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Abstract
Purpose  Febrile neutropenia (FN) is a life-threatening complication of chemotherapy. Although practice guidelines suggest 
the use of existing prediction models when making decisions to prevent and treat FN, recent evidence suggests that these 
models are limited in their discriminative ability. This study aims to systematically review and critically evaluate the recent 
literature to assess the question: what evidence-based clinical prediction models can be used to predict FN or its outcomes?
Methods  PubMed, EMBASE, Web of Science, and SCOPUS were searched for primary journal articles that developed or 
validated models that predicted FN or outcomes in patients with FN. Risk of bias was critically evaluated using the Predic-
tion model Risk of Bias Assessment Tool (PROBAST).
Results  Five thousand nine hundred nineteen articles were identified, of which 90 met inclusion criteria. Twenty-five studies 
predicted FN, and 65 studies predicted outcomes in patients with FN, including 28 that predicted mortality, 35 that predicted 
microbiological outcomes, and 35 that predicted other complications. Eight studies used machine learning methods in their 
development, and few studies were externally validated. All 90 studies were graded as high risk of bias using PROBAST.
Conclusion  Prediction models for FN and its outcomes demonstrate promising discriminatory ability; however, several 
limitations have prevented these from translating clinically. These limitations include variable FN definitions, high ROB in 
current models, limited external validation, and heterogeneous cohorts. Future work is needed to further develop and validate 
robust, well-evidenced models that can translate into clinical practice. This may best be achieved through machine learning 
and electronic medical record integration.
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Introduction

Febrile neutropenia (FN) is a common and often life-threat-
ening condition in cancer patients undergoing chemotherapy 
treatment. FN affects up to 20% of patients and has a mortal-
ity rate of 9.5% [1]. This mortality increases to 50% in those 
with comorbidities or septic shock [2]. FN is defined as fever 
≥ 38.3 °C or ≥ 38.0 °C for 1 h or more, and neutropenia 
is defined as an absolute neutrophil count (ANC) of < 0.5 
× 109/L, or an ANC that is < 1.0 × 109/L and expected to 
decrease to < 0.5 × 109 in the next 48 h [3].

Given the significant complications that can occur with 
FN, high-risk patients are given granulocyte colony stim-
ulating factor (G-CSF), and in some cases, prophylactic 
antibiotics. At the onset of FN, standard of care tends to 
be inpatient management with broad-spectrum intravenous 
antibiotics, but this treatment paradigm is not without risk, 
notably the development of nosocomial colonization and 
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resistant bacterial organisms [4]. There is a significant eco-
nomic impact on the healthcare system with this approach to 
management, which prompts the question of whether there 
is a cohort of FN patients that can be safely managed in the 
outpatient setting [5].

Multiple risk stratification tools have been devel-
oped to both determine prognosis and to tailor therapy 
in patients with FN. The most internationally utilized 
prediction tools to predict poor outcomes in FN are the 
Multinational Association for Supportive Care in Cancer 
(MASCC) score and the Clinical Index of Stable Febrile 
Neutropenia (CISNE) [6, 7]. Although these scoring 
systems performed well in initial validation, a recent 
systematic review and meta-analysis demonstrated that 
these tools may not meet the appropriate safety standards 
for clinical decision making [8]. International guidelines 
recommend incorporating clinical criteria when making 
decisions, in conjunction with these tools, further imply-
ing the need for more comprehensive predictive tools to 
aid clinical decision making in this setting [5]. With the 
increasing use of electronic medical records (EMR) glob-
ally and subsequent availability of large datasets, there is 
growing opportunity for the development of novel mod-
els. Furthermore, machine learning (ML) algorithms pre-
sent a rapidly expanding area of development and may 
represent an opportunity for more discriminate models 
to be developed with these large datasets.

Given the importance of early intervention in FN, and the 
lack of validated, fit-for-purpose prediction models clinically 
available, novel prediction models are needed. Our aim was 
to systematically review and critically appraise the existing 
and emerging literature with the following question: what 
evidence-based clinical prediction models can be used to 
predict FN or its outcomes?

Methods

Search strategy

The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines were followed. 
Searches were performed in four databases (PubMed, 
Embase, Web of Science, and SCOPUS) for studies that 
developed or validated models predicting febrile neutro-
penia or its outcomes. The search strategy was developed 
in PubMed using medical subject headings (MeSH) and 
keyword terms. It was then revised for the other databases 
(Supplementary Material). The final iteration of the search 
was completed on October 5, 2023. A protocol was not pre-
registered for this review.

Eligibility criteria

Articles published between 2013 and 2023 were evalu-
ated. Studies that evaluated the use of a predictive model to 
predict FN or its outcomes in a cohort that included those 
age ≥ 18 years were included. The following papers were 
excluded; studies that did not develop a predictive model, 
abstracts only, studies not available in English, and confer-
ence papers. Title and abstract screening, full-text review, 
data extraction, and risk of bias (ROB) assessment was per-
formed and corroborated by two independent authors using 
Covidence, a systematic review software tool.

Data extraction and ROB assessment

Each study was systematically reviewed for data using a 
structured proforma. Data were collected pertaining to study 
characteristics, dataset, cohort demographics including 
antimicrobial and G-CSF prophylaxis, predictor variables, 
intended time of use, endpoints, outcome measures, and val-
idation. Predictors were classified as clinical, pathological, 
radiological, or microbiological, and endpoints were classi-
fied as predicting FN, mortality, microbiological outcomes, 
complications, or other outcomes of interest.

ROB and applicability were assessed using the PROBAST 
(Prediction model Risk of Bias Assessment Tool), which is a 
tool developed specifically for assessing prediction models 
in the systematic review and meta-analysis setting. The tool 
assesses ROB across four domains (participants, predic-
tors, outcomes, and analysis) and for the study overall. Two 
independent authors assessed ROB using the PROBAST. 
Where disagreements were identified, these were resolved 
first through discussion between the authors. There were no 
cases where discussion did not resolve these conflicts.

Results

A total of 8656 studies were retrieved from the database 
search, with 5919 studies after duplicates were removed and 
5689 studies excluded in title and abstract screening (Fig. 1). 
Two hundred thirty studies were reviewed in full, and 90 stud-
ies met inclusion criteria (Supplementary Table 1) [9–98].

Study demographics and cohorts

Of the 90 included studies, 31 (34%) were prospective, 54 
(60%) were retrospective, 3 (3%) were a combination of 
these, and 2 (2%) were cross-sectional. Twenty-five stud-
ies predicted FN, and 65 (72%) predicted FN outcomes, 
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of which 28 predicted mortality, 31 predicted microbio-
logical outcomes, 35 predicted complications, and 3 pre-
dicted other outcomes of interest. In terms of predictor 
variables, 59 (66%) used clinical predictor variables, 81 
(90%) used laboratory or pathological variables, and 1 

used microbiological variables. There were 27 countries 
represented by the studies, of which most studies came 
from the USA (13) and South Korea (9). Two studies were 
multinational.

Fig. 1   PRISMA diagram for search outcomes and study inclusion
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Study outcomes—FN prediction

The FN predictive models that have had the most external 
validation are the Febrile Neutropenia after Chemotherapy 
(FENCE) and Cycle-Specific Risk of Febrile Neutrope-
nia after Chemotherapy (CSRFENCE) scores developed by 
Aagaard et al. [40, 57] (Table 1). The FENCE score was 
developed in solid cancer or diffuse large B cell lymphoma 
(DLBCL) patients receiving first-line chemotherapy, where 
FN was defined as death or blood culture collection within 
3 days of an ANC less than 0.5 × 109/L. Here, using age, 
infective status, biochemistry and cancer diagnosis, stage, 
and treatment, the FENCE had good discrimination for FN 
prediction with a Harrel’s C-statistic of 0.79. This was vali-
dated by Zatarah et al. [91] in a similar cohort using a dif-
ferent FN definition of an ANC less than 0.5 × 109/L with 
temperature ≥ 38.2 °C, albeit with a worse discriminatory 
performance. Thungthong et al. [98] prospectively validated 
the FENCE in a novel cohort of lymphoma patients who all 
received G-CSF, with similar discrimination results as the 
Zatarah validation study.

Aagaard et al. [57] subsequently expanded on their work 
with the CSRFENCE score for chemotherapy cycles 2–6 of 
a patient’s treatment, and added chemotherapy selection, 
cycle number, previous FN or neutropenia, and G-CSF use 
as variables. FN was again defined as blood culture collec-
tion or death within 3 days of an ANC < 0.5 × 109/L, or, 
if neutrophils were not measured, a leukocyte count ≤ 2.0 
× 109/L. This showed similar discrimination performance 
to the original FENCE score and was again validated by 
Zatarah et al. [90] with an FN definition of an ANC less 
than 0.5 × 109/L with temperature ≥ 38.2 °C. This showed 
good discrimination with an area under the receiver operator 
characteristic curve (AUROC) of 0.72 for FN prediction.

Another externally validated model was the Impact of 
Neutropenia in Chemotherapy – European Study Group 
(INC-EU) model [99], which was published outside of the 
search time period scope, but was validated by Schwenk-
glenks et al. [17]. Using a standard FN definition, this model 
used variables including demographic information, recent 
infection, G-CSF use, and chemotherapy administration and 
dosing. This was validated in non-Hodgkin’s lymphoma 
(NHL) patients receiving chemotherapy but with worse 
discrimination.

Bozcuk et al. [25] prospectively developed and externally 
validated a FN prediction model in breast, lung, and colorec-
tal cancer patients, with demographics, chemotherapy cycle, 
malignancy, and lymphocyte count as variables. The con-
cordance index in external validation cohorts for this model 
across six centers was 0.85.

Li et al. [45] modelled common comorbidities, chemo-
therapy dosing, WCC, renal function, and demographic vari-
ables for patients with common oncological malignancies 

or NHL to predict FN, defined by hospital coding. They 
compared this to a 2011 model by Lyman et al. [100] and 
found similar performances. This study was validated by 
Venäläinen et al. [89], who used a least-absolute shrink-
age and selection operator (LASSO) to predict FN from 
malignancy, treatment, and pathological variables with an 
AUROC of 0.75 in external validation, which was superior 
to the Li and Lyman models applied to this cohort.

