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A b s t r a c t

Introduction: Cyclooxygenase-2 (COX-2) is believed to be an important en-
zyme in the carcinogenesis of hepatocellular carcinoma (HCC). However, it 
is still controversial whether COX-2 expression can be regarded as a prog-
nostic factor for HCC patients. We performed a systematic review and me-
ta-analysis of studies assessing the clinical and prognostic significance of 
COX-2 expression in HCC.
Material and methods: Identification and review of publications assessing 
clinical or prognostic significance of COX-2 expression in HCC until Novem-
ber 1, 2014. A meta-analysis was performed to clarify the association be-
tween COX-2 expression and clinical outcomes. 
Results: A total of 11 publications met the criteria and included 943 cases. 
Analysis of these data showed that COX-2 expression was not significant-
ly correlated with capsular formation (OR = 0.84, 95% confidence interval 
(CI): 0.46–1.55, p = 0.58), tumor TNM stage (OR = 0.73, 95% CI: 0.23–2.33,  
p = 0.59), vascular invasion (OR = 1.04, 95% CI: 0.25–4.35, p = 0.96), tumor 
size (OR = 0.78, 95% CI: 0.21–2.86, p = 0.71), or tumor differentiation degree 
(OR = 1.08, 95% CI: 0.42–2.79, p = 0.87). However, in the identified studies, 
COX-2 expression was strongly associated with high alpha-fetoprotein level 
(OR = 1.83, 95% CI: 1.01–3.33, p = 0.05), HBsAg status (OR = 1.85, 95% CI:  
1.13–3.03, p = 0.01), decreased overall survival (relative risk (RR): 1.54,  
95% CI: 1.18–2.02, p = 0.001) and decreased disease-free survival (RR = 1.49, 
95% CI: 1.22–1.81, p < 0.001). 
Conclusions: This meta-analysis shows that COX-2 expression in HCC is as-
sociated with decreased overall and disease-free survival and thus marks 
a worse prognosis. Nevertheless, more large sample and well-designed stud-
ies are warranted to confirm this finding.

Key words: hepatocellular carcinoma, cyclooxygenase-2, prognosis, 
survival, meta-analysis.

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common cancer 
worldwide and the most common malignant primary tumor in the liver 
[1]. Despite improvements in treatment modalities during the past few 
decades, the prognosis of HCC is still very poor because of frequent in-
trahepatic metastasis and tumor recurrence [2]. 
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Of the potential prognostic variables, cyclooxy-
genase (COX)-2 is of particular interest, as it may 
also offer the option of treatment with nonsteroidal 
anti-inflammatory drugs (NSAIDs) [3]. Cyclooxygen-
ases regulate the synthesis of prostaglandins and 
are thus the major target of NSAIDs [4]. Its two iso-
forms (COX-1 and COX-2) have different expression 
patterns, with COX-1 being expressed in a  broad 
variety of tissues. COX-2 and its main product, pros-
taglandin E2 (PGE2), are inducible by growth factors 
and inflammatory stimuli. Additionally, COX-2 has 
been shown to participate in tumor development 
and progression [5]. Overexpression of COX-2 has 
been reported in many human malignancies, in-
cluding head and neck carcinomas [6], esophagus 
[7], colon [8], breast [9], pancreas [10] and prostatic 
cancer [11]. These findings suggest that COX-2 may 
be involved in carcinogenesis and/or progression of 
certain types of human malignancies.

Over the past decade, several studies have 
evaluated the prognostic value of COX-2 protein 
expression in HCC, with conflicting results. Some 
concluded that COX-2 expression had no influ-
ence on survival, while others reported that COX-2 
expression was predictive of a poor survival out-
come for HCC [12–14]. In order to evaluate this 
question, we conducted a systematic review and 
meta-analysis to determine the association be-
tween COX-2 expression and common clinical and 
pathologic features of liver cancer. 

Material and methods

Search strategy

The electronic databases of PubMed, Embase, 
and Wanfang were searched for studies that in-
vestigated the association of clinicopathological 
parameters and prognosis with COX-2 expression 
in HCC to be included in the present meta-anal-
ysis. Studies were examined, and an updated 
search was conducted on November 2014. The fol-
lowing search terms and combinations were used: 
“COX-2” or “PTGS2”, as well as “hepatocellular 
carcinoma” or “HCC” or “liver cancer” or “liver tu-
mor” or “liver neoplasms” or “hepatocellular car-
cinoma”. The citation lists from all the retrieved 
studies were used to identify other relevant pub-
lications. Review articles were also scanned to 
identify additional eligible studies. The title and 
abstract of each identified study were scanned to 
exclude any irrelevant publications. The remaining 
articles were reviewed to determine whether they 
contained information on the topic of interest. 

