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Abstract
Health-related quality of life (HRQoL) is a multidimensional concept including physical, emotional, social, and cognitive 
functions, disease symptoms, and side effects of treatment. Differences in HRQoL due to gender, existence of comorbidities, 
and number of chemotherapy cycles are little explored in diffuse large B-cell lymphoma (DLBCL) survivors. Our objective 
was to investigate whether differences in HRQoL in function of these factors exist 1 year after the diagnosis of DLBCL. One 
hundred and one patients, enrolled in the RT3 (Real-Time Tailored Therapy) Study, answered self-administrated European 
Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30), EORTC 
High-Grade Non-Hodgkin Lymphoma (NHL-HG29), Hospital Anxiety and Depression Scale (HADS), Post Traumatic 
Growth Inventory (PTGI), and Multidimensional Fatigue Inventory (MFI) questionnaires. Adjusted means of scores were 
calculated in multivariate linear regression models. Fifty-seven survivors (mean age of 58.5 years) answered all question-
naires. Women have significantly higher scores of posttraumatic growth and lower physical functioning than men (P < 0.04). 
Survivors with comorbidities have increased physical fatigue and symptom burden, increased emotional impact, mental 
fatigue and depression, and reduced physical functioning and global health status (all P < 0.05). A greater number of cycles 
of chemotherapy increase the level of symptoms (pain, neuropathy, and dyspnoea; P < 0.05). The various aspects related to 
HRQoL should be discussed with DLBCL patients and investigated, with the aim of developing strategies to ensure appro-
priate psychosocial and supportive care and to improve the HRQoL in these patients.
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Introduction

Non-Hodgkin lymphoma (NHL) includes various sub-
types, with distinct epidemiological, immune-phenotypic, 
genetic, clinical features, and response to therapy [1]. 
Among those, diffuse large B-cell lymphoma (DLBCL) 
constitutes a heterogeneous clinicopathologic entity 
accounting for 30% of NHL [2]. In metropolitan France, 
DLBCL is the most common histological subtype of NHL 
and the second most common haematological malignancy 
after multiple myeloma/plasmacytoma, with a number of 
incident cases estimated at 5,071 in 2018 (2,778 in male 
and 2,293 in female), at a median age at diagnosis of 69 
and 71 years in men and women, respectively [3]. The 
treatment of DLBCL varies, depending on tumour stage 
and patient factors (e.g. age and performance status) [1]. 
DLBCL is classically treated with CHOP (cyclophos-
phamide, doxorubicin, vincristine, and prednisone) and 
rituximab (R-CHOP) [4–6] that can have long-term con-
sequences on the quality of life of patients.

Health-related quality of life (HRQoL) is a mul-
tidimensional concept that covers the subjective 
perceptions of the positive and negative aspects of 
cancer patients’ symptoms, including physical, emo-
tional, social, and cognitive functions, disease symp-
toms, and side effects of treatment [7]. With chemo-
therapy treatments, patients may report more anxiety 
and depression compared to a normative population 
[8, 9], high levels of psychological distress [10], 
decreased physical and emotional well-being [11], 
more fatigue [9, 10, 12, 13], sleep problems [10], 
and lower HRQoL [9]. NHL chemotherapy-specific 
toxicities include neuropathy [14], cardiotoxicity, and 
secondary cancers [6].

Some studies have investigated HRQoL in patients 
with DLBCL after completion of chemotherapy and used 
one or two psychometric scales to measure some compo-
nents of quality of life [8, 9, 12, 15–18]. In addition, dif-
ferences in certain areas of quality of life due to gender, 
to presence of comorbidities, or linked to treatments are 
still little explored. In this context, we proposed a cross-
sectional study to evaluate several facets of the quality 
of life, by administering various psychometric scales in 
survivors, a year after the diagnosis of their DLBCL. Our 
main objective was to investigate whether differences in 
the HRQoL between women and men exist, in particular 
in terms of symptoms, fatigue, mood disorder, and overall 
health status. The second objective was to investigate if 
other factors such as the presence of comorbidities affect 
the DLBCL survivors’ quality of life scores and if the 
number of chemotherapy cycles affects particularly the 
survivors’ symptoms scores.

Material and methods

Study population

This study is part of the RT3 (Real-Time Tailored Therapy) 
project conducted by the Lymphoma Academic Research 
Organisation (LYSARC) (Lyon South Hospital Center, 
Pierre-Bénite, France) [clinicaltrial.gov NCT03104478]. 
The RT3 is a multicentre longitudinal Study on the “Real-
time molecular characterization of Diffuse Large B-Cell 
Lymphoma (DLBCL)” in patients and covers the follow-
up of these patients over 24 months from the time of 
diagnosis.

Among 201 patients enrolled in the RT3 Study [19], 
138 patients had a detailed histological characterization. 
The DLBCL patients included in the present project were 
enrolled in the RT3 Study between November 2018 and  
September 2019, were distributed all over France, and  
were followed in 15 hospitals specializing in the treatment 
of haematological cancers (Supplementary Information 1). 
Twelve months after diagnosis, the 101 eligible DLBCL 
patients participated in a routine medical examination and 
were invited to answer a self-administrated “Lymphoma 
Quality of Life” (LQL) questionnaire.

The planned medical examination occurred in the 
majority of cases in 2020, during the COVID-19 pan-
demic. In France, this is the period between March 15 
and December 31, 2020, and included two confinements 
of populations (between March 17 and May 11, 2020, 
and between October 30 and November 28, 2020). The 
medical team has proposed to each patient to answer the 
LQL questionnaire, either online on the study website 
(https://​calym-​main.​ches.​pro) or in print, according to 
their choice. All the patients who gave their consent to 
participate received an explanatory note and those who 
opted for the online version received personal, confidential 
codes for connection to the study platform.

