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Background: Non-Hodgkin lymphoma (NHL) subtypes, diffuse large B-cell (DLBCL) and follicular lymphoma (FL) have
different sex ratios and are diagnosed at ages over 60 years; DLBCL is more common in men and diagnosed at older
ages than FL, which occurs more among women. This analysis of postmenopausal women examines the relationship
between postmenopausal hormone therapy and NHL.
Design: Self-reported use of postmenopausal hormone therapy from 2094 postmenopausal women with NHL and
2731 without were pooled across nine case–control studies (1983–2005) from North America, Europe and Japan.
Study-specific odds ratios (OR) and 95% confidence intervals (CI) estimated using logistic regression were pooled
using random-effects meta-analyses.
Results: Postmenopausal women who used hormone therapy were at decreased risk of NHL (pooled OR = 0.79,
95% CI 0.69–0.90). Risks were reduced when the age of starting was 50 years or older. There was no clear trend with
number of years of use. Current users were at decreased risk while those stopping over 2 years before diagnosis were
not. Having a hysterectomy or not did not affect the risk. Favourable effects were present for DLBCL (pooled OR =
0.66, 95% CI 0.54–0.80) and FL (pooled OR = 0.82, 95% CI 0.66–1.01).
Conclusion: Postmenopausal hormone therapy, particularly used close to menopause, is associated with a
decreased risk of NHL.
Key words: case–control studies, diffuse large B-cell lymphoma, follicular lymphoma, menopausal hormone therapy,
non-Hodgkin lymphoma

introduction
Among non-Hodgkin lymphomas (NHL), different sex ratios
are seen for the two most common subtypes, with diffuse large
B-cell lymphoma (DLBCL) occurring among more men and
follicular lymphoma (FL) among more women [1]. NHLs are
also typically diagnosed at older ages and the median age at
diagnosis is 70 years for DLBCL and 64 years for FL. Little is
known of the causes of NHL, but factors which alter immune

function such as sex hormones are thought to be
involved [2, 3].
Hormone therapy for menopause has been widely studied

with respect to women’s health [4]. For postmenopausal
women, there has been some suggestion that the current use of
hormone therapy may be associated with a reduced risk of
NHL [5, 6], although on the whole, no association either way
has been reported and findings to date are inconclusive [5–17].
Because of the known associations with breast and endometrial
cancers and cardiovascular disease, postmenopausal hormone
therapy should not be used to prevent disease, nevertheless
studying its relationship with NHL could inform NHL
aetiology. To investigate whether there is an association
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between menopausal hormone therapy and NHL, we
conducted a pooled analysis of case–control studies which are
involved in the International Lymphoma Epidemiology
Consortium (InterLymph).

materials and methods
Information on postmenopausal hormonal therapy was collected in nine
case–control studies involved in the InterLymph Consortium. Study
design details have been published [8, 10, 13, 15, 18–22] (supplementary
Table S1, available at Annals of Oncology online) and for five studies,
postmenopausal hormonal therapy data have been described [8, 10, 13, 15,
18]. Cases were identified using rapid ascertainment techniques and
lymphoma diagnoses confirmed using pathologic review of reports or
samples by pathologists. Controls were randomly selected from population
registers or hospital or clinic patients, and were matched to cases on age
and ethnicity. Each study was approved by the appropriate ethical
committees and participants gave their informed consent. The studies were
conducted in parts of USA, Canada, England, Italy and Japan. Six studies
collected data in the late 1990s to early 2000s and three during the 1980s to
early 1990s.

Lymphoma diagnoses were classified according to the International
Classification of Diseases for Oncology third edition (ICD-O-3) (Mayo,
British Columbia, UK and HERPACC2 studies), or the Working
Formulation (Connecticut, UCSF, Los Angeles and Northern Italy studies).
Methods to translate other coding schemes to ICD-O-3 have been
described, and NHL subtypes were consistent with other InterLymph
pooled analyses [23]. B-cell subtypes were DLBCL (ICD-O-3 codes 9679/3,
9680/3, 9684/3), FL (9690/3, 9691/3, 9695/3, 9698/3), chronic lymphocytic
leukaemia/small lymphocytic lymphoma (9670/3, 9823/3), marginal zone
lymphoma (9689/3, 9699/3), mantle cell lymphoma (9673/3), Burkitt
lymphoma (9687/3, 9826/3) and other unspecified B-cell lymphoma (9671/
3, 9728/3). T-cell lymphomas were grouped as a whole (9700/3, 9701/3,
9702/3, 9705/3, 9708/3, 9709/3, 9714/3, 9716/3, 9717/3, 9718/3, 9719/3,
9729/3, 9827/3). NHL was defined by the above ICD-O-3 codes as well as
9591/3, 9675/3 and 9727/3. Cases with HIV-associated lymphoma or
multiple myeloma were excluded from the pooled dataset because most
studies did not recruit these cases.

