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Purpose: 

We investigated the relationship between use of tricyclic antidepressants (TCA) and risk 

of the malignancies that comprise non-Hodgkin lymphoma (NHL). Previous studies 

provided some evidence of an association, but did not assess the risk of specific subtypes 

of NHL, which have been shown to be etiologically diverse. 

 

Methods: 

We conducted a population-based case-control study among members of Group Health, 

an integrated healthcare delivery system in Washington state. Cases included Group 

Health members diagnosed with NHL between 1980-2011 at age ≥25 years with no 

record of a prior cancer or of certain autoimmune conditions, who had been enrolled for 

≥2 years at diagnosis. Each case was matched to eight Group Health enrollees on age, 

sex, and length of prior enrollment; these controls were cancer-free as of the date of the 

case’s diagnosis. Information on prior TCA use, including dose, duration, recency, and 

type, was ascertained from automated pharmacy data. We used conditional logistic 

regression to calculate odds ratios (ORs) and 95% confidence intervals (CIs) for NHL, 

overall and for common subtypes, for various patterns of TCA use. 



 
 

Results: 

We identified 2,768 cases and 22,127 matched controls. We did not observe an 

appreciably higher risk of NHL among persons who had filled ≥2 TCA prescriptions 

prior to the date of the case’s diagnosis compared to those who had filled none (OR: 1.1; 

95% CI: 1.0-1.2). Overall risk of NHL was associated to at most a small degree with 

longer-term use (OR: 1.2; 95% CI: 1.0-1.4 for ≥10 prescriptions), high-dose use (OR: 1.1; 

95% CI: 0.8-1.5 for ≥50 mg/day or equivalent), or use that began more than 5 years prior 

to the reference date (OR: 1.0; 95% CI: 0.9-1.2). TCA use was generally not associated 

with most major NHL subtypes, though longer-term use was associated with increased 

risk of chronic lymphocytic leukemia/small lymphocytic lymphoma (OR: 1.5; 95% CI: 

1.1-2.0). 

 

Conclusions: 

We found little evidence that TCA use increases risk of NHL, overall or for specific 

common subtypes of NHL. 
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Introduction:  

 

Non-Hodgkin lymphomas (NHLs) are a heterogeneous group of more than 40 

cancers of the lymphoid cells, distinct in terms of morphology, immunophenotype, 

genetic features, and prognosis,1,2 as well as etiology. 3-8 The strongest known risk factor 

for NHLs as a whole is severe immune impairment, but other etiologies are not well 

understood.1,9 Previous studies have provided some evidence of an association between 

prior use of tricyclic antidepressants (TCAs) and NHL risk. A population-based cohort 

study in Denmark observed a 50% higher risk of NHL in TCA users compared to non-

users (95% confidence interval (CI) 1.1-2.2), and a more than doubled risk associated 

with longer-term use (≥10 prescriptions) among persons with ≥5 years of follow-up 

(relative risk (RR) 2.5; 95% CI 1.4-4.3).10 A second study in Canada used population-

based cancer registries and ascertained use of TCAs by self-report; this study observed a 

more modest association with long-term (≥25 months) versus no use (odds ratio (OR) 

1.6, 95% CI 0.8-3.3), and little evidence for an association with ever-use (OR 0.8, 95% CI 

0.5-1.3).11 Neither study investigated whether the association between TCA use and NHL 

varied by NHL type, or by TCA type.  

 

TCAs, which have been in use since the 1950s, affect a wide range of 

neurotransmitter systems, including alpha-1, histaminic and muscarinic receptors.12 

They are potent H1 antihistamines, which may also influence lymphoma risk.4 TCAs are 

associated with a range of relatively strong side effects, which have likely contributed to 

the decline in their psychiatric use in favor of newer antidepressants.13 However, 

providers are increasingly prescribing TCAs for chronic pain and sleep disorders, though 

generally in lower doses than those prescribed for depression.14-16 
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We undertook this study to evaluate whether use of tricyclic antidepressants, 

overall and grouped by duration, dose, recency, and type, is associated with an increased 

risk of NHL. We also investigated whether the association, if any, differs across the 

following more common types of NHL: diffuse large B-cell lymphoma (DLBCL), chronic 

lymphocytic leukemia/ small lymphocytic lymphoma (CLL/SLL), follicular lymphoma 

(FL), and the plasma cell neoplasms (PCN), multiple myeloma (MM) and plasma cell 

leukemia (PCL). (Figure 1) 
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Methods: 