Three multivariate models predicted FN in breast cancer 
patients. Chen et al. [19] validated a previous model outside 
of the search year scope (Jenkin’s model [101]) using pre-
treatment hematological parameters; however, they found 
it had predictive value only when absolute monocyte count 
was added as a variable (AUROC 0.60). Pfeil et al. [22] 
assessed single nucleotide polymorphisms and blood param-
eters and also had a modest performance, while Netterberg 
et al. [47] used time-to-event analysis to combine IL-6 and 
CRP as predictor variables in a small cohort, showing that 
rises in these biomarkers occur prior to FN.

Two models predicted FN in bone marrow transplant 
patients. Buchan et al. [80] prospectively assessed heart 
rate variability, TNF-� , IL-6, and IL-7 to generate a model 
with an AUROC of 0.87. Carco et al. [81] demonstrated that 
prolonged FN was predicted better with WCC than CRP.

Two studies used machine learning to predict FN, both 
in solid cancers. Cho et al. [59] assessed multiple machine 
learning methods using laboratory values and body surface 
area to predict FN in breast cancer patients, with an AUROC 
of 0.908. Bozcuk et al. [79] developed and externally vali-
dated a model combining cancer diagnosis, previous FN, 
chemotherapy cycle, age, performance status, and lympho-
cyte count, with an external validation AUROC of 0.78 in 
patients who did not use G-CSF. This was not improved 
with the application of artificial neural networks (ANNs) 
in the model.

In the broader oncology population, Gulleen et al. [61] 
predicted FN in neutropenic patients with vital signs with 
magnesium, platelets, and hemoglobin with an AUROC of 
0.74. Zhu et al. [92] developed a risk-prediction nomogram 
using performance status, comorbidities, chemotherapy 
choice, bilirubin, and lymphocyte count to predict FN with 
an AUROC of 0.9.

Univariate models have also been used to predict FN 
with variable efficacy. Predictors included soluble TNF-� I 
receptor [16], CRP [43, 47, 68], BMI [96], c-D-index [85], 
ANC [43, 48, 96], neutrophil-to-lymphocyte ratio (NLR) 
[58], absolute monocyte count (AMC) [48], and IL-6 [47].

Study outcomes—FN outcome prediction

As described, the MASCC [102] and CISNE [26] scores 
were developed in 2000 and 2015, respectively, and are cur-
rently used in clinical practice. They both combine clinical 
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status and comorbidity data to predict risk of poor outcomes 
in FN. In the studies that have been analyzed, poor outcomes 
included respiratory failure, renal failure, hypotension, 
arrhythmias, DIC, death, ICU admission, or other com-
plications deemed to be serious and clinically significant. 
However, these outcomes were variably defined between 
studies. In this review period, 23 studies validated either the 
CISNE, MASCC, or both, with variable outcomes (MASCC 
AUROC 0.658–0.768, CISNE AUROC 0.64–0.868 [9, 10, 
18, 20, 21, 24, 31–33, 35, 38, 39, 41, 46, 65, 67, 70–72, 
74, 82, 86, 93]), which was the recent focus of a systematic 
review and meta-analysis [8] (Table 2).

Several studies combined the MASCC with other vari-
ables, including Gunalp et al. [20] who developed a novel 
model using inflammatory markers and laboratory values 
with the MASCC to predict mortality or poor outcomes. 
Ahn et al. [9] added procalcitonin and clinical factors with 
the MASCC to predict poor outcomes or bacteremia, which 
was superior to the MASCC for predicting both outcomes. 
Others have combined MASCC with single variables to 
improve performance including lipopolysaccharide bind-
ing protein [49], CRP [14], and patient-reported outcomes 
[39]. Kelly et al. [44] compared the MASCC with metabolic 
and gene expression profiles to predict bacteremia in FN 
patients, where the omics model outperformed the MASCC. 
Finally, others have compared univariate models with the 
MASCC for single outcome measures and found them supe-
rior to the MASCC, including for PCT and bacteremia [72], 
PCT and mortality [76, 78], and angiopoietin-12/angiopoi-
etin-1 ratio for predicting septic shock [12].

The SOFA, qSOFA, APACHE II, and National Early 
Warning Scores (NEWS) are used in sepsis prediction and 
have also been applied to FN outcome prediction. Barros 
et al. [93] showed no clear superiority between the MASCC, 
European Society for Bone Marrow Transplantation score 
(EBMT), or qSOFA in predicting complicated FN or 
mortality in BMT patients in their cohort. Kim et al. [35] 
demonstrated that in predicting sepsis, mortality, and ICU 
admission, the MASCC was superior to the qSOFA. Choi 
et al. [82] showed that combining the qSOFA with mean 
platelet volume was inferior to the MASCC for predict-
ing complicated FN. Cetintepe et al. [71] showed that the 
qSOFA, SOFA, and MASCC all performed poorly in FN 
patients in ICU for predicting mortality; here, the MASCC 
was sensitive but not specific (0.188 and 0.75, respectively) 
and the qSOFA and SOFA was specific (0.917 and 0.833, 
respectively) but not sensitive (0.00 each). Frairia et al. [95] 
compared qSOFA and NEWS and found that both predicted 
mortality in acute myeloid leukemia (AML) patients with 
FN (AUROC 0.984 and 0.969). Kim et al. [50] demonstrated 
that the APACHE II score outperformed the platelet-to-
lymphocyte ratio (PLR) for predicting 30-day mortality 
(AUROC 0.730 and 0.666, respectively).Re

fe
re

nc
e

In
cl

us
io

n 
cr

ite
ria

In
cl

us
io

n 
nu

m
be

r
Pr

ed
ic

to
r v

ar
ia

bl
es

O
ut

co
m

e 
va

ria
bl

es
Pe

rfo
rm

an
ce

 m
et

ric
s

Ex
te

rn
al

 v
al

id
at

io
n 

pe
r-

fo
rm

ed
?

C
ha

nt
ha

ra
kh

it 
et

 a
l. 

20
20

 
[5

8]
St

ag
e 

I–
II

I b
re

as
t c

an
ce

r
33

9
N

LR
FN

A
U

RO
C

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

PP
V

N
PV

PL
R

N
LR

N
o

Ta
bl

e 
1  

(c
on

tin
ue

d)



	 Supportive Care in Cancer          (2025) 33:537   537   Page 10 of 25

Ta
bl

e 
2  

S
um

m
ar

y 
of

 e
xt

ra
ct

ed
 d

at
a 

fro
m

 F
N

 o
ut

co
m

e 
pr

ed
ic

tio
n 

m
od

el
s. 

Ex
tra

ct
ed

 d
at

a 
w

as
 s

um
m

ar
iz

ed
 in

to
 th

e 
be

lo
w

 c
ol

um
ns

, w
ith

 fu
rth

er
 d

et
ai

l i
n 

Su
pp

le
m

en
ta

ry
 T

ab
le

 1
. S

er
io

us
 c

om
-

pl
ic

at
io

ns
 w

er
e 

us
ua

lly
 d

efi
ne

d 
as

 r
es

pi
ra

to
ry

 fa
ilu

re
, r

en
al

 fa
ilu

re
, h

yp
ot

en
si

on
, a

lte
re

d 
m

en
ta

l s
ta

te
, c

on
fu

si
on

, I
C

U
 a

dm
is

si
on

, a
cu

te
 h

ea
rt 

dy
sf

un
ct

io
n,

 p
ro

ce
du

re
s 

re
qu

ire
d 

to
 tr

ea
t f

eb
ril

e 
ill

ne
ss

, D
IC

, m
aj

or
 b

le
ed

in
g,

 h
ow

ev
er

, s
ee

 S
up

pl
em

en
ta

ry
 T

ab
le

 1
 fo

r f
ur

th
er

 d
et

ai
l a

s 
va

ria
tio

n 
w

as
 p

re
se

nt
 b

et
w

ee
n 

stu
di

es
. T

he
 M

A
SC

C
 s

co
re

 in
cl

ud
es

 v
ar

ia
bl

es
 o

f s
ym

pt
om

s, 
hy

po
te

ns
io

n,
 

CO
PD

, p
re

vi
ou

s 
fu

ng
al

 in
fe

ct
io

n,
 d

eh
yd

ra
tio

n,
 o

ut
pa

tie
nt

 s
ta

tu
s, 

ag
e.

