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ABSTRACT

he aim of this systematic review is to give an update of all currently

available evidence on the relevance of a geriatric assessment in the

treatment of older patients with hematologic malignancies. A sys-
tematic search in MEDLINE and EMBASE was performed to find studies
in which a geriatric assessment was used to detect impaired geriatric
domains or to address the association between geriatric assessment and
survival or clinical outcome measures. The literature search included
4,629 reports, of which 54 publications from 44 studies were included.
Seventy-three percent of the studies were published in the last 5 years.
The median age of the patients was 73 years (range, 58-86) and 71% had
a good World Health Organization (WHO) performance status. The
median prevalence of geriatric impairments varied between 17% and
68%, even in patients with a good WHO performance status.
Polypharmacy, nutritional status and instrumental activities of daily living
were most frequently impaired. Whereas several geriatric impairments
and frailty (based on a frailty screening tool or summarized geriatric
assessment score) were predictive for a shorter overall survival, WHO per-
formance status lost its predictive value in most studies. The association
between geriatric impairments and treatment-related toxicity varied, with
a trend towards a higher risk of (non-)hematologic toxicity in frail
patients. During the follow-up, frailty seemed to be associated with treat-
ment non-completion, especially when patients were malnourished.
Patients with a good physical capacity had a shorter stay in hospital and
a lower rate of hospitalization. Geriatric assessment, even in patients with
a good performance status, can detect impaired geriatric domains and
these impairments may be predictive of mortality. Moreover, geriatric
impairments suggest a higher risk of treatment-related toxicity, treatment
non-completion and use of healthcare services. A geriatric assessment
should be considered before starting treatment in older patients with
hematologic malignancies.

Introduction

Given the increasing life expectancy and aging of the population, there is a grow-
ing number of older patients with cancer, including patients with a hematologic
malignancy. Worldwide, hematologic malignancies account for approximately 9%
of all cancers and are the fourth most frequently diagnosed cancer." At present, 60%
of these patients are older than 65 years and this proportion will increase in the
future*®

Over the last decades, treatment options for hematologic malignancies have pro-
gressed. For example, the initial treatment of patients with multiple myeloma
changed from cytotoxic chemotherapeutics to better-tolerated agents such as
immuno-modulatory drugs or monoclonal antibodies.* Moreover, the proportion of
older patients with myelodysplastic syndrome or acute myeloid leukemia undergo-
ing hematopoietic stem cell transplantation has increased, partly due to expansion
of age limits.”
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However, it can be difficult to deliver optimal cancer
treatment tailored to individual needs of an older patient,
particularly as older patients are frequently excluded from
clinical trials.” Older patients constitute a heterogeneous
population due to large differences in comorbidity, func-
tional capacity and psychological and physical reserves.
As a result, the benefit of treatment can differ and
patients with comorbidity or geriatric impairments are
particularly at risk of adverse health outcomes. Choosing
the optimal treatment for these patients is a challenge.

It is therefore recommended that the degree of frailty of
older patients is assessed.’ Frailty is a biological syndrome
which can exist alongside age, comorbidity or disease
characteristics. Over the years, numerous definitions of
frailty have been formulated and there is still no consensus
on a definition.” There are two commonly used approach-
es to define frailty. The first defines frailty based on phe-
notypic criteria including reduced grip strength, walking
speed, physical capacity, level of energy and weight loss.
Patients are considered frail if three or more criteria are
present.” The second approach proposes a frailty index
which is an accumulation of patient’s deficits. These
deficits consist of physical or cognitive symptoms, func-
tional impairments, abnormal laboratory values and
comorbidities.””” In daily practice, frailty is a dynamic
state which needs a multidimensional approach and might
have various implications in different scenarios.

An appropriate method to assess the level of frailty of
older patients is a geriatric assessment.*”® This consists of
a systematic assessment of an older patient’s health status
focusing on somatic, psychological, functional and social
domains. Different tools can be used to detect geriatric
impairments in these domains." Moreover, frailty screen-
ing tools were developed in order to identify older
patients who require a full geriatric assessment.”
Nowadays, some form of geriatric assessment is increas-
ingly incorporated in hemato-oncologic care to customize
hemato-oncologic treatment."