 

This study was conducted among enrollees at Group Health Cooperative (Group 

Health), a consumer-governed, non-profit health system in Washington state and 

Northern Idaho.  Group Health currently provides health coverage to more than 650,000 

enrollees; there were approximately 300,000 enrollees at the start of the study period.17 

To select cases, we first identified all persons who had been diagnosed with NHL 

between January 1, 1980 and March 31, 2011 at ≥25 years of age, who were enrolled for 

≥2 years before diagnosis, and who resided in one of the 13 counties included in the 

western Washington Surveillance Epidemiology and End Results (SEER) registry at the 

time of diagnosis. The date of the case’s diagnosis served as the reference date. We 

matched eight controls to each case on age (±24 months), sex, and length of enrollment 

at  Group Health prior to the reference date, and after the start of the pharmacy database 

in 1977. Controls were selected to have equal or slightly longer “exposure ascertainment 

periods” compared to their matched case. Any exposure ascertainment periods which 

were longer than that of the case were then truncated to achieve equal length for all 

subjects within a given set. We also matched on the case’s enrollment status on the 

reference date; Group Health members are either enrolled in integrated group practice 

(IGP), in which Group Health is the primary provider, or non-IGP. Controls were 

sampled from the defined population of Group Health enrollees. Control selection for 

each case was based on eligibility up until that case’s reference date, and not after; thus, 

controls could also become cases if they were later diagnosed with NHL. 

 

Cancer diagnoses were ascertained using Group Health automated records with 

linkage to the SEER registry.18 We identified NHL cases using all ICD-O-3 histology 

codes for NHL in the SEER registry, according to the most recent World Health 
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Organization (WHO) NHL classification system.19 Common subtypes of NHL (Figure 1) 

were identified using the ICD-O-3 codes specified in Table 1.19 Although ICD-O-3 codes 

did not exist before 2001, all earlier ICD-O codes in the registry have since been 

converted to ICD-O-3 codes by the SEER program.20,21 Plasma cell neoplasms, including 

multiple myeloma, are included as a type of NHL by the WHO ICD-O-3 classification 

system.22  

 

We excluded cases and controls who had been diagnosed with any cancer before 

the reference date except non-melanoma skin cancer. We also excluded persons who, 

prior to the reference date, likely had a condition consistently associated with increased 

risk of NHL, including HIV/AIDS, Sjogren syndrome, systemic lupus erythematosus, 

celiac disease, dermatitis hepatiformis, and chronic thyroiditis,23,24 as well as those who 

filled a prescription for a medication associated with immune impairment 

(methotrexate, azathioprine, cyclosporine, cyclophosphamide, chlorambucil, 

penicillamine, aurothiomalate, auranofin, 6-mercaptopurine, infliximab, adalimumab, 

and etanercept).3,4,10,24-27 We used automated diagnosis codes and pharmacy data 

recorded before the reference date to identify these conditions and medications.  

 

  We identified prior use of TCAs using the Group Health pharmacy database, 

which includes a record for each prescription medication dispensed to Group Health 

enrollees since 1977. Nearly all (approximately 95%) Group Health members who fill 

prescriptions for antidepressants do so at Group Health pharmacies.28 Each record 

includes a patient identifier, medication name, strength, date dispensed, quantity 

dispensed, instructions for use, and drug form. The pharmacy database also includes 

information on claims, which are an additional source of these data. We defined ever-use 

of TCAs as having filled ≥2 prescriptions (of any TCA) before the reference date, to give 
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some assurance that the medication was actually taken; longer-term use was defined as 

≥10 prescriptions (Table 2). Ideally we would have measured duration of TCA exposure 

using the total amount of time during which TCA prescriptions were dispensed. 

However, for approximately half of TCA prescription records in our study, the intended 

duration could not be determined, so we instead used the number of prescriptions 

dispensed as a surrogate for duration of use, for all subjects. To estimate average daily 

dose, pill strength (known for 97% of prescriptions) was multiplied by the number of 

pills prescribed per day, for the approximately half of prescriptions which included 

instructions for use. For prescriptions which lacked instructions for use, 1 pill per day 

was assumed. (Of prescriptions with instructions for use, approximately half specified 1 

pill per day and half specified >1 pill/day; <1% specified <1 pill/day.)  

