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Abstract

With the increasing prevalence of comorbidity in an ageing population, it is crucial to better understand the impact of
comorbidity on health-related quality of life (HRQoL) after lymphoma or multiple myeloma (MM) diagnosis. We included
261 newly diagnosed patients (67% response rate) diagnosed with lymphoma or MM between October 2020 and March
2023 in a longitudinal survey. The European Organisation for Research and Treatment of Cancer (EORTC) question-
naires were used to measure generic and disease-specific HRQoL. Evidence-based guidelines for interpretation of the
EORTC questionnaires were used to identify clinical importance. Patients were classified as having ‘no comorbidity’,
‘mild comorbidity’ (e.g. arthrosis or rheumatism), or ‘moderate-severe comorbidity’ (e.g. heart or lung disease), using the
adapted self-administered comorbidity questionnaire. At diagnosis, the mean age was 64 years, 63% were male and 38%
reported no comorbidity, 33% mild comorbidity, and 29% moderate-severe comorbidity. Patients with mild or moderate-
severe comorbidity reported clinically relevant worse HRQoL at diagnosis than patients without comorbidity. One year
post-diagnosis most outcomes showed clinically relevant improvement, irrespective of comorbidity. However, outcomes of
physical functioning (f=-7.9, p <0.05), global health status (f=-7.6, p <0.05), bone pain (B=28.1 to 9.1, p <0.05), muscle/
joint pain (B=14.5 to 18.8, p<0.01) and muscle weakness (B=10.4 to 15.6, p <0.05) improved less among those with
comorbidity, and clinically relevant differences between comorbidity groups persisted over time. With clinically relevant
worse HRQoL at diagnosis and less recovery of HRQoL during the first year after diagnosis in patients with comorbidity,
consideration of both prognosis and HRQoL is important when making treatment decisions.
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Introduction

Patients with lymphoma or multiple myeloma (MM) have
a median age of 69 years at diagnosis [1, 2]. The incidence
of these malignancies increases with age, except for Hodg-
kin’s lymphoma, and most patients suffer from one or more
comorbidities [1]. These comorbidities are mostly mild
such as hypertension or arthrosis, but 10-15% have a severe
comorbidity (e.g. heart disease) at diagnosis [3—5]. With a
higher prevalence of (multiple) comorbidities in an ageing

Extended author information available on the last page of the article

Comorbidity

population [6], a better understanding of the impact of
comorbidity on patients with lymphoma or MM is needed.
Research shows that from 6 to 12 months after diagnosis,
cancer survivors with comorbidity experience higher (per-
sistent) symptom burden and worse functioning than those
without comorbidity [7—10]. Comorbidity is an important
factor in the treatment decisions made in daily clinical prac-
tice [11, 12]. Patients with (more) severe comorbidity are
more likely to receive less toxic treatment, and are often
excluded from stem cell transplantation (SCT) or clinical
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trials [13—17]. Over time, treatment decisions will increas-
ingly prioritize preserving health-related quality of life
(HRQoL) in these patients [17, 18].

Knowledge of HRQoL during the diagnostic phase of
newly diagnosed patients with lymphoma or MM, treated
in daily clinical practice, is limited. Most HRQoL studies
during the first year after diagnosis of lymphoma or MM
have been conducted in clinical trial settings, with a selec-
tion of specific treatment regimens and often excluding
patients with severe comorbidity [5, 15, 19-22], or they
have not started earlier than six months after diagnosis
[23, 24]. Therefore, a better understanding of the impact
of comorbidity is needed. This will help to improve treat-
ment decisions, early symptom management, and develop
interventions to improve (long-term) HRQoL outcomes in
patients with comorbidity [15, 25, 26].

The aims of this study were to investigate if (1) there
are clinically relevant differences in HRQoL at diagnosis
and during the first year after diagnosis among patients with
lymphoma or MM with no, mild or moderate-severe comor-
bidity in a real-world setting, (2) the HRQoL of patients with
comorbidity deteriorates more over time than those without,
(3) whether higher toxicity treatment or SCT would increase
deterioration of HRQoL, and (4) patients return to similar
HRQoL levels as an age- and sex-matched normative popu-
lation 12 months after diagnosis. We hypothesized that (1)
patients with more severe comorbidity would report worse
HRQoL, (2) that comorbidity would have a negative impact
on HRQoL over time, with either accelerated deterioration
and/or less recovery up to 12 months after diagnosis, and
(3) that high toxicity treatment is associated with worse
HRQoL, irrespective of comorbidity.

Methods
Setting and population

Data collection was done within PROFILES (Patient
Reported Outcomes Following Initial treatment and Long
term Evaluation of Survivorship), a registry for the study
of the physical and psychosocial impact of cancer and its
treatment [27]. PROFILES is linked directly to clinical data
from the population-based Netherlands Cancer Registry
(NCR).

Patients diagnosed with lymphoma or MM between Octo-
ber 2020 and March 2023, as defined by the International
Classification of Diseases for Oncology-3 codes (ICD-0O-3)
[28], and aged 18 years and older at the time of diagno-
sis, were invited to participate in a longitudinal survey. At
the time of diagnosis, their treating hematologist or nurse
practitioner gave them the patient information sheet and
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asked if they agreed to be contacted by a researcher. After
receiving consent, the hematologist/nurse practitioner gave
the research team the patients’ name and telephone number.
Within 2—4 days after notification the patient was contacted
by the research team to discuss the study content and their
willingness to participate. If patients wanted to participate,
they could choose to receive a paper or online question-
naire, after giving informed consent. Patients completed
questionnaires between diagnosis and the start of treatment,
and at three, six and twelve months after diagnosis. Patients
with severe cognitive impairment (e.g. dementia), or who
were transitioning to end-of-life care were excluded. To
compare participating patients with the total population of
newly diagnosed patients in participating hospitals, clinical
information on group-level was obtained from the NCR.
Patients were categorized into three groups: (1) indolent
lymphoma (low grade Non-Hodgkin Lymphoma (LG-NHL)
or Chronic Lymphocytic Leukemia/Small Lymphocytic
Lymphoma (CLL/SLL)), (2) aggressive lymphoma (Hodg-
kin Lymphoma (HL) or high grade Non-Hodgkin lymphoma
(HG-NHL)), and (3) Multiple Myeloma (MM). Ethical
approval for the study was obtained from a certified Medical
Ethics Committee (of the Maxima Medical Centre in Veld-
hoven, the Netherlands; NL20.011 and NL78561.015.21).

