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Our previous study based on the results of PCR and Southern hybridization for the detection of

HPV, CMV, EBV, HSV-1, HSV-2 and HHV-8 DNA in non-familial breast cancer patients suggest

that the viruses associated with breast cancer are HHV-8>EBV (P<0.01). Therefore, efforts were

made to further investigate the association between breast cancer with node status and viral

infections. 62 breast cancer patients and their mammary specimens were enrolled in this

retrospective study. The presence of these six potential oncogenic viruses was analyzed to

establish the relationship between nodal status and treatment outcome. Statistical analysis were



used for the assessment of variables, including viral positivity and clinical feature. Viral positivity

was not significantly different comparing node-positive and node-negative patients (P>0.05).

When the viral factors were not entered for statistical analyses, no variable was significantly

related to overall survival. However, tumor stage, tumor size, nodal status and estrogen receptor

were significantly related to relapse-free survival (P<0.05). For viral factors, the number of

infecting viruses is related to the overall and relapse-free survivals. Only when VO or V(0, 1) was

grouped for comparison with other multiply virus-infected subgroups, were the overall and

relapse-free survivals significantly different (P<0.005 or <0.001). The results suggest that HSV-1,

HHV-8, EBV, CMV and HPV were relate to overall survival, however, only HHV-8 and CMV

were related to relapse-free survival (P<0.05 or <0.01). Virus factor is significantly related to

human breast cancer, not only in terms of the oncogenetic process, but also in overall and

relapse-free survivals.

Key words: overall survival; relapse-free survival; virus, lymph-node; polymerase chain reaction;

Southern hybridization.
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Abstract

Purpose Our previous study based on the results of
polymerase chain reaction and Southern hybridization
for the detection of Human papilloma virus (HPV),
Cytomegalovirus (CMV), Epstein-Barr virus (EBV),
Herpes simplex virus (HSV)-1, HSV-2, and Human her-
pesvirus (HHV)-8 DNA in non-familial breast cancer
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patients suggest that the viruses associated with breast
cancer are HHV-8 = EBV (P < 0.01). Therefore, efforts
were made to further investigate the association between
breast cancer with nodal status and viral infections.
Methods Sixty-two breast cancer patients and their
mammary specimens were enrolled in this retrospec-
tive study. The presence of these six potential onco-
genic viruses was analyzed to establish the relationship
between nodal status and treatment outcome. Statisti-
cal analyses were used for the assessment of variables,
including viral positivity and clinical feature.

Results Viral positivity was not significantly different
comparing node-positive and node-negative patients
(P = 0.05). When the viral factors were not entered for
statistical analyses, no variable was significantly related
to overall survival. However, tumor stage, tumor size,
nodal status , and estrogen receptor were significantly
related to relapse-free survival (P < 0.05). For viral fac-
tors, the number of infecting viruses is related to the
overall and relapse-free survivals. Only when V0 or
V(0. 1) was grouped for comparison with other multi-
ply virus-infected subgroups, were the overall and
relapse-free survivals significantly different (F < 0.005
or P < 0.001). The results suggest that HSV-1, HHV-8,
EBV, CMV, and HPV were related to overall survival,
however, only HHV-5 and CMV were related to
relapse-free survival (P < 0.05 or P < 0.01).

Conclusion Virus factor is significantly related to
human breast cancer, not only in terms of the oncoge-
netic process, but also in overall and relapse-free sur-
vivals.

Keywords Overall survival - Relapse-free survival -

Virus - Lymph node - Polymerase chain reaction -
Southern hybridization
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Abbreviations
CMV  Cytomegalovirus
EBV  Epstein-Barr virus

HHV Human herpesvirus

HIV ~ Human immunodeficiency virus
HPV  Human papilloma virus

HSV  Herpes simplex virus

NAT Neoadjuvant therapy

NNAT Non-neoadjuvant therapy
PCR  Polymerase chain reaction
UICC Union Internationale Contre Ie Cancer

