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A B S T R A C T

Purpose
Genetic factors are important in the etiology and pathogenesis of chronic lymphocytic leukemia

(CLL), Hodgkin’s lymphoma (HL), and non-Hodgkin’s lymphoma (NHL). Only a few small studies have
assessed clinical characteristics and prognosis for familial patients, with inconsistent findings.

Methods
Using population-based registries from Sweden and Denmark, 7,749 patients with CLL, 7,476

patients with HL, and 25,801 patients with NHL with linkable first-degree relatives were identified.
Kaplan-Meier curves were constructed to compare survival in patients with lymphoma with and
without a family history of lymphoma. The risk of dying was assessed using adjusted Cox
proportional hazard models.

Results
We found 85 patients with CLL (1.10%), 95 patients with HL (1.28%), and 206 patients with NHL

(0.80%) with a family history of any lymphoma. Five-year mortality was similar for patients with
CLL (hazard ratio [HRI, 1.28; 95% Cl, 0.95 to 1.72), HL (HR, 0.78; 95% ClI, 0.49 to 1.25), and NHL
(HR, 0.91; 95% ClI, 0.74 to 1.12) versus without a family history of any lymphoma. Mortality was
also similar for patients with versus without a family history of the same lymphoma. T-cell/
anaplastic lymphoma patients with a family history of NHL had poorer outcome 5-years after
diagnosis (HR, 5.38; 95% Cl, 1.65 to 17.52). Results were similar for 10 years of follow-up.
Conclusion

With the exception of T-cell/anaplastic lymphoma, survival patterns for patients with CLL, HL, and
NHL with a family history of lymphoma were similar to those for sporadic patients, suggesting that
most familial lymphomas do not have an altered clinical course. Our findings provide no evidence
to modify therapeutic strategies for patients with CLL, HL, or NHL based solely on family history.

J Clin Oncol 26:4958-4965. © 2008 by American Society of Clinical Oncology

Emerging evidence suggests that genetic fac-
tors might play a role in response to cancer ther-

A role for genetic factors in chronic lymphocytic
leukemia (CLL) is unequivocal based on evidence
from multiply affected families, case series, and
twin, case-control, and population-based registry
studies.""" Similar findings have been reported
for Hodgkin’s lymphoma (HL)'*** and non-
Hodgkin’s lymphoma (NHL)."*2*?*%*%* Population-
based studies have found CLL, HL, and NHL to
co-occur in families,">>%2%213331 guggesting
that shared genetic pathways may contribute to
risk for multiple lymphoproliferative malignan-
cies.’>* Recent studies have identified polymor-
phisms associated with increased susceptibility to
various types of lymphomas including CLL,***®
HL,*® and NHL,’>*”* further highlighting the
importance of genetic factors in the etiology and
pathogenesis of lymphomas.
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apy, drug toxicity, and (directly or indirectly)
with potential impact on prognosis.***” To our
knowledge, only a few small studies have assessed
outcome in patients with familial lymphoma. In
an observational study comparing the prognosis
of patients with lymphoma, leukemia, or my-
eloma from 55 multiple-case and 109 single-case
families, patients from multiple-case families had
an 8.3% poorer survival.*® In contrast, a recent
study based on 1,449 patients with CLL diag-
nosed, and observed, at a single center in Italy,
found that a family history of hematological ma-
lignancy was not associated with survival.*’
Previously, we have used large population-
based databases in Sweden and Denmark to investi-
gate the risks of lymphoproliferative malignancies
in first-degree relatives of patients with CLL, HL,
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Table 1. Risks of Lymphoproliferative Malignancies Among First-Degree Relatives of Patients With Chronic Lymphocytic Leukemia, Hodgkin's Lymphoma,
Non-Hodgkin’s Lymphoma, and Multiple Myeloma

