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Abstract
Rituximab maintenance (RM) therapy following success­
ful induction has recently emerged as a highly effective 
treatment for follicular lymphoma (FL). Randomized tri­
als analyzing the impact of RM compared to observation 
alone have demonstrated a significantly better outcome 
in terms of progression-free survival (but not overall 
survival) in patients (pts) who received as first-line treat­
ment single-agent rituximab, standard chemotherapy 
(CVP) and recently also immunochemotherapy (R-CHOP, 
R-CVP or R-FND), as shown by preliminary results of the 
PRIMA trial. Also in the setting of relapsed disease, RM 
has shown significant benefit either after chemotherapy 
or immunochemotherapy. RM has been generally well 
tolerated, and treated pts developed only mild toxicity, 
mainly a small increased rate of neutropenia, hypogam­
maglobulinaemia and self-limiting upper-respiratory tract 
infections. Moreover, no cumulative or unexpected toxici­
ties were observed and quality of life was not affected. 
These data have established RM therapy as an important 
part of multi-modal therapeutic strategies in patients af­
fected by FL.
 
© 2011 Baishideng. All rights reserved

Key words:  Follicular lymphoma; Immunochemothera­
py; Maintenance; Rituximab 
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INTRODUCTION
In last 10 years, the introduction of  the chimeric anti-
CD20 monoclonal antibody rituximab (R) has emerged as 
one of  most important advances in the treatment of  pa-
tients affected by B-cell non-Hodgkin’s lymphoma (NHL), 
and especially diffuse large B-cell lymphoma and follicular 
lymphoma (FL). R selectively binds the CD20 surface 
antigen on B lymphocytes, and subsequently induces the 
killing of  coated cells though a combination of  different 
immuno-mediated effector mechanisms of  action, namely 
complement-dependent cytotoxicity (CDC), antibody-
dependent cell-mediated cytotoxicity (ADCC) and in-
duction of  apoptosis[1]. Although the efficacy of  R was 
initially demonstrated when employed as a single agent[2], 
in patients affected by advanced FL the major benefits 
have been observed when combined with chemotherapy. 
In fact, as demonstrated in six randomized trials, the ad-
dition of  R to every effective chemotherapeutic combina-
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tion (CVP[3, 4], CHOP[5-7], CHVP[8], MCP[9] and FCM[10]), 
resulted in a significant increase in response rate, complete 
remission (CR) rate, progression-free survival (PFS) and 
even overall survival (OS) with respect to chemotherapy 
alone (Table 1), without relevant acute and long-term tox-
icities.

However, as indicated by continuous declination of  
PFS curves at long-term follow-up in these trials, relapses 
seem to continue after immunochemotherapy in these pa-
tients and none can be considered cured. Thus, eventual 
relapse remains an important clinical issue for the majority 
of  patients with FL, and defining further ways to extend 
the period of  remission remains an essential goal. An 
important way to achieve this goal is the concept of  main-
tenance therapy, offering continued treatment to patients 
after successful induction therapy in attempt to prevent 
the re-emergence of  disease. An early study of  oral chlo-
rambucil for 2 years demonstrated that this maintenance 
therapy was associated with significant prolongation of  
disease control, but without any improvement in OS[11]. 
For this reason, considering the adverse effects associated 
with prolonged exposure to alkylating agents, maintenance 
chemotherapy strategies were abandoned. The most ex-
tensively studied maintenance therapy for FL is the im-
munomodulatory agent interferon-alpha. A meta-analysis 
of  10 randomized studies which compared interferon-
alpha maintenance with observation clearly demonstrated 
a significant improvement of  10% in the likelihood that 
patients would remain in ongoing remission at 5 years and 
10 years (P < 0.001) and an 8% improvement in their like-
lihood of  survival at 5 years and 10 years (P = 0.004) with 
interferon-alpha maintenance[12]. However, the adverse ef-
fects of  prolonged interferon-alpha exposure and the re-
sultant impairment of  quality of  life have resulted in this 
therapy being infrequently used in current clinical practice.

The ideal maintenance agent would have proven effi-
cacy as monotherapy in FL, minimal acute and long-term 
toxic effects, simple administration, favourable treatment 
schedules, and require minimal monitoring of  the patient. 
R has many of  these characteristics and its use as a main-
tenance therapy for FL is very appealing. In particular, 
pharmacokinetic studies showed that R maintains a serum 
concentration considered active (25 g/mL) for a median 
time of  3-3.5 mo after infusion, suggesting that almost all 
patients would maintain this concentration with a dosing 
interval of  2 mo[13]. However, the optimal dosing schedule 
of  RM has not been determined and the several phase II 
and randomized phase III studies performed so far have 
employed different maintenance schedules, mainly a single 
infusion every 2 or 3 mo for 2 years or 4 weekly adminis-
trations repeated at intervals of  6 mo for 2 years.

Considering the heterogeneity of  maintenance sche
dules, of  prior induction treatments, and the phase of  
disease in which maintenance is applied (onset or relapse), 
the goal of  this editorial is to provide a comprehensive 
overview of  RM, illustrating results after single agent R, 
after chemotherapy and after immunochemotherapy; in 
addition, we summarize infusional and late toxicity and 

the cost-effectiveness of  R. We also provide discussion of  
alternative therapeutic strategies as consolidation after an 
induction treatment.

LITERATURE SEARCH
We searched PubMed (http://www.pubmed.gov) for ar-
ticles with the keywords ‘follicular lymphoma’, ‘rituximab’, 
‘maintenance’, and reviewed all references of  the retrieved 
articles. 

Abstracts from the American Society of  Hematology, 
European Hematology Association and American 
Society of  Clinical Oncology since 2007 were searched 
using the same keywords.

Overall, five major randomized studies have now 
published their final results on the role of  RM in var
ious clinical settings, either after single agent R[14-16], che
motherapy alone[17], or immunochemotherapy at relapse[6,7] 
(Tables 2 and 3). Preliminary results of  a single large 
randomized trial (PRIMA, Primary R and MAintenance) 
investigating maintenance treatment after first-line im
munochemotherapy have recently been reported[18]. Several 
of  these studies also included patients with other forms of  
indolent lymphoma, but we will consider only data on the 
specific subset of  patients with FL.

RITUXIMAB MAINTENANCE AFTER SIN-
GLE AGENT RITUXIMAB 
In one of  the first studies evaluating RM, Hainsworth et 
al[16] randomly allocated patients responding to a previous 
standard 4-week course of  R to receive either maintenance 
R given weekly for 4 wk every 6 mo for 2 years or R re-
treatment (with the same schedule) at the time of  lym-
phoma progression. The median PFS was 31.3 mo in the 
maintenance group compared with 7.4 mo in the re-treat-
ment group (P = 0.007). However, the duration of  R ben-
efit (defined as the time to next anti-lymphoma treatment) 
was similar in the maintenance and in the re-treatment 
groups (31.3 vs 27.4 mo, P = NS); moreover, there was no 
difference in OS between the two cohorts (72% vs 68% at 
3-years, P = NS).

Ghielmini et al[14] investigated maintenance R (a to-
tal of  4 infusions every 2 mo) following treatment with 
single-agent R in 202 patients with FL. The study was 
recently updated with long-term follow-up data (median 
9.5 years)[19]. Overall, RM was associated with an improve-
ment of  11 mo in median event-free survival (EFS) vs 
observation (24 vs 13 mo, P < 0.001). The best outcome 
was observed in previous untreated patients responding to 
R induction (8-years EFS 45% for the maintenance arm 
vs 22% for the observation arm; P < 0.001). In univari-
ate analysis, baseline features predicting longer EFS were: 
disease diameter < 5 cm, being chemotherapy naïve, Ann 
Arbor stage lower than IV, and a VV phenotype at posi-
tion 158 of  the Fc gamma receptor RIIIA. At multivariate 
analysis, the only favourable prognostic factor for EFS 
was the maintenance treatment (HR 0.59, 95% CI 0.39 
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to 0.88, P = 0.009). Analysis of  OS showed a borderline 
advantage for the maintenance arm (68% vs 54%; HR for 
death 0.63, 95% CI 0.37 to 1.06, P = 0.0813).
 
RITUXIMAB MAINTENANCE AFTER CHE-
MOTHERAPY OR IMMUNOCHEMOTHER-
APY 
The efficacy of  RM therapy has also been investigated 
after treatment with different chemotherapy regimens. 
Hochster et al[17] randomly allocated 228 patients with pre-
viously untreated FL who had stable disease or better after 
CVP chemotherapy to either maintenance R (four weekly 
infusions every 6 mo for 2 years) or observation. Main-
tenance R was associated with greatly prolonged median 
PFS vs observation (4.3 years vs 1.3 years; P < 0.001) and 
borderline increased 3-year OS (91 vs 86%; P = 0.08). OS 
improved significantly only for patients with high tumour 
burden (P = 0.03).

In the setting of  relapsed disease, two studies utilized 
a ‘2 X 2’ factorial design to explore the benefits of  the 
addition of  R to multi-agent salvage chemotherapy, and 
also the role of  RM. Forstpointner et al[10] randomly al-
located patients with relapse of  FL to FCM or R-FCM, 
followed by randomization to maintenance or observa-
tion. Response duration was longer with maintenance 
therapy (estimated median PFS not reached vs 16 mo in 

the observation group, P < 0.001); however, estimated 
OS at 3 years for the entire cohort, which also included 
patients affected by mantle cell lymphoma, was 77% in 
the group that received maintenance therapy and 57% 
in those assigned to observation (P = 0.1). Van Oers et 
al[6] randomly allocated pre-treated patients to CHOP or 
R-CHOP, with a secondary randomization to mainte-
nance R or observation. In their initial report, at a me-
dian follow-up of  33 mo, maintenance therapy was as-
sociated with prolonged PFS (51.5 vs 19.4 mo P < 0.001) 
and with improved 3-yr OS (85.1 vs 77.1, P = 0.011). 
However, when follow-up was extended to 6 yrs, while 
the advantage of  RM on PFS was confirmed (median 3.7 
vs 1.3 years, P < 0.001), the beneficial effect on OS was 
not so evident (5-year OS 74% vs 64%, P = 0.07)[7]. This 
discrepancy might be partially due to the effect of  the 
unbalanced use of  R in the post-protocol salvage regi-
men. In fact, R was used most frequently in patients who 
had neither received R during induction treatment nor as 
maintenance.

An unplanned sub-analysis of  40 patients with re-
lapsed FL who underwent RM after response to treatment 
with Fludarabine-R or Bendamustine-R in the context 
of  the German Stil phase III NHL 2-2003 trial, showed 
that RM significantly prolonged OS and PFS[20].  Finally, 
in a large study 420 R-naïve patients were randomized to 
receive no R before and autologous stem cell transplanta-
tion (ASCT) (no R), R purging (weekly for 4 wk) before 
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  Reference Year Prior treatment Maintenance schedule No. of  
patients

Median F-up PFS OS

   Haisworth et al[16] 2005 R x 4 (weekly) R x 4 (weekly) every 6 mo x 
4 vs R x 4 weekly at relapse (retreatment)

  62 41 mo 31.3 vs 7.4 mo 
(P = 0.007)

72% vs 68% at 3 years 
(P = NS)

  Ghielmini et al[14]

   Martinelli et al[19]
2004 R x 4 (weekly) R every 2 mo x 4 vs observation 185         9.5 years 24 vs 13 mo 

(P < 0.001)
68% vs 54%
 (P = 0.081)2010

Table 2  Randomized trials comparing rituximab maintenance vs  observation after single agent rituximab

Table 1 Randomized trials comparing Rituximab-chemotherapy vs  chemotherapy alone in follicular lymphoma patients

ORR: Overall response rate; OS: Overall survival; PFS: Progression-free survival; 1 Time-to-treatment-failure; 2 Data not available because of protocol design 
(double randomization).