Study measures

Comorbidity was measured using the adapted Self-adminis-
tered Comorbidity Questionnaire (SCQ) [29]. Patients were
categorized into groups according to whether they reported
‘no comorbidity’, ‘mild comorbidity’, or ‘moderate-severe
comorbidity’, at time of the first questionnaire. Similar to
categorization of comorbidity in the Charlson Comorbidity
Index (CCI), patients were classified as having moderate-
severe comorbidity if they reported heart disease, stroke,
diabetes, kidney disease, liver disease, chronic pulmonary
disease, or a previous solid malignancy [11]. Patients who
reported hypertension, anemia or other blood disorders,
arthrosis, rheumatism, thyroid disease, ulcer, depression or
COVID-19 were classified as having mild comorbidity.
The Dutch validated versions of the European Organ-
isation for Research and Treatment of Cancer (EORTC)
questionnaires were used to measure HRQoL. The EORTC
Quality of Life Questionnaire Core 30 (QLQ-C30) was
used to measure 15 scales of generic HRQoL, among all
patients in this cohort. Disease-specific items were obtained
from the EORTC disease-specific questionnaires (EORTC
Hodgkin Lymphoma 27 (HL27), Non-Hodgkin Lymphoma
High-Grade 29 (NHL-HG29), Non-Hodgkin Lymphoma
Low-Grade 20 (NHL-LG20), Chronic Lymphocytic Leu-
kemia 17 (CLL17), and Multiple Myeloma 20 (MY20))
[30-32]. Disease-specific items were selected based on
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their corresponding content in the different questionnaires
per subtype. Nine disease-specific items were selected for
patients with indolent or aggressive lymphoma, and eleven
disease-specific items for patients with MM. Answer cat-
egories of the EORTC questionnaires range from one (not
at all) to four (very much). After linear transformation, all
scales and single-item measures range in score from 0 to
100. A higher score on a functioning scale indicates better
functioning, whereas a higher score for symptoms indicates
higher symptom burden [30]. Evidence-based guidelines
for interpretation of the EORTC QLQ-C30 were used to
identify clinically relevant differences between groups of
comorbidity [33], and clinically relevant changes over time
[34] for generic symptoms and functioning. For disease-
specific symptoms, the recommendations of Osoba et al.
were used to identify clinically relevant differences between
groups of comorbidity and clinically relevant changes over
time [35, 36].

Clinical information about hematologic subtype, stage of
disease, time since diagnosis, initial treatment regimen, and
number of treatment cycles was obtained from the NCR. The
initial treatment was categorized as ‘no systemic therapy’
(no treatment/active surveillance/radiotherapy), ‘systemic
therapy’, or ‘systemic therapy+SCT’. An overview of the
treatment regimens according to hematologic malignancy
group and comorbidity is provided in Online Resource 1.

Patients’ age, sex, marital status and educational level
were also assessed in the questionnaire.

Comparison with a normative population without
cancer

A normative population was selected from a reference
cohort of 2040 individuals from the general Dutch popu-
lation (CentER panel) to compare outcomes one year after
diagnosis between patients and people without cancer [37].
This cohort is considered representative for the Dutch-
speaking population in the Netherlands. Norm participants
were matched based on the frequency distribution by stra-
tum (defined by age categories and sex) per hematologic
malignancy group. The normative population received a
questionnaire in 2017, including the EORTC QLQ-C30,
neuropathy and sociodemographic data. Other than neurop-
athy, no disease-specific items were available in the norma-
tive population.

Statistical analyses

Statistical analyses were carried out using IBM SPSS Sta-
tistics for Windows, version 29 (IBM Corp., Armonk, N.Y.,
USA). P values of <0.05 were considered statistically sig-
nificant. Sociodemographic and clinical differences between

questionnaire participants and the total population of newly
diagnosed patients were analyzed with a chi-square or
t-test, where appropriate. To identify potential confounding
between comorbidity and age, the Spearmann rank correla-
tion test was used.

Mixed models were performed to analyze the course of
HRQoL during the first year after diagnosis. Main effects of
the a priori determined clinical characteristics (comorbid-
ity and initial treatment category, and for aggressive lym-
phoma also the hematologic malignancy HL vs. HG-NHL)
and sociodemographic characteristics (age, sex, educational
level, having a partner) were included in the models. To
avoid overfitting, likelihood ratio tests were used to assess
and determine the inclusion of main effects for the num-
ber of treatment cycles. The final model was obtained based
on significant likelihood ratio tests and improved model fit
based on a smaller Akaike Information Criterion (AIC) and
Bayesian Information Criterion (BIC) value.

Analyses were carried out per hematologic malignancy
subgroup (1) indolent lymphoma, (2) aggressive lymphoma
and (3) multiple myeloma.

Results
Characteristics of the study population

Of the 389 patients referred by their treating hematologist/
nurse practitioner, 82% (N=319 patients) were willing to
participate, 70% (N=271 patients) completed at least one
questionnaire, and clinical data were available for 67%
(N=261 patients). Questionnaire data for the 24 (lym-
phoma) and 26 (MM) HRQoL outcomes were complete for
96-100%. Patients completed on average three measure-
ments. Response rates at T1, T2 and T3 were 63%, 57%
and 38% respectively. 2% (N=7) of patients were lost to
follow-up due to death. A flow-chart of the data-collection
is shown in Fig. 1.