First-Degree Relative's Risk

Chronic
Lymphocytic Hodgkin's Non-Hodgkin's
Leukemia Lymphoma Lymphoma Multiple Myeloma
Patient’s Condition Reference OR 95% ClI OR 95% ClI OR 95% ClI OR 95% Cl
Chronic lymphocytic leukemia Goldin et al® 7.5 3.6 to 15.6 2.4 1.1to 5.1 1.5 1.0t0 2.2 1.1 0.5t02.4
Hodgkin's lymphoma Goldin et al*’ 2.1 1.2to0 3.8 3.1 1.8t05.3 1.3 09to 1.8 1.0 0.6to 1.8
Non-Hodgkin's lymphoma Goldin et al?” 1.3 09to 1.9 1.4 1.0to0 2.0 1.7 14t02.2 1.1 0.8to 1.5
Multiple myeloma Landgren et al®® 0.9 0.4t01.9 0.7 0.4to1.5 1.2 0.8to 1.7 1.7 1.0to 2.7

NOTE. ltalic font indicates not significant. Bold font indicates increased risk P < .05. Table constructed using odds ratios and 95% Cls for the risk of
lymphoproliferative malignancy in relatives of patients diagnosed in Sweden and Denmark with chronic lymphocytic leukemia, Hodgkin's lymphoma, non-Hodgkin's

lymphoma, and multiple myeloma as reported in the respective publications.

NHL, and multiple myeloma.>*"*”*° As presented in Table 1, CLL,
HL, and NHL were found to co-occur in families. However, al-
though first-degree relatives of patients with multiple myeloma
had a 1.7-fold increased risk of multiple myeloma, they were not at
increased risk of CLL, HL, or NHL.*° In the current investigation,
we used the same databases, including more than 41,000 patients
with lymphoma in Sweden and Denmark, to assess clinical charac-
teristics and prognosis in patients with and without a family history
of lymphoma.

Swedish Family Cancer Database

The Swedish Family Cancer Database has been described in detail else-
where.! Briefly, all records on children born in Sweden after 1931, along with
records of their registered parents at the time of birth, are maintained in the

Multigenerational Register by Statistics Sweden.” This register was linked to
the Swedish Cancer Register, which contains details on all cancers diagnosed in
Sweden between 1958 and 1998, to produce the Swedish Family Cancer
Database. Demographic and vital statistic information was obtained by
matching the register to the nationwide census and the death notification
database, respectively. The database does not include anyone who died before
1960, and approximately half of the offspring who died before 1991 do not
have linked parents and are thus excluded.

Danish Database

A similar database constructed using the Danish cancer registry and
Danish Central Population Registry has been described previously.”!
Briefly, a database of all patients with lymphoma was created using data
from the Danish cancer registry. Patients diagnosed from April 1, 1968, to
the end of 1997 in the Danish cancer registry,>* were matched to the Danish
Central Population Registry that has linkages to parents for all children
born since 1968 and linkages to parents for most children age 15 years or
younger in 1968.>*

Table 2. Characteristics of Lymphoma Patients
NHL Patients With Available Data on Histopathologic Subtype™
High-Grade Low-Grade T-Cell/Anaplastic
CLL HL NHL B-Cell NHL B-Cell NHL NHL
Characteristic No. % No. % No. % No. % No. % No. %
No. of patients 7,749 7,476 25,801 2,297 4,359 615
Sex
Male 5,134 66.3 4,515 60.4 14,988 58.1 1,333 58.0 2,365 54.3 392 63.7
Female 2,615 33.7 2,961 39.6 10,813 41.9 964 42.0 1,994 45.7 223 36.3
Age groupt
Younger patients 3,764 48.6 4,419 59.1 12,550 48.6 1,198 52.2 2,278 52.3 302 49.1
Older patients 3,985 51.4 3,057 40.9 13,251 51.4 1,099 47.9 2,081 47.7 313 50.9
Diagnosis year
1958-1967 554 7.1 852 1.4 1,277 4.9 0 0 8 0.2 0 0
1968-1977 1,130 14.6 1,905 25.5 3,622 13.7 5 0.2 16 0.4 6 0.98
1978-1987 2,448 31.6 2,179 291 7,309 28.3 528 23.0 1,069 24.5 89 14.5
1988-1998 3,617 46.7 2,540 34.0 13,693 53.1 1,764 76.8 3,266 74.9 520 84.6
Registry
Sweden 5,927 76.5 5,047 67.5 19,651 76.2 1,054 459 2,480 56.9 351 57.1
Denmark 1,822 23.5 2,429 325 6,150 23.8 1,243 54.1 1,879 431 264 42.9
Abbreviations: CLL, chronic lymphocytic leukemia; HL, Hodgkin's lymphoma; NHL, non-Hodgkin's lymphoma.
“Information on histopathologic subtype was available for 7,271 (28.2%) of 25,801 NHL patients.
TAge cut-offs for CLL, HL, and NHL (including NHL subtypes) were 67, 45, and 62 years, respectively.