 

To compare doses across different types of TCAs, we created a standardized 

categorization for high versus low average daily dose. Dosages are not necessarily 

equivalent across different types of TCAs in terms of their therapeutic effect; for example 

the maximum recommended daily dose of doxepin (300 mg) is twice that of nortriptyline 

(150 mg).29 In the absence of any conventional equivalency conversions for dosages 

across TCA types, we defined ≥50 mg/day as a “high” dose for all but two TCAs; 25 and 

7.5 mg/day of nortriptyline and protriptyline, respectively, were defined as high dose.14 

We calculated cumulative dose as the average (standardized) daily dose times the total 

number of prescriptions filled, and defined low cumulative dose as ≤1,000 mg-

prescriptions and high cumulative dose as >1,000 mg-prescriptions (Table 2). 

 

We collected prescription data on opioids which have been shown to have 

immunosuppressive properties, including codeine, methadone, morphine and fentanyl,30 

as a potential confounder, because they are likely associated with both TCA use and risk 
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of NHL. We collected data on prior use of selective serotonin reuptake inhibitors (SSRIs) 

in a manner similar to that for TCAs. In order to gauge the potential for confounding by 

depression, we compared the association between TCA use and NHL to that between 

SSRI use and NHL. Because previous studies of the relationship between SSRIs and 

NHL have not observed any such evidence,10 an association between NHL risk and TCA 

use, but not SSRI use, would suggest that depression did not confound the results.  

 

We used conditional logistic regression to calculate ORs and 95% CIs, implicitly 

adjusting for age, calendar time (the reference date), sex, and length of “exposure 

ascertainment period” through the matching process. We explicitly adjusted for a history 

of immunosuppressive opioid use. We repeated analyses separately for long-term and 

high-dose use of TCAs, recency of last use, and for the more common types of TCAs 

(Table 2). Our primary analysis included people for whom we had pharmacy information 

for as few as 2 years, as the association between use of TCAs and NHL risk could 

potentially have a short induction-latency period. However, we restricted some analyses 

to subjects for whom we had ≥5 years and ≥10 years of pharmacy data, which included 

>75% and 50% of study subjects, respectively. We adjusted for race in some analyses; 

race data were available on 99% of cases (from the SEER registry) and 65% of controls, 

and >99% of matched sets included at least one control with known race.  

 

We conducted similar analyses for the more common types of NHL: cases were 

limited to those with the subtype of NHL in question, and controls were limited to 

subjects matched to those cases. We used conditional logistic regression to estimate ORs 

and 95% CIs of the risk of each NHL subtype in association with TCA ever-use; 

additional analyses specifically investigated ORs associated with long-term use and use 

of high-dose TCAs, as well as recency of use and TCA type. 
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Results:  

 

Our study population included 2,768 cases and 22,127 matched controls, which 

had similar distributions of the matching factors (Table 3). Fifteen percent of cases had 

filled ≥2 TCA prescriptions and 7% had filled ≥10 prescriptions prior to the reference 

date, compared to 13% and 5% of controls, respectively. (Table 4) We observed little 

evidence of an increased risk of NHL among persons who had filled ≥2 TCA 

prescriptions compared to non-users (OR: 1.1; 95% CI: 1.0-1.3). Risk of NHL as a whole 

was, at most, weakly associated with longer-term use (OR: 1.2; 95% CI: 1.0-1.5 for ≥10 

prescriptions), high-dose use (OR: 1.2; 95% CI: 0.7-1.8 for ≥50 mg or equivalent), or use 

that ended more than 5 years prior to the reference date (OR: 0.9; 95% CI: 0.6-1.5; Table 

4). The various types of TCAs did not appear to be associated with an elevated risk of 

NHL with the possible exception of amitriptyline (RR=1.2; 95% CI 1.0-1.4). TCA use was 

not associated with the individual types of NHL, with the possible exception of CLL/SLL, 

which was associated with longer-term TCA use (OR: 1.5; 95% CI: 1.1-2.0; Table 5).  

 

In analyses adjusted for race, results were unchanged (not shown). In analyses of 

the association between NHL and very recent TCA use, defined as any use within 2 years 

of the reference date, we observed some evidence of an association with NHL risk (OR 

1.3; 95% CI 1.1-1.6; Table 4). Low-dose rather than high-dose use appeared to account for 

the observed association with very recent use (low-dose users: OR 1.5 95% CI 1.1-2.1; 

high-dose users: OR 1.3, 95% CI 0.7-2.4; not shown).  

