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Epstein—-Barr virus (EBV) infection is a risk factor for Hodgkin
lymphoma (HL). To test whether the frequency of HL subtypes and
their association with EBV has shifted with rising socioeconomic
status in Taiwan, we compared the pathological features and EBV
status, detected by in situ hybridization, of HL diagnosed between
1996 and 2007 (99 cases) and 1982 and 1995 (74 cases). The male-to-
female ratio was 121:52 (2.3:1) and the mean age at presentation
was 41.5 years. The overall EBV positivity rate was 50% (86/173
cases). Comparing the distribution of HL cases diagnosed at two
different time periods, we found an increased frequency of the
nodular sclerosis (NS) subtype (53 vs 68%, P = 0.045), a decreased
frequency of the mixed cellularity subtype (35 vs 13%, P < 0.001), a
reduced male-to-female ratio (2.9:1 compared to 1.4:1) and mean
age (42.4 vs 36.6 years) in the NS subtype, and a significant decrease
in EBV positivity rates among the NS and lymphocyte-depletion
subtypes (61 vs 39%, P =0.03). These data indicate shifts in the
frequency of histological subtype and EBV association for HL in
Taiwan over the last decade, with a trend closer to that seen in
Western countries and Japan. (Cancer Sci 2008; 99: 345-349)

E arly acquisition of Epstein—Barr virus (EBV) infection is
prevalent in developing countries.”” Previous studies have
demonstrated that acute EBV infection (or
mononucleosis) is a risk factor for Hodgkin lymphoma (HL),
and its infectious manifestations, especially age at infection, are
affected by socioeconomic status.*> Among the five subtypes of
HL, nodular lymphocyte predominance (NLP), nodular sclerosis
(NS), mixed cellularity (MC), lymphocyte-rich classical (LRC),
and lymphocyte depletion (LD), the MC subtype is most
frequently associated with EBV worldwide, ranging from 72 to
86%, whereas the NLP subtype is almost always EBV negative
in Western countries.“® However, we and others have previously
found that EBV is associated with all histological subtypes of
HL in Vietnamese and southern American children, especially
the NLP subtype, which showed a 100% positivity rate.®*19
The differences in EBV association between HL in developed
and developing countries and with different histological subtypes
may be reconciled by the ‘two-disease hypothesis’, which
proposes that the HL seen in the younger group is infectious in
nature whereas that in older persons has causes similar to other
types of lymphomas.!!:!?

Epidemiological studies have revealed three patterns of HL
distribution. Pattern 1, seen in developing countries and in
patients of low socioeconomic status, shows an early childhood
peak with tumors that are predominantly MC subtype and EBV
positive. Pattern 3, seen in developed countries and in patients
of high socioeconomic status, shows a peak incidence in the
third decade with tumors that are mainly NS subtype and
EBV negative. Pattern 2, seen in countries with transitional
economies, has an early childhood peak and a second decade
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peak with an equal frequency of the MC and NS subtypes.
It is therefore intriguing to observe whether there exists a
change in the frequency of HL subtypes and EBV association
with time in countries like Taiwan, where socioeconomic status
has improved over the past decades. The changing pattern of
EBYV association in HL may furthermore shed light on the role
of EBV in HL tumorigenesis.

In the present study, by comparing the frequency of HL subtypes
and EBV association in two medical centers in northern and
southern Taiwan during two time periods, we demonstrated a
shift toward the distribution of HL seen in Western countries,
including an increased frequency of NS subtype, a decreased
frequency of MC subtype, and a decreased overall EBV positivity
rate, especially for the NS and LD subtypes. These findings
clearly depict the trend toward EBV-independent pathogenesis
for HL in Taiwan and indicate that, with the improvement of
public health status, the role of viral pathogens (e.g. EBV) in
tumor generation may decrease, further supporting the theory of
‘two-disease hypothesis’ in HL.