At inclusion, mean age was 64 years, 63% were male.
38% of patients reported no comorbidity (LG-NHL 32%, HL
67%, HG-NHL 42% and MM 26%), 33% mild comorbidity
(LG-NHL 41%, HL 21%, HG-NHL 27% and MM 38%),
and 29% reported moderate-severe comorbidity (LG-NHL
27%, HL 13%, HG-NHL 31% and MM 35%) at inclusion.
Most commonly reported comorbidities were hypertension
(27%), anemia or other blood diseases (20%) and arthro-
sis (20%). The most commonly reported moderate-severe
comorbidities were heart disease (12%), chronic pulmonary
disease (10%) and diabetes (10%). Age and comorbidity
had a weak correlation (0.03, p <0.001), meaning there was
no confounding.
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4496 patients diagnosed with lymphoma or
multiple myeloma between 1/10/2020 and 1/3/2023
in 18 Dutch hospitals 5 patients were excluded based on age younger
than 18 years at diagnosis

v

4102 patients were not referred to PROFILES by

— : - the (nurse) specialist to discuss participation in the
389 eligible patients (i.e. older than 18 years at study

diagnosis) received an information package from
the (nurse) specialist and were referred to
PROFILES to discuss participation in the study

A 4

70 patients did not want to participate
(18%)

v

A 4

319 patients were willing to participate and
received an online or paper questionnaire
(82%)

48 patients did not complete the questionnaire
v (12%)

TO: 271 patients returned a completed
questionnaire at diagnosis (70% response rate)

v

28 patients dropped out after the first questionnaire
v (7%, 1 patient due to death (0.3%)

v

T1: 243 patients returned a completed
questionnaire at 3 months after diagnosis (63%)

20 patients dropped out after the second
questionnaire (5%), 3 patients due to death (0.8%)

v

\ 4

T2: 223 patients returned a completed
questionnaire at 6 months after diagnosis (57%)

74 patients dropped out after the third
questionnaire (19%), 3 patients due to death (0.8%)

v

T3: 149 patients returned a completed
questionnaire at 12 months after diagnosis
(38%)

'

10 patients did not have complete clinical
information available and were excluded (3%)

Y

261 patients had complete clinical and
questionnaire data at TO and were included for
longitudinal mixed model analyses (67%)

Fig. 1 Flow-chart of the data-collection
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Characteristics of all participants, per subgroup, are pre-
sented in Table 1.

Questionnaire participants compared with the total
population of newly diagnosed patients

Participating patients were more likely to have an aggres-
sive subtype (LG-NHL 30% vs. 39%, HL 9% vs. 6%,
HG-NHL 39% vs. 34%; p=0.01), and were more likely to
receive active treatment (chemo/immunotherapy 45% vs.

30%, chemo/immunotherapy +radiotherapy 12% vs. 4%,
SCT 9% vs. 5%; p<0.01) compared to the total population
of newly diagnosed patients in the participating hospitals. In
addition, participants were significantly younger (63 vs. 68
years; p<0.01). No significant differences were observed
for sex and stage of disease (data not shown).

Table 1 Characteristics of the Characteristic Total cohort LGNHL  HL HGNHL MM
study population at diagnosis N=261 N=75 N=124 N=107 N=55
N (%) N (%) N (%) N (%) N (%)
Sex
Male 165(63.2)  43(57.3)  15(62.5)  74(69.2) 33 (60.0)
Female 96 (36.8) 32(427)  9(37.5) 33(30.8) 22 (40.0)
Age Mean (SD) 64.0 (14.1) 67.6 (9.7) 41.3(19.4) 65.5(12.8) 66.1(9.6)
range 19-86 37-84 19-75 28-86 43-85
Self-reported comorbidity
No 99 (37.9) 24(32.0)  16(66.7)  45(42.1)  14(25.5)
Mild 86 (33.0) 31(413)  5(20.8) 2927.1)  21(38.2)
Moderate-Severe 75 (28.7) 20 (26.7) 3(12.5) 33 (30.8) 19 (34.5)
missing data 1(0.4) 0(0.0) 0(0.0) 0(0.0) 1(1.8)
Most frequent comorbidity
High blood pressure 71(27.2) 22(29.3) 3(12.5) 27 (25.2) 19 (34.5)
Anemia 52 (19.9) 21(28.0) 1(4.2) 10 (9.3) 20 (36.4)
Arthrosis 51(19.5) 19(253)  2(83) 20(18.7)  10(18.2)
Heart diseases 31(11.9) 7(9.3) 1(42) 17 (15.9) 6(10.9)
Diabetes 25(9.6) 9 (12.0) 1(4.2) 11 (10.3) 4(7.3)
Stage of disease®
I 28 (10.7) 6 (8.0) 0 (0.0) 22 (20.6)
il 35 (13.4) 4(5.3) 12(50.0)  19(17.8)
11 33 (12.6) 13(17.3)  7(29.2) 13 (12.1)
v 90 (34.5) 34 (45.3) 5(20.8) 51 (47.7)
Unknown 2(0.8) 1(1.3) 0(0.0) 1(0.9)
Missing data 73 (28.0) 17(22.7)  0(0.0) 1(0.9) 55 (100.0)
Initial treatment category®
No systemic treatment 53 (20.3) 37(49.3) 1(4.2) 6 (5.6) 9(16.4)
Note® = Ann Arbor stage, not Systemic therapy 175 (67.0) 38 (50.7) 23(95.8) 93 (86.9) 21(38.2)
available for patients with MM, Systemic therapy + SCT 33 (12.6) 0(0.0) 0(0.0) 8(7.5) 25 (45.5)
b= treatment category ‘no No. of chemo- immunotherapy
systemic treatment” contains: n0  cycles initial treatment: Mean
treatment, active surveillance, (SD)
f}}l‘irurgica‘ treat?‘fmd"r rifﬁ"'l 1-4 cycles 95 (36.4) 6 (8.0) 19(792) 40 (37.4) 30 (54.5)
1e$£?2§tggﬁz)e s ‘fovuvcgl ;‘;na 5.6 cycles 77 (29.5) 18(24.0)  4(16.7) 53(49.5)  2(3.6)
primary school), medium (lower > 6 cycles 24(9.2) 12(16.0)  0(0.0) 4(3.7) 8 (14.5)
general secondary/vocational), Maintenance treatment 4 (1.5) 0(0.0) 0(0.0) 0(0.0) 4(7.3)
or high (pre-university/high Missing data 8(0.0) 2(2.5) 0(0.0) 4(3.7) 2(3.4)
vocational/university) Educational level®
Abbreviations LG NHL=Low Low 9(3.4) 4(5.3) 0(0.0) 5(4.7) 0(0.0)
Grade Non-Hodgkin Lymphoma,  Medijum 152 (58.2) 46 (61.3) 14 (58.3) 63 (58.9) 29 (52.7)
Elﬁ 3 ﬁ;’{diglli‘gfayd‘:ﬁl;ﬁg; I;G High 99 (37.9) 25(333) 9(37.5) 39(36.4) 26 (47.3)
i Ly‘mpfoma, MM 2 Ml pgle missing data 1(0.4) 0(0.0) 1 (4.2) 0(0.0) 0(0.0)
Myeloma Partner (yes) 216 (82.8) 67 (89.3) 14 (58.3) 88 (82.2) 47 (85.5)
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HRQoL during the first year after diagnosis
Indolent lymphoma

