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How frail is frail in oncology studies? R

A scoping review
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Abstract

Aims The frailty index (Fl) is one way in which frailty can be quantified. While it is measured as a continuous vari-
able, various cut-off points have been used to categorise older adults as frail or non-frail, and these have largely been
validated in the acute care or community settings for older adults without cancer. This review aimed to explore which
Fl categories have been applied to older adults with cancer and to determine why these categories were selected by
study authors.

Methods This scoping review searched Medline, EMBASE, Cochrane, CINAHL, and Web of Science databases for stud-
ies which measured and categorised an Fl in adults with cancer. Of the 1994 screened, 41 were eligible for inclusion.
Data including oncological setting, Fl categories, and the references or rationale for categorisation were extracted and
analysed.

Results The Fl score used to categorise participants as frail ranged from 0.06 to 0.35, with 0.35 being the most
frequently used, followed by 0.25 and 0.20. The rationale for Fl categories was provided in most studies but was
not always relevant. Three of the included studies using an FI>0.35 to define frailty were frequently referenced as
the rationale for subsequent studies, however, the original rationale for this categorisation was unclear. Few studies
sought to determine or validate optimum Fl categorises in this population.

Conclusion There is significant variability in how studies have categorised the Flin older adults with cancer. An
FI>0.35 to categorise frailty was used most frequently, however an Fl in this range has often represented at least
moderate to severe frailty in other highly-cited studies. These findings contrast with a scoping review of highly-cited
studies categorising Fl in older adults without cancer, where an FI > 0.25 was most common. Maintaining the Fl as a
continuous variable is likely to be beneficial until further validation studies determine optimum Fl categories in this
population. Differences in how the FI has been categorised, and indeed how older adults have been labelled as ‘frail,
limits our ability to synthesise results and to understand the impact of frailty in cancer care.
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Introduction

Frailty is a dynamic state of diminished physiological
*Correspondence: reserve and increased vulnerability to adverse events.
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the community-dwelling or acute care settings, those
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living with cancer face the additional acute stressors
of cancer symptoms and potential treatment-related
toxicities. Frailty has significant implications for not
only understanding the underlying health status of a
potentially-vulnerable individual with cancer, but also
in influencing oncological treatment decisions and
discourse, and tailoring non-oncological interven-
tions or supports. Clinicians try to determine those
who are too frail for treatment, those who require
modified treatment or additional supports, and those
who are deemed fit for standard therapy. However,
there is currently no consensus regarding the opti-
mum frailty screening or measurement tool in this
population.

The frailty index (FI) is one way in which frailty can
be quantified [7]. The FI conceptualises frailty as a
multi-dimensional risk state which can be measured
by the number, rather than the nature, of health prob-
lems. An FI is calculated as a proportion of deficits
using a well-defined method [8] e.g., someone with
6 deficits out of 40 counted has an FI of 0.15. As a
continuous variable, ranging from zero (most robust)
to a theoretical maximum of one (most frail), the FI
affords great precision in risk stratification by cap-
turing frailty gradations. In a scoping review of FI in
the community and acute care settings, an FI>0.25
was the most frequently used score to diagnose peo-
ple as frail, however this was used in less than half
of the identified studies [7]. This score was derived
from work by Rockwood and colleagues, which dem-
onstrated that FI=0.25 had construct and predictive
validity to categorise community-dwelling adults as
frail or non-frail [9, 10]. It correlated with the cross-
ing point between robust and frail groups according to
Fried et al’s phenotype model of frailty [10], another
well validated yet conceptually distinct definition of
frailty in older persons [11, 12], and was predictive of
institutionalisation and death. It also presented the
crossing point between Clinical Frailty Scale (CES)
‘apparently vulnerable’ (mean FI=0.22) and ‘mildly
frail’ (mean FI=0.27) [10].

However, little is known regarding the validity of FI
categories in the context of cancer, and variation in who
is deemed frail may be used to determine trial eligibility
or treatment allocation [13], and referral for additional
assessments or supports [14, 15]. It is therefore impor-
tant to understand how the FI has been categorised in
oncology literature, and to understand the rationale for
these decisions [16].

The objectives of this scoping review were: (i) to evalu-
ate which FI categories (FI scores and labels) have been
used in an oncology setting; and (ii) to identify why these
categories were selected by the study authors.
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Methods

Protocol and registration

The protocol for this scoping review protocol was pro-
spectively registered with Open Science Framework (reg-
istration ID osf.io/gchq8) and developed in accordance
with Preferred Reporting Items for Systematic Reviews
and Meta-Analyses extension for Scoping Reviews crite-
ria [17].

Eligibility criteria

Articles were considered eligible for inclusion if they uti-
lised a frailty index (FI) that met the criteria described by
Searle and colleagues [18], and if the FI was categorised.
There was no limitation to study design or year of publi-
cation, however only studies conducted in human adults
with solid organ malignancies were included. Articles
were excluded if they were not an original study or were
only available as an abstract or protocol.

Search strategy

A search of Medline, EMBASE, and Cochrane databases
was conducted on 26 November 2021. Updated searches
were performed to include CINAHL and Web of Sci-
ence databases, as well as additional studies published
before 22 July 2022 in all databases. Search results were
imported into Covidence for screening, full text review,
and data extraction. The full search strategy is available in
the Supplementary appendix.

