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Regular Article
CLINICAL TRIALS AND OBSERVATIONS
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KEY PO INT S

•Geriatric assessments
can aid in identifying
patients with less
physical resilience who
are at increased risk of
grade ≥3 adverse
events.

• Fixed-duration Ven-O
improves HRQoL in
patients with CLL with
and without geriatric
impairments.
Chronic lymphocytic leukemia (CLL)–related symptoms and morbidity related to the
advanced age at diagnosis impairs the well-being of older adult patients. Therefore, it is
essential to tailor treatment according to geriatric characteristics and aim for an
improvement in health-related quality of life (HRQoL) as a primary treatment goal. In the
HOVON139/GiVe trial, 12 cycles of fixed-duration venetoclax plus obinutuzumab (Ven-O)
were shown to be effective and tolerable in FCR (fludarabine, cyclophosphamide, ritux-
imab)-unfit patients with CLL (n = 67). However, prolonged venetoclax exposure as
consolidation treatment led to increased toxicity with limited effect on minimal residual
disease. To assess the impact of geriatric assessment on treatment outcomes and the
patients’ HRQoL, patient-reported outcomes (PROs), including function, depression,
cognition, nutrition, physical performance, muscle parameters, comorbidities, and the
European Organization for Research and Treatment of Cancer C30 and CLL17 question-
naires were assessed. At baseline, geriatric impairments were present in >90% of patients
and ≥2 impairments present in 60% of patients predicted grade ≥3 nonhematological toxicity. During treatment, the
number of geriatric impairments diminished significantly and clinically relevant improvements in HRQoL subscales
were reached for global health status, physical functioning, role functioning, emotional functioning, fatigue, dyspnea,
physical condition or fatigue, and worries or fears related to health and functioning. These improvements were
comparable for patients receiving venetoclax consolidation and patients in whom treatment could mostly be dis-
continued. Collectively, frontline fixed-duration Ven-O improves overall PROs in older, unfit patients with CLL with
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and without geriatric impairments. This study was registered at EudraCT as 2015-004985-27 and the Netherlands Trial
Register as NTR6043.
Introduction
Age-standardized incidence rate of patients with chronic lym-
phocytic leukemia (CLL) ranges from 3.8 to 5.0 per 100 000
person-years.1-4 The number of cases rises with age, reaching
31.0 and 34.5 per 100 000 person-years for patients aged from
70 to 80 years and ≥80 years, respectively.1 Older patients are
highly heterogeneous with regard to their process of aging
including variability in comorbidities, cognitive and locomotive
function, and their capability to perform activities in daily
living.5-7 Geriatric assessments (GAs) is a multidisciplinary
diagnostic evaluation that identifies medical, psychosocial, and
functional impairments in order to guide planned therapy and
arrange for targeted interventions to support these vulnerabil-
ities in older patients receiving cancer treatment. Although
recommended by the International Society of Geriatric
Oncology, GA is not routinely implemented in the daily
practice.8

Over the past decade, numerous targeted approaches were
introduced particularly for older patients with CLL with coex-
isting comorbidities who are unable to tolerate intensive che-
moimmunotherapy with FCR (fludarabine, cyclophosphamide,
and rituximab).9-23 Less toxic strategies, such as chlorambucil-
obinutuzumab or bendamustine-rituximab, were previously
developed to be more tolerable but did not achieve similar
efficacy.24,25 The CLL14 trial, including older patients with CLL
with coexisting comorbidities, demonstrated a considerably
higher undetectable minimal residual disease (MRD) rate
and prolonged progression-free survival (PFS) with targeted
agents venetoclax-obinutuzumab (Ven-O) than that with con-
ventional chemoimmunotherapy with chlorambucil-obinutuzu-
mab.10 Recently, the HOVON139/GiVe trial has demonstrated
that prolongation of venetoclax exposure as consolidation
treatment increased the duration of well-known side effects and
did not prevent the loss of MRD response and subsequent risk
of disease relapse.26

Treatment advanced with chemoimmunotherapy and targeted
therapies contributed to the improved life expectancy of older
patients with CLL.27 However, particularly among older patients
with CLL, a central goal of therapy should be to enable patients
to live their remaining life-years, while preserving good function
and quality of life (QoL). At present, studies on the combined
analysis of GA and health-related QoL (HRQoL) in older patients
with CLL treated with novel approaches are lacking. Conse-
quently, to evaluate the impact of Ven-O on the patients’ QoL
and further understand the impact of GA on treatment out-
comes and HRQoL, patient-reported outcomes (PROs) were
collected in the HOVON139/GiVe trial.26 In this study, we
report on all the collected domains of the GA and the HRQoL
subscales.
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Methods
Patient population and study design
The HOVON 139/GiVe is a multicenter, randomized, parallel
group phase 2 trial. Details on the study design, eligibility
criteria, and main outcomes of the study have been outlined
previously.26 In short, patients with previously untreated
symptomatic CLL requiring treatment according to the
International workshop on Chronic Lymphocytic leukemia
criteria,28 with an Eastern Cooperative Oncology Group
(ECOG) performance status of 0 or 1, and who were consid-
ered to be unfit for first-line fludarabine-based treatment
according to their treating physician, were enrolled. The
study treatment consisted of 3 phases: preinduction for
debulking with 2 cycles of IV obinutuzumab monotherapy
(100 mg on day 1, 900 mg on day 2, and 1000 mg on days 8
and 15, and subsequently 1000 mg on day 1 of cycle 2),
induction with 12 cycles of fixed-duration Ven-O (6 cycles of
IV obinutuzumab 1000 mg on day 1 and 12 cycles of oral
venetoclax starting with a weekly ramp-up schedule of 20
mg, 50 mg, 100 mg, 200 mg, and subsequently 400 mg until
the end of cycle 12), and consolidation with either fixed 12
cycles of oral venetoclax (400 mg) or MRD-guided venetoclax
(until undetectable MRD was reached or for a maximum of 12
cycles).