Introduction

Axillary nodal status, as assessed by traditional histo-
logical methods, is a proven independent prognostic
factor for breast cancer. Sentinel lymph node biopsy is
a surgical pathological staging procedure that not only
allows the selective removal of the most likely sites for
Ilymphogenic metastases, but also enables upstaging of
breast carcinoma by identifying nodal involvement
undetected by standard staging methods (Cserni 2004).
Although the impact of axillary treatment on survival
remains controversial, in recent times axillary lymph
node positivity has been considered an indicator for
elevated systemic-diffusion disease risk rather than as
the possible source of systemic metastases (Catzeddu
et al. 2004),

The concept of sentinel lymph node biopsy in breast
cancer surgery is based on the fact that tumors drain
via the lymphatic system in a logical way (Trifiro et al.
2004). Specialists have used hematoxylin and eosin
stain and/or immunohistochemical techniques to exam-
ine metastatic axillary lymph nodes (Giuliano et al.
1995; Breslin et al. 2000; Julian et al. 2001). However,
predicting metastases from the status of axillary lymph
nodes is difficult (Noguchi et al. 1996).

The effectiveness of lymph nodes for entrapment of
inanimate particles, bacteria, viruses, and red blood
cells has been extensively evaluated; however, there
are relatively few reports detailing investigation of the
viral factors in breast cancer and how they affect lymph
node metastasis. Viruses are one of the risk factors
closely related to human cancer (Dimmock and Prim-
rose 1994). Many widespread chronic diseases, previ-
ously thought to be due to metabolic imbalances or
genetics modifications, are increasingly linked to infec-
tions. It is now estimated that viruses contribute to
20% of all human cancers (Dimmock and Primrose
1994).

Previous studies provide direct evidence that viruses
exist in patients with breast cancer and suggest that

@ Springer

viruses are one of the risk factors for breast cancer
(Pogo and Holland 1997; Brower 2004). However,
some of these works remain in dispute (Gopalkrishna
et al. 1996; Chu et al. 1998; McCall etal. 2001). Rich-
ardson (1997) suggested that late exposure to human
cyvtomegalovirus (CMYV) is a risk factor for breast can-
cer. Labrecque etal. found that Epstein-Barr virus
(EBV) was more frequently detected in malignant tis-
sue by polymerase chain reaction (PCR) compared to
non-cancerous tissue (Labecque et al. 1995). A recent
study suggests that the presence of either Human pap-
illoma virus (HPV)-16 or HPV-18 in the breast may be
related to the development of a malignant phenotype
(Damin et al. 2004). By contrast, Gopalkrishna et al.
(1996) reported the absence of HPV DNA in breast
cancer. It has also been suggested that Human herpes-
virus (HHV )-8 is associated with breast cancer (New-
ton et al. 2003). Our previous study focused on the fact
that the results of PCR and Southern hybridization for
the detection of HPV, CMV, EBV, Herpes simplex
virus (HSV)-1, HSV-2, and HHV-8 DNA in non-famil-
ial breast cancer patients suggest that the viruses asso-
ciated with breast cancer are HHV-8 > EBV (F < 0.01)
(Tsai et al. 2005). However, none of these studies dis-
cussed the relationship between viral factors and axil-
lary lymph nodes and breast cancer survival. Instead,
these workers emphasize the molecular etiology of
breast cancer without investigating the relationship to
clinicopathological features.

In this patient study, therefore, we have investigated
the presence of these six potential oncogenic viruses,
attempting to establish the relationship between viral
factor, nodal status, and treatment outcome. Investiga-
tion of viral factors in breast cancer and their associa-
tion with clinicopathological features might enable
earlier diagnosis, ultimately improving prevention and
treatment.