Materials and Methods

Hodgkin lymphoma cases. A total of 173 cases of HL were studied,
including 53 cases from the National Cheng Kung University
Hospital (NCKUH), and 120 cases from the Veterans General
Hospital (VGH)-Taipei, of which 70 cases have been published
previously.' Studies were carried out under a laboratory
protocol approved by the institutional review board. The cases
from VGH-Taipei were submitted by using a high-density tissue
array technique as described previously.!'® Some of the 70 cases
published previously were reviewed, including all cases of NLP
subtype. To study the changing patterns in the frequency of HL
subtypes and EBV association over time, these cases were
divided into two time periods: one was from 1982 to 1995 and
the other was from 1996 to April 2007, based on a previous
study."® The specimens were fixed in 10% neutral formalin
solution. All of the cases were reviewed and classified by two
hematopathologists according to the World Health Organization
(WHO) classification criteria in May 2007.'” The diagnosis
made by the first pathologist was confirmed by the second
reviewer. Clinical data, including sex, age, presenting features,
and tumor site, were obtained by chart review.

Immunohistochemical staining. For subtype classification,
immunohistochemical staining was carried out on deparaffinized
tissue sections of formalin-fixed material after microwave-enhanced
epitope retrieval. Detection was done with streptavidin-biotinylated
peroxidase-conjugated reagents (LSAB+ kit; Dako, Carpinteria,
CA, USA) with 3-amino-9-ethyl carbazole as the chromogen
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and hematoxylin as the counterstain. The primary antibodies
and working dilutions were as follows: ALK-1 (1:25; Dako,
Glostrup, Denmark), CD3 (PC3/188 A, 1:100; Dako, Glostrup),
CD15 (Leu-M1, 1:50; Becton Dickinson, San Jose, CA, USA),
CD20 (L-26, 1:50; Dako, Glostrup), CD21 (1F8, 1:50; Dako,
Glostrup), CD30 (Ki-1, Ber-H2, 1:40; Dako, Glostrup), CD45
(leukocyte common antigen, 1:50; Dako, Glostrup), epithelial
membrane antigen (EMA, 1:50; Dako, Glostrup), and k (1:50) and
A (1:75) light chains (Dako, Glostrup).

Epstein-Barr virus detection. /n situ hybridization studies were
carried out for all cases of HL to detect EBV-encoded early RNA
(EBER1) using a polymerase chain reaction-derived digoxigenin-
labeled DNA probe, as in our previous study.®!'® Specimens of
nasopharyngeal carcinoma and tonsil were used as positive and
negative controls, respectively. Only unequivocal tumor cells
were evaluated for EBER1 signal expression, and EBV positivity
was defined as EBER1 signals expressed in at least one unequivocal
Reed-Sternberg or Hodgkin cell, as described previously.!?

Statistical analysis. Appropriate statistical tests were used to
examine the relationships and correlations between variables,
including the y>-test, and paired and unpaired #-tests. The P-
value referred to was two sided and the analyses were carried
using SPSS 13.0 statistical software (SPSS, Chicago, IL, USA).

Results

Relative frequency and clinicopathological features. There was a
total of 173 cases of HL at the NCKUH and VGH centers over
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the years 1982-2007, with a male-to-female ratio of 121:52
(55:19 during 1982-1995 and 66:33 during 1996-2007), with a
mean age at diagnosis of 41.5 years (41.9 years during 1982—
1995 and 41.3 years during 1996-2007). Using a standard
immunohistochemical panel (Fig. 1) and the morphological features
outlined in the current WHO scveme for classification, the
subtype distribution of 173 HL cases is summarized in Table 1.
NLP accounted for 7% of cases, NS for 61%, MC for 23%,
LRC for 4%, LD for 2%, and unclassified HL for 3%. Among
the cases from NCKUH during the period 1996 through 2007,
HL comprised 49 of the 636 (8%) malignant lymphoma cases
diagnosed, which was similar to the 8% reported during 1982—
1995, as detailed in the study by Liu et al. in northern Taiwan. !>