Reference Year Prior 
treatment

Treatment No of 
patients

ORR OS PFS

Marcus et al[3, 4] 2005, 2008 No R-CVP vs CVP 321 81% vs 57% 
(P < 0.001)

83% vs 77%
 at 4-years 
(P = 0.029)

27 vs 7 mo 
( P < 0.001) 1

Hiddeman et al[5] 2005 No R-CHOP vs CHOP 428 96% vs 90% 
(P = 0.001)

95% vs 90% 
at 2 yrs 

(P =0.016)

91% vs 79% 
at 2 yrs

 ( P < 0.001)1

van Oers et al[6, 7] 2006, 2010 Yes R-CHOP vs CHOP 465 85% vs 72%
 (P < 0.001)

82% vs 79% at 3 years 
(P = 0.09)

33 vs 20 mo 
( P < 0.001)

Forstpointner et al[10] 2006 Yes R-FCM vs FCM 125 95% vs 71% 
(P = 0.01)

Not available2 Not available2

Herold et al[9] 2007, 2010 No R-MCP vs MCP 358 92% vs 75% 
(P < 0.001)

86% vs 74% 
at 5 years 
(P = 0.02)

86 vs 35 mo
 ( P < 0.001)

Salles et al[8] 2000 No R-CHVP-I vs CHVP-I 358 94% vs 85% 
(P < 0.001)

84% vs 79% 
at 5-years 
(P = 0.15)

53% vs 37% at 5 years 
(P < 0.01)
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high-dose therapy BEAM conditioning (Rp), RM after 
ASCT (every 3 mo for 2 years) (RM) or both (Rp + RM). 
At a median follow-up of  6.4 years, 5-year PFS was 62.9% 
for patients receiving Rp + RM vs 37.6% for patients re-
ceiving no R ,while 5-yr OS was not different[21]. 

META-ANALYSIS 
In 2009 a meta-analysis of  the five randomized controlled 
trials[6, 10, 14, 16, 17] that compared RM therapy with observa-
tion or R at relapse was performed[22]. Data for 985 pa-
tients with FL were available for the meta-analysis of  OS. 
Patients treated with maintenance R had statistically sig-
nificantly better OS than patients in the observation arm 
or those treated at relapse (HR for death = 0.60, 95% CI= 
0.45 to 0.79). Patients with refractory or relapsed disease 
had a survival benefit with maintenance therapy (HR for 
death = 0.58, 95% CI= 0.42 to 0.79), whereas previously 
untreated patients did not (HR for death = 0.68, 95% CI= 
0.37 to 1.25). There was no significant difference between 
patients treated with different maintenance schedules (i.e. 
4 weekly infusions every 6 mo or a single infusion every 
2-3 mo). These results strongly support the benefit of  RM 
in the setting of  relapsed disease after successful induction 
therapy. A recent update of  this meta-analysis, including 
the published extended follow-up data of  previous studies 
and the data of  an additional 2 trials[21,23] (2283 patients), 
confirmed all the previous conclusions (significant im-
provement in OS in the whole cohort and in relapsed/re-
fractory patients with, no significant benefit on OS in pre-
viously untreated patients and a significant improvement 
in PFS in every group of  patients)[24].

RITUXIMAB MAINTENANCE AFTER FIRST-
LINE IMMUNOCHEMOTHERAPY
The role of  R as maintenance therapy following first-line 
immunochemotherapy was addressed by the PRIMA trial, 
whose preliminary results were recently reported at Amer-
ican Society of  Clinical Oncology (ASCO) and European 
Hematology Association (EHA) 2010 Congresses[18], and 
updated with an additional year of  follow-up at the 2010 
American Society of  Hematology meeting[23]. The PRIMA 

trial is an international effort conducted by the French 
Group d’Etude des Lymphomas de l’Adulte (GELA) in 
223 centres from 25 countries in untreated FL (grade 1, 
2 and 3a) patients requiring therapy. Induction consisted 
of  R for 8 infusions combined with either CHOP for 6 
cycles, CVP for 8 cycles, or FCM for 6 cycles. Patients 
responding to induction therapy were subsequently ran-
domized to either maintenance R 375 mg/m2 every 2 mo 
for 24 mo or observation. A total of  1217 patients were 
enrolled in the study, with 1,018 patients randomized after 
a response (CR/PR) to induction treatment. FLIPI risk 
groups were as follows: low risk 21%, intermediate 36%, 
and high risk 43%. R-CHOP was used in 75% of  patients, 
R-CVP in 22% and R-FCM in 3%. CR/Cru was obtained 
in 71% of  patients and PR in 29%. After a median follow-
up of  36 mo, RM therapy reduced the risk of  lymphoma 
progression by 45% (hazard ratio = 0.55, 95% CI=0.44
–0.68, P < 0.001), with 2-year PFS of  79% in RM (n = 
505) compared to 60% in observation (n=513). Subgroup 
analysis demonstrated improvements across all age cate-
gories, FLIPI risk scores, induction chemotherapy choice, 
and response to induction chemotherapy. The magnitude 
of  risk reduction was greater for patients in PR (55% risk 
reduction) than in CR/CRu (48% risk reduction). The risk 
of  requiring next anti-lymphoma treatment or chemother-
apy was reduced by 40% with maintenance R. Adverse 
events were more frequent in the maintenance R arm, 
including grade 3-4 adverse events in 24% compared to 
17%; grade 3-4 neutropenia and infection both occurred 
in 4% compared to less than 1%. There was no increase in 
deaths related to treatment arm and quality of  life was not 
diminished with RM. In summary, the PRIMA trial dem-
onstrates that addition of  maintenance R every 2 mo for 2 
years following first-line immunochemotherapy resulted in 
a significant improvement in PFS with acceptable toxicity. 
The follow-up time was too short to see any improvement 
in OS. 
    The British Columbia Cancer Agency (BCCA) reported 
a retrospective population-based analysis of  251 patients 
affected by FL, who were treated between 2004 and 2010 
with first-line R-CVP, since 2006, patients responding to 
induction treatment, underwent RM (every 3 mo for 2 
years). At a median follow-up of  3 years, PFS was signifi-
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Table 3  Randomized trials comparing rituximab maintenance vs  observation after chemotherapy or immunochemotherapy

  Reference Year Prior treatment Maintenance schedule No. 
of pts

Median 
F-up

PFS OS

   Hochster et al[17] 2009 CVP (1st line) R x 4 (weekly) every 6 mo x 4  vs 
observation

  228 3.7 years Median: 4.3 vs 1.3 years 
At 3 years: 64% vs 33% 
 ( P < 0.001)

At 3 years: 91% vs 86% 
(P = 0.08)

  Forstpointner 
  et al[10]

2006 FCM or R-FCM
(relapsed disease) 

R x 4 (weekly) every 6 mo x 2  vs 
observation

  105 26 mo Median: Not reached vs 
16 mo (P < 0.001) 

At 3 years (estimated):
 77% vs 57% (P = 0.1)

  van Oers et al[6, 7] 2006
2010

CHOP or R-CHOP 
(relapsed disease)

R every 3 mo x 8 
vs observation

  334 6 years Median: 3.7 vs 1.3 years 
At 3 years: 59% vs 28%
 (P < 0.001)

At 5 years: 74% vs 64% 
(P = 0.07)

  Salles et al[18, 23] 2010 R-CHOP, R-CVP, 
R-FCM  (1st line)

R every 2 mo x 12
vs observation

1018 25 mo At 2 years: 79% vs 60% 
(P < 0.001)

At 2 years: NS
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cantly improved in patients receiving RM compared to 
patients on observation alone, while OS did not, also con-
firming in a population-based approach the data of  clinical 
trials[25].

MOLECULAR BASIS
Few and still controversial data have been published on 
the benefit of  RM based on molecular status (persistence 
or disappearance of  Bcl2/IgH positivity in bone marrow 
and/or peripheral blood) after induction treatment. The 
only study that investigated this topic found no difference 
in PFS in patients who were Bcl2/IgH positive or negative 
before beginning RM, which conversely determined im-
provement in outcome regardless of  pre-maintenance mo-
lecular status[26]. However, some criticisms have been raised 
in this study: first of  all, only major breakpoint rearrange-
ment (MBR) has been investigated and, most importantly, 
patients with unknown molecular status (not informative 
for Bcl2/IgH rearrangement) were included in the group 
without evidence of  blood and marrow involvement[27].

TOXICITY
Several concerns regarding the prolonged use of  R have 
been raised and evaluated. The first issue is the prolonged 
B-cell depletion associated with this clinical practice. As 
discussed before, based on pharmacokinetic analysis and 
assuming a R serum level of  25 mcg/mL for maintaining 
B-cell depletion[13], the single infusion of  R every 2-3 mo 
appears to be the most appropriate. However, this schedule 
produces the maximum B-cell depletion, and the increased 
risk of  low immunoglobulin levels alongside with possible 
additional infectious complications remain a concern. In 
the study by van Oers et al[6], patients in the RM arm had 
a median IgG level of  6.3 g/L, compared with 7.3 g/L 
in the observation arm. Maintenance was omitted in two 
patients with IgG levels < 3 g/L. Another side effect re-
ported with the use of  R is the development of  neutrope-

nia (Table 4). In the same trial, neutropenia was reported in 
10.8% of  patients in the R arm compared with 5.4% in the 
observation arm (P = 0.07). The increased incidence of  
hypogammaglobulinaemia and neutropenia may both have 
contributed to an increased rate of  grade 3-4 infection 
(9% vs 2.4%, P = 0.009), most of  which were in the ear-
nose-throat area. Six patients were hospitalized; however, 
they all fully recovered and there were no deaths related to 
RM. Based on cumulative data reported in three trials, the 
previously cited meta-analysis confirmed that patients who 
underwent RM therapy had more infection-related adverse 
events than patients in the observation arm (RR=1.99, 
95% CI= 1.21 to 3.27). When only grade 3 or 4 infection-
related adverse events were included in the analysis, this 
effect was even more pronounced (RR 2.90, 95% CI=1.24 
to 6.76)[22]. 

The phase Ⅲb study MAXIMA, specifically evaluated 
the safety of  RM (every 2 mo for 2 years) given either as 
the standard infusion rate or as a rapid infusion (≤ 90 min) 
in FL patients (first-line 395 patients, relapsed/refractory 
150 patients) responding to induction treatment. The 
full course of  RM was completed by 407 patients (58 
patients discontinued due to progression, 16 patients due 
to toxicity). R-related adverse events were reported in 57 
patients, the most common being infections (22 patients)[28].

On the other hand, in an analysis of  215 patients 
from Memorial Sloan-Kettering Cancer Center, hypo
gammaglobulinaemia was registered in 39% of  patients 
with normal baseline levels following exposure to R, and 
10% needed intravenous immune globulin replacement for 
symptomatic hypogammaglobulinaemia[29].

COST-EFFECTIVENESS OF MAINTENANCE 
The cost-effectiveness of  R in the treatment of  patients 
with FL is an important issue[30]. Regarding the cost-
effectiveness of  RM, after induction therapy vs current 
standard practice (observation), a lifetime transition model 
was developed[31] based on PFS and OS obtained from 
the EORTC 20981 trial. The results tend to show that 
RM therapy may be a cost-effective strategy in the man-
agement of  relapsed/refractory FL patients, at least in 
France. The cost of  R was partly offset by the lower cost 
of  relapse due to a longer time in the disease-free health 
state for patients in the R arm. An analysis concerning 
the cost-effectiveness of  first-line RM in patients with 
untreated FL has been reported in the perspective of  the 
UK National Healthcare Service[32]. Based on evidence 
from the PRIMA trial, the simulation of  incremental 
cost-effectiveness ratios (ICERs) demonstrated that the 
superior clinical benefits of  first-line RM are sufficient to 
justify the additional costs over observational practice.

ALTERNATIVE STRATEGIES
An alternative consolidation strategy could be the use 
of  radioimmunotherapy (RIT). Morschhauser and col-
leagues[12] have reported results of  the FIT trial: in this 
study patients who entered first remission with chemo-
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 Reference No of.
patients

Grade 3-4 
AE 

Neutropenia
(grade 3-4)

Grade 3-4
Infections

 Haisworth
 et al[16]

   62 9% vs 4% 2% vs 0% 0

 Ghielmini
 et al[14]

 Martinelli 
 et al[19]

  185 28% vs 20%
18% vs 17% NA

 Hochster
 et al[17]

  228 NA 3% vs 1% 1% vs 1%

 Forstpointner
 et al[10]

  105 NA 13% vs 6% 4% vs 3%

 van Oers
 et al[6]

  334 NA 10.8% vs 5.4%
(P = 0.07)

9% vs 2.4%
 (P = 0.009)

 Salles 
 et al[18, 23]

1018 23% vs 16% 4% vs 1% 4% vs 1%

Table 4 Toxicities in trials comparing rituximab maintenance 
vs  observation in follicular lymphoma
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therapy or immunochemotherapy were randomized to 90Y 
ibritumomab or to observation. There was a significant 
improvement in the failure-free survival rate for RIT con-
solidation in patients who had received induction therapy 
with only chemotherapy. Nevertheless, RIT may be an 
attractive consideration in elderly patients where anthracy-
cline induction is not desired and the burden of  every-8-
week therapy for 2 years is too much. 

