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Abstract

Background: A prior study showed blood type A/AB to be associated with an increased risk of nasopharyngeal
carcinoma (NPC) compared to subjects with blood type O. However, the relationship between ABO blood groups
and prognosis of NPC patients is still questionable. In addition, whether Epstein-Barr virus (EBV) infection is
associated with prognosis of NPC patients with different ABO blood groups is unclear. Materials and Methods: We
conducted univariate and multivariable Cox regression analyses based on a consecutive cohort of 1,601 patients
to investigate the above issues. Results: There was no significant difference in overall survival (OS) between
different ABO blood groups (p=0.629), neither between A vs. non-A blood groups (p=0.895) nor AB vs. non-AB
blood group (p=0.309) in univariate analyses and after adjusting for other factors. Interaction tests revealed that
high immunoglobulin A against Epstein-Barr virus viral capsid antigen (VcA-IgA) level was associated with a
favorable prognosis in male patients with UICC stage II disease who had an A blood type (p=0.008), compared
with those with non-A blood type. In addition, male patients with an A blood group with a high blood lymphocyte
level showeda tendency towards better survival in UICC stage III (p=0.096). Conclusions: ABO blood group
status is not associated with the prognosis of patients with NPC. Additionally, blood group A male NPC patients
with high VcA-IgA level or high blood lymphocyte counts might be correlated with a favorable prognosis in
UICC stage II or III, respectively.
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Introduction

Nasopharyngeal carcinoma (NPC) is a common head
and neck malignant neoplasm, especially in southern
China where the major pathological type of NPC is
nonkeratinizing undifferentiated carcinoma (World Health
Organization Type III) (Jemal et al., 2011; Huang et al.,
2012). Several factors have been proved to enhance
the risk of NPC, including Epstein-Barr virus (EBV),
smoking, alcohol consumption, salt-preserved foods and
family history of cancer, etc (Chien et al.,2001; Jia et al.,
2010; Ji et al., 2011; Hashim et al., 2012).

Extensive investigations have showed that the ABO
blood group might be associated with risk to certain
malignancies (Iodice et al., 2010; Gates et al., 2011;
Joh et al., 2012; Wang et al., 2012; Zhang et al., 2014).
A previous study suggested that blood type A or AB
was associated with an increased risk of NPC and male
patients with blood group A had higher rates of distant

metastasis than those in other blood groups, while the
prognostic value of blood group A remained uncertain
(Sheng et al., 2013). Another study reported that NPC
patients of WHO histological type III with A blood group
had significantly lower overall survival (OS) than those
with non-A blood group (Ouyang et al., 2013). To our
knowledge, however, we still lack substantial evidence
to determine the relationship between ABO blood group
and prognosis in NPC. Besides, it remains unknown that
whether EBV infection, which is highly correlated with
the etiology and development of endemic NPC, has an
impact on this relationship.

Therefore, we sought to conduct a study to assess the
prognostic value of different blood groups in southern
Chinese NPC patients. In addition, we evaluated whether
EBYV infection in different blood groups might be
associated with the prognosis of a large cohort of NPC
patients, especially in those male patients with an A blood

group.
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Materials and Methods

Study Population

1601 patients with non-metastatic NPC who were newly
diagnosed during November 2000 to September 2003 at
Sun Yat-Sen University Cancer Center (Guangzhou,
China) were included in the study. This study was
approved by the Institutional Review Board of Sun Yat-
Sen University Cancer Center (Guangzhou, China). All
the patients had provided written informed consent. All
of the records such as clinical and pathological features
were collected before blood sampling with no patients
having received any treatment, for instance radiotherapy
or chemotherapy. The clinicopathological features of the
patients included gender, age, smoking history, drinking
history, UICC stage, tumor size (T category), lymph
node status (N category), pathological type (WHO type),
serum immunoglobulin A against Epstein-Barr virus viral
capsid antigen (VcA-IgA) level, serum immunoglobulin
A against Epstein-Barr virus viral early antigen (EA-IgA)
level, peripheral blood lymphocyte counts, radiotherapy,
chemotherapy and ABO blood group. All patients were
restaged by seventh edition of UICC Staging System for
NPC.

