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Abstract
Nowadays, the evaluation of elderly patients' eligibility for allogeneic stem cell transplantation (allo-SCT) is crucial. We
evaluated the feasibility and efficacy of a multidimensional geriatric assessment, the Fondazione Italiana Linfomi (FIL)
score, on a cohort of 228 patients older than 60 years submitted to allo-SCT in Italy and France from 2008 to 2018. Based on
FIL score, available in 215 patients, 125 (58%) patients were classified as “fit” and 90 as “unfit/frail.” The hematopoietic cell
transplantation-specific comorbidity index (HCT-CI) was measured in 222 patients (97%); 71 (32%) patients had HCT-CI 0,
75 (34%) patients scored 1–2, and 76 (34%) ≥3. A total of 121 (53%) patients died after a median follow-up of 36 months.
FIL score was found to highly predict survival, due to an excess of NRM in unfit/frail group, and confirmed its independent
prognostic role on OS (HR: 0.37; 95% CI: 0.25–0.55; p < 0.0001). On the contrary, the HCI-CI failed in allo-SCT outcome
prediction (HR: 1.06; 95% CI: 0.96–1.16; p= 0.27). In summary, a comprehensive geriatric assessment with FIL score
seems to add significant prognostic information in elderly patients submitted to allo-SCT. The pretransplant adoption of this
easy-to-use tool could help the patients’ selection and management.

Introduction

Thanks to the introduction of reduced intensity con-
ditioning (RIC) regimens, the improvement of HLA-typ-
ing, donor selection, and supportive care (anti-infective

and graft-vs-host disease (GVHD) prophylaxis and ther-
apy), advanced age does not represent an absolute limit
for allogeneic stem cell transplantation (allo-SCT) [1, 2].
However, non-relapse mortality (NRM) is still a major
issue and limits the use of this curative approach to only a
minority of fit elderly patients. Selection of eligible
patients older than 60 years is therefore crucial to max-
imize the benefit of allo-SCT.

The easier way to measure patient fitness is to
evaluate patients’ performance. Karnofsky Performance
Status (KPS) was first introduced in the late 1940s and
it was found to be an independent predictor of outcome
in allo-SCT [3–5]. However, the majority of elderly
allo-SCT patients present a preserved KPS, thus limiting
the efficacy of this score in this setting. Later, the index
of independence in activity of daily living (ADL)
[6] and instrumental activities of daily living (IADL) [7]
were adopted. While ADL impairments were rare,
IADL compromission did impact allo-SCT outcome
in elderly patients [8]. Thereafter, many other function-
ality assessments were studied (e.g., falls, exhaustion,
timed up and go, 6-min walk test, etc.), confirming a
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high prevalence of limitations in elderly allo-SCT popu-
lation [9].

Beside performance scores, comorbidities scores were
largely applied. The hematopoietic cell transplantation-
specific comorbidity index (HCT-CI) or Sorror score is
currently the most used tool for transplant-risk assessment.
Taking into account the number and severity of 15 medical
conditions, HCT-CI stratifies patients into three risk cate-
gories (patients score 0, 1–2, or ≥3), with significantly dif-
ferent overall survival (OS) and risk of NRM [10]. In
geriatrics, Cumulative Illness Rating Score for Geriatricians
(CIRS-G) was shown to be a reliable measure of health state
and physical impairment in elderly population [11]. This
scale format provides for 14 independent categories
grouped under body systems. Each domain is scored from 0
to 4 points, according to the degree of severity of organ
involvement. The cumulative final score varies between 0
and 56. This score was also evaluated in allo-SCT elderly
population, showing high prevalence of comorbidity, but no
information on outcome is yet available [12].

By combining functionality and comorbidity scores,
many comprehensive geriatric assessments (CGA) have
been proposed [13]. Such scores demonstrated their efficacy
in AML, myelodysplastic syndromes (MDS), multiple
myeloma, and lymphomas prognostication [14].