WwWw.jco.org

© 2008 by American Society of Clinical Oncology

4959



Anderson et al

Study Design

A cohort of patients diagnosed with lymphoma was assembled by select-
ing individuals with a primary diagnosis of CLL, HL, or NHL from the Swedish
and Danish Cancer registries. Patients were excluded if they had more than one
other primary cancer diagnosis, at or before, the first diagnosis of lymphoma.
Family history was defined as any diagnosis of CLL, HL, or NHL in a parent,
sibling, or offspring that occurred before the diagnosis date of the patient.
Subtype information was available for 7,271 (28.2%) of the 25,801 eligible
patients with NHL. Of these, 2,297 had high-grade B-cell (mainly diffuse large
B-cell lymphoma), 4,359 had low-grade B-cell (mainly follicular lymphoma),
and 615 had T-cell/anaplastic NHL. Follow-up started at the diagnosis date of
the first lymphoma and ended at either death or censoring, whichever oc-
curred first. Censoring events were emigration, the end of follow-up (June 1,
2001) and 5 years or 10 years postdiagnosis.

An exemption from institutional review board review was obtained from
the National Institutes of Health Office of Human Subjects Research, because
existing data without personal identifiers was used. Informed consent was
waived, because no contact was made with study subjects.

Statistical Methods

Fisher’s exact test was used to compare characteristics for CLL, HL, and
NHL patients with and without a family history of any lymphoma, including
sex, age group, year of diagnosis, and registry.

Survival curves for those with and without a family history of any lym-
phoma were estimated for CLL, HL, and NHL using the Kaplan-Meier
method (MatlabR2006b, The MathWorks Inc, 1994 to 2007) and are pre-
sented stratified by age (cut-offs for CLL, HL, and NHL were 67, 45, and 62
years, respectively).

Cox proportional hazard models (PROC PHREG, SAS version 9.1; SAS
Institute, Cary, NC) were used to compare 5-year and 10-year mortality in
patients with and without a family history of any lymphoma. Adjusted hazard
ratios (HR) and 95% Cls were estimated. Adjustment variables included in the

models were sex (reference group: females), year of diagnosis in decades
(reference group: earliest decade), registry (Sweden, Denmark), and age at
diagnosis in quintiles for NHL and HL and median age for CLL (reference
group: youngest age). The proportional hazard assumption was upheld for all
covariates except for family history of lymphoma for CLL in the 10-year
analyses. Therefore, an interaction term between time of follow-up and family
history of lymphoma was included in the 10-year model for CLL. To ensure the
stability of the model, age was categorized to below and equal to or above
the median.

Cox proportional hazard models were stratified by the covariates to
assess interactions. There was a significant interaction between sex and registry
for NHL; this was included in the models. In a sensitivity analysis, we fitted the
proportional hazard models using age as the time scale adjusting for time since
diagnosis. In a separate analysis for those with a family history of lymphoma,
we sought to determine if age at diagnosis, sex, and/or year of diagnosis were
associated with mortality.

Characteristics of all CLL, HL, and NHL patients (all, high-grade
B-cell, low-grade B-cell, and T-cell/anaplastic lymphoma subtypes)
are presented in Table 2.