All patients were included by their treating physician, and all
patients provided written informed consent. The study was
approved by the Medical Ethical Committee of the Academic
Medical Center of Amsterdam and was conducted in accor-
dance with the Declaration of Helsinki.

PRO measures
The GA consisted of the following tools: the Charlson Comor-
bidity Index,29 the Katz Activity of Daily Living (ADL),30 the
Lawton Instrumental Activity of Daily Living (IADL),31 the Geri-
atric Depression Scale 15,32 the Mini Nutritional Assessment
Short Form,33 and the mini mental state examination.34 The
European Working Group on Sarcopenia in Older People 2010
algorithm and the 2018 algorithm were used to evaluate sar-
copenia.35,36 Grip strength was used as a proxy for muscle
strength, gait speed for muscle performance, and skeletal
muscle index and muscle radiation attenuation for muscle mass
and muscle quality, respectively. HRQoL was assessed using 2
European Organization for Research and Treatment of Cancer
(EORTC) QoL Questionnaires: the cancer-specific C30 and the
CLL-specific CLL17.37,38 Further details on the used PROs are
provided in the supplemental Methods, available on the Blood
website. All assessments were performed at baseline (T0), after
12 induction cycles (T1), and 15 months after randomization (T2)
whereas an addition HRQoL assessment was performed at 12
months after completion of protocol treatment (T3).
van der STRATEN et al



Statistical analysis
Descriptive analysis was performed for the patients at baseline
and their GA characteristics. Correlations between individual
geriatric domains was assessed using the Spearman correlation
coefficient ρ. The association of the number of geriatric
impairments at baseline with adverse events (AEs), PFS, and
overall survival (OS) was evaluated using cumulative incidence
and Kaplan Meier analysis. AEs were graded according to the
National Cancer Institute Common Terminology Criteria for
Adverse Events version 4.0 and grade ≥3 hematological and
nonhematological AEs were presented. The longitudinal evo-
lution of the number of geriatric impairments was assessed
using linear mixed-effect models.

For the HRQoL analysis, mean scores and the 95% confidence
interval of each subscale were calculated according to the
EORTC manual.39 Trends over time for the overall cohort and
according to the treatment consolidation arm were assessed
using linear mixed-effect models. Distribution-based minimal
important differences (MIDs) were calculated to determine
whether an improvement or deterioration in HRQoL was
considered to be clinically relevant.40,41 MID thresholds for
clinical relevance between arms was defined as >5 points dif-
ference at a specific time point.42 For QLQ-C30 subscales, an
additional anchor-based method was used to assess whether
the effect size of the change in HRQoL was either trivial, small,
medium, or large.43,44 Effect modification across the HRQoL
subscales by the number of geriatric impairments (ie, 0-1 and ≥2
impairments) was assessed using linear mixed-effect models.
Details regarding the linear mixed-effect models and the MIDs
are provided in the supplemental Methods. A P value < .005
was considered statistically significant, because multiple sub-
scales were tested.45 All statistical analyses were performed
with STATA Statistical Software version 17.0 (StataCorp, Col-
lege Station, TX) and R version 4.0.5 (R Foundation for Statis-
tical Computing, Vienna, Austria). This study is ongoing and is
registered at EudraCT (2015-004985-27) and the Netherlands
Trial Register (NTR6043).
Results
Patient characteristics
The HOVON139/GiVe trial enrolled 70 patients, of whom 3
were excluded because of ineligibility upon hindsight
(supplemental Figure 1). Current data were analyzed using a
cut-off date of 1 September 2022, with a median follow-up time
for the overall cohort of 44 months (interquartile range 38-51).
Sixty-seven patients received preinduction with obinutuzumab
for debulking followed by fixed-duration induction treatment
with Ven-O of whom 5 discontinued due to death (n = 1),
withdrawal of consent (n = 1), or excessive toxicity (n = 3).
Consequently, 62 patients were randomly assigned to receive
12 cycles venetoclax consolidation (n = 32) or MRD-guided
venetoclax consolidation (n = 30). In the MRD-guided ven-
etoclax consolidation arm, 1 (3%) of 30 patients was tested
positive for MRD at randomization and received venetoclax
consolidation cycles 1 to 3 until MRD-negativity was reached.
All the remaining patients tested as MRD undetectable and did
not receive any consolidation, although 1 patient with unde-
tectable MRD incorrectly received venetoclax consolidation
cycles 4 to 12 after MRD conversion.26 Therefore, 93% of the
QUALITY OF LIFE AND GERIATRIC IMPAIRMENTS IN CLL
patients in this arm remained without any consolidation treat-
ment during this phase of the protocol. Patient characteristics
for the overall cohort and according to the consolidation arm
are described in Table 1. Baseline characteristics were compa-
rable for patients who received 12 cycles of venetoclax
consolidation, MRD-guided venetoclax consolidation, and for
those who were not randomly assigned.26

Compliance
All patients (n = 67, 100%) who started treatment in the
framework of the HOVON139/GiVe trial, provided informed
consent for participating in the GA and HRQoL study. The
compliance to GA for patients who were on protocol was 67
of 67 (100%) at baseline (T0), 60 of 66 (91%) after 12 induction
cycles (T1), 26 of 32 (81%) for patients assigned to 12 cycles
of venetoclax consolidation, and 24 of 30 (80%) for patients
assigned to MRD-guided venetoclax consolidation at 15
months after randomization (T2) (supplemental Figure 1). At
T1, the GA was incomplete in 3% and not performed in 6%.
The corresponding percentages at T2 were 15% and 5%,
respectively (supplemental Figure 2). Incompleteness of the
GA was exclusively because of unavailability of functional
assessment data. The compliance to HRQoL questionnaires
was 67 of 67 (100%) at T0, 63 of 66 (95%) at T1, 31 of 32 (97%)
for patients assigned to 12 cycles venetoclax consolidation,
and 28 of 30 (93%) for patients assigned to MRD-guided
venetoclax consolidation at T2. The corresponding compli-
ances performed at 12 months after completion of protocol
treatment (T3) were 23 of 28 (82%) and 23 of 30 (77%),
respectively.