 

In analyses limited to subjects with at least 5 years of pharmacy data (i.e. those 

enrolled for at least 5 years after the pharmacy database began and before the reference 

date), ORs ranged from 1.0 to 1.3, with 95% CIs which included the null (1.0), for all 
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patterns of TCA use (e.g. ever-use, high-dose use, TCA type) with the exception of very 

recent use (OR 1.3, 95% CI 1.1-1.7). For analyses limited to subjects with at least 10 years 

of pharmacy data, all associations with NHL were weak or absent, with the possible 

exception of an increased risk among users of nortriptyline (OR 1.4; 95% CI 1.0-1.9; 

Table 6)). 

 

 After adjustment for race and immunosuppressive opioid use, we observed a 

modest increased risk of NHL among users of SSRIs, one very similar in magnitude to 

that seen among users of TCAs (Table 7).  
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Discussion: 

 

We did not observe an appreciably increased risk of NHL among persons who had 

used TCAs, even among those with a high average daily dose, high cumulative dose, or 

long duration of use. We observed little evidence for an elevated risk of the separate 

major types of NHL among persons with a history of TCA use, with the possible 

exception of chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL), for 

which longer-term TCA use was associated with a 50% higher risk.  

 

We are aware of two previous studies which investigated this question. A study 

conducted in Denmark10 reported a 50% higher risk of  NHL risk associated with prior 

TCA use; this risk more than doubled with longer-term use. Similar to our study, this 

study used automated records to ascertain TCA use, NHL diagnoses, and potential 

confounders for all subjects in a defined population. Unlike our study, this study 

adjusted for a history of immune conditions and medications, whereas we chose to 

exclude subjects with immune conditions and medications in order to improve our 

ability to detect an association. Our reasoning was that, if TCA use did in fact increase 

the risk of NHLs on a relative scale, the degree to which it did so might be greatest in 

persons who did not have other strong risk factors. This difference could potentially 

account for differences in findings, if only persons with underlying immune dysfunction 

are susceptible to the potential effects of TCA use on lymphoma risk. However, it seems 

unlikely that the small portion of subjects we excluded with a history of immune disorder 

would so fully account for whatever underlying immune dysfunction enhances the effect 

of TCA use on NHL risk as to explain the large difference in risk estimates between that 

study and ours. A part of the difference could have been due to the fact that the Danish 

study adjusted for age using 10-year age categories, which could have led to residual 
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confounding by age, as older age is positively associated with both NHL risk and history 

of TCA use. Finally, the RRs from that study, both for ever-use and for longer-term use, 

were based on relatively small numbers of exposed cases (18 and 13, respectively). 

 

Another study of the association between TCA use and NHL risk was conducted in 

Canada,11 and used population-based cancer registries and self-reported use of TCAs. 

This study observed a more modest association than the Danish study for long-term use, 

defined as ≥25 months, versus no use (OR 1.6, 95% CI 0.8-3.3), and no evidence for an 

association with ever-use, defined as ≥2 weeks (OR 0.8, 95% CI 0.5-1.3). This study 

recruited participants and collected exposure data via mailed questionnaires; it has been 

shown that self-reported antidepressant use in particular tends to be underreported.31 

Non-differential underreporting by cases and controls would be expected to attenuate an 

association. It is plausible, however, that cases would be more likely to recall and/or 

report prior use of medications due to their diagnosis; this would be expected to inflate 

the strength of the association, which could explain an observed elevation in risk. This 

study did not have data on dose, or detailed data on TCA type. Because the three studies 

were conducted in different countries, the types of TCAs in use differed to some extent. 

