Lee AW 
  et al[20]

Ⅲ 348 Exclusive RT 
alone vs CCRT 
followed by 
cDDP-5FU

5-year PFS Experimental 
arm better
(P < 0.035)

  Park KH 
  et al[21]

Ⅱ   43 cDDP-5-FU + 
RT followed by 
cDDP-Epi-Ble CT

ORR 100%

  Hu W et al[22] Ⅱ   54 w Pac + RT 
followed by  
cDDP-Pac CT

ORR 100%

  Leung TW 
  et al[10]

Ⅱ   48 HFRT + cDDP 
based CT 
followed by 
cDDP-5FU CT

3-year DFS   71%

Table 3  Adjuvant chemotherapy trials

RT: Radiotherapy; CT: Comptued tomography; ORR: Overall response 
rate; CCRT: Concurrent chemoradiotherapy; DFS: Disease-free survival.
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hematologic toxicity.
In the last three years, a significant effort has been 

made to incorporate IMRT in treatment protocols 
for locally advanced NPC. In a phase Ⅱ study, Lin et 
al[35]treated a total of  370 patients with locally advanced 
NPC, with stages ranging from Ⅱb to Ⅳ, with induc-
tion cisplatin-based chemotherapy followed by exclusive 
IMRT or the association of  IMRT and concomitant cis-
platin. Drugs more frequently used in combination with 
cisplatin were paclitaxel and 5-fluorouracil. With a median 
follow-up of  31 mo, the three-year disease-free-survival 
and overall survival were 81% and 89%, respectively. A 
subgroup analysis revealed that concurrent chemotherapy 
provided no significant benefit to IMRT but was respon-
sible for higher rates of  grade 3/4 toxicities[35]. A recent 
Italian phase Ⅱ trial carried out by Palazzi et al[36] enrolled 
87 patients with locally advanced NPC and treated them 
with either conventional RT or with IMRT. Of  these 

patients, 26% received only concurrent cisplatin and 
the other 74% received both induction and concurrent 
CT. Three-year disease-free survival (DFS) and overall 
survival were 82% and 90%, respectively. Interestingly, a 
multivariate analysis revealed that histology, N-stage, RT-
technique and total dose of  RT had the strongest inde-
pendent impact on DFS.

Further clinical trials assessing activity, efficacy and 
toxicity of  the combination of  induction taxane-based 
chemotherapy followed by exclusive IMRT in locally 
advanced NPC are warranted. At the present time, this 
treatment strategy is recommended only in experienced 
centers. Table 4 shows clinical trials assessing the activity 
and efficacy of  neoadjuvant chemotherapy followed by 
radiation or chemo-radiation.

CONCLUSION
This review reported in detail the available clinical data 
regarding the use of  chemotherapy in combination with 
radiotherapy for locally advanced NPC. Although several 
cytotoxic agents have been used both in the neoadjuvant 
and adjuvant setting with promising results, exclusive 
concurrent chemo-radiotherapy remains the recommend-
ed approach at the present time, as additional evidence is 
required to support the use of  chemotherapy in the adju-
vant/neoadjuvant setting.
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Abstract
Interleukin-6 (IL-6) is a pleiotropic cytokine involved 
in prostate regulation and in prostate cancer (PC) de-
velopment/progression. IL-6 acts as a paracrine and 
autocrine growth stimulator in benign and tumor pros-
tate cells. The levels of IL-6 and respective receptors 
are increased during prostate carcinogenesis and tumor 
progression. Several studies reported that increased 
serum and plasma IL-6 and soluble interleukin-6 recep-
tor levels are associated with aggressiveness of the 
disease and are associated with a poor prognosis in 

PC patients. In PC treatment, patients diagnosed with 
advanced stages are frequently submitted to hormonal 
castration, although most patients will eventually fail 
this therapy and die from recurrent castration-resistant 
prostate cancer (CRPC). Therefore, it is important to 
understand the mechanisms involved in CRPC. Several 
pathways have been proposed to be involved in CRPC 
development, and their understanding will improve the 
way to more effective therapies. In fact, the prostate is 
known to be dependent, not exclusively, on androgens, 
but also on growth factors and cytokines. The signaling 
pathway mediated by IL-6 may be an alternative path-
way in the CRPC phenotype acquisition and cancer pro-
gression, under androgen deprivation conditions. The 
principal goal of this review is to evaluate the role of 
IL-6 pathway signaling in human PC development and 
progression and discuss the interaction of this pathway 
with the androgen recepto pathway. Furthermore, we 
intend to evaluate the inclusion of IL-6 and its recep-
tor levels as a putative new class of tumor biomarkers.
The IL-6/IL-6R signaling pathway may be included 
as a putative molecular marker for aggressiveness 
in PC and it may be able to maintain tumor growth 
through the AR pathway under androgen-deprivation 
conditions. The importance of the IL-6/IL-6R pathway 
in regulation of PC cells makes it a good candidate for 
targeted therapy.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Prostate cancer (PC) is the most common cancer among 
men in Western populations[1]. Ethnicity, advanced age 
and family history are well known risk factors for this dis-
ease[1]. Furthermore, circulating androgen levels, chronic 
prostate inflammation and obesity are also risk factors fre-
quently described in the literature[2,3]. Currently, prostate-
specific antigen (PSA) is the putative biomarker for PC 
screening. Two consecutive rises in PSA value over 0.5 
ng/mL or one single value ≥ 4 ng/mL are indications for 
biopsy[4]. However, although PSA testing has high sensi-
bility, its specificity is rather low, causing clinicians to have 
doubts with regard to biopsying, since increased false-
positive rates, overdiagnosis and overtreatment have been 
reported to be associated with PSA testing[5-8]. Therefore, 
novel biomarkers are needed to improve identification of  
men at risk of  having PC and to predict the natural be-
havior of  the prostate tumor. The use of  more sensitive 
and specific biomarkers will be an appropriate strategy 
for disease diagnosis, disease staging, disease prognosis, 
predicting and monitoring clinical response to therapy. In 
consequence of  the high heterogeneity of  PC, it is rel-
evant to study molecular and cellular pathways involved in 
its development and progression to identify key genes and 
molecules implicated in different stages of  the disease[9].

In several diseases, a deregulation of  cytokine levels 
can be observed. Numerous pro-inflammatory cytokines 
play an important role in the pathogenesis/carcinogenesis 
of  many cancers. One of  the most important cytokine 
associated with inflammation, interleukin-6 (IL-6), will be 
discussed in this manuscript.

Recent evidence suggests that the presence of  inflam-
matory factors and  cytokines at the tumor site results in 
tumor cell survival, proliferation, invasion and metasta-
sis[10]. The expression and function of  pro-inflammatory 
cytokines in PC have been extensively investigated 
because of  their role in the regulation of  proliferation, 
apoptosis, migration, invasion, and angiogenesis[11]. Re-
cent studies have focused on the role of  cytokines, in-
cluding IL-6, in the etiology and progression of  PC[12-16]. 
Elevated levels of  IL-6 in men with local PC and ad-
vanced disease made IL-6 a candidate biomarker for PC 
development and progression[17].

This review is a summary of  several studies outlining 
the potential role of  the IL-6 signaling pathway in human 

PC development and progression, an interesting area of  
scientific and clinical research.

IL-6 AND RECEPTORS IN CANCER
IL-6 is involved in the regulation of  various cellular func-
tions, among them proliferation, apoptosis, angiogenesis, 
differentiation and regulation of  immune response[12]. 
This protein is a pleiotropic cytokine synthesized by dif-
ferent cell types, such as B and T-cells, macrophages, 
monocytes, fibroblasts, endothelial and mesothelial cells, 
keratinocytes, mast cells, stromal cells, some nerve cells 
and certain tumor cells[18]. Adipose tissue is another main 
source of  IL-6[19].

The biological activity of  IL-6 is initiated when the 
cytokine binds to a receptor complex: an 80-kDa com-
ponent receptor, non-signaling α-receptor subunit (IL-6R 
or 80gp) and two signal-transduction components of  130 
kDa (gp130) (Figure 1)[20,21]. IL-6R is expressed only by 
hepatocytes, neutrophils, monocytes/macrophages and 
some lymphocytes, while gp130 is expressed by all body 
cells[22]. Dimerization of  IL-6/IL-6R/gp130 lead to the 
initiation of  intracellular signaling, through Janus Kinase-
Signal Transducer and Activator of  Transcription (JAK-
STAT), Mitogen-activated protein kinase (MAPK) and 
phosphatidylinositol 3-kinase/Akt kinase (PI3-K/AKT) 
pathways[23] and consequently activate the expression of  
different genes with crucial roles in inflammation and 
cancer development. This mechanism is the classical 
signaling pathway[24]. When IL-6 binds to the receptor, 
STAT3 is activated in a JAK-dependent manner that 
leads to increased receptor activator of  nuclear factor κB 
ligand (RANKL) expression. IL-6 may also activate AKT 
via increased JAK-dependent PI3K activity and results in 
cell survival and anti-apoptosis signaling. Concomitantly, 
increased MAPK activity downstream of  JAK activation 
can lead to up-regulated cell growth, proliferation, and 
mitosis (Figure 1)[25].