GA
Geriatric impairments at baseline At baseline, the
median number of geriatric impairments was 2 (interquartile
range 1-3). Overall, ≥1 geriatric impairments were present in
>90% of the patients including impairments in gait speed
(64%), nutrition (31%), depression (21%), muscle mass (18%),
grip strength (15%), muscle density (15%), cognition (4%),
and the capability to perform instrumental activities and
activities in daily living (4% and 1%, respectively; Figure 1A;
supplemental Table 1). Sarcopenia, defined according to the
European Working Group on Sarcopenia in Older People
2010 algorithm and the 2018 algorithm, was present in 6%
and 1% of the patients, respectively. Seventeen patients
(25%) had a moderate-to-severe comorbidity burden as
defined by a Charlson Comorbidity Index score ≥2. The most
prevalent comorbidities were chronic pulmonary disease
(13%), moderate or severe renal disease (12%), and cere-
brovascular disease (8%) (supplemental Table 2). Correlations
were found between (1) gait speed and grip strength (P <
.001), mini mental state examination (P < .001) or muscle
radiation attenuation (P = .004), (2) mini nutritional assess-
ment short form and depression (P < .001) or comorbidities
(P = .005), (3) muscle density and comorbidities (P = .005) or
IADL (P = .002), and (4) muscle mass and grip strength (P <
.001). Overall, these correlations were graded as moderate-
to-weak, according to the Spearman correlation coefficient
ρ. All correlations among the individual geriatric domains are
depicted in Figure 1B. Notably, the patients’ ECOG perfor-
mance status weakly correlated with the number of geriatric
impairments at baseline (ρ, 0.289; P < .001).
28 SEPTEMBER 2023 | VOLUME 142, NUMBER 13 1133



Table 1. Baseline patient characteristics for the overall cohort and according to the consolidation arm

Characteristics

Overall

Consolidation arm

12 cycles venetoclax MRD-guided venetoclax

No. % No. % No. %

Total patients 67 32 30

Age

Median (IQR) 71 (68-75) 72 (69-75) 71 (68-74)

18-70 21 31 9 28 12 40

>70 46 69 23 72 18 60

Sex

Male 47 70 24 75 20 67

Female 27 30 8 25 10 33

ECOG performance status

0 35 52 17 53 14 47

1 29 43 14 44 14 47

2 3 5 1 3 2 7

Cumulative illness rating scale

Median (IQR) 3 (1-5) 3 (1-5) 3 (1-5)

≥7 13 20 6 19 6 20

Binet stage

A 9 13 6 19 3 10

B 26 39 14 44 11 37

C 32 48 12 38 16 53

IGHV mutational status

Mutated 26 39 13 41 11 37

Unmutated 33 49 17 53 14 47

Unknown 8 12 2 6 5 17

TP53 aberrations 9 13 5 16 4 13

Genomic complexity*

None 52 78 25 78 23 77

Low 10 15 5 16 5 17

High 5 7 2 6 2 7

Hemoglobulin concentration, g/dL

Median (IQR) 11 (10-13) 12 (10-13) 11 (10-13)

Platelet count, ×109 cells per L

Median (IQR) 134 (91-212) 143 (109-210) 111 (79-220)

White blood cell count, ×109 cells per L

Median (IQR) 110 (65-217) 82 (55-175) 79 (9-159)

Lymphocyte count, ×109 cells per L

Median (IQR) 94 (55-175) 95 (62-160) 82 (55-175)

β2 microglobin concentration, mg/dL

Median (IQR) 4 (3-5) 4 (4-5) 4 (3-6)

Creatinine clearance, mL/min

Median (IQR) 73 (60-83) 71 (57-79) 73 (65-87)

<70 29 43 15 47 12 40

CLL-IPI, CLL International Prognostic Index; IGHV, immunoglobulin heavy chain variable.

*Genomic complexity was defined as none in case of 0 or 2 copy number aberrations, low for 3 or 4 copy number aberrations, and high for ≥5 copy number aberrations.
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Table 1 (continued)

Characteristics

Overall

Consolidation arm

12 cycles venetoclax MRD-guided venetoclax

No. % No. % No. %

CLL-IPI risk group

Low risk 2 3 0 0 2 7

Intermediate risk 10 15 8 25 2 7

High risk 39 58 18 56 18 60

Very high risk 9 13 5 16 4 13

Unknown 7 10 1 3 4 13

Follow-up time, mo

Median (IQR) 44 (38-51) 46 (38-52) 44 (39-50)

CLL-IPI, CLL International Prognostic Index; IGHV, immunoglobulin heavy chain variable.

*Genomic complexity was defined as none in case of 0 or 2 copy number aberrations, low for 3 or 4 copy number aberrations, and high for ≥5 copy number aberrations.
The association of geriatric impairments with treat-
ment toxicity and outcome The cumulative incidence of
grade ≥3 AEs was higher for patients with ≥2 geriatric impair-
ments than for those with 0 or 1 geriatric impairment (99% vs
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62%; P < .001; supplemental Figure 3). The higher cumulative
incidence was due to more nonhematological AEs (70% in
patients with ≥2 impairments vs 34% for patients with 0-1
impairment; P < .001), whereas the incidence of hematological
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Figure 2. Sankey plots for the change in the number
of geriatric impairments over time. (A) Absolute
number of geriatric impairments over time. (B) Catego-
rization of the number of geriatric impairments in 0-1 and
≥2 geriatric impairments at baseline. Of note, the cut-off
was established based on the median number of geri-
atric impairments at baseline. The absolute number of
geriatric impairments and the patients with ≥2 geriatric
impairments significantly diminished over time (P < .001),
as measured using a linear mixed-effect model, with the
number of geriatric impairments and their 2-way inter-
action with time as a fixed effect and a random intercept
for patients.
AEs was comparable (58% vs 54%; P = .487). An overview of the
type of grade ≥3 AEs and occurrence of dose reductions are
depicted in supplemental Table 3. The PFS rate (81% vs 82%;
P = .819) and OS rate (96% vs 95%; P = .846) at 48 months were
comparable for patients with 0 or 1 and ≥2 geriatric impair-
ments, respectively (supplemental Figure 3).