Epstein-Barr virus in situ hybridization. Epstein—Barr virus-encoded
early RNA was tested by in sifu hybridization in all cases, and
positivity was seen only in those tissue areas involving HL
(Fig. 1a—d; Table 1). The overall EBER positivity rate was 50%
(86/173), and was 8% for NLP (1/12), 47% for NS (50/106),
69% for MC (27/39), 29% for LRC (2/7), 50% for LD (2/4), and
80% for unclassified HL (4/5). In EBV-positive cases, the Reed—
Sternberg or Hodgkin cells showed positive signals in nuclear
regions (Fig. 1d—f). A few background non-neoplastic lymphocytes
were positive for EBV, although the signal was weaker than the
tumor cells (Fig. 1f). There were a total of 12 cases that were
double positive for EBER1 and CD20 (7%, 12/173) with 7%
each for the two time periods (5/74 during 1982—-1995 and 7/99
during 1996-2007). Among the 12 cases, 67% (8/12) were
elderly patients (>60 years).

Fig. 1. Epstein-Barr virus (EBV)-encoded early
RNA (EBER1) insitu hybridization for Hodgkin
lymphoma (HL) cases shows positive signals in
tumor cells with larger nuclear appearance. (a-d)
The tumor cells of this nodular sclerosis Hodgkin's
lymphoma case best appreciated by (a) hematoxylin—
eosin (HE) section are positive for (b) CD30 and
(c) CD15. (d) The distribution of EBER-positive
tumor cells corresponds to that seen in the HE
section. (e) Sections of tissue microarray for cases
from Veterans General Hospital Taipei show
positive signals mainly in large nucleated tumor
cells, (f) although a few inflammatory cells show
weaker staining. (a—-d) Original magnification 40x,
inset 400x; (e) original magnification 10x; (f) original
magnification 200x.
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Table 1.
between 1982 and 2007

Hodgkin lymphoma, by subtype, diagnosed in Taiwan at National Cheng Kung University Hospital and Veterans General Hospital Taipei

EBER1-positive

1982-95/1996-2007 (1982-95/1996-2007) Male-to-female Mean age
Subtype ratio (years)
n % n %
Nodular lymphocyte predominance 12 (6/6) 7 1 (1/0) 8 9/3 52.9
Nodular sclerosis 106 (36/67) 61 50 (23/27) 47 68/38 38.7
Mixed cellularity 39 (26/13) 23 27 (16/11) 69 32/7 40.6
Lymphocyte-rich classical 7 (1/6) 4 2 (0/2) 29 3/4 53.1
Lymphocyte depletion 4 (2/2) 2 2 (2/0) 50 4/0 445
Unclassified 5 (0/5) 3 4 (0/4) 80 5/0 62.6
Total 173 (74/99) 100 86 (42/44) 50 121/52 41.5

EBER1, Epstein—Barr virus-encoded early RNA.

Table 2. Comparison of Hodgkin lymphoma subtypes and Epstein-Barr virus (EBV) association over time in Taiwan and in previous studies from

Western countries

Taiwan, 1982-1995

Taiwan, 1996-2007

Studies from Western countries

subtype g EBER+ \yp Meanage % EBER+ . Meanage , | .« 9  EBER+ (%) MF V2M39€ piterence
(%) (years) (%) (years) (years)

Nodular lymphocyte 8 17 4/2 55.0 6 0 5/1 50.8 0.60 5 0 MP  30-50 an

predominance

Nodular sclerosis 53 59 29/10 424 68 40 39/28 36.6 0.045 70 10-40 171 28 ©817)

Mixed cellularity 35 62 20/6 36.8 13 85 12/1 48.2 <0.001 20-25 75(72-85%) 7/3 37 ©&8.17)

Lymphocyte-rich classical 1 0 01 32.0 6 33 33 56.7 0.12 5 57 7/3  >40-50 (17.33)

Lymphocyte depletion 3 100 2/0 64.0 2 0 2/0 25.0 0.77 <5 12-50 31 37 817.32)

Unclassified 0 - - - 5 80 5/0 62.6 - 4 33-100 NA NA ©8)

Total 57 55/19 41.9 44 66/33 41.3 0.004 30-50 @0

*P-value for difference in each subtype frequency in Taiwan. EBER, EBV-encoded early RNA; M/F, male-to-female ratio; MP, male predominance;

NA, not available.