Also, to be eligible to answer the LQL question-
naire, volunteers had to live in metropolitan France, be 
18 years old or above, and not to have experienced a 
relapse/progression or their lymphoma. Data on sex, age 
of the patients at the time of inclusion in the RT3 Study, 
reported comorbidities (type 2 diabetes, arterial hyper-
tension, cardiovascular illnesses, other previous cancer), 
the Ann Arbor staging system at diagnosis (I, II, III, IV) 
[20], the Hans classification [21], the ICD-O Lymph Node 
Site Codes [22], the followed therapies, and the number of 
treatment cycles were prospectively collected and included 
from the RT3 study database. The main therapies used 
were monoclonal antibodies (Rituximab, R) associated 
with chemotherapy: R-CHOP (cyclophosphamide, doxo-
rubicin, vincristine, and prednisone) cycles over 14 days 
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(R-CHOP-14) or 21 days (R-CHOP-21), R-mini-CHOP 
(reduced CHOP dose in elderly patients), R-ACVBP (dox-
orubicin: Adriamycin, cyclophosphamide, vindesine, bleo-
mycin, and prednisone), or associated with experimental 
therapies. The mini-CHOP and CHOP-21 correspond to a 
moderate conventional chemotherapy, and CHOP-14 and 
ACVBP to a more intensive chemotherapy [23].

Questionnaire and study measures

The LQL questionnaire was structured in two parts which 
collected information on (1) the socio-economic and famil-
ial characteristics of the participants, such as marital status, 
financial level, and to be professionally active; and (2) the 
answers to 5 psychometric scales (French validated versions) 
concerning the HRQoL after lymphoma.

The five psychometric scales proposed (more details are 
given in Supplementary Information 2) were:

1.	 The French-validated version of the European Organi-
zation for Research and Treatment of Cancer Quality of 
Life Questionnaire Core 30 (EORTC QLQ-C30) version 
3 was used to assess HRQoL of patients with lymphoma. 
The questionnaire includes the global health status, five 
functional scales, and nine symptom scales or items [24, 
25].

2.	 The French version of the High-Grade Non-Hodgkin 
Lymphoma (NHL-HG29) is a module with 29 items 
that completes the EORTC QLQ-C30. It incorporates 
five multi-item scales to assess symptom burden due to 
disease and/or treatment, neuropathy, physical condi-
tion/fatigue, emotional impact, and worries/fears about 
health and functioning [25, 26].

3.	 The Hospital Anxiety and Depression Scale (HADS) is 
an instrument for detecting states of anxiety and depres-
sion that would facilitate the large task of detection and 
management of emotional disorder in patients under 
investigation and treatment in medical and surgical 
departments [27, 28]. The French version was validated 
in a population of hospitalized cancer patients [29].

4.	 The Post Traumatic Growth Inventory (PTGI) is an 
instrument for assessing positive outcomes reported by 
persons who have experienced traumatic events [30], 
which has been validated in French [31]. The PTGI is 
composed of 5 subscales, which include factors of new 
possibilities, relating to others, personal strength, spir-
itual change, and appreciation of life.

5.	 The Multidimensional Fatigue Inventory (MFI) is a psy-
chometric instrument to assess fatigue from answers to 
20 questions [32] which has been validated in French 
[33]. This scale evaluates five dimensions of fatigue: 
general, physical and mental fatigue, reduced motiva-
tion, and reduced activity.

Statistical analyses

Comparisons were made between the demographic and 
health-related characteristics of people who agreed to par-
ticipate in the study and those who refused to participate, 
and between female and male participants (main objective), 
using the Chi2 test, Fisher’s exact test, and Student’s t test, 
depending on the variables. The median was used to dichoto-
mize the variables: age at entry into the study, number of 
months between entry into the study and the response to 
the LQL questionnaire, and number of treatment cycles fol-
lowed, because the linearity of the distribution of these vari-
ables was not assumed.

On the other hand, the median age of 60 also corresponds 
to the International Prognostic Index (IPI) which predicts 
the prognosis of patients with aggressive non-Hodgkin lym-
phoma [34], and the median of 6 chemotherapy cycles corre-
sponds to the usual number of treatment cycles that DLBCL 
stage I–II patients receive.

The scores of the different psychometric scales were 
calculated according to the algorithms published by their 
authors. Pearson correlation coefficients were calculated 
between the subscales of the five psychometric scales. 
Spearman’s correlation coefficients were calculated between 
the different QoL subscales and the other categorical vari-
ables recorded in the study, in order to identify strongly cor-
related factors.

Adjusted means of scores and their 95% confidence 
intervals (95% CI) by gender (female/male), presence of 
comorbidities (at least one, yes/no), and number of treat-
ment cycles (> 6 cycles vs. ≤ 6 cycles) were calculated in 
multivariate linear regression models. Analyses concerning 
the QoL according to gender and presence of comorbidities 
were performed for all the psychometric scales/subscales, 
while analyses according to the number of treatment cycles 
were performed only for psychometric subscales that include 
symptoms. Adjustments were made for several variables 
(forced in the model): age at inclusion in the study (≥ 60 
years vs. < 60 years), number of months between inclusion 
and response to the LQL questionnaire (> 13 months vs. ≤ 
13 months), Ann Arbor stage (III–IV vs. I–II), type of ther-
apy followed (R-CHOP-14, R-ACVBP, and R-Experiment 
therapy vs. mini-R-CHOP and R-CHOP-21), and response 
obtained during the COVID-19 pandemic (yes/no).

Reference values in the general population were used for 
comparison purposes. Age- and sex-matched French nor-
mative population [35] was used to compare and interpret 
EORTC QLQ-C30 scores. Scores of DLBCL survivors were 
considered ‘clinically relevant’, if the difference from the 
scores recorded in the reference population was greater than 
10 points [36, 37].

Statistical tests were 2-sided, and statistical significance 
was defined as a P < 0.05. All analyses were performed 
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using the SAS statistical software package (version 9.4; SAS 
Institute, Cary, NC).

Ethical approvals

All participants received a written briefing note and gave 
their consent to participate, first in the RT3 study and then 
in the Lymphoma Quality of Life study. The project has 
been approved by the Person Protection Committee 8 Ile-
de-France, on July 9, 2019.

Results

Characteristics of participants and nonparticipants

Sixty-eight percent (69/101) of potentially eligible patients 
answered the LQL questionnaire, and 82% of them have 
responded to all the proposed psychometric scales (Fig. 1). 
Participants and nonparticipants did not differ on all the 
characteristics taken into consideration (Table 1). However, 

the nonparticipants were slightly older, reported slightly 
more comorbidities, had more high (III–IV) Ann Arbor 
Stage (72% vs. 62%), and were slightly more likely to have 
received more than 6 cycles of treatment than the partici-
pants (41.9% vs. 33.3%).