 

TCAs have been shown to be potent H1 antihistamines; amitriptyline and 

doxepin are among the most potent H1 antihistamines known.32,33 We are aware of only 

one epidemiologic study of the relationship between use of H1 antihistamines and the 

occurrence of NHL.4 In this large prospective cohort study, current, longer-term use of 

H1 antihistamines (≥6 years) was associated with an increased risk of NHL overall (RR = 

1.9, 95% CI 1.2 – 3.0). Of the 3 NHL subtypes investigated in this study, an elevated risk 

of DLBCL, but not FL or CLL/SLL, was observed with current use with a duration of ≥6 

years (DLBCL: RR = 2.3, 95% CI 1.2 - 4.6; FL: RR = 0.9, 95% CI 0.5 - 1.7; CLL/SLL: RR 
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= 0.6, 95% CI 0.3 - 1.1).4 In comparison, the present study observed a suggestion of an 

elevated risk of CLL/SLL but not DLBCL or other subtypes, associated with use of a 

specific class of potent H1 antihistamines (TCAs). The mechanisms of action of H1 

antihistamines are not well understood. However, H1 receptor stimulation has been 

shown to alter immune function in various ways, including inducing pro-inflammatory 

effects, and playing a role in antigen-receptor mediated signaling pathways that trigger 

proliferative responses and B-cell antibody production (as reviewed by Togias34). 

Another possible mechanism may involve the intracellular histamine receptor, HIC. H1 

antihistamines bind to HIC, stimulating it to upregulate lymphocyte mitogenesis.35 HIC 

is also thought to promote the growth of transformed lymphocytes by inhibiting normal 

lymphocyte proliferation, which decreases suppressor T-lymphocyte function.36,37 Based 

on these findings, it seems that if antihistamines do influence lymphoma risk, the 

mechanism(s) by which they do so could include effects on either the early stages of 

lymphomagenesis, on later stages as a promoter, or both. 

 

One strength of the present study is the use of pre-existing administrative data on 

TCA use, including detailed information on type, timing, and dose, which were recorded 

on cases and controls prior to the reference date. These data were available for both 

cases and controls, which reduces the potential for information bias, and eliminates 

concern for recall bias. The selection of cases and controls from the defined population of 

Group Health members avoids the problem of incomplete participation, as all data were 

collected directly from existing administrative records on both cases and controls, and 

every subject identified as a potential case or control thus was included in the study.  

 

One possible limitation is our inability to ascertain use of TCAs that occurred prior to 

a subject’s enrollment at Group Health or before the start of the pharmacy database in 



 

 

12

1977. However, the Group Health population is relatively stable, and 50% of subjects had 

more than 10 years of pharmacy data available (i.e. they were enrolled for more than 10 

years after 1977 and before the reference date). Another potential limitation is that ICD-

O codes have undergone multiple revisions since 1980, and the latest classification 

system may still not capture the most etiologically relevant NHL subgroups. However, 

most changes in coding have involved rarer subtypes, while common types have 

remained relatively stable. In one study, 84-89% of ICD-O codes assigned between 1988-

1994 were found to be correctly converted to ICD-O-3 codes for the most common NHL 

subtypes.38 Further, previous studies have shown important differences in the pattern of 

incidence among  NHL subgroups using ICD-O-3 codes,4 so this system likely captures 

an important portion of etiologic variability across separate types of NHL. Finally, there 

is the possibility for confounding by indication; TCAs are prescribed for pain and sleep 

disorders, which we were unable to ascertain, and for depression, which we also were not 

able to ascertain with any sensitivity from the records available to the study. The 

presence of a weak association between SSRI use and NHL risk similar in size to that 

between use of TCAs and NHL argues that a small amount of confounding by depression 

could have been present. 

 

The results of this study do not support the hypothesis that use of TCAs influences the 

risk of NHL as a whole. Subsequent studies of this question, ones that are able to 

separate cases according to individual types of NHL, will be useful in determining 

whether our observation of a 50% increase in risk of CLL/SLL is the result of anything 

other than chance.  
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Figure 1. Proportional incidence of NHL subtypes. 
 
Proportional incidence data from Morton et al 2008; based on 17 SEER registries, 2001-2003.39 

 



 

 

14

 
 
Table 1. ICD-O-3 codes to identify common types of NHL. 
Common 
NHL types: 

WHO ICD-O-3 
Code(s): 

DLBCL, NOS 
9680 (excl site C49.9), 
9684(B-cell) 

CLL/SLL 9670, 9823 
Follicular 
Lymphoma 

9690, 9691, 9695, 9698 

MM/PCL 9732, 9733 
DLBCL, NOS: Diffuse large B-cell 
lymphoma, not otherwise specified; 
CLL/SLL: Chronic lymphocytic 
leukemia/ small lymphocytic lymphoma; 
MM/PCL: Multiple Myeloma/ Plasma 
Cell Leukemia 
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Table 2. Classification of TCA use. 
Exposure  
Group 