 T
he

 C
IS

N
E 

sc
or

e 
in

cl
ud

es
 v

ar
ia

bl
es

 o
f E

CO
G

, s
tre

ss
-in

du
ce

d 
hy

pe
rg

ly
ce

m
ia

, C
O

PD
, C

V
D

 h
ist

or
y,

 m
uc

os
iti

s, 
an

d 
m

on
o-

cy
te

 c
ou

nt
. T

he
 q

SO
FA

 s
co

re
 in

cl
ud

es
 v

ar
ia

bl
es

 o
f m

en
ta

l s
ta

te
, b

lo
od

 p
re

ss
ur

e,
 R

R
. T

he
 S

O
FA

 s
co

re
 in

cl
ud

es
 v

ar
ia

bl
es

 o
f S

O
FA

 s
co

re
 re

sp
ira

to
ry

 s
ta

tu
s, 

co
ag

ul
at

io
n,

 b
ili

ru
bi

n,
 b

lo
od

 p
re

s-
su

re
, p

re
ss

or
 u

se
, G

C
S 

an
d 

cr
ea

tin
in

e.
 A

K
I =

 ac
ut

e 
ki

dn
ey

 in
ju

ry
, A

N
C

 =
 ab

so
lu

te
 n

eu
tro

ph
il 

co
un

t, 
A

M
C

 =
 ab

so
lu

te
 m

on
oc

yt
e 

co
un

t, 
A

ng
-1

 =
 an

gi
ot

en
si

n 
1,

 A
ng

-2
 =

 an
gi

ot
en

si
n 

2,
 A

U
RO

C
 

=
 ar

ea
 u

nd
er

 th
e 

re
ce

iv
er

 o
pe

ra
to

r c
ha

ra
ct

er
ist

ic
 c

ur
ve

, A
SC

T 
=

 au
to

lo
go

us
 h

em
at

op
oi

et
ic

 st
em

 c
el

l t
ra

ns
pl

an
t, 

C
D

I =
 cl

in
ic

al
ly

 d
oc

um
en

te
d 

in
fe

ct
io

n,
 c

fD
N

A
 =

 ce
ll-

fr
ee

 d
eo

xy
rib

on
uc

le
ic

 a
ci

d,
 

CK
-1

8 
=

 ca
sp

as
e-

cl
ea

ve
d 

cy
to

ke
ra

tin
-1

8,
 C

O
PD

 =
 ch

ro
ni

c 
ob

str
uc

tiv
e 

pu
lm

on
ar

y 
di

se
as

e,
 C

R
P 

=
 C

-r
ea

ct
iv

e 
pr

ot
ei

n,
 C

V
D

 =
 ca

rd
io

va
sc

ul
ar

 d
is

ea
se

, D
IC

 =
 di

ss
em

in
at

ed
 in

tra
va

sc
ul

ar
 c

oa
gu

la
-

tio
n,

 E
CO

G
 =

 E
as

te
rn

 C
oo

pe
ra

tiv
e 

O
nc

ol
og

y 
G

ro
up

, E
D

 =
 em

er
ge

nc
y 

de
pa

rtm
en

t, 
EC

G
 =

 el
ec

tro
ca

rd
io

gr
am

, e
G

FR
 =

 es
tim

at
ed

 g
lo

m
er

ul
ar

 fi
ltr

at
io

n 
ra

te
, F

U
O

 =
 fe

ve
r 

of
 u

nk
no

w
n 

or
ig

in
, 

G
C

S 
=

 G
la

sg
ow

 C
om

a 
Sc

or
e,

 G
N

B
-M

D
R

 =
 gr

am
-n

eg
at

iv
e 

ba
ci

lli
 m

ul
ti-

dr
ug

 r
es

ist
an

t, 
H

IV
 =

 hu
m

an
 im

m
un

od
efi

ci
en

cy
 v

iru
s, 

H
R

 =
 he

ar
t r

at
e,

 H
SC

T 
=

 he
m

at
op

oi
et

ic
 s

te
m

 c
el

l t
ra

ns
pl

an
t, 

IC
U

 =
 in

te
ns

iv
e 

ca
re

 u
ni

t, 
IF

D
 =

 in
va

si
ve

 fu
ng

al
 d

is
ea

se
, I

FI
 =

 in
va

si
ve

 fu
ng

al
 in

fe
ct

io
n,

 IV
 =

 in
tra

ve
no

us
, J

A
G

1 
=

 ja
gg

ed
 1

 p
ro

te
in

, L
B

P 
=

 li
po

po
ly

sa
cc

ha
rid

e-
bi

nd
in

g 
pr

ot
ei

n,
 M

A
PK

A
PK

3 
=

 M
A

P 
ki

na
se

-a
ct

iv
at

ed
 p

ro
te

in
 k

in
as

e 
3,

 M
D

I =
 m

ic
ro

bi
ol

og
ic

al
ly

 d
oc

um
en

te
d 

in
fe

ct
io

n,
 M

PV
 =

 m
ea

n 
pl

at
el

et
 v

ol
um

e,
 M

TC
 =

 m
aj

or
 tr

an
sp

la
nt

-r
el

at
ed

 c
om

pl
ic

at
io

ns
, N

A
 =

 no
t a

pp
lic

ab
le

, 
N

H
L 

=
 no

n-
H

od
gk

in
’s

 ly
m

ph
om

a,
 N

PV
 =

 ne
ga

tiv
e 

pr
ed

ic
tiv

e 
va

lu
e,

 N
LR

 =
 ne

ut
ro

ph
il 

to
 ly

m
ph

oc
yt

e 
ra

tio
, P

C
T 

=
 pr

oc
al

ci
to

ni
n,

 P
LR

 =
 pl

at
el

et
-to

-ly
m

ph
oc

yt
e 

ra
tio

 o
r p

os
iti

ve
 li

ke
lih

oo
d 

ra
tio

, 
PP

V
 =

 po
si

tiv
e 

pr
ed

ic
tiv

e 
va

lu
e,

 P
SP

N
 =

 pr
es

ep
si

n,
 q

SO
FA

 =
 qu

ic
k 

Se
qu

en
tia

l O
rg

an
 F

ai
lu

re
 A

ss
es

sm
en

t, 
R

R
 =

 re
sp

ira
to

ry
 ra

te
, S

Fl
t-1

 =
 so

lu
bl

e 
FM

S-
lik

e 
ty

ro
si

ne
 k

in
as

e 
1,

 S
IR

S 
=

 sy
ste

m
ic

 
in

fla
m

m
at

or
y 

re
sp

on
se

 s
yn

dr
om

e,
 S

O
FA

 =
 S

eq
ue

nt
ia

l O
rg

an
 F

ai
lu

re
 A

ss
es

sm
en

t, 
su

PA
R

 =
 so

lu
bl

e 
ur

ok
in

as
e 

pl
as

m
in

og
en

 a
ct

iv
at

or
 re

ce
pt

or
, U

TI
 =

 ur
in

ar
y 

tra
ct

 in
fe

ct
io

n,
 V

EG
F-

A
 =

 va
sc

ul
ar

 
en

do
th

el
ia

l g
ro

w
th

 fa
ct

or
 A

Re
fe

re
nc

e
In

cl
us

io
n 

cr
ite

ria
In

cl
us

io
n 

nu
m

be
r

Pr
ed

ic
to

r v
ar

ia
bl

es
O

ut
co

m
e 

va
ria

bl
es

Pe
rfo

rm
an

ce
 m

et
ric

s
Ex

te
rn

al
 v

al
id

at
io

n 
pe

r-
fo

rm
ed

?

M
A

SC
C

, C
IS

N
E 

an
d 

ot
he

r e
xi

sti
ng

 c
lin

ic
al

 sc
or

es
A

hn
 e

t a
l. 

20
13

 [9
]

A
du

lt
ED

 p
re

se
nt

at
io

n
M

al
ig

na
nc

y
FN

35
5 

pa
tie

nt
s, 

40
0 

ev
en

ts
M

A
SC

C
 sc

or
e,

 P
C

T
B

ac
te

re
m

ia
Sh

oc
k

A
U

RO
C

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

PP
V

N
PV

A
cc

ur
ac

y

Ye
s

G
un

de
rs

on
 e

t a
l. 

20
13

 [1
0]

G
yn

ec
ol

og
ic

al
 m

al
ig

-
na

nc
y

FN
 w

ith
 IC

D
-9

 c
od

e

83
 p

at
ie

nt
s, 

91
 e

ve
nt

s
M

A
SC

C
 sc

or
e

Se
rio

us
 c

om
pl

ic
at

io
ns

M
or

ta
lit

y
PP

V
N

PV
Ex

te
rn

al
 v

al
id

at
io

n 
on

ly

C
ar

m
on

a-
B

ay
on

as
 e

t a
l. 

20
14

 [1
8]

A
du

lt
O

nc
ol

og
y 

w
ar

d 
ad

m
is

si
on

FN A
pp

ar
en

tly
 st

ab
le

 p
at

ie
nt

s

69
2

M
A

SC
C

 sc
or

e
Se

rio
us

 c
om

pl
ic

at
io

ns
A

U
C

​
Se

ns
iti

vi
ty

Sp
ec

ifi
ci

ty

Ex
te

rn
al

 v
al

id
at

io
n 

on
ly

G
un

al
p 

et
 a

l. 
20

14
 [2

0]
A

du
lt

ED
 p

re
se

nt
at

io
n

FN C
he

m
ot

he
ra

py

N
ot

 st
at

ed
C

om
pl

ic
at

io
ns

: p
la

te
le

ts
, 

eG
FR

, p
ro

te
in

, C
R

P,
 

M
A

SC
C

D
ea

th
: P

la
te

le
ts

, p
ul

m
o-

na
ry

 in
fil

tra
tio

n,
 p

ro
te

in
, 

R
R

, M
A

SC
C

Se
rio

us
 c

om
pl

ic
at

io
ns

M
or

ta
lit

y
Se

ns
iti

vi
ty

Sp
ec

ifi
ci

ty
PP

V
N

PV

N
o

Pa
til

 e
t a

l. 
20

14
 [2

1]
FN

91
M

A
SC

C
 sc

or
e

M
or

ta
lit

y
Se

ns
iti

vi
ty

Sp
ec

ifi
ci

ty
PP

V
N

PV

Ex
te

rn
al

 v
al

id
at

io
n 

on
ly



Supportive Care in Cancer          (2025) 33:537 	 Page 11 of 25    537 

Ta
bl

e 
2  

(c
on

tin
ue

d)

Re
fe

re
nc

e
In

cl
us

io
n 

cr
ite

ria
In

cl
us

io
n 

nu
m

be
r

Pr
ed

ic
to

r v
ar

ia
bl

es
O

ut
co

m
e 

va
ria

bl
es

Pe
rfo

rm
an

ce
 m

et
ric

s
Ex

te
rn

al
 v

al
id

at
io

n 
pe

r-
fo

rm
ed

?

B
ita

r e
t a

l. 
20

15
 [2

4]
A

ge
 ≥

 18
 y

ea
rs

FN A
nt

im
ic

ro
bi

al
s

19
8

M
A

SC
C

 sc
or

e
Se

rio
us

 c
om

pl
ic

at
io

ns
Se

ns
iti

vi
ty

Sp
ec

ifi
ci

ty
PP

V
N

PV

Ex
te

rn
al

 v
al

id
at

io
n 

of
 

lit
er

at
ur

e 
m

od
el

 o
nl

y

C
ar

m
on

a-
B

ay
on

as
 e

t a
l. 