Patients and methods
Specimen collection and characterization

This study was performed with approval by Chung
Shan Medical University Human Investigations
Review Board (No. CS05044). As in the previous
investigation (Tsai et al. 2005), samples were obtained
from 69 females with primary non-familial breast can-
cer tumors and 60 specimens from non-cancerous or
other individuals with thyroid tumors or fibroadenoma
(non-breast cancer controls). All of the samples were
examined by pathologists at Chung Shan Medical
University Hospital, Taichung, Taiwan and collected at
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this medical center from November 1999 to August
2003. The cancer stage and tumor size were defined
according to the Union Internationale Contre Ie Can-
cer (UICC) system, and also analyzed by PCR and
Southern hybridization for the presence of six viruses,
HPV, CMV, EBV, HSV-1, HSV-2, and HHV-8. Two
specimens from patients with a familial history of
breast cancer and five breast cancer specimens with
negative results for f-globin, which was used as
internal control, were excluded from this study. Of 62
f-globulin-positive breast cancer cases, all were infil-
trating carcinomas. None of 62 breast cancer patients
had undergone presurgical radiotherapy, however, six
had undergone neoadjuvant therapy (NAT). Of 62
breast cancer patients studied, the six treated with neo-
adjuvant chemotherapy were assigned to the NAT
group, while the other 56 were assigned to the non-
necadjuvant therapy (NNAT) group. The median
number of axillary lymph nodes examined in the NNAT
group was 20 (range 11-38), significantly higher than the
NAT analog (median = 10.4, range 2-19; P = 0.023).
Immediately after surgery, one set of the tumor sam-
ples and controls were placed in liquid nitrogen and
stored at —80°C until analysis. The other set of tissues
underwent routine histopathological diagnosis, includ-
ing immunohistochemical staining for estrogen and
progesterone receptors (Clones 1D5 and PgR636,
DakoCytomation, Copenhagen, Denmark).

DNA extraction, polymerase chain reaction assay
and southern hybridization

The DNA extraction, PCR assay, and Southern hybrid-
ization were established in our lab using the protocols
described before (Tsai etal. 2004, 2005; Yang etal.
2004a, b).

Axillary lymph node examination

Lymphadenectomy specimens were dissected fresh fol-
lowing the Watanabe protocol for isolation of lymph
nodes (Watanabe et al. 1992), with no clearing tech-
niques used.

Statistical analysis

Relapse-free survival was calculated using the period
from first day of surgery until the day of relapse or last
follow-up visit. Overall survival was calculated from
the first day of surgery until death or last follow-up
visit. Life-table estimation was performed according to
the method of Kaplan and Meier. The chi-square test
was used to compare clinicopathological parameters

between virus detection and nodal status. Wilcoxson
sum rank test was used to compare axillary lymph node
numbers with or without NAT. Univariate comparison
of survival curves was assessed by log-rank test. Multi-
variate comparison of clinical feature was assessed by
Cox proportional-hazards model. Kendall's t-b-test
was used to examine the correlation between number
of viruses present and node positive/node negative
samples. P < 0.05, P<0.01, P < 0.005, or P < 0.001 was
considered statistically significant.

Results

A total of 62 non-familial, female breast cancer
patients and their surgically obtained mammary speci-
mens were studied. The clinicopathological character-
istics of the breast cancer patients are summarized in
Table 1. All cancer tissues (n = 62) were screened for
the presence of six different viruses using PCR and
Southern blotting analysis, as previously reported (Tsai
et al. 2005). Among the 62 breast cancer samples, eight
(12.9%) were positive for HSV -1, 28 (45.2%) for EBV,
47 (75.8%) for CMV, eight (12.9%) for HPV, and 28
(43.8%) for HHV-8. In the non-breast cancer control
groups, 8/12 (66.7% ) were CMV -positive normal sam-
ples, 4/16 (25.0%) CMV-positive thyroid tumor sam-
ples, 20/32 (62.5% ) were HSV-1-positive fibroadenoma
samples, 16/32 (50.0%) were EBV-positive, 20/32
(62.5%) were CMV-positive, 2/16 (6.3% ) were HPV-
positive, and 28 (87.5% ) were HHV-8-positive fibroad-
enoma samples. HSV-2 was not detected in either the
breast cancer or the non-breast cancer groups. Among
the wviral gene-positive breast cancer samples, 12
(23.1%) were positive for one virus, 16 (30.8%) were
positive for two viruses, 21 (40.4% ) were positive for
three viruses, and three (5.8% ) were positive for four
viruses. Among the 40 viral DNA -positive specimens
of the non-breast cancer controls, only one type of
virus was found in the normal and thyroid tumor speci-
men groups, and all fibroadenoma specimens had more
than one viral type present. The presence of two- and
three-viruses was found in eight (28.6%) specimens
each, respectively, and four virus types were found in
12 (42.9%) specimens. Of 52 viral DNA -positive breast
cancer specimens, 12 specimens (23.1% ) were positive
for one virus, 16 (30.8%) for two, 21 (40.4%) for three,
and three (5.8% ) were positive for four viruses. When
viral positivity and clinical features were entered into
the chi-square analysis, no significant correlation was
demonstrated between viral positivity and age
(30 year), tumor stage, tumor size, estrogen receptor or
progesterone receptor status for our patient sample
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Table 1 Clinicopathological characteristics of breast cancer
patients