DISCUSSION
RM has emerged in recent years as a very appealing thera-
peutic strategy in patients affected by FL responding to 
induction treatment, as all randomized trials concordantly 
demonstrated that this practice is safe, has an acceptable 
toxicity profile and significantly improves response dura-
tion and PFS. However, many features of  this topic have 
not yet been fully elucidated and have to be critically dis-
cussed. First of  all, every single trial was unable to support 
a significant OS benefit, even after considerable follow-up. 
Probably the main reason for this is that patients with FL 
retain sensitivity to chemo-immunotherapy for long pe-
riods and those who did not undergo RM could often be 
effectively rescued with salvage R-containing treatments. 

Although the meta-analysis recently published dem-
onstrated a survival benefit for maintenance treatment, 
especially in relapsed patients, the limitations of  this type 
of  analysis that pool data obtained in different settings 
of  patients (first-line or relapsed, R naïve or not), treated 
with different induction regimens (R alone, chemotherapy 
alone, or chemo-immunotherapy) cannot permit definitive 
conclusions. Moreover, none of  the studies comprised in 
the meta-analysis explored the effect of  RM after the first-
line current standard of  care in patients affected by FL, i.e. 
immunochemotherapy. For this reason the striking prelimi-
nary data of  the large international PRIMA study on RM 
after frontline immunochemotherapy (R-CVP, R-CHOP, 
R-FM), that confirmed the efficacy of  this strategy on PFS 
(with halved risk of  relapse at 2-years) without any relevant 
toxicity, seem to open the door to the acceptance of  this 
strategy as a new standard of  care[18]. However, other al-
ternative post-induction consolidation strategies, such as 
radio-immunotherapy[12], have been developed and demon-
strate an improvement in PFS similar to that of  PRIMA, 
albeit with a chemotherapy only induction approach in the 
majority of  patients: for these reasons future studies di-
rectly comparing these different options are needed. More-
over, a new generation of  monoclonal antibodies, such as 
the new anti-CD20 monoclonal antibody GA-101, is now 
coming from the bench to the bedside, and could eventu-
ally be incorporated in future maintenance strategies. 

At the present time, the best chemotherapy regimen in 
combination with R in first-line treatment (CHOP, CVP, 
FM or Bendamustine) is not known, and it is not clear 
whether RM could have different efficacy after different 
immuno-chemotherapeutic regimens. Some ongoing trials 
are trying to address these issues.

Another important issue is that the best schedule (4 

weekly infusions every 6 mo or a dose every 2 or 3 mo) 
and the optimal duration of  RM (8 mo, 2 years or until 
progression) has not been determined, as the different 
schedules and treatment durations have not been directly 
compared. An ongoing Swiss study is comparing 2 years 
vs 5 years of  maintenance: preliminary safety data after a 
median maintenance time of  3.3 years seem to suggest 
that RM beyond 2 years is feasible without evidence of  
increased toxicity, even if  it is too early to draw definitive 
conclusions about the safety of  RM administered beyond 
2 years[33].

In conclusion, RM has shown to be effective and well 
tolerated in the majority of  patients. Current available 
results of  randomized trials support the benefit of  RM in 
all relapsed patients responding to 2nd line treatment and 
not candidates for intensive approaches (autologous stem 
cell transplantation) and this strategy has been approved 
by regulatory organisations in many countries. Finally, 
preliminary results of  the PRIMA study seem to open the 
door to incorporate RM after successful induction immu-
nochemotherapy in the comprehensive standard 1st line 
therapeutic strategy for patients affected by advanced FL 
requiring treatment. Definitive data of  the PRIMA trial 
and future comparative studies with other alternative post-
induction consolidation or alternative maintenance strate-
gies (i.e. with new monoclonal antibodies), are ultimately 
needed to define the standard of  care in the near future 
for untreated patients affected by FL.
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Abstract
This article provides a review of Blood Oxygen Level 
Dependent functional magnetic resonance imaging 
(BOLD fMRI) applications for presurgical mapping in 
patients with brain tumors who are being considered 
for lesion resection. Initially, the physical principle of 
the BOLD effect is discussed, followed by a general 
overview of the aims of presurgical planning. Subse-
quently, a review of sensorimotor, language and visual 
paradigms that are typically utilized in clinical fMRI 
is provided, followed by a brief description of studies 
demonstrating the clinical impact of preoperative BOLD 
fMRI. After this thorough introduction to presurgical 
fMRI, a detailed explanation of the phenomenon of 
neurovascular uncoupling (NVU), a major limitation 
of fMRI, is provided, followed by a discussion of the 
different approaches taken for BOLD cerebrovascular 
reactivity (CVR) mapping, which is an effective method 
of detecting NVU. We then include one clinical case 
which demonstrates the value of CVR mapping in clini-
cal preoperative fMRI interpretation. The paper then 

concludes with a brief review of applications of CVR 
mapping other than for presurgical mapping.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Blood Oxygen Level Dependent functional magnetic 
resonance imaging (BOLD fMRI) is a brain mapping 
technique using deoxyhemoglobin contained in the blood 
vessels as an endogenous contrast agent to produce func-
tional activation maps[1].

Neural activation induces a transient increase in re-
gional oxygen extraction from the blood that is coupled 
with a much larger increase in cerebral blood flow (CBF) 
and cerebral blood volume (CBV). This influx of  oxygen-
ated hemoglobin results in a net decrease in regional de-
oxyhemoglobin concentration. This drop in paramagnetic 
deoxyhemoglobin concentration leads to an increase in 
the magnetic relaxation times T2 and T2*. The mapping 
of  eloquent areas is thus obtained by acquiring T2 or T2*-
weighted images consecutively while the subject is at rest 
or performing a task, and detecting the signal increase 
related to the local reduction of  deoxyhemoglobin con-
centration accompanying the functional activation relative 
to baseline. 
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fMRI studies are carried out using a gradient echo se-
quence with echo planar readout[2]. This sequence is very 
sensitive to the static local magnetic field inhomogene-
ities and therefore is suitable for detection of  T2* related 
signal changes, and at the same time allows scanning of  
the whole brain within one repetition time (TR) of  2-3 s.  
The subject performs a cognitive, sensorimotor or visual 
paradigm inside the bore of  the MRI scanner during 
image acquisition. In a typical clinical fMRI paradigm, a 
block design is used consisting of  20-30 s blocks (a.k.a., 
epochs) of  rest or control tasks alternating with blocks 
of  active tasks. In this way the subject’s brain activity is 
usually monitored for a total duration of  200-300 s by ac-
quiring whole brain MR images with a good spatial (typi-
cally 3 mm �� �����  �� ������������������������������������     × �����  �� ������������������������������������     3 mm �� ������������������������������������     × ������������������������������������     3 mm) and temporal resolution (e.g. 
2 s). Four dimensional (3D+time) datasets are created 
where a signal time series is recorded and stored for each 
voxel. Functional activation maps are obtained by detect-
ing areas of  the brain showing a statistically significant 
signal increase due to the executed active task relative to 
the resting or control task.

To achieve this goal, a series of  processing steps needs 
to be carried out on the fMRI dataset[3]. First the raw im-
ages are initially time shifted so that all the slices in each 
whole brain acquisition (volume) that occur in one TR re-
sult as if  they were acquired at the same time. Then all the 
volumes are registered to a reference volume to correct 
for small head motions. A further preprocessing step con-
sists of  spatially smoothing each voxel signal time series in 
order to reduce low and high frequency noise.

At this point a statistical analysis is carried out that 
aims to determine, voxel by voxel, the “goodness of  the 
fit” of  the signal time series to a theoretical hemodynamic 
response function obtained by convolving the paradigm 
timing with an impulse response function (Figure 1). The 
“goodness of  the fit” can be expressed through several 
statistical parameters, such as P-value, Z or t score or cross 
correlation coefficient.

Activation maps are generated choosing a threshold 
(significance) on the statistical score. The suprathreshold 
regions are visualized as “hot spots,” often overlaid in 
color and coregistered on a higher resolution anatomical 
MR image (Figure 2).

The neurobehavioral paradigms used for functional 
MRI studies can be divided into two categories, block-
design and event-related design. Block design paradigms, 
which are more commonly used clinically, utilize consis-
tent and repeated blocks of  stimuli (active task) and rest 
(control task), often of  the same duration. 

In the event-related paradigm design single events are 
used as stimuli instead of  epochs of  consecutively admin-
istered multiple stimuli. Each trial is considered separately 
as being time locked to the beginning of  the stimulus, 
and signal changes are explored in relation to the onset 
of  the event generated by the trial.

Block design paradigms provide higher sensitivity for 
detection of  statistically significant signal changes be-
tween the control and active conditions as well as allow 
for better patient compliance, and for these reasons are 

generally preferred for clinical fMRI studies[4].
Introduced in the early nineties by Ogawa et al[5], 

BOLD fMRI has become an extensively used imaging 
technique in the neuroscience community.

BOLD fMRI has been applied to the study of  a 
broad spectrum of  brain functions from simple motor 
and visual activities to complex language, memory and 
emotion and even higher-level reasoning tasks such as 
abstract mathematical reasoning[6]. 

In the last decade it has made the transition from 
a purely research imaging technique to a viable clini-
cal technique used primarily for presurgical planning in 
patients with brain tumors and other resectable brain le-
sions.

CLINICAL FMRI FOR PRESURGICAL 
PLANNING
The goal of  surgical treatment of  brain lesions is the 
maximization of  lesion resection with simultaneous mini-
mization of  damage to eloquent surrounding normal 
brain tissue in order to minimize the risk of  postoperative 
neurological deficits[7,8]. Several studies have demonstrated 
that patient survival and quality of  life improve with the 
extent of  resection, provided that there is an absence of  
surgically-induced permanent neurologic deficits[9]. For 
this reason it is of  paramount importance to identify the 
eloquent cortical areas within the lesions or in close spa-
tial proximity to its borders that are at risk of  being dam-
aged during surgery, as well as to avoid the interruption 
of  “eloquent” white matter fiber tracts that can also lead 
to loss of  neurological function. These areas are usually 
identified using more invasive brain mapping techniques, 
such as the gold standard ECS (intraoperative electro-
cortical stimulation mapping) for localization of  critical 
functional areas during awake or asleep craniotomy, the 
implantation of  a subdural grid for brain mapping using 
electrocorticography[10], the recording of  intraoperative 
somatosensory or motor evoked potentials. The some-
what less invasive Wada test used for the identification 
of  the dominant language hemisphere (but not eloquent 
cortical localization) is also not without risks. In contrast, 
BOLD fMRI is performed preoperatively, is completely 
non-invasive and safe, allows for whole brain mapping 
and in conjunction with high resolution MR structural 
images can depict with accuracy the spatial relationship 
between the margin of  a lesion and functionally viable 
brain tissue.

BOLD fMRI for presurgical planning provides the 
neurosurgeon with a valuable tool because it allows for 
accurate assessment of  risk of  postoperative motor, 
cognitive (including language), visual and somatosensory 
deficits, which is very useful for both surgical decision-
making with respect to extent of  resection and informed 
discussions with patients regarding risks and benefits of  
surgical resection[11]. Furthermore, in cases for which a de-
cision in favor of  resection has been made, BOLD fMRI 
can determine the safest surgical trajectory to the lesion. 
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Preoperative fMRI activation maps can guide the intraop-
erative cortical stimulation (ICS) mapping, reducing the 
total surgical time and associated risk of  morbidity related 
to invasive mapping as reported in the literature[12,13].

Performance of  clinical fMRI studies in patients 
suffering from brain tumors or other resectable brain 
structural lesions, who are often neurologically impaired, 

requires special considerations with respect to patient 
preparation, neurobehavioral evaluation and paradigm 
selection, which would not be necessary in normal volun-
teer research fMRI studies.