In 2014, we published a systematic review on the value
of performing a geriatric assessment in older patients with
a hematologic malignancy, demonstrating that such an
assessment can detect multiple health issues and has pre-
dictive value for clinical outcome in older patients with a
hematologic malignancy.” However, evidence was limited,
especially regarding clinical outcomes such as treatment-
related toxicity, treatment completion or physical function-
ing after treatment. Since then, many new studies have
been published on this subject. The aim of this present sys-
tematic review is, therefore, to give an update of all cur-
rently available data on the association between geriatric
impairments and hematologic cancer-related outcomes.

Methods

Search strategy and article selection

Our aim was to identify studies concerning patients with a
hematologic malignancy in which a geriatric assessment was used
to detect geriatric impairments or which addressed the association
between baseline geriatric assessment and outcome.

Geriatric assessment was defined as an assessment composed
of at least two of the following domains: cognitive function,
mood, nutritional status, activities of daily living (ADL), instru-
mental activities of daily living (IADL), polypharmacy (using five
or more drugs), objectively measured physical capacity (for

instance, gait speed, hand grip strength or balance tests), social
support and frailty (assessed with a frailty screening tool or by
summarizing the geriatric assessment). As prior medical
history/comorbidity and performance status are routine parts of
the hematologic work-up, these were not counted as domains of
the geriatric assessment for this particular systematic review. The
following items were defined as outcomes: prevalence of geriatric
impairments, change in oncologic treatment plan, toxicity of
chemotherapy, healthcare utilization, physical functioning after
treatment, quality of life after treatment and mortality.

The following search was performed on March 4, 2019 and
updated on January 20, 2020, in both MEDLINE and EMBASE:
(("Hematologic Neoplasms"[Mesh] OR "Leukemia"[Mesh] OR
"Lymphoma"[Mesh] OR "Multiple Myeloma"[Mesh] OR
"Myelodysplastic Syndromes"[Mesh] OR leukemia[tiab] OR
leukaemia[tiab] OR lymphoma*[tiab] OR hodgkin*[tiab] OR non-
hodgkin*[tiab] OR (multiple myelomaltiab]) OR
myelodysplas*[tiab] OR (haematolog* AND malignan*[tiab]) OR
(hematolog® AND malignan*[tiab]) OR (myeloid[tiab] OR lym-
phoid[tiab] AND neoplas*[tiab]) OR myeloproliferative[tiab] OR
(plasma cell neoplas*[tiab]) OR plasma cell dyscrasia*[tiab] OR
(myeloid[tiab] AND sarcoma*[tiab]) OR waldenstrom[tiab] OR
myelofibrosis[tiab] OR mastocystosis[tiab] OR (polycyth* AND
vera[tiab]) OR (essential AND thrombocyt*[tiab]))) AND
(("frailty"[All Fields] OR "Geriatric Assessment"[Mesh] OR
frail*[tiab] OR vulnerabl*[tiab] OR geriatric assessment*[tiab] OR
geriatric*[tiab]))

No age or language limitations were applied. All search results
until 2013 were reviewed previously by Hamaker et al” We
therefore limited our search to studies published after January 1,
2013. The titles and abstracts of all studies retrieved by the
search were assessed by one reviewer (ES) to determine which
warranted further examination. The full texts of all potentially
relevant articles were subsequently screened. We excluded stud-
ies that did not focus exclusively on hematologic malignancies.
Finally, references of included studies were cross-referenced to
retrieve any additional relevant citations. Eligible studies from all
searches (2013, 2019, 2020) were subsequently combined to form
the final study selection.

Data extraction

For each eligible study, data regarding study design and results
were independently extracted by two authors (ES and AV).
Extracted items included the type of study, study population
(number of patients, median age, malignancy subtype, stage, treat-
ment) and the content of the geriatric assessment. Only validated
tools from the geriatric assessment were included. If multiple tools
were used to assess one geriatric domain, the result of the most
commonly used tool was noted. We registered the prevalence of
geriatric impairments, and the reported results on the association
between the geriatric assessment and outcome measures. If neces-
sary, study authors were contacted to obtain additional data.

Quality assessment

The methodological quality of each of the studies was assessed
independently by two reviewers (ES and AV), using the
Newecastle-Ottawa scale adapted to this subject (Online
Supplementary Table S1).* As our main focus was on older patients
with hematologic malignancies, we classified studies of patients
with a me(di)an age less than 68 years old, or with more than one
third of the patients younger than 65 years old, as not being fully
representative of our target population. Disagreements among the
reviewers were discussed during a consensus meeting and in the
case of persisting disagreement, the assistance of a third reviewer
(MH) was enlisted.