Women were asked about their use of postmenopausal hormonal
therapies through in-person or telephone interviews, or self-completed

questionnaires. Women were asked whether they had used postmenopausal
hormone therapy, the age at which they started and stopped using it, and
the number of years therapy was taken. Analyses were restricted to
postmenopausal women, defined as women who had reported that their
periods had stopped, or if this information was missing, cases who were
aged 55 or older at diagnosis or interview date for controls. For most
studies, it is not known whether menopause was surgically induced, as
information on bilateral oopherectomy was only collected in two studies
(Mayo, Los Angeles). Data on hormone therapy was censored at 1 year
before diagnosis or interview date. Since hormone therapy formulation was
only collected in the UCSF study [10], hysterectomy was used as a
surrogate. Women who had undergone a hysterectomy from the late 1980s
onwards were more likely to have been prescribed oestrogen-only
preparations, while women with an intact uterus were more likely to have
been prescribed combined oestrogen–progestogen therapy [4]. Potential
confounders included body mass index (BMI) and socioeconomic status.
BMI was calculated from self-reported height and weight, where weight was
before (Mayo, British Columbia, North Italy, Italy, UK) or at (HERPACC2)
diagnosis/interview, or was the usual adult weight (Connecticut, UCSF).
Socioeconomic status was derived from educational attainment (Mayo,
UCSF, Los Angeles, North Italy and Italy), income level (British Columbia)

or census data (UK). Four studies had no data on hysterectomy
(Connecticut, British Columbia, North Italy and Italy), one had no BMI
data (Los Angeles) and two no socioeconomic status information
(Connecticut and HERPACC2).

An anonymized dataset was supplied for each study and was checked for
inconsistencies before harmonizing variables across studies. Analysis was
conducted using a two-step process using Stata/IC 11.1 for Windows
(StataCorp LP, Texas, 2010). First, study-specific odds ratios (OR) and
confidence intervals (CI) were estimated by logistic regression adjusted for
age as a continuous variable and ethnicity grouped as Caucasian or other
as potential confounders. Where cell frequencies were five or less, risk
estimates were computed by exact methods, with a half added to all cell
frequencies if there were no cases or controls. The second step was to pool
the study-specific ORs in a meta-analysis. Fixed-effects meta-analysis was
used where study-specific risk estimates were homogeneous, while a
random-effects model was used when heterogeneity was present.
Heterogeneity was tested using Cochrane’s Q test, significant at Pheterogeneity
< 0.10, and the amount of heterogeneity was described by the I2 statistic.
Pooled risk estimates for trend were estimated by pooling the study-specific
ORs for trend and were based on categorical data. To examine whether
findings were consistent, sensitivity analyses were conducted stratified by
factors such as study design and participation rates, and excluding ORs that
were computed using exact methods.

results
Among the nine InterLymph studies, 2094 case and 2731 control
women were considered postmenopausal (Table 1). The most
common diagnoses were lymphomas of B-cell origin (81%),
notably DLBCL (32%) and FL (25%) (Table 1). T-cell lymphoma
and other B-cell subtypes such as chronic lymphocytic
leukaemia/small lymphocytic lymphoma and marginal zone
lymphoma accounted for <10% of cases, and NHL subtype was
not known for 16%. Most women were Caucasian (90%), had
gone through the menopause around the age of 47 and the
median age at diagnosis was 64 years. Cases were more likely to
be Caucasian, of slightly younger age, of lower socioeconomic
status and to be overweight or more obese than controls; similar
proportions of cases and controls had had a hysterectomy.
Across studies, 37% of cases and 41% of controls reported using
hormone therapy for their menopausal symptoms.
Postmenopausal women who had used hormone therapy