The choice of  paradigms depends mainly on the loca-
tion of  the lesion and the patient’s ability to adequately 
perform individual tasks[14]. For example if  a brain tumor 
is adjacent to the inferior frontal gyrus, one or more 
expressive language tasks should be performed by the 
patient in order to determine the proximity of  functional 
Broca’s area to the lesion. Similarly, if  the lesion is peri-
rolandic in location, tasks that are known to reproduc-
ibly activate the primary motor cortex (PMC) should be 
used (Figure 3). In both cases, the exact task (s) chosen 
will depend on the patient’s ability to adequately perform 
each of  a battery of  available tasks in each category, as 
assessed during a prescan training session.

A combination of  neuroradiologist review of  avail-
able prior structural brain MR imaging studies and pr-
escan interview by a neuroradiologist or other physician 
(through which medical/neurological history is obtained 
and gross functional deficits are determined) determines 
the battery of  likely useful BOLD fMRI paradigms for 
a particular patient. Once this battery has been selected, 
it is necessary to perform a prescan training session in 
which the patient is instructed regarding each task and 
asked to practice each task to objectively assess perfor-
mance capability and assess for subtle cognitive or senso-
rimotor deficits that might impair task performance. 

Currently, clinical BOLD fMRI for presurgical plan-
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Figure 1  Magnetic resonance signal time series (black line) in an acti-
vated voxel. Subject was engaged in a language phonemic task over a time 
period of 260 s. The red line curve represents the ideal hemodynamic response 
function the voxel time series was fitted to. Very good correlation between the 
two curves can be easily seen. AFNI software (afni.nimh.nih.gov) was used for 
data processing.

Figure 2  Activation (colored voxels) in the Broca’s and Wernicke’s areas 
in a normal subject performing a phonemic fluency task. The t-score map 
was thresholded at 4.0 value (P < 0.001) and superimposed on a high resolu-
tion T1 weighted MPRAGE image. AFNI software (afni.nimh.nih.gov) was used 
for data processing.

Figure 3  Hand Motor mapping in a patient with a lesion located in the right 
perirolandic region. Images were acquired on a 3 T magnetic resonance imag-
ing scanner. AFNI software (afni.nimh.nih.gov) was used for data processing.
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ning is used to map the motor, language and the visual 
eloquent cortex utilizing a variety of  well-documented 
paradigms from the fMRI literature and multicenter clini-
cal experience that have demonstrated consistent efficacy 
in mapping eloquent cortex[15]. Below a brief  description 
of  the most commonly used paradigms for presurgical 
mapping by fMRI is reported.

SENSORIMOTOR PARADIGMS
Paradigms to map the sensorimotor areas have been used 
since the first days of  clinical fMRI. Most patients are 
able to perform these tasks, and these tasks do not re-
quire special equipment. These paradigms are used during 
a clinical fMRI exam when brain lesions are in proximity 
to the PMC. They are usually implemented with a simple 
block design in which blocks of  complete absence of  
any body movement alternate with blocks of  continuous 
movement of  the specific part of  the body whose cortical 
representation area needs to be determined. A unilateral 
or bilateral finger tapping task is most often used for the 
localization of  the PMC because the hand representation 
area comprises a large portion of  the motor homunculus 
and yields a robust BOLD signal[16]. These paradigms also 
yield robust activation of  the supplementary motor area 
(SMA) and the premotor cortex. A hand grasp task can 
also be run for the same purpose. Furthermore, if  the 
lesion is anatomically located more superomedially along 
the PMC in a parasagittal or midline convexity location, a 
toe or ankle movement task is needed in order to deter-
mine the foot representation area of  the PMC[17], whereas 
if  the lesion extends more inferiorly, involving the frontal 
opercular region, a tongue or lip movement task can be 
performed to localize the face representation area of  the 
PMC. It is worth mentioning that these motor paradigms 
also elicit activation in the ipsilateral cerebellar hemi-
sphere.

LANGUAGE PARADIGMS
The main goals of  language presurgical mapping by 
fMRI are to provide the neurosurgeon with information 
about cerebral hemispheric language lateralization as 
well as precise localization of  critical eloquent language 
cortex with respect to the margins of  potentially resect-
able brain lesions. A large number of  effective research-
level language activation paradigms have been reported 
in the literature, and given the variety of  approaches used 
for fMRI language mapping across different institutions, 
there still remains a need for standardization for clinical 
use[18]. However, we will describe in this article a series of  
paradigms that have been frequently used in the clinical 
setting. 

Phonemic verbal fluency or phonological tasks are ad-
ministered mainly with the purpose of  localizing Broca’s  
area in the frontal lobe which is responsible for speech 
production. Silent Word Generation or Verb Genera-
tion are two tasks well documented in the clinical fMRI 
literature that activate expected expressive language cor-

tex including the dorso-lateral prefrontal cortex, inferior 
frontal gyrus, variably cingulate language regions, SMA, 
premotor and motor regions[19]. In performing these tasks 
patients are asked to produce nouns or verbs associated, 
respectively, with a presented letter or noun. Control 
tasks for these paradigms usually consist of  simple fixa-
tion. The Rhyming paradigm is an interesting example 
of  a dual choice phonological processing task[20]. During 
the active block of  this task, pairs of  words are displayed 
visually and patients are required to press a button on 
a response pad if  the words rhyme, whereas during the 
control block two rows of  stick figures are shown and 
patients are required to press the button if  the two rows 
match. The verbal fluency and rhyming tasks have also 
been demonstrated to effectively lateralize hemispheric 
language function[21,22]. 

Another expressive task often used both for presurgi-
cal fMRI and intraoperative mapping is object naming, 
which requires the patient to name presented pictures in 
blocks alternating with periods of  fixation. This task is a 
poor lateralizing task because of  its tendency to activate 
nonessential as well as essential eloquent cortex, often in 
a bihemispheric pattern representative of  the global lan-
guage network.

Receptive paradigms are useful to localize Wernicke’s  
area (posterior aspect of  the superior temporal gyrus) 
and other eloquent cortical areas in the dominant tempo-
ral-parietal region such as supramarginal gyrus, angular 
gyrus, inferior temporal gyrus and middle temporal gyrus. 
These paradigms generally include language comprehen-
sion tasks such as sentence reading or listening compre-
hension and can be designed to be forced choice para-
digms in which patient performance can be monitored 
using recordings of  button presses on a response keypad. 
Another very useful receptive language task is a passive 
story listening task, in which patients are asked simply to 
passively listen to blocks of  garbled speech alternating 
with blocks of  meaningful stories[23]. 

Semantic paradigms constitute another category of  
language tasks. They are designed to be useful for lan-
guage lateralization and localization of  inferior frontal as 
well as temporoparietal language areas in the dominant 
cerebral hemisphere. Typical semantic paradigms require 
the association between a noun and a category (e.g. dog-
animal) or a noun and a verb (e.g. dog-bark)[20]. These 
paradigms are also designed to be forced choice in order 
to monitor patients response. During the control block, 
patients are engaged in dual choice tasks not involving 
language processing. 

VISUAL PARADIGMS
The most efficient and complete method to map the vi-
sual cortex is to use expanding (or contracting) checkered 
rings to activate retinal locations at successively greater 
eccentricities and to use a rotating checkered wedge or 
hemifield to map successive angular positions[24].

In doing so, each quadrant of  the visual field can 
be identified and the central vision can be distinguished 
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from the peripheral vision, the latter being essential for 
reading.

Neurons responding preferentially to visual stimula-
tion at different locations in the visual field are activated 
at different times during each of  the stimulus sequences. 
Activation maps can be displayed color coding the de-
lay in activation relative to each quadrant of  the visual 
field and/or the relative eccentricities. Many other visual 
stimulation tasks can be used to simply activate the pri-
mary visual cortex without providing sensitive retinotopic 
mapping; most of  these tasks incorporate some kind of  
flashing checkerboard-type stimulus.

CLINICAL VALIDATION AND SURGICAL 
IMPACT
The early era of  clinical functional imaging validation 
studies were conducted comparing the results of  pre-
operative fMRI with those obtained using intraopera-
tive ‘gold standard’ brain mapping techniques. Excellent 
concordance has been reported between the pattern of  
activation revealed by fMRI and ICS mapping for motor 
mapping[25-30]. A high degree (between 80% and 100% 
in most series) of  concordance between these two tech-
niques has also been found for language mapping[31-33]. 
For example, a recent study by Bizzi and colleagues found 
83% sensitivity and 82% specificity for BOLD imaging 
localization when compared to ICS[34]. Moreover, several 
studies have demonstrated the effectiveness of  fMRI for 
determining language lateralization because of  the agree-
ment (90%-100% in most series) between the results of  
fMRI and the Wada test or neuropsychological testing[31]. 

BOLD fMRI can have a remarkable impact on surgi-
cal management of  brain tumor patients. Petrella and 
colleagues demonstrated how the results of  presurgical 
fMRI altered the surgical treatment plan in 19 out of  
39 patients (P < 0.05), allowing in most cases a more 
aggressive approach than that which would have been 
taken without access to the results of  fMRI, and surgi-
cal time was also reduced in the majority of  cases[12]. A 
similar study by Medina et al[13] suggested an impact of  
preoperative fMRI on not just the overall surgical plan 
but specifically the intraoperative mapping plan in 52% 
of  cases. fMRI also eliminated the need for performance 
of  further preoperative diagnostic studies, including the 
Wada test. In another study the positive impact of  fMRI 
on patient outcome was demonstrated in a group of  22 
patients who underwent preoperative motor fMRI; only 6 
experienced mild postoperative neurological deficits but 
they all fully recovered within 3 mo[35]. 

BOLD fMRI offers several advantages compared to 
ICS. However, these two techniques play a complemen-
tary role because of  their different nature and the re-
spective limitations. BOLD fMRI is a positive activation 
technique, whereas ICS allows more specific detection of  
only critical, but not nonessential participatory, eloquent 
cortical regions by inducing the arrest or disruption of  
normal function. Thus, fMRI is more capable of  depict-

ing the global language network at the expense of  pro-
ducing ‘false positives’ with respect to essential eloquent 
cortical mapping when compared to ICS, which only 
indicates such essential functional cortex[36].

LIMITATIONS OF BOLD FMRI AND 
ROLE OF BOLD CEREBROVASCULAR 
REACTIVITY MAPPING 
The significance of neurovascular uncoupling
Activation maps obtained by BOLD fMRI are based on 
the coupling between neuronal firing and hemodynamic 
changes such as increased blood flow, blood volume and 
oxygenation occuring in the vasculature adjacent to ac-
tivation areas. However, in many brain diseases the neu-
rovascular coupling has been reported to be altered. Ex-
amples include, but are not limited to carotid occlusion, 
transient global ischemia, penumbra of  cerebral ischemia, 
subarachnoid hemorrhage, epilepsy and Alzheimer’s 
disease (AD)[37-42]. In brain tumors this relation is often 
severely altered because it has been demonstrated both 
in angiographic as well as in MRI studies that tumor vas-
culature responds much less vigorously to physiological 
stimuli than vessels in normal cerebral cortex[43-45]. The 
inability of  such aberrant microvasculature to display a 
normal BOLD response to neural stimulation is referred 
to as neurovascular uncoupling (NVU). Hence, in the 
setting of  NVU, false negatives can be seen on activa-
tion maps, thus limiting the ability of  fMRI to adequately 
define areas of  eloquent cortex in the vicinity of  or actu-
ally within a lesion where loss of  normal cerebrovascular 
autoregulation occurs. It is not uncommon to observe 
eloquent cortex in regions of  impaired cerebrovascular 
reactivity (CVR), and multiple published studies have re-
ported unreliable results of  presurgical mapping, both in 
terms of  reduced activation measured in the hemisphere 
ipsilateral to the tumor and in terms of  incorrect assess-
ment of  language dominance, which can be attributed to 
NVU[45-47]. Decreased BOLD fMRI activation volumes in 
the tumor ipsilateral hemisphere have also been shown 
to correlate with increased rCBV in patients with high 
grade gliomas demonstrating the loss of  autoregulatory 
capability in tumor neovasculature[48]. This is a critical 
issue in presurgical mapping using BOLD fMRI, since 
false negative activation may result in inadvertent surgical 
resection of  functional cortex, with resultant permanent 
postoperative neurological deficits. Since the aim of  neu-
rosurgical intervention is the maximization of  resection 
of  diseased (e.g. tumor or epileptogenic zone) brain tis-
sue with simultaneous maximal preservation of  eloquent 
cortex, surgical decision-making based on preoperative 
fMRI activation maps relies heavily on the absence of  
false negative activation. NVU potential must, therefore, 
be adequately assessed in order to provide accurate acti-
vation maps for surgical planning purposes. 