Categories of each characteristic were divided as
following: for age, patients more than 50 years old were
considered as the older group. Smoking and alcohol
history were noted as yes or no. Low VcA-IgA level
was defined, if the titer was <1: 320. Similarly, EA-IgA
was considered as negative when the titer was 0. Low
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Figure 1. Overall Survival in Patients with
Nasopharyngeal Carcinoma Stratified for ABO Blood
Group Status (A) and Stratified for A Blood Group
Status (B)
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serologic lymphocytes level was defined, if the titer
was <1.35x10%L. Radiotherapy types included none,
conventional radiotherapy (CRT), computed tomography-
simulation (CT-SIM), 3-dimensioned conventional
radiotherapy (3D-CRT) and intensity-modulated
radiotherapy (IMRT). While chemotherapy patterns
were none, induction chemotherapy (IC), concomitant
chemotherapy (CC), IC+CC. Follow-up visits were
scheduled every 2 months after treatment at SYSU Cancer
Center. The follow-up duration was estimated from the
first day of treatment to either the day of death or the day
of last examination.

Statistical analyses

SPSS 17.0 software was used for the statistical analysis.
Continuous variables were divided into different categories
as mentioned above. All the cut-off values were obtained
by X-tile software (Version 3.6.1, Yale University, New
Haven, CT), taking clinical expertise into consideration.
The OS analyses were estimated with Kaplan-Meier
method and log-rank test to assess the possible individual
risk factors related with survival. Further investigations
of multivariable analyses were performed by Cox
regression for factors which were significantly associated
in univariate survival analyses. Results were reported
with hazard ratio (HR), corresponding 95% confidence
intervals (CI). A p-value<0.05 was considered statistically
significant.
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Figure 2. Overall Survival in Male Nasopharyngeal
Carcinoma Patients with A Blood Group of UICC
Stage II Stratified for Serum VcA-IgA Level (A) and
Stratified for Serum VcA-IgA Level and A Blood
Group Status (B)
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Results

Clinicopathological characteristics of the patients

A total of 1601 NPC patients with known ABO blood
group were included in this study. All patients enrolled
were non-metastatic cases with 77.3% male and 22.7%
female ones. The proportion of blood groups A, B, O and
AB were 25.55%, 27.81%, 38.72%, 7.92% in male, and
28.57%,27.75%,38.14%,5.49% in female, respectively.
There was no difference in the distribution of basic
characteristics among different blood types (all p value
>0.05). Half of patients (47.78%) were in UICC I or II

stage. As for pathological types, cases were predominantly
WHO type III. The Median follow-up time was 85.72
months. Clinicopathological features of the patients were
presented in Table 1.

ABO blood group status is not associated with the
prognosis of patients with NPC

There was no statistically difference in OS among
the different ABO blood groups in univariate analyses
(p=0.629) (Figure 1A). Similarly, no statistical significance
was found between patients of A and non-A blood groups
(p=0.895) (Figure 1B), as well as AB and non-AB blood

Table 1. Clinicopathologic Characteristics of 1601 Patients with Nasopharyngeal Carcinoma

