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Abstract Background. Relatives of young adults with
Hodgkin’s disease are at increased risk of Hodgkin’s dis-
ease, and lines of evidence implicate both inheritance
and environment.

Methods. We have identified and followed 432 sets of
twins affected by Hodgkin’s disease. The number of cas-
es of Hodgkin’s disease observed before the age of 50
years in the healthy monozygotic and dizygotic twins of
the patients with Hodgkin's disease was compared with
the number expected from national age-specific inci-
dence rates.

Results. None of the 187 pairs of dizygotic twins
became concordant for Hodgkin's disease, whereas 10

ODGKIN’S DISEASE is likely to have different
causes in young adulthood and old age.! The
characteristic clinical presentation and histopatholog-
ical appearance suggest that in young adults the dis-
ease is initiated by an environmental exposure, possi-
bly to an infectious agent. The age-specific incidence
during young adulthood varies over time and accord-
ing to place and social class, much like that of infec-
tions. Those affected have a small average number of
siblings, may not have had the common childhood in-
fections, and are likely to have a history of infectious
mononucleosis.? These findings have been interpreted
to suggest that Hodgkin’s disease may occur as a se-
quela of late infection by a childhood virus, in much
the same way that paralytic poliomyelitis does.® Al-
though the particular virus cannot be specified, Ep-
stein—Barr virus (EBV) has received special attention
because of the link with mononucleosis,* the elevated
anti-EBV antibody titers that have been shown to pre-
cede the onset of the neoplasm,” and the presence of
EBV in Reed—Sternberg cells.5
However, Hodgkin’s disease occurs preferentially in
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of the 179 pairs of monozygotic twins did; in 5 of these
pairs, the second case appeared after the original as-
certainment. During the observation period, 0.1 (mono-
zygotic) and 0.1 (dizygotic) cases in the unaffected
twins were expected. Monozygotic twins of patients
with Hodgkin’s disease thus had a greatly increased
risk (standardized incidence ratio, 99; 95 percent confi-
dence interval, 48 to 182), whereas no increase in the
risk for dizygotic twins of patients with Hodgkin’s dis-
ease was observed.

Conclusions. Genetic susceptibility underlies Hodg-
kin's disease in young adulthood. (N Engl J Med 1995;
332:413-8.)

certain families,®® and heredity may also have a role.
Pairs of twins concordant for the disease have been de-
scribed,!” and increases in the risk of Hodgkin’s disease
in the families of these twins ranging from threefold
(first-degree relatives) to sevenfold (siblings) have been
reported.'"'? Links between Hodgkin’s disease and
HLA-A1, B5, B8, and B18" have been invoked to
explain the elevated risk.'"* A comparison of the levels
of concordance in pairs of monozygotic and dizygotic
twins raised together permits an evaluation of the role
of heredity. In a general search for twins with chronic
disease, we have identified nearly 1000 in whom a lym-
phoma has been diagnosed; nearly half of these had
Hodgkin’s disease. The subsequent experience of their
healthy twins provides the basis for this report.

METHODS

Ascertainment and Validation

Between 1980 and 1992, weekly advertisements requesting that
“twins with cancer” contact one of us by telephone or mail were
placed in large newspapers and magazines across the United States
and Canada. Each respondent, almost always a twin or the spouse
or first-degree relative of a twin, was briefly interviewed by tele-
phone and asked to provide information about the affected pair’s
birth date, sex, and perceived zygosity; the date and place of any di-
agnosis of chronic disease; and the date and place of death if either
or both twins had died. After receiving permission from the patients
or their families, we routinely sought the patients’ medical records
and coded their diagnoses according to the International Classification
of Diseases for Oncology."” For all patients with lymphoma and for pairs
of twins concordant for any type of cancer, histopathological slides
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were reviewed to ensure the accuracy of the diagnoses. Each pair of
twins has been followed by means of questionnaires mailed approx-
imately every 18 months since the diagnosis was confirmed. For the
purposes of this report, follow-up was presumed to end at the time
of the diagnosis of Hodgkin’s disease in the twin of the proband,
death, or last contact; the last contact occurred in 1990 or later in
87 percent of the monozygotic twins and 84 percent of the dizygotic
twins.