Study selection

Two reviewers (JF and BL) independently performed
the screening and full text reviews. Disagreements were
resolved by consensus with a third reviewer (NR).

Data extraction and analysis

Two reviewers (JF and BL) independently performed data
extraction and disagreements were resolved by consen-
sus with a third reviewer (NR). Extracted data included
country, year of publication, study design, sample size,
baseline demographics, and cancer-related details. FI
data extracted included name, mean, categorised scores
and labels, and justification for categorisation.

Results

The primary search yielded 1994 articles (Fig. 1). After
removal of duplicates, abstract and full text screening, 41
studies were ultimately included.

Study characteristics

All 41 studies [19-59] were published between 2014
and 2022, with the majority (#=29, 71%) conducted in
North America (Table 1). Thirty-six were of an obser-
vational study design, two studies reported secondary
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Fig. 1 PRISMA diagram of search and study selection

analyses of data from the same cluster randomised con-
trolled trial, and three studies were non-randomised
experimental trials. The median sample size was 541
(interquartile range [IQR]=175-1136). The mean FI
ranged from 0.05 to 0.31.

Fifteen studies were specifically conducted in the med-
ical oncology setting [21, 22, 25, 26, 28-31, 34-36, 39,
44, 52, 55], ten studies in surgical oncology [42, 43, 46,
50, 53, 54, 56—59], and the remainder were either mixed
or not specified [19, 20, 23, 24, 27, 32, 33, 37, 38, 40,
41, 45, 47-49, 51]. Fourteen studies included a range of
cancers and the rest focused on individual cancer types
[22-27, 32, 33, 37, 40, 41, 45, 47, 48, 51]. There were 11
studies of breast cancer [19-21, 28-31, 34, 38, 57, 59],
of which six studies were different secondary analyses of
the same prospective clinical trial [21, 28-31, 34]. Simi-
larly, two [35, 52] of the five lung cancer studies utilised
the same retrospective database [35, 36, 49, 50, 52], as
did three [54-56] of five studies of gynaecological can-
cers [46, 54-56, 58]. Four studies evaluated gastroin-
testinal cancers [25, 39, 42, 43], one studied pancreatic
cancer [32], and one specifically evaluated participants
with meningiomas [53].

Frailty index categories

In 22 studies (54%) an FI>0.35 was used to categorise
people as frail (Fig. 2) and an FI between 0.20 and 0.35
categorised people as prefrail [19-39]. Fourteen of the
22 studies referenced one of three oncology studies as

rationale for their FI categorisation [22, 27, 34]. Sheppard
et al., [34] published in 2014, referenced work which did
not use similar FI categorisation. Sheppard et al. reported
that prefrailty/frailty (FI>0.20) predicted treatment non-
initiation in women with breast cancer. Cohen et al., [22]
published 4 years later, referenced Sheppard et al. and
reported that frailty predicted an increased likelihood of
hospitalisation and treatment discontinuation in older
adults commencing chemotherapy. Further, they deter-
mined the optimal FI cut-off for their individual out-
comes was comparable to FI=0.20. Guerard et al., [27]
published in 2017, did not provide a rationale for their
categorisation, however reported that frailty (defined as
F1>0.35) predicted an increased likelihood of all-cause
and cancer-specific mortality in a heterogenous popula-
tion of older adults with cancer, thereby establishing the
predictive validity of their frailty categorisation.

An FI>0.25 was the next most commonly used cut-off
to categorise frailty in six (15%) studies [41-46]. Four of
these studies either directly, or indirectly, referenced vali-
dation studies by Rockwood and colleagues [42, 44—46].
One of these reported predictive validity against compre-
hensive geriatric assessment [42], and another validated
their FI with respect to Vulnerable Elderly Survey (VES-
13) scores and treatment completion outcomes [44]. Six
studies defined frailty as an FI>0.20 [47-52], one used
FI>0.21 [47], and one additional study arbitrarily defined
an FI>0.30 as ‘unfit, commenting that using an FI>0.20
would have categorised 99% of their population as ‘unfit’
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and limited their statistical analysis [40]. Four of these
studies defined categories of increasing frailty, most often
with 0.1 increments in FI [48-51]. References for these
studies varied, including work by Rockwood and col-
leagues [76, 80].

Two groups defined the optimum FI cut-off point for
predicting adverse outcomes in women with ovarian
cancer [54-56, 59]. The first [54—56] reported that an
FI=0.15 was the cut-off that yielded the highest Youden’s
index for their three binary outcomes (Accordion Grade
3 or 4 complication, 90-day mortality, receipt of chemo-
therapy within 42 days), while yielding the highest sep-
aration in outcome rates between frail and non-frail.
Using similar methodology, another group [59] reported
that FI>0.26 showed the best discriminative ability for
severe post-operative complications (>IIIb by Clavien-
Dindo criteria) in a younger cohort of women with pre-
dominantly advanced ovarian cancer. An FI>0.15 was
determined to be the best cut-off for overall survival in
this population.