In particular, a combined comorbidity and functionality
score was developed on behalf of Fondazione Italiana
Linfomi (FIL), the so-called FIL score [15]. This tool
combines four parameters: (1) the CIRS-G [11], a geriatric-
specific comorbidity score, (2) the ADL [6], (3) IADL [7],
and (4) age > 80 years. The sum of these parameters stra-
tifies patients into three categories: fit, unfit, and frail.

The four components of FIL score were chosen with the
aim to evaluate three different area of elderly frailty: func-
tionality (ADL and IADL), geriatric-specific comorbidity
(CIRS-G), and biologic age (age > 80), making FIL score a
quite comprehensive instrument.

This score was retrospectively evaluated in a mono-
centric study showing a good ability in identifying elderly
diffuse large B-cell lymphoma (DLBCL) patients who
could benefit from a curative approach [16]. Thereafter, it
was prospectively validated on a cohort of 173 (>69
years) DLBCL patients, confirming its ability to predict
OS [15]. Up-to-now, scant data are available on the use of
combined functional and comorbidity scores in allo-SCT,
and no study has evaluated FIL score in this setting. We
therefore conducted this study with the aim of evaluating
the role of the multidimensional FIL score in predicting
allo-SCT outcome, in terms of NRM, relapse incidence
(RI), and OS in a large cohort of elderly (>60 years)
patients who received an allo-SCT in two European
Transplant Centers.

Patients and methods

We analyzed 228 patients with hematological diseases, aged
60 years and older, consecutively submitted for allo-SCT at
Spedali Civili of Brescia and Saint Antoine Hospital in
Paris, from March 2008 to April 2018. The median follow-
up of the entire cohort was 36 months (range: 1–118).

Clinical and laboratory data of patients submitted for
allo-SCT were retrospectively collected from clinical charts
or electronic databases available in Transplant Centers.
Patients’ characteristics are detailed in Table 1.

The median age of the cohort was 64 years (range:
60–76). Male sex was predominant (n= 155, 68%). AML
was the most common indication for transplant (53%).
Disease risk index (DRI) was calculated according to the
CIBMTR assignment tool [17] on all the 227 patients with
hematological neoplasms and was distributed as follows:
low risk in 6 (3%), intermediate in 126 (56%), high in 76
(33%), and very high in 19 (8%) patients.

A matched unrelated donor (MUD) was used in 41%,
sibling in 30%, alternative donors (haploidentical donor or
cord blood) in 29% of cases. Peripheral blood-derived stem
cells were most commonly employed (82%). Myeloablative
conditioning (MAC) regimens were reserved for only a
minority (20%) of patients. Busulfan-based conditioning
regimens were the most employed (156/228, 68.4%), total
body irradiation was given in 34 out of 228 cases (14.9%).
In RIC setting, busulfan–fludarabine conditioning was
predominant (65.4%), followed by TBI-based (17.0%),
cyclophosphamide-based (14.8%), others (2.8%). The
median dose of CD34+ infused cells was 5 (range:
0.01–12.92) ×106/kg recipient body weight; CD3+ cell
dose was 18 (range: 0.2–47.8) ×107/kg.

The local transplant physicians prospectively evaluated
KPS [3] in 217 (95%) and Sorror HCT-CI score in 222
(97%) patients; median time from HCT-CI evaluation to
transplant was 19 days (range: 7–85). The FIL score was
calculated for 215 (94%) patients, on the basis of the ADL
and IADL measured within 3 months from transplantation
in all patients undergoing allo-SCT at our Institutions
after 2007 and CIRS-G retrospectively calculated from
information recorded in hospital stored clinical charts,
with the exclusion of hematology items (Supplementary
Material).

Acute GVHD (aGVHD) was diagnosed and graded
according to the Mount Sinai Acute GVHD International
Consortium criteria [18] and chronic GVHD (cGVHD)
according to the 2015 National Institutes of Health (NIH)
criteria [19]. GVHD prophylaxis was given to all patients
and consisted of: anti-thymocyte globulin (ATG) plus
methotrexate (MTX) and calcineurin inhibitors (CNI) in
67 (29.4%), CNI plus MTX in 69 (30.3%), ATG plus CNI
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plus mycophenolate mofetil (MMF) in 62 (27.2%), and
CNI, MMF plus posttransplant cyclophosphamide in 30
(13.2%) cases.