Definition 

Type  Amitriptyline, Doxepin, Imipramine, 
Nortriptyline;a Other b 

Number of 
prescriptions 

Ever-use (≥2 prescriptions) 
Long-term use (≥10 prescriptions) 

Average 
Dose 

Low: <50 mg/day 
High: ≥50 mg/day (or equivalent)c 

Cumulative 
Dose 

Low: ≤1000 mg-prescriptions 
High: >1000 mg-prescriptions  

Recency Any recent (<5 yrs since last use)d 
 Any very recent (<2 yrs since last 

use)d 
 Only non-recent (≥5 yrs since last 

use)d 
aIncludes subjects who filled ≥2 prescriptions for that type 

b Includes amoxapine, clomipramine, desipramine, 
imipramine, nortriptyline, protriptyline, trimipramine; also 
includes subjects who filled only 1 prescription for ≥2 types 
c High dose was defined as ≥25 mg/day and ≥7.5 mg/day for 
nortriptyline and protriptyline, respectively 
d At reference date 
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Table 3. Characteristics of NHL cases diagnosed between 1980 and 2011, and 
matched controls, all members of Group Health. 
  Cases 

n (%) 
Controls  

n (%) 
TOTAL 2,768  (100) 22,127  (100) 
Age at reference date     
   <55 years 523 (19) 4,215 (19) 
   55-64 years 594 (21) 4,736 (21) 
   65-74 years 729 (26) 5,857 (26) 
   75+ years 922 (33) 7,319 (33) 
Sex     
   Male  1,551 (56) 12,400 (56) 
   Female 1,217 (44) 9,727 (44) 
Year diagnosed     
   1980-1990 536 (19) 4,280 (19) 
   1991-2000 958 (35) 7,658 (35) 
   2001-2011 1,274 (46) 10,189 (46) 
Length of time for which pharmacy data were available prior to 
the reference date a 
   2-5 yrs 635 (23) 5,089 (23) 
   6-10 yrs 617 (22) 4,868 (22) 
   11-20 yrs 893 (32) 7,081 (32) 
   21+ yrs 623 (23) 5,089 (23) 
Race b    

   Asian 82 (3) 585 (4) 
   American Indian/ Alaska Native 21 (1) 191 (1) 
   Black/African American 89 (3) 422 (3) 
   Native Hawaiian/ Pacific Islander 6 (0) 77 (1) 
   White 2,541 (93) 13,167 (91) 

Integrated Group Practice (IGP) Status  
   Non-IGP 289 (10) 2,298 (10) 
   IGP 2,479 (90) 19,829 (90) 
a Period of time over which exposure (TCA use) could be ascertained, i.e. the period before the 
reference date and after the start of the subject’s enrollment at Group Health or the start of the 
pharmacy database (1977), whichever was later. 
b Missing for 1% of cases, 35% of controls. >99% of matched sets had race information on the case 
and ≥1 control. 
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Table 4. Risk of NHL associated with TCA use, including ever-use, number of 
prescriptions, dose, type, recency.  

 Cases 
(n = 

2,768) 

Controls 
(n = 

22,127) OR (95% CI) 
f  n (%) n (%) 

Non-user (0 prescriptions) 2,176 
(79) 

18,107 
(82) 

                1.0 

Ever-use (≥2 prescriptions) 420 (15) 2,837 (13) 1.1 (1.0-1.3) 

    

Number of Prescriptions    

   Short-term use (2-9) 234 (8) 1,729 (8) 1.0 (0.9-1.2) 

   Long-term use (≥10) 186 (7) 1,108 (5)      1.2 (1.0-1.5) 

                            (≥20) 118 (4) 651 (3) 1.3 (1.0-1.7) 

                            (≥30) 83 (3) 457 (2) 1.3 (1.0-1.7) 

    

Average Dose a    

    Low (≤50 mg/day) 377 (14) 2,587 (12) 1.1 (1.0-1.3) 

    High (>50 mg/day) 31 (1) 183 (1) 1.2 (0.7-1.8) 

    

Cumulative Dose b    

    Low (≤1,000 mg-prescriptions) 336 (12) 2,350 (11) 1.1 (0.9-1.3) 

    High (>1,000 mg-prescriptions) 72 (3) 420 (2) 1.2 (0.9-1.6) 

    

TCA Type (≥2 prescriptions)    

   Amitriptyline  173 (6) 1,091 (5)      1.2 (1.0-1.4) 