Zygosity

Ordinary perceptions of zygosity by adult twins are now usually
unambiguous and consistent; such perceptions have repeatedly been
found to be over 90 percent accurate,'® although occasionally young
monozygotic twins are erroneously believed to be dizygotic on the ba-
sis of reported placentation. We have previously used molecular
methods to assess the accuracy of self-assessed zygosity in more than
40 pairs of adult twins with chronic disease!'”'%; all laboratory find-
ings to date have been in agreement with the self-reports.

Assessment of Pairs Concordant for Hodgkin’s Disease

Special efforts were made to assess each pair of twins reported to
be concordant for Hodgkin’s disease. By contacting one or both twins
directly, we reaffirmed the diagnosis and the zygosity and collected
additional information about the medical history of the twins and
their families. Every effort was made to obtain the pathology report
and diagnostic slides in each case. We reviewed these slides blindly,
classified them according to a modified Lukes—Butler system,'* and
resolved all differences between reviewers while maintaining the
blinding. When adequate samples were available, the phenotype of
Reed-Sternberg cells and background lymphocytes was determined
with standard immunoperoxidase techniques.?’ Specimens from the
pairs of twins concordant for disease were evaluated for evidence of
EBV with the polymerase chain reaction to detect viral DNA se-
quences (with primers SL1 5'GGACCTCAAAGAAGAGGGGG and
SL3 GCTCCTGGTCTTCCGCCTCC and a probe specific for EBV
nuclear antigen 1, SL2 GGACGAGGACGGGGAAGAGG), or by a
method that is at least as sensitive, in situ hybridization (with a 30-
base sequence, 5’AGACACCGTCCTCACCACCCGGGACTTGT-
A3’, complementary to a portion of the EBER-1 gene that is actively
transcribed in latently infected cells).” In some cases both methods
were used. To ensure that all EBV-negative specimens were suitable
for use with the polymerase chain reaction, control genomic sequenc-
es were amplified.” Specimens that were EBV-negative on the basis
of in situ hybridization were hybridized with a poly-d(T) probe to ver-
ify the presence of adequate RNA.7

Quantification of Concordance

Pairwise concordance is used to measure the proportion of pairs
who are concordant, whereas casewise concordance more usefully
measures the probability, given a diagnosis in one twin, that the other
twin will be affected.?'?? The interpretation of either measure rests
on the assumption that the cumulative incidence has been accurately
measured or, when groups are compared on the basis of zygosity, that
the age distributions and the environmental exposures of the groups
are similar.?

Part of the familial risk of Hodgkin’s disease involves environmen-
tal factors rather than hereditary factors, and both the risk of
Hodgkin’s disease and the probability of ascertainment are age-
dependent. For these reasons, we elected to assess the risk of
Hodgkin’s disease in groups of monozygotic and dizygotic twins sim-
ply by comparing the observed number of secondary cases with the
number expected — the standardized incidence ratio. This approach
also permits a distinction to be made between all cases and cases that
were prospectively ascertained. Accordingly, the number of person-
years at risk between the date of initial diagnosis or (when prospec-
tively ascertained cases were analyzed) the date on which the diag-
nosis was ascertained and the date of last follow-up was analyzed in
five-year age increments according to zygosity and sex. With the use
of data from the Surveillance, Epidemiology, and End Results study
(1985 to 1987)%* on U.S. national incidence rates according to age
and sex, the number of cases expected to occur in the healthy twins
of each zygosity group was estimated. When calculated in this man-
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ner, the standardized incidence ratio for dizygotic twins should pro-
vide a maximal estimate of the familial risk for a non-twin sibling
(genetic plus nongenetic risk factors). For practical purposes, the sole
difference in risk between a monozygotic and a dizygotic twin results
from the effect of sharing the whole genome of the twin with
Hodgkin’s disease rather than just half of it.

In addition, we estimated the number of pairs of monozygotic
twins expected by chance to be concordant for each histologic sub-
type of Hodgkin’s disease and compared it with the observed number,
using as a basis for estimation the distribution of disease subtypes
among all affected monozygotic twins in the general population.