were at decreased risk of NHL overall (pooled risk estimate =
0.79, 95% CI 0.69–0.90) compared with never users (Table 2).
Inverse associations were strongest when use started at older
ages (ages 50 and 54 years: pooled risk estimate = 0.74, 95% CI
0.61–0.91; aged ≥55 years: pooled risk estimate = 0.78, 95% CI
0.62–0.98). Regardless of the years hormonal therapy was used
for, risks were below one, but there was no clear trend in risk.
Current users were at decreased risk (pooled risk estimate =
0.70, 95% CI 0.54–0.91) while women who stopped in the 5
years before diagnosis or longer ago were not. Heterogeneity in
study-specific risks among current users was moderate (I2 =
40%) and influence analyses found that the pooled risk
remained below one when each study was excluded in turn
(pooled risk estimate ranged from 0.62, 95% CI 0.51–0.75,
I2 = 0%, Pheterogeneity = 0.64 to 0.77, 95% CI 0.57–1.03, I2 = 31%,
Pheterogeneity = 0.21). Postmenopausal hormone therapy reduced
the risks of DLBCL and FL (pooled OR = 0.66, 95% CI 0.54–
0.80; pooled OR = 0.82, 95% CI 0.66–1.01, respectively), but not
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of chronic lymphocytic leukaemia, marginal zone lymphoma,
mantle cell lymphoma or T-cell lymphoma (pooled OR = 1.24,
95% CI 0.80–1.93; pooled OR = 0.88, 95% CI 0.56–1.40; pooled
OR = 1.28, 95% CI 0.66–2.48; pooled OR = 0.86, 95%
CI 0.52–1.41 respectively). Associations between hormone
therapy, NHL, DLBCL and FL were consistent across studies
and study-specific ORs tended to be below one (supplementary
Figure S1, available at Annals of Oncology online).
Five studies asked women whether they had had a

hysterectomy and the pooled risk estimate for using
postmenopausal hormone therapy in these five studies was
similar to that for all nine studies (Table 3). For NHL overall,
there was no difference in the risk associated with hormone
therapy by whether women had had a hysterectomy (pooled
risk estimate = 0.78, 95% CI 0.55–1.10) or not (pooled risk
estimate = 0.78, 95% CI 0.58–1.03). Statistically significant
decreased risks were found for DLBCL among women who
had had a hysterectomy (pooled risk estimate = 0.48, 95% CI
0.30–0.77) and for FL among women who had not undergone
this surgery (pooled risk estimate = 0.66, 95% CI 0.47–0.93).
However, confidence limits for these subtype-specific risks
overlapped with those in the other stratum.

NHL risk associated with postmenopausal hormone therapy
was reduced among women of normal weight (pooled risk
estimate = 0.77, 95% CI 0.62–0.96) (Table 4). Similarly for
DLBCL, but not FL, risks were decreased in women who were
of normal weight (pooled risk estimate = 0.57, 95% CI 0.43–
0.75) and not among women who were overweight (pooled
risk estimate = 0.87, 95% CI 0.63–1.20).

discussion
The nine studies from parts of North America, Europe and
Japan suggested that postmenopausal women who used
hormone therapy had a lower risk of NHL overall than those
who had never used it. Current users were at decreased risk,
but past users had risks comparable to those who had never
taken hormonal therapy. Risks below one were found in all
categories of duration of use and age when hormonal
treatment started; no clear trends were found for either
variable. Findings were similar when these analyses were
restricted to current users. When hormones were started
between the ages of 50–54, the decreased risk reached statistical
significance. For the two most common subtypes, DLBCL and
FL, findings were similar to NHL overall. Findings were
consistent among population-, hospital- and clinic-based
studies, in studies where case and control participation was
over 70%, and when risk estimates were adjusted for
socioeconomic status.
Other evidence for postmenopausal hormone therapy’s role