Longitudinal changes in the GA During the course of the
treatment, the number of geriatric impairments per individual
decreased significantly (Ptrend < .001; Figure 2A). More specif-
ically, the number of patients with ≥2 geriatric impairments
decreased from 61% at T0 to 43% at T1 and 36% at T2
(Figure 2B). The trends in the geriatric impairments per indi-
vidual over the different domains and the prevalence of sar-
copenia over time are depicted in supplemental Figures 4 and
5, respectively. The improvements in the GA were irrespective
of the receipt of 12 cycles of venetoclax consolidation treat-
ment compared with MRD-guided venetoclax consolidation
(supplemental Table 4).

HRQoL assessment
HRQoL at baseline At baseline, patient-reported global
health status (mean score, 72.2), physical functioning (mean
1136 28 SEPTEMBER 2023 | VOLUME 142, NUMBER 13
score, 79.7), role functioning (mean score, 71.0), emotional
functioning (mean score, 78.2), cognitive functioning (mean
score, 87.7), and social functioning (mean score, 84.4) were
moderate-to-high, reflecting moderate-to-high global health
and overall functioning. Patients reported mild levels of fatigue
(mean score, 34.5) and dyspnea (mean score, 30.7). The scores
of the remaining symptom scales reflected low symptom
severity. Similarly, patient-reported scores on the EORTC QLQ-
CLL17 were low-to-mild for symptom burden (mean score,
18.0), physical condition or fatigue (mean score, 29.9), worries
or fears related to health and functioning (mean score, 29.4),
reflecting low-to-mild CLL-related symptoms (Table 2).

Longitudinal changes in HRQoL A significant improve-
ment in HRQoL over time was observed for the majority of the
subscales. Mean global health status (+10.6), physical (+8.70),
role (+17.2) and emotional functioning (+8.7), fatigue (−21.5),
dyspnea (−17.1), physical condition or fatigue (−18.4), and
worries or fears related to health and functioning improved
significantly from T0 to T3 and were considered to be clinically
relevant, ie, reaching the threshold for MID (Ptrend < .001;
Table 2; Figure 3; supplemental Methods). Overall, these
HRQoL changes corresponded to a medium clinical effect,
van der STRATEN et al



Table 2. HRQoL scores and thresholds for MIDs

Questionnaire Subscales

T0

T1 T2 T3 PtrendMean SD MID*

EORTC QLQ-30 Global health status 72.2 23.4 5.9 83.3 83.1 82.8 <.001†

Physical functioning 79.7 19.6 8.6 88.9 89.6 88.4 <.001†

Role functioning 71.0 35.1 10.9 89.2 90.5 88.2 <.001†

Emotional functioning 78.2 20.0 7.84 88.5 87.0 86.9 <.001†

Cognitive functioning 87.7 19.6 11.1 87.3 89.4 87.5 .780

Social functioning 84.4 22.4 12.7 89.4 93.1 91.3 .004

Fatigue 34.6 28.7 10.3 19.1 16.9 13.1 <.001†

Nausea and vomiting 2.86 7.60 5.26 4.76 2.30 1.14 .265

Pain 16.9 25.8 12.8 9.79 6.32 7.95 <.001

Dyspnea 30.7 35.3 17.6 12.7 12.1 13.6 <.001†

Insomnia 24.5 28.0 14.0 14.8 19.0 18.2 .075

Appetite loss 16.2 29.1 14.6 7.41 5.75 3.03 <.001

Constipation 8.85 21.6 10.8 6.88 8.05 10.9 .727

Diarrhea 11.5 20.8 10.4 14.2 7.47 4.65 .036

Financial difficulties 3.13 12.9 6.45 0.53 0.57 0.78 .094

EORTC QLQ-CLL17 Symptom burden 18.0 16.8 9.87 9.10 8.60 12.2 <.001

Physical condition/fatigue 30.0 26.4 10.8 13.8 14.5 11.6 <.001†

Worriers/fears 29.4 18.4 8.70 17.3 15.4 19.4 <.001†

SD, standard deviation; T, timepoint.

*MID values are based on either the SD of the baseline score (ie, T0) for single-item scales, or on the SD of the baseline score times the square root of (1-Cronbach alpha) for multiscale items
depicted in bold.

†P values represent a significant change over time as well as a change from baseline that is above the MID value at least at 1 timepoint.
except for fatigue, which corresponded to a large effect size
(supplemental Table 5). In general, clinically relevant improve-
ments occurred during fixed-duration treatment (ie, T0-T1) and
were sustained during consolidation treatment and follow-up
(ie, T1-T3). Patients reported statistically significant, but not
clinically meaningful, improvements in social functioning
(+6.90; P = .004; medium effect according to Cocks et al), pain
(−8.95; P < .001; small effect according to Cocks et al), and
appetite loss (−13.17; P < .001; small effect according to Cocks
et al; Figure 2; supplemental Table 5).
Clinically meaningful changes in HRQoL Clinically rele-
vant improvements were more prominent than deteriorations
in the majority of the HRQoL subscales (supplemental
Figure 6). The percentage of patients with improvements in
functional scales increased for global health status (maximum
increase of 28% from T0; P < .001), physical (+29%; P < .001),
role (+23%; P < .001), emotional (+30%; P = .004), and social
functioning (+24%; P = .004). The percentage of patients who
showed clinically relevant improvement in symptom scales
increased for fatigue (+36%; P < .001), dyspnea (+28%; P <
.001), appetite loss (+22%; P < .001), symptom burden
(+17%; P = .003), physical condition or fatigue (+27%; P <
.001), and worries or fears related to health and functioning
(+36%; P = .003; supplemental Table 6). The improvements
that reached clinical relevance were comparable, irrespective
of whether patients were treated with either 12 cycles of
venetoclax consolidation or MRD-guided venetoclax consol-
idation (data not shown).
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Changes in the HRQoL between consolidation
arms The improvements in HRQoL over time were statistically
comparable between patients who received 12 cycles of ven-
etoclax consolidation and MRD-guided venetoclax consolida-
tion (supplemental Table 7). Clinically meaningful differences
(ie, score difference >5 points) between the arms occurred for
dyspnea (mean score, 8.89 vs 16.0) and emotional functioning
at T2 (mean score, 89.4 vs 83.8). At T3, the differences between
the arms in dyspnea (mean score, 10.61 vs 15.9), symptom
burden (mean score, 9.09 vs 15.5), and global health status
were considered to be clinically relevant (mean score, 86.4 vs
79.8 for patients treated with 12 cycles of venetoclax consoli-
dation and MRD-guided venetoclax consolidation, respectively;
supplemental Table 7).