Selection criteria

Diagnosis of HCC was proven by histopatho-
logical methods. Studies of COX-2 expression 
based on HCC tissue (after either surgical excision 

or biopsy sampling), rather than serum or any 
other kind of specimen, were included. All stud-
ies on the correlation of COX-2 expression with 
clinicopathological markers and the association 
of COX-2 expression with overall survival (OS) or 
disease-free survival (DFS) of HCC patients were 
included. For inclusion in the analysis, there was 
no limitation on the minimum number of patients 
of each study. When there were multiple articles 
by the same group based on similar patients and 
using the same detection methods, only the larg-
est or the most recent article was included.

Data extraction

The following information was extracted from the 
retrieved papers: author, country of the patient, eth-
nicity, publication year, time of collection, histological 
type, tumor pathological stage, number of patients, 
research technique used, the ages of the patients, 
and the choice of cut-off scores for the definition 
of positive staining or staining intensity. Two major 
groups were established on the basis of the objec-
tive. One group clarified the association between the 
expression of COX-2 and clinicopathological param-
eters, including capsular formation, AFP level, HBsAg 
status, tumor TNM stage, vascular invasion, tumor 
size and differentiation degree. Meanwhile, the oth-
er group investigated the association between the 
expression of COX-2 and OS or DFS.

Statistical analysis

The meta-analysis was performed as previously 
described [15]. Odds ratio with 95% CI were used 
to evaluate the association between COX-2 and 
the clinicopathological features for HCC, including 
capsular formation, AFP level, HBsAg status, tumor 
TNM stage, vascular invasion, tumor size and dif-
ferentiation degree. The relative risk (RR) was used 
for assessing the association of COX-2 and OS or 
DFS combined over studies. For those RRs that 
were not given directly in the published articles, 
the published data and figures from original pa-
pers were used to assess the RR according to the 
methods described by Parmar et al. [16]. Hetero-
geneity across studies was evaluated with the Q 
test and p-values. ORs and RRs were calculated by 
a random-effects model when the p-value was less 
than 0.05. Otherwise, a  fixed-effects model was 
used. The Begg and Egger funnel plot was used to 
assess publication bias. Statistical analyses were 
estimated using Review manager software. P-val-
ues were two-sided, with significance at p < 0.05.

Results

Characteristics of the studies

A  total of 224 articles were selected for the 
meta-analysis by browsing the PubMed, Embase, 
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and Wanfang databases. Out of this total, 206 
were excluded after the title and abstract were 
reviewed, and seven articles were excluded after 
the full publications were reviewed (Figure 1). The 
reasons for exclusion were: (a) studies were not 
associated with the topic of interest; (b) authors 
of the article used neither histopathologic analy-
sis nor close clinical and imaging follow-up for at 
least 6 months; (c) studies associated with other 
diseases (d); non-original articles; (e) data could 
not be extracted; and (f) repeated data from the 
same or similar population. Eventually, 11 publi-
cations met the criteria for the present analysis 
[12–14, 17–24]. The total number of patients was 
943, and each study had 30 to 196 patients. The 
main characteristics of the eligible studies are 
summarized in Table I. A total of 11 articles dealt 
with clinicopathological factors. Moreover, the as-
sessment of OS or DFS using the Kaplan-Meier 
method was reported in 8 of these articles.