Geriatric assessment in older patients with a hematologic malignancy -
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Data synthesis and analysis

Due to the heterogeneity in the populations of patients and in
study designs, with a wide variety in content of geriatric assess-
ments, a meta-analysis was not considered feasible. We there-
fore summarized the study results to describe our main out-

(Online Supplementary Figure S1). This resulted in 42 eligi-
ble publications from 34 studies. Cross-referencing yield-
ed four additional publications. Eight publications from
the 2014 review by Hamaker er al.” were also eligible.
Thus, we ultimately included 54 publications from 44

studies in this review."”?

The characteristics of these 44 studies are summarized
in Table 1. Seventy-three percent were published in the
last 5 years. The median sample size of the studies was
100 (range, 25-869), and the me(di)an age of included
patients ranged from 58 to 86 years. Eight studies focused
on acute myeloid leukemia and/or myelodysplastic syn-
dromes,””” two on chronic lymphocytic leukemia,”®”
13 on lymphoma,** seven on multiple myeloma,”* and

comes of interest.

Results

Study characteristics

The literature search yielded 4,629 citations (832 from
MEDLINE and 3,797 from EMBASE), of which 403 were
duplicates and 4,184 were excluded for other reasons

Table 1. Characteristics of studies on the association between the geriatric assessment and outcome measures.

Publication Study population GA Outcome measures
Author Year Patient Type of N.of Me(di)an Treatment N.of Summarized Prevalence Survival Other
population malignancy  patients  age* domains GA score  of geriatric
assessed conditions
Aguiar” 2020 65+ MDS 79 T7(70-84) No disease- 3 +
modifying
therapy
Corsetti” 2013 | 65+ orunfit for ~ AML; RAEB 31 72 (55-84) CT 2 + + +
aggressive CT
Deschler” 2013 60+ AML; MDS 195 71(60-87)  BSC; CT 5 + +
Holmes* 2014 60+ AML; MDS 50 65 (60-73) HSCT 8 + +
Klepin® 2013 60+ AML 74 68 (65-74) CT 5 + +
Klepin® 2020 60+ AML (FLT3) 40 68 (61-83) CT 7 + +
Molga®* 2020 65+ AML; MDS 98 77 (66-95)  BSC,CT 7 + + Treatment completion
Umit” 2018 no age limit AML 3712 63 (19-97) CT 4 + +
Goede® 2016 no age limit CLL 75 75 (48-87) CT 3 + + Toxicity
Molica® 2019 65+ CLL 108 71 (65-90) CT 2 + + Toxicity
Ribi® 2017 no age limit ~ B-cell lymphoma 41 75 (40-94)  Various 4 + +
Merli* 2020 | 65+ and unfit DLBCL 33 82 (68-89) CT 2 +
Ong” 2019 60+ DLBCL 205 73 (60-97) CT 2 + + +  Health care utilization,
toxicity, treatment
completion
Spina® 2012 70+ DLBCL 100 75 (70-89) CT 4 + + +  Toxicity
Tucci™ 2009 65+ DLBCL 84 73 (66-89) CT 1 + + +  Toxicity
Tucci® 2015 69+ DLBCL 173 7 Various 2 + + +
Aaldriks® 2015 70+ NHL 44 78 (70-86) CT 3 + + Treatment completion
Naito® 2016 65+ NHL 93 77 (65-90)  Various 5 + + Toxicity
Park® 2015 65+ NHL 70 74 (65-92) CT 4 + + Treatment completion
Siegel” 2006 60+ NHL 25 70 (60-85) ? 3 +
Soubeyran® 2011 70+, unfit for NHL 32 79 (70-92) CT 4 + +
aggressive CT
Winkelmann" 2011 18+ NHL 143 63 (18-88) CT 2 + +
Okuyama® 2015 65+ Lymphoma; MM 106 74 (65-90) CT 5 + +
Engelhardt® 2016 no age limit MM 125 63 (56-71) CT 2 +
Gavriatopoulou*“2019 80+ MM 110 83 (80-92) CT 3 +
Palumbo® 2015 70+ MM 869 74 (70-78) CT 2 + + Toxicity, Treatment
completion
Rosko® 2019 18+ MM; amyloidosis 100 59 (36-75) HSCT 6 + Health care utilization
Wildes" 2019 65+ MM 40 71 (66-76)  BSC;HSCT 5
Zhong* 2017 no age limit MM 628 58 (52-66) CT 2 + + + Toxicity
continued on the next page
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Buckstein® 2016 65+ Various 45 71 (65-79) CT 3 + +

