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Abstract

Psychological distress following cancer diagnosis may lead to mental health complica-

tions including depression and anxiety. Non-Hodgkin lymphomas (NHLs) include

indolent and aggressive subtypes for which treatment and prognosis differ widely.

Incident use of psychotropic drugs (PDs—antidepressants, antipsychotics, and anxio-

lytics) and its correlation to lymphoma types can give insights into the psychological

distress these patients endure. In this prospective matched cohort study, we used

nationwide population-based registries to investigate the cumulative risk of PD use in

NHL patients compared to a sex- and age-matched cohort from the Danish
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background population. In addition, contact patterns to psychiatric departments and

incident intentional self-harm or completed suicide were explored. In total, 8750

NHL patients and 43 750 matched comparators were included (median age 68; male:

female ratio 1.6). Median follow-up was 7.1 years. Two-year cumulative risk of PD

use was higher in NHL patients (16.4%) as compared to the matched comparators

(5.1%, p < .01); patients with aggressive NHL subtypes had the highest incidence.

Prescription rates were higher in the first years after diagnosis but approached the

rate of the matched population 5 years into survivorship in aggressive NHLs, whereas

patients with indolent subtypes continued to be at higher risk. NHL patients had a

slightly higher two-year risk of suicide/intentional self-harm (0.3%) as compared to

the matched comparators (0.2%, p = .01). These results demonstrate that mental

health complications among NHL patients are frequent. Routine assessment for

symptoms of depression and anxiety should be consider as part of standard follow-

up of NHL patients.

1 | INTRODUCTION

Patients diagnosed with cancer are in a stressful situation due to the

uncertainties associated the diagnosis: fear of poor response to treat-

ment, suffering, and death as well as concerns over risk of treatment

complications. The fears and concerns can cause significant psycho-

logical distress and lead to poor mental health.1–4 Mental health com-

plications in patients with cancer cause long-term suffering and can

have severe psychosocial consequences such as reduced quality of

life, prolonged sick-leave, increased risk of disability pension, and even

increased mortality.5 Solid tumor patients with poor prognosis

(e.g., lung and gynecological cancers) experience higher rates of

depression and anxiety than solid tumor patients with more favorable

prognosis (e.g., prostate and skin cancers).6–8

The non-Hodgkin lymphomas (NHLs) are a heterogenous group of

cancers with highly variable disease course spanning from the highly

proliferative, fast-growing, and potentially curable lymphomas to the

chronic, indolent lymphomas.9 Most indolent NHLs are incurable with

conventional therapies, which range from use of mild- to moderate-

intensity immunochemotherapy regimens to single agent rituximab,

radiotherapy, or initial observation without treatment for patients with-

out symptomatic disease. Treatments for aggressive NHLs include

intensive chemotherapy regimens and, in selected cases, consolidation

strategies with autologous stem cell transplantation.9,10 Thus, NHLs are

an interesting case study of the impact of prognosis, curability, and

treatments on the level of psychological distress. Patients with indolent

lymphomas, even those patients who do not require immediate treat-

ment, may experience chronic stress from the fact that many of them

face a lifelong cancer disease with repeated treatment intervention.9,10

In contrast, patients with aggressive lymphomas may present with acute

life-threatening disease, which require immediate treatment interven-

tion.9,10 However, many are cured, and for most common type of

aggressive NHL, diffuse large B-cell lymphoma (DLBCL), life expectancy

for survivors becomes close to normal after only few years in

remission.11 Nevertheless, a considerable risk of relapse, especially in

the first years after completing therapy, may result in worry and anxiety,

potentially exacerbated by the frequent hospital visits where patients

are screened for disease recurrence.12 A recent study from our group

showed increased use of psychotropic drugs (PDs) in Hodgkin lym-

phoma (HL) patients,12 but studies focusing on patients with NHL are

very limited.13

The aim of this nationwide population-based study was to investi-

gate the risk of mental health complications in various subtypes of

NHLs using redeemed PD prescriptions as a proxy for symptoms of

depression and anxiety. The impact of time since diagnosis on the

incidence of mental health problems was also examined.