Correlation of COX-2 expression with 
clinicopathological parameters

The association between COX-2 and several 
clinicopathological parameters is illustrated in 
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Figure 1. Flow diagram of article selection

Records identified through electronic 
database searching from PubMed, 

Embase and Wanfang (n = 224)

Excluded:
•  non-association studies
•  researchers in the articles did 

not use neither histopathologic 
analysis nor close clinical and 
imaging follow-up for at least  
6 months

•  association studies for other 
diseases

•  non-original articles (review, 
latter et al.) (n = 206)

Primary selection through browsing 
the retrieved titles and abstracts

Researches retrieved for more  
detailed evaluation (n = 18)

Publications included in this 
systematic review (n = 11)

Secondary selection through  
reading the full texts of potentially 

eligible articles

Excluded:
•  data couldn’t be extracted
•  repeated data from the same or 

similar population (n = 7)
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Figure 2. COX-2 expression was significantly as-
sociated with high AFP level (pooled OR = 1.83,  
95% CI: 1.01–3.33, p = 0.05 fixed-effect) and  
HBsAg status (pooled OR = 1.85, 95% CI: 1.13–3.03,  
p = 0.01 fixed-effect) (Figures 2 A and B). 

However, COX-2 expression was not associated 
with capsular formation (pooled OR = 0.84, 95% CI:  
0.46–1.55, p = 0.58 random-effect) (Figure 2 C),  
tumor TNM stage (pooled OR = 0.73, 95% CI: 0.23–
2.33, p = 0.59, random-effect) (Figure 2 D), vascu-

lar invasion (pooled OR = 1.04, 95% CI: 0.25–4.35, 
p = 0.96, random-effect) (Figure 2 E), tumor size 
(pooled OR = 0.78, 95% CI: 0.21–2.86, p = 0.71, 
random-effect) (Figure 2 F), or tumor differentia-
tion degree (pooled OR = 1.08, 95% CI: 0.42–2.79, 
p = 0.87, random-effect) (Figure 2 G).

We also performed subgroup analysis by eth-
nicity, applied method, or cut-off value in HCC. 
A positive correlation between COX-2 expression 
and poor overall survival could be found in the 

Study or                  Case                   Control  Weight (%) Odds ratio Odds ratio
subgroup Events Total Events Total  MH, fixed, 95% CI MH, fixed, 95% CI
Kondo 1999 3 8 12 26 15.5 0.70 (0.14–3.56)
Liang 2010 33 43 14 16 20.8 0.47 (0.09–2.43)
He 2010 36 58 41 66 63.7 1.00 (0.48–2.06)

Total (95% CI)  109  108 100.0 0.84 (0.46–1.55)

Total events 72  67

Heterogeneity: c2 = 0.74, df = 2 (p = 0.69); I2 = 0%

Test for overall effect: Z = 0.55 (p = 0.58)  0.01 0.1 1 10 100

 No capsular invasion Capsular invasion

A

Study or                  Case                   Control  Weight (%) Odds ratio Odds ratio
subgroup Events Total Events Total  MH, fixed, 95% CI MH, fixed, 95% CI
Yildirim 2008 9 15 10 16 16.8 0.90 (0.21–3.82)
He 2010 30 58 21 66 41.2 2.30 (1.11–4.77)

Liang 2010 31 43 11 16 19.4 1.17 (0.34–4.10)

Li 2011 33 43 3 9 5.0 6.60 (1.39–31.28)
Yang 2011 20 52 4 11 17.6 1.09 (0.28–4.22)

Total (95% CI)  211  118 100.0 1.85 (1.13–3.03)

Total events 123  49

Heterogeneity: c2 = 4.95, df = 4 (p = 0.29); I2 = 19%

Test for overall effect: Z = 2.43 (p = 0.01) 

 
 0.01 0.1 1 10 100

 HBsAg negative HBsAg positive

B

Study or                  Case                   Control  Weight (%) Odds ratio Odds ratio
subgroup Events Total Events Total  MH, fixed, 95% CI MH, fixed, 95% CI
Kondo 1999 3 8 12 26 15.5 0.70 (0.14–3.56)
Liang 2010 33 43 14 16 20.8 0.47 (0.09–2.43)
He 2010 36 58 41 66 63.7 1.00 (0.48–2.06)

Total (95% CI)  109  108 100.0 0.84 (0.46–1.55)

Total events 72  67

Heterogeneity: c2 = 0.74, df = 2 (p = 0.69); I2 = 0%

Test for overall effect: Z = 0.55 (p = 0.58)  0.01 0.1 1 10 100

 No capsular invasion Capsular invasion

C

Study or                  Case                   Control  Weight (%) Odds ratio Odds ratio
subgroup Events Total Events Total  MH, Random, 95% CI MH, Random, 95% CI
Iwamoto 2006 23 35 14 24 24.4 1.37 (0.47–3.99)
Yildirim 2008 7 15 8 16 21.2 0.88 (0.21–3.59)
Liang 2010 11 43 13 16 21.0 0.08 (0.02–0.33)