HRQoL stratified based on geriatric impair-
ments Overall, patients with ≥2 geriatric impairments at
baseline had a lower global health status (P = .001), physical
functioning (P < .001), and role functioning (P = .002) as well as
more fatigue (P = .004) and dyspnea (P = .003) than patients
with 0 or 1 geriatric impairments (Figure 4; supplemental
Table 8). However, irrespective of the number of geriatric
impairments at baseline, HRQoL improved over time in all
subscales (Figure 4). The magnitude of the improvement in role
functioning, fatigue, and dyspnea tended to be higher for
patients with ≥2 geriatric impairments, leading to scores com-
parable with those of patients with 0 or 1 geriatric impairments
after completing induction treatment (Figure 4). In the remain-
ing HRQoL subscales, the number of geriatric impairments at
28 SEPTEMBER 2023 | VOLUME 142, NUMBER 13 1137
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Figure 3. HRQoL at baseline and during the course of the treatment. Mean scores and 95% confidence intervals (vertical lines) of all the HRQoL subscales are given at
baseline (T0), after 12 induction cycles (T1), 15 months after randomization (T2) and 12 months after completion of protocol treatment (T3). For functional subscales, a higher
score represents a better HRQoL, for symptom subscales a higher score represents more symptoms. The dotted horizontal lines represent the calculated threshold for MID
(Table 2). The P value represents the significance level of the change in HRQoL over time (supplemental Methods).
baseline did not influence the overall scores as well as the
change in HRQoL over time (supplemental Figure 7;
supplemental Table 8).

Discussion
Not only cancer itself but also the various therapeutics used to
combat the disease can lead to a wide range of symptoms and
side effects that negatively influence the patient’s functioning
and their overall QoL. Traditionally, outcomes such as the
overall response rate, PFS, and OS have been used to assess
the efficacy for cancer drugs. However, these clinical outcomes
fail to capture the viewpoint of the patient. Particularly, when
treatment does not have a curative potential, the quality and
quantity of responses may not represent patient-specific rele-
vant outcomes.46,47 Consequently, to evaluate the effectiveness
of treatment modalities, especially in chronic diseases, such as
CLL, it is critical to obtain comprehensive self-reported infor-
mation on the patients’ symptom severity and their subjective
1138 28 SEPTEMBER 2023 | VOLUME 142, NUMBER 13
experience of the disease and its treatment.48-50 Although the
International Society of Geriatric Oncology recommends
the collection of such PRO measures in patients with CLL, the
availability of self-reported data in CLL remains limited.8 In this
study, we report that novel fixed-duration frontline treatment
for patients with CLL who are considered to be unfit for
fludarabine-based therapies, improves the overall PROs and
functional assessments, including the GA, the global health
status as well as key symptoms and aspects of functioning.

In the HOVON139/GiVe trial, patients had a median number of
2 geriatric impairments at baseline, with gait speed, nutrition
and comorbidities being the most frequently impaired domains.
We found that patients with ≥2 geriatric impairments at baseline
experienced more grade 3 or 4 nonhematological toxicities
than patients with 0 or 1 geriatric impairment. Previous studies
that performed GA in hematological malignancies also
demonstrated an association between geriatric impairments
and a higher cumulative incidence of nonhematological
van der STRATEN et al
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Figure 4. HRQoL for patients with 0 or 1 and ≥2 geriatric impairments at baseline. Mean scores and 95% confidence intervals (vertical lines) are given for subscales that
show differences according to the number of geriatric impairments at baseline (T0), after 12 induction cycles (T1), 15 months after randomization (T2), and 12 months after
completion of protocol treatment (T3). The star (*) represents cross-sectional significant differences (P < .005) for patients with 0 to 1 and ≥2 geriatric impairments. The P value
represents the two-way interaction between the number of geriatric impairments and time. The P values for time and the number of geriatric impairments are depicted in
supplemental Table 7. The remaining subscales are depicted in supplemental Figure 7.
toxicities, highlighting the importance of performing a GA
before therapy to identify patients with less reserves who are at
risk for treatment-related toxicities.51-53 To date, only 2 studies
thoroughly examined GA in older patients with CLL treated with
either low-dose fludarabine with or without additional admin-
istration of erythropoiesis-stimulating agent darbepoetin alfa in
the CLL9 study, or a wide range of therapies, of which chlor-
ambucil monotherapy (57%) was mostly administrated within a
single-center experience.5,6 The CLL9 study reported an asso-
ciation with an impaired IADL status and the occurrence of
infections and reported inferior OS for patients with impair-
ments in physical or cognitive functioning.6 However, because
both these studies did not include patients treated with che-
moimmunotherapy or novel targeted approaches, it cannot be
extrapolated to the contemporary practices. More recently, the
Alliance trial reported on baseline geriatric characterized in
previously untreated patients with CLL treated with bend-
amustine plus rituximab, rituximab-ibrutinib, and R-ibrutinib but
did not provide longitudinal data or correlations between
geriatric impairments and disease-specific outcomes.9 Our
study suggests comparable survival outcomes of patients with
0 or 1 and ≥2 geriatric impairments at baseline. Importantly,
patients had an overall reduction in the number of geriatric
impairments over time, highlighting that first-line treatment with
fixed-duration Ven-O is effective and improves the overall well-
being of older, unfit patients with CLL independent of the
presence of geriatric impairments at baseline. Therefore, this
treatment regimen should be accessible for older patients with
CLL and should not be automatically withheld from the patients
who are frail.