   Doxepin  132 (5) 1,003 (5)      1.0 (0.8-1.3) 

   Imipramine  68 (2) 471 (2) 1.0 (0.8-1.4) 

   Nortriptyline  115 (4) 720 (3) 1.1 (0.9-1.4) 

    

Recency    

   Non-recent use (only) c 132 (5) 1,007 (5) 0.9 (0.6- 1.5) 

   Recent use (any) d 288 (10) 1,830 (8)      1.2 (0.9-1.7) 

      Very recent use (any) e 206 (7) 1,176 (5)      1.3 (1.1-1.6) 
a standardized by type 
b standardized by type; calculated as average dose times number of prescriptions; range: 10 to 
21,109 mg-prescriptions (90% are < 1220 mg-prescriptions) 

c all use on record occurred  ≥5 y before reference date 
d any use on record occurred <5 y before reference date 
e any use on record occurred <2 y before reference date 
f odds ratios with 95% confidence intervals, adjusted for prior use of immunosuppressive 

opioids and for matching factors: age, sex, date of case’s diagnosis, and length of enrollment 

prior to diagnosis 
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Table 5. Risk of NHL and common subtypes associated with TCA use, 
including ever-use, number of prescriptions, dose, type, recency.  

 

DLBCL CLL/SLL FL PCN 
 OR  

(95% CI) f 
OR  

(95% CI) f 
OR  

(95% CI) f 
OR  

(95% CI) f 

Non-user (0 prescriptions) 1.0 1.0 1.0 1.0 

Ever-use (≥2 prescriptions) 1.1 (1.0-1.2) 1.2 (1.0-1.5) 0.9 (0.6-1.3) 1.0 (0.8-1.3) 

     

Number of Prescriptions     

   Short-term use (2-9) 1.1 (0.9-1.2) 1.0 (0.7-1.3) 1.1 (0.7-1.6) 0.9 (0.6-1.2) 

   Long-term use (≥10) 1.2 (1.0-1.4) 1.5 (1.1-2.0) 0.7 (0.4-1.2) 1.2 (0.8-1.7) 

                            (≥20) 1.2 (1.0-1.5) 1.8 (1.2-2.5) 0.6 (0.3-1.2) 1.3 (0.8-2.1) 

                            (≥30) 1.2 (1.0-1.5) 1.8 (1.2-2.7) 0.8 (0.4-1.7) 1.3 (0.7-2.2) 

     

Average Dose a     

    Low (≤50 mg/day) 1.1 (1.0-1.2) 1.2 (1.0-1.5) 1.0 (0.7-1.4) 1.0 (0.8-1.3) 

    High (>50 mg/day) 1.1 (0.8-1.5) 1.2 (0.7-2.2) 0.9 (0.4-2.2) 1.0 (0.5-2.0) 

     

Cumulative Dose b     

    Low (≤1000 mg-rxs) 1.1 (0.9-1.4) 1.1 (1.0-1.2) 1.1 (0.8-1.5) 1.0 (0.8-1.3) 

    High (>1000 mg-rxs) 1.1 (0.8-1.4) 1.6 (1.0-2.5) 0.5 (0.2-1.3) 1.0 (0.5-1.8) 

     

TCA Type (≥2 prescr.)     

   Amitriptyline 1.2 (1.0-1.4) 1.5 (1.1-2.0) 0.9 (0.5-1.4) 1.1 (0.7-1.6) 

   Doxepin  1.0 (0.8-1.2) 1.1 (0.8-1.6) 0.9 (0.5-1.7) 0.9 (0.6-1.4) 

   Imipramine  1.1 (0.8-1.3) 1.2 (0.8-1.9) 0.5 (0.2-1.2) 0.8 (0.4-1.5) 

   Nortriptyline  1.2 (1.0-1.5) 1.5 (1.0-2.2) 0.8 (0.4-1.7) 1.0 (0.6-1.7) 

     

Recency     

   Non-recent use (only) c 1.0 (0.9- 1.2) 1.3 (1.0- 1.7) 1.1 (0.7- 1.9) 1.0 (0.7- 1.5) 

   Recent use (any) d 1.1 (1.0-1.3) 1.0 (0.7-1.4) 0.8 (0.5-1.2) 1.0 (0.7-1.4) 