Characteristics of female and male participants

The majority of participants (73.7%) responded in the midst 
of the COVID-19 pandemic. Female and male participants 
did not differ from each other for all the characteristics con-
sidered (Table 2). However, more men had received moder-
ate conventional chemotherapy compared to women (64.5% 
vs. 53.9%). Although men reported more comorbidities than 
women (54.8% vs. 30.8%), frequencies were statistically not 
significant (Table 2). The frequency of mood disorders like 
anxiety and depression was also no different in women and 
men. However, compared to men, women tended to have 
more doubtful symptomatology, with scores between 8 and 
10 [28] (anxiety: 15.4% vs. 9.7% and depression: 26.9 vs. 
12.9%) (Table 2).

Fig. 1.   Study diagram
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Table 1   Comparison of characteristics between participants (N = 69) and nonparticipants (N = 32) in the Lymphoma Quality of Life Study

a Student’s t-test
b Chi2 test
c ICD-O: Diffuse large B-cell lymphoma (DLBCL), B27; Diffuse large B-cell lymphoma EBV +, B28; Follicular lymphoma grade 3B, B41; 
Plasmablatic lymphoma, B45; Association of diffuse large cell and follicular B cell NHL, C05; Aggressive B-cell lymphoma unclassifiable, C14; 
Large B-cell lymphoma with IRF4 rearrangement, C18
d Fisher’s exact test
e Moderate chemotherapy: R-mini-CHOP, R-CHOP-21
f Intensive chemotherapy: R-CHOP-14, R-ACVBP, and R-Experimental therapy

Characteristics Participants
(N = 69)

Nonparticipants
(N = 32)

Comparison
(p-Value)

Mean (SD) Mean (SD)

Range Range

Age at inclusion in the ‘RT3’ study (years) 60.3 (14.8) 64.3 (14.9) 0.211a

20–84 29–92
N (%) N (%)

Sex Male 38 (55.07) 21 (65.63) 0.317b

Female 31 (44.93) 11 (34.38)
Health-related characteristics

   Ann Arbor Stage I–II 26 (37.68) 9 (28.12) 0.348b

III–IV 43 (62.32) 23 (71.88)
(N = 62) (N = 31)

   HANS results Germinal centre B-cell–like (GCB) 33 (53.23) 17 (54.84) 0.883b

Non-GCB 29 (46.77) 14 (45.16)
   ICD-Oc (N = 63) (N = 30)

DLBCL 51 (80.95) 24 (80.00) 0.841d

Primary mediastinal large B-cell lymphoma 
(PMBL)

6 (9.52) 2 (6.67)

High grade B-cell lymphoma with double/triple-hit 
or NOS (HGBL)/DLBCL not otherwise specified 
(DLBCL-NOS)

6 (9.52) 4 (13.33)

Comorbidities
   Type 2 diabetes Yes 6 (8.70) 7 (21.88) 0.107d

No 63 (91.30) 25 (78.13)
   Arterial hypertension Yes 21 (30.43) 10 (31.25) 0.934b

No 48 (69.57) 22 (68.75)
   Cardiovascular illnesses Yes 12 (17.39) 4 (12.50) 0.770d

No 57 (82.61) 28 (87.50)
   Cancer (other) Yes 4 (5.80) 5 (15.73) 0.137d

No 65 (94.20) 27 (84.38)
   Comorbidities (at least one) Yes 31 (44.93) 16 (50.00) 0.673d

No 38 (55.07) 16 (50.00)
Treatments

   Chemotherapy Moderate (conventional) e 43 (62.32) 18 (58.06) 0.687b

Intensivef 26 (37.68) 13 (41.94)
   Number of treatment cycles ≤ 6 46 (66.67) 18 (58.06) 0.500d

> 6 23 (33.33) 13 (41.94)
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Table 2   Characteristics of female (N = 26) and male (N = 31) participants who answered the Lymphoma Quality of Life questionnaire

Characteristics Female
(N = 26)

Male
(N = 31)

p-Value

Socio-demographic characteristics
Mean (SD) Mean (SD)
Range Range

Age at entry into the RT3 Study (years) 58.2 (15.8) 58.7 (15) 0.886a

26–84 20–79
Duration between inclusion in the RT3 Study and the 

answer to the LQL questionnaire (months)
12.9 (2.2) 13.4 (2.7) 0.410a

7–19 7–21
N (%) N (%)

Age N = 26 N = 31
< 60 12 (46.15) 14 (45.16) 0.940c

≥ 60b 14 (53.85) 17 (54.84)
  Living N = 26 N = 30

Alone 6 (23.08) 6 (20) 0.780c

As a couple 20 (76.92) 24 (80)
  Professionally active N = 26 N = 30

Yes 10 (38.46) 13 (43.33) 0.712c

No 16 (61.54) 17 (56.67)
  Actual financial level N = 26 N = 30

Comfortable 11 (42.31) 9 (30) 0.644d

Neither at ease nor in difficulty 13 (50) 19 (63.33)
In difficulty or in great difficulty 2 (7.69) 2 (6.67)

Questionnaire N = 26 N = 31
  Version Online 7 (26.92) 6 (19.35) 0.498c

Paper 19 (73.08) 25 (80.65)
  Response time after enrolment in the study 

(month)
≤ 13 19 (73.08) 18 (58.06) 0.237c

> 13 7 (26.92) 13 (41.94)
  Responses given during the COVID-19 period Yes 19 (73.08) 23 (74.19) 0.924c

No 7 (26.92) 8 (25.81)
Health-related characteristics

  Ann Arbor Stage N = 26 N = 31
I–II 9 (34.62) 14 (45.16) 0.419c

III–IV 17 (65.38) 17 (54.84)
  HANS results N = 23 N = 28

Germinal centre B-cell–like (GCB) 11 (47.83) 12 (42.86) 0.723c

Non-GCB 12 (52.17) 16 (57.14)
  ICD-Oe N = 23 N = 29

DLBCL 15 (65.22) 26 (89.66) 0.110d

Primary mediastinal large B-cell lymphoma (PMBL) 4 (17.39) 2 (6.90)
High grade B-cell lymphoma with double/triple-hit 

or NOS (HGBL) / DLBCL not otherwise specified 
(DLBCL-NOS)