Patients with CLL have an inferior HRQoL than healthy controls
and patients with other malignancies.54-56 It has been shown that
chemoimmunotherapy and targeted treatment with Bruton tyro-
sine kinase inhibitors, phosphoinositide 3-kinase inhibitors, and
venetoclax monotherapy can improve HRQoL in patients with
previously untreated and relapsed or refractory CLL.16,57-63

Recently, the CLL14 trial demonstrated that 12 cycles of fixed-
duration Ven-O is associated with clinically relevant improve-
ments in the global health status (defined as an increase of 8
points), fatigue, and insomnia (defined as a decrease of 9
points).64 In this study, we demonstrated an improvement in
virtually all HRQoL subscales, using more robust thresholds for
the determination of clinical relevance according to the
QUALITY OF LIFE AND GERIATRIC IMPAIRMENTS IN CLL
comprehensively established distribution-based and anchor-
based MIDs. More specifically, we reported clinically relevant
improvements for global health status, physical, role and
emotional functioning, fatigue, dyspnea, physical condition or
fatigue, and worries or fears related to health and functioning.
Although patients did not report a clinically relevant improvement
in insomnia, the magnitude of the clinical effect size according to
Cocks et al was classified as medium. Because the anchor-based
MIDs are based on the expert opinion of health care professionals
who work with patients with cancer and use these questionnaires
on a regular basis rather than a simple calculation, these MIDs
might be more relevant to the patients.40,41 Consequently, for
future research we recommend the use of anchor-based MIDs
complementary to distribution-based MIDs.

In general, a clinically relevant improvement in HRQoL was
reached after induction treatment with 12 cycles of Ven-O, which
was maintained during consolidation treatment and follow-up.
Although patients who were randomly assigned to receive 12
additional cycles of venetoclax as consolidation treatment
experienced prolonged toxicities compared with patients who
received MRD-guided venetoclax consolidation, this was not
reflected by a deterioration in HRQoL.26 Strikingly, clinically
meaningful differences for emotional functioning, dyspnea,
symptom burden, and the global health status were reported in
favor of 12 cycles of venetoclax consolidation compared with
MRD-guided venetoclax consolidation. Because disease control
according to MRD response, subsequent disease relapse, and
survival was comparable between the arms, this observation
might be explained by statistical variability or point toward
physiological distress and the fear of disease relapse during a
treatment-free period and could potentially be an unmet sup-
portive care need that emerges when stopping therapy.65

The strength of our study is the use of longitudinal compre-
hensive PRO and functional assessment data from a clinical trial,
which provide important insights into the patient experiences
during the course of the treatment. Moreover, to our knowl-
edge, this is the first trial in which GA was performed in patients
with CLL treated with novel approaches and reported alongside
with HRQoL data. In addition, using distribution- and anchor-
based MIDs we reported tailored and patients-centered cut-
off values for clinical relevance, which have not been previously
reported in the context of CLL. The limitations pertain the
28 SEPTEMBER 2023 | VOLUME 142, NUMBER 13 1139



moderate size, the lack of a comparative arm including another
modern treatment regimens, such as continuous ibrutinib or
chemoimmunotherapy to enable direct comparison of PROs
and the exclusion of patients with ECOG performance score
between 3 and 4. Because of the inclusion of patients with
predominantly ECOG performance scores between 0 and 1
(96%), patients were of intermediate age (range 57-89 years)
and did not have a heavy burden of geriatric impairments or
features displaying phenotypic frailty, such as IADL (6%) and
ADL (1%) incapabilities, which may limit the generalizability of
our findings to the broader population of patients with CLL,
particularly those who are frail. Although the results of our study
should be interpreted carefully, our study shows that even in
relatively fit patients with CLL, the GA can detect geriatric
impairments and can aid in identifying patients with less
reserves who are at risk for experiencing more toxicities.

In conclusion, we demonstrated that the high efficacy of Ven-O
was accompanied by s reduction in geriatric impairments and
an improvement in patients’ functioning and overall QoL.

Acknowledgments
The authors thank all the patients, their families, nurses, and physicians for
their participation in this trial. In addition, the authors thank all the nurses
who were involved in the conductance of the geriatric assessment and/or
assistance of the patients with the QoL questionnaires. The authors thank
Lotte Boone for performing muscle mass and muscle density measure-
ments on the computed tomography as a second assessor.

This study was funded by F. Hoffmann-La Roche (ML29995).

The funder of the study had no role in study design, data collection, data
analysis, data interpretation, or writing of the report.

Authorship
Contribution: L.v.d.S., S.K., A.P.K., and M.-D.L. designed the study; S.K.,
J.D., K.N., M.-D.L., and A.P.K. accessed and verified the masked data
and confirmed its accuracy and completeness; J.A.D., C.H.M.M., and
A.-M.F.v.d.K.-K. did the central laboratory assessment; J.D. performed
the MRD analysis; L.v.d.S. analyzed the data and wrote the first draft of
the manuscript; and all authors critically reviewed the data and read,
commented, and approved the final version of the manuscript.
1140 28 SEPTEMBER 2023 | VOLUME 142, NUMBER 13
Conflict-of-interest disclosure: A.P.K. reports personal fees from AbbVie,
LAVA, Genmab, Janssen, AstraZeneca, Roche/Genentech, and Bristol
Myers Squibb and research funding from AbbVie, Janssen, AstraZeneca,
Roche/Genentech, and Bristol Myers Squibb. A.W.L. reports research
funding from Roche/Genentech, AbbVie, Gilead, and Janssen and
speakers fee from Janssen and Gilead. E.v.d.S. reports honoraria from
Janssen and Amgen and support for attending meetings from Janssen.
J.D. reports research funding from Roche/Genentech. S.K. reports
personal fees from Janssen, AbbVie, Novartis, Gilead, and Celgene; and
research funding from AbbVie, Janssen, AstraZeneca, and Roche/Gen-
entech. M.-D.L. reports personal fees from AbbVie, Janssen, and Roche
and research funding from AbbVie, Janssen, AstraZeneca, and Roche/
Genentech. S.H.T. reports personal fees from Roche, Takeda, Incyte,
Kite/Gilead, and Celgene. The remaining authors declare no competing
financial interests.