More patients submitted for allo-SCT in Italy belonged
to DRI class high or very high (55 vs. 36%, p= 0.007),
received transplant with conventional donors (84.1 vs.
66.0%, p= 0.004), conditioned by RIC regimen (92.8 vs.
74.2%, p= 0.001). Less FIL unfit/frail patients were

encountered in the Italian cohort (17.5 vs. 52.0%, p <
0.001); on the contrary, Sorror classes distribution was
comparable between the two centers (p= 0.81).

All patients were on standard anti-infection prophylaxis
with acyclovir, fluconazole, and sulfamethoxazole–
trimethoprim.

The collection of data was approved by the local ethics
committee for each Center and all patients had previously
given informed consent. The study was conducted accord-
ing to the Declaration of Helsinki guidelines.

Statistical analysis

Categorical variables were compared using the chi-square
test or Fisher’s exact test, and continuous variables were
compared using the Student’s t test. OS was calculated
using the Kaplan–Meier estimator; the log-rank test was
used to detect subgroup differences in survival distributions
and to compare factors impacting OS.

A Fine–Gray regression model for competing risks was
used for aGVHD and cGVHD, NRM and RI calculations.
Death without the event of interest was considered as a
competing event. NRM comprised death from toxicity,
infection, aGVHD, and cGVHD.

Univariate and multivariate analyses of survival were
carried out using the Cox proportional-hazards regression
model for OS and with Fine–Gray proportional-hazards
regression for competing events for NRM. The following
variables were included in the univariate analysis: number
of CD34+ and CD3+ infused cells, HLA-mismatch
(MM) number, stem cell source (PB, BM, or CB), con-
ditioning regimen (MAC vs. RIC), use of ATG, donor
sex, KPS (≥90), FIL score (fit vs. unfit/frail), Sorror HCT-
CI (total sum, ≥1 vs. <1, ≥2 vs. <2, ≥3 vs. <3), DRI
category, diagnosis of AL/MDS, age at allo-SCT,
male sex.

All variables associated with OS (p < 0.05) in the uni-
variate analysis were included in the multivariate analysis.
KPS was found to be highly associated with FIL fitness, by
the chi-square test, and was therefore excluded in the
multivariate analysis.

The likelihood ratio was computed for FIL score (and
its components), KPS and Sorror HCT-CI on the basis of
proportional-hazards regression; larger likelihood ratio
values (>10) indicate a large increase in model prediction,
while values approaching 1 indicate no ability in pre-
dicting outcome [20]. Also, c-(concordance)-statistics
were calculated, whereby results range from 0.5 (meaning
no ability to discriminate) to 1 (indicating perfect dis-
crimination) [21].

Statistical analyses were performed with EZR software
(v1.40) [22].

Table 1 Clinical characteristics of patients submitted to allo-SCT.

N= 228

Age in years, median (range) 64 (60–76)

Sex, male (%) 155 (67.9)

Diagnosis, n (%)

AML 121 (53.0)

MDS 33 (14.5)

MPNs 18 (7.9)

Lymphoproliferative neoplasms 52 (22.8)

Other 4 (1.8)

DRI for 227 evaluable pts, n (%)

Low 6 (2.6)

Intermediate 126 (55.5)

High 76 (33.5)

Very high 19 (8.4)

Donor gender, n (%)

Female 83 (36.4)

Sex mismatch female to male 53 (23.2)

Donor, n (%)

Sibling 69 (30.3)

MUD 94 (41.2)

Haploidentical 43 (18.9)

Cord blood 22 (9.6)

Stem cells source, n (%)

Peripheral blood 188 (82.5)

Bone marrow 18 (7.9)

UCB 22 (9.6)

CD34+ ×106/kg, median (range) 5 (0.01–12.92)

CD3+ ×107/kg, median (range) 18 (0.20–47.80)

Conditioning regimen, n (%)