2 | MATERIALS AND METHODS

2.1 | Study- and background population

The study population was identified using the Danish National Lym-

phoma registry (LYFO), which is characterized by high completeness

(92%–100%) and accuracy (positive predictive value between 87%

and 100%).14 LYFO includes detailed data about patient characteris-

tics from the time of diagnosis (e.g., B-symptoms, age, sex, and East-

ern Cooperative Oncology Group [ECOG] performance score), disease

characteristics (e.g., subtype, localization, risk scores, and selected lab

results), treatment information (including if initial watchful waiting was

pursued), and treatment outcomes.

The inclusion criteria in the present study were (a) a diagnosis of

any type of NHL between January 2005 and December 2015, (b) age

≥18 years at the time of diagnosis, and (c) no PD prescriptions within

10 years prior to the date of diagnosis (to describe the incident use of

PDs). Subtypes of NHL were grouped into five groups based on dis-

ease characteristics (Table S1). For each NHL patient, five NHL-free

individuals from the Danish background population were matched
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(incidence density matching) on age (year and month of birth), sex,

and country of origin using the Danish Civil Registration System.15–17

Inclusion date for the matched comparators was the date of diagnosis

for the index patient (index date). In addition, the matched compara-

tors had to be alive and living in Denmark on the index date and, simi-

larly to the NHL population, without PD prescriptions 10 years prior

to the index date.

2.2 | Definition of PD prescription events and data
sources for capture of events

This study investigated the following events during follow-up; (a) first

redeemed PD prescription, (b) second-redeemed PD prescription (sensi-

tivity analysis), (c) first in-patient/out-patient visit at any department of

psychiatry in Denmark, and (d) completed suicide or first incident of

intentional self-harm. Linking between data sources is possible using

the Personal Identification Number (CPR) given to all Danish residents

at time of birth or immigration.15–17 Several registers were used in the

present study. The Danish Civil Registration System includes demographic

information such as age, sex, marital status, citizenship, and municipality

of residence.15–17 The Danish National Patient Registry includes data for

all hospitalizations and outpatient/emergency department contacts in

Danish hospitals and uses ICD-10 for register diagnoses.18 Data from

this register were used to calculate the Charlson Comorbidity Index

(CCI) prior to the index date as well as capturing any events of com-

pleted suicide or intentional self-harm.19–21 Completed suicide and

intentional self-harm were captured using a Danish algorithm (DK-algo-

rithm).21,22 The Danish Psychiatric Central Register was used to identify

contacts to psychiatry clinics.23 PD prescriptions were identified using

The National Prescription Registry, which holds information on all

redeemed prescriptions from Danish pharmacies by the global Anatomi-

cal Therapeutic Chemical classification (ATC).24,25 PDs were defined as

antidepressants (ATC, N06A), antipsychotics (ATC, N05A), and anxio-

lytics (ATC, N05B) (for specific agents please see https://www.whocc.

no/atc_ddd_index/). Since use of hypnotics (ATC, N05C, such as barbi-

turates and benzodiazepine derivatives) could be a potential indicator of

mental stress, this was also included in a sensitivity analysis. The Danish

Education Register holds information on the highest achieved educa-

tional level (International Standard Classification of Education

[ISCED]).26 The highest achieved educational level 1 year prior to diag-

nosis was used in this study.

2.3 | Statistical analysis

Categorical variables are summarized by proportions, whereas contin-

uous variables are summarized by medians with interquartile ranges

(IQRs). Differences in baseline characteristics between patients and

matched comparators are provided for the entire population as well

as using Pearson's chi square test or Mann–Whitney U test.

The follow-up period was defined as the time from the index

date until first PD prescription, death from any cause, lymphoma

relapse, or end of follow-up (August 2018), whichever came first.

For matched comparators, follow-up was terminated if NHL was

diagnosed after inclusion. Cumulative incidence of PD prescription

was computed using the Aalen-Johansen estimator with deaths

and relapses before PD prescriptions treated as competing events.

For matched comparators, an NHL diagnosis was also considered a

competing event. Two-year cumulative incidences were investi-

gated in additional analyses with (1) PD use defined as having at

least two prescriptions of PDs (follow-up until the time of the sec-

ond prescription, sensitivity analysis), (2) inclusion of hypnotics in

the definition of PD use, (3) hospitalization or out-patient treat-

ment at a department of psychiatry, and (4) intentional self-harm

or completed suicide. To investigate timing of PD prescriptions

around diagnosis of NHL, an additional analysis of the cumulative

incidence of first PD prescription was performed, in which both

NHL patients and the matched comparators were allowed to have

received PD prescriptions up to 5 years prior to index date.