Yang 2011 9 52 1 11 14.8 2.09 (0.24–18.47)

Li 2011 12 43 2 9 18.5 1.35 (0.25–7.47)

Total (95% CI)  188  76 100.0 0.73 (0.23–2.33)

Total events 62  38

Heterogeneity:  t2 = 1.15; c2 = 12.10, df = 4 (p = 0.02); I2 = 67%

Test for overall effect: Z = 0.54 (p = 0.59)  0.01 0.1 1 10 100

 TNM I + II TNM III + IV

D

Figure 2. Forest plot of OR was assessed for association between stem cell markers and clinical pathologic fea-
tures, such as AFP level (A), HBsAg status (B), capsular formation (C), tumor TNM stage (D)



Guodong Chen, Xiaoyan Li, Jing Yang, Jie Li, Xia Wang, Jun He, Zonghai Huang

1114 Arch Med Sci 5, October / 2016

Table II. Subgroup analysis of the studies reporting the prognostic value of COX-2 expression on OS of hepatocel-
lular carcinoma

Stratified analysis Studies Odds ratio Model Heterogeneity

OR (95 % CI) POR I2 (%) P-value

OS 5 1.84 (1.43–2.36) < 0.0001 Fixed 19 0.29

Ethnicity:

Caucasian 2 2.46 (1.51–4.02) 0.0003 Fixed 0 0.33

Asian 2 1.56 (1.18–2.06) 0.002 Fixed 0 0.44

Cut off:

> 25% 1 1.28 (0.71–2.33) 0.41 Fixed / /

< 25% 3 1.98 (1.50–2.61) < 0.0001 Fixed 22 0.28

Method:

RT-PCR 2 1.56 (1.18–2.06) 0.002 Fixed 0 0.44

IHC 2 2.46 (1.51–4.02) 0.0003 Fixed 0 0.33

P
OR 

– p-value for odds ratio.

Study or                  Case                   Control  Weight (%) Odds ratio Odds ratio
subgroup Events Total Events Total  MH, Random, 95% CI MH, Random, 95% CI
Liang 2010 2 43 6 16 18.4 0.08 (0.01–0.46)
He 2010 40 58 17 66 23.6 6.41 (2.93–14.02)
Iwamoto 2006 21 35 13 24 22.3 1.27 (0.44–3.63)
Kondo 1999 1 8 3 38 14.8 1.67 (0.15–18.45)
Schmitz 2009 58 177 4 10 20.9 0.73 (0.20–2.69)

Total (95% CI)  321  154 100.0 1.04 (0.25–4.35)

Total events 122  43

Heterogeneity:  t2 = 2.10; c2 = 24.49, df = 4 (p < 0.0001); I2 = 84%

Test for overall effect: Z = 0.05 (p = 0.96)

 
 0.01 0.1 1 10 100

 No vascular invasion Vascular invasion

E

Study or                  Case                   Control  Weight (%) Odds ratio Odds ratio
subgroup Events Total Events Total  MH, Random, 95% CI MH, Random, 95% CI
Liang 2010 21 43 14 16 22.7 0.14 (0.03–0.67)
He 2010 46 58 39 66 30.7 2.65 (1.19–5.92)
Yang 2011 31 52 7 11 25.3 0.84 (0.22–3.25)

Li 2011 8 43 2 9 21.3 0.80 (0.14–4.60)

Total (95% CI)  196  102 100.0 0.78 (0.21–2.86)

Total events 106  62

Heterogeneity:  t2 = 1.25; c2 = 11.49, df = 3 (p = 0.009); I2 = 74%

Test for overall effect: Z = 0.37 (p = 0.71)  0.01 0.1 1 10 100

 Tumor size ≤ 5 cm Tumor size > 5 cm

F

Study or                  Case                   Control  Weight (%) Odds ratio Odds ratio
subgroup Events Total Events Total  MH, Random, 95% CI MH, Random, 95% CI
Kondo 1999 1  8 17 38 10.3 0.18 (0.02–1.58)
Iwamoto 2006 4 35 6 24 15.3 0.39 (0.10–1.56)
EI-Bassiouny 2007 5 20 4 10 13.7 0.50 (0.10–2.53)