in NHL aetiology comes from five cohort [5, 7, 9, 11, 14] and
two case–control studies [6, 17]. Among these further studies,
one case–control study reported that hormonal therapy
reduced the risk of NHL overall [6] but on the whole, cohort
studies found risks to be around one. For DLBCL, two cohorts
reported risks below one [5, 11] while two others found no
association [7, 14]. As for FL, there has been less consistency,
with one study reporting a risk below one [11], another close
to one [5] and two raised [7], one of which was statistically
important [14]. When we conducted a meta-analysis of cohort
data, the results suggested no association with ever use for
NHL, DLBCL or FL (pooled risk estimate = 1.01, 95% CI 0.89–
1.14, I2 = 0%, Pheterogeneity = 0.49; pooled risk estimate = 0.87,
95% CI 0.67–1.14, I2 = 21%, Pheterogeneity = 0.28; pooled risk
estimate = 1.31, 95% CI 0.70–2.45, I2 = 76%, Pheterogeneity = 0.01,
respectively). However, our protective finding was among
women who were using hormonal therapy 1 year before
diagnosis. Current users were also at reduced risks in one
cohort [5] and a case–control study [6], but not two other
cohort studies [7, 14] (Figure 1). Cohort studies would have
collected information on hormonal therapy many years before
diagnosis. Interestingly, studies with follow-up periods that
were shorter and closer to menopausal age found risks for
current users more similar to ours while for longer follow-up
and further from menopause, risks were closer to one (Figure
1). One cohort reported a lower risk after 7 [24] than after 13
years of follow-up [14]. In cohort studies, information may not
have been available as to whether women had stopped using
hormone therapy since recruitment into the cohort. One
possible explanation for differences between our study and the
cohorts’ findings is that in cohorts, women may have been

Table 1. Characteristics of postmenopausal women included in the pooled
analysis

Cases Controls

N (%) N (%)

NHL subtype 2094 (100) –

Diffuse large B-cell lymphoma 675 (32) –

Follicular lymphoma 531 (25) –

Other B-cell lymphoma 480 (23) –

T-cell lymphoma 83 (4) –

Unclassified 325 (16) –

Age (years) 2094 (100) 2731 (100)
≤55 358 (17) 405 (15)
56–65 791 (38) 1036 (38)
>65 945 (45) 1290 (47)

Socioeconomic status 1463 (100) 1956 (100)
High 328 (22) 501 (26)
Medium 475 (32) 691 (35)
Low 655 (45) 758 (39)
Not known 5 (0.3) 6 (0.3)

Body mass index 1984 (100) 2627 (100)
Underweight (<18.5 kg m−2) 36 (2) 86 (3)
Normal (18.5–24.99 kg m−2) 1014 (51) 1420 (54)
Overweight (25–29.99 kg m−2) 597 (30) 751 (29)
Obese (≥30 kg m−2) 312 (16) 340 (13)
Not known 25 (1) 30 (1)

Hysterectomy 1098 (100) 1512 (100)
No 712 (65) 1016 (67)
Yes 373 (34) 477 (32)
Not known 13 (1) 19 (1)

Socioeconomic status data were collected in seven studies (Mayo, UCSF,
Los Angeles, British Columbia, UK, North Italy and Italy), body mass
index data in eight studies (Connecticut, Mayo, UCSF, British Columbia,
UK, North Italy, Italy and HERPACC2) and hysterectomy data in five
studies (Mayo, UCSF, Los Angeles, UK and HERPACC2). NHL, non-
Hodgkin lymphoma.
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Table 2. Associations between non-Hodgkin lymphoma, diffuse large B-cell lymphoma, follicular lymphoma and postmenopausal hormonal therapy among postmenopausal women

Hormone therapya Controls NHL Pooled ORb 95% CI I2 (%) Pheterogeneity DLBCL Pooled ORb 95% CI I2 (%) Pheterogeneity FL Pooled ORb 95% CI I2 (%) Pheterogeneity

Hormone therapy No. of studies = 9
Totalc 2731 2094 675 531
Never used 1584 1275 1 ref 439 1 ref 299 1 ref
Ever used 1109 772 0.79 0.69–0.90 0 0.50 217 0.66 0.54–0.80 0 0.45 218 0.82 0.66–1.01 0 0.55

Age first used (years) No. of studies = 8d

Totalc 2519 1987 637 501
Never used 1395 1176 1 ref 405 1 ref 273 1 ref
<45 244 188 0.88 0.71–1.10 0 0.64 51 0.72 0.51–1.02 0 0.60 57 1.01 0.72–1.43 0 0.49
45–49 259 193 0.84 0.68–1.05 0 0.57 59 0.77 0.55–1.06 0 0.85 54 0.86 0.62–1.21 0 0.91
50–54 322 209 0.74 0.61–0.91 0 0.59 54 0.58 0.42–0.80 0 0.93 63 0.82 0.60–1.12 0 0.70
≥55 235 156 0.78 0.62–0.98 0 0.65 43 0.70 0.48–1.01 0 0.62 35 0.73 0.45–1.18 22 0.25
Trend 0.92 0.88–0.96 0 0.44 0.87 0.81–0.94 0 0.50 0.92 0.85–0.99 8 0.37