Differences between the cumulative incidence functions were

tested using Gray's test.27 Differences in cause-specific hazard

rates were tested using marginal Cox proportional hazards models

with clusters defined as individual patients combined with the

respective matched comparators on matching ID. Two-year hazard

ratios (HRs) were calculated (in which all were censored 2 years

after index date if no event, death, or relapse had occurred) and

presented with 95% confidence intervals (95% CIs). To investigate

potential risk changes as patients remained free of PD prescrip-

tions, we performed a landmark analysis in which the one-year HR

was computed for patients alive and without PD prescriptions one,

two, and 5 years after the diagnosis. At each landmark time point,

patients were rematched to five new comparators from the Danish

background population who were alive and without PD prescrip-

tions at the landmark time point.

Analyses were conducted in SAS version 9.4 (SAS Institute Inc.,

Gary, NC, USA), RStudio version 1.1.447 (RStudio, Inc., Boston, MA,

USA), and R version 3.6.1 (R foundation for Statistical Computing,

Vienna, Austria).

The study was approved by the Danish Data Protection Agency

(internal ID No. 2018-88).

3 | RESULTS

3.1 | Patient characteristics

A total of 8750 NHL patients were included (3550 [40.6%] DLBCL,

3972 [45.4%] indolent NHL, and 1228 [14.0%] patients with other

subtypes of NHL, Tables 1 and S2). Median age for all NHL

patients was 66 years (IQR 57–75). Patients with aggressive B-cell

NHL other than DLBCL (including Burkitt and lymphoblastic lym-

phomas) were younger (50, IQR 34–65.5). The male:female ratio in

NHL patients was 1.6. Median follow-up for the total patient pop-

ulation was 7.1 years (subtypes ranges from 6.8–7.3 years; reverse

Kaplan–Meier method).
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3.2 | PD use overall and relative to the matched
comparators

The overall two-year cumulative risk of incident PD prescriptions was

16.4% (95% CI 15.7%–17.2%) for NHL patients and 5.1% (95% CI

4.9%–5.3%, p < .01) for the matched comparators (Figure 1). Within

the group of lymphoma patients, DLBCL-, aggressive T-cell NHL-, and

other aggressive B-cell NHL patients had the highest two-year cumu-

lative incidences (19.7%, 19.9%, and 18.4%, respectively, Figure 1),

whereas the lowest two-year cumulative incidence was observed for

indolent NHL patients (13.1%). For all subtypes of NHLs, the cumula-

tive incidence was significantly higher than the matched comparator

group (absolute difference in two-year risk in the range 8.2%–15.7%,

the lowest being observed for indolent NHL patients and the highest

being observed for aggressive T-cell NHL patients). The significant dif-

ferences were verified in Cox regression analyses (Table 2, Table S3).

Results were robust in a sensitivity analysis where PD use was

defined as at least two prescriptions of PD (Figure S2).

Additional analyses in which both NHL patients and matched com-

parators could receive PDs prior to inclusion were performed to investi-

gate when prescription rate among patients departed from comparators.

These analyses showed that the increase in prescriptions rate occurred in

the months following the diagnosis date for all subtypes of NHL

(Figure S3).

The most commonly used PDs in NHL subtypes were antidepres-

sants (two-year cumulative incidence, 9.0%, 95% CI 8.4–9.6) and anxi-

olytics (8.9%, 95% CI 8.3–9.4), whereas antipsychotics were less

commonly prescribed (2.7%, 95% CI 2.3–3.0) (Figures S4–S6. The

two-year cumulative risk of incident hypnotics use was 24.1% (95%

CI 23.2%–25.1%) as compared to 7.9% (95% CI 7.6%–8.1%) within

the matched comparators (Figure S7). Analyses of the association

between PD use and patient characteristics comparing NHL patients

with their matched comparators were conducted using Cox-

proportional hazards regression in which follow-up was limited to

2 years. HRs with 95% CIs and P-values are presented in Tables 2 and

S3. All subtypes of NHL showed higher risk of PD prescriptions as

compared to the matched comparators for all variables investigated.