MAC 46 (20.2)

RIC 182 (79.8)

FIL score (available for 215 patients), n (%)

Fit 125 (58.1)

Unfit/frail 90 (41.9)

Sorror HCT-CI, median (range) (available for 222
patients)

2 (0–9)

Karnofsky PS, median (range) (available for 217
patients)

90 (40–100)

Follow-up in months, median (range) 36 (1–118)
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Results

Outcomes after allo-SCT

The median survival time of the entire cohort was
21.9 months (95% CI: 14.3–63.7), with an estimated OS of
69.9%, 59.2%, and 49.0% at 6, 12, and 24 months,
respectively (Fig. 1a).

At last follow-up, 121 (53%) patients had died. The cause
of death was consistent with NRM in 60 (49%) cases (31
infection, 13 toxicity, 9 aGvHD, and 7 cGvHD). Cumulative
incidence of NRM was 19.0%, 23.3%, and 24.9% at 6, 12,
and 24 months from transplant, respectively (Fig. 1b).
Overall, 81 (36%) patients experienced disease relapse
during follow-up, with an RI of 20.7%, 28.2%, and 35.7% at
6, 12, and 24 months, respectively (Fig. 1c). Disease relapse
was the final cause of death in 61 (51%) cases.

aGVHD occurred in 118 (51.7%) patients, after a median
time from allo-SCT of 26 days (range: 6–324), with a
cumulative incidence of 44% at 3 months. aGVHD grading
was distributed as follows: grade I in 66/228 (28.9%)
patients, grade II in 33 (14.5%), grades III–IV in 19 (8.3%).

cGVHD was recorded in 72 of the 185 (38.9%) patients
surviving more than 100 days after allo-SCT. Cumulative
incidence of cGVHD was 14.1%, 32.7%, 37.9% at 6, 12,
and 24 months, respectively, for an incidence rate of 24.3
per 100 patients/year. According to NIH criteria, 19/185
(10.3%) patients had mild, 35 (18.9%) moderate, and 18
(9.7%) severe cGVHD.

Pretransplant fitness assessment

Overall, HCT-CI evaluation before transplant was available
for 222/228 (97%) patients. HCT-CI was 0 in 71/222
(31.9%) patients, while the majority of patients had HCT-CI
impairment, score 1–2 in 75 (33.8%), and ≥3 in 76 (34.3%)

cases. Patients who scored HCT-CI ≥ 3 were less likely to
have received MAC (11.8 vs. 25.3%; p= 0.023), while
other features did not differ between the HCT-CI groups.
Among the comorbidities, pulmonary conditions were the
most frequently encountered (46.4%), followed by heart
valve disease (39.7%), solid cancer (23.2%), diabetes
(19.9%), arrhythmia (16.6%), cardiac (7.3%), cere-
brovascular disease (7.3%), rheumatologic (7.3%), hepatic
impairment (7.3%), peptic ulcer (7.3%), active infection
(4.6%), and psychiatric disorders (4.6%).

The FIL score was measured in 215/228 (94%) patients
and classified patients as “fit” in 125/215 (58.1%), “unfit” in
19 (8.8%), and “frail” in 71 (33.1%). Causes of FIL unfit-
ness or frailty were related to: IADL impairment in 63
(70.0%), CIRS-G score in 20 (22.2%), ADL in 4 (4.5%),
and IADL plus ADL deficits in 3 (3.3%) patients, respec-
tively. No patient was aged > 80 years at transplant.
According to the FIL score, fit patients were more fre-
quently diagnosed with AML (64.0 vs. 37.8%, p < 0.001),
belonged to a lower DRI class (67.2 vs. 46.1%, p < 0.001).
More “unfit/frail” individuals had HCT-CI impairment (p=
0.022) and KPS ≤ 80 (p < 0.001) compared with “fit” sub-
jects (Table 2). Figure 2 represents the distribution of KPS
according to FIL categories.