CLL

Ofthe 7,749 patients with CLL, 85 (1.10%) had a family history of
any lymphoma (Table 3) and among these 19 had a family history of
CLL. A family history of any lymphoma was not associated with sex,
age, or year of diagnosis (Table 3). For clinical utility, survival curves

Table 3. Comparison of Patients With Lymphoma With and Without a Family History of Any Lymphoma
CLL HL NHL
No Family With Family No Family With Family No Family With Family
History History™ History History™ History History™
Variable No. % No. % P No. % No. % P No. % No. % P
No. of patients 7,664 85 7,381 95 25,595 206
Sex .645 .015 944
Male 5,080 66.3 54 63.5 4,446 60.2 69 72.6 14,869 58.1 119 57.8
Female 2,684 33.7 31 36.5 2,935 39.8 26 27.4 10,726 41.9 87 42.2
Age groupt 913 < .001 < .001
Younger patients 3,722 48.6 42 49.4 4,348 58.9 71 74.7 12,422 48.5 128 62.1
Older patients 3,942 51.4 43 50.6 3,033 411 24 25.3 13,173 51.5 78 37.9
Diagnosis year .996 .051 631
1958-1967 548 7.2 6 71 847 1.5 5 5.3 1,268 5.0 9 4.4
1968-1977 1,118 14.6 12 141 1,873 25.4 32 33.7 3,496 13.7 26 12.6
1978-1987 2,420 31.6 28 32.9 2,147 29.1 32 33.7 7,242 28.3 67 32.5
1988-1998 3,678 46.7 39 45.9 2,514 34.1 26 27.4 13,589 53.1 104 50.5
Registry .020 .008 < .001
Sweden 5,853 76.4 74 87.1 4,971 67.3 76 80.0 19,472 76.1 179 86.9
Denmark 1,811 23.6 1 12.9 2,410 32.7 19 20.0 6,123 23.9 27 13.1
Histopathologic
NHL subtype .308
High-grade B cell NA NA NA NA NA NA NA NA 2,284 13
Low-grade B cell NA NA NA NA NA NA NA NA 4,331 28
T-cell/anaplastic NA NA NA NA NA NA NA NA 610 5
Missing NA NA NA NA NA NA NA NA 18,510 160
Abbreviations: CLL, chronic lymphocytic leukemia; HL, Hodgkin’s lymphoma; NHL, non-Hodgkin’s lymphoma; NA, not available.
*A known diagnosis of CLL, HL, and/or NHL in at least one first-degree relative before the diagnosis date of the patient.
TAge cut-offs for CLL, HL, and NHL were 67, 45, and 62 years, respectively.
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comparing survival in patients with CLL with and without a family Patients with CLL with and without a family history of lymphoma
history of lymphoma are presented in Figure 1A. Survival was similar ~ had similar 5-year and 10-year mortality (Table 4). Older age, male sex,
for patients with CLL with and without a family history of lymphoma.  and an earlier year of diagnosis were all predictors of worse mortality. For
At 5-year follow-up, 40.4% of patients with CLL were alive; similarly,  example, males were 1.4 times more likely to die than females at each point

at 10-year follow-up, 36.4% were alive.

in time after diagnosis. There were no significant differences in prognosis

A Survival curves for CLL patients Survival curves for CLL patients
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Fig 1. (A) Survival curves for patients with chronic lymphocytic leukemia (CLL) with and without a family history of any lymphoma. Kaplan-Meier curves are presented
stratified by the median age of 67 years. The solid lines represent CLL patients with no family history of lymphoma. The dotted lines represent patients with CLL with
a family history of lymphoma. The number of patients with CLL with and without a family history are presented. Survival curves were compared using the generalized
Wilcoxon's test; Pvalues are presented. (B) Survival curves for patients with Hodgkin's lymphoma (HL) with and without a family history of any lymphoma. Kaplan-Meier
curves are presented stratified by age 45 years. The solid lines represent patients with HL with no family history of lymphoma. The dotted lines represent patients with
HL with a family history of lymphoma. The number of patients with HL with and without a family history are presented. Survival curves were compared using the
generalized Wilcoxon's test; Pvalues are presented. Median age at diagnosis was used as cut-off. (C) Survival curves for patients with non-Hodgkin's lymphoma (NHL)
with and without a family history of any lymphoma. Kaplan-Meier curves are presented stratified by the median age of 62 years. The number of patients with NHL with
and without a family history are presented. The solid lines represent patients with NHL with no family history of lymphoma. The dotted lines represent patients with
NHL with a family history of lymphoma. Survival curves were compared using the generalized Wilcoxon's test; P values are presented.
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Table 4. HR Estimates and 95% C