Schmitz 2009 54 177 3 11 15.4 1.17 (0.30–4.58)
Liang 2010 15 43 7 16 16.9 0.69 (0.21–2.22)

Li 2011 32 43 2 9 13.0 10.18 (1.83–56.54)

Yang 2011 38 53 4 11 15.4 4.43 (1.13–17.38)

Total (95% CI)  379  119 100.0 1.08 (0.42–2.79)

Total events 149  43

Heterogeneity:  t2 = 1.03; c2 = 16.85, df = 6 (p = 0.010); I2 = 64%

Test for overall effect: Z = 0.16 (p = 0.87)  0.01 0.1 1 10 100

 Grade I + II Grade III

G

Figure 2 cont. Vascular invasion (E), tumor size (F), or tumor differentiation degree (G)
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cut-off < 25%, Asian, Caucasian, RT-PCR and IHC 
subgroups (Table II).

COX-2 expression and prognosis of lung 
cancer

Using the methods described above, the OS 
and/or DFS of 802 patients in the 8 studies were 
analyzed. The main results of this meta-analysis 
are shown in Figure 3. A 5-year OS rate was ex-
tracted from 5 studies. The meta-analysis of the  
5 studies for the prognostic value of COX-2 ex-
pression showed that COX-2 expression is asso-
ciated with a poor OS. The combined RR was 1.54 
(95% CI: 1.18–2.02, p = 0.001), without heteroge-
neity (I2 = 42%, p = 0.14) (Figure 3 A).

The meta-analysis of 4 applicable studies 
showed that COX-2 expression is associated with 
poor DFS. The combined RR was 1.49 (95% CI: 
1.22–1.81, p < 0.001), without heterogeneity (I2 = 
0%, p = 0.59) (Figure 3 B).

Sensitivity analysis

In order to test for a  bias introduced by the 
low numbers of available eligible publications, we 
performed a sensitivity analysis. For this a single 
study involved in the meta-analysis was omitted 
for each round of analysis to investigate the in-
fluence of the individual data set of the particu-
lar study on the pooled ORs. We found that the 
corresponding pooled ORs were not essentially 
altered by subtraction of any study (data not 

shown), indicating that our results were statis-
tically robust.

Publication bias

The funnel plots presented no evidence of pub-
lication bias in the studies of either outcome (Fig-
ure 4). No evidence for significant publication bias 
was found in OS (Egger’s test, p = 0.951) and DFS 
(Egger’s test, p = 0.497) studies.

Discussion

Hepatocellular carcinoma is one of the most 
vascular solid tumors and highly dependent on 
angiogenesis for tumor growth. However, rela-
tively little is known of the role of various angio-
genic factors in HCC compared with other com-
mon human cancers [25]. Several recent studies 
on COX-2 expression in other cancers show that 
COX-2 can induce angiogenesis via vascular en-
dothelial growth factor (VEGF) and prostaglandin 
production and can also inhibit apoptosis [26]. 
Whether the COX-2 gene is a prognostic marker 
in patients with HCC has been studied extensively, 
but the conclusions are inconsistent. To the best 
of our knowledge, this is the first meta-analysis 
of published studies to evaluate the association 
between COX-2 expression and prognosis in HCC.

Heterogeneity analysis and sensitivity analysis 
were also critically performed to ensure the epi-
demiological credibility of this meta-analysis. The 
present results indicate that COX-2 expression is 

Study or                  Case                   Control  Weight (%) Odds ratio Odds ratio
subgroup Events Total Events Total  MH, fixed, 95% CI MH, fixed, 95% CI
Tang 2005 35 50 20 50 39.6 1.75 (1.19–2.57)
Iwamoto 2006 15 35 7 24 16.4 1.47 (0.71–3.05)

Yildirim 2008 7 15 6 16 11.5 1.24 (0.54–2.86)
Yang 2011 47 53 4 11 13.1 2.44 (1.11–5.36)

Soon 2012 5 9 19 26 19.3 0.76 (0.41–1.43)

Total (95% CI)   162  127 100.0 1.54 (1.18–2.02) 