Deschler” 2018 60+ Various 106 66 (60-78) HSCT 5 +

Derman® 2019 60+ Various 192 >67 (60-83)  HSCT 5 +

Dubruille® 2015 65+ Various 90 74 (65-89) CT 8 + + +

Dumontier® 2019 75+ Various 464 80 (76-84)  BSC;CT 3 + + Health care utilization

Hamaker* 2016 05+ Various 157 78 (67-99)  Various 7 + + +

Huang® 2020 50+ Various 148 62 (50-76) HSCT 6 + + Health care utilization,
toxicity

Lin® 2020 60+ Various 457 66 (60-79) HSCT 5 + +

Liu 2019 5+ Various 448 80 (76-84)  BSC; CT 2 + + Health care utilization

Muffly® 2014 50+ Various 203 58 (54-63) HSCT 3 + +

Nawas® 2019 50+ Various 184 61 (50-75) HSCT 5 + + Health care utilization,
toxicity

Rodrigues® 2020 60+ Various 40 68 (60-76) HSCT 6 + +

Rollot-Trad” 2008 75+, geriatric Various 54 86 (75-99)  Various 4 + +

department
Silay® 2015 65+ Various 61 69 ? 7 + Health care utilization
Velghe® 2014 70+ Various 50 76 (70-87)  Various 6 + +

*Reported as mean (+ standard deviation) or median (range or interquartile range). GA: geriatric assessment; MDS: myelodysplastic syndrome; CT: chemotherapy; AML: acute myeloid leukemia;
RAEB: refractory anemia with excess of blasts; FLT3: FMS like tyrosine kinase-3; BSC: best supportive care; HSCT: hematopoietic stem cell transplantation; CLL: chronic lymphocytic leukemia;

DLBCL: diffuse large B-cell lymphoma; NHL: non-Hodgkin lymphoma; MM: multiple myeloma.
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15 studies included various hematologic malignancies.”*

The median number of domains addressed in the geri-
atric assessment was four (range, 2-9). These included
ADL in 30 studies (68%), IADL in 37 (84%), cognition in
29 (66%), mood in 24 (55%) and objectively measured
physical capacity in 20 studies (46%). Domains less com-
monly assessed were nutritional status (11 studies; 25%),
social support (8 studies; 18%), polypharmacy (13 stud-
ies; 30%) and frailty (8 studies assessed with a frailty
screening tool and 17 studies by summarizing the geri-
atric assessment; 18% and 39%, respectively).

The prevalence of geriatric impairments was assessed
in all studies (100%). The association between geriatric
impairments and mortality was addressed in 33 studies
(75%), treatment-related toxicity in ten studies (23%),
treatment completion in five (11%) and healthcare uti-
lization in seven studies (16%). No studies assessed the
association of geriatric impairments with physical func-
tioning or quality of life after treatment.

Quality assessment

The results of the quality assessment are shown in
Figure 1. Detailed results per study are listed in Online
Supplementary Table S1. The overall quality of the studies
was good. Nine studies included a significant proportion
of younger patients (i.e. median age less than 68 years
old, or more than one third of the patients younger than
65 years old);>? 1440482055 these studies were assessed as
not being fully representative of the target cohort of the
average older patients with a hematologic malignancy.
Similarly, eight studies focused on a very specific treat-
ment???9215%% which we considered as not fully repre-
sentative of our target population. Overall, the duration
of follow-up was sufficient but in nine studies the follow-
up rate was less than 90%***** or the adequacy of follow-
up was not reported.”***7% There were no other qual-
ity concerns.