Parameter Total Blood group A Blood group B Blood group O Blood group AB  p value
n 1601 420 445 618 118
Gender 0.354
Male 1237(77.3%) 316(75.2%) 344(77.3%) 479(77.5%) 98(83.1%)
Female 364(22.7%) 104(24.8%) 101(22.7%) 139(22.5%) 20 (16.9%)
Agelyears] 0.623
<50 1019(63.6%) 271(64.5%) 273(61.3%) 396(64.1%) 79(66.9%)
>50 582(36.4%) 149(35.5%) 172(38.7%) 222(35.9%) 39(33.1%)
Smoking status 0.262
Yes 791(49.4%) 195(46.4%) 227(51.0%) 303(49.0%) 66(55.9%)
No 810(50.6%) 225(53.6%) 218(49.0%) 315(51.0%) 52(44.1%)
Drinking status 0.104
Yes 248(15.5%) 68(16.2%) 66(14.8%) 87(14.1%) 27(22.9%)
No 1353(84.5%) 352(83.8%) 379(85.2%) 531(85.9%) 91(77.1%)
UICC stage 0.59
I 86 (5.4%) 26(6.2%) 24(5.4%) 30(4.9%) 6(5.1%)
I 679(42.4%) 173(41.2%) 190(42.7%) 266(43.0%) 50(42.4%)
11 543(33.9%) 134(31.9%) 148(33.3%) 213(34.5%) 48(40.7%)
v 293(18.3%) 87(20.7%) 83(18.7%) 109(17.6%) 14(11.9%)
T category 0.141
T1 282(17.6%) 77(18.3%) 85(19.1%) 102(16.5%) 18(15.3%)
T2 781(48.8%) 205(48.8%) 215(48.3%) 295(47.7%) 66(55.9%)
T3 284(17.7%) 60(14.3%) 74(16.6%) 129(20.9%) 21(17.8%)
T4 254(15.9%) 78(18.6%) 71(16.0%) 92(14.9%) 13(11.0%)
N category 0.788
NO 445(27.8%) 115(27.4%) 123(27.6%) 175(28.3%) 32(27.1%)
N1 692(43.2%) 185(44.0%) 192(43.1%) 271(43.9%) 44(37.3%)
N2 417(26.0%) 109(26.0%) 116(26.1%) 152(24.6%) 40(33.9%)
N3 47(2.9%) 11(2.6%) 14(3.1%) 20(3.2%) 2(1.7%)
Pathological Type 0.107
WHO II 115(7.2%) 26(6.2%) 43(9.7%) 37(6.0%) 9(7.6%)
WHO III 1486(92.8%) 109(92.4%) 581(94.0%) 402(90.3%) 394(93.8%)
VcA-IgA 0.102
High level 534(34.2%) 120(29.2%) 157(36.2%) 216(35.9%) 41(35.3%)
Low level 1028(65.8%) 291(70.8%) 277(63.8%) 385(64.1%) 75(64.7%)
missing values 39
EA-IgA 0.565
Positive 1218(78.6%) 313(76.9%) 342(79.5%) 468(78.4%) 95(82.6%)
Negative 331(21.4%) 94(23.1%) 88(20.5%) 129(21.6%) 20(17.4%)
Lymphocyte counts cocounts 0.377
High level 1283(80.1%) 344(81.9%) 346(77.8%) 501(81.1%) 92(78.0%)
Low level 318(19.8%) 76(18.1%) 99(22.2%) 117(18.9%) 26(22.0%)
Radiotherapy 0.773
None 12(0.7%) 4(1.0%) 5(1.1%) 3(0.5%) 0(0.0%)
CRT 1354(84.6%) 345(82.1%) 377(84.7%) 531(85.9%) 101(85.6%)
CT-SIM 171(10.7%) 52(12.4%) 49(11.0%) 58(9.4%) 12(10.2%)
3D-CRT 33(2.1%) 8(1.9%) 9(2.0%) 14(2.3%) 2(1.7%)
IMRT 31(1.9%) 11(2.6%) 5(1.1%) 12(1.9%) 3(2.5%)
Chemotherapy 0.654
None 824(51.5%) 218(51.9%) 220(49.4%) 326(52.8%) 60(50.8%)
IC 417(26.0%) 116(27.6%) 125(28.1%) 146(23.6%) 30(25.4%)
CcC 229(14.3%) 56(13.3%) 61(13.7%) 97(15.7%) 15(12.7%)
IC+CC 131(8.2%) 30(7.1%) 39(8.8%) 49(7.9%) 13(11.0%)

*Abbreviations: NPC=nasopharyngeal carcinoma; UICC=Union for International Cancer Control; T category=tumor size; N category=lymph node status; VcA-IgA
=immunoglobulin A against Epstein-Barr virus viral capsid antigen; EA-IgA=immunoglobulin A against Epstein-Barr virus viral early antigen; CRT=conventional
radiotherapy; CT-SIM=computed tomography-simulation; 3D-CRT=3-dimensioned conventional radiotherapy; IMRT=intensity-modulated radiotherapy; IC=induction
chemotherapy; CC=concomitant chemotherapy
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Table 2. Univariate and multivariate analyses of overall survival in nasopharyngeal carcinoma patients*