3.3 | Risk factors for PD use among lymphoma
patients

Cox-proportional hazards regression analyses were performed to

investigate clinical risk factors within the NHL patients (Tables 3 and

F IGURE 1 Cumulative
incidence plots of time to first
prescription of any psychotropic
drug (PD, antidepressants,
antipsychotics, anxiolytics)
stratified by non-Hodgkin
lymphoma (NHL) patients and
the matched cohort. Gray's test
was used to investigate

difference between cumulated
incidences for NHL patients and
the background population. For
all, the cumulative incidence of
time to first PD prescription was
significantly higher in NHL
patients as compared to the
matched comparators [Color
figure can be viewed at
wileyonlinelibrary.com]
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S4). For most NHL subtypes, the risk for PD prescriptions was higher

in patients >70 years, CCI ≥1, ECOG performance score >1, and

higher IPI-score (for aggressive lymphomas). On the contrary, higher

educational level was associated with lower risk of PD prescriptions.

3.4 | Use of PDs use in NHL patients after relapse

In total, 1861 (20.0%) NHL patients experienced relapse after treatment

during follow-up. Indolent NHL (699, 17.6%), DLBCL (798, 22.5.%), and

intermediate NHL patients (178, 32.7%) had the highest numbers of

relapses. In addition, 793 (20.0%) indolent NHL patients who were man-

aged initially by watchful waiting experienced progression. NHL patients

with relapse/progression had higher two-year cumulative use of PD com-

pared to the matched comparators. Patients with relapsed DLBCL (two-

year cumulative incidence for PD use 20.8%), aggressive T-cell NHL

(25.0%), and other aggressive B-cell NHL (26.3%) showed the highest

two-year cumulative incidence of PD use. Moreover, the cumulative inci-

dence of PD prescriptions rose at the time of relapse for all NHL types by

visual inspection of the plots (Figure S8).

Following relapse, a total of 1080 NHL patients died (58.4%).

During the last 12 months prior to death, the cumulative incidence of

PD use was high among all subtypes of NHL (overall 36%, range

32.2%–40.4% according to subtype, not presented).

3.5 | Normalization of PD as a function of time

The time effect on incident PD use was investigated. Results showed

elevated one-year risk of incident PD use across all subtypes of NHL

as compared to the matched comparators; however, the risk

decreased as time elapsed from diagnosis (Figure 2). After 5 years, the

risk of incident PD use in NHL patients was similar to that of the mat-

ched comparators for all NHL subtypes except for indolent NHL

patients. Among patients with indolent NHL, the PD prescription rate

remained elevated after 5 years.

3.6 | Incidence of other mental health
complications

The two-year cumulative risk of psychiatric hospital admissions/out-

patient visits and completed suicide/intentional self-harm are shown

in Figures 3 and 4. For psychiatric hospital admissions/out-patient

TABLE 2 Cox regression analysis of
the association between use of
psychotropic drugs (PDs) in non-Hodgkin
lymphoma (NHL) patients and
demographic variables relative to the
matched comparators (reference)

DLBCL Indolent NHL

HR (95% CI) p-value HR (95% CI) p-value

Overall 2.32 (2.2–2.5) <.01* 1.89 (1.8–2.0) <.01*

Age

18–45 years 2.13 (1.7–2.7) <.01* 1.74 (1.3–2.3) <.01*

46–70 years 2.83 (2.6–3.1) <.01* 2.10 (1.9–2.3) <.01*

≥71 years 2.13 (1.9–2.4) <.01* 1.80 (1.6–2.0) <.01*

Sex

Females 2.33 (2.1–2.6) <.01* 1.86 (1.7–2.1) <.01*

Males 2.33 (2.1–2.6) <.01* 1.93 (1.8–2.1) <.01*

Charlson Comorbidity Index

0 2.32 (2.2–2.5) <.01* 1.89 (1.8–2.0) <.01*

≥1 2.32 (2.1–2.5) <.01* 1.80 (1.7–2.0) <.01*

Educational level (ISCED)