RESULTS

More than 13,000 twins with cancer, among them
955 with lymphoma, were identified between 1980 and
1992. The first case of Hodgkin’s discase in each of 432
sets of twins had been diagnosed from 1936 to 1993
(median year of diagnosis, 1978; 78 percent of cases
were diagnosed from 1970 to 1989). At the time of di-
agnosis the patients ranged in age from 2 to 82 years
(median age, 26 years; 87 percent were 13 to 50 years
of age). Eighty-five percent of the patients signed con-
sent forms authorizing the release of their medical rec-
ords, and records, all confirmatory, were received for
77 percent. We requested permission to review the di-
agnostic slides for 70 percent of the confirmed cases
and received interpretable slides for 76 percent of
them. Including the concordant cases, the slides for 159
patients were reviewed; there was frank disagreement
about the diagnosis of Hodgkin’s disease in 2 patients,
who were excluded; disagreements about the histologic
subtype were almost entirely confined to cases with the
“cellular phase” of nodular sclerosis.?

Interpretable histopathological slides were also
obtained for 230 twins with non-Hodgkin’s lympho-
ma; 227 of these cases were confirmed, and in no in-
stance did the diagnostic alternatives include Hodgkin’s
disease.

The risk of Hodgkin’s disease in the twins of patients
with Hodgkin’s disease was evaluated among those who
were alive, of known zygosity, and younger than 50
years of age at the time the disease was diagnosed in
the affected twin. One hundred seventy-nine monozy-
gotic and 187 dizygotic unaffected twins were observed
for an average of 14.1 and 14.3 years, respectively, after
the diagnosis in the affected twins. On the basis of na-
tional age-specific incidence rates, 0.10 case would
have been expected to occur by chance during that pe-
riod in each zygosity group (Table 1); half would have
been expected within seven years of the original diag-
nosis. In fact, 10 cases were reported among the mon-
ozygotic twins (7 male and 3 female), giving a pairwise
concordance of 5.6 percent, a casewise concordance of
0.106, and a standardized incidence ratio of 99 (95 per-
cent confidence interval, 48 to 182) — 115 for male
twins and 83 for female twins. All but 1 of the 10 cases
were reported directly by the twins or their parents.
The analysis was then repeated with only the cases as-
certained prospectively; 0.04 case was expected in each
zygosity group, and 5 cases were observed in the
monozygous group, giving a standardized incidence ra-
tio of 128 (95 percent confidence interval, 42 to 299).
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Table 1. Occurrence of Hodgkin's Disease and Other Malignant Neoplasms in the
Twins of Patients with Hodgkin’s Disease or Non-Hodgkin’s Lymphoma.*
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tissue precluded subcategorization.
The final pair was originally de-

No. AT CASES CASES
MALIGNANT NEOPLASM

Zycosity Risk  EXPECTEDT OBSERVED SIR (95% CI) SIR For DZ TWwINS

scribed as concordant for mixed-
cellularity disease; although both
tumors had extensive ecosinophilic

SIR FOR MZ TwINs/

PROBAND TWIN
infiltrates, the criteria for that diag-
HD HD Mz 1790101 1099 (“8-182) ® nosis were not fully met in our blind
HD HD bz 187 0.100 0 o review of one case. Thus, no fewer
Hb Hbz Mz 2 0.0% > 1 @) o than seven, and no more ’than nine
HD HD:i DZ 181 0.035 0 — o X 0
HD  Anyothercancer MZ 179 548 9 16(08-3.1) 06 of the pairs had the’san}e histologic
HD  Anyothercancer DZ 186  6.05 17 28(1.6-4.5) : subtype of Hodgkin’s disease.
HD  Anyother cancer MZ 171  2.64 2 08(0.1-27) 03 On the basis of the proportion of
HD  Anyothercancer DZ 172 246 2.4 (09-5.3) ’ each histologic subtype in all dis-
NHL NHL MZ 110 0131 323 (47-67) 17 cordant pairs of monozygotic twins
NHL NHL DZ 164 0.293 4 14 (3.8-35) in whom Hodgkin’s disease was di-
Any cancer ~ Same cancer Mz 3095 23.0 242 11 (9.2-12) 18 agnosed before the age of 50 years,
Any cancer ~ Same cancer Dz 3304 219 125 5.7 (4.8-6.8) and including patients with the cel-
Any cancer Same cancers MZ 2830 9.27 53 5.7 (4.3-17.5) 21 lular phase of disease in the group
Any cancer Same canceri} DZ 3113 7.94 21 2.7 (1.6-4.1)

*SIR denotes standardized incidence ratio, CI confidence interval, MZ monozygotic, DZ dizygotic, HD Hodgkin’s disease,

and NHL non-Hodgkin’s lymphoma.