      Very recent use (any) e 1.5 (1.0-2.2) 1.7 (1.2-2.5) 1.2 (0.8-1.9) 1.2 (0.8-1.9) 

a standardized by type 
b standardized by type; calculated as average dose times number of prescriptions; range: 10 to 
21,109 mg-prescriptions (90% are < 1220 mg-prescriptions) 

c all use on record occurred  ≥5 y before reference date 
d any use on record occurred <5 y before reference date 
e any use on record occurred <2 y before reference date 
f odds ratios with 95% confidence intervals, adjusted for prior use of immunosuppressive 

opioids and for matching factors: age, sex, date of case’s diagnosis, and length of enrollment 

prior to diagnosis 
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Table 6. Risk of NHL associated with TCA use, including ever-use, number of 
prescriptions, dose, type, recency, for persons with ≥5 years and ≥10 years 
of pharmacy data. 
 ≥5 years of 

pharmacy 
data 

≥10 years of 
pharmacy data 

 OR (95% CI)f OR (95% CI)f 

Non-user (0 prescriptions) 1.0 (ref) 1.0 (ref) 

Ever-use (≥2 prescriptions) 1.2 (1.0-1.3) 1.0 (0.8-1.2) 
   
Number of Prescriptions   
   Short-term use (2-9) 1.1 (0.9-1.3) 1.0 (0.8-1.3) 
   Long-term use (≥10) 1.2 (1.0-1.5) 1.0 (0.8-1.4) 
                            (≥20) 1.3 (1.0-1.7) 1.1 (0.8-1.6) 
                            (≥30) 1.3 (1.0-1.8) 1.0 (0.7-1.5) 
   
Average Dose a   
    Low (≤50 mg/day) 1.1 (1.0-1.3) 1.0 (0.9-1.3) 
    High (>50 mg/day) 1.2 (0.8-1.8) 1.2 (0.6-2.2) 
   
Cumulative Dose a,b   
    Low (≤1000 mg-prescriptions) 1.1 (1.0-1.3) 1.1 (0.9-1.3) 
    High (>1000 mg-prescriptions) 1.3 (0.9-1.7) 1.0 (0.7-1.5) 
   
Recency   
   Non-recent use (only) c 1.0 (0.6-1.5) 0.8 (0.4-1.3) 
   Recent use (any)d 1.3 (0.9-1.9) 1.1 (0.7-1.9) 
      Very recent use (any) e 1.3 (1.1-1.7) 1.2 (0.9-1.7) 
   
TCA Type (≥2 prescriptions)   
   Amitriptyline 1.3 (1.0-1.6) 1.1 (0.8-1.5) 
   Doxepin  1.0 (0.8-1.3) 0.8 (0.5-1.1) 
   Imipramine  1.0 (0.7-1.4) 0.8 (0.5-1.3) 
   Nortriptyline  1.2 (0.9-1.6) 1.4 (1.0-1.9) 

a standardized by type 
b range: 10 to 21,109 mg-days (90% are < 1220 mg-days)  
c all use on record occurred  ≥5 y before reference date 
d any use on record occurred <5 y before reference date 
e any use on record occurred <2 y before reference date 
f odds ratios with 95% confidence intervals, adjusted for prior use of immunosuppressive 

opioids and for matching factors: age, sex, date of case’s diagnosis, and length of enrollment 

prior to diagnosis, and limited to persons with ≥5 and ≥10 years of pharmacy data available, 

respectively 
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Table 7. Risk of NHL associated with SSRI use, including ever-use, duration 
(number of prescriptions), recency (adjusted for opioid use and race) 

 OR (95% 
CI)c 

Non-user (0 prescriptions) 1.0 

Ever-use (≥2 prescriptions) 1.2 (1.0-1.4) 

  

Number of Prescriptions  

   Short-term use (2-9) 1.0 (0.8-1.3) 

   Long-term use (≥10) 1.4 (1.1-1.7) 

                            (≥20) 1.3 (1.0-1.7) 

                            (≥30) 1.3 (0.9-1.8) 

  

Recency  

   Non-recent use a 1.2 (0.9-1.5) 

   Recent use b 1.2 (0.9-1.5) 
a all use on record occurred  ≥5 y before reference date 
b any use on record occurred <5 y before reference date 

c odds ratios with 95% confidence intervals, adjusted for prior use of 
immunosuppressive opioids, race, and for matching factors: age, sex, date of case’s 

diagnosis, and length of enrollment prior to diagnosis
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