Prevalence of geriatric impairments

The prevalence of geriatric impairments is shown in
Table 2. The most commonly reported issues were
polypharmacy (in a median of 51% of patients; range, 17-
80%), risk of malnutrition (median 44%; range, 27-82%)
and IADL impairments (median 37%; range, 3-85%).
Impaired physical capacity (median 27%; range, 3-80%),
ADL impairments (median 18%; range, 4-67 %), symptoms
of depression (median 25%; range, 10-94%), and cognitive
impairment (median 17%; range, 0-44%) were less com-
mon. Four studies that addressed social support showed
impairment in a median of 20% (range, 7-54%). The medi-
an proportion of patients seen as frail based on a frailty
screening tool was 68% (range, 25-76%). The median pro-
portion of patients screened as frail based on a summarized
geriatric assessment score was 45% (range, 10-88%).

Overall, the median proportion of patients with at least
one geriatric impairment was 51% (range, 9-82%). By com-
parison, the median proportion of patients with a World
Health Organization (WHO) performance status of 2 or
higher was only 29% (range, 1-91%). Even in studies in
which the median age of patients was =65 years old, or a
small proportion of patients had a poor WHO performance
status, geriatric impairments were quite common. For
example, in one study, 93% of included patients had a
WHO performance status of 0-1; nonetheless, 45% of
patients had impairments in IADL, 39% in physical capac-
ity and 25% were frail based on a frailty screening tool

(Table 2).

Association between geriatric impairments and mortality

The association of geriatric impairments with mortality
was addressed in 33 studies (Table 3). In univariate analy-
sis, 27 out of 29 studies (93%) showed a significant asso-
ciation between at least one geriatric impairment and
mortality. The association between a specific geriatric
domain and mortality varied between 0 and 74%.
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Figure 1. Outcome of the quality assessment. Details are reported in Online Supplementary Table S1A (quality assessment questionnaire) and Online

Supplementary Table S1B (assessment per study).

Polypharmacy was assessed in only two studies and
showed no association. For all other geriatric domains
except mood, nutritional status and social support, at least
50% of the studies reported a univariate association
between impairment and mortality. IADL, ADL, impaired
physical capacity and cognition were most frequently
associated with mortality (in 74%, 67 %, 63% and 55% of
the studies, respectively). In multivariable analyses, ADL,
IADL, impaired physical capacity and cognition remained
associated with mortality (in 40%, 62%, 50% and 50% of
the studies, respectively). Moreover, at least 75% of all
studies that assessed frailty (with a frailty screening tool or
by summarizing the geriatric assessment), demonstrated
that this was associated with mortality in multivariable
analyses.

Risk factors for mortality commonly used in hemato-
oncology such as age, WHO performance status and
comorbidity were also associated with mortality in uni-
variate analysis (in 79%, 63% and 64% of the studies,
respectively). However, in multivariable analyses, this
association was no longer present for WHO performance
status; age and comorbidity retained their association with
mortality in 43% and 47 % of the studies, respectively.

Association of geriatric impairments with treatment-
related toxicity

Ten studies assessed geriatric impairments in relation to
treatment-related toxicity.”***¥#4%* Four out of six
studies in which frailty was assessed (based on a summa-
rized geriatric assessment score) reported an association
between frailty and treatment-related toxicity.**** This
included hematologic toxicity in one study,” non-hemato-
logic toxicity in two studies®* and overall toxicity in one
study.” One study showed an association specifically
between impaired IADL and treatment-related infections
in patients with chronic lymphocytic leukemia.” In stud-
ies in which patients with various hematologic malignan-
cies were included, associations between physical capaci-
ty™ or cognition” and treatment-related toxicity were
demonstrated. No other associations between frailty

(based on a summarized geriatric assessment score) or
individual geriatric domains and treatment-related toxicity
were found in these ten studies.

Association of geriatric impairments with treatment
completion

The association of geriatric impairments with the ability
to complete the proposed treatment was studied in five
studies.®”*** Four out of five studies found an associa-
tion between geriatric impairments and treatment comple-
tion. The risk of treatment non-completion was signifi-
cantly higher in frail patients (based on a summarized geri-
atric assessment score or frailty screening tool) than in fit
patients.”*** Three studies showed a significant associa-
tion between a specifically geriatric domain and treatment
non-completion: in two studies that included patients with
non-Hodgkin lymphoma, malnutrition was associated
with treatment non-completion.*® Another study, in
which patients with acute myeloid leukemia or myelodys-
plastic syndrome were included, showed an association
between impaired IADL, impaired physical capacity or
cognitive impairment and treatment non-completion. In
this study, no other geriatric impairments or clinical char-
acteristics such as comorbidity or WHO performance sta-
tus were associated with treatment non-completion.”