20
15

 [2
6]

A
ge

 ≥
 18

 y
ea

rs
FN M

ild
-o

r-m
od

er
at

e 
in

te
n-

si
ty

 c
he

m
ot

he
ra

py
O

ut
pa

tie
nt

s

11
33

M
A

SC
C

 sc
or

e,
 C

IS
N

E 
sc

or
e

Se
rio

us
 c

om
pl

ic
at

io
ns

A
U

C
​

Ex
te

rn
al

 v
al

id
at

io
n 

of
 

lit
er

at
ur

e 
m

od
el

 o
nl

y

C
oy

ne
 e

t a
l. 

20
17

 [3
3]

A
ge

 ≥
 16

C
he

m
ot

he
ra

py
-r

el
at

ed
 F

N
23

0
M

A
SC

C
 sc

or
e,

 C
IS

N
E 

sc
or

e
Se

rio
us

 c
om

pl
ic

at
io

ns
M

or
ta

lit
y

IC
U

B
ac

te
re

m
ia

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

PP
V

N
PV

PL
R

N
LR

Ex
te

rn
al

 v
al

id
at

io
n 

on
ly

Ta
j e

t a
l. 

20
17

 [3
8]

H
em

at
ol

og
ic

al
 m

al
ig

-
na

nc
y

FN

22
6

M
A

SC
C

 sc
or

e
Se

rio
us

 c
om

pl
ic

at
io

ns
 

M
or

ta
lit

y
Se

ns
iti

vi
ty

Sp
ec

ifi
ci

ty
PP

V

Ex
te

rn
al

 v
al

id
at

io
n 

on
ly

W
an

g 
et

 a
l. 

20
17

 [3
9]

A
ge

 ≥
 16

 y
ea

rs
So

lid
 tu

m
or

 o
r l

ym
ph

om
a

FN

12
0

M
A

SC
C

 sc
or

e,
 m

al
ai

se
 

su
bs

ca
le

Se
rio

us
 c

om
pl

ic
at

io
ns

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

PP
V

N
PV

M
is

cl
as

si
fic

at
io

n
A

U
C

​

Ex
te

rn
al

 v
al

id
at

io
n 

of
 

lit
er

at
ur

e 
m

od
el

 o
nl

y

A
hn

 e
t a

l. 
20

18
 [4

1]
A

ge
 >

 18
M

al
ig

na
nc

y
FN Em

er
ge

nc
y 

de
pa

rtm
en

t

57
1

M
A

SC
C

 sc
or

e,
 C

IS
N

E 
sc

or
e

Se
rio

us
 c

om
pl

ic
at

io
ns

M
or

ta
lit

y
A

U
C

​
Se

ns
iti

vi
ty

Sp
ec

ifi
ci

ty
PP

V
N

PV
PL

R
N

LR

Ex
te

rn
al

 v
al

id
at

io
n 

on
ly

M
oo

n 
et

 a
l. 

20
18

 [4
6]

A
ge

 ≥
 18

 y
ea

rs
C

he
m

ot
he

ra
py

 w
ith

in
 3

0 
da

ys
St

ab
le

 p
at

ie
nt

s (
fo

r 
C

IS
N

E)
FN ED

 p
re

se
nt

at
io

n

40
0

M
A

SC
C

 sc
or

e,
 C

IS
N

E 
sc

or
e

Se
rio

us
 c

om
pl

ic
at

io
ns

B
ac

te
re

m
ia

A
U

C
​

C
-in

de
x

Ex
te

rn
al

 v
al

id
at

io
n 

on
ly



	 Supportive Care in Cancer          (2025) 33:537   537   Page 12 of 25

Ta
bl

e 
2  

(c
on

tin
ue

d)

Re
fe

re
nc

e
In

cl
us

io
n 

cr
ite

ria
In

cl
us

io
n 

nu
m

be
r

Pr
ed

ic
to

r v
ar

ia
bl

es
O

ut
co

m
e 

va
ria

bl
es

Pe
rfo

rm
an

ce
 m

et
ric

s
Ex

te
rn

al
 v

al
id

at
io

n 
pe

r-
fo

rm
ed

?

M
oh

in
dr

a 
et

 a
l. 

20
20

 [6
5]

A
ge

 ≥
 12

 y
ea

rs
M

al
ig

na
nc

y
C

he
m

ot
he

ra
py

-r
el

at
ed

 F
N

12
9

M
A

SC
C

 sc
or

e,
 C

IS
N

E 
sc

or
e

M
or

ta
lit

y
A

U
C

​
Se

ns
iti

vi
ty

Sp
ec

ifi
ci

ty
PP

V
N

PV
PL

R
N

LR

Ex
te

rn
al

 v
al

id
at

io
n 

on
ly

Pe
yr

on
y 

et
 a

l. 
20

20
 [6

7]
FN A

ge
 ≥

 18
 y

ea
rs

24
9

M
A

SC
C

 sc
or

e
In

pa
tie

nt
 m

or
ta

lit
y

Se
rio

us
 c

om
pl

ic
at

io
ns

A
U

C
​

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

PP
V

N
PV

Ex
te

rn
al

 v
al

id
at

io
n 

on
ly

B
ha

rd
w

aj
 e

t a
l. 

20
21

 [7
0]

A
ge

 ≥
 18

In
pa

tie
nt

C
an

ce
r

FN

19
3

M
A

SC
C

 sc
or

e
In

pa
tie

nt
 d

ea
th

, I
C

U
A

U
C

​
Ex

te
rn

al
 v

al
id

at
io

n 
on

ly

C
ha

fta
ri 

et
 a

l. 
20

21
 [7

2]
C

an
ce

r
ED

 p
re

se
nt

at
io

n 
FN

Se
ru

m
 la

ct
at

e 
an

d 
PC

T 
m

ea
su

re
d 

at
 p

re
se

nt
at

io
n

55
0

M
A

SC
C

, l
ac

ta
te

, P
C

T
M

or
ta

lit
y

B
ac

te
re

m
ia

Le
ng

th
 o

f S
ta

y

A
U

RO
C

Sp
ec

ifi
ci

ty
Se

ns
iti

vi
ty

N
PV

PP
V

Ex
te

rn
al

 v
al

id
at

io
n 

of
 

lit
er

at
ur

e 
m

od
el

 o
nl

y

M
on

us
zk

o 
et

 a
l. 

20
21

 [7
4]

G
yn

ec
ol

og
ic

al
 m

al
ig

-
na

nc
y

50
M

A
SC

C
 sc

or
e,

 C
IS

N
E 

sc
or

e
Se

rio
us

 c
om

pl
ic

at
io

ns
Se

ns
iti

vi
ty

Sp
ec

ifi
ci

ty
PP

V
N

PV

Ex
te

rn
al

 v
al

id
at

io
n 

on
ly

G
ar

cí
a 

de
 G

ua
di

an
a-

Ro
m

ua
ld

o 
et

 a
l. 

20
19

 
[4

9]

A
du

lt
O

ut
pa

tie
nt

s
C

he
m

ot
he

ra
py

 fo
r m

al
ig

-
na

nc
y 

w
ith

in
 5

 w
ee

ks
 

pr
io

r t
o 

ED
 p

re
se

nt
at

io
n

11
1 

ep
is

od
es

, 1
02

 p
at

ie
nt

s
M

A
SC

C
 sc

or
e,

 P
C

T,
 

lip
op

ol
ys

ac
ch

ar
id

e 
bi

nd
-

in
g 

pr
ot

ei
n

Se
rio

us
 c

om
pl

ic
at

io
ns

B
ac

te
re

m
ia

A
U

RO
C

Ex
te

rn
al

 v
al

id
at

io
n 

of
 

lit
er

at
ur

e 
m

od
el

 o
nl

y

M
at

su
m

ot
o 

et
 a

l. 
20

13
 

[1
4]

Lu
ng

 c
an

ce
r

FN
60

M
A

SC
C

 sc
or

e,
 C

R
P

Fa
ilu

re
 o

f a
nt

im
ic

ro
bi

al
 

th
er

ap
y—

fiv
e 

da
ys

 
w

ith
ou

t f
ev

er
 o

r s
er

io
us

 
m

ed
ic

al
 c

om
pl

ic
at

io
n

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

PP
V

N
PV

Ex
te

rn
al

 v
al

id
at

io
n 

of
 

lit
er

at
ur

e 
m

od
el

 o
nl

y

K
el

ly
 e

t a
l. 

20
18

 [4
4]

FN
39

M
A

SC
C

5 
m

et
ab

ol
ic

 v
ar

ia
bl

es
R

A
D

18
, M

A
PK

A
PK

3,
 

JA
G

1

B
ac

te
re

m
ia

A
U

RO
C

Ex
te

rn
al

 v
al

id
at

io
n 

of
 

lit
er

at
ur

e 
m

od
el

 o
nl

y

Re
ye

s M
on

dr
ag

ón
 e

t a
l. 

20
21

 [7
6]

H
em

at
ol

og
ic

al
 m

al
ig

-
na

nc
y

FN Re
ce

nt
 a

rr
iv

al
 to

 E
D

81
 e

pi
so

de
s, 

72
 p

at
ie

nt
s

PC
T,

 c
om

pa
re

d 
to

 
M

A
SC

C
D

ea
th

 a
s i

np
at

ie
nt

Se
ps

is
/S

ep
tic

 S
ho

ck
A

U
RO

C
Ex

te
rn

al
 v

al
id

at
io

n 
of

 
lit

er
at

ur
e 

m
od

el
 o

nl
y



Supportive Care in Cancer          (2025) 33:537 	 Page 13 of 25    537 

Ta
bl

e 
2  

(c
on

tin
ue

d)

Re
fe

re
nc

e
In

cl
us

io
n 

cr
ite

ria
In

cl
us

io
n 

nu
m

be
r

Pr
ed

ic
to

r v
ar

ia
bl

es
O

ut
co

m
e 

va
ria

bl
es

Pe
rfo

rm
an

ce
 m

et
ric

s
Ex

te
rn

al
 v

al
id

at
io

n 
pe

r-
fo

rm
ed

?

O
no

 e
t a

l. 
20

22
 [8

6]
Lu

ng
 c

an
ce

r
FN

49
M

A
SC

C
 a

nd
 C

IS
N

E 
sc

or
es

Fa
ilu

re
 to

 re
su

m
e 

ch
em

o-
th

er
ap

y 
tre

at
m

en
t

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

Yo
un

de
n’

s i
nd

ex

Ex
te

rn
al

 v
al

id
at

io
n 

on
ly

Lu
z 

Fi
uz

a 
et

 a
l. 