A complete list of the members of the the HOVON CLL working group
appears in the supplemental Appendix.

ORCID profiles: L.v.d.S., 0000-0002-9359-1203; C.A.M.S., 0000-0001-
7476-0609; A.-M.F.v.d.K.-K., 0000-0003-3515-6198; F.d.B., 0009-0001-
8285-7870; J.S., 0009-0005-7588-0991; A.W.L., 0000-0002-2078-3220;
A.P.K., 0000-0003-3190-1891.

Correspondence: Mark-David Levin, Department of Internal Medicine,
Albert Schweitzer Hospital, Albert Schweitzerplaats 25, 3318 AT Dor-
drecht, The Netherlands; email: m-d.levin@asz.nl.
Footnotes
Submitted 22 February 2023; accepted 29 May 2023; prepublished
online on Blood First Edition 26 June 2023. https://doi.org/10.1182/
blood.2023020195.

Deidentified patient data are available on request from the corresponding
author, Mark-David Levin (m-d.levin@asz.nl). The HOVON CLL working
group and Roche will evaluate these requests on a case-by-case basis.

The online version of this article contains a data supplement.

There is a Blood Commentary on this article in this issue.

The publication costs of this article were defrayed in part by page charge
payment. Therefore, and solely to indicate this fact, this article is hereby
marked “advertisement” in accordance with 18 USC section 1734.
REFERENCES
1. van der Straten L, Levin M-D, Visser O, et al.

Survival continues to increase in chronic
lymphocytic leukaemia: a population-based
analysis among 20 468 patients diagnosed in
the Netherlands between 1989 and 2016. Br
J Haematol. 2020;189(3):574-577.

2. da Cunha-Bang C, Simonsen J, Rostgaard K,
Geisler C, Hjalgrim H, Niemann CU.
Improved survival for patients diagnosed with
chronic lymphocytic leukemia in the era of
chemo-immunotherapy: a Danish population-
based study of 10455 patients. Blood Cancer
J. 2016;6(11):e499.

3. Steingrímsson V, Lund SH, Dickman PW, et al.
Survival, causes of death, and the prognostic
role of comorbidities in chronic lymphocytic
leukemia in the pre-ibrutinib era: a
population-based study. Eur J Haematol.
2022;108(2):145-153.

4. Kristinsson SY, Dickman PW, Wilson WH,
Caporaso N, Björkholm M, Landgren O.
Improved survival in chronic lymphocytic
leukemia in the past decade: a population-
based study including 11,179 patients
diagnosed between 1973–2003 in Sweden.
Haematologica. 2009;94(9):1259-1265.

5. Molica S, Giannarelli D, Levato L, et al.
A simple score based on geriatric assessment
predicts survival in elderly newly diagnosed
chronic lymphocytic leukemia patients. Leuk
Lymphoma. 2019;60(3):845-847.

6. Goede V, Bahlo J, Chataline V, et al.
Evaluation of geriatric assessment in
patients with chronic lymphocytic leukemia:
results of the CLL9 trial of the German CLL
study group. Leuk Lymphoma. 2016;57(4):
789-796.

7. Scheepers ERM, Vondeling AM, Thielen N,
van der Griend R, Stauder R, Hamaker ME.
Geriatric assessment in older patients with a
hematologic malignancy: a systematic
review. Haematologica. 2020;105(6):
1484-1493.
8. Stauder R, Eichhorst B, Hamaker M, et al.
Management of chronic lymphocytic
leukemia (CLL) in the elderly: a position paper
from an International Society of Geriatric
Oncology (SIOG) Task Force. Ann Oncol.
2017;28(2):218-227.

9. Woyach JA, Ruppert AS, Heerema NA, et al.
Ibrutinib regimens versus chemoimmuno-
therapy in older patients with untreated
CLL. N Engl J Med. 2018;379(26):
2517-2528.

10. Al-Sawaf O, Zhang C, Tandon M, et al.
Venetoclax plus obinutuzumab versus
chlorambucil plus obinutuzumab for
previously untreated chronic lymphocytic
leukaemia (CLL14): follow-up results from a
multicentre, open-label, randomised, phase 3
trial. Lancet Oncol. 2020;21(9):1188-1200.

11. Burger JA, Tedeschi A, Barr PM, et al.
Ibrutinib as initial therapy for patients with
chronic lymphocytic leukemia. N Engl J Med.
2015;373(25):2425-2437.
van der STRATEN et al

http://orcid.org/0000-0002-9359-1203
http://orcid.org/0000-0001-7476-0609
http://orcid.org/0000-0001-7476-0609
http://orcid.org/0000-0003-3515-6198
http://orcid.org/0009-0001-8285-7870
http://orcid.org/0009-0001-8285-7870
http://orcid.org/0009-0005-7588-0991
http://orcid.org/0000-0002-2078-3220
http://orcid.org/0000-0003-3190-1891
mailto:m-d.levin@asz.nl
https://doi.org/10.1182/blood.2023020195
https://doi.org/10.1182/blood.2023020195
mailto:m-d.levin@asz.nl
http://www.bloodjournal.org/content/142/13/1107
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref1
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref1
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref1
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref1
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref1
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref1
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref2
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref2
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref2
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref2
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref2
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref2
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref2
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref3
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref3
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref3
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref3
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref3
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref3
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref4
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref4
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref4
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref4
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref4
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref4
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref4
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref5
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref5
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref5
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref5
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref5
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref6
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref6
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref6
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref6
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref6
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref6
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref7
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref7
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref7
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref7
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref7
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref7
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref8
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref8
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref8
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref8
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref8
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref8
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref9
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref9
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref9
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref9
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref9
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref10
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref10
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref10
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref10
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref10
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref10
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref10
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref11
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref11
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref11
http://refhub.elsevier.com/S0006-4971(23)01498-2/sref11


12. Byrd JC, Brown JR, O’brien S, et al. Ibrutinib
versus ofatumumab in previously treated
chronic lymphoid leukemia. N Engl J Med.
2014;371(3):213-223.