+On the basis of data provided by the Surveillance, Epidemiology, and End Results study on age-, sex-, and site-specific

incidence.

FRestricted to cases that were ascertained prospectively.

No such difference between pairs of monozygotic
and dizygotic twins was seen with respect to the occur-
rence of other cancers after the diagnosis of Hodgkin’s
disease in one twin. In pairs of twins in which one had
non-Hodgkin’s lymphoma or some other malignant
condition, the same type of tumor subsequently oc-
curred in the other twin no more than twice as often in
the monozygotic group as in the dizygotic group.

All 20 cases of Hodgkin’s disease in concordant
twins were diagnosed before the age of 50 years (mean,
25.5), and the interval between diagnoses within pairs
ranged from 6 months to 12 years (mean, 4.5 years).
Overall, the standardized incidence ratio did not vary
according to sex and was relatively constant over a pe-
riod of 15 years after the diagnosis in the first twin.

After reaffirming each of the 20 diagnoses and the
(unambiguous) perception of zygosity by telephone,
we received permission to obtain the medical records
of all 20 twins and 19 sets of diagnostic slides (for
the remaining set, a detailed histologic diagnosis was
available from the Roswell Park Cancer Institute, Buf-
falo, N.Y.).

One concordant pair of dizygotic twins was initially
described, well after the death of both twins, by a
sibling. Permission to review these medical records
could not be obtained, but on both death certificates
death was attributed to malignant lymphoma, and
we presume these cases not to have been of Hodgkin’s
disease.

Six pairs of monozygotic twins were concordant for
nodular sclerosis, a seventh was concordant for mixed
cellularity, and one pair was unambiguously discordant
(Table 2). In the ninth pair, the tumor from one twin
showed nodular sclerosis, but the original biopsy slides
of the other twin’s tumor were lost, and the presence of
extensive sclerosis in the available slides of splenic

with nodular sclerosis,” 4.6 con-
cordant pairs would have been ex-
pected by chance. If the patients
with the cellular phase of the disease
were included in the group with
mixed cellularity, as we have advo-
cated on the grounds of epidemiology®® and as others
have advocated on the grounds of molecular biology,?’
3.8 concordant pairs would have been expected. Either
way, a finding of eight or more observed pairs repre-
sents an increase unlikely to be due to chance (P<<0.05
for Poisson distribution). The excess concordance is
largely attributable to the six sets of twins concordant
for nodular sclerosis, although concordance for mixed-
cellularity Hodgkin’s disease may also be increased.

Immunohistopathological studies were performed on
specimens from nine patients (eight with nodular scle-
rosis), including three pairs of twins. The pattern of
cell-membrane antigens expressed was consistent with
that of other patients with Hodgkin’s disease. Evidence
of the EBV genome was detected in 4 of the 19 tumor
specimens examined, including 3 of 4 with definite or
possible mixed cellularity, but in only 1 of the 15 spec-
imens examined with definite or possible nodular scle-
rosing Hodgkin’s disease.

Relatives of the 10 pairs of concordant twins report-
ed no first-degree relatives with another hematopoietic
malignant condition or autoimmune disease and no
other relatives with Hodgkin’s disease.

Previous surveys of patients with nodular sclerosing
Hodgkin’s disease have found that roughly 15 percent
have a history of infectious mononucleosis,?® and such
a history of exposure was reported by five patients from
four of the concordant pairs (Table 2). In one pair of
twins concordant for nodular sclerosing Hodgkin’s dis-
ease, infectious mononucleosis was reported to have oc-
curred in a sibling rather than in the twins themselves.
These twins were also concordant for lipoid nephrosis
(minimal-change disease), an uncommon and idiopath-
ic complication of Hodgkin’s disease.? Neither tumor
showed evidence of the EBV genome in the Reed-
Sternberg cells, even though both twins had highly el-
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Table 2. Characteristics of 10 Pairs of Monozygotic Twins Concordant for Hodgkin’s
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diagnosed before 1970, some before