4 (17.39) 1 (3.45)

Comorbidities N = 26 N = 31
  Type 2 diabetes Yes 0 (0) 4 (12.90) 0.118d

No 26 (100) 27 (87.10)
  Arterial hypertension Yes 5 (19.23) 11 (35.48) 0.174c

No 21 (80.77) 20 (64.52)
  Cardiovascular illnesses Yes 3 (11.54) 6 (19.35) 0.488d

No 23 (88.46) 25 (80.65)
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HRQoL scores

HRQoL according to gender

EORTC QLQ‑C30  The adjusted means of scores of global 
health status and functional scales were slightly higher (bet-
ter) in men than in women and significantly different only 
for the physical functioning (82.1 in men vs. 70.9 in women, 
P = 0.031). The adjusted means of symptom scores were 
slightly higher (poor) in women compared to men and sta-
tistically significant only for constipation (adjusted scores of 
27.9 in women vs. 11.7 in men, P = 0.025) (Table 3).

EORTC QLQ‑NHL‑HG29  The adjusted means scores were not 
significantly different between women and men; however, 
men tended to have higher neuropathy scores than women 
(36.9 vs. 27.7), and women to have higher scores for symp-
tom burden than men (31.8 vs. 21.2) (Table 3).

HADS  The adjusted means of anxiety and depression scores 
were not different between women and men. However, 

women tended to have a higher average anxiety score than 
men (7.6 vs. 5.8) (Table 3).

PTGI  For all 5 subscales, as well as for the total PTGI score, 
the adjusted means obtained were higher in women (more 
severely affected) than in men. The adjusted means obtained 
for the relating to others subscale were significantly higher 
in women than in men (21.6 vs. 17.2, P = 0.022) (Table 3).

MFI‑20  The adjusted means of the scores of 5 subscales 
were not significantly different between women and men 
(Table 3).

HRQoL according to comorbidities

EORTC QLQ‑C30  For the global health status and functional 
scales, the presence of comorbidities ensured lower adjusted 
scores than those recorded in patients without comorbidi-
ties. The global health status and the physical functioning 
were significantly lower, also deteriorated in patients who 
reported at least one comorbidity (58.9 vs. 73.5, P = 0.017 
and 70.4 vs. 82.5, P = 0.035, respectively) (Table 4).

Table 2   (continued)

Characteristics Female
(N = 26)

Male
(N = 31)

p-Value

  Cancer (other) Yes 1 (3.85) 2 (6.45) 0.999d

No 25 (96.15) 29 (93.55)
  Comorbidities (at least one) Yes 8 (30.77) 17 (54.84) 0.068c

No 18 (69.23) 14 (45.16)
Mood disorders N = 26 N = 31

  HADS Anxiety ≤ 7 (no cases) 17 (65.38) 22 (70.97) 0.918d

8 to 10 (doubtful cases) 4 (15.38) 3 (9.68)
≥ 11 (severe cases) 5 (19.23) 6 (19.35)

  HADS Depression ≤ 7 (no cases) 17 (65.38) 24 (77.42) 0.462d

8 to 10 (doubtful cases) 7 (26.92) 4 (12.9)
≥ 11 (severe cases) 2 (7.69) 3 (9.68)

Treatments N = 26 N = 31
  Chemotherapy Moderate (conventional)f 14 (53.85) 20 (64.52) 0.414c

Intensiveg 12 (46.15) 11 (35.48)
  Number of treatment cycles ≤ 6 17 (65.38) 20 (64.52) 0.945c

> 6 9 (34.62) 11 (35.48)

a Student’s t-test
b Women: N = 3 ≥ 80 years
c Chi2 test
d Fisher’s exact test
e ICD-O: Diffuse large B-cell lymphoma (DLBCL), B27; Diffuse large B-cell lymphoma EBV +, B28; Follicular lymphoma grade 3B, B41; 
Plasmablatic lymphoma, B45; Association of diffuse large cell and follicular B-cell NHL, C05; Aggressive B-cell lymphoma unclassifiable, 
C14; Large B-cell lymphoma with IRF4 rearrangement, C18
f Moderate (conventional) chemotherapy: R-mini-CHOP, R-CHOP-21
g Intensive chemotherapy: R-CHOP-14, R-ACVBP, and Rituximab + Experimental therapy
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Table 3   Comparisons of the 
different psychometric scales 
between female (N = 26) and 
male (N = 31) participants in 
the Lymphoma Quality of Life 
Study

a Model adjusted on age at entry into the RT3 study (1: ≥ 60, 0: < 60 years), duration between inclusion in the 
RT3 study and the answer to the questionnaire (1: > 13, 0: ≤ 13 months), number of treatment cycles (1: > 6, 
0: ≤ 6 cycles), Ann Arbor stage (1: III–IV, 0: I–II), comorbidities (type 2 diabetes/arterial hypertension/cardi-
ovascular diseases/other cancer: 1: yes / 0: no), therapy followed (1: R-CHOP-14, R-ACVBP, R-Experimental 
therapy; 0: mini-R-CHOP and R-CHOP-21), and response during COVID-19 period (1: yes, 0: no)
b A high score for the Global health status represents a high QoL [Fayers et al., 2001]
c A high score for a functional scale represents a high/healthy level of functioning [Fayers et al., 2001]

Scales/subscales Sex Comparison

Female (N = 26) Male (N = 31) p-Value

Adjusted mean [95% CI]a Adjusted mean [95% CI]a

EORTC QLQ-C30 (v3)
   Global health statusb 64.37 [55.04–73.70] 67.95 [60.13–75.78] 0.504

Functional scalesc

   Physical functioning 70.86 [61.99–79.73] 82.10 [74.66–89.53] 0.031
   Role functioning 74.76 [63.57–85.95] 84.85 [75.47–94.23] 0.120
   Emotional functioning 70.08 [56.98–83.18] 78.52 [67.54–89.50] 0.263
   Cognitive functioning 76.45 [65.05–87.85] 79.24 [69.68–88.80] 0.670
   Social functioning 76.29 [64.93–87.64] 80.42 [70.91–89.94] 0.525