Statistic index Blood group status Blood group A status

A (n=407) B (n=429) 0O (n=597) AB (n=115) A (n=407) Non-A (n=1141)
No. of events 134 130 199 32 134 361
uHR (95% CI) 1 0.915 (0.719-1.164) 1.045 (0.839-1.301) 0.851 (0.579-1.252) 1 0.975 (0.800-1.189)
P-value 0.468 0.695 0413 0.804
aHR (95% CI)a 1 0.896 (0.702-1.143) 1.081 (0.865-1.351) 0.843 (0.572-1.244) 1 0.982 (0.803-1.200)
P-value 0.378 0.491 0.39 0.856

*A total of 53 patients with missing values were excluded (Likelihood-Ratio Test: p<0.0001).** Abbreviations: NPC = nasopharyngeal carcinoma; uHR = unadjusted
hazard ratio; CI = confidence interval; aHR = adjusted hazard ratio; UICC = Union for International Cancer Control; T category = tumor size; N category = lymph node
status; VcA-IgA = immunoglobulin A against Epstein-Barr virus viral capsid antigen; EA-IgA = immunoglobulin A against Epstein-Barr virus viral early antigen; CRT =
conventional radiotherapy; CT-SIM = computed tomography-simulation; 3D-CRT = 3-dimensioned conventional radiotherapy; IMRT = intensity-modulated radiotherapy;
IC = induction chemotherapy; CC = concomitant chemotherapy. aAdjusted for gender, age (< 50 vs. > 50), smoking history (yes vs. no), drinking history(yes vs. no),
UICC stage (I/ II/ 11/ IV), T category (T1/ T2/ T3/ T4), N category (NO/ N1/ N2/ N3), pathological type (WHO type II/ III), VcA-IgA titer (< 1:320 vs.> 1:320), EA-
IgA titer (negative vs. positive), peripheral blood lymphocyte counts (<1.35x10°L vs. > 1.35x10°L), radiotherapy type (none, CRT, CT-SIM, 3D-CRT, and IMRT), and
chemotherapy type (none, IC, CC, and IC + CC).

Table 3. Univariate and Multivariate Analyses of Overall Survival in WHO Type III Nasopharyngeal Carcinoma
Patients with Chemotherapy in Conventional Radiotherapy Cohort”

Statistic index Blood group status Blood group A status

A (n=152) B (n=166) O (n=221) AB (n=48) A (n=152) Non-A (n=435)
No. of events 57 65 94 17 57 176
uHR (95% CI) 1 1.083 (0.759-1.545)  1.245 (0.896-1.730) 0.952 (0.554-1.637) 1 1.147(0.851-1.547)
P-value 0.661 0.192 0.859 0.367
aHR (95% CDa 1 1.037 (0.724-1.487)  1.275(0.910-1.786) 0.930 (0.536-1.615) 1 1.136 (0.840-1.537)
P-value 0.842 0.157 0.798 0.408

*#A total of 15 patients with missing values were excluded (Likelihood-Ratio Test: p<0.0001). Abbreviations: NPC=nasopharyngeal carcinoma; uHR=unadjusted hazard
ratio; CI=confidence interval; aHR=adjusted hazard ratio; UICC=Union for International Cancer Control; T category = tumor size; N category=lymph node status; VcA-
IgA=immunoglobulin A against Epstein-Barr virus viral capsid antigen; EA-IgA=immunoglobulin A against Epstein-Barr virus viral early antigen.

aAdjusted for gender, age (< 50 vs.> 50), smoking history (yes vs. no), drinking history(yes vs. no), UICC stage (I/ II/ III/ IV), T category (T1/ T2/ T3/ T4), N category
(NO/ N1/ N2/ N3), VeA-IgA titer (< 1:320 vs. > 1:320), EA-IgA titer (negative vs. positive), peripheral blood lymphocyte counts (<1.35x10°/L vs. > 1.35x10%/L).

groups (p=0.309). Through multivariate analyses, we used
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In order to assess the interaction effect, male patients
of UICC stage II were divided into four subgroups
according to blood group status (A vs. non-A) and VcA-
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Figure 3. Overall Survival in Male Nasopharyngeal
Carcinoma Patients with A Blood Group of UICC
Stage I1I Stratified for Peripheral Blood Lymphocyte
Counts (A) and Stratified for Peripheral Blood
Lymphocyte Counts and A Blood Group Status (B)
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IgA level (low level vs. high level). It was revealed that
there was an OS advantage for male patients of blood
group A with high VcA-IgA level compared to those with
low level, whereas there was no significant difference of
OS between non-A groups (p=0.008) (Figure 2B). When
female patients of UICC stage II were divided into four
subgroups as above, there was no significant difference
of OS among them (p=0.165).