20
13

 [1
2]

H
SC

T/
H

em
at

ol
og

y
FN

99
M

A
SC

C
 sc

or
e,

 C
R

P,
 

SO
FA

, V
EG

F-
A

, S
Fl

t-1
, 

A
ng

-1
, A

ng
-2

, A
ng

-2
/

A
ng

-1
 ra

tio

Se
pt

ic
 sh

oc
k

A
U

C
​

Ex
te

rn
al

 v
al

id
at

io
n 

of
 

lit
er

at
ur

e 
m

od
el

 o
nl

y

La
pp

al
ai

ne
n 

et
 a

l. 
20

20
 

[6
3]

A
ge

 ≥
 18

A
M

L 
re

ce
iv

in
g 

ch
em

o-
th

er
ap

y
FN

12
5 

pa
tie

nt
s, 

39
6 

tre
at

-
m

en
t e

pi
so

de
s

qS
O

FA
In

fe
ct

io
us

 m
or

ta
lit

y
IC

U
 tr

ea
tm

en
t

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

Ex
te

rn
al

 v
al

id
at

io
n 

of
 

lit
er

at
ur

e 
m

od
el

 o
nl

y

B
ar

ro
s e

t a
l. 

20
23

 [9
3]

A
du

lt
A

SC
T

30
9

M
A

SC
C

, E
B

M
T,

 q
SO

FA
 

an
d 

co
m

bi
na

tio
n 

of
 

th
es

e

B
SI

, a
dm

is
si

on
 to

 IC
U

, 
m

or
ta

lit
y

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

N
PV

PP
V

Ex
te

rn
al

 v
al

id
at

io
n 

of
 

lit
er

at
ur

e 
m

od
el

 o
nl

y

K
im

 e
t a

l. 
20

17
 [3

5]
A

ge
 ≥

 18
 y

ea
rs

FN C
he

m
ot

he
ra

py
 in

du
ce

d 
ne

ut
ro

pe
ni

a

61
5

qS
O

FA
, M

A
SC

C
 sc

or
e

M
or

ta
lit

y
IC

U
 a

dm
is

si
on

Se
ps

is

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

PP
V

N
PV

LR
 +

 
LR

-

Ex
te

rn
al

 v
al

id
at

io
n 

on
ly

C
ho

i e
t a

l. 
20

22
 [8

2]
A

ge
 ≥

 18
M

al
ig

na
nc

y
FN

37
8

qS
O

FA
, M

PV
M

or
ta

lit
y

Se
rio

us
 c

om
pl

ic
at

io
ns

A
U

C
​

Ex
te

rn
al

 v
al

id
at

io
n 

of
 

lit
er

at
ur

e 
m

od
el

 o
nl

y

C
et

in
te

pe
 e

t a
l. 

20
21

 [7
1]

FN IC
U

 a
dm

is
si

on
H

em
at

ol
og

y

60
M

A
SC

C
 sc

or
e

SO
FA

 sc
or

e 
(r

es
pi

ra
to

ry
, 

co
ag

ul
at

io
n,

 b
ili

ru
bi

n,
 

bl
oo

d 
pr

es
su

re
, p

re
ss

or
 

us
e,

 G
C

S,
 c

re
at

in
in

e)
qS

O
FA

M
or

ta
lit

y
Se

ns
iti

vi
ty

Sp
ec

ifi
ci

ty
Ex

te
rn

al
 v

al
id

at
io

n 
on

ly

Fr
ai

ria
 e

t a
l. 

20
23

 [9
5]

A
ge

 ≥
 18

 y
ea

rs
 A

M
L

FN
63

0 
FN

qS
O

FA
, N

at
io

na
l E

ar
ly

 
W

ar
ni

ng
 S

co
re

M
or

ta
lit

y 
du

rin
g 

FN
Va

so
pr

es
so

r r
eq

ui
re

m
en

t
SI

R
S

Re
sp

ira
to

ry
 fa

ilu
re

Ve
nt

ila
tio

n
IC

U
 a

dm
is

si
on

A
U

RO
C

O
dd

s r
at

io
N

o

K
im

 e
t a

l. 
20

19
 [5

0]
A

du
lt

Se
pt

ic
 sh

oc
k

ED
 p

re
se

nt
at

io
n

C
he

m
ot

he
ra

py
-I

nd
uc

ed
 

FN
Tr

ea
te

d 
w

ith
 G

-C
SF

15
8

A
PA

C
H

E 
II

 sc
or

e 
an

d 
PL

R
—

bo
th

 a
s i

nd
i-

vi
du

al
 m

od
el

s

1-
m

on
th

 su
rv

iv
al

A
U

RO
C

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

PP
V

N
PV

Ex
te

rn
al

 v
al

id
at

io
n 

of
 

lit
er

at
ur

e 
m

od
el

 o
nl

y



	 Supportive Care in Cancer          (2025) 33:537   537   Page 14 of 25

Ta
bl

e 
2  

(c
on

tin
ue

d)

Re
fe

re
nc

e
In

cl
us

io
n 

cr
ite

ria
In

cl
us

io
n 

nu
m

be
r

Pr
ed

ic
to

r v
ar

ia
bl

es
O

ut
co

m
e 

va
ria

bl
es

Pe
rfo

rm
an

ce
 m

et
ric

s
Ex

te
rn

al
 v

al
id

at
io

n 
pe

r-
fo

rm
ed

?

Ya
da

v 
et

 a
l. 

20
21

 [7
8]

 >
 1

2 
ye

ar
s o

ld
H

em
at

ol
og

ic
 o

r s
ol

id
 

m
al

ig
na

nc
y

C
he

m
ot

he
ra

py
-in

du
ce

d 
FN

10
0

M
A

SC
C

 sc
or

e,
 P

C
T

M
or

ta
lit

y
A

U
RO

C
Ex

te
rn

al
 v

al
id

at
io

n 
of

 
lit

er
at

ur
e 

m
od

el
 o

nl
y

M
ac

hi
ne

 le
ar

ni
ng

D
u 

et
 a

l. 
20

20
 [6

0]
A

du
lt

M
al

ig
na

nc
y

12
6,

01
3

In
tu

ba
tio

n 
an

d 
m

ec
ha

ni
ca

l 
ve

nt
ila

tio
n,

 re
sp

ira
to

ry
 

fa
ilu

re
, c

ar
di

ac
 a

rr
es

t 
an

d 
ve

nt
ric

ul
ar

 fi
br

il-
la

tio
n,

 o
th

er
 a

fte
rc

ar
e,

 
sh

oc
k

To
p 

5 
rid

ge
: o

th
er

 
af

te
rc

ar
e,

 re
sp

ira
to

ry
 

fa
ilu

re
, a

ge
, r

es
pi

ra
to

ry
 

in
tu

ba
tio

n 
an

d 
m

ec
ha

ni
-

ca
l v

en
til

at
io

n,
 a

cu
te

 a
nd

 
un

sp
ec

ifi
ed

 re
na

l f
ai

lu
re

In
pa

tie
nt

 m
or

ta
lit

y
A

U
RO

C
Se

ns
iti

vi
ty

Sp
ec

ifi
ci

ty
Pr

ec
is

io
n

Re
ca

ll
F1

-s
co

re

N
o

G
ar

ci
a-

V
id

al
 e

t a
l. 

20
21

 
[7

3]
H

em
at

ol
og

ic
al

 m
al

ig
-

na
nc

y
FN

32
35

 e
pi

so
de

s, 
34

9 
pa

tie
nt

s
M

L 
m

od
el

 w
ith

ou
t 

de
sc

rip
tio

n 
of

 fi
na

l 
va

ria
bl

es

G
N

B
-M

D
R

 p
os

iti
ve

 
cu

ltu
re

 w
ith

in
 2

4 
h 

of
 

FN
 o

ns
et

A
U

RO
C

F1
 S

co
re

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

N
PV

PP
V

N
o

Pa
dm

an
ab

ha
n 

et
 a

l. 
20

22
 

[8
7]

A
ge

 ≥
 18

 y
ea

rs
 F

N
11

66
Se

ps
is

: A
ge

, r
eg

io
n,

 
B

SI
, T

re
at

m
en

t p
ha

se
, 

D
ia

gn
os

is
, S

ex
, L

in
e 

in
fe

ct
io

n,
 p

ol
ym

ic
ro

bi
al

 
B

SI
, U

TI
M

D
RO

: A
ge

, T
yp

e 
B

SI
, 

lin
e,

 d
ia

gn
os

is
, t

re
at

-
m

en
t p

ha
se

, r
eg

io
n,

 se
x,

 
co

lit
is

, s
ki

n 
in

fe
ct

io
n,

 
U

TI
D

ea
th

: A
ge

, s
ep

si
s, 

B
SI

, 
D

ia
gn

os
is

Se
ps

is
, M

D
RO

, m
or

ta
lit

y
A

cc
ur

ac
y

Re
ca

ll
A

U
RO

C

N
o



Supportive Care in Cancer          (2025) 33:537 	 Page 15 of 25    537 

Ta
bl

e 
2  

(c
on

tin
ue

d)

Re
fe

re
nc

e
In

cl
us

io
n 

cr
ite

ria
In

cl
us

io
n 

nu
m

be
r

Pr
ed

ic
to

r v
ar

ia
bl

es
O

ut
co

m
e 

va
ria

bl
es

Pe
rfo

rm
an

ce
 m

et
ric

s
Ex

te
rn

al
 v

al
id

at
io

n 
pe

r-
fo

rm
ed

?