Years used No. of studies = 9
Totalc 2731 2094 675 531
Never used 1584 1275 1 ref 439 1 ref 299 1 ref
<2 242 160 0.78 0.62–0.98 0 0.81 53 0.73 0.52–1.02 0 0.46 39 0.78 0.52–1.16 4 0.40
2 to <5 231 180 0.90 0.72–1.13 0 0.69 51 0.81 0.57–1.14 0 0.72 52 0.97 0.69–1.37 0 0.87
5 to <10 238 152 0.72 0.57–0.91 0 0.80 37 0.59 0.40–0.86 0 0.44 41 0.73 0.51–1.06 0 0.61
≥10 363 258 0.86 0.65–1.13 35 0.14 72 0.79 0.52–1.20 32 0.16 79 0.99 0.73–1.34 0 0.53
Trend 0.94 0.90–0.98 7 0.38 0.91 0.83–1.00 35 0.14 0.98 0.90–1.06 24 0.23

Years since last used No. of studies = 6d

Totalc 2035 1647 552 418
Never used 1237 1050 1 ref 368 1 ref 246 1 ref
>5 153 128 1.00 0.77–1.30 0 0.47 40 0.88 0.60–1.30 0 0.67 26 0.76 0.48–1.19 0 0.99
≤5 89 80 0.97 0.69–1.35 0 0.58 23 0.84 0.50–1.40 0 0.47 25 1.05 0.64–1.71 0 0.85
Current 504 331 0.70 0.54–0.90 40 0.14 100 0.57 0.44–0.74 0 0.54 103 0.76 0.58–0.99 0 0.46
Trend 0.89 0.82–0.97 44 0.11 0.83 0.77–0.91 0 0.49 0.92 0.84–1.00 0 0.46

aHormone therapy among postmenopausal women where menopause was defined as the reporting of periods that stopped naturally or due to a bilateral oopherectomy, or, in the absence of these data, women
aged ≥55 years were considered postmenopausal.
bPooled ORs adjusted for age and ethnicity were estimated in meta-analysis using a random-effects model; pooled ORs and CIs were similar from a fixed-effects model where the amount of between-study
variation in risk (I2) was low.
cFrequencies do not sum to the total due to missing values.
dHERPACC2 did not collect age when hormone therapy was first used, and Mayo, Los Angeles and HERPACC2 did not collect age when hormone therapy was last used.
NHL, non-Hodgkin lymphoma; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma.
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Table 3. Associations between non-Hodgkin lymphoma, diffuse large B-cell lymphoma, follicular lymphoma and postmenopausal hormonal therapy among postmenopausal women by hysterectomy status

Hormone therapya Controls NHL Pooled ORb 95% CI I2 Pheterogeneity DLBCL Pooled ORb 95% CI I2 Pheterogeneity FL Pooled ORb 95% CI I2 Pheterogeneity

Studies with hysterectomy datac

Totald 1512 1098 378 307
Never used 696 539 1 ref 205 1 ref 150 1 ref
Ever used 782 525 0.82 0.69–0.97 0 0.50 157 0.72 0.51–1.02 36 0.18 146 0.80 0.61–1.05 2 0.39
Missing 34 34 16 11

No hysterectomye

Totald 1016 712 245 203
Never used 579 434 1 ref 155 1 ref 129 1 ref
Ever used 416 262 0.78 0.58–1.03 38 0.17 80 0.72 0.49–1.07 27 0.24 68 0.66 0.47–0.93 0 0.45
Missing 21 16 10 6