Is for 5- and 10-Year Mortality

Mortality
5-Year 10-Year
Variable HR* 95% ClI HR* 95% ClI

CLL

Family history of any lymphomat 1.28 0.95 to 1.72 1.24 0.93 to 1.67

Male sex# 1.428 1.32t01.52 1.418 1.33t0 1.52

Age at diagnosis, = 67 yearsf 1.478 1.43 10 1.51 2.13% 2.00to0 2.26

Year of diagnosis, per decade| 0.74%8 0.70t0 0.76 0.81%8 0.78 t0 0.84
HL

Family history of any lymphomat 0.78 0.49 to 1.25 0.78 0.51to 1.19

Male sext 1.228 1.12t01.33 1.228 1.141t01.32

Age at diagnosis, per quintileq 2.078 1.99102.15 2.038 1.96102.10

Year of diagnosis, per decadel|| 0.59% 0.54 t0 0.64 0.778 0.74 t0 0.80
HL, < age 45 years

Family history of any lymphomat 0.65 0.31 to 1.36 0.74 0.41 to 1.35

Male sext 1.33" 1.13to0 1.56 1.328 1.14t0 1.52

Age at diagnosis, = 27 yearsf 1.828 1.55t02.14 1.668 1.44 10 1.90

Year of diagnosis, per decadel|| 0.59%§ 0.54 to 0.64 0.618 0.57 to 0.66
HL, = age 45 years

Family history of any lymphomat 1.07 0.59 to 1.94 0.93 0.51 to 1.69

Male sex# 1.217 1.10t0 1.34 1.23% 1.12t01.35

Age at diagnosis, = 61 years 2.48% 2.24102.75 2.50% 2.27102.76

Year of diagnosis, per decade 0.808 0.76 t0 0.84 0.828 0.78t00.86
NHL

Family history of any lymphomat 0.91 0.74- to 1.12 0.97 0.80 to 1.16

Male sext 1.208 1.16t01.24 1.328 1.23t0 1.41

Age at diagnosis, per quintileq 1.428 1.40to 1.44 1.478 1.45t0 1.49

Year of diagnosis, per decade|| 0.758 0.73t00.78 0.83% 0.82t0 0.85
High-grade B-cell lymphoma

Family history of any lymphomat 0.80 0.33 to 1.93 1.02 0.49 to 2.16

Male sex# 1.24 1.10to0 1.39 1.208 1.08to0 1.37

Age at diagnosis, per quintileq| 1.398 1.33t0 1.45 1.428 1.36t0 1.48

Year of diagnosis, per decadel|| 0.84** 0.74 10 0.95 0.848§ 0.74 10 0.94
Low-grade B-cell lymphoma

Family history of any lymphomat 1.04 0.56 to 1.93 1.14 0.66 to 1.98

Male sext 1.368 1.23t0 1.50 1.328 1.22t01.45

Age at diagnosis, per quintileq] 1.598 1.52t0 1.66 1.568 1.511t01.62

Year of diagnosis, per decade| 0.808 0.74 t0 0.92 0.79% 0.72 t0 0.87
T-cell/anaplastic lymphoma

Family history of any lymphomat 2.69 0.85 to 8.47 1.86 0.59 to 5.83

Male sext 1.66™ 1.24t02.23 1.598 1.22t0 2.08

Age at diagnosis, per quintileql 1.448 1.31t0 1.59 1.458 1.33t0 1.59

Year of diagnosis, per decadel|| 2.47%8 1.66 to 3.68 1.88% 1.37t02.58

“Adjusted for registry and mutually adjusted for the other variables in Table 2.

NHL in at least one first-degree relative before the diagnosis date of the patient.
fMale sex: baseline = female.
§P < .001.
flAge at diagnosis: baseline for CLL = patients age < 67 years; baseline for HL =

P < .05.