Some cells express lower levels of  IL-6 transmem-
brane receptor, in this case IL-6 can bind to a soluble 
form of  the IL-6R (sIL-6R). Then, through a process 
denominated trans-signaling, the IL-6/sIL-6R complex 
binds to gp130 and subsequently signal transduction 
pathways are activated (Figure 1)[24,26]. Due to the fact that 
the sIL-6R lacks a membrane signaling domain, there 
appears to be significant differences in the intracellular 
signaling pathways. While IL-6 trans-signaling also leads 
to phosphorylation and activation of  STAT3, increased 
cell survival, proliferation, and mitosis occurs in an AKT-
and MAPK-independent manner. The exact mechanisms 
for IL-6 trans-signaling leading to increased cell survival, 
proliferation, and mitosis are not yet known (Figure 1)[25].

In humans, sIL-6R can be generated by proteolytic 
cleavage (90%) of  the transmembrane receptor mediated 
by metalloproteinases such as a disintegrin and metal-
loproteinase 10 and 17[27,28] or by an alternative mRNA 
splicing (10%)[29].

A soluble form of  gp130 (sgp130) is present at con-
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centrations between 100-400 ng/mL (1-4 nmol/L) in 
healthy human serum[30]. Jostock et al[31] reported that IL-6 
alone does not interact with sgp130. Thus, signaling via 
the membrane-bound IL-6R is not inhibited by sgp130[31]. 
Based on their results, it was suggested that endogenous 
sgp130 may be a natural antagonist of  the IL-6/sIL-6R 
complex in vivo, probably to prevent systemic IL-6 trans-
signaling during inflammatory diseases[31]. Sgp130 inhibits 
the activity of  the IL-6/sIL-6R complex and is in com-
petition with gp130 for this complex without interfering 
with the classical IL-6 signaling pathway (Figure 1)[31-33]. A 
schematic of  IL-6 classical and trans-signaling pathway is 
shown in Figure 1. In classical signaling, IL-6 binds first 
to the membrane-bound non-signaling IL-6R. After re-
cruitment of  two gp130 molecules the complex is formed 
and signal transduction is induced; in trans-signaling, IL-6 
binds to the sIL-6R, which is generated by ectodomain 
shedding of  the surface receptor or alternative splicing. 
The IL-6/sIL-6R can bind to both membrane-bound or 
sgp130 and a molar excess of  sgp130 leads to competi-
tive inhibition of  the IL-6/sIL-6R response. Sgp130 has 
no access to the IL-6/IL-6R complex of  the classical sig-
naling pathway. Figure 1 was adapted from[25,34,35].

IL-6 may have a crucial role in the growth and differ-
entiation of  malignant tumors. IL-6 has multiple effects 
on tumor progression, some are the result of  autocrine 
activity on tumor cells and others are a consequence of  
paracrine action on normal cells in the tumor microenvi-
ronment, particularly osteoblasts, osteoclasts, endothelial 
cells and immune cells[36]. For example, tumor cells from 
prostate, breast and colon cancer produce large amounts 
of  IL-6 and express its receptors, IL-6R (gp80) and 
gp130, allowing them to respond in an autocrine manner 
to IL-6[28]. Moreover, multiple myeloma and neuroblas-
toma cells do not produce IL-6R but express IL-6. These 

cells respond in a paracrine manner to IL-6 present in the 
tumor microenvironment[36].

IL-6 can also modulate the metastatic process. High 
IL-6 expression in specific organs such as lung, liver or 
brain may attract circulating tumor cells to these organs, 
promoting the development of  metastases[28]. Recently, it 
was demonstrated that the production of  IL-6 and IL-8 
in the primary tumor was responsible for the recruitment 
of  circulating tumor cells to the primary site, resulting in 
a process called self-seeding which would lead to rapid 
tumor growth, angiogenesis, as well as stromal cell re-
cruitment[29].

An elevated serum IL-6 level has been correlated with 
adverse prognosis in patients with several different types 
of  cancer, such as multiple myeloma[37], lymphoma[38], 
ovarian cancer[39-41], PC[42], metastatic renal carcinoma[43], 
lung cancer[44], and breast cancer[45,46]. Hence, the interest 
in using serum IL-6 as a specific prognostic factor for PC 
and breast cancer has increased[45,47].

On the other hand, trans-signaling through the IL-6/
sIL-6R complex has been shown to have an important 
role in inflammatory diseases and in the development and 
progression of  various malignant tumors[34].

IL-6 trans-signaling has become a new area of  re-
search, and it was shown that sIL-6R is produced by vari-
ous cancer cells, the serum concentration of  sIL-6R is 
associated with decreased survival and increased aggres-
siveness of  metastases in breast, prostate and colorectal 
cancers[48-50]. The source of  sIL-6R is not known, but it is 
shed by inflammatory cells including neutrophils, mono-
cytes/macrophages and T cells[51,52]. On the other hand, 
several tumor cells can shed IL-6R or produce it as a re-
sult of  alternative splicing[53]. Some data suggest that IL-6 
trans-signaling causes various effects that promote cancer 
metastases including, increased detachment, proliferation 
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and migration[54].
IL-6 has emerged as an important cytokine in the tu-

mor microenvironment, which may contribute to the de-
velopment and progression of  various malignant tumors. 
Currently, little is known about the IL-6 trans-signaling 
pathway, and we suggest more studies to improve knowl-
edge on the sIL-6R as a potential therapeutic target.

IL-6 PATHWAY IN PROSTATE CANCER
IL-6 serum levels and its receptors in prostate cancer 
patients
Involvement of  IL-6 in PC development and progression 
has been suggested by several studies through increased 
IL-6 and sIL-6R levels during PC carcinogenesis and 
progression[12-14]. Baillargeon et al[15] suggested that serum 
and plasma IL-6 and sIL-6R levels are associated with 
progression and poor prognostic in PC patients.

Clinical observations have demonstrated increased IL-6 
levels in plasma and serum from patients with CRPC[55,56], 
metastatic PC[42,48,57-59], biochemical  recurrence[42] and 
poorer overall survival[15,60] compared to patients with ear-
lier stages of  the disease and healthy individuals.

Other studies support these findings and have shown 
that IL-6 can be correlated with the extension of  disease, 
tumor size and bone metastases in PC[48,61].

Akimoto et al[57] found that serum levels of  IL-6 were 
significantly higher in PC patients with bone metastasis 
than in PC patients without bone metastasis. These re-
sults suggested that serum levels of  IL-6 were closely 
related to the metastatic burden of  osseous tissue in PC 
patients[57]. Adler et al[58] reported that patients with me-
tastatic PC had significantly elevated IL-6 levels when 
compared with those in other PC groups as well as con-
trols. Of  the 9 patients with distant metastatic disease 
(M1), 7 had elevated serum IL-6 levels. However, mean 
serum IL-6 was similar in patients with organ confined 
cancer (pT2) and in those with nodal metastases (N1). 
Eight of  the 12 patients with N1 disease had decreased 
serum IL-6 compared to the pT2 group.

In another study, patients with metastatic PC were 
compared to patients with localized PC, and significant 
differences in IL-6 levels among the groups were obser-
ved. IL-6 levels were significantly higher in patients with 
metastatic disease. Patients with lymph node metastases 
or bone metastases had similar IL-6 levels. Serum IL-6 
was significantly elevated in patients with Gleason score 
> 6[59]. Shariat et al[48] observed that the preoperative IL-6 
and IL-6sR levels were elevated in patients with a final 
Gleason sum of  7 or greater. They reported that neither 
IL-6 nor IL-6sR were predictors of  organ-confined di-
sease. The mean preoperative IL-6 and sIL-6R plasma 
levels were higher in patients with aggressive disease than 
in those with non aggressive phenotype. IL-6 and sIL-6R 
plasma levels in patients with PC metastatic to bone were 
higher than those in patients with metastases in regional 
lymph nodes and these, in turn, were higher than those 
in prostatectomy patients and healthy subjects. However, 

the IL-6 and IL-6sR levels were not different between the 
prostatectomy patients and the healthy subjects.

Regarding patients with CRPC, Drachenberg et al[55] 
found that serum levels of  IL-6 were significantly eleva-
ted in patients with clinically evident CRPC compared to 
normal controls, patients with BPH, prostatitis, and loca-
lized or recurrent disease. Wise et al[56] observed elevated 
levels of  the anti-inflammatory cytokine, IL-6, in CRPC 
patients when compared to patients with CSPC.