Primary education 2.39 (2.2–2.6) <.01* 1.92 (1.8–2.0) <.01*

Secondary/tertiary education 2.36 (2.2–2.5) <.01* 1.91 (1.8–2.1) <.01*

Country of origin

Danish 2.33 (2.2–2.5) <.01* 1.92 (1.8–2.1) <.01*

Western country 2.72 (1.8–4.1) <.01* 1.46 (1.0–2.2) .07

Nonwestern country 1.77 (1.1–2.8) .01* 1.45 (0.9–2.4) .14

Civil status

Married 2.35 (2.2–2.5) <.01* 1.90 (1.8–2.0) <.01*

Divorced 2.43 (2.2–2.5) <.01* 1.85 (1.7–2.0) <.01*

Widowed 2.40 (2.2–2.7) <.01* 1.75 (1.6–1.9) <.01*

Abbreviations: DLBCL, diffuse large B-cell lymphoma; HR, hazard ratio; ISCED, International Standard

Classification of Education; NHL, non-Hodgkin lymphoma; PDs, psychotropic drugs.

*Statistically significant (p-value < .05).
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TABLE 3 Cox-regression analysis of the association between use of psychotropic drugs (PDs) and clinicopathological variables
in non-Hodgkin lymphoma (NHL) patients

DLBCL Indolent NHL

HR (95% CI) p-value HR (95% CI) p-value

Age

18–45 years 1.0 (Ref) 1.0 (Ref)

46–70 years 1.42 (1.1–1.8) <.01* 1.09 (0.8–1.4) .52

≥71 years 1.99 (1.6–2.5) <.01* 1.86 (1.4–2.4) <.01*

Sex

Females 1.0 (Ref) 1.0 (Ref)

Males 0.82 (0.7–0.9) <.01* 0.84 (0.8–1.0) <.01*

Charlson Comorbidity Index

0 1.0 (Ref) 1.0 (Ref)

≥1 1.41 (1.2–1.6) <.01* 1.37 (1.2–1.6) <.01*

Educational level (ISCED)

Primary education 1.0 (Ref) 1.0 (Ref)

Secondary/tertiary education 0.83 (0.7–0.9) <.01* 0.73 (0.7–0.8) <.01*

Country of origin

Danish 1.0 (Ref) 1.0 (Ref)

Western country 1.04 (0.7–1.5) .84 0.83 (0.6–1.2) .32

Nonwestern country 0.76 (0.5–1.1) .17 0.89 (0.6–1.3) .57

Civil status

Married 1.0 (Ref) 1.0 (Ref)

Divorced 1.17 (1.0–1.4) .12 1.14 (1.0–1.4) .17

Widowed 1.36 (1.1–1.6) <.01* 1.44 (1.2–1.7) <.01*

ECOG performance status

0 1.0 (Ref) 1.0 (Ref)

1–4 1.71 (1.5–2.0) <.01* 1.71 (1.5–1.9) <.01*

Disease stage

Limited stage (I-II) 1.0 (Ref) 1.0 (Ref)

Advanced stage (III-IV) 1.20 (1.1–1.4) <.01* 1.15 (1.0–1.3) .05*

B-symptoms at diagnosis

Yes 1.0 (Ref) 1.0 (Ref)

No 0.89 (0.8–1.0) .07 0.81 (0.7–0.9) <.01*

LDH level above normal threshold

No 1.0 (Ref) 1.0 (Ref)

Yes 1.18 (1.0–1.3) <.01* 1.01 (0.9–1.2) .93

Planned treatment

Yes 1.0 (Ref) 1.0 (Ref)

Wait-and-watch 1.2 (0.9–1.6) .21 0.79 (0.7–0.9) <.01*

IPI-score

Low 1.0 (Ref) 1.0 (Ref)

Low intermediate 1.33 (1.1–1.6) <.01* 1.29 (1.1–1.5) <.01*

High intermediate 1.41 (1.2–1.7) <.01* 1.34 (1.1–1.6) <.01*

High 1.68 (1.4–2.0) <.01* 2.54 (1.8–3.5) <.01*

FLIPI-score

Low 1.0 (Ref) 1.0 (Ref)
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visits, there were no statistically significant difference in two-year

cumulative incidences for any type of NHL patients (range 0.9%–

2.0%) as compared to the matched comparators (range 0.6%–0.9%,

Figure 3).