NOTE. All models are multivariable Cox regression models which include family history of any lymphoma, age at diagnosis, year of diagnosis, and country of residence
(estimates not shown). Bold font indicates the risk of dying for patients with a family history of lymphoma compared with patients without a family history of lymphoma.
Abbreviations: HR, hazard ratio; CLL, chronic lymphocytic leukemia; HL, Hodgkin’s lymphoma; NHL, non-Hodgkin’s lymphoma.

tFamily history of any lymphoma: Baseline = no family history of any lymphoma. Family history of any lymphoma is defined as a known diagnosis of CLL, HL or

years); baseline for HL = < 45 years = < 27 years; baseline for HL = 45 years = < 61 years; baseline for NHL, high-grade B-cell lymphoma, low-grade B-cell
lymphoma, and T-cell/anaplastic lymphoma = < 46 years (categories included: < 46, 46 to 56, 57 to 65, 66 to 73, 74+ years).
[IYear of diagnosis: baseline = 1958 to 1967 (categories included: 1958 to 1967, 1968 to 1977, 1978 to 1987, 1988 to 1998).

patients age < 23 years (categories included: < 23, 23-31, 32-44, 45-60, 61+

by family history when the analyses were stratified by sex, age, or year of
diagnosis (data not shown). In patients with CLL with a family history of
lymphoma, older age at diagnosis was significantly associated with aworse
outcome 5-years after diagnosis (hazard ratio [HR], 1.42; 95% CI, 1.14 to
1.75; P = .001), but sex (HR, 1.05;95% CI, 0.57 to 1.94; P = .874) and year

4962 © 2008 by American Society of Clinical Oncology

of diagnosis (HR, 0.64; 95% CI, 0.35 to 1.17; P = .146) were not signifi-
cantly associated with mortality in these patients. Findings were similar
with 10 years of follow-up (data not shown).

Likewise, patients with CLL with a family history of CLL
(n = 19), had a similar outcome to patients with CLL without a
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family history of CLL (5-year: HR, 0.74; 95% CI, 0.40 to 1.39;
10-year: HR, 0.81; 95% CI, 0.48 to 1.37).

HL

A family history of any lymphoma was observed in 95 (1.28%)
of the 7,476 patients with HL. Patients with HL with a family
history of ymphoma were more likely to be male and were younger
than patients without a family history of lymphoma (Table 3).
Survival curves comparing survival in patients with HL with and
without a family history of lymphoma are presented in Figure 1B.
No significant difference in 10-year survival was observed. Overall,
63.7% and 61.6% of patients with HL were alive at 5-year and
10-year follow-up, respectively.

Mortality (5-year and 10-year) was similar for patients with HL
with and without a family history of lymphoma when adjusted for age,
sex, and year of diagnosis (Table 4). Because age at diagnosis of HL is
an important determinant of survival, Cox regression models were
stratified by age of diagnosis younger than 45 years or 45 years or older
(Table 4). Older age, male sex, and an earlier year of diagnosis were all
predictors of worse outcome in the overall and age stratified analyses.
Stratifying by sex and year of HL diagnosis resulted in similar HRs
(data not shown). In patients with HL with a family history of any
lymphoma, older age at diagnosis was associated with worse outcome
5-years after diagnosis (HR, 3.26; 95% CI, 1.98 to 5.38; P < .001),
while sex (HR, 0.79; 95% ClI, 0.28 to 2.65; P = .787) and calendar
period of diagnosis (HR, 0.58; 95% CI, 0.22 to 1.54, P = .272) were not
significantly associated with mortality in these patients. Similar find-
ings were observed with 10 years of follow-up (data not shown).

Likewise, patients with HL with a family history of HL (n = 21),
had a similar outcome to patients with HL without a family history of
HL (5-year: HR, 0.74; 95% CI, 0.24 to 2.29; 10-year: HR, 0.92; 95%
CI, 0.38 to 2.21).

NHL

Of the 25,801 patients with NHL, 206 (0.80%) had a family
history of any lymphoma (Table 3). Family history of any lymphoma
was significantly associated with a younger age at diagnosis, but not
with sex or year of NHL diagnosis (Table 2). Survival curves compar-
ing survival in patients with NHL with and without a family history of
lymphoma are shown in Figure 1C. No significant differences in
survival were observed between patients with and without a family
history of lymphoma. Overall, 42.3% and 39.4% of patients with NHL
were alive at 5-year and 10-year follow-up, respectively.