The results obtained by George et al[60] showed that 
IL-6 levels were higher in patients with metastatic disease 
and these patients had worse survival when compared 
with patients who had low IL-6 levels. An analysis by Na-
kashima et al[15] verified a significantly shorter survival in 
patients with elevated IL-6 levels, PSA serum levels and 
aggressive disease.

Additionally, Shariat’s[48,62,63] group demonstrated 
that preoperative plasma levels of  IL-6, sIL-6R and 
transforming growth factor-beta1 (TGF-β1) predicted 
biochemical recurrence after surgery or radical prosta-
tectomy, suggesting an association with occult metastatic 
disease at the time of  radical prostatectomy. The results 
of  Alcover et al[64] are in agreement with Shariat’s group, 
as they observed that IL-6 predicts biochemical recur-
rence following radical prostatectomy. More recently, a 
predictive model was proposed that included only sIL-
6R[65]. Kattan et al[66] developed and validated a prognostic 
model that added plasma sIL-6R and TGF-β1 as stan-
dard clinical predictors for biochemical recurrence. How-
ever, Baillargeon et al[16] found that serum IL-6 levels were 
not associated with PC. According to Finley et al[67] the 
differences among various studies are a consequence of  
systemic cytokine levels detected in peripheral blood that 
may not reflect local concentrations in the tumor micro-
environment.

IL-6 levels can also be elevated in obese individu-
als[68]. The relationship between obesity, circulating IL-6 
and PC may help to understand the role of  this molecule 
and how it contributes to the molecular basis for the as-
sociation between obesity and PC[3,69-71]. Adipose tissue 
is a highly active endocrine tissue that secretes numerous 
factors, including growth factors, cytokines, hormone-
like molecules and many other molecules[72]. Several 
studies have demonstrated that the abundant number of  
growth factors such as vascular endothelial growth factor 
(VEGF), inflammatory cytokines [IL-6, tumor necrosis 
factor-alpha, interleukin-8 (IL-8)] and adipokines (adi-
ponectin, leptin) released from adipose tissue can exert 
a substantial impact on the progression and outcome of  
many human diseases, including PC[3,16,71]. These mol-
ecules have a crucial role in obesity[73] and cell prolifera-
tion[74]. For instance, adipose tissue surrounding the pros-
tate, i.e., periprostatic adipose tissue, is frequently invaded 
by prostate tumor cells, although its contribution to the 
tumor microenvironment is largely unknown. A recent 
study demonstrated that periprostatic adipose tissue pro-
duced local IL-6 at levels significantly higher than those 
in the circulation[67]. Other studies support a role for IL-6 
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production, which is up-regulated in obese patients, in 
PC cell migration and invasiveness[67,71].

Recently, Shariat et al[75] in a study of  423 preoperative 
and 206 postoperative blood samples from patients treat-
ed with radical prostatectomy for clinically localized PC 
investigated the association between sgp130 levels and 
PC prognosis. In the group of  patients treated with radi-
cal prostatectomy, higher preoperative plasma sgp130 was 
significantly associated with higher pathological Gleason, 
extraprostatic extension, seminal vesicle invasion, lymph 
node metastasis and biochemical recurrence. These au-
thors concluded that higher sgp130 plasma levels were 
associated with features of  biologically aggressive PC. In 
a subset of  206 patients, postoperative sgp130 levels were 
18% lower than preoperative levels. These decreased 
levels suggest that the higher blood levels of  sgp130 are 
produced by tumor cells[75].

These clinical data support the biological role of  the 
IL-6 pathway in PC, suggesting the inclusion of  IL-6, 
sIL-6R and gp130 levels as new tumor biomarkers in PC 
patients[76]. Improving prediction accuracy by using more 
prognostic factors supports an early detection of  any 
changes in the progression of  the disease[25].

IL-6 expression in prostate cancer tissues and cell lines
The expression of  IL-6 and its receptors has been in-
vestigated by several authors in benign prostate cells, PC 
tissues and in prostate cell lines (LNCaP, DU145, PC3). 
Hobisch et al[14] through immunohistochemical studies 
revealed that IL-6 expression was localized predomi-
nantly in basal cells of  benign prostatic epithelium and 
in glandular cells of  PC tissues. Another study observed 
that in normal prostate, IL-6 was immunolocalized in 
basal cells of  the epithelium and gp130 was detected 
only in stromal cells[77]. However, Hobish et al[14] showed 
that cultured stromal cells secreted IL-6, but the rate of  
IL-6 was so low that there was only a minimal amount 
contained in the cells, and thus it may not be detectable 
by immunohistochemical methods. In benign prostate 
cells, gp130 was confined to the epithelium and stroma, 
and IL-6 was immunolocalized preferentially in epithe-
lium[77]. These data are in agreement with Degeorges et 
al[78] who demonstrates that IL-6 is secreted by cultured 
benign prostate cells. In PC tissues, gp130 was detected 
in stroma and epithelium and the expression increased 
with Gleason Grade[77]. On the other hand, IL-6 was 
localized in all cell types and immunostaining increased 
with Gleason Grade[77]. These results are in agreement 
with the reported secretion of  IL-6 by PC cells[79] and 
with increased IL-6 levels in PC patients with poor prog-
nosis[42,48]. Palmer et al[80] observed that IL-6 and IL-6 
receptors are expressed in PC cells. They showed that in 
LNCaP, DU145 and PC3 cell lines, this cytokine and its 
receptors are widely expressed, but not in normal pros-
tate epithelial PZ-HPV-7 cells.

The role of  the pro-inflammatory cytokine, IL-6, in 
PC lesions has not yet been clarified but may represent 
an interesting area of  investigation. In order to delineate 

their specific functions during prostate tumor develop-
ment and progression, several authors used human PC 
cell lines (LNCaP, DU145 and PC3)[17,81-88].

Significance of IL-6 pathway in cell growth: In vitro 
results
The castration-sensitive cell line, LNCaP, is one the most 
frequently used in PC studies. In order to improve our 
understanding of  cellular events which may be relevant 
to PC patients with higher IL-6 levels, several authors 
treated LNCaP cells with IL-6[81,82].

Okamoto et al[82] found that growth of  the LNCaP 
cell line was stimulated by the administration of  IL-6, but 
not by their conditioned medium. Conditioned medium 
containing biologically active components (e.g., growth 
factors, cytokines) was obtained from previously cultured 
cells or tissues released into the media, substances that 
affect certain cell functions. These authors observed that 
DU145 and PC3 (castration-resistant) cell lines prolifer-
ate in response to stimulation with IL-6 and in response 
to its conditioned medium. The authors concluded that 
IL-6 acts as an autocrine and/or paracrine proliferative 
factor in PC cell lines[82]. It was demonstrated that IL-6 
acts as a paracrine inducer of  growth in the LNCaP cell 
line[17,79,82,83]. On the other hand, IL-6 functions as an 
autocrine growth-inducer in the DU145 and PC3 cell 
lines[82,84]. Chung et al[85] obtained similar results, finding 
that IL-6 acts as a growth inducer in PC3 and DU145 cell 
lines through an autocrine and paracrine action. How-
ever, the effect of  IL-6 in LNCaP cells is still controver-
sial. Some studies reported that IL-6 acts as an inducer 
of  growth in this cell line[82,83,86], while others showed 
that IL-6 acts as an inhibitor[81,85,87]. The reason for these 
differences between the various studies is that IL-6 may 
have different functions in human PC cell line prolifera-
tion, according to their phenotypic characteristics.

Hobisch et al[81] generated a cell line (LNCaP-IL-6+) 
by exposing these cells to continuous administration of  
IL-6 and observed changes in their responsiveness and 
signal transduction. Initially, growth of  LNCaP was in-
hibited by IL-6. After long-term treatment, the LNCaP-
IL-6+ cell line began to secrete IL-6 and a higher basal 
proliferation rate was observed. In this situation, IL-6 
induces cell growth.

Recently, there is evidence to suggest that IL-6 switch-
es from a paracrine growth inhibitor to an autocrine 
growth stimulator[12,81,88]. Similar changes in responsive-
ness to IL-6 were observed in melanoma cells[89]. The 
behavior of  the human prostate carcinoma LNCaP cell 
line may be dependent on the microenvironment of  the 
culture system[12].