Shifts in the frequencies of HL subtype and EBV association from
1982 to 2007. The incidence of HL subtype frequency and EBV
association in the last decade (1996-2007) were compared with
those from Taiwan during 1982—1995 and a summary of series
from Western countries (Table 2). Comparing our series to the
earlier one from Taiwan, the relative frequencies of the NS
subtype increased from 53 to 68% (P = 0.045), and the LRC
subtype increased from 1 to 6%, whereas the incidence of the
MC subtype decreased from 35 to 13% (P <0.001). The
frequencies of the NLP subtype (8 vs 6%) and the LD subtype
(3 vs 2%) were similar. Taken as a whole, the changes in the overall
frequency of subtypes between two periods (1982-1995 and
1996-1997) was highly statistically significant (P = 0.004, x>-test).

The overall male-to-female (M/F) ratios of the HL cases in
Taiwan during 1982—-1995 and 1996-2007 were 55/19 (2.9:1)
and 66/33 (2.0:1), respectively, with a decrease of borderline
significance in the proportion of men with the NS subtype from
29/10 (2.9:1) to 39/28 (1.4:1) (P = 0.09, y>-test). The mean
presenting ages for each subtype during 1982—-1995 and 1996—
2007 were 55.0 and 50.8 years for NLP, 42.4 and 36.6 for NS,
36.8 and 48.2 for MC, 32.0 and 56.7 for LRC, and 64.0 and 25.0
for LD, respectively. Although the overall mean age between the
two time periods was similar (range 2—75 years, mean 41.9 years
vs 4—82 years, mean 41.3 years), in each subtype the mean age
increased (or decreased) along with the increase (or decrease) in
EBERI1 positivity rate (Table 2). The frequency of EBV-positive
HL in elderly patients (>60 years) was slightly increased from 71%
for the period 1982—-1995 to 76% for the period 19962007 (Table 3).

There were also changes in the incidence of EBV positivity
in HL subtypes, with a decrease in the NLP, NS, and LD subtypes and
an increase in the MC and LRC subtypes. Overall, the EBER1

Chang et al.

Table 3. Shift in frequency of Epstein-Barr virus (EBV)-positive
Hodgkin lymphoma (HL) toward older patients

1982-1995 1996-2007
Age (years) P-value (32
n % n %
<15 a/7t 57 5/9 56 0.95
15-29 9/18 50 8/29 28 0.12
30-44 6/14 43 4/20 20 0.15
45-59 6/11 55 5/12 42 0.54
>60 17/24 71 22/29 76 0.68
Total 42/74 57 44/99 44 0.10

'Portion of EBV-positive cases to total HL cases in the indicated age
group.

positivity decreased from 57 to 44% (P = 0.1, y>-test), with a
more significant decrease in the NS and LD subtypes (0.06 and 0.04
for each, and 0.03 for the combination, x*-test). The decreased
EBERI1 positivity for NLP and increased positivity for MC and
LRC was not significant (P = 0.3, 0.14, and 0.49, respectively).