CVR mapping
Since the relaxation of  arterial smooth muscle, which 
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strongly depends on the blood CO2 partial pressure 
(PCO2), is thought to be responsible for maintaining the 
blood flow in the microcirculation distal to large feeding 
vessels, the cerebrovascular autoregulation can be inves-
tigated by manipulating the PCO2 level in the blood. The 
CVR is then defined as the change in blood flow per unit 
change in PCO2. 

CVR can be measured by different imaging modali-
ties, including Transcranial Doppler, Single Photon Emis-
sion Computed Tomography, Positron Emission Tomog-
raphy and MRI. Early imaging-based measurements of  
CVR detected the magnitude of  blood flow change in 
response to the administration of  a contrast agent[49-51].

However, MRI has become the preferred choice be-
cause of  its noninvasiveness and good spatial resolution. 
Furthermore, qualitative and quantitative CVR measure-
ments can be obtained by using BOLD MR sequences 
identical to the ones used in functional MRI that do not 
require use of  exogenous contrast agents. 

As mentioned in the introduction of  this review, the 
BOLD contrast arises from the decrease of  deoxyhemo-
globin (dHb) resulting from neuronal activation. Since 
increases in PCO2 cause dilation of  cerebral blood vessels 
without increasing the metabolic rate of  brain parenchy-
ma, and changes the dHb concentration in the cerebral 
vasculature, BOLD MR imaging can be used to test vas-
cular reactivity following a hypercapnia challenge[52].

Hypercapnia can be induced by various approaches. 
In general, these methods can be categorized into two 
types[53-61]: breath-hold (BH), and inhalation of  CO2-
manipulated air. For the first category, the subject is in-
structed via visual or auditory cues to hold his breath for 
a short period (normally 10-20 s), which is interleaved 
with normal breathing periods for a total paradigm dura-
tion of  approximately 4-5 min. The best reproducibility 
has also been reported for a breath hold task of  15-20 s 
duration compared to longer and shorter periods[62]. Data 
are pre-processed similar to BOLD functional imaging 
data, and maps of  percentage signal change or cross cor-
relation with an expected hemodynamic response func-
tion are provided for assessment of  CVR. The typical 
hemodynamic response used for neuronal activity-based 
signal change can be used to model BH related signal 
change; however, a more accurate model has recently 
been developed accounting for a slower signal change for 
BOLD-related respiratory response[63]. The hypercapnia 
condition is established a few seconds into the BH pe-
riod, and increased BOLD signal can be detected in nor-
mal brain regions. After BH, the subject quickly recovers 
to normocapnia during the normal breathing period. A 
brief  inspiration or expiration is commonly performed 
before the start of  BH. In general, there is no significant 
advantage found for inspiration or expiration BH tech-
niques[64]. It has been suggested that inspiration BH is 
preferable for easier patient tolerance and larger BOLD 
signal change[64]. Nevertheless, at ultra-high field, it is 
found that altered oxygen concentration in the nasal cav-
ity during end-inspiration may result in artifactual signal 
changes, which confound the interpretation of  the CVR 

measurement[65]. The main advantage of  the BH method 
is that it does not require sophisticated equipment and 
can be easily performed during a routine clinical MR 
imaging session, but the main drawback of  this method 
is the impossibility of  quantitation of  CVR using this ap-
proach.

The second category of  methods involves adminis-
tration of  air with altered CO2 or O2 levels[55,57,59-61]. The 
main advantage of  this approach is that it allows precise 
control of  the content of  inhaled air, and end tidal (ET) 
CO2 can be monitored during the experiments, which 
furnishes a quantitative measure of  the induced hyper-
capnia condition that can enable a quantitative assess-
ment of  CVR. In addition, the detected BOLD signal is 
less likely to be contaminated by BOLD signal changes 
related to neuronal activation secondary to visual or au-
ditory processing that would typically affect BH-based 
methods. On the other hand, it normally takes longer to 
build up a hypercapnia condition that produces sufficient 
BOLD signal changes with these types of  stimuli. The 
equipment setup time and patient training needed for use 
of  such gas delivery systems could be relatively problem-
atic for routine clinical use, especially with debilitated pa-
tients, but a few groups have proposed and built special-
ized systems for clinical applications[55,57]. These methods 
typically require the use of  a facial mask and the setup of  
experimental apparatus to control the CO2 delivery, but it 
offers the advantage that by continously monitoring the 
change of  ET CO2 level in the blood, quantitative CVR 
measurements can be performed[66]. Protocols to detect 
CVR by a CO2 inhalation task usually include the admin-
istration through a mask of  air and a CO2/air mixture for 
induction of  artificial hypercapnia, with CO2 concentra-
tion varying from 5% to 10%[67-69]. The ET-CO2 levels are 
monitored by using infrared devices. The paradigm de-
sign for alternate delivery of  air and gas mixture is similar 
to the block design used to study brain activation. Still 
there is lack of  standardization of  epoch duration; how-
ever, a recent study by Yezhuvath et al[57] demonstrated 
that a paradigm with air breathing for 1 min interleaved 
with 1 min CO2 breathing, repeated three times is sensi-
tive enough for CVR measurement because the results 
were not significantly different from the ones obtained 
with longer epochs of  air and CO2 breathing. More im-
portantly, a recent study has suggested that inspiration of  
4% CO2, 21% O2 and balanced N2 is the preferred meth-
od to induce hypercapnia, because BH and inhalation of  
CO2/O2 mixture without N2 could elicit unwanted meta-
bolic activities in the brain[55].

Following standard BOLD fMRI preprocessing steps 
and correcting for dephasing between the BOLD signal 
and the recorded pressure of  end-tidal CO2 (PET-CO2), 
signal quantitative CVR maps are computed voxel by 
voxel by the ratio between MR signal change due to CO2 
inhalation over the related pCO2 changes and are ex-
pressed in units of  percentage MR signal change/mmHg 
CO2 (Figure 4). The rationale for this definition comes 
from the proportionality between the BOLD signal and 
CBF, as well as the definition of  CVR as the change in 
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CBF per unit change in PCO2. However, the simple ad-
ministration through a mask of  air and CO2 is more likely 
to provide semiquantitative rather than purely quantita-
tive CVR maps. It is, indeed, necessary to control and 
modify the CO2 level rapidly and precisely in order to 
gain the required square wave changes in PET-CO2, and 
when patients are simply inhaling CO2 through a mask 
they hyperventilate in order to blow off  the CO2. For this 
reason, long experimental times are also needed to reach 
a steady PET-CO2 level before hypercapnia measure-
ments can be effectively performed.

In order to overcome the above-mentioned problems 
relating to standard, a special device has recently been 
developed that offers some advantages towards a more 
accurate measurement of  CVR[70]. This device consists 
of  a rebreathing circuit that rapidly changes the PCO2 
between two steady levels keeping constant the ET oxy-
gen levels (ETO2) during BOLD image acquisition[69]. In 
this way, a controlled reproducible physiologic stimulus is 
applied that allows truly quantitative CVR measurement. 
Experimental applications of  this tool have been car-
ried out in patients affected with Moyamoya and steno-
occlusive diseases and the results have been validated 
by comparison with different imaging modalities[55,71,72]. 
However, to date, no such applications of  such a device 
have been performed in brain tumor patients, and con-
cerns have been raised regarding such patients’ ability to 
tolerate such methods.

CLINICAL EXAMPLE OF NVU DETECTED 
WITH BH CVR MAPPING
A 39-year-old male with previous surgical resection of  a 
grade Ⅱ well differentiated diffuse astrocytoma present-
ed with tumor recurrence at the surgical bed. As shown 
on the axial precontrast T2 FLAIR and postcontrast T1 
weighted 3D MPRAGE images, a nonenhancing, FLAIR 
hyperintense nodular mass is seen along the medial aspect 

of  the surgical resection cavity. The patient presented 
with distal left lower extremity weakness, with specifically 
left foot weakness with respect to plantar flexion and ex-
tension, but did not demonstrate any upper extremity or 
facial weakness. Presurgical BOLD fMRI demonstrates 
expected activation in the hand representation area of  the 
PMC, but absent activation is seen in the foot representa-
tion area of  the PMC more superomedially (Figure 5). 
The corresponding BH CVR map demonstrates abnor-
mally reduced regional CVR in this area, suggesting NVU 
and high risk of  false negative activation (Figure 6). In 
this case, susceptibility artifact from the previous surgery 
is also likely to be at least partially contributory, but NVU 
likely represents the main reason for false negative activa-
tion. Given the presence of  intact motor strength in the 
left lower extremity including some degree of  preserved 
mobility of  the foot, this does not represent true negative 
activation due to complete absence of  eloquent cortex 
and resultant complete loss of  function, but rather repre-
sents false negative activation; although functional cortex 
remains, it is impossible to elicit BOLD activation in the 
foot representation area of  the PMC due to NVU. Based 
on this detection of  NVU, a decision was made by the 

Figure 4  Example of cerebrovascular reactivity measurement using 
administration of air with altered CO2 or O2 levels: after time shifting the 
Blood Oxygen Level Dependent signal pattern closely follows pressure of 
end-tidal CO2 (end tidal pressure of carbon dioxide) pattern (from Vesely 
et al[69]). Blood Oxygen Level Dependent magnetic resonance imaging and 
pressure of end-tidal CO2 (PET-CO2) signals are reported in arbitrary units. 
BOLD: Blood Oxygen Level Dependent.
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Figure 5  Color coding of Blood Oxygen Level Dependent activation map, 
overlaid on noncontrast T1-weighted 3D MPRAGE axial images, is as 
follows: magenta refers to left hand motor task activation (hand opening/
closing), thresholded at a T value of 4.6, while red refers to the right hand 
motor task, thresholded at a T value of 4.5, and cyan/light blue refers to 
bilateral foot motor task (toe flexion/extension), thresholded at a clustered 
cross-correlation value of 0.50. Note the striking absence of any activation 
on the foot motor task in the foot representation area of the right (ipsilesional) 
primary motor cortex as well as absence of activation in the superior frontal 
gyrus (supplementary motor area), while the contralateral homologous regions 
demonstrate expected activation, as seen color-coded in cyan. 
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neurosurgeon to approach the resection of  the recurrent 
lesion cautiously and to perform intraoperative cortical 
stimulation mapping for adequate determination of  the 
location of  the foot representation area of  the PMC. The 
activation maps were useful, however, to delineate the 
hand representation area, and this did affect the extent of  
craniotomy needed for adequate intraoperative mapping. 

OTHER CLINICAL APPLICATIONS OF 
CVR MAPPING
While CVR is considered a sensitive indicator for assess-
ing the brain’s ability to dynamically adjust its energy sup-
ply, the clinical applications of  CVR mapping (aside from 
presurgical mapping) are yet to reach their full potential, 
mainly due to technical constraints. In recent years, with 
the development of  various advanced approaches, viable 
clinical applications of  CVR mapping have emerged. 

CVR mapping in cerebrovascular disease is emerging 
as a promising tool for clinicians involved in the evalu-
ation of  patients at risk for stroke. A few studies have 
been reported using hypercapnia induced BOLD MRI 
signal response to probe CVR in patients with arterial ste-
no-occlusive diseases such as carotid artery stenosis[55,71,72]. 
For example, a patient with right middle cerebral artery 
occlusion and Moyamoya phenomenon secondary to 
aplastic anemia showed paradoxical CVR values in the 
right middle cerebral artery territory in the cortex[55].

CVR mapping is also a powerful method to detect 
abnormal neurovascular coupling and physiological ef-
fects of  pharmacological agents in the brain. For instance, 
quantitative CVR approaches have been used to monitor 
CVR changes in the brain from caffeine consumption[73-75]. 
The coupling ratio between CBF and the cerebral meta-
bolic rate for oxygen was found to be significantly de-
creased in both visual and motor cortices[73-75]. 