A recent study by Shariat et al[75] showed that sgp130 
promotes PC invasiveness in vitro. In this study, continu-
ous exposure of  PC cells to sgp130 led to an increase in 
their invasiveness[75]. These authors suggest more studies 
are required with regard to the role of  IL-6 and sgp130 
in the PC biological behavior in vitro and in vivo for a bet-
ter understanding of  their role in this disease[75].
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HORMONAL CASTRATION IN 
ADVANCED PROSTATE CANCER 
PATIENTS: ANDROGEN RECEPTOR AND 
IL-6 PATHWAYS
Initial treatment for organ-confined PC is usually radi-
cal prostatectomy and/or radiation therapy[90]. Although, 
most patients have advanced disease and are submitted 
to hormonal castration (HC)[90]. The initial response rate 
is excellent, but the majority of  PC patients relapse into 
CRPC. CRPC is a common lethal form of  PC that typi-
cally metastasizes to bone and visceral organs, frequently 
resulting in patient death[91,92]. Progression to metastatic 
disease is slow and can be accompanied by increased 
PSA levels[93]. The mechanisms implicated in CRPC 
progression are unknown. These findings suggest that 
CRPC progression remains the major obstacle to effec-
tive control and cure of  advanced phenotype disease. 
Consequently, novel therapeutic strategies that target the 
molecular mechanism involved in CRPC are needed[94].

PC cells are androgen-dependent, in particular, testos-
terone is necessary for their growth and survival[91]. Thus, 
the blockade of  testosterone initially causes a stop in PC 
cell growth[95]. However, not all tumor cells need testos-
terone for development. After HC, many tumors begin 
to exhibit a testosterone blockade resistance behavior. In 
this situation, CSPC cells undergo apoptosis and there 
is a selective advantage for CRPC cells with consequent 
proliferation[96].

The androgen receptor (AR) is an important protein 
involved in the normal maintenance, development and 
growth of  prostate epithelial cells. AR is a nuclear ligand-
activated transcription factor in the prostate gland and 
mediates the biological response of  androgens with a 
crucial function in a molecular mechanism responsible 
for the transition from CSPC to CRPC progression[97-99]. 
The AR is expressed in the normal prostate and during 
various stages of  prostate carcinogenesis (PIN, organ-
confined tumors, metastatic tumors and before or after 
hormonal treatment)[100,101].

The AR uses di-hydrotestosterone (DHT) and tes-
tosterone as its natural ligands for phosphorylation, and 
the ligand-receptor complex translocates into the nucleus 
where it binds to a DNA sequence in the regulatory re-
gions of  AR target genes[99]. These complex interactions 
facilitate the activation or repression of  the expression of  
several genes involved in the development, differentiation 
and proliferation of  target cells. Some of  these genes in-
clude PSA and human glandular kallikrein 2 (hk2)[102]. 

During CRPC development, PC cells can develop 
alternative mechanisms which can influence their mi-
croenvironment and, consequently, their survival in an 
androgen-poor microenvironment[103]. Several models 
have been proposed to explain the development of  this 
phenotype: hypersensitive pathways, promiscuous recep-
tor, coactivators and corepressors, bypass pathway, PC 
stem cells and outlaw pathways[91,97,104-107].

In the hypersensitive pathways, the cells acquire the 
ability to use very low levels of  androgen during HC[97]. 
There are three mechanisms that may or probably are 
involved in this pathway: (1) AR amplification, PC cells 
have increased expression of  AR[103]. The increased AR 
expression allows higher ligand binding. This hypothesis 
is supported by results obtained with CRPC cell lines 
that show an increased expression of  AR compared with 
CSCP[97]; (2) increased AR sensitivity, consequently, tumor 
cells are hypersensitive to the growth promoting effects 
of  DHT[108]; and (3) increased 5-alpha-reductase activity 
that increases the conversion of  testosterone to DHT[91]. 

The promiscuous pathway involves acquisition of  
mutations in the AR protein, consequently, the AR can 
be activated by nonandrogenic steroid molecules that are 
present in the circulation[91,97,105,106,109]. There are a large 
number of  coactivators and corepressors involved in re-
gulation of  the AR[110]. These molecules are intermediates 
between the AR signaling pathway and transcriptional 
machinery[103]. In the bypass pathway, PC cells acquire a 
phenotype that allow them to survive and escape apop-
tosis in an androgen-depleted environment[106]. Another 
bypass mechanism is correlated with neuroendocrine 
differentiation of  PC cells[106]. These cells are more rep-
resented in CRPC cells and are associated with a low rate 
of  proliferation[106]. Neuroendocrine cells have the capac-
ity to increase the proliferation of  surrounding cells, thus 
progression of  the PC cells occurs in a androgen-poor 
microenvironment[106].

The PC stem cells model showed that only a rare 
subset of  cells is tumorigenic[111]. Collis et al[112] reported 
that a population of  cells comprising 0.1% of  prostate 
tumors (CD44+/a2h1/CD133+) without AR expression 
may be prostate cancer stem or progenitor cells. There is 
also another possible mechanism for cell survival in an 
androgen-poor microenvironment, where the presence 
of  prostate cancer stem cells continually resupply the 
tumor cell population and are not affected by HC. These 
cells are capable of  differentiating into androgen-depen-
dent and -independent cells, leading to the development 
of  a heterogeneous androgen receptor phenotype. This 
phenotype is typical in patients with CRPC[103,104].

Another potential hypothesis (outlaw pathway), is that 
during HC the AR can be activated by other nonsteroidal 
molecules synthesized and secreted by tumor cells, such as 
cytokines and growth factors [e.g., Keratinocyte Growth 
Factor, Epidermal Growth Factor, Insulin-like Growth 
Factor-1 and IL-6][113-115], leading to CRPC development 
and progression. Even if  androgens are principally re-
sponsible for activating the AR, it is known that in the 
absence or presence of  very low concentrations of  an-
drogens, the AR can be activated by growth factors and 
cytokines[113]. In prostate tumor, the microenvironment is 
secreting growth factors and cytokines which may directly 
manipulate paracrine and autocrine pathways involved in 
PC development and promote CRPC in patients treated 
with hormonal therapy[116].

Some studies have examined the IL-6 pathway in 
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CRPC progression and have revealed a possible involve-
ment in regulation of  the AR[117-119]. In the absence of  
androgen, IL-6 causes activation of  the AR which is 
approximately 50% of  the maximal activity induced by 
androgen. In low concentration conditions, androgen is 
potentiated by IL-6, leading to synergistic activation of  
the AR[93]. These observations demonstrate a cross-talk 
between the IL-6 pathway and AR. Due to the presence 
of  increased IL-6 levels in patients with locally advanced 
or metastatic disease, the signaling pathway mediated by 
this cytokine could be an alternative pathway in the RCH 
phenotype acquisition and progression. Figure 2 shows 
that IL-6 activates the AR through a mechanism that is 
dependent on the MAPK and STAT3 signaling pathway 
in PC cells. This is a hypothetical representation of  the 
AR pathway regulation by IL-6 in PC cells. The IL-6 
pathway may be an alternative pathway for growth and 
proliferation of  PC cells, under androgen deprivation 
conditions. IL-6 induces up-regulation of  AR target gene 
expression such as PSA by STAT3 and MAPK signal 
transduction pathways. Figure 2 was adapted from[99,116].

We consider IL-6, other cytokines and growth factors 
as important regulators of  PC growth with a significant 
role in the AR pathway. It has been proposed that the 
combined blockage of  key molecules in proliferation 
signaling pathways (e.g., TGF, IL-6) could be one of  the 
most promising strategies for CRPC[120]. Consequently, 
several authors have been investigating IL-6 activity in 
PC cells in vitro and in vivo. In vitro research on the regula-
tion of  PC cell growth and transcriptional activation of  
the AR by IL-6 have been focused on cell lines (LNCaP, 
DU145, PC3) and different results were obtained[17,82-84].

In vitro and in vivo studies on androgen receptor 
regulation by IL-6
The interaction between IL-6 and the AR may be more 
important in advanced PC patients who have elevated 
serum levels of  IL-6 and its receptors. Several in vitro 
studies identified alternative pathways that influence or 
modify the activity of  the AR signaling pathway in PC 
cells. Cross-talk between IL-6 and the AR was investigat-
ed in PC cells which transiently express the AR (DU-145) 
and in LNCaP cells which have a promiscuous mutated 
AR. Results on IL-6 induction, AR activation and tumor 
proliferation are contradictory. This is probably due to 
controversial results on the induction or stimulation ef-
fect of  IL-6 on PC cell growth[121].

In LNCaP and DU-145 cell lines, IL-6 activates the 
AR in a ligand-independent and synergistic manner in 
low androgen concentrations[119]. This fact might seem 
paradoxical because proliferation of  LNCaP was inhib-
ited by IL-6. However, it has been suggested that IL-6 is 
a important molecule in the maintenance and differentia-
tion of  PC cells and this cytokine is involved in enhanced 
PSA mRNA regulation and in the regulation of  its pro-
tein[93]. It was observed that long-term treatment with 
IL-6 in LNCaP cells increased expression and activity of  
the AR[117,119] and overexpression of  IL-6 protects LNCaP 
cells from apoptosis induced by HC[93].