At baseline, among patients with indolent lymphoma, both
those with mild and moderate-severe comorbidity reported
clinically relevant worse scores on 6 of the 15 QLQ-C30
scales, and 4 of the 9 disease-specific items, compared to
those without comorbidity (Table 2 and Online Resource
2). The differences were the largest for physical function-
ing, global health status/quality of life (QoL), bone pain,
muscle/joint pain and muscle weakness (Figs. 2, 3 and 4).
Patients with moderate-severe comorbidity also reported
clinically relevant better scores on 4 of the 15 QLQ-C30
scales, and 1 of the 9 disease-specific items, compared to
patients without comorbidity.

Over time, most of the HRQoL outcomes showed small
to medium clinically relevant improvements, irrespective
of comorbidity. However, symptoms of diarrhea, neuropa-
thy and financial problems worsened over time in patients
with no or mild comorbidity. Compared to patients without
comorbidity more deterioration was observed in the course
of symptoms for bone pain, muscle/joint pain and muscle
weakness in patients with mild and or moderate-severe
comorbidity (Online Resource 2).

With respect to treatment, patients who received systemic
therapy reported statistically significantly more neuropathy
symptoms over time than patients without systemic ther-
apy (Bp=-21.5, p<0.05). Furthermore, irrespective of their
comorbidity, patients who received 5-6 cycles reported
worse cognitive functioning during the first year compared
to patients who received 1-4 cycles of systemic therapy
(B=-21.0, p=0.01).

Compared to the age- and sex-matched normative popu-
lation one year after diagnosis, patients with mild or mod-
erate-severe comorbidity reported clinically relevant worse
scores on 10 of the 15 QLQ-C30 scales and for neuropathy.
Better levels of HRQoL than the normative population were
observed on 2 of the 15 QLQ-C30 scales (Online Resource
3).

Aggressive lymphoma

At baseline, among patients with aggressive lymphoma,
those with moderate-severe comorbidity reported clini-
cally relevant worse scores on 11 of the 15 QLQ-C30
scales, and 7 of the 9 disease-specific items, compared to
patients without comorbidity. The largest differences were
reported for physical and role functioning, and symptoms of
fatigue, pain, and feeling sick (Table 2 and Online Resource
2). Patients with mild comorbidity however, reported bet-
ter scores on 6 of the 15 QLQ-C30 scales, and 2 of the 9
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disease-specific items at diagnosis, compared to patients
without comorbidity.

Over time, similar to patients with indolent lymphoma,
almost all HRQoL outcomes showed clinically relevant
improvement one year after diagnosis, irrespective of
comorbidity. However, clinically relevant differences per-
sisted between patients with moderate-severe comorbidity
and those without, with worse HRQoL in patients with mod-
erate-severe comorbidity. Moreover, patients with moder-
ate-severe comorbidity, had worse HRQoL on 4 of the 15
QLQ-C30 scales, and 5 of the 9 disease-specific items, com-
pared to those without comorbidity (Figs. 2, 3 and 4; Table 2
and Online Resource 2).

With respect to treatment, patients who received 5-6
cycles of systemic therapy, compared to 1-4 cycles,
reported significantly lower physical functioning (B=-
8.6, p=0.01), more fatigue (B=28.8, p<0.05), insomnia
(B=10.8, p<0.05), neuropathy (B=7.3, p<0.05), lack of
energy (B=9.1, p<0.05) and sudden tiredness (B=12.3,
p<0.05) during the first year.

Compared to the age- and sex-matched normative popu-
lation one year after diagnosis, patients with mild or mod-
erate-severe comorbidity reported clinically relevant worse
scores on 11 of the 15 QLQ-C30 scales and neuropathy. Bet-
ter levels of HRQoL than the normative population were
observed on 1 of the 15 QLQ-C30 scales.

Multiple myeloma

At baseline, patients with MM with mild or moderate-
severe comorbidity reported clinically relevant worse scores
on 9 of the 15 QLQ-C30 scales, and 7 of the 11 disease-
specific items, compared to those without comorbidity. The
largest differences were observed for fatigue, pain, appe-
tite loss, bone pain, hip pain and drowsiness (Table 2 and
Online Resource 2). In contrast, patients with moderate-
severe comorbidity also reported better scores on 1 of the
15 QLQ-C30 scales, and 3 of the 11 disease-specific items
at diagnosis.

Over time, irrespective of comorbidity, most outcomes
had a medium clinically relevant improvement. Symptoms
of neuropathy did not improve but became clinically rele-
vant worse (Figs. 2, 3 and 4). Patients with moderate-severe
comorbidity reported more deterioration of drowsiness and
future perspective. Other HRQoL outcomes did not recover
less in patients with comorbidity than in those without
comorbidity.