Symptom scales/itemsd

   Fatigue 48.46 [35.32–61.60] 37.25 [26.23–48.26] 0.141
   Nausea and vomiting 4.39 [(−2.35)–11.11] 2.20 [(−3.44)–7.84] 0.572
   Pain 32.12 [18.04–46.19] 20.00 [8.20–31.79] 0.137
   Dyspnoea 29.08 [15.58–42.57] 24.83 [13.52–36.14] 0.584
   Insomnia 32.81 [16.82–48.80] 19.37 [5.96–32.77] 0.147
   Appetite loss 14.26 [0.53–27.99] 5.12 [(−6.39)–16.63] 0.248
   Constipation 27.94 [15.66–40.23] 11.69 [1.39–21.98] 0.025
   Diarrhoea 13.92 [5.36–22.48] 7.55 [0.37–14.72] 0.198
   Financial difficulties 12.74 [2.75–22.73] 17.37 [9.00–25.74] 0.420

EORTC QLQ-NHL-HG29e

   Symptom burden 31.82 [21.52–42.11] 21.22 [12.59–29.85] 0.077
   Neuropathy 27.67 [13.59–41.76] 36.91 [25.10–48.71] 0.256
   Physical condition / fatigue 37.43 [23.71–51.15] 28.90 [17.40–40.41] 0.281
   Emotional impact 30.50 [17.91–43.09] 23.40 [12.84–33.95] 0.327
   Worries / fears about health 

and functioning
37.00 [25.23–48.78] 36.00 [26.13–45.87] 0.882

HADSf

   Anxiety 7.62 [5.45–9.80] 5.76 [3.94–7.59] 0.141
   Depression 6.67 [4.76–8.58] 5.89 [4.29–7.49] 0.473

PTGIg

   Relating to others 21.63 [18.36–24.90] 17.22 [14.48–19.96] 0.022
   New possibilities 11.25 [8.45–14.05] 9.08 [6.74–11.43] 0.181
   Personal strength 10.47 [8.03–12.90] 9.34 [7.30–11.38] 0.421
   Spiritual changes 4.12 [2.64–5.60] 3.37 [2.13–4.61] 0.379
   Appreciation of life 9.60 [7.98–11.23] 7.78 [6.42–9.15] 0.056
   PTGI total score 57.06 [47.63–66.50] 46.79 [38.88–54.70] 0.062

MFI-20h

   General fatigue 12.14 [9.96–14.32] 11.28 [9.45–13.11] 0.494
   Physical fatigue 11.76 [9.46–14.05] 12.11 [10.19–14.03] 0.788
   Mental fatigue 9.38 [7.33–11.42] 9.70 [7.98–11.41] 0.783
   Reduction of activities 10.15 [7.99–12.31] 9.27 [7.46–11.08] 0.478
   Reduction of motivation 11.66 [9.60–13.72] 11.34 [9.62–13.07] 0.787
   MFI-20 total score 55.09 [45.78–64.40] 53.71 [45.90–61.51] 0.796
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EORTC QLQ‑NHL‑HG29  Presence of comorbidities ensured 
significant higher scores of symptom burden, and a more 
deteriorated physical condition or fatigue compared to 
absence of comorbidities (34.2 vs. 18.8, P = 0.021; and 42.9 
vs. 23.5, P = 0.029, respectively) (Table 4).

HADS  Patients with comorbidities had significantly higher 
scores of depression compared to those without comorbidi-
ties (7.7 vs. 4.8, P = 0.019) (Table 4).

PTGI  The adjusted means of the scores of 5 subscales 
were not significantly different according to comorbidities 
(Table 4).

MFI‑20  Patients with comorbidities had significantly higher 
mental fatigue score compared to those without comorbidi-
ties (10.8 vs. 8.2, P = 0.049) (Table 4).

Symptoms scores according to number of treatment cycles

Patients with higher number of treatment cycles (> 6) had 
slightly higher EORTC QLQ-C30 symptoms scores such 
as fatigue, appetite loss, and constipation, and significantly 
higher pain and dyspnoea scores compared to those who had 
≤ 6 cycles of treatment (35.5 vs. 16.6, P = 0.046 and 36.7 
vs. 17.3, P = 0.033, respectively). Also, patients with more 
than 6 treatment cycles had higher EORTC QLQ-NHL-
HG29 symptom burden and significantly higher neuropathy 
scores compared to those who had ≤ 6 cycles of treatment 
(44.7 vs.19.9, P = 0.010) (Table 5).

HRQoL of DLBCL patients compared to reference 
values in general population

EORTC QLQ‑C30  Compared to a French normative popu-
lation [35], DLBCL patients exhibited on average similar 
global quality of life score. However, DLBCL patients have 
statistically significant but clinically marginally relevant (< 
10 points) [36, 37] worse scores on physical functioning, 
role functioning, cognitive, and social functioning. They also 
reported more (P < 0.05) but clinically marginally relevant 

fatigue and dyspnoea compared to the general French popu-
lation (Fig. 2).

Discussion

Our study shows that in women, PTGI (relating to others) 
and some EORTC QLQ-C30 subscales (physical func-
tioning and constipation) following lymphoma were more 
affected than in men. The existence of chronic comorbidities 
increases physical fatigue, symptom burden, and impacts on 
physical functioning and global health status. Comorbidities 
also play a role on the psychological level: increase the emo-
tional impact, the mental fatigue, and the level of depression 
of patients, regardless of sex, age, and other factors related to 
lymphoma and these treatments. A greater number of treat-
ment cycles affect certain symptoms, leading to an increase 
in the level of pain, neuropathy, and dyspnoea.