Another important application of  CVR mapping is 
in the research of  aging and neurodegenerative diseases. 
The blood vessels’ ability to dilate, which is reflected by 
CVR, may be a more sensitive biomarker than resting 
state perfusion. A recent study has demonstrated that 
CVR declined with age in a healthy adult cohort[76]. The 
decrease in CVR was shown to be steeper and spatially 
more extensive in the brain than resting state perfusion 
alterations. CVR in a mild AD patient group and age-
matched controls has also been assessed[77]. Significant 
brain CVR deficits were found in early AD subjects. The 
spatial distribution of  CVR reduction was different from 
that of  resting perfusion alterations, but appeared to be 
consistent with in vivo amyloid mapping findings. The 
magnitude of  CVR reduction correlated well with the 
volume of  leukoaraiosis.
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Abstract
A 66-year-old Japanese man with pancreatic cancer 
received eleven courses of gemcitabine monotherapy. 
The tumor responded to gemcitabine until metastatic 
liver tumors progressed. Subsequently, he was treated 
with S-1, an oral fluoropyrimidine anticancer agent, as 
salvage chemotherapy. Forty-two days after initiating 
S-1, he presented with dyspnea and fever. Chest com-
puted tomography showed diffuse interstitial lesions 
with thickening of the alveolar septa and ground glass 
opacity. Serum KL-6 level was elevated to 1,230 U/mL 
and he did not use any other drugs except insulin. 
Thus, the development of interstitial lung disease (ILD) 
was considered to be due to S-1. Arterial blood oxygen 

pressure was 49.6 Torr in spite of oxygen administra-
tion (5 L/min). Steroid therapy improved his symptoms 
and the interstitial shadows on chest radiograph. Al-
though S-1-induced ILD has mostly been reported to 
be mild, clinicians should be aware that S-1 has the 
potential to cause fatal ILD.
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INTRODUCTION
Most anti-neoplastic drugs have the potential to induce 
pulmonary toxicity, involving lung parenchyma, airways, 
pleura, and the pulmonary circulation. The mainstay of  
treatment of  drug-induced pneumonia is to identify and 
eliminate the causative agent as soon as possible. Gem-
citabine, a key drug for treating pancreatic cancer (PC)[1], 
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frequently induces interstitial lung disease (ILD). S-1, an 
oral fluoropyrimidine agent which can inhibit cell growth 
and induce apoptosis, was reported to be active against 
various malignancies in East Asian countries. Because S-1 
is active against gemcitabine refractory PC, as well as che-
motherapy naive PC, the quantity of  S-1 consumed in-
creases every year. However, only a few case reports have 
warned that S-1 may induce ILD during the treatment of  
a variety of  malignancies including PC. Here, we report a 
case of  S-1-induced ILD and a review of  the literature. 

CASE REPORT
A 66-year-old Japanese man with a history of  smoking 
2 packs of  cigarettes per day for 45 years was admitted 
to our hospital because of  back pain and appetite loss 
over the previous 2 mo. He had diabetes mellitus and had 
been treated with insulin self-injection for 10 years. Com-
puted tomography (CT) scan revealed a mass in the pan-
creatic tail. He was diagnosed with PC (cT2, cN0, cM0) 
and underwent curative distal pancreatectomy (pT2, pN0, 
pM0). Nine months after resection, an abdominal CT 
scan revealed tumor recurrence with multiple liver metas-
tases. He received eleven courses of  gemcitabine (GEM) 
monotherapy (1000 mg/m2 on days 1, 8, and 15, every  
4 wk) as first-line chemotherapy and obtained a partial re-
sponse. Chest CT scan at the time of  recurrence showed 
emphysematous lungs without ILD. After the eleventh 
course, abdominal CT scan revealed the progression of  
metastatic liver tumors. Therefore, we decided to replace 
GEM with S-1 (80 mg/m2 per day, administered for 4 
wk with 2 wk rest). Forty-two days after initiation of  
S-1, he experienced dyspnea on exertion and high fever 
(39.0℃) He was hospitalized due to hypoxemia (49.6 
Torr) in spite of  oxygen administration (5 L/min). Physi-
cal examination revealed no abnormalities except for 
bilateral fine crackles on auscultation. Laboratory data 
showed increased leukocyte counts: 20.1 × 109/L with 
mild eosinophilia (6.5%) and monocytosis (13%) which 
were not observed during treatment with GEM; elevated 
levels of  lactate dehydrogenase (569 U/L), C-reactive 
protein (9.0 mg/mL) and KL-6 (1230 U/mL). Chest 
radiograph showed reticular and dense infiltrative shad-
ows on both lung fields (Figure 1A), and chest CT scan 
revealed diffuse interstitial lesions with thickening of  the 
alveolar septa and ground glass opacity, predominantly 
in subpleural lesions without findings of  lung volume 
loss (Figure 1B and C). Sputum culture for bacteria and 
fungus was unremarkable. Tests for polymerase chain re-
action of  Pneumocystis jiroveci DNA in sputum, cytomega-
lovirus antigen and Mycoplasma pneumoniae antibodies were 
all negative. The patient received only two drugs, S-1 and 
insulin, which he had been receiving for 10 years. Thus, 
we diagnosed S-1-induced ILD in this patient. S-1 was im-
mediately discontinued and high-dose methylprednisolone 
(500 mg/d, intravenously for 3 consecutive days) followed 
by oral prednisone (1 mg/kg per day) was administered. 
Two days after initiating steroid therapy, his symptoms 

improved considerably. The interstitial shadows on chest 
radiograph and CT scan were substantially resolved 16 d 
after starting steroid therapy (Figure 2A and B).

However, his general condition gradually worsened 
due to tumor progression and he died of  hepatic failure 
45 d after hospitalization.

DISCUSSION
PC is responsible for approximately 5% of  all cancer-
related deaths and is the eighth most common cause of  
cancer-related death in both genders worldwide[2]. In a 
palliative setting, GEM has been the standard treatment 
for advanced PC because it was shown, a decade ago, 
to result in superior beneficial responses and survival 
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Figure 1  Chest radiograph and computed tomography findings on admis-
sion. Chest radiograph (A) showed bilateral interstitial shadows mainly in the 
middle to lower lung field on both sides. Chest computed tomography (B, C) 
revealed diffuse interstitial lesions with thickening of the alveolar septa, bilateral 
airspace consolidation, and ground glass opacity.



compared with bolus 5-fluorouracil[1]. In Japan, several 
retrospective studies[3-5] clearly demonstrated the efficacy 
and impact of  S-1 as second-line chemotherapy for ad-
vanced PC following GEM failure. The methodology of  
single-agent systemic chemotherapy, i.e. GEM as first-line 
treatment followed by S-1, should be regarded as the es-
tablished treatment for inoperable, advanced PC in Japan 
as well as other East Asian countries[4]. ILD is the most 
common GEM-induced lung injury, and various GEM-
induced pulmonary toxicities have been reported in can-
cer chemotherapy. Roychowdhury et al[6] reported that the 
incidence of  dyspnea and that of  other serious GEM-
induced pulmonary toxicities was 0.45% and 0.27%, 
respectively. S-1 is an orally administered anti-neoplastic 
agent composed of  tegafur, 5-C-2,4-dihydroxypyridine, 
and potassium oxonate. Tegafur is a 5-fluorouracil pro-
drug which has been a key drug in the treatment of  

gastrointestinal cancers in Japan and other East Asian 
countries[7]. The other two components are combined 
to enhance anti-tumor cytotoxicity and suppress adverse 
events of  the gastrointestinal tract. Pulmonary toxic-
ity due to S-1 has rarely been reported. Case reports of  
severe ILD[8-13] are summarized in Table 1. Only one 
of  7 cases including the present study resulted in a fatal 
outcome due to ILD (9). The patient was a 37-year-old 
female with advanced gastric cancer with disseminated 
intravascular coagulation at the time of  treatment initia-
tion. S-1-induced ILD seemed to occur relatively early (5 
to 45 d) after initiation of  treatment with the exception 
of  two cases, who developed ILD 150 d and 360 d after 
treatment with S-1.

Camus et al[14] reviewed drug-induced ILD and in-
sisted that acute and chronic eosinophilic pneumonia (EP) 
were well known manifestations. EP is most commonly 
observed in association with methotrexate, sulfasalazine, 
para-aminosalicylic acid, nitrofurantoin, or nonsteroidal 
anti-inflammatory drugs. EP is histologically character-
ized by the accumulation of  eosinophils in the alveolar 
airspaces, with infiltration of  the adjacent interstitial space 
by eosinophils and variable numbers of  lymphocytes 
and plasma cells. Chest radiography and high resolution 
CT demonstrate bilateral airspace consolidation, which 
mainly involves peripheral lung regions. In our patient, 
mild eosinophilia and bilateral air space consolidation 
were observed, and a good clinical outcome was achieved 
leading us to conclude that our case was consistent with 
EP as the type of  ILD. From radiological findings, dif-
fuse alveolar damage (DAD) seemed to be one of  the 
differential diagnoses. Unfortunately, since we could not 
perform BFE, no definitive supporting evidence for EP 
or DAD could be obtained. For S-1-induced ILD, steroid 
therapy was an effective treatment worth trying.

Other cytotoxic fluoropyrimidines such as 5-fluoro-
uracil and Uracil/Tegafur have been reported to cause 
mortality due to lung injury[15,16]. To best of  our knowl-
edge, PC cases with S-1-induced ILD have not been re-
ported elsewhere in the English literature.

As the use of  S-1 becomes more common, especially 
in the field of  PC chemotherapy for East Asian patients, 
the incidence of  S-1-pulmonary toxicity may increase 
proportionally. 

In conclusion, all clinicians should be aware that S-1 
may cause ILD and fatal outcome.
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Table 1  Reported severe cases of S-1 induced interstitial lung disease

Ref. Age (yr)/sex Disease Regimen The latency from 
the 1st use (d)

Outcome

Kurakawa et al[8]  70/M Gastric S-1 single   36 Good/recovery
Shitara et al[9] 37/F Gastric S-1 single 150 Poor/dead
Tada et al[10]  72/M Tongue S-1 single   18 Good/recovery
Nohara et al[11]  75/M Colon CDDP + S-1 360 Good/recovery
Yamamoto et al[12]  80/M Gastric S-1 single   22 Good/recovery
Ueyama et al[13] 80/F Breast S-1 single     5 Good/recovery
Present case  66/M Pancreas S-1 single   45 Good/recovery

B

A

Figure 2  Chest radiograph and computed tomography findings 16 d after 
initiating steroid therapy. Chest radiograph (A) and computed tomography (B) 
findings were substantially improved 16 d after initiating steroid pulse therapy. 
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Guido Cavaletti, MD, Associate Professor, Department 
Neuroscienze e Tecnologie Biomediche - Università di Milano 
“Bicocca”, v. Cadore 48 - 20052 Monza, Italy

Maurizio Bendandi, MD, PhD, Associate Professor, La
boratoire of  Immunotherapy, Division of  Oncology, Center for 
Applied Medical Research, University of  Navarre, Cima Avda. 
Pio XII 55, 31008 Pamplona, Spain
 
Murielle Mimeault, PhD, Department of  Biochemistry and 
Molecular Biology, College of  Medicine, Eppley Cancer Institute, 
7052 DRC, University of  Nebraska Medical Center, 985870 Ne-
braska Medical Center, Omaha, NE 68198-5870, United States
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Events Calendar 2011
January 13-14, 2011
3rd Breast-Gynecology International 
Cancer Conference BGICC, Cairo, 
Egypt

January 15-16, 2011
Melanoma 2011: 21st Annual 
Cutaneous Malignancy Update, 
San Diego, 
CA, United States

January 15, 2011
Current Trends in Breast Cancer: 
Updates From the 2010 San Antonio 
Breast Cancer Symposium, Dallas, 
TX, United States

January 20-22, 2011
Gastrointestinal Cancers 
Symposium 2011, San Francisco, 
CA, United States

January 21-23, 2011
8th Meeting of the EAU Section 
of Oncological Urology, London, 
England, United Kingdom

January 27-28, 2011
2nd National Conference: Recent 
Advances in Renal and Bladder 
Cancer, London, 
United Kingdom

January 27-28, 2011
8th Annual Cancer Drugs Research 
& Development, San Diego, CA, 
United States

February 10-12, 2011
17th Annual NOCR Meeting, Las 
Vegas, NV, United States

February 19-22, 2011
Scripps Cancer Center's 31st 
Annual Conference: Clinical 

Hematology and Oncology, 
San Diego, CA, United States

February 24-26, 2011
European Multidisciplinary 
Conference in Thoracic Oncology 
(Lung 2011-EMCTO), Lugano, 
Switzerland