Mortality (5 year and 10 year) was similar for patients with NHL
with and without a family history of any lymphoma (Table 4). Older
age, male sex, and earlier year of diagnosis were associated with worse
outcome. Family history of any lymphoma did not impact prognosis
in the analyses stratified by sex, median age, or median year of diag-
nosis of NHL (data not shown). In patients with NHL with a family
history of any lymphoma, older age at diagnosis was associated with
poorer outcome (HR, 1.55; 95% CI, 1.33 to 1.81; P <.001). Sex (HR,
1.07; 95% CI, 0.71 to 1.64; P = .740) and calendar period (HR, 1.07;
95% CI, 0.70 to 1.62; P = .759) were not significantly associated with
outcome. Having a family history of NHL (n = 101) did not impact
prognosis (5 year: HR, 0.96; 95% CI, 0.72 to 1.27; 10 year: HR, 0.99;
95% CI, 0.76 to 1.28).

Family history of any lymphoma was observed in 13 (0.57%)
high-grade B-cell, 28 (0.64%) low-grade B-cell, and five (0.81%) T-
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cell/anaplastic lymphoma patients and was not associated with out-
come (Table 4). Family history of NHL was reported in eight (0.35%)
high-grade B-cell, 11 (0.25%) low-grade B-cell, and three (0.49%)
T-cell/anaplastic lymphoma cases. For high- and low-grade B-cell
lymphoma patients 5-year mortality did not differ according to family
history of NHL (HR, 0.89; 95% CI, 0.29 to 2.78 and HR, 1.48, 95% CI,
0.61 to 3.56, respectively). However, outcome was worse in patients
with T-cell/anaplastic lymphoma who had a family history of NHL
(HR, 5.38;95% CI, 1.65 to 17.52). Similar patterns were observed with
10 years of follow-up (data not shown).

In this large population-based study, including more than 41,000
patients with CLL, HL, and NHL, we found no overall difference in
survival patterns between patients with versus without a family history
of lymphoma. Outcome was worse for patients with T-cell/anaplastic
lymphoma with a family history of NHL. These findings add signifi-
cantly to the restricted literature on the prognosis of patients with
familial CLL, HL, and NHL.

Family history of lymphoma has repeatedly been reported as a
risk factor for CLL in the literature.>>%'° However, few studies have
investigated whether having a family history of lymphoma impacts
prognosis. A study based on 126 patients with CLL reported that mean
survival of patients with CLL with a family history of malignancy
was higher compared with patients without a family history of
malignancy®>; however, the investigators failed to characterize malig-
nancy type in the family members. Conversely, in a small study of
patients from 55 multiple-case and 109 single-case families with leu-
kemia, lymphoma, or myeloma, the investigators suggested that pa-
tients in multiple-case families had poorer prognosis, although no
formal survival analyses were conducted.*®

Our study is the largest to date to investigate survival differences
between patients with CLL with and without a family history of lym-
phoma. Our finding of no overall difference in prognosis replicates the
results of an Italian case-control study of 1,449 patients with CLL,
where similar 10-year survival probabilities in sporadic (67%) and
familial (66%) patients were reported.”” The prevalence of a family
history of lymphoma in first degree relatives (1.15%) was similar to
that found in our study (1.10%); however, prevalence of a family
history of CLL was higher (0.80% v 0.25%).

In the Italian case-control study, patients with CLL with male sex,
older age, advanced Rai stage, and those who required treatment had
poorer survival.*” We also found increasing age and male sex to be
significant predictors of worse outcome; however, we did not have
information about the stage of disease or treatment. Although we were
unable to adjust for these variables in the survival analyses, the lack of
a significant difference between familial and sporadic cases with re-
spect to these variables in the Italian study®® suggests that adjusting for
these factors would not strongly affect our findings.

The risk of HL has been reported to be two to three times higher
in patients with a family history of lymphoma.***"** To our knowl-
edge, no previous studies have investigated prognosis in patients with
familial HL. We found no difference in prognosis between patients
with HL with versus without a family history of any lymphoma or HL
after 5 or 10 years of follow-up. Although age at diagnosis of HL is an
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important determinant of survival, we found no difference in out-
come between patients with HL with and without a family history of
lymphoma in those younger than age 45 or 45 years or older.