Table 3 Results of log-rank analysis for overall and relapse-free
survival

Total patients Virus positivity P-value
no. (%) no. (%)
Age (year)
< 50 19 (30.6) 16 (84.2) 0.962
=50 43 (69.4) 36 (83.7)
Tumor stage
I 18 (29.0) 17 (94.4) 0.333
IT 42 (66.8) 34 (80.9)
I11 2(3.2) 2 (100)
Tumor size
T1 13 (21.0) 12 (92.3) 0L580
T2 41 (66.1) 33 (80.4)
T3 2 (12.9) 7 (87.5)
Nodal status
- 32(5L6) 29 (90.6) 0.251
+ 30 (48.4) 23(76.7)
ER status
- 32 (5L6) 27 (84.3) 0.912
+ 30 (48.4) 25(83.3)
PR status
- 49 (79.3) 41 (85.3) 0.935
+ 13 (20.7) 11 (84.6)

(P> 0.05). Although histological involvement of axil-
lary lymph nodes is the standard risk factor used for
prognostic evaluation, we found that viral positivity
was not significantly different comparing node-positive
and node-negative patients (P > 0.05).

When the clinical features but not viral positivity
were entered into a multivariate Cox proportional-haz-
ards model, none of the variables was significantly
related to overall survival; however, tumor stage,
tumor size, nodal status, and estrogen receptor were
significantly related to relapse-free survival (P < 0.05;
Table 2). We used Kendall's 7-b-test to examine the
correlation between number of virus infections and
survivals in breast cancer patients. The results suggest
that the number of infecting viruses is related to the
overall and relapse-free survivals of breast cancer
patients (correlation coefficient=—-0.275; P=0.021).
In order to further investigate the relationship between
viral factors and overall and relapse-free survivals in

Table 2 Results of multivariate Cox proportional-hazards analysis

Variable P-value

Overall Relapse-free

survival survival
Vivs. V1 vs. V2 vs. V3vs. V4 0.001* = 0.001#%
VOvs. Vi1, 2)vs. V(3,4) 0.359 0.189
VOvs. Vi1, 2, 3)vs. V4 .645 (. 598
Viovs. Vi1,2,3.4) 0.515 0.979
V(0.1 vs. V2 vs. V3vs. V4 0.013% = 0.001#%
Vi0, 1) vs. V2vs. V(3. 4) 0.005% = 0.001#%
VD, 1) vs. V(2, 3) vs. V4 0.005% < (L0017
V0, 1) vs. V2,3, 4) 0.001* = 0.001#%
VD, 1,2) vs. V3vs. V4 .543 0.187
Vi0,1,2) vs. W(3,4) 0.288 0.078
Vi(0,1,2, 3)vs. V4 (0.539 0.312