Association of geriatric impairments with healthcare
utilization

The association of geriatric impairments and health care
utilization was addressed in seven studies.”**** %% Six out
of these studies showed an association between geriatric
impairments and health care utilization. In four studies
impaired physical capacity was associated with increased
use of health care.*”® In patients with various hemato-
logic malignancies, other geriatric impairments, such as
ADL,” IADL,* cognition” and mood* were also associated
with health care utilization. In one study with patients with
diffuse large B-cell lymphoma, no association was found
between frailty (assessed by a summarized geriatric assess-
ment score) and unplanned admissions.”
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Table 2. Comparison of impaired performance status with impairments in geriatric domains.
Year Type of N Me(di)an Poor ADL IADL Cognition Mood Physical Nutritional Social Poly- Frailty Summarised

malignancy age* PS capacity status support pharmacy scr:enling GA score
00
Aguiar” 2020 MDS % T7(70-84) - - - - - 80 % - - 61 % 38 %
Corsetti” 2013 AML;RAEB 31  72(55-84) 38% 17% 59% - - - - - 54%
Deschler” 2013 AML;MDS 195  71(60-87) 47% 34% 31% 9% 14%  55% - - - - -
Holmes” 2014 AML;MDS 50 65 (60-73) 12% 16 % 16% 10% 18% 36 % 4%  >28% - 66 %
Klepin® 2013 AML 4 68(6514) 2% 0% 41% 29% 40%  50% - - -
Klepin* 2020  AML (FLT3) 40  68(61-83) ? ? ? ? ? 56 % - ? 36 %
Molga®* 2020 AML;MDS 98  T7(66-95) 28% 29% 34% 1% 32% 3% 27% - - 68%
Umit” 2018 AML 32 63(19-97) 9% - 80% 14% 79% - - 70%
Goede* 2016 CLL o T5488)  ? - 19% 29 % - 48 % - - -
Molica” 2019 CLL 108 71(65-90) ? 16% 19% - - - - - - - 10 %
Ribi® 2017 B-cell lymphoma 41 75 (40-94) 15% - - 21%  20% - 3% 7% - - 39%
Merli" 2020 DLBCL 33 85(68-89) 6% 18% 3% - - - - - - - -
Ong” 2019 DLBCL 205 73(6097) 7% 7% 36% - - - - - - - 38%
Spina” 2012 DLBCL 100 75(70-89) 26% 27% 31% ? ? - - - - - 13 %
Tucei* 2009 DLBCL 84 T73(66-89) ? 12% - - - - - - - - 50 %
Tucci® 2015 DLBCL 173 7 7 >4% >9%; - - - - - - - 38%
<54 % <54%
Aaldriks® 2015 NHL 44 78(70-86) 6% - - 5% - - 34 % - - 43%
Naito” 2016 NHL 93 TT(6590) 22% 28% 21% 4% 15% - 51% - - -
Park® 2015 NHL 0 74(6592) 39% - - 3%  21% - 36 % - - 47%
Siegel” 2006 NHL 25  70(60-85) 12% - - 0% 16% 12% - - -