In MDA PC 2b cells (androgen-sensitive cell line), 
IL-6 promotes growth and this effect was dependent of  
the AR[76]. It is known that AR signaling is complex and 
there are several AR-associated proteins with a crucial 
role in the modulation of  response in a cell type-depen-
dent manner[122]. For this reason, IL-6 up-regulation has 
been investigated in PC. Additionally, authors hypoth-
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esized that IL-6 may promote tumor growth through AR 
activation in vivo. In their work, MDA PC 2b cells were 
xenografted into nude mice. They observed that growth 
of  MDA PC 2b xenografts in castrated animals treated 
with IL-6 was similar to that in non-castrated animals. In 
addition, tumors did not significantly grow in castrated 
mice and mice treated with IL-6 and bicalutamide (oral 
non-steroidal anti-androgen used in the treatment of  
PC). Bicalutamide showed an inhibitory effect on IL-
6-regulated growth in vivo[76]. 

This evidence demonstrated that IL-6 has a crucial 
role in androgen-responsive gene expression and, conse-
quently, is an important regulator in the growth of  CRPC 
cells in vitro and in vivo. Another recent study evaluated 
the effects of  IL-6 in the LNCaP cell line on phenotype 
changes before and after androgen deprivation[94]. In vitro 
observations indicate that the growth of  LNCaP/IL-6 
(IL-6-transfected LNCaP) was significantly lower than 
LNCaP/Co (not IL-6-transfected LNCaP) under andro-
gen-deprivation conditions. Furthermore, LNCaP/IL-6 
tumors in nude mice rapidly regressed after castration. 
However, LNCaP/Co tumor growth was transiently 
inhibited after castration and then continuously acceler-
ated[94]. Gene microarray analyses showed that androgen 
deprivation resulted in the differential expression of  
genes involved in growth, apoptosis and carcinogenesis 
between LNCaP/Co and LNCaP/IL-6[94]. The principal 
conclusion of  this study is that IL-6 produced by LN-
CaP may have a suppressive role on growth and a crucial 
function in the androgen-resistance phenotype under an 
androgen-poor microenvironment[94]. These and other 
future investigations will clarify the molecular mechanism 
involved in changes of  phenotype in LNCaP cells that 
express higher IL-6 levels.

Efficient activation of  the AR by IL-6 involves multi-
ple signaling pathways such as STAT3, PI3K and MAPK. 
At present, little is known about these mechanisms. Some 
studies have used inhibitors of  these signaling pathways. 
Inhibitors of  the JAK, MAPK and PI3K signaling path-
ways resulted in a down-regulation of  IL-6 on the AR[119]. 
Lin et al[117] showed that MAPK is important for AR ac-
tivity through IL-6. These authors demonstrated that an 
inhibitor of  MAPK abrogated IL-6 activation of  the PSA 
promoter. In contrast, an inhibitor of  the PI3K pathway 
had no effect on IL-6 regulation of  AR activity[117]. Chen 
et al[118] also showed that JAK inhibition stopped AR ac-
tivation by IL-6. This study demonstrated that the JAK-
STAT pathway is implicated in AR activation by IL-6 in 
the LNCaP cell line. On the other hand, Zelivianski et 
al[123]. demonstrated that IL-6 up-regulated AR protein 
levels in low passage LNCaP cells, while in high passage 
LNCaP cells the opposite effect was observed.

Recent research in prostate carcinoma has focused on 
the role of  sIL-6R. The trans-signaling pathway mediated 
by complex IL-6/sIL-6R seems to have an important 
role in the pathophysiology of  certain inflammatory, ner-
vous system and cardiovascular diseases and some cancer 
types[34]. The IL-6/sIL-6R complex can have an antiapop-

totic role and is therefore considered a possible cause 
of  certain cancers such as colon cancer and melano-
ma[26,34,52,124-127]. To the best of  our knowledge, the classi-
cal and trans-signaling pathways in specific PC events are 
not well known. Furthermore, sIL-6R showed a stronger 
association with disease progression than IL-6[54], sug-
gesting a role of  complex IL-6/sIL-6R in the spread of  
metastases. Santer et al[54] conducted a study with the prin-
cipal aim of  determining the effect of  complex IL-6/sIL-
6R on PC cell proliferation and in metastasis formation. 
These authors focused their studies on sIL-6R, because 
it is the first element in the IL-6 signaling pathway. They 
found that activation of  sIL-6R resulted in increased 
PC cell motility and migration[54]. Thereby, it is believed 
that sIL-6R may be important in the metastastic pro-
cess through down-regulation of  the tumor suppressor, 
maspin, by sIL-6R. In contrast, the IL-6 trans-signaling 
pathway reduces PC cell proliferation[54].

It was suggested that targeting sIL-6R may be an al-
ternative method of  improving anti-IL-6 therapies used 
in PC treatment[54]. Understanding how the IL-6 pathway 
affects cellular events in the PC cell microenvironment 
and its interaction with the AR pathway will allow the 
development of  preventive and therapeutic strategies for 
PC patients in the future.

IL-6 TARGETING
The importance of  the IL-6/IL-6R pathway in the regu-
lation of  PC cells and the potential involvement of  this 
signaling pathway in androgen-resistant growth of  PC 
cells makes it a good candidate for targeted therapy. In 
this perspective, the use of  IL-6-neutralization antibodies, 
antisense oligonucleotides and antagonists should be the 
subject of  study[88]. The principal goal is to identify new 
therapies to target tumor cells and/or microenvironment 
and consequently increase the chances of  survival for PC 
patients with aggressive phenotypes and those who de-
velop resistance to hormonal therapy.

It has been reported that IL-6R blockade by IL-6R 
antagonists might reduce tumor cell growth and conse-
quently disease progression[128]. The IL-6/IL-6R signaling 
pathway involves numerous proteins and a large number 
of  phosphorylation cascade pathways. Downstream 
molecules of  these proteins and pathways may be crucial 
targets for specific therapies. For example, inhibition 
of  STAT3 suppresses PC progression[129] and reduces 
STAT3 target gene expression, such as VEGF, Bcl-X and 
cyclin D1 and leads to apoptosis[130].

Other investigations are involved in the study of  
the chimeric monoclonal anti-IL-6 antibody, siltuximab 
(CNT0 328). Steiner et al[131] showed that tumor growth 
in nude mice inoculated with LNCaP-IL-6+ cells af-
ter CNTO 328 treatment was reduced. Other studies 
obtained analogous results when PC3 and LuCaP 35 
xenografts were treated with CNTO 328[132,133]. Another 
study reported that CNT0 328 can inhibit PC cell growth 
in vitro and improve survival by reducing the level of  ca-
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chexia in an animal model of  PC[134]. In addition, CNT0 
328 has been shown in mice to inhibit the conversion of  
CSPC into more aggressive disease, bone metastasis, and 
difficult to treat CRCP[133].

In a clinical trial, it was shown that the administra-
tion of  siltuximab in a group of  patients who had already 
received docetaxel therapy had biological, but not clinical 
efficacy[135]. PC cells can develop resistance to docetaxel, 
and Patterson et al[136] reported that STAT1 is increasingly 
expressed in docetaxel-resistant PC cells. The high het-
erogeneity of  prostate tumors can explain this resistance 
to docetaxel in PC cells[11]. Recent studies indicate that 
STAT3 and MAPK activity is suppressed in patients tak-
ing siltuximab, which may inhibit IL-6-mediated drug 

resistance[137]. However, in a study that involved patients 
with CRPC, where the disease had progressed beyond 
docetaxel therapy, siltuximab had a minimal clinical ef-
fect, despite positive biological IL-6 inhibition[135].

Lou et al[83] reported that targeting IL-6 may have mul-
tiple advantages in patients that receive limited therapeu-
tic and survival benefit from conventional therapies. In 
a previous study, Borsellino et al[84] found that treatment 
of  the PC3 cell line with Sant7, a modified interleukin-6 
which binds with high affinity to IL-6R but does not bind 
with gp130, inhibits cell growth more efficiently than 
other anti-IL-6 antibodies.

We believe that the development and availability of  
IL-6 inhibitors is fundamental for the treatment of  IL-
6-dependent cancers, where the IL-6 signaling pathway 
is deregulated. This review demonstrates the role of  IL-6 
and the levels of  its receptors as prognostic factors in PC 
patients. These deregulated levels could be important in 
anti-IL-6 therapy development. Table 1 presents a sum-
mary of  several studies on IL-6, sIL-6R and sgp130 lev-
els in PC patients and targeted therapies for the IL-6 sig-
naling pathway. However, more studies and appropriate 
clinical trials are needed to determine the effectiveness of  
anti-IL-6 therapies in cancer patients.