With respect to treatment, almost half of MM patients
received ‘systemic therapy +SCT’ (45.5%), and these were
relatively more likely to be patients without comorbidity
(no 71%, mild 33% and moderate-severe 37%). To better
understand the HRQoL outcomes for comorbidity and the
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Table 2 Mean scores of generic functioning and symptoms of the EORTC QLQ-C30 during the first year after diagnosis and statistically signifi-
cant and/or clinically relevant differences, per comorbidity group and hematologic malignancy group

EORTC QLQ-C30 Baseline score  Clinically Time since diagnosis Clinically Statistically
Outcome scale  Comorbidity level ~ at diagnosis relevant 3months 6 months 12 months relevant significant dif-
Mean (SD) differentat  Mean (SD) Mean (SD) Mean (SD) change over ferent course
diagnosis® time® over time®
Indolent lymphoma
Physical No 94.8 (10) Reference 79.7 (23) 88.3 (15) 89.7 (16) Small (-) Reference
functioning Mild 86.9 (16) Yes 83.2(16) 86.7(16)  82.5(15) No
Moderate-severe 82.3 (15) Yes 84.1(14) 792(24) 91.9(11) Medium (+) No
Role functioning No 80.3 (30) Reference  65.0 (33) 83.3(19) 93.6(13) Medium (+) Reference
Mild 80.7 (29) No 74.1(34) 84.5(21) 83.3(20) No
Moderate-severe 75.0 (31) No 80.6 (21) 71.9 (33) 81.5(31) Small (+) No
Emotional No 84.4 (15) Reference 82.1 (16) 83.8 (16) 94.2 (12) Medium (+) Reference
functioning Mild 79.6 (17) No 86.6(16) 87.6(11)  88.6(12) Medium(+) No
Moderate-severe 82.1(18) No 81.5(17) 85.8 (14) 88.9 (17) Small (+) No
Cognitive No 87.0 (21) Reference 87.5 (19) 85.8(18)  91.0(19) Small (+) Reference
functioning Mild 86.6 (17) No 86.8 (15)  85.1(18) 87.7(13) No
Moderate-severe 90.8 (21) Yes 86.1 (19) 81.3(26)  92.6(17) No
Social No 79.0 (28) Reference  75.8 (27) 88.3(13) 949(14) Medium (+) Reference
functioning Mild 85.0 (23) Yes 81.0(26) 88.1(14) 88.6(17) Small(+) No
Moderate-severe 82.5 (25) No 852 (21) 77.1(21) 88.9 (24) Small (+) No
Global health No 77.5(19) Reference  72.5 (26) 80.8(20) 94.2(9) Medium (+) Reference
status/QoL Mild 76.3 (18) No 75.0(19)  76.5(18)  78.1(20) No
Moderate-severe 72.9 (15) Yes 71.8(14)  75.5(17) 85.2(11) Medium (+) No
Fatigue No 26.6 (24) Reference  41.1 (30)  28.3(22) 12.0(16)  Medium (+) Reference
Mild 27.2(22) No 28.5(28) 23.6(21) 22.8(20)  Small (+) No
Moderate-severe 28.1 (21) No 34.0(28) 31.3(26) 173 (26)  Medium (+) No
Nausea/ No 2.9 (6) Reference 10.8 (16)  6.7(14) 0.0 (0) Reference
Vomiting Mild 43 (12) no 5.8 (14) 7.1 (15) 7.9 (13) No
Moderate-severe 7.5 (16) Yes 8.3 (13) 1.0 (4) 0.0 (0) Small (+) No
Pain No 8.0(12) Reference 9.2 (17) 10.8 (19)  5.1(18) Reference
Mild 15.1(21) Yes 17.8(20) 10.1(18)  13.2(20) No
Moderate-severe 13.3(25) No 14.8 (23) 16.7 (30) 9.3(22) No
Dyspnea No 10.1 (23) Reference 21.7 (35) 11.7 (20) 5.1(18) Small(+) Reference
Mild 12.9 (19) No 10.3(20) 143 (21) 15.8(26)  Small(+) No
Moderate-severe 21.7 (27) Yes 18.5 (23) 16.7(27) 0.0 (0) Medium (+) No
Insomnia No 23.2 (21) Reference  25.0(28) 23.3(24) 7.7(15) Medium (+) Reference
Mild 24.7 (31) No 23.0(27) 214(26) 21.0(20) No
Moderate-severe 13.3 (20) Yes 31.5(35) 14.6 (21) 14.8 (24) No
Appetite loss No 14.5 (26) Reference  21.7 (33) 8.3 (21) 2609 Small (+) Reference
Mild 7.5(14) Yes 8.1(17) 4.8 (12) 7.0 (18) No
Moderate-severe 8.3 (18) Yes 7.4 (14) 8.3 (15) 7.4 (15) No
Constipation No 10.1 (21) Reference 15.0 (25) 16.7(32)  0.0(0) Medium (+) Reference
Mild 9.7 (15) No 18.4(28) 10.7(18) 8.8(15) No
Moderate-severe 13.3 (20) No 16.7 (26) 10.4 (20) 0.0 (0) Medium (+) No
Diarrhea No 1.5(7) Reference 6.7 (17) 10.0(19) 2.6(9) Reference
Mild 7.5(17) Yes 8.1(19) 7.1(17) 14.0 (23)  Small (-) No
Moderate-severe 10.0 (16) Yes 5.6 (13) 2.1(8) 11.1 (17) No
Financial No 1.5(7) Reference 1.7.(7) 3.3(10) 2.6 (9) Reference
difficulties Mild 1.1 (6) No 23(9) 1.2 (6) 3.5 (1) Small (-) No
Moderate-severe 3.3(10) No 1.9 (8) 8.3 (19) 3.7(11) No
Aggressive lymphoma
Physical No 89.1 (16) Reference  76.7(20)  84.7(17) 91.7(11)  Small (+) Reference
functioning Mild 86.0 (18) No 75.4(20)  76.0(18)  83.5(19) No
Moderate-severe 75.4 (26) Yes 67.8 (26) 70.8 (29) 73.0 (28) p<0.05
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Table 2 (continued)