It is known that cancer survivors are at risk of experiencing 
adverse physical and psychosocial effects of their cancer and 
its treatment that can affect their HRQoL [38]. It was reported 
that NHL survivors showed the most defects in EORTC QLQ-
C30 physical functioning, appetite loss, and financial prob-
lems [38], and to our knowledge, a relatively small number 
of studies investigated the HRQoL specifically in DLBCL 
patients. The results of population-based PHAROS registry 
in the Netherlands showed that patients with DLBCL exhib-
ited on average statistically significant and clinically relevant 
worse scores on EORTC QLQ-C30 physical, role, cognitive, 
and social functioning compared to a normative population [9]. 
DLBCL patients reported more fatigue, dyspnoea, sleeping 
problems, appetite loss, and financial problems compared to 
the general population [9]. These results are similar with those 
obtained in our study, except for the last three elements, where 
the differences compared to the general French population 
were not significant. In addition, in our study, the differences 
between the means of the EORTC QLQ-C30 scores in DLBCL 
patients and those in the general French population (physical, 
cognitive, social, and role functioning; fatigue and dyspnoea), 
which were statistically significant, correspond only to small 
relevant effects.

d A high score for a symptom scale or item represents a high level of symptomatology or problems [Fayers 
et al., 2001]
e A high score for all of the multi-item scales represents a high level of symptomatology or problems [van 
de Poll-Franse et al., 2018; Fayers et al., 2001]
f A score of 0 to 7 for either subscale could be regarded as being in the normal range, a score of 8 to 10 
being just suggestive of a doubtful symptomatology, and a score of 11 or higher indicating presence of the 
mood disorder [Snaith, 2003]
g Post-traumatic development increases with the calculated score [Tedeschi et al., 1996]
h High scores represent high levels of fatigue. The total score is calculated by adding the scores of 5 sub-
scales

Table 3   (continued)
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Table 4   Comparison of adjusted 
HRQoL scores from different 
psychometric scales according 
to comorbidities (N = 57)

a Model adjusted on age at entry into the RT3 study (1: ≥ 60, 0: < 60 years), sex (1: male, 0: female), dura-
tion between inclusion in the RT3 study and the answer to the questionnaire (1: > 13, 0: ≤ 13 months), 
number of treatment cycles (1: > 6, 0: ≤ 6 cycles), Ann Arbor stage (1: III–IV, 0: I–II), therapy followed 
(1: R-CHOP-21, R-ACVBP, and R-Experimental therapy; 0: R-mini-CHOP and R-CHOP14), and response 
during COVID-19 period (1: yes, 0: no)
b A high score for the Global health status represents a high QoL [Fayers et al., 2001]

Comorbiditiesa

Scales/subscales Without comorbidities (N = 32) With comorbidities (N = 25)

Adjusted mean
[95% CI of adjusted mean]

Adjusted mean
[95% CI of adjusted mean]

p-Value

EORTC QLQ-C30 (v3)b

   Global health status 73.45 [65.11–81.78] 58.88 [49.33–68.42] 0.017
Functional scalesc

   Physical functioning 82.54 [74.61–90.47] 70.42 [61.35–79.49] 0.035
   Role functioning 81.29 [71.29–91.29] 78.32 [66.87–89.77] 0.675
   Emotional functioning 76.05 [64.34–87.75] 72.56 [59.16–85.95] 0.674
   Cognitive functioning 79.58 [69.40–89.77] 76.11 [64.45–87.77] 0.630
   Social functioning 80.40 [70.25–90.55] 76.31 [64.70–87.92] 0.569

Items/scalesd

   Fatigue 38.56 [26.82–50.30] 47.15 [33.71–60.59] 0.303
   Nausea and vomiting 1.62 [(−4.39)–7.63] 4.96 [(−1.92)–11.84] 0.434
   Pain 24.80 [12.23–37.37] 27.31 [12.92–41.70] 0.778
   Dyspnoea 21.70 [9.64–33.75] 32.21 [18.41–46.01] 0.221
   Insomnia 22.96 [8.67–37.25] 29.22 [12.87–45.57] 0.536
   Appetite loss 5.79 [(−6.48)–18.06] 13.59 [(−0.45)–27.63] 0.370
   Constipation 15.80 [4.83–26.78] 23.83 [11.27–36.39] 0.303
   Diarrhoea 9.36 [1.71–17.01] 12.10 [3.35–20.86] 0.612
   Financial difficulties 10.32 [1.39–19.24] 19.79 [9.58–30.01] 0.138

EORTC QLQ-NHL-HG29e

   Symptom burden 18.79 [9.59–27.99] 34.24 [23.71–44.77] 0.021
   Neuropathy 27.04 [14.46–39.63] 37.54 [23.13–51.94] 0.242
   Physical condition / fatigue 23.47 [11.21–35.73] 42.87 [28.83–56.90] 0.029
   Emotional impact 20.04 [8.79–31.29] 33.86 [20.98–46.73] 0.087
   Worries/fears about health 

and functioning
30.72 [20.20–41.24] 42.28 [30.24–54.33] 0.125

HADSf

   Depression 4.83 [3.12–6.53] 7.73 [5.78–9.68] 0.019
   Anxiety 6.74 [4.79–8.69] 6.65 [4.42–8.87] 0.946

PTGIg

   Relating to others 19.23 [16.31–22.15] 19.62 [16.28–22.97] 0.848
   New possibilities 10.58 [8.08–13.08] 9.75 [6.89–12.62] 0.641
   Personal strength 10.06 [7.88–12.24] 9.74 [7.25–12.24] 0.837
   Spiritual changes 3.71 [2.38–5.03] 3.78 [2.26–5.29] 0.941
   Appreciation of life 9.17 [7.72–10.63] 8.22 [6.55–9.88] 0.354
   PTGI total score 52.75 [44.32–61.18] 51.11 [41.46–60.76] 0.784