February 25-27, 2011
7th European Congress on 
Hematologic Malignancies: From 
Clinical Science to Clinical Practice, 
Budapest, Hungary

March 02-05, 2011
64th Society of Surgical Oncology 
Annual Cancer Symposium 2011, 
San Antonio, TX, United States

March 04-06, 2011
8th Annual Oncology Nursing 
Advanced Practice: Innovation 
through Practice, San Diego, CA, 
United States

March 07-09, 2011
9th International Symposium on 
Targeted Anticancer Therapies, 
Paris, France

March 09-13, 2011
16th National Comprehensive 
Cancer Network Annual 
Conference (NCCN 2011), 
Hollywood, 
FL, United States

March 11-12, 2011
12th European Congress: 
Perspectives in Lung Cancer, Torino, 
Italy

March 14-18, 2011
Oncology Imaging 
Update in Costa Rica, 
Guanacaste, Costa Rica

March 17-19, 2011
International Cancer Prevention 
Update Symposium, New York, 
United States

March 18-22, 2011
Vienna, Austria 26th Annual EAU 
Congress

April 02-06, 2011
AACR 102nd Annual Meeting, 
Orlando, FL, United States

April 08-10, 2011
Asian Oncology Summit 2011, 
Hong Kong, China

April 20-23, 2011
9th International Gastric Cancer 
Congress, Seoul, South Korea

April 29-30, 2011
Cancer Survivorship Conference, 
Minneapolis, MN, United States

May 23-24, 2011
4th International Conference on 
Ovarian Cancer Screening, London, 
United Kingdom

June 03-07, 2011
47th American Society of Clinical 
Oncology Annual Meeting, 
Chicago, IL, United States

June 20-23, 2011
7th EADO Congress European 
Association of Dermato-Oncology, 
Nantes, France

June 22-25, 2011
ESMO Conference: 13th World 
Congress on Gastrointestinal Cancer, 
Barcelona, Spain

June 23-25, 2011
"MASCC/ISOO 2011 International 
Symposium, Athens, Greece

July 03-07, 2011
14th World Conference on Lung 
Cancer, Amsterdam, 
Netherlands

July 14-17, 2011
3rd World Congress of the 
International Academy of Oral 
Oncology 2011, Singapore, Singapore

August 15-17, 2011
International Conference and Exhibition 
on Cancer Science & Therapy, Las 
Vegas, Nevada, United States

September 1-3, 2011
Tri-Society Head and Neck 
Oncology, Singapore, Singapore

September 7-10, 2011
Hallmarks and Horizons of Cancer, 
Lausanne, Switzerland

September 23-27, 2011
Joint 16th ECCO and 36th ESMO 
Multidisciplinary Cancer Congress, 
Stockholm, Sweden

October 06-07, 2011
Current Status and Future of Anti-
Cancer Targeted Therapies, Buenos 
Aires, Argentina

November 30-December 03, 2011
AORTIC 2011-Entering the 21st 
Century for Cancer Control in 
Africa, Cairo, Egypt

November 6-9, 2011
NCRI Cancer Conference,
 Liverpool, 
United Kingdom

November 10-12, 2011 
21st Asia Pacific Cancer Conference 
2011, Kuala Lumpur, Wilayah 
Persekutuan, Malaysia
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GENERAL INFORMATION 
World Journal of  Clinical Oncology (World J Clin Oncol, WJCO, online 
ISSN 2218-4333, DOI: 10.5306) is a monthly peer-reviewed, on-
line, open-access (OA), journal supported by an editorial board 
consisting of  316 experts in oncology from 33 countries.

The biggest advantage of  the OA model is that it provides free, 
full-text articles in PDF and other formats for experts and the pub-
lic without registration, which eliminates the obstacle that traditional 
journals possess and usually delays the speed of  the propagation 
and communication of  scientific research results. The open access 
model has been proven to be a true approach that may achieve the 
ultimate goal of  the journals, i.e. the maximization of  the value to 
the readers, authors and society.

Maximization of personal benefits
The role of  academic journals is to exhibit the scientific levels of  
a country, a university, a center, a department, and even a scientist, 
and build an important bridge for communication between scientists 
and the public. As we all know, the significance of  the publication of  
scientific articles lies not only in disseminating and communicating 
innovative scientific achievements and academic views, as well as pro-
moting the application of  scientific achievements, but also in formally 
recognizing the "priority" and "copyright" of  innovative achievements 
published, as well as evaluating research performance and academic 
levels. So, to realize these desired attributes of  WJCO and create a 
well-recognized journal, the following four types of  personal benefits 
should be maximized. The maximization of  personal benefits refers 
to the pursuit of  the maximum personal benefits in a well-considered 
optimal manner without violation of  the laws, ethical rules and the 
benefits of  others. (1) Maximization of  the benefits of  editorial board 
members: The primary task of  editorial board members is to give a 
peer review of  an unpublished scientific article via online office sys-
tem to evaluate its innovativeness, scientific and practical values and 
determine whether it should be published or not. During peer review, 
editorial board members can also obtain cutting-edge information in 
that field at first hand. As leaders in their field, they have priority to 
be invited to write articles and publish commentary articles. We will 
put peer reviewers’ names and affiliations along with the article they 
reviewed in the journal to acknowledge their contribution; (2) Maxi-
mization of  the benefits of  authors: Since WJCO is an open-access 
journal, readers around the world can immediately download and 
read, free of  charge, high-quality, peer-reviewed articles from WJCO 
official website, thereby realizing the goals and significance of  the 
communication between authors and peers as well as public reading; (3) 
Maximization of  the benefits of  readers: Readers can read or use, free 
of  charge, high-quality peer-reviewed articles without any limits, and 
cite the arguments, viewpoints, concepts, theories, methods, results, 
conclusion or facts and data of  pertinent literature so as to validate 
the innovativeness, scientific and practical values of  their own research 
achievements, thus ensuring that their articles have novel arguments or 
viewpoints, solid evidence and correct conclusion; and (4) Maximiza-
tion of  the benefits of  employees: It is an iron law that a first-class 
journal is unable to exist without first-class editors, and only first-class 
editors can create a first-class academic journal. We insist on strength-
ening our team cultivation and construction so that every employee, 
in an open, fair and transparent environment, could contribute their 
wisdom to edit and publish high-quality articles, thereby realizing the 
maximization of  the personal benefits of  editorial board members, 

authors and readers, and yielding the greatest social and economic 
benefits.

Aims and scope
The aim of  WJCO is to report rapidly new theories, methods and 
techniques for prevention, diagnosis, treatment, rehabilitation and 
nursing in the field of  oncology. WJCO covers etiology, epidemiology, 
evidence-based medicine, informatics, diagnostic imaging, endoscopy, 
tumor recurrence and metastasis, tumor stem cells, radiotherapy, che-
motherapy, interventional radiology, palliative therapy, clinical chemo-
therapy, biological therapy, minimally invasive therapy, physiotherapy, 
psycho-oncology, comprehensive therapy, oncology-related traditional 
medicine, integrated Chinese and Western medicine, and nursing. 
WJCO covers tumors in various organs/tissues, including the female 
reproductive system, bone and soft tissue, respiratory system, urinary 
system, endocrine system, skin, breast, nervous system, head and 
neck, digestive system, and hematologic and lymphatic system. The 
journal also publishes original articles and reviews that report the re-
sults of  applied and basic research in fields related to oncology, such 
as immunology, physiopathology, cell biology, pharmacology, medical 
genetics, and pharmacology of  Chinese herbs.

Columns
The columns in the issues of  WJCO will include: (1) Editorial: To 
introduce and comment on major advances and developments in the 
field; (2) Frontier: To review representative achievements, comment 
on the state of  current research, and propose directions for future 
research; (3) Topic Highlight: This column consists of  three formats, 
including (A) 10 invited review articles on a hot topic, (B) a commen-
tary on common issues of  this hot topic, and (C) a commentary on 
the 10 individual articles; (4) Observation: To update the development 
of  old and new questions, highlight unsolved problems, and provide 
strategies on how to solve the questions; (5) Guidelines for Basic 
Research: To provide Guidelines for basic research; (6) Guidelines for 
Clinical Practice: To provide guidelines for clinical diagnosis and treat-
ment; (7) Review: To review systemically progress and unresolved 
problems in the field, comment on the state of  current research, and 
make suggestions for future work; (8) Original Articles: To report 
innovative and original findings in oncology; (9) Brief  Articles: To 
briefly report the novel and innovative findings in oncology; (10) Case 
Report: To report a rare or typical case; (11) Letters to the Editor: 
To discuss and make reply to the contributions published in WJCO, 
or to introduce and comment on a controversial issue of  general 
interest; (12) Book Reviews: To introduce and comment on quality 
monographs of  oncology; and (13) Guidelines: To introduce consen-
suses and guidelines reached by international and national academic 
authorities worldwide on the research oncology.
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SPECIAL STATEMENT
All articles published in this journal represent the viewpoints of  the 
authors except where indicated otherwise.

Biostatistical editing
Statisital review is performed after peer review. We invite an expert 
in Biomedical Statistics from to evaluate the statistical method used 
in the paper, including t-test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or 
stepwise), correlation, analysis of  variance, analysis of  covariance, 
etc. The reviewing points include: (1) Statistical methods should 
be described when they are used to verify the results; (2) Whether 
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to 
standard errors. Give the number of  observations and subjects (n). 
Losses in observations, such as drop-outs from the study should be 
reported; (4) Values such as ED50, LD50, IC50 should have their 
95% confidence limits calculated and compared by weighted probit 
analysis (Bliss and Finney); and (5) The word ‘significantly’ should 
be replaced by its synonyms (if  it indicates extent) or the P value (if  
it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any po-
tential bias, WJCO requires authors of  all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests  
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular 
paper. Before submitting, authors are suggested to read “Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals: 
Ethical Considerations in the Conduct and Reporting of  Research: 
Conflicts of  Interest” from International Committee of  Medical 
Journal Editors (ICMJE), which is available at: http://www.icmje.
org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names 
of  organizations], and has received research funding from [names of  
organization]. [Name of  individual] is an employee of  [name of  or-
ganization]. [Name of  individual] owns stocks and shares in [name of  
organization]. [Name of  individual] owns patent [patent identification 
and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee 
or it should be stated clearly in the text that all persons gave their 
informed consent prior to their inclusion in the study. Details that 
might disclose the identity of  the subjects under study should be 
omitted. Authors should also draw attention to the Code of  Ethics 
of  the World Medical Association (Declaration of  Helsinki, 1964, as 
revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow 
the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good 
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines 
Research Council Guidelines for Good Clinical Practice in Clinical 
Trials) and/or the World Medical Association Declaration of  Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If  doubt exists whether the research was conducted 
in accordance with the above standards, the authors must explain the 
rationale for their approach and demonstrate that the institutional 
review body explicitly approved the doubtful aspects of  the study. 

Before submitting, authors should make their study approved by 
the relevant research ethics committee or institutional review board. 
If  human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the 
understanding and appropriate informed consent of  each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If  experimental animals were used, 
the materials and methods (experimental procedures) section must 

clearly indicate that appropriate measures were taken to minimize 
pain or discomfort, and details of  animal care should be provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book An-
tiqua with ample margins. Number all pages consecutively, and start 
each of  the following sections on a new page: Title Page, Abstract, In-
troduction, Materials and Methods, Results, Discussion, Acknowledge-
ments, References, Tables, Figures, and Figure Legends. Neither the 
editors nor the publisher are responsible for the opinions expressed by 
contributors. Manuscripts formally accepted for publication become 
the permanent property of  Baishideng Publishing Group Co., Lim-
ited, and may not be reproduced by any means, in whole or in part, 
without the written permission of  both the authors and the publisher. 
We reserve the right to copy-edit and put onto our website accepted 
manuscripts. Authors should follow the relevant guidelines for the care 
and use of  laboratory animals of  their institution or national animal 
welfare committee. For the sake of  transparency in regard to the per-
formance and reporting of  clinical trials, we endorse the policy of  the 
ICMJE to refuse to publish papers on clinical trial results if  the trial 
was not recorded in a publicly-accessible registry at its outset. The only 
register now available, to our knowledge, is http://www.clinicaltrials.
gov sponsored by the United States National Library of  Medicine and 
we encourage all potential contributors to register with it. However, in 
the case that other registers become available you will be duly notified. 
A letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and se-
crecy of  research is protected.