Predictive factors for overall survival and
non-relapse mortality

Interestingly, HCT-CI was not able to discriminate between
higher and lower risk patients in our cohort of elderly
patients. In fact, patients with HCT-CI ≥ 3 had a 6-, 12-, and
24-month OS of 71.6%, 61.1%, and 51.4% compared with
70.7%, 59.1%, and 46.5% of patients with a lower score,
respectively (p= 0.539) (Fig. 3a). NRM and RI were also
comparable in patients with HCT-CI ≥ 3 and <3; NRM
was 17.3%, 23.0%, and 24.7% vs. 19.9%, 21.4%, and
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Fig. 1 Outcomes after allo-SCT. Overall survival (a), cumulative incidence of non-relapse mortality (NRM) (b), and relapse incidence (c) of
study cohort (228 patients).

Multidimensional geriatric assessment for elderly hematological patients (≥60 years) submitted to. . . 2227



23.2% (p= 0.905), respectively, and RI was 18.6%, 27.2%,
and 35.0% vs. 25.1%, 30.9%, and 36.5% (p= 0.709) in the
HCT-CI ≥ 3 and <3 groups, respectively (Fig. 3b, c).

Unlike HCT-CI, comorbidity evaluation by CIRS-G
score significantly stratified patients with different survival,
despite a low number of CIRS-G impaired patients (n= 20).
CIRS-G fit patients were projected to a 24-month OS of
54.5 vs. 20.0% of unfit/frail patients (p < 0.0001). Twenty-
four-month estimated NRM and RI were 21.9% vs.
40.0% (p= 0.06) and 32.7% vs. 50.0% (p= 0.09) in fit and

unfit/frail CIRS-G patients, respectively (Fig. 3d, e). Also,
ADL/IADL-impaired patients experienced worse survival.
Twenty-four-month OS, NRM and RI were 58.8% vs.
35.4% (p= 0.0002), 16.7% vs. 37.6% (p= 0.002), and
35.5% vs. 32.2% (p= 0.95) in ADL/IADL fit and unfit/frail
patients, respectively.

Combining CIRS-G, IADL and ADL, FIL score per-
formed even better. FIL “fit” patients experienced an OS of
86.2%, 74.9%, and 65.6% compared with 54.4%, 44.3%,
and 31.6% in FIL “unfit/frail” patients at 6, 12, and

Table 2 Characteristics of
patients according to FIL score;
study cohort was divided into
two categories: fit and unfit/frail
patients.

Fit (N= 125) Unfit/frail (N= 90) p value

Age in years, median (range) 64 (60–72) 64 (60–76) 0.509

Sex, male (%) 85 (68.0) 60 (66.7) 0.883

Diagnosis, n (%)

AML 80 (64.0) 34 (37.8) <0.001

MDS 16 (12.8) 16 (17.8)

MPNs 4 (3.2) 14 (15.6)

Lymphoproliferative neoplasms 23 (18.4) 24 (26.7)

Other 2 (1.6) 2 (2.2)

DRI, number on 214 evaluable (%)

Low 2 (1.6) 4 (4.5) 0.002

Intermediate 82 (65.6) 37 (41.6)

High 35 (28.0) 36 (40.4)

Very high 6 (4.8) 12 (13.5)

Donor gender, n (%)

Female 43 (34.4) 37 (41.1) 0.315

Sex mismatch female to male 27 (31.8) 24 (40.0) 0.306

Donor, n (%)

Sibling 38 (30.4) 25 (27.8) 0.102

MUD 58 (46.4) 32 (35.6)

Cord blood 11 (8.8) 8 (8.9)

Haploidentical 18 (14.4) 25 (27.8)

Stem cells source, n (%)

Peripheral blood 101 (80.8) 77 (85.5) 0.447

Bone marrow 13 (10.4) 5 (5.5)

UCB 11 (8.8) 8 (9.0)

CD3+ ×107/kg, median (range) 5.0 (0.01–12.9) 5.1 (0.1–10.2) 0.225

CD34+ ×106/kg, median (range) 17.9 (0.2–47.8) 19.2 (1.7–41.0) 0.767

Conditioning regimen, n (%)