Ly
nn

 e
t a

l. 
20

13
 [1

3]
C

he
m

ot
he

ra
py

 w
ith

in
 

5 
w

ee
ks

 p
rio

r t
o 

ED
 v

is
it

A
N

C
 <

 50
0/

µL
A

ge
 ≥

 18
FN

81
La

te
nc

y 
of

 fi
rs

t d
os

e 
of

 
an

tib
io

tic
s, 

pn
eu

m
on

ia
, 

pl
at

el
et

 c
ou

nt
, c

om
or

-
bi

di
ty

, H
R

H
yp

ot
en

si
on

 S
B

P 
<

 90
 

m
m

H
g 

re
qu

iri
ng

 IV
 fl

u-
id

s o
r i

no
tro

pi
c 

ag
en

ts
, 

re
sp

ira
to

ry
 d

ist
re

ss
 

re
qu

iri
ng

 h
ig

h 
flo

w
 

ox
yg

en
 o

r i
nt

ub
at

io
n,

 
G

C
S 

<
 14

, n
ew

 o
ns

et
 

ar
rh

yt
hm

ia
 re

qu
iri

ng
 

in
te

rv
en

tio
n,

 d
ea

th

A
U

C
​

N
o

N
ov

el
 m

ul
tiv

ar
ia

te
 m

od
el

s
A

hn
 e

t a
l. 

20
16

 [3
1]

A
ge

 ≥
 16

 y
ea

rs
H

em
at

ol
og

ic
al

 o
r s

ol
id

 
tu

m
or

 m
al

ig
na

nc
y

FN

D
er

iv
at

io
n:

 7
18

Va
lid

at
io

n:
 2

83
A

ge
, P

C
T,

 E
CO

G
, 

m
uc

os
iti

s, 
bl

oo
d 

pr
es

-
su

re
, r

es
pi

ra
to

ry
 ra

te
M

A
SC

C

Se
rio

us
 c

om
pl

ic
at

io
ns

B
ac

te
re

m
ia

A
U

C
​

Ex
te

rn
al

 v
al

id
at

io
n 

of
 

lit
er

at
ur

e 
m

od
el

 o
nl

y

Fo
ns

ec
a 

et
 a

l. 
20

16
 [3

2]
A

du
lt

So
lid

 m
al

ig
na

nc
y 

on
 

m
ild

-m
od

er
at

e 
in

te
ns

ity
 

ch
em

ot
he

ra
py

11
33

EC
O

G
, C

O
PD

, C
hr

on
ic

 
C

V
D

, m
uc

os
iti

s, 
m

on
o-

cy
te

s, 
str

es
s-

in
du

ce
d 

hy
pe

rg
ly

ce
m

ia

Se
rio

us
 c

om
pl

ic
at

io
ns

C
-in

de
x

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

PL
R

N
LR

PP
V

N
PV

Ye
s

Se
re

ea
ph

in
an

 e
t a

l. 
20

21
 

[7
7]

A
du

lt 
C

he
m

ot
he

ra
py

FN
N

ot
 st

at
ed

H
b,

 se
pt

ic
 sh

oc
k,

 A
K

I, 
m

ec
ha

ni
ca

l v
en

til
at

io
n

30
-d

ay
 m

or
ta

lit
y

A
U

RO
C

N
o

Pe
ra

zz
ol

i e
t a

l. 
20

19
 [5

3]
FN In

pa
tie

nt
A

bd
om

in
al

/a
no

re
ct

al
 

in
fe

ct
io

n 
si

te
H

em
at

ol
og

ic
al

 m
al

ig
-

na
nc

y

74
 e

pi
so

de
s, 

69
 p

at
ie

nt
s

B
as

el
in

e 
he

m
at

ol
og

ic
 

di
ag

no
si

s, 
ne

ut
ro

pe
ni

a 
se

ve
rit

y,
 d

ur
at

io
n 

of
 

ne
ut

ro
pe

ni
a,

 th
er

ap
eu

tic
 

m
od

al
ity

, d
ia

gn
os

is
 o

f 
ab

do
m

in
al

 o
r a

no
re

ct
al

 
di

se
as

e

In
pa

tie
nt

 m
or

ta
lit

y
A

U
RO

C
N

o

Er
de

m
 e

t a
l. 

20
23

 [9
4]

 ≥
 1

6 
ye

ar
s

FN B
ac

te
re

m
ia

In
iti

al
 B

SI
 a

fte
r h

os
pi

ta
l 

ad
m

is
si

on

43
11

H
R

, q
SO

FA
, a

pp
ro

pr
ia

te
-

ne
ss

 o
f a

nt
im

ic
ro

bi
al

 
tre

at
m

en
t, 

U
TI

, G
ra

m
-

po
si

tiv
e 

B
SI

M
or

ta
lit

y
A

U
C

​
Se

ns
iti

vi
ty

Sp
ec

ifi
ci

ty

N
o

Sh
an

 e
t a

l. 
20

22
 [8

8]
A

du
lt

al
lo

-H
SC

T
Fe

br
ile

W
ee

kl
y 

PC
T

C
om

pl
et

e 
cl

in
ic

al
 d

at
a 

an
d 

fo
llo

w
 u

p 
in

fo
rm

at
io

n

21
9

D
ia

gn
os

is
, d

is
ea

se
 st

at
us

, 
m

on
th

s f
ro

m
 d

ia
gn

os
is

, 
M

TC
, P

C
T

C
D

I
B

SI
M

or
ta

lit
y

A
U

RO
C

C
-in

de
x

N
o



	 Supportive Care in Cancer          (2025) 33:537   537   Page 16 of 25

Ta
bl

e 
2  

(c
on

tin
ue

d)

Re
fe

re
nc

e
In

cl
us

io
n 

cr
ite

ria
In

cl
us

io
n 

nu
m

be
r

Pr
ed

ic
to

r v
ar

ia
bl

es
O

ut
co

m
e 

va
ria

bl
es

Pe
rfo

rm
an

ce
 m

et
ric

s
Ex

te
rn

al
 v

al
id

at
io

n 
pe

r-
fo

rm
ed

?

Sh
el

bu
rn

e 
et

 a
l. 

20
14

 [2
3]

N
eu

tro
pe

ni
a

V
iri

da
ns

 G
ro

up
 S

tre
pt

o-
co

cc
i B

SI

D
er

iv
at

io
n:

 5
69

Va
lid

at
io

n:
 1

63
N

os
oc

om
ia

l o
ns

et
, b

et
a-

la
ct

am
 p

ro
ph

yl
ax

is
, 

be
ta

-la
ct

am
 th

er
ap

y 
w

ith
in

 3
0 

da
ys

B
et

a-
la

ct
am

 re
si

st
an

ce
 in

 
V

G
S 

B
SI

A
U

C
​

N
o

M
ar

in
i e

t a
l. 

20
15

 [2
9]

A
ge

 ≥
 18

H
em

at
ol

og
y/

on
co

lo
gy

Po
si

tiv
e 

bl
oo

d 
cu

ltu
re

 fo
r 

gr
am

-n
eg

at
iv

e 
ro

d

24
7

C
lo

fa
ra

bi
ne

 u
se

 in
 p

re
vi

-
ou

s 9
0 

da
ys

, r
itu

xi
m

ab
 

us
e 

in
 p

re
vi

ou
s 9

0 
da

ys
, 

an
tib

io
tic

s f
or

 ≥
 14

 d
ay

s 
in

 th
e 

pa
st 

90
 d

ay
s, 

IC
U

, 
re

sp
ira

to
ry

 so
ur

ce
 o

f 
cu

ltu
re

Pi
pe

ra
ci

lli
n/

ta
zo

ba
ct

am
 

re
si

st
an

t g
ra

m
-n

eg
at

iv
e 

ro
d 

B
SI

A
U

C
​

N
o

U
ni

va
ria

te
 m

od
el

s
M

ei
da

ni
 e

t a
l. 

20
13

 [1
5]

A
ge

 ≥
 14

 y
ea

rs
FN Re

fe
rr

al
 fr

om
 c

an
ce

r 
ce

nt
er

N
o 

an
tib

io
tic

s w
ith

in
 1

2 
h 

of
 fe

ve
r

64
C

R
P,

 P
C

T
Se

ps
is

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

N
o

G
ar

dc
ia

de
 e

t a
l. 

20
15

 [2
7]

A
du

lt
C

he
m

ot
he

ra
py

-a
ss

oc
ia

te
d 

FN
So

lid
 o

r h
em

at
ol

og
ic

al
 

tu
m

or
s

A
dm

itt
ed

 to
 E

D

61
 e

pi
so

de
s

58
 p

at
ie

nt
s

C
R

P,
 P

C
T,

 IL
-6

, L
B

P
C

D
I o

r M
D

I
Se

ns
iti

vi
ty

Sp
ec

ifi
ci

ty
PP

V
N

PV
PL

R
N

LR
A

U
C

​

N
o

Li
u 

et
 a

l. 
20

15
 [2

8]
N

H
L

C
he

m
ot

he
ra

py
A

ge
 ≥

 16
 y

ea
rs

FN C
R

P 
an

d 
PC

T 
w

ith
in

 4
8 

h

21
2 

ep
is

od
es

;
19

9 
pa

tie
nt

s
PC

T,
 C

R
P

B
SI

C
D

I
M

or
ta

lit
y

IC
U

 a
dm

is
si

on

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

PP
V

N
PV

A
U

C
​

N
o

M
ic

he
l e

t a
l. 

20
17

 [3
7]

B
M

T 
w

ith
 h

ig
h-

do
se

 
ch

em
ot

he
ra

py
44

PC
T,

 C
R

P,
 sT

R
EM

-1
, 

IL
-8

Se
rio

us
 c

om
pl

ic
at

io
ns

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

A
U

C
​

N
o

In
tk

e 
et

 a
l. 

20
18

 [4
2]

A
du

lt
In

pa
tie

nt
s

FN In
te

ns
iv

e 
ch

em
ot

he
ra

py

86
IL

1-
R

a,
 C

R
P,

 P
C

T
Se

ve
re

 se
ps

is
Se

ns
iti

vi
ty

Sp
ec

ifi
ci

ty
PP

V
N

PV
RO

C
Yo

un
de

n’
s i

nd
ex

N
o



Supportive Care in Cancer          (2025) 33:537 	 Page 17 of 25    537 

Ta
bl

e 
2  

(c
on

tin
ue

d)

Re
fe

re
nc

e
In

cl
us

io
n 

cr
ite

ria
In

cl
us

io
n 

nu
m

be
r

Pr
ed

ic
to

r v
ar

ia
bl

es
O

ut
co

m
e 

va
ria

bl
es

Pe
rfo

rm
an

ce
 m

et
ric

s
Ex

te
rn

al
 v

al
id

at
io

n 
pe

r-
fo

rm
ed

?

