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ABSTRACT

To date Vei few s'ldies have addressed non-neutropenic fever (NNF) in children with cancer and

there are nmidelines. This scoping review aims to describe the rate of bacteraemia, risk
factors for management and outcomes of NNF in this population. Across 15 studies

I
(n=4106 e;s odes), the pooled-average bacteraemia rate was 8.2% and risk factors included tunnelled
external cengsal vignous catheter, clinical instability and higher temperature. In two studies, antibiotics

were succe ithheld in a subset of low-risk patients. Overall outcomes of NNF appear

favourablew further research is required to determine its true clinical and economic impact.

-
C
(O
=
-
O
-
e
-
<

This article is protected by copyright. All rights reserved.

3



47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

T

Q.

INTRODUETION

In the absenfe offunctional immune system, be it disease or treatment related, infection in children
with cancer cally heralded by fever alone. While the barriers and response to infection are a
complex irwetween the innate and adaptive immune system, chemotherapy-induced
neutropeni one of the most important risk factors for a severe, invasive bacterial infection."?
The durati epth of neutropenia further influences risk, with as many as 80% of patients
developings severe infection after three weeks of profound neutropenia in the pre-antibiotic era.’
Given the ialgfor severe infection and adverse outcome, much of the research has focused on the

clinical syn fever and neutropenia (FN), with very few studies addressing non-neutropenic

fever ( 1s population.’ A detailed understanding of the causes, outcomes and optimal
treatme is increasingly important with the development of new generation cancer therapies

that tend to cause less neutropenia but are still associated with a risk of infection.*’

over half o cy department presentations in children with cancer and fever were due to
NNF.(I—g,1 personal communication, 04/10/2018) Results of a data linkage study from the
United Wst similarly high rates of NNF presentations to the emergency department.® This
burden of NNF hagibeen previously unrecognised, as evidenced by the paucity of guidelines, care

pathways a ated research in this area.” ’ Furthermore, little is known about the cause of fever,

frequency aemia and outcomes of these patients.

This article is protected by copyright. All rights reserved.

4



70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

The aim of this scoping review is to bring together all available studies that provide clinical details
about children with cancer and NNF. In particular, our objectives are to describe the rates of
bacteraem1l, I'ISE !actors for infection, empiric antibiotic management and outcomes of NNF in this

populationQ

METHO[!

A compreh€nsive dlectronic search strategy across multiple databases to identify all studies relevant to
the focussedclimigal question was performed. As a scoping review, data was combined to describe the
nature of tmg research, strengths and limitations of the studies, and make conclusions
regarding c@d research implications. Simple meta-analysis of proportions was undertaken

using the bi odel developed by Simmonds et al, with 95% confidence intervals estimated by

bootstrappi eplacement in 1000 samples.®

The search loped using three primary research terms, including fever, cancer diagnosis and
non-ne “This search was extended to include possible variations and synonyms of key search
terms. Ele atabases searched included MEDLINE (Ovid), EMBASE (Ovid) and PubMed. No

language or date filters were applied. Reference lists of relevant systematic reviews and included

articles Wes also reviewed.

Two revieendently screened the title and abstract of studies for inclusion. Disagreements
were resoly, nsensus. The search occurred on 25 September 2018. Studies were included in
this rev£ported clinical details of paediatric patients (age <21) with cancer or
haematow,gnancy and NNF. Non-neutropenia was defined as absolute neutrophil count

(ANC) greater thamdor equal to 500 cells per microliter. Fever was defined according to the original

study. For studi cluding episodes of FN and NNF, only those were included in the analysis if
results o ere reported separately.

This article is protected by copyright. All rights reserved.
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RESULL S

A total of

04 gand abstracts were reviewed, of which 83 full text articles were retrieved. From

P

this, 16 seleuantsasticles, describing 15 studies, were identified for inclusion in this review (Fig. 1).>

7924 No dehN F treatment guidelines were identified in this search. One survey of practice

was found But not

G

cluded as patient level data were not reported.”