Soubeyran® 2011 NHL 32 79(70-92) 41% 39% 81% 38% 9%
Winkelmann" 2011 NHL 143 63(18-88) 16% 18% 21% - - - - - -
Okuyama® 2015  Lymphoma; MM 106 74(65-90) 29% 33% 45% 2% 30% - - - 17% - 50 %
Engelhardt® 2016 MM 125 63 (56-71) 28% 48% 85% - - - - - -
Gavriatopoulou* 2019 MM 110 83(80-92) >60% 18% 42% - - - - - - 3% -
Palumbo® 2015 MM 869  T4(70-18) 21% 14% 18% - - - - - - - 30 %
Rosko* 2019 MM; amyloidosis 100~ 59 (36-75) 48%  ? ? ? 19% 7% - ? -
Wildes” 2019 MM 40  71(66-76) 40% - 63% 10 % ? 40 % - - 7% -
Zhong* 2017 MM 628 58(52-66) 7 67% S55% - - - - - - - 64 %
Buckstein® 2016 Various 445 71(65-79) 7% - 4% - - 39 % - - - 25%
Deschler” 2018 Various 106 66 (60-78) 60% 9% 31% 12% - 3% 76 % -
Derman® 2019 Various 192 >67(60-83) <50% - 40 % ™% 2% - - ? 54 % - -
Dubruille™ 2015 Various 90  74(65-89) 2% 11% 39% A% 25% 4% 44% - 50 % 2% 80 %
Dumontier® 2019 Various 464 80 (76-84) ?  11% 2% ? - - - - - - -
Hamaker” 2016 Various 167 78 (67-99) 42% 22% 47% 18% 29%  30% - 20% 66 % - 1%
Huang® 2020 Various 148 62 (50-76) 28% - 39 % 1% 4% 8% - ? 50 %
Lin® 2020 Various 457 66 (60-79) <47% 4% 11% 4% 18 % - - - 50 % - -
Liu™ 2019 Various 448 80 (76-84) 47% - - 18 % - 56 % - - - - 53 %
Muffly* 2014 Various 203 58 (54-63) 29% 7% 40% - - 24% - - - - 25%
Nawas” 2019 Various 184  61(50-75) 1% -  36% 3%  3B%  15% - ? - - -
Rodrigues” 2020 Various 40 68(60-76) 5% - 10 % 21%  18% 16 % 43% - 80 % - 19%
Rollot-Trad" 2008 Various 54 86(75-99) 56% 39% 51% 27% - - - - 39 %
Silay™ 2015 Various 61 69 2% 26% 26%  34% 16 % 21% - 51% -
Velghe® 2014 Various 50 76(70-87) ? 4% 38% 4%  30% - 82 % - - 76 % 88 %
*Reported as mean (+ standard deviation) or median (range or interquartile range)? Although geriatric condition was assessed, the proportion of patients with geriatric impairments could not
be extracted from the published data. PS: World Health Organization performance status; ADL: activities of daily living; IADL: instrumental activities of daily living; GA: geriatric assessment; MDS:
myelodysplastic syndrome; AML: acute myeloid leukemia; RAEB: refractory anemia with excess of blasts; FLT3: FMS-like tyrosine kinase-3; CLL: chronic lymphocytic leukemia; DLBCL: diffuse large
B-cell lymphoma; NHL: non-Hodgkin lymphoma; MM: multiple myeloma.
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® Discussion