Total events 109  56

Heterogeneity: c2 = 6.85, df = 4 (p = 0.14); I2 = 42%

Test for overall effect: Z = 3.18 (p = 0.001)
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Study or                  Case                   Control  Weight (%) Odds ratio Odds ratio
subgroup Events Total Events Total  MH, fixed, 95% CI MH, fixed, 95% CI
Kondo 1999 26 32 9 21 16.6 1.90 (1.13–3.19)
Iwamoto 2006 28 35 12 24 21.8 1.60 (1.04–2.47)

Schmitz 2009 24 61 2 5 5.7 0.98 (0.32–3.01)

He 2010 47 58 39 66 55.9 1.37 (1.08–1.74)

Total (95% CI)  186  116 100.0 1.49 (1.22–1.81)

Total events 125  62

Heterogeneity: c2 = 1.92, df = 3 (p = 0.59); I2 = 0%

Test for overall effect: Z = 3.99 (p < 0.0001)  0.01 0.1 1 10 100

 Higher survival Lower survival

B

Figure 3. Analysis of COX-2 expression and survival of HCC patients. Forest plot of RR for overall survival (A) and 
disease-free survival (B) among included studies
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positively associated with high AFP level and HBsAg 
status, as well as poor prognoses for patients with 
HCC. However, we found no significant association 
between COX-2 positivity and capsular formation, 
tumor TNM stage, vascular invasion, tumor size 
or differentiation degree. This trend suggests that 
COX-2 can function as a prognostic factor for pre-
dicting the outcomes of HCC patients. Therefore, 
our data imply that elevated COX-2 expression can 
contribute to HCC development and progression, 
and the detection of the COX-2 aberrations may be 
useful for identifying poor prognoses in patients 
with HCC. Furthermore, COX-2 may be a therapeu-
tic target for HCC because of the high expression 
rate of COX-2 in HCC lesions.

In recent years, mounting evidence from me-
ta-analyses has also shown that COX-2 expression 
is associated with aggressive clinicopathological 
parameters and unfavorable prognoses in sev-
eral human malignancies. Mascaux et al. found 
that high COX-2 expression was associated with 
a  trend for shorter survival in stage I NSCLC pa-
tients [27]. Lee et al. reported that higher COX-2 
expression may be an independent risk factor 
for low OS in patients with ovarian cancer [28]. 
Shao et al. demonstrated that COX-2 might play 
an important role in the progression of prostate 
cancer (PC), as high COX-2 expression correlated 
with stages T3-T4 of PC [29]. Huang et al. found 
that COX-2 expression was significantly associat-
ed with the age of patients, lymph node metasta-
sis, tumor size, FIGO stage, histological type, and 
parametric involvement [30]. Moreover, COX-2 
overexpression might be an unfavorable prog-
nostic and a chemoradiation resistance predictive 
factor for cervical cancer. These findings further 
highlight that COX-2 may play an important role 
in cancer prognosis.

However, this meta-analysis has some limita-
tions. First, the number of included studies, as 
well as the included HCC patients in each study, 
is relatively small. Thus, these factors might have 

reduced the power and accuracy of subcategory 
analysis [31]. Second, the OS and DFS outcomes 
were based on individual unadjusted RRs. Thus, 
a  more precise assessment should be adjusted 
using other prognostic factors [32]. Third, no clear 
guidelines are available as regards the methods 
used for the evaluation of the levels of COX-2 in 
HCC patients. Such evaluation differs among all 
the studies. In the assessment of biomarkers, the 
use of a standard threshold has great importance. 
Although immunohistochemistry was the most 
commonly applied method, differences in the cut-
off values for the positive COX-2 expression may 
have contributed to the observed heterogene-
ity. Subgroup analyses showed that the positive 
correlation between COX-2 expression and poor 
OS could not be found in the cut-off > 25% sub-
groups. Thus, standardized methods and cut-off 
points that classify COX-2 expression levels as 
“positive” or “negative” are urgently needed.

In conclusion, despite the limitations of this 
meta-analysis, our study suggests that COX-2 
expression is significantly associated with worse 
prognosis in terms of shorter OS and DFS in pa-
tients with HCC. Hopefully this analysis will stim-
ulate further research with rigid criteria and large 
study populations to resolve any remaining con-
troversy over the role of COX-2 expression for the 
prognosis of HCC patients. 
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Figure 4. Begg’s funnel plot estimated the publication bias of the included literature for OS (A) and DFS (B)
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