CONCLUSION
The information presented in this review suggests that 
the IL-6 signaling pathway plays an important role in PC 
development/progression, and IL-6 is able to maintain 
tumor growth through the AR pathway in androgen-de-
prived conditions. Further studies are suggested to assess 
the functionality of  the IL-6/sIL-6R complex in PC. 
Understanding how IL-6 affects cellular events in the 
PC cell microenvironment and its interaction with the 
AR pathway will allow the development of  preventive 
and therapeutic strategies for PC patients in the future. 
However, it is also important to study and characterize 
other signaling pathways involved in CRPC progression 
and the cross-talk among them, allowing the design of  
new and more adequate targeted therapies. Additionally, 
diverse studies reported that serum and plasma levels of  
IL-6 and sIL-6R are increased in patients with aggressive 
disease and a poor prognosis, suggesting the inclusion 
of  IL-6 and the levels of  its receptors as putative new 
tumor biomarkers. In addition, changes in serum IL-6 
levels could help direct additional treatment strategies in 
the future, however, clinical studies are needed to assess 
this potential.

In conclusion, IL-6 is a good candidate for the devel-
opment of  targeted therapies in PC, but more studies and 
appropriate clinical trials need to be carried out to ascer-
tain the effectiveness of  anti-IL-6 therapies in PC patients.
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Abstract
AIM: To evaluate neurovascular uncoupling (NVU) as-
sociated with low grade gliomas (LGG) using blood oxy-
gen level dependent (BOLD) cerebrovascular reactivity 
mapping.

METHODS: Seven patients with low grade gliomas 
referred by neurosurgeons for presurgical mapping 
were included in this pilot study. Cerebrovascular re-
activity (CVR) mapping was performed by acquiring 
BOLD images while patients performed a block-design 
breath-hold (BH) hypercapnia task. CVR mapping was 
expressed as BOLD percentage signal change (PSC) 
from baseline associated with performance of the BH 
hypercapnia task. Standard T2* Dynamic Susceptibility 
Contrast perfusion imaging was performed and rela-
tive cerebral blood volume (rCBV) and relative cerebral 
blood flow (rCBF) maps were generated.  Structural T1 
weighted MR images were also acquired. A correlation 

analysis between intratumoral normalized (via  ratio 
with contralateral homologous regions) BOLD BH PSC 
[referred to as (nCVR)] and intratumoral normalized rest-
ing state rCBV (rCBF) values (i.e., nCBV and nCBF, respec-
tively) was performed.

RESULTS: No significant correlation was seen between 
the normalized BOLD BH PSC (i.e., nCBV) and nCBV or nCBF. 
However, the average nCVR (median = 0.50, z = -2.28, 
P  = 0.01) was significantly less than 1.0, indicating 
abnormally reduced vascular responses in the tumor 
regions relative to normal contralesional homologous 
regions, whereas the average nCBV (median = 0.94, z = 
-0.92, P  = 0.375) and nCBF (median = 0.93, z = -1.16, P 
= 0.25) were not significantly higher or lower than 1.0, 
indicating iso-perfusion in the tumor regions relative to 
normal contralesional homologous regions. These find-
ings suggest that in LGG, hyperperfusion that is seen 
in high grade gliomas is not present, but, nevertheless, 
abnormally decreased regional CVR is present within 
and adjacent to LGG.  Since the patients all demon-
strated at least some residual function attributable to 
the cortical regions of impaired CVR, but were incapable 
of producing a BOLD response in these regions regard-
less of the tasks performed, such regionally decreased 
CVR is indicative of NVU. The low nCVR ratios indicate 
high prevalence of NVU in this LGG cohort, which is an 
important consideration in the interpretation of clinical 
presurgical mapping with functional magnetic resonance 
(MR) imaging.

CONCLUSION: Our preliminary study shows that BH 
CVR mapping is clinically feasible and demonstrates an 
unexpectedly high prevalence of NVU in patients with 
LGG.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Presurgical localization of  brain sensorimotor, visual and 
language regions in patients with brain tumors or epi-
lepsy who are candidates for surgical resection currently 
represents the most mature clinical application of  blood 
oxygen level dependent (BOLD) functional MR imaging 
(fMRI)[1-3]. Presurgical mapping with fMRI can assist neu-
rosurgeons by providing useful information for: (1) pre-
operative risk assessment; (2) planning the safest surgical 
trajectory; (3) selection of  patients for asleep vs awake 
craniotomy; and most importantly; and (4) optimization 
of  efficiency, exposure and technique of  intraoperative 
mapping. However, despite its many advantages in pre-
surgical planning that have resulted in widespread clinical 
utilization over the last decade, some limitations of  clini-
cal fMRI do exist[4-9]. One such limitation is the frequent 
inability to distinguish essential from nonessential par-
ticipatory activated (i.e., “eloquent”) cortex involved in 
performance of  a particular cognitive, sensorimotor or 
visual task, thus leading to lower than ideal specificity of  
activation maps[10].

Another limitation is the problem of  decreased sen-
sitivity for detection of  actual electrically active eloquent 
cortex in areas of  impaired cerebrovascular reactivity 
(CVR); this phenomenon is referred to as neurovascular 
uncoupling (NVU)[11,12]. NVU can result in false nega-
tive BOLD activation, which constitutes a major hazard 
with respect to interpretation of  clinical fMRI examina-
tions; such false negatives within or adjacent to tumor 
boundaries can result in undesirable resection (in the 
absence of  intraoperative electrophysiologic confirma-
tion) of  essential electrically active eloquent cortex that 
is incapable of  demonstrating a BOLD response due to 
impaired CVR. Such eloquent cortical resection may lead 
to serious permanent postoperative neurological deficits. 
Thus, the phenomenon of  NVU is not merely a theo-
retical issue of  scientific interest, but is rather an issue 
of  considerable clinical relevance and importance. NVU 
has been documented in the immediate vicinity of  high 
grade gliomas (HGG), mostly due to tumor angiogenesis, 
which is associated with abnormal vascular permeabil-
ity, abnormal hyperperfusion (elevated relative cerebral 
blood volume [rCBV]) related to increased vascular den-
sity, and impaired regional CVR[13,14]. However, it is not 
clear how high the prevalence of  impaired CVR (and 
resultant NVU) is in low grade gliomas (LGG), in which 

hyperperfusion is unusual. In this study, we investigated 
regional CVR, using a BOLD breath-hold (BH) hyper-
capnia task, within LGG, which are known to infiltrate, 
rather than destroy or displace, eloquent cortex, in order 
to determine whether the same NVU potential exists in 
these tumors as in HGG. In this study we report our ini-
tial experience using BH CVR mapping in 7 patients with 
LGG (6 patients with grade II gliomas and 1 patient with 
grade I glioma) as a quality control tool for detecting risk 
of  NVU, and we compare these results to those of  T2* 
DSC perfusion imaging that was also performed during 
the same scan sessions as part of  a comprehensive clini-
cal presurgical mapping protocol. The findings of  this 
study are discussed in the context of  current literature 
pertaining to brain tumor-related NVU.

MATERIALS AND METHODS
Seven patients (mean age 34 ± 11 year, 5M/2F) with his-
topathologically proved gradeⅠand Ⅱ intra-axial primary 
brain tumors (Table 1) underwent our institutional clini-
cal BOLD fMRI protocol for presurgical planning which 
included multiple T2* BOLD fMRI sequences during 
performance of  motor, language or visual tasks and a BH 
task, a T2* Dynamic Susceptibility Contrast perfusion 
sequence and a structural T1-weighted 3D MPRAGE se-
quence after Gadolinium injection. Details of  these three 
sequences are reported in Table 2. Images were acquired 
on a 3T MRI scanner (Magnetom Trio, Siemens Medi-
cal Solutions, Erlangen, Germany). The block design 
BH task consisted of  four cycles of  40 s each of  normal 
breathing (baseline) alternating with blocks of  4 s of  in-
halation and 16 s of  breath-holding[15]. Instructions for 
task performance were delivered visually using Prism Ac-
quire Software (Prism Clinical Imaging, Elm Grove, WI, 
United States).