Discussion

The comparison of HL cases from the same geographic area
during different time periods provides an opportunity to observe
the influence of global environmental factors, such as EBV
infection and socioeconomic shifts, on disease patterns in HL.
In the present study, by comparing the distribution of HL
subtypes and EBV association in the last decade with that in
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1982-1995, we found an increased frequency of the NS subtype
and a decreased frequency of the MC subtype, a reduced mean
age and M/F ratio for the NS subtype, and a decreased overall
EBV-positive rate, particularly for the NS and LD subtypes.
These data indicate a shift in Taiwan from pattern 2 of HL
toward pattern 3 of HL, as reported previously in Western
countries. One may be concerned whether there existed patient
selection bias or changes in diagnostic criteria to affect the
comparison of the earlier and current Taiwan datasets. Because
we recruited consecutive HL cases in two general hospitals, the
patient selection bias could be minimized if present. The
diagnostic criteria for HL is similar in the WHO classification
and Rye classification schemes."*'” The major difference
between the two schemes is the amendment of NLP, especially
the diffuse subtype in the Rye classification into LRC.!¥
Immunophenotyping of HL cells, as we have done in the present
study, also plays an important role in correct classification of HL.
For each HL subtype in the present study, the mean age
changed in the same direction as the change in EBV positivity
rate over the study period. In previous studies it was found that
there are two age peaks in EBV-positive HL cases, namely less
than 10 years old and more than 45 years old.?*?" However, this
biphasic pattern possibly represents two distinct phenomena,
one related to age of EBV acquisition and the other to the
decline in immune function, each of which will likely predominate
in different populations. For example, we noted in Vietnamese
children that there was a strong association of EBV with all his-
tological subtypes of HL,” consistent with a younger age of
EBV seroconversion in that country. It appears that, with
improved public health status in Taiwan over the last two
decades,®*?» EBV positivity in HL is becoming associated
with the older age group (Table 3). These findings support the
hypothesis that HL may have different etiologies in different age
groups and indicate that the association of EBV with HL will
likely become more common in older patients as the age of pri-
mary EBV infection rises in any given country.®" Interestingly,
this trend of decreased EBV positivity rate in HL over time has
been similarly observed in Japanese patients and was thought to
reflect an increase in the incidence of EBV-negative NS subtype
along with the progress in improvement of living standards.?
The oncogenic role of EBV in HL remains to be fully clarified.
Previous studies have shown that EBV-positive HL cells demon-
strate a type II latency phenotype and that these cells are of
germinal-center B-cell origin."”*2% One model suggests that
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EBYV initially infects naive B cells, which become activated and
transform into germinal-center B cells by antigen selection, but
then persist due to establishment of the EBV latent transcription
program. EBV-encoded latent membrane protein (LMP1) plays
an important role in tumorigenesis as it can prevent B cells from
undergoing tumor necrosis factor-mediated apoptosis by activating
a variety of signaling molecules, such as nuclear factor xB
(NFkB).?"? Constitutive expression of EBV nuclear antigen-1
and LMP1/2A may also block further differentiation of these
infected B cells, allowing time for accumulation of additional
acquired mutations that lead to neoplastic transformation. %>

Constitutive activation of the NFkB pathway is a common
feature of both EBV-positive and EBV-negative HL. As dis-
cussed above, in the EBV-positive subset, LMP1 overexpression
appears to be critical whereas in the EBV-negative subset,
activation can be due to IkBo gene mutation.®” These distinct
pathogenetic features are linked to differing clinical features in
that EBV-positive HL occurs more often in children, is more
common in men, and may bear a worse prognosis.?®*" In devel-
oping countries where EBV infection occurs earlier in life when
the immune system is relatively underdeveloped, viral initiation
of transformation may predominate in HL. In developed areas,
EBV has a more minor role in initiating transformation in
younger patients and instead drives transformation in older
patients with impaired immune status. This ‘two-disease
hypothesis’ linking pathogenesis with population-based features
is supported by the present study. We demonstrate shifts in the
incidence of subtype and EBV association in HL over a decade
that coincide with improvements in public health in Taiwan.?>??

In conclusion, by comparing the frequency of HL subtypes
and EBV association during two different time periods, we have
shown a shift in HL subtypes in Taiwan to a pattern that is more
similar to that in Western countries, indicating a decreasing role
for direct EBV transformation. These findings suggest that envi-
ronmental factors can have profound effects on the role of path-
ogens in tumor development and provide insights into how
strategies for improvement of public health can greatly influence
cancers.
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