MFI-20h

   General fatigue 10.65 [8.70–12.60] 12.77 [10.54–15.01] 0.128
   Physical fatigue 10.59 [8.54–12.63] 13.28 [10.94–15.62] 0.068
   Mental fatigue 8.24 [6.42–10.07] 10.83 [8.74–12.92] 0.049
   Reduction of activities 9.39 [7.46–11.32] 10.04 [7.83–12.25] 0.637
   Reduction of motivation 11.02 [9.18–12.86] 11.99 [9.88–14.09] 0.460
   MFI-20 total score 49.89 [41.57–58.21] 58.90 [49.38–68.43] 0.130
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Having had chemotherapy was negatively associated 
with HRQoL in NHL survivors [38]. The type of therapy 
followed by patients with DLBCL can have a major role in 
the HRQoL of patients some time afterwards. The prospec-
tive study of Tholstrup et al. (2001) showed that the QoL 
of DLBCL Danish patients was substantially affected dur-
ing treatment with CHOP-14 (physical, role, and emotional 
functioning were significantly decreased and patients reported 
fatigue and diarrhoea), but only for a short time period of 3 
months. Afterwards, patients had generally recovered fully, 
and scores were found to be equal to those of the reference 
population or better [15]. However, in another study, even 
2 years later, the DLBCL patients treated with R-CHOP-14 
reported more neuropathic symptoms, more fatigue, and a 
lower HRQoL than patients treated with R-CHOP-21 [9]. It 
is possible that the lack of significant results in our study was 
due to the small number of subjects per treatment group. To 
our knowledge, the number of treatment cycles has not been 

studied in relation to any symptoms in DBLCL survivors. 
In our study, we showed that in patients who received more 
than 6 treatment cycles (patients with ACVBP chemotherapy 
received the greatest number of cycles, 9 to 12 cycles; data 
not shown), the adjusted means for symptoms such as pain, 
neuropathy, and dyspnoea were statistically significant and  
the difference between the categories is wide. The great-
est difference was recorded for neuropathy. Moreover, it is 
known that neuropathy is a common squeal of chemotherapy 
protocols that contain vincristine [14] that our patients have 
received.

Fatigue is one of the most common side effects in patients 
with cancer [39, 40]. Fatigue can be a consequence of active 
treatment, but it may also persist into posttreatment periods  
and may be responsible for a reduced QoL. In the study of  
Hinz et al. (2020), all the dimensions of fatigue measured 
with MFI-20 were higher (more affected) in German patients 
with cancer (several cancer sites including haematological 

c A high score for a functional scale represents a high/healthy level of functioning [Fayers et al., 2001]
d A high score for a symptom scale or item represents a high level of symptomatology or problems [Fayers 
et al., 2001]
e A high score for all of the Multi-item scales represents a high level of symptomatology or problems [van 
de Poll-Franse et al., 2018; Fayers et al., 2001]
f A score of 0 to 7 for either subscale could be regarded as being in the normal range, a score of 8 to 10 
being just suggestive of a doubtful symptomatology, and a score of 11 or higher indicating presence of the 
mood disorder [Snaith, 2003]
g Post-traumatic development increases with the calculated score [Tedeschi et al., 1996]
h High scores represent high levels of fatigue. The total score is calculated by adding the scores of 5 subscales

Table 4   (continued)

Table 5   Comparison of adjusted 
symptom scores measured with 
EORTC QLQ-C30 and QLQ-
NHL-HG29 scales according to 
number of chemotherapy cycles 
(N = 57)

a Model adjusted on age at entry into the RT3 study (1: ≥ 60, 0: < 60 years), sex (1: male, 0: female), dura-
tion between inclusion in the RT3 study and the answer to the questionnaire (1: > 13, 0: ≤ 13 months), 
comorbidities (1: yes, 0: no), Ann Arbor stage (1: III–IV, 0: I–II), therapy followed (1: R-CHOP-21, 
R-ACVBP, and R-Experimental therapy; 0: R-mini-CHOP and R-CHOP14), and response during COVID-
19 period (1: yes, 0: no)
b A high score for a symptom scale or item represents a high level of symptomatology or problems [Fayers 
et al., 2001; van de Poll-Franse et al., 2018]
c Measured with EORTC QLQ-C30 (v3)
d Measured with EORTC QLQ-NHL-HG29

Number of treatment cyclesa

≤ 6 cycles (N = 37) > 6 cycles (N = 20)

Symptom scales/itemsb Adjusted mean [95% CI] Adjusted mean [95% CI] p-Value
Fatiguec 37.10 [24.86–49.34] 48.60 [35.16–62.05] 0.188
Painc 16.62 [3.51–29.73] 35.49 [21.09–49.88] 0.046
Dyspnoeac 17.26 [4.69–29.83] 36.65 [22.85–50.46] 0.033
Insomniac 31.02 [16.12–45.91] 21.16 [4.80–37.51] 0.351
Nausea and vomitingc 3.60 [(−2.67)–9.87] 2.98 [(−3.90)–9.86] 0.889
Appetite lossc 8.32 [(−4.47)–21.11] 11.06 [(−2.98)–25.11] 0.762
Constipationc 17.43 [5.99–28.88] 22.20 [9.63–34.76] 0.557
Diarrhoeac 10.96 [2.98–18.93] 10.51 [1.75–19.26] 0.936
Neuropathyd 19.93 [6.81–33.05] 44.65 [30.24–59.06] 0.010
Symptom burdend 21.99 [12.40–31.58] 31.05 [20.51–41.58] 0.186
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malignancies) than in the general population [41]. In this 
study, female patients reported significantly higher levels of 
fatigue (general and mental fatigue and MFI total score) than 
men [41]. Similar results were obtained by Mounier et al. 
(2019), who reported in his cross-sectional study on NHL 
survivors after 11 years of follow-up after initial treatment 
of their lymphoma that women reported significantly higher 
fatigue than men, including general and physical fatigue and 
reduced motivation [12]. In this study, it was also mentioned 
that long-term fatigue in NHL survivors was independent  

of disease characteristics and treatment [12]. Unlike these 
studies, the adjusted means of the MFI-20 scores that we 
presented by sex showed no difference. However, in agree-
ment with these studies, we did not find any differences in 
scores related to the Ann Arbor stage of the lymphoma, or 
the therapy followed (data not shown).