Patients with a family history of lymphoma have a two- to four-
fold increased risk of NHL.">2%2224-29 T¢ gur knowledge, no studies
have investigated the impact of having a family history of lymphoma
on prognosis.

We previously reported an increased risk of NHL in relatives of
patients with aggressive, high-grade B-cell NHL compared with rela-
tives of all patients with NHL in Scandinavia.”” Despite this, and the
fact that aggressive and indolent NHL have different treatment re-
gimes® and prognoses,”” we found no difference in 5-year or 10-year
mortality between patients with NHL with versus without a family
history of any lymphoma or NHL.

Although subtype information was only available for 28.2% of
the patients with NHL, outcome was similar for patients with and
without a family history of any lymphoma in the subtype specific
analyses. However, the small sample sizes limited the power to detect
differences in mortality and meant we were unable to investigate
differences in survival patterns for rarer NHL subtypes.

While survival for both low- and high-grade B-cell lymphoma
improved over time, this was not the case for T-cell/anaplastic NHL.
In addition, the risk of dying was higher (at 5-year and 10-year follow-
up) in patients with T-cell/anaplastic lymphoma who had a family
history of NHL. Despite the limitations of small sample size (there
were only three patients with T-cell ymphoma with a family history of
NHL) and multiple testing, the heterogeneity of NHL suggests that
future investigations should look at the impact of family history on
prognosis by NHL subtypes.

Our study is the largest to date to address the pertinent question
about whether or not having a family history of lymphoma adversely
affects survival for patients with CLL, HL, and NHL. The main
strength of our study is the use of large population-based, multigen-
erational registers which eliminate the problems associated with ascer-
tainment and recall bias in case-control studies. These databases have
high completeness of case ascertainment and diagnostic accuracy for
lymphomas from the national cancer registries.”*>®

One potential limitation of our study is incomplete ascertain-
ment of family history of lymphoma. We were unable to capture
information on lymphoma diagnoses for relatives before 1958 in Swe-
den and 1943 in Denmark, because no national cancer registration
systems were available.”" If survival differed in patients with relatives
diagnosed with lymphoma before these dates our results would be
biased toward showing no overall difference in outcome. However,
when we restricted our analyses to persons diagnosed in the later time
periods (after 1987), where ascertainment of family history was likely
complete, no differences in 5-year or 10-year mortality were observed
between patients with versus without a family history of lymphoma.

Because the Swedish database had more years of overlap between
patients with lymphoma and first-degree relatives than the Danish
database, we found somewhat more familial lymphoproliferative ma-
lignancies in the Swedish database. However, when we conducted
survival subanalyses restricted to Sweden and Denmark only, the
results were very similar (not shown).

Currently, there is an evolving interest in molecular predictors of
outcome in lymphomas.***® With the introduction of novel therapies,
these efforts will ultimately allow clinicians to increasingly focus on more
individualized approaches, with the aim to tailor treatment. Family
history of lymphoma is a well-known risk factor for developing
lymphoma.'™"" The influence of family history on lymphoma outcome
has, until recently, been obscure and based on small series.®4%%° Our
finding of no difference in prognosis between familial and sporadic lym-
phomas, with the possible exception of T-cell/anaplastic lymphoma, sug-
gests the same phenotype and natural course. However, it cannot be ruled
out that there are subsets of patients in whom genes predisposing to
familial lymphoma impact prognosis. Future work is needed to explore
whether pathways associated with increased risk of lymphoma also im-
pact clonal progression, survival, and dissemination.

In conclusion, overall 5-year and 10-year survival patterns were
similar for patients with CLL, HL, and NHL with versus without a
family history of any lymphoma, suggesting that familial lymphomas
do not have an altered clinical course. With one exception, T-cell/
anaplastic lymphoma, outcome was also similar for patients with
versus without a family history of the same lymphoma. At this time,
our findings provide no evidence to alter therapeutic strategies for
patients with CLL, HL, or NHL based solely on family history.
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