The study was approved by our Institutional Review 
Board. Images for each patient were first transferred to 
an external workstation. Perfusion and raw BOLD BH 
images were coregistered to the T1 MPRAGE images us-
ing DynaSuiteNeuro software (DynaSuiteNeuro, InVivo 
Corporation, Pewaukee, WI, United States). Perfusion 
image analysis included the generation of  rCBV and 
rCBF maps. rCBV was calculated by adding a correction 
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  Age Sex Tumor location Histology/tumor grade
    25   F Left frontal lobe Oligoastrocytoma grade Ⅱ
    27   M Right cingulate gyrus Oligodendroglioma grade Ⅱ
    42   M Left temporal lobe Astrocytoma grade Ⅱ
    25   M Right temporal lobe Diffuse astrocytoma grade Ⅱ
    54   M Left frontal Oligodendroglioma grade Ⅱ
    27   F Left hemispheric 

(primarily insular and 
inferior frontal)

Pilocytic astrocytoma gradeⅠ

    41   M Left insular Oligoastrocytoma grade Ⅱ

Table 1  Age, sex, tumor location and histology for seven 
brain tumor cases included in the study

F: Female; M: Male.



factor to take into account the contrast leakage through 
the disrupted blood-brain barrier[16]. BOLD BH data 
analysis was carried out using AFNI software (afni.nimh.
nih.gov) and included slice timing correction, realign-
ment, spatial smoothing followed by generation of  PSC 
maps[17]. Subsequently, a Region of  Interest (ROI) analy-
sis was carried out using MIPAV (mipav.cit.nih.gov) 
(Medical Image Processing, Analysis and Visualization) 
software. For each patient, two independent raters [JJP (a 
board-certified neuroradiologist with 14 years of  neuro-
imaging experience) and DZ (an imaging scientist with a 
PhD in functional imaging and 3 years of  postdoctoral 
neuroimaging experience)] selected on the high resolu-
tion T1 MPRAGE images a ROI that included the tumor 
entirety, defined as the entire hypointense component. 
This ROI encompassing the entire lesion shall be re-
ferred to as the “ipsilesional ROI.” This T1 hypointense 
region corresponded exactly to the areas of  tumor T2/
FLAIR hyperintensity seen on other sequences acquired 
as part of  the overall clinical fMRI examination, but T1 
MPRAGE images were selected for ROI delineation be-
cause of  their higher resolution compared to the standard 
FSE T2 and T2 FLAIR sequences. A mirror homologous 
contralateral hemispheric (referred to as “contralesional”) 
ROI was generated in a semi-automated fashion, with 
particular attention paid to trying (to the greatest extent 
possible) to ensure a similar degree of  contribution from 
gray and white matter structures in the contralesional 
ROI as in the ipsilesional ROI, considering the degree of  
anatomic distortion resulting from the tumor. The fol-
lowing metrics were then calculated: a normalized rCBV 
(nCBV), expressed as the ratio between the mean rCBV 
value (of  all included voxels) in the ipsilesional ROI and 
the mean rCBV value in the contralesional ROI; a simi-
larly computed normalized rCBF (nCBF), defined as the ra-
tio between the mean rCBF value in the ipsilesional ROI 
and the mean rCBF value in the contralesional ROI; a 
normalized PSC (nCVR) expressed as the ratio between the 
mean BOLD PSC in the ipsilesional ROI and the mean 
BOLD PSC in the contralesional ROI.

Correlation analysis was performed between nCBV and 
nCVR as well as between nCBF and nCVR. Mean values among 
the raters were used. A one sample Wilcoxon test was also 
performed to assess whether the PSC normalized ratio 
was significantly lower than 1.0. An identical statistical test 
was also perfomed on nCBV and nCBF to determine whether 
there were any significant differences in perfusion metrics 

between the ipsilesional and contralesional ROIs. Statisti-
cal analysis was performed using OriginPro 8.0 software.

RESULTS
T1 MPRAGE and T2 FLAIR images, perfusion maps 
and BH PSC maps for two cases are shown in Figures 1 
and 2. Reduced PSC is clearly visible in the ipsilesional 
ROI compared to the contralesional ROI, whereas in 
both cases the lesion appears iso-perfused relative to 
the contralesional ROIs. Intraclass Correlation Coef-
ficients (ICC) among the raters were excellent (0.88 for 
nCVR, 0.98 for nCBV, 0.98 for n nCBF). In this group of  
7 patients, none of  the cases demonstrated a nCVR that 
was greater than 1.0 (Figure 3A). The fact that all 7 cases 
demonstrated nCVR values less than 1.0 indicated that 
every one of  the LGG cases demonstrated abnormally 
decreased CVR in the ipsilesional ROI compared to the 
contralesional ROI, suggesting a high risk of  NVU in 
all cases in areas of  cortex where regionally decreased 
CVR were noted. Correlation with the patients’ clinical 
status confirmed that these areas of  regionally decreased 
cortical CVR corresponded to areas of  actual NVU, 
since preservation of  residual motor and language func-
tion was noted clinically despite absent expected task-
based activation in these regions of  decreased CVR on 
task-based fMRI activation maps obtained as part of  the 
concurrent clinical fMRI examinations. Based on group 
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  Sequence TR 
(ms)

TE 
(ms)

FA FOV 
(cm2)

Acquisition 
matrix

Slice thickness 
(mm)

  T1 MPRAGE       7 3.5     9° 24 × 24 256 × 256 1
  T2* DSC 2450   45    90° 24 × 24 128 × 128 4
  T2* BOLD 2000   30    90° 24 × 24 64 × 64 4

Table 2  Main parameters for the sequences of interest in the 
study

DSC: Dynamic susceptibility contrast; BOLD: blood oxygen level 
dependent; FOV: Field of view.

Figure 1  Axial T1 postcontrast 3D MPRAGE and T2 FLAIR images (A and B) 
breath-hold cerebrovascular reactivity maps (C) and relative cerebral blood 
flow maps (D) in a patient presenting with a left frontal lobe lesion, classi-
fied as grade II oligoastrocytoma after surgical resection, are displayed. 
Breath-hold cerebrovascular reactivity (BH CVR) maps were fused with axial 
T1 post Gadolinium images, and the threshold was set to 0.35 for blood oxygen 
level dependent PSC. Decreased CVR is present within and at the anterosu-
perolateral margin of the lesion (involving the infiltrated cortex of the left superior 
frontal gyrus) relative to contralateral hemispheric normal tissue. This represents 
an area of tumor-induced neurovascular uncoupling. Perfusion imaging did not 
provide equivalent information because the same area does not demonstrate 
any definite regional perfusion abnormality.

A

B

C

D
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analysis, the overall distribution of  nCVR in this cohort of  
patients was statistically significantly lower than 1.0 (me-
dian = 0.50, z = -2.28, P = 0.01). nCBV (median = 0.94, z 
= -0.92, P = 0.375)  and nCBF  (median = 0.93, z = -1.16, 
P = 0.25) were not significantly higher or lower than 1.0 
at a group level, indicating the absence of  any substantial 
hyperperfusion or hypoperfusion in the ipsilesional ROI 
compared to the contralesional ROI (Figure 3B and C). 
We did not find any significant correlation between the 
perfusion and CVR metrics (Figure 4A and B), indicating 
that perfusion imaging by itself  is not a valid predictor of  
vascular reactivity, and therefore an indicator of  NVU in 
this particular cohort of  LGG patients. 

The use of  a semi-automated approach to contral-
esional ROI placement helped to ensure that similar con-
tributions to the contralesional ROI from gray and white 
matter structures were obtained as in the ipsilesional 
ROIs. This avoided spuriously high contralateral perfu-
sion and CVR values related to greater contributions 
from normal gray matter in the contralesional ROIs. This 
was especially important considering that all of  the le-
sions were gliomas, and as such involved mostly white 
matter rather than cortical gray matter. None of  the 7 
LGGs demonstrated any appreciable contrast enhance-
ment on Gadolinium-enhanced T1 weighted images, 
and none demonstrated any internal areas of  necrosis by 
histopathology or imaging features, although some very 
small regions of  internal cystic change were noted in 
some of  the oligodendrogliomas in this group. It is im-

portant to note that no internal necrosis or enhancement 
was present, since such features may result in spuriously 
decreased or increased mean perfusion, respectively, in 
ipsilesional ROIs. In the patients with oligodendroglio-
mas in our cohort, the known propensity toward rela-
tively higher tumor perfusion than comparable low grade 
astrocytomas is balanced by propensity for internal cystic 
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Figure 2  Axial T1 postcontrast 3D MPRAGE and T2 FLAIR images (A and 
B), breath-hold cerebrovascular reactivity maps (C) and relative cerebral 
blood flow maps (D) in a patient presenting with a left hemispheric lesion, 
classified as pilocytic grade I astrocytoma after surgical resection, are 
displayed. Breath-hold cerebrovascular reactivity (BH CVR) maps were fused 
with axial T1 post Gadolinium images, and the threshold was set to 0.45 for 
blood oxygen level dependent PSC. Decreased CVR is present within the lat-
eral margin of the lesion (involving the adjacent cortex of the left superior tem-
poral gyrus) relative to contralateral hemispheric normal tissue. This represents 
an area of tumor-induced neurovascular uncoupling. Perfusion imaging did not 
provide equivalent information because the same area does not demonstrate 
regional perfusion abnormality.
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Figure 3  Cerebrovascular reactivity ratio (nCVR) (A) cerebral blood volume 
ratio (nCBV) (B) and cerebral blood flow ratio (nCBF) (C) distribution for the 
group of seven patients with classified grade I and grade II tumors in-
cluded in this study. In all cases nCVR is less than 1.0 and the median value is 
significantly less than 1.0 according to the one sample Wilcoxon test. nCBV and 
nCBF median values are not significantly lower or higher than 1.0.
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change, thus not resulting in overall mean voxel hyper-
perfusion within the ipsilesional ROIs. By using overall 
mean perfusion metrics computed from all voxels within 
the ROI rather than simply voxels with maximal perfu-
sion metrics within the ROI, we avoided the risk of  spu-
riously high perfusion values contributing to artifactually 
high perfusion ratios.