MAC 30 (24.0) 16 (17.8) 0.314

RIC 95 (76.0) 74 (82.2)

Sorror HCT-CI, median (range) 1 (0–9) 2 (0–9) 0.046

HCT 0, n (%) 49 (39.2) 20 (22.2) 0.022

HCT 1–2, n (%) 34 (27.2) 36 (40.0)

HCT ≥ 3, n (%) 42 (33.6) 34 (37.8)

Karnofsky PS, median (range) 100 (60–100) 90 (40–100) <0.001

KPS > 80, n on 205 evaluable (%) 100 (82.0) 42 (50.6) <0.001

Follow-up months, median (range) 37.1 (1.0–118.0) 29.9 (1.0–107.7) 0.160

2228 N. Polverelli et al.



24 months, respectively (p < 0.0001) (Fig. 4a), while no
differences in transplant outcome were observed between
unfit and frail patients (p= 0.81). This finding was related
to an excess of NRM; in fact, transplant-related deaths were
significantly higher in the “unfit/frail” in comparison with
the “fit” group: NRM at 6, 12, and 24 months was 7.3%,
10.8%, and 12.9% in the “fit” group and 31.1%, 36.8%, and
38.1% in the “unfit/frail” group (p < 0.0001), respectively.
Interestingly, despite the higher percentage of DRI high/
very high patients among unfit/frail patients, RI was similar
between “fit” and “unfit/frail” groups, with a 6-, 12-, and
24-month RI of 16.2%, 23.2%, and 32.7% vs. 24.4%,
31.2%, and 32.3%, respectively (p= 0.39) (Fig. 4b, c).

By univariate analysis, higher DRI category (HR: 1.51;
95% CI: 1.05–2.16; p= 0.02), KPS ≥ 90 (HR: 0.53; 95%
CI: 0.36–0.78; p= 0.0013), and FIL “fit” status (HR: 0.35;
95% CI: 0.24–0.52; p < 0.0001) were associated with sur-
vival. On the contrary, when evaluated as either a con-
tinuous variable (HR: 1.06; 95% CI: 0.96–1.16; p= 0.27)
or as a categorical variable, HCT-CI was not associated
with OS: HCT-CI ≥ 1 or <1 (HR: 1.12; 95% CI: 0.75–1.66;
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Fig. 3 Outcomes after allo-SCT according to HCT-CI and CIRS-G
score. Overall survival (a), cumulative incidence of non-relapse
mortality (NRM) (b), and relapse incidence (c) according to
Sorror HCT-CI. The black line represents patients with score ≥ 3,

red line patients with score < 3. Overall survival (d), cumulative
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(f) according to CIRS-G unfitness/frailty as assessed by FIL score.
The black line represents fit patients, red line unfit/frail patients.
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p= 0.579), HCT-CI ≥ 2 or <2 (HR: 1.08; 95% CI:
0.75–1.56; p= 0.679), HCI ≥ 3 or <3 (HR: 1.13; 95% CI:
0.77–1.65; p= 0.540).

Due to collinearity between FIL score and KPS, only FIL
score and DRI underwent multivariate analysis, that con-
firmed the independent predictive role of the FIL score (fit
vs. unfit/frail, HR: 0.37; 95% CI: 0.25–0.55; p < 0.0001) on
OS (Fig. 5a).

Also on NRM, FIL score affirmed its prognostic role
(HR: 0.34; 95% CI: 0.19–0.58; p= 0.0001) (Fig. 5b).

Comparison between FIL score, HCT-CI and KPS

Then, we performed a head-to-head comparison of perfor-
mances of the FIL score and its components with HCT-CI
and KPS.