*Statistically significant

our sample of breast cancer patients, univariate log-
rank analysis was used. Both overall and relapse-free
survival rates were significantly different (P = 0.001 and
P <0.001, respectively; Table 3) comparing VO-V4
subgroups (zero—four virus infections, respectively).
Moreover, as shown in Table 3, significant differences
were also demonstrated in comparisons of the respec-
tive survival rates for the virus infection subgroups:
V(0.1), V2, V3, and V4; V(0, 1), V2, V(3, 4), V{0, 1),
V(2. 3), V4, and, V(0, 1), and V(2, 3, 4) (P < 0.005 or
P <0.001) (n, n+ 1..., indicates virus number). Except
for the VO vs. V1 vs. V2 vs. V3 vs. V4 variable, only
when V(0,1) was grouped for comparison with other
multiply virus-infected subgroups, however, were the
overall and relapse-free survivals significantly different.
These results suggest that the number of virus infec-
tions is related to the overall and relapse-free survivals
in our sample of breast cancer patients, moreover, the
overall and relapse-free survivals of multiply (more
than two) virus-infected breast cancer patients group is
significantly different from the no virus- or one virus-
infected group.

Different virus-positive groups were further studied
to clarify the role of individual viruses in breast cancer.

Wariable Hazard ratio for death Hazard ratio for relapse
95% C1 P-value 95% C1 P-value

Age (= 50 vs. < 50 year) 1.836 (0.268-21.807) 0.432 0.816 (0.430-4.437) 0.587
Tumor stage (I vs. 11 vs. 11II) 1.343 (0.429-8.787) 0.390 3.264 (1.535-10.448) 0.005%*
Tumor size (T1 vs. T2 vs. T3) 1567 (0.730—16.424) 0.116 3,547 (1.856-12.794) 0.001#*
Nodal status (— vs. + ) 1.238 (0.607-49.695) 0.130 5.229 (1.344-17.738) 0.016%
ER status (— vs. + ) 1.364 (0.161-6.338) 0.991 4.143 (1.256-13.809) 0.020%
PR status (—vs. + ) 1.234 (0.122-10.107) 0.927 1.235 (0.929-8.577) 0.067

*Statistically significant

‘a Springer



I Cancer Res Clin Oncol

The results of Kaplan-Meier estimation of overall and
relapse-free survivals for the node-negative and node-
positive virus-positive groups (N-V +and N+V+,
respectively) are depicted in Fig. la, b. Both overall
and relapse-free survivals were significantly different
(P <0.05 or P < 0.01). The results of the Kaplan-Meier
estimation of the overall and relapse-free survivals for
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individual virus-infected cases deducted from N-V+
and N+V+ groups are presented in Fig. le-1. Thus, the
statistical significance of individual virus infections can
be revealed. For example, comparing the HSV-1-positive
case-deducted N-V+ group with the HSV-1-positive
case-deducted N+V+ group, the overall survival was
not significantly different (P> 0.05), however, the

B (Total)
1r- o]
o e N H
g nat
Z 06}
3 P=0.008
T 04
0w
=3
@ D2F
o
D L L L L ]
0 500 1000 1500 2000 2500
Days
D (HSV-1)
1 —t—N V4
— ={—N+V+
S oa} —
% P=0.019
% 0.6k T
R
w0
ks
¢ 02
i
D 1 L 1 1 1
0 500 1000 1800 2000 2500
Days
I (HHV-8)
r g ]_
=l ¢ FRTES
= 08
2
=
@ 06k
@
£ P=0.062
= 04f =U.002
g
& ozk
0 1 L 1 7 1 1
0 500 1000 1500 2000 2500
Days

N+V+ (n=12) groups. gand h EBV-positive case deducted N-V+
(n=12) and N+ V + (n=12) groups. i and j CMV-positive case
deducted N-V+ (n=2) and N+V+ (1 =3) groups. k and | HPV-
positive case deducted N-V+ (n = 25) and N+V+ (n = 19) groups

@ Springer



J Cancer Res Clin Oncol

G (EBV)
r &, ——N
CL T ——t—te .
08 ——N+V+
= | moo—o0-o
g
S o6}
E P=0.499
=
= 04k
g
s}
0.2f
D L L L L J
0 500 1000 1500 2000 2500
Days
I (CMV)
—r— NVt
1r Ap—
e N+
08 |
=
2z
Z 06|
=
73]
= P=0.317
S 04}
-
o
02 |
0 L L L L ]
0 500 1000 1500 2000 2500
Days
K (HPV)
. ——
s NV
o8l
g
= 06
-
w P=0.155
T o4t
2
O oz}
D L L L L ]
0 500 1000 1500 2000 2500
Days