This systematic review of 44 studies shows that impair-
ment in geriatric domains is common among older
patients with a hematologic malignancy, even in those
with a good performance status. The most relevant
impairment is frailty (assessed with a frailty screening tool
or by summarizing the geriatric assessment), which
showed an association with mortality, treatment-related

toxicity and treatment non-completion. Other relevant
geriatric impairments were IADL functioning, nutritional
status and polypharmacy. Impaired physical capacity was
mainly associated with healthcare utilization.

These data should, however, be interpreted with care.
The included studies are heterogeneous in study popula-
tion, design, treatment regimens, content of geriatric
assessment and reported outcomes. Various hematologic
malignancies can have very different disease courses and

Table 3. The association of geriatric assessment, age, performance status, and comorbidity with mortality.
Results of univariate and multivariate analysis

Publication

Author Year Number Typeof  Age PS Comorbidity ADL IADL Cognition Mood Physical Nutritional Social Polypharmacy Frailty Summarized
of patients malignancy capacity status support screenling GA score

tool

Corsetti® 2011 31 AML; RAEB - -

Deschler” 2013 195 AML;MDS | -- ++ ++ ++ -- -- - --

Klepin® 2013 74 AML -- - -- - - ++ -- ++

Klepin* 2020 40 AML (FLT3) - - - - - - - - -

Molga® 2020 98 AML; MDS -- ++ ++ 4+ -- -- -- --

Umit” 2018 372 AML + o+ +

Goede® 2016 6] CLL -- - - -- --

Molica® 2019 108 CLL ++ o+ ++ ++ o+ ++

Ribi® 2017 41 B-cell - - - + - +

lymphoma

Ong” 2019 205 DLBCL ++

Spina® 2012 100 DLBCL -- -- ++

Tucci** 2009 84 DLBCL +

Tucci® 2015 173 DLBCL + + + + ++

Aaldriks* 2015 4 NHL - ++

Naito” 2016 93 NHL - - ++ - + ++ - -

Park® 2015 70 NHL -- - - ++ -

Soubeyran” 2011 32 NHL + + + +

Winkelmann® 2011 143 NHL - - -- -+ +

Engelhardt® 2016 125 MM + ++ ++

Gavriatopoulou* 2019 110 MM ==

Palumbo® 2015 869 MM ++ -- ++ 4+

Zhong* 2017 628 MM -- -- -- -- -

Buckstein® 2016 445 Various + o+ ++ + + ++

Deschler” 2018 106 Various | ++ ++ - - + -

Dubruille® 2015 90 Various | ++ -- - ++ - - - - -

Dumontier® 2019 452 Various -- -- -- 4+

Hamaker® 2016 157 Various - - -- ++

Huang® 2020 148 Various - ++ -

Lin® 2020 457 Various +  ++ -- ++

Liu™ 2019 448 Various | ++ ++ ++

Muffly® 2014 203 Various | ++ - ++ - 4+ ++

Nawas® 2019 184 Various -- ++ +

Rollot-Trad" 2008 54 Various - - -—- .- --

Proportion of studies with a significant 9% 63%  64% 67% 4% 5% 14%  63% 33% 33% 0% 1% 67 %

association in univariate analysis

Proportion of studies with a significant 43% 27% 47% 0% 62% 50% 0% 50 % 50 % NA NA 75% 100 %

association in multivariate analysis

+:association in univariate analysis;- no association in univariate analysis; ++ association in multivariate analysis;- - no association in multivariate analysis; NA: not applicable. PS:World Health Organization

performance status; ADL: activities of daily living; IADL: instrumental activities of daily living; GA: geriatric assessment; AML: acute myeloid leukemia; RAEB: refractory anemia with excess of blasts; MDS:

myelodysplastic syndrome; FLT3: FMS-ike tyrosine kinase-3; CLL: chronic lymphocytic leukemia; DLBCL: diffuse large B-cell lymphoma; NHL: non-Hodgkin lymphoma; MM: multiple myeloma.
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require very different intensities of treatment; geriatric
impairments that were associated with outcome in one
setting may not retain their predictive value in another
disease entity. In addition, the content of geriatric assess-
ments, including the definition of frailty (assessed by sum-
marizing the geriatric assessment), was not consistent.
Moreover, geriatric impairments were mainly assessed
with screening tools (for example, the Mini-Mental State
Examination for cognition), and it should be realized that
the ensuing results are not the same as an actual diagnosis
made by a comprehensive geriatric assessment. Given this
heterogeneity, a meta-analysis or a meaningful subgroup
analysis (for example, by type of malignancy) could not be
performed; and interpretation and extrapolation of results
should be done with caution. Another limitation of this
review is the procedure used to select the literature. We
decided to select only those studies for which a full text is
available and which performed a geriatric assessment
with validated tools covering at least two geriatric
domains. Studies which focused on a single impairment
and its relation to outcome were not included, meaning
some information on individual associations may have
been missed.

Despite these limitations, this review provides a thor-
ough update and overview of all currently available evi-
dence on the relevance of a geriatric assessment for older
patients with a hematologic malignancy. At the time of the
previous systematic review, by Hamaker et al.,” the evi-
dence was limited because of a lack of published studies.
In the last 5 years, the number of publications concerning
the association of geriatric assessment with outcomes in
patients with hematologic malignancies has increased
greatly, enabling a useful update on the available data.

Performing a geriatric assessment could have an additive
value to clinical judgment, treatment allocation and the
implementation of non-oncological interventions.

In daily practice, oncologists are able to detect obviously
frail patients by clinical judgment. However, estimating the
reserve capacity and resilience of the remaining older
patients by clinical judgment is difficult, as demonstrated
by the discrepancy between performance status and geri-
atric assessment. In addition, it can be challenging to dis-
tinguish whether the detected vulnerabilities are disease-
related or patient-related. This may require a more thor-
ough evaluation of the patient’s overall health status,
including consultation of a geriatrician.

The impact of performing a geriatric assessment on treat-
ment allocation has already been demonstrated in older
patients with solid malignancies.”””* In a systematic review,
the oncological treatment plan was altered in 28% of
patients after geriatric assessment, primarily resulting in a
less intensive treatment option. This review showed that
using a geriatric assessment to guide treatment decisions
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