EORTC QLQ-C30 Baseline score Clinically Time since diagnosis Clinically Statistically
Outcome scale  Comorbidity level at diagnosis relevant 3months 6 months 12 months relevant significant dif-
Mean (SD) differentat  Mean (SD) Mean (SD) Mean (SD) change over ferent course
diagnosis® time* over time®
Role functioning No 65.1 (32) Reference 52.9 (30)  70.1(30) 80.3(23)  Medium (+) Reference
Mild 69.8 (28) No 65.6(25) 66.2(32) 77.5(33)  Small(+) No
Moderate-severe 552 (35) Yes 554 (35) 63.5(33) 65.0(35) Small (+) No
Emotional No 71.8 (21) Reference  72.9(26)  80.0(21) 854 (17) Medium (+) Reference
functioning Mild 78.1 (19) Yes 79.4(19)  82.0(16)  83.3(21) No
Moderate-severe 72.4 (21) No 81.1(20) 80.1 (25) 79.6 (24) Small (+) No
Cognitive No 80.7 (23) Reference  72.1(24)  79.5(20) 83.8 (21) Small (+) Reference
functioning Mild 86.5(17) Yes 76.0(23) 77.6(22) 79.0(27) Medium(-) No
Moderate-severe 80.5 (27) No 80.4 (21) 80.8 (27) 80.0 (27) No
Social No 75.7 (23) Reference  64.4 (27)  76.4 (23) 87.4(16)  Medium (+) Reference
functioning Mild 77.1 (26) No 703 (25) 68.8(23) 83.3(22) Small(+) No
Moderate-severe 70.0 (30) Yes 64.7(34) 73.7(30) 76.7(31) Small (+) No
Global health No 68.1 (20) Reference 63.1 (20) 72.1 (17) 78.3 (13) Medium (+) Reference
status/QoL Mild 70.1 (15) No 66.9 (14) 724 (16) 76.5(21)  Small (+) No
Moderate-severe 58.6 (19) Yes 62.5(19) 699(21) 74.6(20) Medium(+) p<0.05
Fatigue No 37.5(28) Reference  48.7(26) 29.9(24) 259(23) Medium (+) Reference
Mild 31.3(22) Yes 39.2(25) 344(23) 27.1(21) Small (+) No
Moderate-severe 44.4 (30) Yes 52.5(31) 43.8 (31) 32.2(27) Medium (+) p<0.05
Nausea/ No 7.7 (13) Reference 11.2 (19) 6.3 (16) 1.5(5) Small (+) Reference
Vomiting Mild 3.1(8) Yes 6.8 (16) 4.2 (8) 2.2(6) No
Moderate-severe 11.9 (23) Yes 12.3 (24) 1.9 (5) 6.7 (17) Small (+) No
Pain No 15.6 (21) Reference 17.3(26)  9.7(17) 5.1(11) Medium (+) Reference
Mild 15.1 (21) No 12.5(20) 8.9 (16) 8.0 (22) Small (+) No
Moderate-severe 24.8 (28) Yes 18.6 (27) 13.5(23) 22.5(29) p<0.05
Dyspnea No 18.0 (26) Reference  27.6 (29) 17.0 (24) 14.1 (20)  Small (+) Reference
Mild 10.4 (18) Yes 19.8(29) 18.8(28) 14.5(26) No
Moderate-severe 28.6 (29) Yes 353(32) 21.8(30) 18.3(20) Medium (+) No
Insomnia No 32.3(32) Reference 30.8 (27) 22.9 (30) 19.2 (29) Medium (+) Reference
Mild 31.3(29) No 21.9(26) 22.6(23) 13.0(26) Medium(+) No
Moderate-severe 30.5 (28) No 23.5(32) 244(32) 283(33) No
Appetite loss No 15.1 (28) Reference 19.2(33) 9.0(18) 3.0(13) Small (+) Reference
Mild 13.5(25) No 14.6(25) 146(27) 441 Small (+) No
Moderate-severe 23.8(32) Yes 24.5 (35) 15.4 (22) 13.3 (25) Small (+) No
Constipation No 15.9 (25) Reference 21.8 (25) 10.4 (21) 8.1 (20) Small (+) Reference
Mild 18.8 (28) No 26.0(36) 13.5(25 73(17) Medium (+) No
Moderate-severe 26.7 (29) Yes 19.6 (26) 15.4 (25) 16.7(25)  Small (+) No
Diarrhea No 5.8 (14) Reference 12.8 (23) 7.6(17) 5.1(19) Reference
Mild 8.3(19) No 8.3(19) 6.3 (16) 1.5(7) Small (+) No
Moderate-severe 8.6 (15) No 12.8 (22) 11.5 (23) 5.0(12) Small (+) No
Financial No 5.8(15) Reference 5.8(17) 5.6 (17) 3.0 (10) Reference
difficulties Mild 0.0 (0) Yes 2.1(8) 2.1(8) 2.9 (10) Small (-) No
Moderate-severe 9.5(22) Yes 13.7 (26) 10.3(23) 0.0(0) Small (+) No
Multiple Myeloma
Physical No 64.1 (24) Reference  71.1(12) 73.3(14) 70.5(17) Small (+) Reference
functioning Mild 66.7 (26) No 63.0(17)  66.7(14)  67.1(16) No
Moderate-severe 72.3 (27) Yes 58.2(29) 67.8(29) 83.9(11)  Medium (+) No
Role functioning No 38.5(34) Reference  45.8(26)  30.3(25) 643(37) Medium (+) Reference
Mild 40.0 (33) No 46.5(26) 48.0(26) 55.6(29) Medium (+) No
Moderate-severe 45.4 (35) Yes 54.4 (37) 51.4(40) 77.8(27) Medium (+) No
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Table 2 (continued)
EORTC QLQ-C30 Baseline score Clinically Time since diagnosis Clinically Statistically
Outcome scale  Comorbidity level at diagnosis relevant 3months 6 months 12 months relevant significant dif-
Mean (SD) differentat  Mean (SD) Mean (SD) Mean (SD) change over ferent course
diagnosis® time* over time®
Emotional No 72.4(19) Reference  77.8 (19) 87.9(16) 96.4(7) Medium (+) Reference
functioning Mild 75.4 (17) No 77.9(18) 85.8(12)  79.4(22) No
Moderate-severe 68.3 (23) No 68.9(223) 795(22) 91.7(17) Medium (+) No
Cognitive No 87.2 (14) Reference  77.8 (21) 742 (22) 69.1(33) Medium(-) Reference
functioning Mild 82.5(18) Yes 80.7(21)  79.4(20) 822(17) No
Moderate-severe 81.6 (22) Yes 72.2(25) 74.4(25) 77.8(20) Small (-) No
Social No 62.8 (28) Reference 55.6 (22) 59.1 (26) 81.0 (15) Medium (+) Reference
functioning Mild 67.5 (29) No 725(26) 80.4(21) 77.8(22) Medium (+) No
Moderate-severe 66.7 (29) No 66.7(24) 654(31) 86.1(16) Medium(+) No
Global health No 52.6 (22) Reference 56.9(20) 49.2(15) 77.4(10) Medium (+) Reference
status/QoL Mild 55.8 (20) No 54.6(12) 60.8(18) 66.1(23) Medium(+) No
Moderate-severe 55.3 (24) No 52.2(28) 57.1 (27) 80.0 (15) Medium (+) No
Fatigue No 36.8 (22) Reference 38.0 (22) 49.5 (30) 33.3(19) Reference
Mild 43.9 (21) Yes 46.1 (24) 425(24) 333(21) Medium (+) No
Moderate-severe 42.1(28) Yes 51.1(32) 472(37) 204 (11) Medium(+) No
Nausea/ No 2.6 (6) Reference 8.3 (15) 25.8(24) 2.4(6) Reference
Vomiting Mild 9.2 (15) Yes 12521) 15.7(26) 12.2(13) No
Moderate-severe 6.1 (10) Yes 7.8 (14) 31.939) 0.0(0) Small (+) No
Pain No 43.6 (25) Reference  29.2(24) 28.8(27) 21.4(31) Large (+) Reference
Mild 56.7 (31) Yes 40.0 (27) 36.3(30) 38.9(27)  Large (+) No
Moderate-severe 50.0 (28) Yes 33.3(28) 31.9(33) 25.0(25) Large (+) No
Dyspnea No 23.1 (25) Reference  30.6 (22) 182(23)  9.5(16) Medium (+) Reference
Mild 25.0 (26) No 333(29) 235@31) 222(21) Small(+) No
Moderate-severe 22.8 (27) No 26.7 (31)  27.8(40) 11.1 (27) Medium (+) No
Insomnia No 30.8 (32) Reference 13.9(30) 39.4(20) 143 (18)  Medium (+) Reference
Mild 35.0(33) Yes 31.7(33) 392(38) 200(17) Medium(+) No
Moderate-severe 38.6 (32) Yes 48.9(42) 38.9(28) 11.1(17)  Medium (+) No
Appetite loss No 2.6 (9) Reference 22.2 (33) 36.4 (31) 4.8 (13) Small (-) Reference
Mild 30.0 (28) Yes 333(29) 31.4(6) 15.6 (17)  Medium (+) No
Moderate-severe 12.3 (20) Yes 289(33) 333(38) 5.6(14) No
Constipation No 25.6 (28) Reference  33.3(28) 9.1 (22) 9.5 (16) Medium (+) Reference
Mild 23.3(27) No 38.6(37) 13.7(21) 17.8(25)  Small (+) No
Moderate-severe 21.1 (25) No 31.1(37)  222(26) 5.6(14) Medium (+) No
Diarrhea No 2.6 (9) Reference 0.0 (0) 455@37) 9.5(16) Small (-) Reference
Mild 6.7 (14) Yes 11.1 (23) 17.7 (24) 8.9(23) No
Moderate-severe 5317 No 15.6 (28) 13.9(30) 5.6(14) No
Financial No 0.0 (0) Reference 0.0 (0) 0.0 (0) 4.8 (13) Small (-) Reference
difficulties Mild 0.0 (0) No 1.9 (8) 3.9 (16) 0.0 (0) No
Moderate-severe 7.0 (14) Yes 6.7 (14) 2.6 (9) 0.0 (0) Small(+) No