K
os

tic
 e

t a
l. 

20
19

 [5
1]

A
dm

is
si

on
 fo

r h
ig

h-
do

se
 

ch
em

ot
he

ra
py

 o
r A

SC
T

FN A
du

lt

28
Pr

es
ep

si
n,

 P
C

T,
 IL

-8
, 

C
R

P
B

ac
te

re
m

ia
A

U
RO

C
Se

ns
iti

vi
ty

Sp
ec

ifi
ci

ty
PP

V
N

PV
A

cc
ur

ac
y

N
o

Sh
ilp

ak
ar

 e
t a

l. 
20

19
 [5

4]
A

du
lt

A
M

L 
or

 A
LL

C
he

m
ot

he
ra

py
FN

N
ot

 st
at

ed
PC

T,
 C

R
P

B
ac

te
re

m
ia

A
U

RO
C

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

N
o

Ve
rli

nd
en

 e
t a

l. 
20

19
 [5

5]
A

cu
te

 le
uk

em
ia

 o
r s

te
m

 
ce

ll 
tra

ns
pl

an
t

C
he

m
ot

he
ra

py

12
1

C
R

P 
an

d 
PC

T
M

D
I, 

C
D

I, 
IF

D
, F

U
O

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

PP
V

N
PV

Effi
ci

en
cy

N
o

Ya
ng

 e
t a

l. 
20

19
 [5

6]
H

em
at

ol
og

ic
al

 m
al

ig
-

na
nc

y
Fe

br
ile

 e
pi

so
de

PC
T,

 C
R

P,
 a

nd
 se

ria
l 

bl
oo

d 
cu

ltu
re

s c
ol

le
ct

ed

27
3 

ep
is

od
es

PC
T,

 C
R

P
B

ac
te

re
m

ia
A

U
RO

C
N

o

H
al

de
r e

t a
l. 

20
20

 [6
2]

A
ge

 1
–6

0 
ye

ar
s

H
em

at
ol

og
ic

al
 m

al
ig

-
na

nc
y

A
N

C
 <

 50
0/

µL
FN

52
 e

pi
so

de
s, 

50
 p

at
ie

nt
s

C
R

P 
an

d 
PC

T
IF

I, 
M

D
I

A
U

RO
C

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

PP
V

N
PV

N
o

O
de

m
is

 e
t a

l. 
20

20
 [6

6]
A

ge
 ≥

 18
 y

ea
rs

 In
fe

ct
io

us
 

di
se

as
es

, c
lin

ic
al

 m
ic

ro
-

bi
ol

og
y 

or
 h

em
at

ol
og

y 
se

rv
ic

e
C

as
e–

co
nt

ro
l—

FN
 o

r 
se

ve
re

 n
eu

tro
pe

ni
a 

w
ith

ou
t f

ev
er

88
C

R
P,

 P
C

T,
 la

ct
at

e,
 M

C
P-

1
B

SI
A

U
RO

C
N

o

M
ou

st
af

a 
et

 a
l. 

20
21

 [7
5]

 ≥
 1

4 
ye

ar
s o

ld
FN A

cu
te

 le
uk

em
ia

60
PS

PN
, P

C
T,

 C
R

P
C

D
I o

r M
D

I
A

U
RO

C
Sp

ec
ifi

ci
ty

Se
ns

iti
vi

ty
N

PV
PP

V

N
o

Lu
o 

et
 a

l. 
20

19
 [5

2]
H

em
at

ol
og

ic
al

 d
is

ea
se

FN A
ge

 ≥
 14

Si
m

ul
ta

ne
ou

s c
ol

le
ct

io
n 

of
 B

C
s a

nd
 P

C
T

14
66

PC
T

B
ac

te
re

m
ia

G
ra

m
-n

eg
at

iv
e 

ba
ct

er
em

ia
M

ul
tid

ru
g 

re
si

st
an

t g
ra

m
-

ne
ga

tiv
e 

ba
ct

er
em

ia

A
U

RO
C

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

N
o



	 Supportive Care in Cancer          (2025) 33:537   537   Page 18 of 25

Ta
bl

e 
2  

(c
on

tin
ue

d)

Re
fe

re
nc

e
In

cl
us

io
n 

cr
ite

ria
In

cl
us

io
n 

nu
m

be
r

Pr
ed

ic
to

r v
ar

ia
bl

es
O

ut
co

m
e 

va
ria

bl
es

Pe
rfo

rm
an

ce
 m

et
ric

s
Ex

te
rn

al
 v

al
id

at
io

n 
pe

r-
fo

rm
ed

?

M
ar

ín
 e

t a
l. 

20
20

 [6
4]

C
rit

ic
al

ly
 il

l c
an

ce
r 

pa
tie

nt
s

IC
U

 a
dm

is
si

on
FN Su

sp
ec

te
d 

in
fe

ct
io

n

11
7

PC
T

Po
si

tiv
e 

bl
oo

d 
cu

ltu
re

Po
si

tiv
e 

gr
am

-n
eg

at
iv

e 
bl

oo
d 

cu
ltu

re

A
U

RO
C

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

PP
V

N
PV

N
o

C
oy

ne
 e

t a
l. 

20
22

 [8
3]

A
du

lt
FN

19
8

PC
T

M
or

ta
lit

y
IC

U
 a

dm
is

si
on

O
dd

s r
at

io
Se

ns
iti

vi
ty

Sp
ec

ifi
ci

ty
N

PV
PP

V

N
o

K
ay

a 
et

 a
l. 

20
13

 [1
1]

FN H
em

at
ol

og
ic

al
 m

al
ig

-
na

nc
y

40
su

PA
R

C
D

I
Se

ns
iti

vi
ty

Sp
ec

ifi
ci

ty
N

PV
PP

V
A

U
C

​

N
o

Pu
rh

on
en

 e
t a

l. 
20

15
 [3

0]
A

du
lt

A
M

L 
or

 H
SC

T 
tre

at
ed

 o
n 

th
e 

w
ar

d
FN

10
0

cf
D

N
A

, c
fD

N
A

/ly
m

ph
o-

cy
te

 ra
tio

Se
ps

is
 o

r s
ep

tic
 sh

oc
k

A
U

C
​

N
o

Ef
e 

İr
is

 e
t a

l. 
20

17
 [3

4]
A

ge
 ≥

 18
FN

 d
ur

in
g 

ch
em

ot
he

ra
py

H
em

at
ol

og
ic

al
 m

al
ig

-
na

nc
y

31
C

D
64

 o
n 

ne
ut

ro
ph

ils
B

ac
te

re
m

ia
A

U
C

​
Se

ns
iti

vi
ty

Sp
ec

ifi
ci

ty
PP

V
N

PV

N
o

K
or

pe
la

in
en

 e
t a

l. 
20

17
 

[3
6]

A
du

lt
A

M
L 

or
 H

SC
T

FN

87
sC

D
14

Se
pt

ic
 sh

oc
k,

 p
os

iti
ve

 
bl

oo
d 

cu
ltu

re
A

U
C

​
N

o

A
ls

ha
ri 

et
 a

l. 
20

21
 [6

9]
FN Re

ce
iv

in
g 

ch
em

ot
he

ra
py

Tr
ea

te
d 

w
ith

 G
-C

SF

80
A

M
C

A
N

C
 d

iff
er

en
ce

 fr
om

 
ba

se
lin

e 
D

1-
D

6
M

or
ta

lit
y 

or
 re

cu
rr

en
ce

 
of

 F
N

A
U

RO
C

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

N
o

In
tk

e 
et

 a
l. 

20
22

 [8
4]

A
du

lt
FN A

M
L 

po
st 

ch
em

ot
he

ra
py

 
or

 A
SC

T

86
CK

-1
8

Se
ve

re
 se

ps
is

, s
ep

tic
 

sh
oc

k
A

U
C

​
N

o

R
at

ta
na

th
am

m
et

he
e 

et
 a

l. 
20

23
 [9

7]
A

ge
d 

≥
 18

N
ew

 d
ia

gn
os

is
 A

M
L

Fi
rs

t i
nd

uc
tio

n 
7 +

 3
 

ch
em

ot
he

ra
py

A
de

qu
at

e 
se

ria
l C

B
C

 d
ur

-
in

g 
ad

m
is

si
on

10
1

c-
D

-in
de

x,
 D

-in
de

x,
 

du
ra

tio
n 

of
 g

ra
de

 4
 

ne
ut

ro
pe

ni
a,

 d
ur

at
io

n 
of

 
pr

of
ou

nd
 n

eu
tro

pe
ni

a

IF
I

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

PP
V

N
PV

RO
C

N
o



Supportive Care in Cancer          (2025) 33:537 	 Page 19 of 25    537 

In terms of novel multivariate or machine learning models 
not currently in clinical use, five predict mortality, five pre-
dict microbiological complications, and one predicts serious 
complications. Fonseca et al. [32] developed and externally 
validated a nomogram using clinical parameters to predict 
serious complications in seemingly stable solid organ malig-
nancy FN patients. Perazzoli et al. [53] predicted inpatient 
mortality in hematology and BMT patients with FN using 
neutropenia severity, therapeutic regimen, and malignancy 
diagnosis as variables, with an AUROC of 0.82. Du et al. 
[60] compared multiple machine learning models to predict 
mortality using a database of 126,013 admissions, of which 
gradient boosting tree was the superior modelling technique, 
but all models had an AUROC of 0.92. This was performed 
including variables such as cardiac arrest, mechanical ven-
tilation, and respiratory failure. Sereeaphinan et al. [77] 
predicted mortality in hematology and oncology patients 
using hemoglobin concentration, septic shock, mechanical 
ventilation, and serum creatinine, with an AUROC of 0.89. 
Erdem et al. [94] predicted mortality in FN patients with 
bacteremia, with clinical and microbiological variables.