The final study arbitrarily defined frailty as FI>0.06,
and further divided this into mild frailty (FI=0.06 —
0.11), moderate frailty (FI=0.12 — 0.18) and severe frailty
(FI>0.19) [57]. Internal validity was tested in a large
cohort of women with breast cancer, and external validity
in a second large representative cohort [57].

Discussion

This scoping review demonstrated significant variabil-
ity in FI categorisation in older adults with cancer. An
FI>0.35 was the most frequently used cut-off point to
categorise frailty, followed by an FI>0.25. While most
authors provided a rationale for their categorisation,
many of the cited studies were not relevant, and the most
frequently referenced oncological studies of FI in this
context did not clearly justify or validate their cut-off
points. Across treatment contexts, few studies sought to
demonstrate construct validity or to establish optimal FI
categories [22, 42, 51, 54, 57, 59].

I ] A .
0.25 0.30 0.35 0.40

Fig. 2 Distribution of frailty index cut-off points used to define frailty. The frailty index is a continuous measure between zero (least frail) and one
(most frail). Here, the number of studies using different cut-off points to categorise adults with cancer as frail are highlighted. Significant variation in
these frailty index cut-off points is evident

This is the first review to evaluate FI categorisation in
older adults with cancer. Significant variability in FI cat-
egorisation has also been reported in a recent review of
the most highly-cited studies in older adults in the com-
munity, acute care, and residential care settings [7]. In
contrast with this prior review, where an FI>0.25 was
common, a significantly higher FI (>0.35) was most fre-
quently used to define frailty in oncology studies.

While the three most frequently cited oncology refer-
ence studies demonstrated associations between pre-
frailty/frailty and adverse outcomes, the rationale for
arriving at this FI categorisation was not clear [22, 27,
34]. Further, the nomenclature of ‘pre-frailty’ in this con-
text would be more congruent with the measurement of
frailty using the Fried Frailty Phenotype, which concep-
tualises frailty as a syndrome with three categories of fit,
pre-frail, and frail. This is in contrast to the deficit accu-
mulation model which considers frailty along a contin-
uum, in which gradations of severity can be appreciated
[18, 83]. It is also interesting to note that of these three
studies, one collapsed ‘prefrailty’ (FI>0.20) and ‘frailty’
(FI>0.35) into a single category for their statistical analy-
sis [34], and another identified an optimum FI cut-off
point approximating their level of prefrailty (FI>0.20)
[22]. FI cut-off points between 0.21 and 0.25 were used
to define frailty, rather than ‘prefrailty; in a further seven
studies.

The predictive validity of these cut-off points
(FI>0.21,>0.25,>0.35) have been tested in community-
dwelling adults by Hoover et al. [84], who reported four
frailty categories for hospital-related outcomes (non-frail
F1<0.1, pre-frail 0.1<FI<0.21, frail FI>0.21, and most
frail FI>0.45). These cut-offs also correspond well with
the mean FI for increasing levels of the Clinical Frailty
Scale (CES): very fit (CFS 1, mean FI=0.09), apparently
vulnerable (CFS 4, mean FI=0.22), and severely frail
(CFS 7, mean FI=0.43) [71].

Variability in the categorisation of frailty contributes to
inconsistency in understanding the true impact of frailty
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on outcomes in older adults with cancer [2, 7]. These dis-
parities should be taken into account when interpreting
the data, as one patient may be categorised as robust in
one study, and frail in another. Much like chemotherapy
toxicity calculators [85], the FI is intended to inform
intrinsic vulnerability and risk, rather than to discrimi-
nate between treatment options. Maintaining the FI as
a continuous variable can be advantageous to mitigate
this and to understand the associations between frailty
and outcomes, however the importance of validated cat-
egorisations must also be acknowledged. Given the pre-
viously discussed findings, it could be suggested that an
FI greater than 0.20 or 0.25 may be most appropriate to
identify those who are at increased risk of adverse events
and to categorise this group as frail. It is likely that studies
defining frailty with an FI>0.35 captured a significantly
more frail, and therefore more vulnerable population
than studies using other validated cut-offs [71]. Graded
frailty severity (e.g., mild, moderate, severe), reported in
only five of the included oncology studies, may be a more
useful method to assist researchers and clinicians. This
would parallel chemotherapy toxicity calculators [85, 86],
however more research is required to determine opti-
mum FI cut-offs to discriminate between outcomes, and
this may vary across tumour streams [42, 54].

Despite a number of studies including some patients
with lymphomas, a limitation to this review was the
exclusion of studies evaluating solely haematologi-
cal malignancies. While the aim of this review was to
determine FI categories and their rationale, the lack of
validated FI categories in the present review means that
these findings cannot likely be extrapolated to other hae-
matological populations.

Conclusion

This scoping review demonstrated variability in how
oncological studies categorise frailty in older adults with
cancer. While some studies sought to determine optimal
cut-off points to define frailty in specific populations, FI
categories were otherwise not well validated in the gen-
eral oncology setting. Further work is therefore required
to validate frailty categories in this context, and at the
present time, the FI may be best reported as a continuous
variable to understand an older adult’s level of frailty.
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