13. Munir T, Brown JR, O’Brien S, et al. Final
analysis from RESONATE: up to six years of
follow-up on ibrutinib in patients with
previously treated chronic lymphocytic
leukemia or small lymphocytic lymphoma.
Am J Hematol. 2019;94(12):1353-1363.

14. O’Brien SM, Lamanna N, Kipps TJ, et al.
A phase 2 study of idelalisib plus rituximab in
treatment-naïve older patients with chronic
lymphocytic leukemia. Blood. 2015;126(25):
2686-2694.

15. Furman RR, Sharman JP, Coutre SE, et al.
Idelalisib and rituximab in relapsed chronic
lymphocytic leukemia. N Engl J Med. 2014;
370(11):997-1007.

16. Sharman JP, Egyed M, Jurczak W, et al.
Acalabrutinib with or without obinutuzumab
versus chlorambucil and obinutuzmab for
treatment-naive chronic lymphocytic
leukaemia (ELEVATE TN): a randomised,
controlled, phase 3 trial. Lancet. 2020;
395(10232):1278-1291.

17. Ghia P, Pluta A, Wach M, et al. ASCEND:
phase III, randomized trial of acalabrutinib
versus idelalisib plus rituximab or
bendamustine plus rituximab in relapsed or
refractory chronic lymphocytic leukemia.
J Clin Oncol. 2020;38(25):2849-2861.

18. Stilgenbauer S, Eichhorst B, Schetelig J, et al.
Venetoclax in relapsed or refractory chronic
lymphocytic leukaemia with 17p deletion: a
multicentre, open-label, phase 2 study.
Lancet Oncol. 2016;17(6):768-778.

19. Kater AP, Wu JQ, Kipps T, et al. Venetoclax
plus rituximab in relapsed chronic
lymphocytic leukemia: 4-year results and
evaluation of impact of genomic complexity
and gene mutations from the MURANO
Phase III Study. J Clin Oncol. 2020;38(34):
4042-4054.

20. Seymour JF, Kipps TJ, Eichhorst B, et al.
Venetoclax–rituximab in relapsed or
refractory chronic lymphocytic leukemia.
N Engl J Med. 2018;378(12):1107-1120.

21. Xu W, Yang S, Zhou K, et al. Treatment of
relapsed/refractory chronic lymphocytic
leukemia/small lymphocytic lymphoma with
the BTK inhibitor zanubrutinib: phase 2,
single-arm, multicenter study. J Hematol
Oncol. 2020;13:48.

22. Tam CS, Robak T, Ghia P, et al. Zanubrutinib
monotherapy for patients with treatment
naïve chronic lymphocytic leukemia and 17p
deletion. Haematologica. 2020;106(9):
2354-2363.

23. Mato AR, Shah NN, Jurczak W, et al.
Pirtobrutinib in relapsed or refractory B-cell
malignancies (BRUIN): a phase 1/2 study.
Lancet. 2021;397(10277):892-901.

24. Goede V, Fischer K, Busch R, et al.
Obinutuzumab plus chlorambucil in patients
with CLL and coexisting conditions. N Engl J
Med. 2014;370(12):1101-1110.
QUALITY OF LIFE AND GERIATRIC IMPAIRMENTS IN
25. Michallet A-S, Aktan M, Hiddemann W, et al.
Rituximab plus bendamustine or
chlorambucil for chronic lymphocytic
leukemia: primary analysis of the randomized,
open-label MABLE study. Haematologica.
2018;103(4):698-706.

26. Kersting S, Dubois J, Nasserinejad K, et al.
Venetoclax consolidation after fixed-duration
venetoclax plus obinutuzumab for previously
untreated chronic lymphocytic leukaemia
(HOVON 139/GiVe): primary endpoint
analysis of a multicentre, open-label,
randomised, parallel-group, phase 2 trial.
Lancet Haematol. 2022;9(3):e190-e199.

27. van der Straten L, Maas CCHM, Levin M-D,
et al. Long-term trends in the loss in
expectation of life after a diagnosis of chronic
lymphocytic leukemia: a population-based
study in the Netherlands, 1989–2018. Blood
Cancer J. 2022;12(4):72.

28. Hallek M, Cheson BD, Catovsky D, et al.
Guidelines for diagnosis, indications for
treatment, response assessment and
supportive management of chronic
lymphocytic leukemia. Blood. 2018;131(25):
2745-2760.

29. Charlson ME, Pompei P, Ales KL,
MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal
studies: development and validation.
J Chronic Dis. 1987;40(5):373-383.

30. Katz S. Assessing self-maintenance: activities
of daily living, mobility, and instrumental
activities of daily living. J Am Geriatr Soc.
1983;31(12):721-727.

31. Lawton M. Scales to measure competence in
everyday activities. Psychopharmacol Bull.
1988;24(4):609-614.

32. Shelk J, Yesavage J. Geriatric depression
rating scale (GDS): recent evidence and a
shorter version. In: Brink TL, ed. Clinical
Gerontology: A Guide to Assessment and
Intervention. Haworth Press; 1986:165-173.

33. Rubenstein LZ, Harker JO, Salvà A, Guigoz Y,
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