The inclusi@n gritefia across the studies included in this review varied. Notably, nine (60%) studies

only inclu

varied acr

external C¥C were more common in two, albeit older, studies

lymphoblasti

22

NUS

Seven differ

greater

\

anu

gents with a central venous catheter (CVC) in situ.'™" "' The type of CVC also

11,13, 15, 16, 19, 21

dies with implanted Ports more common in six while tunnelled

1217 (type not reported in 7). Acute

. . . . . 11-17, 19-
emia was the most common underlying cancer diagnosis across all studies.' """’

itions of fever were used with the most common being a single temperature

1to 38.0 degrees Celsius (4 studies).'™ """ ** Conversely only three different

definitions of non-neutropenia were used with the most common being an ANC equal to or greater

than 500 ¢

17,19, 21,22

21

or

h

Frequenc NN,

3 studies).” """ A definition of bacteraemia was reported in eight studies > >

. o . 1 1 1
our studies requiring common commensals to be cultured more than once." ' '

{

In five studies,

reported).

10,17, 18,2

ul

episodes were reported as a subset of all febrile episodes (i.e. both FN and NNF

? Of these, NNF accounted for between 38 and 49% of all febrile episodes.

This article is protected by copyright. All rights reserved.

6



114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

Cause of fever

Across theIS stug,' s, of the pooled average rate of bacteraemia was 8.2% (95% confidence interval

(CI) 5.4% a\/er 4106 NNF episodes (Fig. 2). Overall, eleven studies reported a bacteraemia

6,18, 19, 21, 22

rate less th. In studies that excluded common commensals unless cultured more

H I
than once, e bacteraemia rate ranged from 4 to 10%, pooled average 6.3% (95%CI 4.6% to 8.5%)."*

13,15,16,21 | 7,10, 11, 14, 18,

e rémaining ten studies that either did not report the definition of bacteraemia

20, 24 17, 19,22

, orinc mmon commensals cultured once , the bacteraemia occurred between 3 and

32% of NW@S, pooled average 9.7% (95% CI 5.1% to 18.0%). Of the five studies that

included p thout a CVC, rates of bacteraemia were not analysed separately from patients with

aCVCins non-neutropenic population.”'* 1% 24

Notably, eC‘nid-year of the data collection for each study was a significant predictor in meta-
regression, i ¢ modern studies having a lower proportion of bacteraemia (OR of each year

from 1986 onwards 0.93; 95% CI 0.90 to 0.96).

In studies ¢ the type of bacteraemia, including four that that excluded common commensals
cultured once, Gram positive bacteria were the most frequently identified ''"'>'"'*?' Overall,
coagulase sﬁative staphylococci were the most common cause of bacteraemia, followed by

Enteroccoc@taphylococcus aureus, Streptococcus pneumoniae and oral viridans streptococci.

Among Gra tive bacteria, Enterobacteriaceae were the most common followed by

Pseudomogs spp and Acinetobacter spp. A total of seven fungal blood stream infections (Candida

albicans ini8; ida species in 1; Candida parapsilosis in 2; Trichosporin spp in 1) were reported

across five je studies that provided details on the type of organisms.'"'*'> 172!
Limited antibigtigisceptibility details were provided in five studies.'” "> '>'**' The proportion of
bacterae odes with inherent or acquired resistance to third generation cephalosporins, namely

This article is protected by copyright. All rights reserved.
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ceftriaxone, ranged from 46 to 75%. In one study, 12 out of 16 (75%) high risk bacteria (including

Enterobacteriaceae, S. aureus, oral viridans streptococci, S. pneumoniae) were susceptible to

{

ceftriaxone®compared to three out of 17 (18%) low risk bacteria (including coagulase negative

staphyloco @ ococcus spp, Bacillus spp)."’

|
Five studie§provided additional details on other infective causes of fever with upper respiratory tract

. . . . . 11,18, 19,21,22
infections t uent, occurring in between 14 and 63% of episodes.” > >

Outcome

SC

Overall th s of NNF appear favourable (Table 1). Where reported, there were no deaths and

U

[ . . . 10. 12-15. 18. 1 . . . . .
admission ensive care unit was infrequent.” ' '*'> "% 1 Five studies described a risk stratified

approach t@ftreatment based on a combination of clinical and biochemical parameters, including C-

7,10-13

n

reactive prote ug/mL, toxic or focal signs of bacterial infection, sepsis or chills.