Disease.* the introduction of effective therapy,
PAIR SEX YEAROF AGE AT HistoLoGIC EBV GENOME DETECTION HisToRY OF 1t COuld be argu?d tha’t for some
No. BIRTH DIAGNOSIS SUBTYPE IN SITU MONONUCLEOSIS unknown proportlon Of Concordant
o PR HYBRIDIZATION pairs, neither twin survived long
Other Ist- h b . 1 d d . l
Twin Twin Twin  Twin Twin Twin Twin  Twin Twin Twin degree enoug to be mcluded 1n our ana Y-
A B A B A B A B A B relatve sis. However, the results are essen-
1 M 193 37 49 NS NS _ _ - - tially unchanged if all the twins of
2 M 195 16 21 NS NOSt - - - - -+ 4 patients in whom Hodgkin’s disease
3 M 1964 18 19 NS NS - - - - - - - was diagnosed before 1970 are elim-
4 F 1960 23 26 NS NS NA  + -+ - - - inated (standardized incidence ratio
(LD) (LD) for monozygotic twins, 110).
5 F 1% 16 23 NS NS NA NA - - - - Given the unremarkable risk of
6 M 1957 20 28 NS MC o NA - - -7 Hodgkin’s disease observed in dizy-
(LD) . . . . !
gotic twins, the increased risk in
7F M 1949 28 29 NOS MC NA NA + o+ + o+ - . . b b
8 F 1960 % 30 NS NS NA NA L L 4 monozygotlc. twins cannlot € attrll -
o0 M 1948 23 24 MC MC NA NA NA + - uted to any increased risk resulting
100 M 1953 17 31 NS NS — — — — NA NA NA from tw1nsh1p ltSle or to random

errors in the assignment of zygosi-

*PCR denotes polymerase chain reaction, NS nodular sclerosis, minus sign negative, NOS not otherwise specified, plus

sign positive, NA not available, LD lymphocyte-depleted, and MC mixed cellularity.

TThere was insufficient tissue for further classification.

+These twins were concordant for eosinophilic infiltrate in tumor specimens; initial reports indicated concordance for

mixed-cellularity Hodgkin’s disease.
§These twins were concordant for minimal-change disease (lipoid nephrosis).

evated antibody titers to EBV capsid antigen (1:1280
and 1:10,240). Tumors from the three other twins with
nodular sclerosis who were exposed to infectious mono-
nucleosis were similarly negative.

DiscussiON
Genetic Determination of Hodgkin’s Disease

Although no pairs of dizygotic twins concordant for
Hodgkin’s disease were identified, the previously ob-
served level of familial risk suggests that more than the
number expected by chance should have occurred. If
the highest reported estimate of risk among the sib-
lings of a patient with Hodgkin’s disease (a sevenfold
increase)'? is correct, 0.7 case should have occurred
among these dizygotic twins in comparison with the 0.1
expected. Had such been observed, the ratio of the
standardized incidence ratio for monozygotic twins to
the standardized incidence ratio for dizygotic twins
would have been 99/7, or 14.

This observed elevation in concordance among mon-
ozygotic twins does not appear to be an artifact of as-
certainment. A similar disparity between the number of
cases observed in monozygotic twins and the number
expected was seen when the analysis was restricted to
cases identified prospectively. No such disparity was
found among monozygotic twins whose status was as-
certained and who were observed in the same way (Ta-
ble 1) for other cancers after Hodgkin’s disease, for
non-Hodgkin’s lymphoma, or for other forms of cancer
as a group. In none of these comparisons was the risk
more than twice that among dizygotic twins, whether
observed prospectively or not. Nor is the elevation like-
ly to be an artifact of differential survival. Because 20
percent of the initial cases of Hodgkin’s disecase were

ty; it must be assumed to reflect ge-
netically determined susceptibility.
The relatively young average age at
diagnosis of the twins concordant
for Hodgkin’s disease and the rela-
tively short average interval be-
tween diagnoses in each pair of twins are additional
observations consistent with this explanation.