Potential protective effects of peripheral blood lymphocyte
inmale NPC patients with A blood group in UICC stage 111

We also sought to find out the prognostic value of
peripheral blood lymphocyte counts in male patients of
blood group A within the same UICC stage. Patients with
high blood lymphocyte level had a favorable prognosis
only in UICC stage III (p=0.010) in univariate analyses
(Figure 3A), whereas there was no significant difference
in OS in other UICC stages respectively (I: p=0.482; II:
p=0.877; IV: p=0.698).

Besides, male patients of UICC stage III were
categorized into four subgroups according to blood group
status (A vs. non-A) and blood lymphocyte level (low
level vs. high level). Interaction test revealed similar
trends, whereas there was no significant difference of
OS between non-A groups (p=0.096) (Figure 3B). When
female patients of UICC stage III were divided into four
subgroups as above, there was no significant difference
of OS among them (p=0.523).

Discussion

The ABO blood group system was first discovered
by Karl Landsteiner, who found three different blood
types (A, B, and O) in 1900. Among 29 blood group
systems, ABO blood group system is the most valuable
one (Hosoi, 2008). ABO blood group genes are mapped
at the chromosome 9q34.1 to 9q34.2 (Ozelius et al.,
1992). Links between ABO blood groups with benign or
malignant diseases, such as gastric and pancreas cancers,
have been observed for a long time (Wang et al., 2012;
Wolpin et al., 2009). It was proved that ABO blood
group antigen expression on cancer cells was modified
by hypermethylation of ABO gene promoter (Gao et al.,
2004), which might be related with the invasiveness or
metastasis of tumor. A latest research suggested that blood
type A or AB was associated with an increased risk of NPC
compared with subjects with blood type O (Sheng et al.,
2013). In addition, NPC patients of WHO histological
type III with A blood group had significantly lower OS
than those with non-A blood group (Ouyang et al., 2013).

Based on these investigations, we hypothesized that
the genetic background with A or AB blood group might
predispose those patients who actually developed NPC
to a more favorable prognosis. In our study, however,
there was no statistically significant difference among
different ABO blood groups regardless of assortment.
Moreover, when we only selected WHO type III patients in
CRT cohort with chemotherapy history to imitate similar
enrollment of the previous study (Ouyang et al., 2013), it
still showed no significant difference between A and non-A
blood group in terms of OS. Notably, there was basically

Asian Pacific Journal of Cancer Prevention, Vol 15, 2014

no overlap on the selection of NPC patients between this
study (year 2000-2003) and the prior study (Ouyang et
al., 2013) (year 2003-2006). The reason why conflicting
results were obtained from different periods is worthy of
further research.

Therefore, we concluded that ABO blood group
status was not associated with the prognosis of patients
with NPC. It is still questionable whether the OS of A
blood group patients with WHO histological type III is
significantly lower than that of non-A blood group ones.

NPC in the epidemic area is special because of its
strong association with EBV and sustain higher levels
of serum EBV-specific antibodies, especially isotypes of
immunoglobulin A (IgA) (Henle et al., 1976; Ho et al.,
1976; Han et al., 2012). Previous studies have shown
that VcA-IgA and EA-IgA were particularly elevated in
NPC patients (Sam et al., 1989; Low et al., 2000; Cheng
et al., 2002; Tiwawech et al., 2003) and might provide
information regarding the prognosis (Cai et al., 2013).