a=Clinically important differences at diagnosis and/or clinically important changes over time are based on the evidence-based guidelines of

Cocks et al. [33, 34]

b=p-value is adjusted for age, sex, partner, education, initial treatment regimen and the number of treatment cycles (and NHL-HG vs. HL for

aggressive lymphoma)

relation with SCT, we additionally stratified the corrected
means among patients with MM for SCT (Figs. 2, 3 and 4).
Patients with MM who underwent SCT, reported clinically
relevant worse role functioning, global health status/QoL,
more fatigue and pain, as well as more symptoms of bone

pain, hip pain and neuropathy, compared to patients with
MM who did not undergo SCT (data not shown).

Finally, compared to patients with lymphoma, functional
impairment and symptom burden among patients with MM
were considerably, and clinically relevant worse (Figs. 2, 3

and 4).
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Fig. 2 Corrected mean values for physical functioning, role functioning and global health status/quality of life stratified per hematologic malig-

nancy group and comorbidity

Compared to the age- and sex-matched normative popu-
lation one year after diagnosis, patients with mild or mod-
erate-severe comorbidity reported clinically relevant worse
scores on 12 of the 15 QLQ-C30 scales and neuropathy.
Similar or better HRQoL scores than the normative popula-
tion were observed on 2 of the 15 QLQ-C30 scales.

Discussion

This study found that patients with mild or moderate-severe
comorbidity had clinically relevant worse HRQoL at diag-
nosis and during the first year after diagnosis, compared to
patients without comorbidity. One year after diagnosis most
outcomes of HRQoL showed clinically relevant improve-
ment compared to baseline, irrespective of comorbidity.
However, patients with mild or moderate-severe comorbid-
ity showed less improvement in HRQoL than those without
comorbidity. Across all hematologic malignancy groups,
patients who received more systemic therapy cycles or

@ Springer

who underwent SCT reported worse HRQoL, irrespective
of comorbidity. One year after diagnosis most patients with
lymphoma or MM reported worse HRQoL than the age- and
sex-matched normative population.