Hysterectomye

Totald 477 373 130 101
Never used 117 102 1 ref 50 1 ref 20 1 ref
Ever used 353 255 0.78 0.55–1.10 0 0.80 74 0.48 0.30–0.77 0 0.87 77 1.28 0.45–3.63 50 0.09
Missing 7 16 6 4

aHormone therapy among postmenopausal women where menopause was defined as the reporting of periods that stopped naturally or due to a bilateral oopherectomy, or, in the absence of these data, women
aged ≥55 years were considered postmenopausal.
bPooled ORs adjusted for age and ethnicity were estimated in meta-analysis using a random-effects model; pooled ORs and CIs were similar from a fixed-effects model where the amount of between-study
variation in risk (I2) was low.
cHysterectomy data were collected in five studies (Mayo, UCSF, Los Angeles, UK and HERPACC2).
dFrequencies do not sum to the total due to missing values.
eTests for heterogeneity between risks among women who had had a hysterectomy and those who had not were not statistically significant (NHL: χ2 = 0.00, P = 0.99; DLBCL: χ2 = 1.90, P = 0.17; FL: χ2 = 1.56, P
= 0.21).
NHL, non-Hodgkin lymphoma; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma.
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Table 4. Associations between non-Hodgkin lymphoma, diffuse large B-cell lymphoma, follicular lymphoma and postmenopausal hormonal therapy among postmenopausal women by normal and over-
weight

Hormone therapya Controls NHL Pooled ORb 95% CI I2 Pheterogeneity DLBCL Pooled ORb 95% CI I2 Pheterogeneity FL Pooled ORb 95% CI I2 Pheterogeneity

Studies with BMI datac

Totald 2627 1984 632 515
Never used 1540 1218 1 ref 413 1 ref 290 1 ref
Ever used 1049 719 0.80 0.70–0.91 0 0.45 200 0.68 0.55–0.83 1 0.42 211 0.83 0.67–1.03 0 0.55

Missing 38 47 19 14
Normal weighte

Totald 1506 1050 341 276
Never used 849 629 1 ref 223 1 ref 142 1 ref
Ever used 634 399 0.77 0.62–0.96 20 0.27 109 0.57 0.43–0.75 0 0.63 128 0.94 0.68–1.30 12 0.34
Missing 23 22 9 6

Overweight/obesee

Totald 1091 909 281 233
Never used 671 571 1 ref 184 1 ref 143 1 ref
Ever used 407 315 0.86 0.70–1.06 0 0.91 88 0.87 0.63–1.20 0 0.80 82 0.74 0.53–1.03 0 0.99
Missing 13 23 9 8

aHormone therapy among postmenopausal women where menopause was defined as the reporting of periods that stopped naturally or due to a bilateral oopherectomy, or, in the absence of these data, women
aged ≥55 years were considered postmenopausal.
bPooled ORs adjusted for age and ethnicity were estimated in meta-analysis using a random-effects model; pooled ORs and CIs were similar from a fixed-effects model where the amount of between-study
variation in risk (I2) was low.
cBody mass index data were collected in eight studies (Connecticut, Mayo, UCSF, British Columbia, UK, North Italy, Italy and HERPACC2).
dFrequencies do not sum to the total due to missing values.
eTests for heterogeneity between risks among women who were normal weight (BMI < 25 kg m–2) and those who were overweight or obese (BMI≥ 25 kg m–2) were statistically significant for DLBCL (χ2 = 3.79,
P = 0.05) but not for NHL or FL (NHL: χ2 = 0.78, P = 0.38; FL: χ2 = 0.97, P = 0.32).
NHL, non-Hodgkin lymphoma; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma.
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more likely to have stopped where follow-up continued further
from menopausal age.
In our data, whether oestrogen only or combined oestrogen

and progestin therapy contributed to the reduced risk could
not be examined directly as only one study collected this
information. As an alternative, we investigated whether risks
were different among women who had or not had a
hysterectomy since from the late 1980s, unopposed oestrogen
tended to be prescribed following a hysterectomy and
combined therapy to menopausal women with an intact uterus
[4]. Although we found no difference for NHL overall,
decreased risks of DLBCL for hormonal therapy were found
among women who had had a hysterectomy in particular, but
also in those who had not. For FL, risks were reduced among
women with an intact uterus and not among those who did
not. Findings for the two formulations have been reported in
two cohorts [5, 7] and one case–control study included here
[10]. No associations with either therapy were found in the
cohort studies [5, 7] while reduced risks were found for both
therapies in the case–control study [10]. However, some