Based on likelihood-ratio test and c-statistics, CIRS-G
and ADL/IADL impairment had weak predictive role on OS
(11.20 and 0.547 [standard error 0.016], 12.40 and 0.591
[standard error 0.024]) and NRM (4.10 and 0.546 [standard
error 0.026], 10.90 and 0.622 [standard error 0.035]),
respectively. By combining CIRS-G and IADL/ADL into
FIL score, we observed a stronger association between
unfitness/frailty and poorer survival due to an increased
NRM, as evaluated by the likelihood-ratio test (28.45 and
19.37, respectively). C-statistics also confirmed the pre-
dictive role of FIL score on OS and NRM (0.637 [standard
error 0.023] and 0.668 [standard error 0.032]). Conversely,
Sorror HCT-CI had a significantly lower likelihood-ratio
test value: OS and NRM (0.46 and 0.20, respectively); also,
C-statistics confirmed the poor predictive role on OS and
NRM (0.520 [standard error 0.020] and 0.511 [standard
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error 0.040]). Also for KPS, likelihood-ratio test and
c-statistics for OS and NRM were significantly lower (9.64
and 0.573 [standard error 0.023], 8.53 and 0.586 [standard
error 0.034]) compared to FIL score.

Discussion

This retrospective study on a fairly large cohort of elderly
patients (≥60 years) submitted to allo-SCT in two European
Transplant Centers showed the potential ability of com-
prehensive FIL score in predicting allo-SCT NRM and OS.
This score was, indeed, initially conceived for elderly
patients diagnosed with DLBCL and this is the first study
exploring its use in a cohort of elderly transplanted patients.
Our experience supports the design of prospective trials to
further validate the use of FIL score before allo-SCT for
improving the evaluation of patients’ eligibility to and
management after allo-SCT.

In fact, taking into account the dramatic increase in the
number of elderly hematological patients who are candi-
dates to allo-SCT in the last few decades, the evaluation of
patient fitness is becoming more important [23]. Also, the
availability of novel and effective medical therapies raises
the need for an effective transplant-risk assessment, thus
tailoring the therapy according to patients’ fitness and
limiting the risk of NRM.

Up-to-now, HCT-CI is the most employed tool used for
patient selection for allo-SCT [10]. This score was devel-
oped by Sorror et al. in a retrospective cohort of 1055
patients, submitted for allo-SCT mainly for malignant dis-
ease in Seattle [10]. Accordingly, HCT-CI assessment has
been integrated in clinical practice and it is strongly
recommended before transplantation by the Foundation for
the Accreditation of Cellular Therapy and the European
Joint Accreditation Committee (Accreditation Manual 7th
edition). Nevertheless, it should be considered that the
Sorror study cohort was transplanted in 1997–2003, the
median age was 44.8 years, no patient received transplant
from alternative donor and chronic myeloid leukemia was
the primary indication for allo-SCT, making this population
not representative of a contemporary cohort of transplant
patients [24].

Later, the effectiveness of HCT-CI score was pro-
spectively validated by two Italian and American studies
[25, 26]. However, in CIBMTR experience, elderly popu-
lation was a minority (22.8%) and only one-third of patients
received RIC conditioning. Although HCT-CI confirmed
good prediction of allo-SCT outcome, the authors suggested
to further improve the ability of the comorbidity score
with some components of geriatric assessments in
subjects older than 60 [26]. In GITMO trail, HCT-CI

showed a c-concordance statistics equal to 0.59 in RIC
group, indicating a faint prediction in this setting.

Beside this solid literature, some research groups
recently questioned the effectiveness of HCT-CI. Nakaya
et al. reported no ability of the original HCT-CI to predict
survival and NRM, especially in cord blood recipients [27].
An European cooperative work documented a weak pre-
dictive value of HCT-CI in a cohort of 812 patients
receiving an RIC transplant for AML in first CR. HCT-CI
also showed poor prediction on allo-SCT outcome in
an American cohort of 203 allo-SCT patients older than
50 years [8].

Moreover, several studies have highlighted the com-
plexity of evaluation of fitness in older cancer patients. In
order to specifically capture peculiar problems of a senior
population, a geriatric-specific comorbidity score was
developed [11]. The CIRS-G to date represents the gold
standard for rating the total burden of disease in the elderly.
Also, many different multidisciplinary approaches by CGA
have been reported in onco–hematology [13]. These
experiences led the American Society of Clinical Oncology
to strongly recommend the use of CGA in patients ≥
65 years receiving chemotherapy [28].