Completed suicide and intentional self-harm were investigated

for the total NHL population due to small numbers. NHL patients had

a significantly higher two-year cumulative incidence of completed sui-

cide and intentional self-harm (0.3%, 95% CI 0.2–0.5; Figure 4) as

compared to the matched comparators (0.2%, 95% CI 0.1–0.2,

p = .01), although absolute risk increase was minimal. A Cox regres-

sion analysis comparing NHL patients with the matched comparators

showed consistent results (HR 1.64, 95% CI 1.30–2.10, p-value

< .001).

4 | DISCUSSION

This nationwide matched cohort study demonstrated that PD

treatments and hospital-based psychiatric treatment as a measure

of mental health complications were more common in Danish NHL

patients than in the Danish background population. The two-year

cumulative incidences were high for all subtypes of NHL, espe-

cially for the more aggressive subtypes. Moreover, cumulative inci-

dence plots revealed a sharp increase during the first 6 months

following index date for aggressive NHL subtypes, whereas the

increase in PD use for indolent and intermediate NHL patients

occurred in a more protracted fashion (Figure 1). Interestingly, risk

of incident PD use normalized over time for aggressive NHL

patients, but not for indolent NHL patients, where risk of incident

PD use remained higher throughout the observation period

(5 years). The risk of incident PD use was particularly high for

patients older than 70 years, high CCI, high ECOG performance

score, high IPI-score, and low educational status. PD use was high

for patients with relapsed NHL and in the last 12 months of life for

deceased patients. Contacts to Danish psychiatric hospitals were

not more frequent than in the background population, but there

was a small increase in completed suicide and intentional self-harm

among NHL patients.

TABLE 3 (Continued)

DLBCL Indolent NHL

HR (95% CI) p-value HR (95% CI) p-value

Intermediate - - 1.13 (0.9–1.5) .36

High - - 1.74 (1.4–2.2) <.01*

Abbreviations: DLBCL, diffuse large B-cell lymphoma; ECOG, Eastern Cooperative Oncology Group; FLIPI, Follicular Lymphoma International Prognostic

Index; HR, hazard ratio; IPI, International Prognostic Index; ISCED, International Standard Classification of Education; LDH, lactate dehydrogenase;

NHL, non-Hodgkin lymphoma; PDs, psychotropic drugs.

*Statistically significant (p-value < .05).

F IGURE 2 One-year hazard
ratios (HRs) with matched
comparators as reference group
identified using Cox proportional
hazard regression analysis for all
subtypes of non-Hodgkin
lymphoma (NHL). The HRs are

calculated from index date and
later time points (every year after
index date, at which NHL
patients still alive without relapse
and without any prescription of
PDs were rematched by age and
sex to the Danish background
population) [Color figure can be
viewed at wileyonlinelibrary.com]
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Conte et al. investigated the incidence of depression and anxi-

ety using an approach similar to that of the present study with inci-

dent use of PDs as measures for depression and anxiety.13 In total,

745 NHL patients (mean age 65.1 years, male:female ratio 1.4)

were included, and incident PD use was estimated during first

8 months after diagnosis. In total, 31.5% of the NHL patients had at

F IGURE 3 Cumulative
incidence plots of time to first
hospitalization/out-patient visit
at a Danish psychiatric hospital
stratified by non-Hodgkin
lymphoma (NHL) patients and
the matched cohort. Gray's test
was used to investigate
difference between cumulated

incidences for NHL patients and
the background population. The
cumulative incidence of time to
first PD prescription was not
significantly different for any
NHL patient type as compared to
the matched comparators [Color
figure can be viewed at
wileyonlinelibrary.com]

F IGURE 4 Cumulative incidence plots of time to first incident of intentional self-harm or completed suicide stratified by non-Hodgkin
lymphoma (NHL) patients and the matched cohort. Gray's test was used to investigate difference between cumulated incidences for NHL patients
and the background population. The cumulative incidence of time to first PD prescription were not significantly different for any NHL patient
type as compared to the matched comparators [Color figure can be viewed at wileyonlinelibrary.com]
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least one prescription of PDs during follow-up most frequently

anxiolytics and hypnotics and 20.8% received at least two prescrip-

tions of any PD at the end of follow-up. While the results resem-

bled those of the present study, type of NHL was only grouped

aggregated into follicular lymphoma (FL) and non-FL, rendering sub-

type comparison between studies difficult. Several other studies

have investigated the incidence of depression and anxiety in lym-

phoma patients in general or in NHL patients as a group, mainly

through questionnaires.6,28–31 All studies demonstrated a high risk

of depression (range 17%–47%) and anxiety (range 16%–47%),

which were comparable to our findings.