decreased risks were found in the cohort studies when
hysterectomy data were considered in conjunction with
treatment types [5, 7]. In the NIH-AARP cohort, women who
had had a hysterectomy and were treated with unopposed
oestrogen were at decreased risk of DLBCL while women with
an intact uterus and on oestrogen plus progestin were not [5].
The California Teachers Study found that removal of both
ovaries increased the risk of B-cell NHL possibly due to the
absence of circulating hormones of ovarian origin, and when
oestrogen only therapy was given to ovariectomized women,
the treatment mediated the increased risk [7]. Hence, there
appears to be some consistency between these findings [5, 7]
and ours, but further investigation on treatment type is needed.
The mechanisms by which hormone therapy may act to

reduce NHL risk among postmenopausal women are not
known but may involve pro-inflammatory cytokines such as
interleukins and tumour necrosis factor. As age increases,
changes in immune function occur [3]. These alterations,
which include increased production of pro-inflammatory
cytokines, may be increased further in postmenopausal women

Figure 1. Associations between non-Hodgkin lymphoma, diffuse large B-cell lymphoma, follicular lymphoma and current use of postmenopausal
hormonal therapy reported in published studies. Current use of hormone therapy was reported at recruitment in cohort studies and a year before diagnosis/
reference date in case–control studies. Risk estimates are ordered by the maximum length of follow-up for cohort studies and latency period for case–control
studies. NR, not reported; postmeno, postmenopausal. Cohort studies are Cerhan et al. [24], Morton et al. [5], Lu et al. [7] and Cerhan et al. [14]. Case–
control studies are InterLymph and Beiderbeck et al. [6].
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due to oestrogen deprivation, at least in the years soon after
menopause [25]. Taking hormone therapy may normalize the
immune response and decrease production of tumour necrosis
factor and interleukin-6 [2, 3]. Such mechanisms may explain
the lower NHL risk in postmenopausal women who take
hormone therapy compared with those who are untreated,
although the exact processes by which hormone therapy acts
on the immune system and lymphomagenesis are unknown.
We also found a reduced risk of DLBCL among hormone
therapy users of normal weight, a finding that has not been
reported before. Although adipose tissue is a major source of
oestrogen in the postmenopausal period, being overweight may
increase DLBCL risk [26, 27] and so other obesity-related
alterations to immune function are likely to be involved.
Our studies, like others of similar design, have several

limitations. First, the use of postmenopausal hormone therapy
was self-reported, although evidence suggests that there is
reasonable agreement with medical records [8, 28–31].
Secondly, the controls’ hormone therapy use may not be
typical of postmenopausal women in general. Data for
comparison are lacking, but across case–control studies, it
seems unlikely that there is systematic selection bias given that
hormone therapy has also been associated with disease excess,
most notably breast cancer [32]. Thirdly, we could not assess
risks associated with the type of postmenopausal hormone
therapy, route of administration and dose as most studies did
not collect this information. Fourthly, our finding of a
decreased risk with current use could be a consequence of
cases stopping use as lymphoma ensues. However, 75% of
cases who were using hormone therapy at 1 year before
diagnosis were still using it at the time their lymphoma was
diagnosed. Fifthly, some cases would have died soon after
diagnosis or been too ill to be interviewed, while a minority of
interviewed cases may have had another cancer before their
NHL diagnosis. Whether these cases were more (or less) likely
to have used hormone therapy than those who were
interviewed or who did not have a previous cancer is
uncertain. Sixthly, it is also not known whether cases were less
likely than controls to have had menopausal symptoms or
conditions such as osteoporosis which are treated with
hormone therapy. Lastly, our findings may be a consequence of
selection bias since our controls tended to be of higher
socioeconomic status than cases. Women of higher
socioeconomic status are more likely to take hormones to treat
menopausal symptoms than those of lower, but nevertheless,
our protective effect remained when risks were adjusted for
socioeconomic status.
In this pooled analysis of individual data, we found

protective associations between postmenopausal hormone
therapy and NHL and its two most common subtypes, DLBCL
and FL. Our findings suggest that current use may reduce NHL
risk. An advantage of our data, as well as the large number of
subjects, was the ability to study hormone therapy use up to
the time of diagnosis. The implications of our findings are not
the prevention of NHL by taking postmenopausal hormone
therapy since its use can lead to the development of breast and
endometrial cancers and cardiovascular disease. Rather, our
study gives insight into the possible role of exogenous sex
hormones on NHL aetiology.
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Background: Because follicular lymphoma (FL) patients have heterogeneous outcomes, the FL international
prognostic index (FLIPI) was developed to risk-stratify patients and to predict survival. However, limited data exist
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