DISCUSSION
All of  the LGG cases in our study demonstrated reduced 
CVR in the tumor (i.e., ipsilesional) ROI compared to 
the normal contralateral hemispheric mirror (i.e., contral-
esional) ROI. Such regionally abnormally reduced CVR, 
despite the presence of  clinically intact, albeit impaired, 
motor or language function in all of  these patients is 
direct evidence of  tumor-related NVU. The fact that no 
substantial corresponding regional perfusion abnormality 
was present in any of  these cases is reflected in the ab-
sence of  significant correlation between the normalized 
(i.e., ipsilesional to contralesional) perfusion ratios and 
normalized CVR ratios. The absence of  tumor hyper-
perfusion is expected in this cohort of  LGG, since such 
tumors, unlike HGG, are not associated with angiogene-
sis[18,19]. Although reports of  NVU associated with hyper-
perfusion in HGG exist in the literature[20,21], few reports 
of  NVU related to LGG exist[22,23]. We have shown in 
our study that the phenomenon of  NVU, as detected by 
regionally decreased CVR, in LGG  is much more preva-
lent than previously thought[24]. We have also shown the 
clinical feasibility of  the performance of  such BH CVR 
mapping in such a patient population. Our results suggest 
that BH CVR mapping should be considered in all brain 
tumor patients regardless of  tumor grade.

The coupling mechanism between neuronal firing 
and blood flow changes results from a complex sequence 
(which we can consider as the NVU cascade) of  cellu-
lar, metabolic and vascular processes involving neurons, 
glial/astrocytic components, neurotransmitters, chemical 
mediators and eventually vascular smooth muscle cells. 
The currently accepted explanation is that during neuro-

nal activity, synaptic release of  neurotransmitters, such 
as glutamate, that bind to receptors on other neurons, 
may trigger the secondary release of  vasodilatory media-
tors such as nitric oxide, which in turn increase CBF and 
CBV. These neurotransmitters such as glutamate can also 
act on astrocytes through different receptors, thus result-
ing in the release of  compounds such as arachidonic acid 
and prostaglandin E2, which in turn result in vasocon-
striction or vasodilatation, respectively, by acting on arte-
riolar smooth muscle[25]. It is possible that while in HGG, 
aberrant neovascularity with abnormal permeability and 
vasoactivity may be primarily responsible for the NVU, 
in LGG, abnormal astrocytic function or dysfunction 
involving other elements of  the NVU cascade may be re-
sponsible. However, little is known about the pathophysi-
ologic mechanisms underlying such NVU in LGG.

The need to detect NVU, when present, is critical in 
the interpretation of  clinical fMRI examinations because 
regional cortical NVU will result in an inability to elicit 
BOLD activation in the affected cortex regardless of  the 
nature of  the particular fMRI task performed. Thus, false 
negative activation in these cortical regions may result 
during performance of  sensorimotor, visual, language or 
other cognitive tasks that are expected to activate such 
regions based on a priori knowledge of  functional anato-
my. Such false negatives may not only result in incorrect 
language lateralization, but also incorrect localization or 
underestimation of  the true extent of  localization of  
eloquent cortex, as well as possibly incorrect inferences 
regarding tumor-induced cortical functional reorganiza-
tion[11]. Such erroneous interpretations of  task-related 
fMRI activation maps can result in unexpected and tragic 
postoperative neurological deficits related to inadvertent 
resection of  eloquent cortex that is “BOLD-silent” di-
rectly due to NVU. The added value of  BH CVR map-
ping in this setting lies in the additional confidence in 
assignment of  function to areas of  activation on fMRI 
maps in cases where no regional CVR abnormality re-
sults, as well as in proper exercising of  caution in cases 
where functional activation is expected on a particular 
task in a particular cortical region where absent activation 
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blood flow ratio (nCBF) vs normalized CVR ratio (nCVR) (B) in our cohort of low grade gliomas. As described in the Methods section, these normalized ratios were 
calculated by dividing the mean voxel values obtained in ipsilesional regions of interest (ROIs) by those obtained in mirror contralesional ROIs. Neither nCBF nor nCBV 
demonstrated significant inverse correlation with nCVR in this LGG group. LGG: Low grade gliomas; CVR: Cerebrovascular reactivity
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is seen on task-based fMRI with corresponding abnor-
mally decreased regional CVR. In the latter case, such as 
in this LGG cohort, one needs to acknowledge the limi-
tation of  clinical fMRI and needs to inform the referring 
neurosurgeon that complementary intraoperative elec-
trophysiologic mapping will be necessary to exclude elo-
quent cortex in these regions of  impaired CVR adjacent 
to or within the LGG. Such knowledge is very useful, in 
our clinical experience, in neurosurgical planning as well 
as in counseling of  patients regarding the potential risks 
of  tumor resection.

Thus, in conclusion, although our results are prelimi-
nary and based on a fairly small sample size, they suggest 
that BH CVR mapping in patients with LGG is both 
clinically feasible and capable of  detecting NVU, which 
is a critical limitation of  clinical fMRI. We furthermore 
note an unexpectedly high prevalence of  NVU in LGG, 
suggesting that NVU is a commonly encountered phe-
nomenon in brain tumors of  all grades, and not just in 
HGG as previously thought.

COMMENTS
Background
Cerebrovascular reactivity (CVR) mapping using a breath-hold (BH) technique 
is a method of evaluating how responsive the microvasculature in the brain is 
to external stimuli. Although the mechanism for BH CVR mapping is related to 
transient mild increases in pCO2 (i.e., hypercapnia), resulting in vasodilatation, 
this can be applied to the evaluation of standard clinical blood oxygen level 
dependent (BOLD) functional MRI (fMRI) examinations, where sensorimotor, 
visual or language/cognitive stimuli result in transient blood flow changes in 
brain microvasculature adjacent to activated neurons. If CVR is impaired for any 
reason, such as aberrant tumor neovascularity or astrocytic dysfunction due to 
tumor infiltration, then no BOLD response is possible on standard clinical fMRI 
activation studies because the BOLD response relies on intact CVR.
Research frontiers
It has been determined that CVR is impaired within or adjacent to low grade glio-
mas (LGG), thus compromising our ability to accurately map eloquent cortex for 
surgical planning using fMRI. It has already been established that such impaired 
CVR is present in high grade gliomas (HGG) due to tumor angiogenesis as re-
flected in hyperperfusion on MR perfusion imaging.
Innovations and breakthroughs
Very little is currently known about CVR in LGG. Most of the work to date relating 
to CVR mapping in brain tumor patients relates to applications in HGG. It is clear 
that tumor hyperperfusion, as detected on T2* DSC (standard clinical) MR perfu-
sion imaging, is related to tumor angiogenesis, but in LGG, angiogenesis typically 
does not occur. Astrocytic dysfunction, however, is known to occur due to tumor 
infiltration and primary astrocytic and/or oligodendrocyte involvement by all LGGs.
Applications
The findings of a high prevalence (100% in our cohort) of abnormal CVR in 
LGG is of immense clinical value, because this is a potentially serious limitation 
of standard clinical BOLD fMRI examinations that may result in false negatives 
which adversely impact surgical planning. The recognition of this pitfall of fMRI 
is critical for proper surgical planning and counseling of patients prior to surgi-
cal resection of LGG. Further studies with larger sample sizes will need to be 
performed to evaluate the true prevalence of such findings in LGG of different 
histologic subtypes.
Terminology
Cerebrovascular reactivity mapping and BOLD fMRI have been described in the 
Background section above. BOLD fMRI is a method of noninvasively evaluat-
ing sensorimotor, visual, language and other cognitive functions and mapping 
eloquent cortical regions prior to neurosurgical intervention, particularly in brain 
tumor patients and patients with other conditions such as epilepsy.

Peer review
The manuscript is well written and authors are reporting a valuable research. 
Methods and material section is well described and results are defined well. 
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Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee 
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informed consent prior to their inclusion in the study. Details that 
might disclose the identity of  the subjects under study should be 
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Statement of human and animal rights
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Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines 
Research Council Guidelines for Good Clinical Practice in Clinical 
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rationale for their approach and demonstrate that the institutional 
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the relevant research ethics committee or institutional review board. 
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sents from the involved patients. If  experimental animals were used, 
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Manuscripts should be typed in 1.5 line spacing and 12 pt. Book An-
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should accompany each manuscript. Abstracts for original contri-
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ALS AND METHODS (no more than 140 words); RESULTS (no 
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Text
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Notes in tables and illustrations
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