We observed that the HR-value of VcA-IgA was
below 1 while the HR-value of EA-IgA was above 1 in
multivariate analyses after adjusting for UICC stage. It
suggested that a false poor prognosis of high VcA-IgA
level was possibly due to the confounding effects of
tumor burden (Fan H et al., 2004). But actually, VcA-IgA
might show protective effects in a certain UICC stage.
Therefore, we tested the protective effect of VcA-IgA
according to different criteria of classification, such as
gender, UICC stage, blood types and so on. Finally, the
interaction test revealed that there was an OS advantage
for male patients of blood group A with high VcA-IgA
level within stage II compared with those with low level,
whereas there was no significant difference of OS between
non-A subgroups. Interestingly, a recent study showed
the rate of distant metastasis was significantly higher
among male patients with A blood group than that of
non-A blood group (Sheng et al., 2013), which indicated
that male NPC patients with blood group A were prone to
metastasize distantly. It was possible that high VcA-IgA
level might inhibit tumor metastasis and bring benefit to
the prognosis, as a protective antibody. We assumed that
VcA-IgA might play a role in suppression of metastasis
of NPC cells which might express virus-related antigens
on the surface, although more direct evidences are needed
to verify this hypothesis.

However, no significant difference of OS respectively
in UICC stage IIT and IV was detected, which might due to
the restriction of small sample size. The protective effect
of VcA-IgA was likely limited, thereby being masked
by larger tumor burden in stage III and IV. It was worth
mentioning that there was no male NPC patient of blood
group A with high serum VcA-IgA level in UICC stage I,
which inferred that high serum VcA-IgA level possesses
potential protective effect in male patients of blood group
A with NPC in early UICC stage.

NPC is also denominated lymphoepithelioma because
of its intensive infiltration of lymphocytes among EBV-
infected epithelial malignant cells (Rickinson et al.,2007).
Because high-level VcA-IgA in male NPC patients of
blood group A was associated with a favorable prognosis
in UICC stage I, we tried to investigate whether the index
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of cellular immunity, such as peripheral blood lymphocyte
counts, was associated with better prognosis in certain
clinical stage.

The interaction test revealed similar tendency that the
OS of male NPC patients of A blood group in UICC stage
IIT with high blood lymphocyte level was better compared
to those with low level, whereas there was no significant
difference of OS between non-A subgroups. It was known
that CD8+ effector cells often had an antitumor function
in patients with NPC (Fogg M et al., 2013). A recent
study demonstrated that cell therapy with EBV-specific
autologous cytotoxic T lymphocytes (CTLs) might control
disease progression in patients with NPC (Secondino et al.,
2012). Another clinical study partly supported our results
that obvious infiltration of T cell around neoplasm was
associated with better prognosis of NPC patients in UICC
stage III (He et al., 1999). Blood lymphocyte counting
partially may reflect the infiltration of lymphocyte around
tumor tissue, which explained our observations to a certain
extent. There was much room for further studies on the
interactions between sub-classifications of lymphocytes
and prognosis of male NPC patients with blood group A.

NPC is characterized by a strong association to
EBYV, thus giving rationale for viral antigens-targeted
immunotherapy (Thompson et al., 2004). Moreover,
recent studies observed that EBV-specific immunity
enhanced by various strategies, including adoptive and
active immunotherapy, could show anti-tumor effect
significantly(Chua D et al., 2001; Straathof KC et al.,
2003; Comoli P et al., 2004; Straathof KC et al., 2005).
Nevertheless, most of the strategies were not mature
enough for clinical treatment because of their lack of
substantial data from clinical trial, from which patients
usually could only get limited remission. Therefore, it is
a promising way to promote the effect of EBV-targeted
immunotherapy by identifying a special group of NPC
patients through EBV-related clinical features. In our
study, the association between EBV-induced immunity
and prognosis has been revealed in male NPC patients
with A blood group in certain UICC stage, which possibly
provided a potential subgroup that might be sensitive to
EBV-targeted immunotherapy.

In conclusion, our investigation suggested that ABO
blood group status was not associated with the prognosis
of patients with NPC in Chinese populations. Additionally,
we identified a special subgroup of NPC patients that have
male sex and A blood group, for whom high VcA-IgA
level and high blood lymphocyte level might be correlated
with a favorable prognosis in UICC stage II and UICC
stage III, respectively. Moreover, we speculated that this
special subgroup might be more sensitive to EB V-targeted
immunotherapy. It is worthy of further investigation on
the underlying mechanism. Besides, it is encouraged to
investigate the roles of EBV DNA and classification of
lymphocytes. Further studies on the genetic background
of male NPC patients with blood group A are warranted.
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