Mounier et al. (2019) specified that obesity and comor-
bidities play a role in the development of fatigue (MFI-20) 
that persists or develops early after treatment completion 
[12]. A similar conclusion was drawn by Busson et al. (2019) 

Fig. 2.   Comparisons of EORTC 
QLQ-C30 scores of DLBCL 
patients participating in the 
Lymphoma Quality of Life 
Study and general French 
population reference values. 
EORTC QLQ-C30 mean scores 
in DLBCL patients and refer-
ence values in France [Nolte 
et al., 2019]. Abbreviations: 
QL, global health status; PF, 
physical functioning; RF, role 
functioning; EF, emotional 
functioning; CF, cognitive func-
tion; SF, social functioning; FA, 
fatigue; NV, nausea and vomit-
ing; PA, pain; DY, dyspnoea; 
SL, insomnia; AP, appetite loss; 
CO, constipation; DI, diarrhoea; 
FI, financial difficulties. ** P < 
0.01; * P < 0.05
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in a cross-sectional study, who showed that after a follow-up 
of 5 years or more, the NHL survivors who reported health 
disorders displayed higher levels of fatigue (all 5 dimen-
sions) than those who did not (P < 0.001) [42]. Our results 
point in the same direction. DLBCL survivors with comor-
bidities had higher mental and physical fatigue scores com-
pared to those without comorbidities. However, we did not 
collect any data related to body weight or BMI. Our study 
also showed that DLBCL survivors with comorbidities had 
a significantly higher adjusted mean fatigue score measured 
with EORTC QLQ-NHL-HG29 and lower physical function-
ing (EORTC QLQ-C30) than those without comorbidities 
(P < 0.04).

The diagnosis and treatment of cancer can be extremely 
stressful. So cancer survivors often report posttraumatic 
growth (PTG) [43, 44], and it seems that compared to 
males, female survivors are more prone to PTG [45]. To our 
knowledge, PTGI has not yet been administered to DLBCL 
patients. In our study, gender disparity on PTG was also 
found. So significantly higher (more affected) adjusted 
scores (relating to others) or close to the significance level 
(appreciation of life and PTGI total, P < 0.07) were obtained 
in female survivors compared to men.

Cancer patients may experience anxiety and depres-
sion. Hinz et al. (2019) reported that patients with cancer 
are also more anxious but slightly less depressed than age- 
and gender-matched individuals of the general population 
[46]. The authors found gender difference in anxiety for all 
tumour types analysed [46]. Likewise, in the longitudinal 
study of the PROFILES registry, Oerlemans et al. (2014) 
reported that both anxiety and depression were more often 
declared by lymphoma (NHL and DLBCL) patients com-
pared to the age- and sex-matched normative Dutch popula-
tion (P < 0.05) [8]. Unfortunately, in France, we do not have 
normative data in the general population to make similar 
comparisons.

Because women experience more anxiety, posttraumatic 
growth, or posttraumatic stress symptoms than men, it seems 
important that these issues be more approached with female 
DLBCL patients, and to plan strategies that would reduce 
their levels and thus improve their QoL. In addition, in our 
cross-sectional study, 13 months after diagnosis, depression 
scores were significantly higher in survivors with comorbidi-
ties compared to those without (P = 0.02). As reported by 
Oerlemans et al. (2014), DLBCL patients with comorbidity 
reported particularly higher depression scores (P < 0.01) 
and also anxiety over time, between the first and the last 
assessment (first year and the 4th year) [8].

In parallel, the SARS-CoV-2 pandemic and the lockdown 
phases during the year 2020, also led to an increase in the 
levels of posttraumatic stress disorder, depression, anxiety, 
insomnia, and perceived stress in the general population [47, 
48], and particularly in the NHL patients under treatment 

[49]. It is therefore very likely that the findings of our study 
were influenced to a certain extent by the experience of par-
ticipants related to the SARS-CoV-2 pandemic.

To our knowledge, few studies on the HRQoL of NHL 
survivors have been carried out, and our study is one of the 
few studies performed in DLBCL patients. Another strong 
point of our study is that we looked at several aspects related 
to the QoL of DLBCL survivors, by administering five psy-
chometric scales. Also, our study is one of the few studies 
that investigated the QoL of DLBCL patients in a gender-
differentiated manner, depending on the presence of comor-
bidities and the number of treatment cycles received, and 
presenting mean scores adjusted for several factors (demo-
graphic, health-, and treatment-related).

However, our study has some limitations. First, this study 
has a cross-sectional design which does not allow a causal 
link to be established. We measured the QoL at a single 
point in time, on average 13 months after diagnosis of lym-
phoma, and we do not have the data, neither at the time of 
diagnosis (before the treatments) nor afterwards, at several 
points in time. Second, we have a relatively small number 
of patients who responded to all of the proposed psychomet-
ric scales, a fact that did not allow us to perform stratified 
analyses according to the Ann Arbor stages and the catego-
ries of treatments received. Third, it is possible that there 
was a certain selection bias. Patients suffering from severe 
anxiety, depression, fatigue, and who felt much diminished 
may not have answered the questionnaires. Fourth, we do 
not have normative data on the quality of life in the gen-
eral French population (COVID-19 period and not) in order 
to make comparisons, excepting for EORTC QLQ-C30. In 
addition, the QoL, especially at the emotional level can be 
influenced by the difficult situation to live for some people 
who responded to the QL questionnaire during the pandemic 
COVID-19 and lockdown. During our study which spanned 
over a year, the very rapid evolution of the health situation 
did not allow the creation and administration of an additional 
focused COVID-19 questionnaire that could have clarified 
some of these aspects. Given the very low number of partici-
pants especially in the ‘non-COVID period’ category, strati-
fied multivariate analyses could not be performed. However, 
to overcome this drawback, all multivariate models have also 
been adjusted for the COVID period (or not).

In conclusion, our study shows that differences in the 
HRQoL between female and male survivors exist 1 year 
after diagnosis of their lymphoma and that women are more 
prone to posttraumatic growth and lower physical function-
ing than men. In both sexes, other factors independent of 
lymphoma, such as the presence of comorbidities, or related 
to the disease, such as the higher number of treatment cycles 
followed, can affect quality of life physically, mentally, or 
emotionally. At the mental and emotional level, patterns of 
change in depression, anxiety, and posttraumatic growth over 
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time after diagnosis and treatment in DLBCL survivors need 
to be further investigated, preferably in longitudinal stud-
ies, with repeated measurements over time, to track HRQoL 
developments. A reduction in the number of chemotherapy 
cycles (i.e. < 7) could lead to an improvement in HRQoL 
scores. Studies are also needed to ensure appropriate psycho-
social and supportive care interventions in individuals with 
different haematological cancers and particularly in DLBCL 
patients where studies are still few.
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