With respects to microbiological complication predic-
tion in FN, Shan et al. [88] predicted both mortality and 
bacteremia with in allogenic stem cell transplant recipients, 
using malignancy variables, major transplant complications, 
and procalcitonin, with improved prediction for bacteremia 
compared with mortality. Shelburne et al. [23] predicted 
beta-lactam resistance in viridans group streptococci bacte-
remia in FN patients based on antimicrobial use and nosoco-
mial onset with very high discrimination. Similarly, Marini 
et al. [29] predicted piperacillin/tazobactam resistance in 
gram-negative rod bacteremia for FN patients on the basis 
of antibiotic use, chemotherapy regimen, source of posi-
tive culture, and ICU admission, with an AUROC of 0.894. 
Garcia-Vidal et al. [73] used machine learning methods to 
predict multidrug-resistant gram-negative bacilli bactere-
mia with an AUROC of 0.7945, but a sensitivity of 0.4895, 
likely representing the low frequency of events. Padmanab-
han et al. [87] predicted multiple clinical endpoints with 
machine learning with very good discrimination, including 
sepsis, multi-drug-resistant bacteremia, and mortality. These 
models used variable combinations of age, malignancy, and 
infection type. Lynn et al. [13] used machine learning to 
predict complications in FN using time to antibiotics, pneu-
monia, heart rate, and platelet count.

Twenty-six studies used univariate models to predict FN 
outcomes with variable cutoffs and predictive power. These 
include CRP [11, 15, 27, 28, 36, 37, 42, 51, 55, 56, 62, 
66, 84], PCT [11, 15, 27, 28, 36, 37, 42, 51, 52, 55, 56, 
62, 64, 66, 75, 84], interleukin-1 receptor antagonist [42], 
interleukin-6 [27], interleukin-8 [37, 51], soluble CD-14 
[36], lipopolysaccharide binding protein [27], PLR [50], 
neutrophil CD64 expression [34], sTREM-1 [37], lactate 

[66], presepsin [51], monocyte chemoattractant protein-1 
[66], monocyte count [69], D-index [97], caspase-cleaved 
cytokeratin-18 [84], cell-free DNA [30], and serum uroki-
nase plasminogen activation receptor [11].

Risk of bias

Overall, all 90 studies were rated high risk of bias using the 
PROBAST tool (Supplementary Table 2). Within the spe-
cific domains, 28 (38%) were high risk in the participants 
domain, 13 (18%) were high risk in the predictors domain, 
46 (62%) were high risk in the outcomes domain, and all 90 
were high risk in the analysis domain. The most common 
source of risk of bias within the analysis domain was model 
discrimination and calibration assessment (80 studies).

Discussion

FN is a life-threatening complication of therapy within 
cancer care, and reliably predicting its occurrence and the 
risk of serious complications is important. This systematic 
review has summarized and critically appraised the last 
decade of research predicting FN and its outcomes and has 
revealed significant heterogeneity in both predictor variables 
and outcomes used in model development. Additionally, 
the risk of bias within model development, lack of external 
validation, and reduced discriminatory power when external 
validation is performed limits utility and translation of these 
models in real-world practice, despite evidence of promising 
discriminatory ability within each individual study’s deriva-
tion cohorts.

Clinically, there are multiple decision-making scenarios 
that these tools can potentially assist in. When selecting 
therapeutic regimens, including chemotherapy dosing, cli-
nicians weigh the risks of complications against the potential 
benefit of treatment. They can also opt to include prophy-
lactic G-CSF or antimicrobials in the treatment regimen to 
prevent infective complications, including FN. At the time of 
FN diagnosis, the decision to treat as an inpatient or outpa-
tient, choice of antimicrobial agents and further supportive 
measures, as well as need for high-dependency care, may 
all depend on patient risk of deterioration, microbiological 
complications or mortality. These models could be invalu-
able in the clinical decision-making process for each of these 
considerations. Unfortunately, a previous systematic review 
and meta-analyses demonstrated the clinical inadequacy in 
FN outcome prediction of the MASCC and CISNE, where 
the MASCC had a pooled a sensitivity and specificity of 
55.6% and 86.0%, respectively, for the prediction of serious 
complications in FN patients, and the CISNE had a sensi-
tivity and specificity of 78.9% and 64.9%, respectively [8]. 
These findings were supported by this review; however, this 
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review also incorporated the many studies that applied these 
models in novel cohorts, such as patients with leukemia, and 
for novel outcomes, such as mortality or bacteremia only 
instead of all complications. This heterogeneity limited an 
appropriate meta-analysis from being performed as part 
of this review. Similarly, univariate pathological variables 
such as PCT, CRP, and IL-6 have been previously found 
to not have sufficient discrimination ability alone in meta-
analysis [103], though the current review did find models 
frequently using these variables in multivariate modelling, 
where they may find future utility. There are also significant 
limitations in discriminatory power in the novel multivari-
ate models, especially when they are externally validated. 
When applied to novel cohorts in validation studies, the 
FENCE/CSRFENCE scores, the Li model, Lyman model, 
and Jenkin’s model underperform their derivation studies, 
a well-established phenomenon that is often a consequence 
of a model “overfitting” an individual cohort. Although the 
Bozcuk model was a multinational study that showed prom-
ise in their same-study external validation cohort, this has 
yet to be validated in additional studies.

The existing model limitations are compounded by their 
ROB. Although all studies were rated as high risk of bias, 
there were differences between studies as to how many and 
which domains conferred this risk. The most common ROB 
source was in the data analysis—specifically, where very 
few models have appropriate calibration, which is vital to 
the translatability and generalizability of models developed 
from single cohorts. Studies often also do not cross-validate 
their model to optimize the internal validation of a chosen 
model, further compounding this risk. Another common 
source of ROB in these studies was variability in definitions 
of fever and neutropenia, sometimes between validation and 
model development studies, which prevents direct cohort 
comparison. Guideline definitions [3] should be used where 
possible to afford direct model comparison and maximize 
clinical translation. Within the population definition, G-CSF 
use and prophylactic antimicrobial use was often not com-
municated in study methods, which makes the applicabil-
ity of the model in specific cohorts difficult to ascertain. 
Separately, having these as predictive variables when they 
are likely one of the desired interventions for patients identi-
fied as high risk by the model further limits model utility. 
Intra-cohort variability can also confound the discriminatory 
power of a model, such as when hematology and oncology 
patients are included in a single model, and when there is 
a mix of G-CSF and antimicrobial prophylaxis use within 
one modelled cohort. These factors should be homogenized 
where possible in model development cohorts.

There were a variety of predictor variables used in the 
assessed models. Broadly, these included demographic 
and clinical variables such as patient age, malignancy 
type, chemotherapeutic agents, and vital signs; common 

laboratory variables such inflammatory markers, cell counts 
and biochemistry; and microbiological variables, such as 
source of infection and BSI species. Although most mod-
els used some combination of laboratory and clinical vari-
ables, the heterogeneity between models prevents any broad 
conclusions to be drawn about the likely utility of any one 
predictor variable within a multivariate model. These broad 
domains, in combination with the biomarkers identified in 
the univariate models discussed, should form the basis for 
future models.

Machine learning models represent a small fraction of the 
studies within this review period, with four studies each pre-
dicting FN and FN outcomes. As recently reviewed by Gal-
lardo-Pizarro et al. [104], machine learning has the benefit 
of using large numbers of variables that can identify and use 
subtle relationships not detectable by traditional modelling 
techniques, but with a potentially increased risk of overfit-
ting the dataset [105]. These models are, however, very sen-
sitive to the quality of the input data in model development 
and can have their uptake limited by clinician unease with 
the opaque nature of how the algorithm arrives at a result, 
the so-called black box phenomenon. In this review, none 
of the machine learning models were externally validated, 
which limits commentary on their clinical applicability 
and discriminatory ability. However, the results from these 
approaches are promising, and it has been well established 
that ML more broadly clearly has the ability to produce 
powerful predictions that outperforms traditional modelling 
methods. Furthermore, with a growing need for integrated 
digital workflows within healthcare and increasing dataset 
sizes and complexity, integrating well-validated machine 
learning models into EMR workflows may be the best path 
forward. This integration would allow real-time monitoring 
and prediction of both FN and its outcomes, which, with 
early intervention and clinician notification, could also fur-
ther improve patient outcomes. EMR integration approaches 
have been assessed in other clinical domains, such as in 
acute kidney injury management [106] and glycemic con-
trol monitoring [107], which provides a framework for the 
field to consider this approach. In addition, ML integration 
may also afford self-supervised improvement overtime when 
integrated into an EMR [108, 109], which has the benefit of 
incorporating re-training to continue to improve prediction 
as a population and data changes. As there are barriers at 
both a systems level and a clinician level to the integration 
and uptake of these models in all fields, any future devel-
opments toward integrated models will need consultation 
with key stakeholders and training to maximize their utility. 
However, these future approaches require robust models to 
be developed and validated first, which should be the con-
current focus of the field.

The strengths of this review were the robust and well-
validated ROB assessment, the broad search strategy used to 
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encapsulate existing and novel models, and the granularity 
of detail pertaining to each study that was extracted. This 
study was limited by the absence of a meta-analysis, which 
was not performed due to the breadth and heterogeneity of 
study prediction variables and outcomes. Further limita-
tions were that only studies from the search strategy and 
date range were included, which may have resulted in the 
inadvertent exclusion of studies of interest.

Conclusion

This study has systematically reviewed and critically 
appraised the predictive models used to predict FN and 
its outcomes over the past decade. Although these models 
do show promise and can have great clinical benefit once 
translatable, the current models that have been developed 
have significant ROB and limited external validation. Future 
model development should aim to use guideline-accepted 
FN definitions and should use multivariate or machine learn-
ing modelling that combines both commonly collected clini-
cal, laboratory, and microbiological predictor variables with 
novel biomarkers. Prospectively externally validating prom-
ising models should continue to be a focus of the field. Novel 
model development may benefit from further exploration 
of machine learning methods, and all models should have 
the ultimate goal of translating into clinical practice, which 
may be best achieved through incorporation into existing 
workflows, such as EMR.
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