Cancer-related stress and mental health complications may

consequently result in attempting suicide for some patients. This

has been reported more prevalent in cancer patients with more

aggressive and severe types of cancers (e.g., lymphoma, lung, and

head and neck).32 Mohammadi et al. investigated the risk of suicide

attempts in 30 705 Swedish patients with NHL, Hodgkin lym-

phoma, and chronic lymphocytic leukemia.33 In total, 105 lym-

phoma patients attempted suicide of which 43 patients completed

suicide corresponding to incidences of 6.49 and 2.65/10 000 per-

son years respectively, significantly higher than what was

observed in cancer-free comparators (1.25 and 1.44/10 000 per-

son years, respectively). Even though completed suicide is a rare

cause of death, our results demonstrate a significantly higher risk

of intentional self-harm and completed suicide among NHL

patients using the DK algorithm.21,22 Our findings suggest that the

risk of suicide was higher in indolent NHL patients as compared to

DLBCL patients using the DK algorithm. The algorithm has previ-

ously been validated by Gasse et al.,21 in which, the positive pre-

dictive value of a register based approach compared to review of

individual patient records as goal standard was 51.5% (95% CI

46.4%–56.7%). This is an important shortcoming in data when

interpreting the results regarding suicide.

A major strength of this study is the use of nationwide

population-based administrative registries, which have high cover-

age, completeness, and quality. Data in the registries are collected

prospectively independent of this study which eliminates recall

bias. An additional strength of this study is the near-to-complete

follow-up on all patients. Study limitations include the use of PDs

as proxy for mental health complications and not actual diagnosis,

but the diagnosis cannot be retrieved from prescription data. Thus,

it cannot be excluded that PD therapies could have been initiated

against other conditions, such as treatment for chronic pain and

other conditions. However, in our clinical experience, neuropathic

pain in NHL survivors that require antidepressant is rare. Secondly,

in this study, we defined PD use as the first prescription of any

PD, but one prescription is typically not enough to treat mental

health problems, and the study cannot distinguish between use in

these diseases and short-term stress disorders. To account for this

limitation, we conducted a sensitivity analysis, in which PD use

were defined as having at least two prescriptions of PDs, and

results were consistent. Nevertheless, stress disorders may

account for a significant proportion of PD use in our cohort, as a

cancer diagnosis has a significant impact on life and mental health

as shown by occurrence of adjustment disorders being treated

with antidepressants.34 Thirdly, we were not able to capture psy-

chological distress that are not treated with PD, such as the cases

managed with psychotherapy alone.35 Lastly, surveillance bias can

be present in this study as the NHL diagnosis would, per se, be

associated with more frequent visits to physicians. This could

potentially increase the rate of PD prescriptions in the NHL

patients more than comparators simply because of more frequent

counseling. Finally, not all relapses are captured in LYFO, and

therefore, the number of patients with relapsed NHL in the ana-

lyses may be too low. However, the capture of relapsed NHL

would not be related to PD prescriptions, and therefore, the

reported rates would not be affected by underreporting of relapse,

especially in indolent NHLs.

In conclusion, the present study shows a significant impact on

mental health after diagnosis of NHL, which is likely caused by the

distress associated with uncertainties related to a new cancer diag-

nosis as well as the physical stress associated with subsequent

treatment thereof. After some years, patients with aggressive NHLs

have similar risk of PD prescription as the background population

suggesting that a large fraction of the patients overcome the dis-

tress likely because many of these patients either die or are cured

from their malignancy. In contrast, patients with indolent NHL

remain at higher risk, possibly reflecting the relapsing and remitting

nature of these lymphomas. The results underline that focus on

mental health in NHL patients is important to maximize quality of

life of the patients and address mental health problems that can be

treated.
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