Authors should retain one copy of  the text, tables, photographs 
and illustrations because rejected manuscripts will not be returned 
to the author(s) and the editors will not be responsible for loss or 
damage to photographs and illustrations sustained during mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/2218-4333office. Authors are 
highly recommended to consult the ONLINE INSTRUCTIONS 
TO AUTHORS (http://www.wjgnet.com/2218-4333/g_info_ 
20100722172206.htm) before attempting to submit online. For  
assistance, authors encountering problems with the Online Submi
ssion System may send an email describing the problem to wjco@
wjgnet.com, or by telephone: +86-10-85381892. If  you submit your 
manuscript online, do not make a postal contribution. Repeated 
online submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must be 
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample margins. 
Style should conform to our house format. Required information for 
each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should be 
provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by International Committee of  Medical Journal 
Editors, based on (1) substantial contributions to conception and 
design, acquisition of  data, or analysis and interpretation of  data; (2) 
drafting the article or revising it critically for important intellectual 
content; and (3) final approval of  the version to be published. Au-
thors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde 
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George 
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Sgourakis, Department of  General, Visceral, and Transplantation 
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical 
Department, Korgialenio-Benakio Red Cross Hospital, Athens 
15451, Greece

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  
supportive foundations should be provided, e.g. Supported by 
National Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should 
be provided. Author names should be given first, then author 
title, affiliation, the complete name of  institution, city, postcode, 
province, country, and email. All the letters in the email should be 
in lower case. A space interval should be inserted between country 
name and email address. For example, Montgomery Bissell, MD, 
Professor of  Medicine, Chief, Liver Center, Gastroenterology 
Division, University of  California, Box 0538, San Francisco, CA 
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, e.g. 
Telephone: +86-10-59080039 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJCO, reviewers 
of  accepted manuscripts will be announced by publishing the 
name, title/position and institution of  the reviewer in the footnote 
accompanying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shanghai, 
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong 
University, Shanghai, China; Professor Xin-Wei Han, Department 
of  Radiology, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, Henan Province, China; and Professor Anren Kuang, 
Department of  Nuclear Medicine, Huaxi Hospital, Sichuan 
University, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no more than 256 words) and 
structured abstracts (no more than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 480 words 
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no 
more than 20 words): Only the purpose should be included. Please 
write the aim as the form of  “To investigate/study/…; MATERI-
ALS AND METHODS (no more than 140 words); RESULTS (no 
more than 294 words): You should present P values where appropri-
ate and must provide relevant data to illustrate how they were ob-
tained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no 
more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, 
which reflect the content of  the study.

Text
For articles of  these sections, original articles and brief  articles, the 
main text should be structured into the following sections: INTRO-

DUCTION, MATERIALS AND METHODS, RESULTS and 
DISCUSSION, and should include appropriate Figures and Tables. 
Data should be presented in the main text or in Figures and Tables, 
but not in both. The main text format of  these sections, editorial, 
topic highlight, case report, letters to the editors, can be found at: 
http://www.wjgnet.com/2218-4333/g_info_list.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a sepa-
rate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is 
necessary in line-art image. Scale bars should be used rather than 
magnification factors, with the length of  the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured 
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1  Pathological changes in atrophic gastritis after treat-
ment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle 
to publish high resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 
second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain 
sequence.

Acknowledgments
Brief  acknowledgments of  persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining 
written permission to use any copyrighted text and/or illustrations.

REFERENCES
Coding system
The author should number the references in Arabic numerals 
according to the citation order in the text. Put reference numbers 
in square brackets in superscript at the end of  citation content or 
after the cited author’s name. For citation content which is part of  
the narration, the coding number and square brackets should be 
typeset normally. For example, “Crohn’s disease (CD) is associated 
with increased intestinal permeability[1,2]”. If  references are cited 
directly in the text, they should be put together within the text, for 
example, “From references[19,22-24], we know that...”

When the authors write the references, please ensure that 
the order in text is the same as in the references section, and also 
ensure the spelling accuracy of  the first author’s name. Do not list 
the same citation twice. 
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PMID and DOI
Pleased provide PubMed citation numbers to the reference list, 
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nih.gov/sites/entrez?db=pubmed and http://www.crossref.
org/SimpleTextQuery/, respectively. The numbers will be used in 
E-version of  this journal.

Style for journal references
Authors: the name of  the first author should be typed in bold-
faced letters. The family name of  all authors should be typed with 
the initial letter capitalized, followed by their abbreviated first 
and middle initials. (For example, Lian-Sheng Ma is abbreviated 
as Ma LS, Bo-Rong Pan as Pan BR). The title of  the cited article 
and italicized journal title (journal title should be in its abbreviated 
form as shown in PubMed), publication date, volume number (in 
black), start page, and end page [PMID: 11819634   DOI: 10.3748/
wjg.13.5396].

Style for book references
Authors: the name of  the first author should be typed in bold-faced 
letters. The surname of  all authors should be typed with the initial 
letter capitalized, followed by their abbreviated middle and first 
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication 
place: Publication press, Year: start page and end page.

Format
Journals 
English journal article (list all authors and include the PMID where applicable)
1	 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative con-
trast harmonic imaging to assess malignancy of  liver tumors: 
A prospective controlled two-center study. World J Gastroenterol 
2007; 13: 6356-6364 [PMID: 18081224   DOI: 10.3748/wjg.13. 
6356]

Chinese journal article (list all authors and include the PMID where applicable)
2	 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic 

effect of  Jianpi Yishen decoction in treatment of  Pixu-diar-
rhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3	 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature 

of  balancing selection in Arabidopsis. Proc Natl Acad Sci USA 
2006; In press

Organization as author
4	 Diabetes Prevention Program Research Group. Hyperten-

sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462   
PMCID:2516377   DOI:10.1161/01.HYP.0000035706.28494. 
09]

Both personal authors and an organization as author 
5	 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; 

Alf-One Study Group. Sexual dysfunction in 1, 274 European 
men suffering from lower urinary tract symptoms. J Urol 
2003; 169: 2257-2261 [PMID: 12771764   DOI:10.1097/01.ju. 
0000067940.76090.73]

No author given
6	 21st century heart solution may have a sting in the tail. BMJ 

2002; 325: 184 [PMID: 12142303   DOI:10.1136/bmj.325. 
7357.184]

Volume with supplement
7	 Geraud G, Spierings EL, Keywood C. Tolerability and safety 

of  frovatriptan with short- and long-term use for treatment 
of  migraine and in comparison with sumatriptan. Headache 
2002; 42 Suppl 2: S93-99 [PMID: 12028325   DOI:10.1046/
j.1526-4610.42.s2.7.x]

Issue with no volume
8	 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen 

section analysis in revision total joint arthroplasty. Clin Orthop 
Relat Res 2002; (401): 230-238 [PMID: 12151900   DOI:10.10
97/00003086-200208000-00026]

No volume or issue
9	 Outreach: Bringing HIV-positive individuals into care. HRSA 

Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal author(s)
10	 Sherlock S, Dooley J. Diseases of  the liver and billiary system. 

9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11	 Lam SK. Academic investigator’s perspectives of  medical 

treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer 
disease: investigation and basis for therapy. New York: Marcel 
Dekker, 1991: 431-450

Author(s) and editor(s)
12	 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 

2nd ed. Wieczorek RR, editor. White Plains (NY): March of  
Dimes Education Services, 2001: 20-34

Conference proceedings
13	 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. 

Proceedings of  the 5th Germ cell tumours Conference; 2001 
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
14	 Christensen S, Oppacher F. An analysis of  Koza's computa-

tional effort statistic for genetic programming. In: Foster JA, 
Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic 
programming. EuroGP 2002: Proceedings of  the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5; 
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)
15	 Morse SS. Factors in the emergence of  infectious diseases. 

Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05; 
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)
16	 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. 

Flexible endoscopic grasping and cutting device and positioning 
tool assembly. United States patent US 20020103498. 2002 Aug 
1

Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as 
χ2 (in Greek), related coefficient as r (in italics), degree of  freedom 
as υ (in Greek), sample number as n (in italics), and probability as P (in 
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, 
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic 
numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/2218-4333/
g_info_20100723153305.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and on first 
mention in the text. In general, terms should not be abbreviated 
unless they are used repeatedly and the abbreviation is helpful to 
the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
Authors (Ed. Baron DN, 1988) published by The Royal Society of  
Medicine, London. Certain commonly used abbreviations, such as 
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.
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Instructions to authors

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
Editorial: http://www.wjgnet.com/2218-4333/g_info_201007 
23140942.htm

Frontier: http://www.wjgnet.com/2218-4333/g_info_201007 
23141035.htm

Topic highlight: http://www.wjgnet.com/2218-4333/g_info_2010 
0723141239.htm

Observation: http://www.wjgnet.com/2218-4333/g_info_201007 
23141532.htm

Guidelines for basic research: http://www.wjgnet.com/2218-4333/
g_info_20100723142040.htm

Guidelines for clinical practice: http://www.wjgnet.com/2218- 
5836/g_info_20100723142248.htm

Review: http://www.wjgnet.com/2218-4333/g_info_201007 
23145519.htm

Original articles: http://www.wjgnet.com/2218-4333/g_info_2010 
0723145856.htm

Brief  articles: http://www.wjgnet.com/2218-4333/g_info_201007 
23150253.htm

Case report: http://www.wjgnet.com/2218-4333/g_info_201007 
23150420.htm

Letters to the editor: http://www.wjgnet.com/2218-4333/g_info_ 
20100723150642.htm

Book reviews: http://www.wjgnet.com/2218-4333/g_info_201007 
23150839.htm

Guidelines: http://www.wjgnet.com/2218-4333/g_info_201007 
23150924.htm

SUBMISSION OF THE REVISED 
MANUSCRIPTS AFTER ACCEPTED
Please revise your article according to the revision policies of  WJCO. 
The revised version including manuscript and high-resolution image 
figures (if  any) should be copied on a floppy or compact disk. The 
author should send the revised manuscript, along with printed high-
resolution color or black and white photos, copyright transfer letter, 
and responses to the reviewers by courier (such as EMS/DHL).

Editorial Office
World Journal of Clinical Oncology
Editorial Department: Room 903, Building D, 

Ocean International Center,
No. 62 Dongsihuan Zhonglu, 
Chaoyang District, Beijing 100025, China
E-mail: wjco@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-8538-1892
Fax: +86-10-8538-1893

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/2218-4333/g_info_20100723153117.htm.

Responses to reviewers
Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the reviewers’ 
comments can be found at: http://www.wjgnet.com/2218-4333/
g_info_20100723152755.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a 
copy of  the document and serial number of  the foundation.

Links to documents related to the manuscript 
WJCO will be initiating a platform to promote dynamic interactions 
between the editors, peer reviewers, readers and authors. After a man-
uscript is published online, links to the PDF version of  the submitted 
manuscript, the peer-reviewers’ report and the revised manuscript will 
be put on-line. Readers can make comments on the peer reviewer’s 
report, authors’ responses to peer reviewers, and the revised manu-
script. We hope that authors will benefit from this feedback and be 
able to revise the manuscript accordingly in a timely manner.

Science news releases
Authors of  accepted manuscripts are suggested to write a science 
news item to promote their articles. The news will be released rap-
idly at EurekAlert/AAAS (http://www.eurekalert.org). The title for 
news items should be less than 90 characters; the summary should 
be less than 75 words; and main body less than 500 words. Science 
news items should be lawful, ethical, and strictly based on your 
original content with an attractive title and interesting pictures.

Publication fee
WJCO is an international, peer-reviewed, Open-Access, online journal. 
Articles published by this journal are distributed under the terms of  
the Creative Commons Attribution Non-commercial License, which 
permits use, distribution, and reproduction in any medium, provided 
the original work is properly cited, the use is non commercial and 
is otherwise in compliance with the license. Authors of  accepted 
articles must pay a publication fee. The related standards are as 
follows. Publication fee: 1300 USD per article. Editorial, topic 
highlights, book reviews and letters to the editor are published free 
of  charge.
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