These findings align with existing literature on HRQoL
differences between patients with and without comorbid-
ity from 6 to 12 months after diagnosis [7-10]. In addi-
tion, our findings show that HRQoL differences between
patients with or without comorbidity present themselves at
time of diagnosis, and persist over time. Across all hema-
tologic malignancy groups, patients with moderate-severe
comorbidity reported consistently lower physical function-
ing, worse global health status/QoL, and a higher symptom
burden (especially for fatigue and/or drowsiness) compared
to those without comorbidity. Similar problems and clini-
cally relevant improvements have been reported in newly
diagnosed patients with lymphoma or MM and comorbidity
in clinical trials [5, 19-22]. When patients with moderate-
severe comorbidity were excluded, HRQoL mean scores
were slightly higher and symptoms of fatigue and pain
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Fig. 3 Corrected mean values for fatigue and pain symptoms, stratified per hematologic malignancy group and comorbidity

showed better recovery over time than in our study [5, 21].
In clinical trials that included patients with moderate-severe
comorbidity, HRQoL means and recovery over time were
similar to our study [22]. Over time, the absolute HRQoL
difference between patients with and without comorbidity
remains consistent. Accounting for the lower HRQoL in
patients with moderate-severe comorbidity, this may sug-
gest that HRQoL outcomes from clinical trials are useful for
predicting HRQoL outcomes in a larger population, despite
the exclusion of patients with more severe comorbidity.

The largest HRQoL differences were observed in disease-
specific items. Although most outcomes had clinically rel-
evant improved one year after diagnosis, symptoms of bone
pain, muscle/joint pain and neuropathy worsened. These
symptoms might benefit from (better) symptom monitor-
ing and/or pain management during and after treatment, in
order to improve (long-term) HRQoL and patient expecta-
tions [26, 38]. Regular individualized HRQoL assessment
and using patient-reported outcomes in clinical practice
allow for timely intervention or referral to supportive care
if needed [39]. This will enable providing more personal-
ized care and informed treatment decisions while preserving
HRQoL as much as possible.

With respect to hematologic malignancy group, patients
with MM had persistently and clinically relevant worse
HRQoL than patients with indolent or aggressive lym-
phoma. This may be due to the fact that MM is an incurable
subtype with a relatively longer treatment duration of high
toxicity treatment [40, 41]. Prolonged systemic treatment
negatively affects HRQoL in patients with MM [5], and it is

important that the focus of treatment is not only on improv-
ing overall survival but also on optimizing treatment dura-
tion and maintaining HRQoL [18]. Recovery of HRQoL to
similar levels as the age- and sex-matched normative popu-
lation was only observed in 3—5 QLQ-C30 scales. In partic-
ular, patients’ global health status/quality of life scores are
similar or better one year after diagnosis, which may be the
result of adjusted internal standards, values, or conceptual-
ization of HRQoL (response-shift) [42]. The lower HRQoL
in patients compared to the normative population one year
after diagnosis are comparable to outcomes in studies that
investigated HRQoL of patients from 6 to 12 months after
diagnosis [4, 23, 24, 43].

Due to the real-world data setting, treatment regimens
were highly heterogeneous. As a result specific regimens
were represented by small proportions of patients, lead-
ing to a more general categorization of treatment and sys-
temic therapy. Nonetheless, results showed that patients
who received more systemic therapy cycles had statistically
significant lower physical functioning, increased fatigue,
and more persistent neuropathy symptoms, irrespective
of comorbidity or hematologic malignancy. Patients who
underwent SCT reported the lowest role functioning, global
health status/QoL, and an increased symptom burden com-
pared to those who did not undergo SCT. More detailed
information on specific treatment regimen, and possi-
bly related treatment decisions based on comorbidity and
expected toxicity, may provide further insight into which
patient characteristics or treatment regimens are specifically
associated with poor HRQoL.
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Fig.4 Corrected mean values for bone pain, muscle/joint pain (lymphoma)/hip pain (MM), and neuropathy stratified per hematologic malignancy

group and comorbidity

Our results indicate that in aggressive subtypes of hema-
tologic malignancies, the impact of mild or moderate-
severe comorbidity at diagnosis appears to be somewhat
less relevant for HRQoL. Namely, patients with aggres-
sive lymphoma or MM with moderate-severe comorbidity
had statistically significantly and clinically relevant worse
HRQoL, while in patients with indolent lymphoma worse
HRQoL was also observed in patients with mild comor-
bidity. Both the more aggressive subtype of the disease, as
well as the more toxic treatment, may have a greater impact
on HRQoL over time, which may outweigh the impact of
comorbidity at diagnosis.

The strengths of our study include HRQoL measures at
diagnosis, the real-world data setting including patients with
more severe comorbidity, and the disease-specific symp-
toms that were measured. However, some limitations must
be acknowledged. First, although the SCQ has moderately
strong correlations with a standard medical record-based
measure of comorbidity, the use of patient self-reported
comorbidity may have led to under- or overestimation of
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comorbidity [29]. Second, although we have aligned the
classification of mild or moderate-severe comorbidity
with the CCI, the 12 conditions in the SCQ do not pro-
vide detailed information on severity. Without information
on severity, it is difficult to compare the burden of one or
more comorbidities. The severity and the total number of
comorbidities were not taken into account when classifying
patients, and the classification may not always be accurate
enough [11]. Third, follow-up data are likely to be affected
by patient drop-out, especially between 6 and 12 months
after diagnosis. Patient drop-out may have led to possible
under- or overestimation of HRQoL at 12 months post-
diagnosis, potentially affecting the clinically relevant differ-
ences and/or the differences with the normative population
[44, 45].

In conclusion, newly diagnosed patients with lymphoma
or MM who have mild or moderate-severe comorbidity
have clinically relevant worse HRQoL during the first year
after diagnosis than patients without comorbidity. Regard-
less of comorbidity, patients treated with more cycles of
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systemic therapy and/or SCT reported worse HRQoL than
those treated with less toxic treatment. Recognition and
awareness of comorbidity and HRQoL at diagnosis may be
an important prognostic factor for long-term HRQoL. We
strongly recommend that clinicians consider both prognosis
and the presence of comorbidity and HRQoL at diagnosis
when making treatment decisions. This will improve symp-
tom management in patients with comorbidity and help
maintain HRQoL over time.
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