Genetic Determination of Nodular Sclerosis

Nodular sclerosing Hodgkin’s disease accounts for a
majority of the diagnoses in the pairs of concordant
twins, and although we cannot be sure that the excess
of concordance among monozygotic twins is limited to
that subtype, such a finding would be consistent with
the published findings on familial risk. A large majority
of the 53 reported sibships with multiple cases of
Hodgkin’s disease!™1230-4! consisted solely of or includ-
ed multiple cases of nodular sclerosis. We have previ-
ously speculated on the grounds of descriptive epidemi-
ology,?® as have others on the grounds of pathology and
natural history,*? that nodular sclerosis is particularly
distinct from the other histologic subtypes, including
mixed cellularity.

Etiologic Heterogeneity of Hodgkin’s Disease

Despite the unexpected level of concordance in mon-
ozygotic twins, 90 percent of the monozygotic twins of
patients with Hodgkin’s disease can be expected to re-
main unaffected, and no other cases are known to have
occurred in the families of these concordant twins.
Thus, either the overall penetrance for the susceptible
genotype is rather low or only a subgroup is genetically
susceptible. Either way, the difference in risk between
monozygotic and dizygotic twins is larger than that ex-
pected if a major dominant gene were responsible.

The particularly low prevalence of EBV genome in
the Reed—Sternberg cells of the tumors of twins con-
cordant for nodular sclerosing Hodgkin’s disease, espe-
cially in the face of clear evidence of past infection, is
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of interest and may also indicate etiologic heterogene-
ity. It is true that the average titer against EBV capsid
antigen after diagnosis is no lower in nodular sclerosis
than in other subtypes of Hodgkin’s disease,” and a
history of infectious mononucleosis is as common in
nodular sclerosis as it is in other histologic subtypes.*
However, whereas evidence of intracellular viral ge-
nome appears in the large majority of cases of mixed-
cellularity Hodgkin’s disease, it is present in only a mi-
nority of nodular sclerosing tumors®’27#:4 and was
nearly absent among the twins concordant for nodular
sclerosis, even among those who had been infected with
mononucleosis. Other familial cases of Hodgkin’s dis-
ease with a low prevalence of the EBV genome in the
tumor despite serologic evidence of past infection have
been reported.*®

Phenotypic Mechanism

The evidence of an inherited susceptibility to Hodg-
kin’s disease is completely consistent with the evidence
of an environmental determinant. If the disease does
represent a genetically determined response to infec-
tion with a common childhood virus, it will be impor-
tant to characterize the susceptibility phenotype. Al-
though genetically determined physical and behavioral
characteristics can determine the frequency of environ-
mental exposures (i.e., unattractive or withdrawn chil-
dren may have less interpersonal contact and thus less
exposure to fomites), the magnitude of the effect found
here suggests a much more fundamental genetic influ-
ence on pathophysiology. An underlying immune ab-
normality is suggested not only by the hypothesis that
this disease represents an unusual response to a com-
mon infection, but also by the reported association with
certain HLA haplotypes and the evidence of abnormal
cytokine production in affected patients*’ and of im-
mune abnormalities in the close relatives of some pa-
tients.® Moreover, lipoid nephrosis, which rarely ac-
companies Hodgkin’s disease,* occurred in both mem-
bers of one concordant pair. This condition has been
found in association with HLA-B8 and is character-
ized by altered cytokine levels’ and other derange-
ments of immunity,”>* including altered expression of
the C3 complex, which includes the receptor for EBV.%*
Although it is unlikely that any single HLA allele or
haplotype is responsible for susceptibility to Hodgkin’s
disease, susceptibility might result from a particular
DNA base sequence common to several alleles.

We are indebted to the subjects and the International Twin Study
staff, to the health care providers and pathologists of 18 medical cen-
ters in 13 states for their cooperation, and to Drs. P. Scheerer (Phoe-
nix), PH.H. Anderson (Pittsburgh), J.A. Benda (Ames, Iowa),
P. Marshall (Sheboygan, Wis.), M. Orjucla and B. Jamieson (New

York), P. Gregersen and V. Vinceguerra (Manhasset, N.Y.), and D. In-
wards, J.G. Strickler, and L.E. Wold (Rochester, Minn.).
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