Fig. 1 continued

relapse-free survival remained significant (P < 0.03)
(Fig. 1c, d, respectively). A statistically significant rela-
tionship between HSV-1 and overall, but not relapse-
free, survival in our sample population was revealed,
although the change of P values from 0.040 to 0.063
was minor. In these analyses, all five of the detected
viruses (i.e. HSV-1, HHV-8, EBV, CMV, and HPV)
were related to overall survival, however, only HHV-58
and CMV were related to relapse-free survival.
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Discussion

Axillary lymph node involvement has been recognized
as the most important prognostic factor in breast can-
cer, despite the fact that many other parameters have
been evaluated in recent years (O'Hanlon et al. 2002;
Reed et al. 2004). Recently, Reed et al. (2004) demon-
strated that metastases larger than 2 mm predicted
poorer relapse-free survival rate and that subcapsular
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location of metastases was a strong predictor of overall
survival in their sample. Further, multivariate analysis
revealed that histological grade, tumor size, progester-
one receptor status, and presence of occult metastasis
in the lymph nodes had a prognostic impact on survival
over a 25-year follow-up. Pedersen et al. (2004) dem-
onstrated a significant effect on overall survival only for
tumor size, positive lymph node status, histology grade,
and receptor status from multivariate analysis. Kett
etal. (2002) have shown that survival probability is
determined both by status of axillary lymph drainage
and number of metastatic axillary lvmph nodes. Voor-
deckers et al. (2004) have indicated that the percentage
of positive lymph nodes, as determined from axillary
lymph node dissection, appears to be an important
prognostic factor for survival, and that the ratio of
improved nodes to absolute number of involved axil-
lary lymph nodes is useful for prognostic assessment.
In the present study, we have further suggested that,
except for viral factors, no variable is significantly
related to overall survival; however, tumor stage,
tumor size, nodal status, and estrogen receptor were
significantly related to relapse-free survival (P < 0.05)
(Table 2).

A finding of negative lymph nodes is indicative only
of removal of a given tumor before lymphatic dissemi-
nation and destruction of the tumor-containing node
by immune nodes. Tumor-suppressor cell activity has
been demonstrated in the draining lvmph nodes from
breast cancer tissue (Huang et al. 2000). Suppression of
paracortical interdigitating dendritic cells and antigen-
presenting processes in the sentinel node is marked by
comparison to the non-sentinel analogs (Cochran et al.
2001; Cengiz et al. 2004). Therefore, the prospect for
the control of metastases, we suggest that, in addition
to immune factors, viral factors also contribute to the
development of breast cancer.

In our previous report, we suggested that, although
HHV-8 is more frequently associated with breast can-
cer than EBV (P < 0.01), HSV-1 and HHV-8 are more
frequently associated with fibroadenomas than EBV
(P =< 0.01) (Tsai et al. 2005). It is also interesting to note
that in our samples the number of infecting viruses
associated with benign fibroadenoma was higher than
for malignant breast cancer. Moreover, HSV-1 is asso-
ciated with benign (fibroadenoma) but not malignant
tumors (breast cancer) of breast tissue. Thus, the role
of HSV-1 in mammary-tumor development warrants
investigation. Moreover, it is interesting that except for
the VO vs. V1 vs. V2 vs. V3 vs. V4 variable, the overall
and relapse-free survivals were significantly different
only when V(0.1) was grouped for comparison with
other multiply virus-infected subgroups (Table 3). The