In the allo-SCT setting, frailty, as evaluated by Fried’s
criteria, was shown to be associated with an eightfold higher
risk of severe or life-threatening nervous system compli-
cations, 1.9 times higher risk of grades III–IV toxicities, and
3.1 times higher risk of overall mortality [29]. However,
only few studies have evaluated the role of CGA in elderly
allo-SCT patients in depth, with conflicting results. Muffly
et al. first published a pilot study reporting a high pre-
valence of undocumented CGA impairments in older allo-
SCT recipients, then they demonstrated an independent
prognostic utility for IADL, slow walk speed, HCT-CI, and
low mental health by short-form-36 mental component
summary and elevated C-reactive protein in a prospective
cohort of 203 allo-SCT patients ≥ 50 years old enrolled at
the University of Chicago [8, 12]; IADL impairment and
mild renal dysfunction were found to correlate with NRM
and OS in a cohort of 457 elderly (≥60 years) patients
undergoing allo-SCT at Memorial Sloan Kettering Cancer
Center in New York [30]; in contrast a German study on
106 patients showed no differences in survival according to
pretransplant CGA assessment [31].

By combining the geriatric-specific comorbidity assess-
ment (CIRS-G), ADL, IADL, the FIL scores appeared to us
to be a complete tool capable of capturing the complexity of
the elderly allo-SCT population.

The main characteristics of our cohort were very similar
to other recent elderly patient groups in terms of disease,
conditioning regimen, GVHD prophylaxis, and outcomes
[23, 30, 31].
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The majority of patients presented with comorbidities, as
demonstrated by HCT-CI impairment in 68% of cases, with
around 50% of them being of pulmonary origin; never-
theless, comorbidities did not represent a contraindication to
allo-SCT and resulted in a decrease in FIL score in only in a
minority (22.2%) of cases. In our cohort, HCT-CI was not
able to identify higher-risk patients; conversely, the FIL
score was better able to stratify patients with different risks
of NRM and OS, with unfit/frail patients identified as
having a dismal outcome (32% compared with 66% at 2
years in fit patients). FIL score impairment was pre-
dominantly determined by IADL scale results (73.3% of
cases), while basic functions as classified by the ADL were
preserved in almost all patients.

Our study results highlight two main aspects: (1) the
comorbidities themselves, as evaluated by HCT-CI, but not
with CIRS-G score, could be less relevant for elderly patient
selection for allo-SCT; (2) on the contrary, a comprehensive
evaluation of patient functionality seems to be critical for
allo-SCT success in the elderly.

In such a setting, a higher independence and a subject’s
ability to carry out complex actions may overcome physical
limits. For instance, the ability to take care of oneself as
well as compliance and adherence to daily home therapy
and the early recognition of medical problems (infections,
GVHD occurrence), leading to prompt access to specialist
care, could be much more important than concurrent stable
illness such as pulmonary function decrease, heart valve
incontinence, controlled diabetes, etc. [32, 33].

We recognize the limits of our experience: the retro-
spective nature of the study, calculation of the CIRS-G
score from medical records, and inter-rater variability
could have affected the final results and the reliability of
the data in terms of incorrect categorization, lack of
information, and physician opinion. Also, higher-risk
patients (by HCT-CI) may have received more careful
medical surveillance, counterbalancing the unfavorable
role of concomitant diseases. Nevertheless, the large
cohort of patients, the use of easy to calculate scales
(ADL, IADL, and CIRS-G), and survival endpoints are in
the study’s favor.

In the future, the evaluation of more precise indexes of
patient functionality (e.g., muscle strength, etc.) could fur-
therly improve the prognostic value of FIL score [34].

In conclusion, our study suggests that FIL score is a
potential model of interest for pretransplant evaluation of
elderly candidates for allo-SCT, allowing an effective
prognostication and helping transplant physicians in the
selection and management of patients who can actually
benefit from transplantation. Prospective larger trials and
validation of our results in further cohorts are warranted to
confirm these preliminary results before the adoption in
clinical practice.
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