findings of our current and earlier studies (24) with
respect to the significance of viral factors for overall
and relapse-free survival and the viruses associated
with breast cancer are summarized in Table 4. Based on
these results, it seems reasonable to suggest that HSV-
1, HHV-8, EBV, CMV, and HPV are related to overall
survival, however, only HHV-8 and CMV appear
related to relapse-free survival. It is thus reasonable to
speculate that more virus infection by more virus types,
i.e., multiple virus infection, would have greater effects
on the immune system and overall and relapse-free sur-
vivals. In our previous report, we suggested that the
HHWV-8 virus had the strongest association with breast
cancer tissues (Tsai et al. 2005). The present study rein-
forces this finding, with statistically significant relation-
ships demonstrated between HHV-8 and both overall
and relapse-free survivals. Thus, we suggested the
importance of HHV-8 with respect to the oncogenic
processes and survival of breast cancer cannot be
ignored. For CMV . it was suggested that it is related to
the rate of relapse-free survival (Fig. 1) but not onco-
genesis in breast cancer (Tsai etal. 2005). More
recently, Cengiz et al. (2004) have shown statistically
significant increases in the number of metastatic lymph
nodes, vascular invasion, and tumor size for breast can-
cer patients with thyroid disease and greater frequency
of thyroid pathology compared to normal controls.
Interestingly, we have previously suggested that CMV
is the only virus associated with thyroid tumors (Tsai
et al. 2005). If proven, this raises the possibility that it
could account for the increased numbers of metastatic
lymph nodes and the relatively low relapse-free sur-
vival in these patients. In spite of the associated onco-
genic potential of EBV with breast cancer (Tsai et al.
2005), a relationship with relapse-free survival has not
been proposed in this study. Widschwendter etal.
(2004) have suggested that HPV may be transported
from the original site of infection (cervical tissues) to

Table 4 The significance of viral factor to overall and relapse-
free survival and virus associated with breast cancer

Overall Relapse-free Associated
survival survival Oncogenic
potential virus

H5V-1 + - —

H5V-2 N.A N.A —

HHWV-8 + + +*

EBV + — 3+

HCMV + + —

HPV + - —

+ significant, — not significant, N.A. not available

*The viruses associated with breast cancer are HHV-8 = EBV
(P < 0.01)
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the breast via the blood stream, and that this may be
the reason for the detection of HPV DNA in breast
cancer samples where there is a cervical cancer history.
This is consistent with our previous findings that HPV
is significantly related to cervical and oral cancers but
not to breast malignancy (Tsai et al. 2004, 2005; Yang
etal. 2004a, b). Moreover, it was demonstrated in this
study that HPV is significantly related to overall but not
relapse-free survival in breast cancer patients.

For the association of virus with breast cancer, our
results were based on parts of the DNA oncogenic
viruses and a relatively small sample size. Further
extensive study with large-scale samples and more
virus types assayed is necessary. However, in the pres-
ent study, multiple virus infection is significantly
related to the overall and relapse-free survivals in our
sample of breast cancer patients. This is consistent with
our previous finding that the presence of multiple
viruses predominates in breast cancer (Tsai etal.
2005). If this is true, immune-suppressive chemother-
apy may further influence the virus infectious status. In
Japan, Miura (1972) reported that the median number
of nodes examined for non-adjuvant treatment breast
cancer patients was 23.6. Giuliano et al. (1995) demon-
strated that the median number of examined nodes was
19 (range 8-40). Although our sample size was rela-
tively small, the median node numbers of 20 (range 11-
38) and 10.4 (range 2-19) for the NNAT and NAT
groups, respectively, are comparable with analogous
findings from these reports, with the latter significantly
lower than the former (P < 0.05). In our study, in spite
of the small number of patients, the median number of
dissected nodes was lower for the NAT group com-
pared to the NNAT analog, suggesting a neoadjuvant
chemotherapeutic effect.

To summarize, although viral positivity was not sig-
nificantly different comparing node-positive and node-
negative patients (P > (.03), the number of virus infec-
tions is related to the overall and relapse-free survivals
in our sample of breast cancer patients. Moreover, the
overall and relapse-free survivals of multiply (more
than two) virus-infected breast cancer patients group
are significantly different from the no virus- or one
virus-infected group. Therefore, we suggest that multi-
ple viral factors may relate to human breast cancer not
only in terms of the oncogenic processes revealed in
our previous tissue-specimen study, but also in terms of
overall and relapse-free survival, and ultimately reflect
treatment efficacy.
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