Importantlygth g rere no adverse outcomes described with this approach, which included reduced
intensit or patients identified as low risk. Apart from C-reactive protein, no other studies

reported o ictive ability of biomarkers including procalcitonin and lactate.

M

Empiric antibiotic treatment and location

[

Eight studi ided details on empiric NNF antibiotic treatment, with ceftriaxone the most
common a (Table 2).'%"> 1> 17121 Across the four studies that reported duration of

treatment, fio site routinely exceeded 48 to 72 hours.'"'>'> ' The outpatient setting was most

h

frequentl loyesl to monitor these patients and provide additional doses of antibiotics.

t

In two studies, antiBiotics were only administered to patients with rigors or unwell appearance,

Ui

resulting in sul f patients on no antibiotics for the NNF episode.” * Notably, only 7 of 24

episode with bacteraemia that were not commenced on antibiotics required readmission in

A

This article is protected by copyright. All rights reserved.

8



159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

one study " and there were no admissions to the intensive care unit or deaths with this approach

13
across both.”

T

Risk factomaemia

Five stugieggimmestigated clinical characteristics associated with bacteraemia in patients with NNF
(Table 3).1Ml Type of CVC was significantly associated with bacteraemia in four out of five

studies withl an inceased risk observed in patients with a tunnelled external CVC (OR 4.0 to 14) or

G

PICC (OR m\pared to implantable ports.'> ' *"** Across three studies the presence of
i

hypotension$ olus requirement or chills or rigors was also significantly associated with
bacteraemia.'" "> “WOther significant associations included height of temperature "> '° and absence of
upper respi ct infection (URTI) symptoms.'™*!

Only one clinj cision rule (CDR), designed to predict bacteraemia in children with cancer and
NNF, was . This rule (EsVan) was retrospectively derived in a single centre and has
underg tive, multisite validation.'> '° In the original derivation study factors not
associated increased risk of bacteraemia during NNF included absolute monocyte count,

inpatient versus outpatient presentation, mucositis, recent corticosteroid treatment, decreased oral
intake and sBosure to sick contacts.” The EsVan model incorporates 12 weighted clinical variables
and has mo, iscrimination with a C-statistic of 0.898. In validation the C-statistic fell to 0.687
for the origi el and 0.721 for a modified model (EsVan2) which excludes the variables

diagnosis id location of onset of fever. Of note, the EsVan2 model performed better for prediction of

bacteraemi@l with Hileh-risk organisms (defined as Gram negative or Staphylococcus aureus) with a C-

statistic of 3
DISCUSSIO
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In contrast to the breadth of paediatric FN research, very few studies have explored the causes,
treatment and outcomes of NNF in children with cancer. Although only 15 studies were identified in
this revieﬂ!ﬂe ra!e of bacteraemia appears to be less than 10% and very few adverse outcomes were

described. pproaches also appear similar, with at least four sites routinely providing daily

antibioties immthesemtpatient setting for 24 to 72 hours for patients who are clinically stable.

L

There is no gonsé@asus definition for NNF. While most studies included in this review defined

G

neutropenia NC greater than or equal to 500 cells/uL, many different definitions for fever were

reported. Tliis Maridtion is not surprising given international consensus was unable to be achieved on a

$

definition paediatric cancer patients with FN.> While the impact of varying temperature

U

thresholds is unknown, temperature height on presentation with NNF was an independent

. I . 13,1
predictor offbacteraemia in two studies > *°.

Although the ? acidence of NNF is unknown, this review suggests it accounts for up to 50% of

all

febrile presentations in children with cancer. Results of a US-based data linkage study indicate that

NNF may actu e more common than this, accounting for over half of febrile presentations to the
emerge nt.® However, despite the frequency with which NNF appears to occur, no
published guidelines for the investigation and management of NNF were identified. An international
paediatric &nce—based guideline is available, although does not specifically address
recommend @ br patients with an ANC greater than 500cells/pL.***’. The paucity of studies in
this arej,agthe absence of dedicated guidelines, likely explains the considerable variation in

approa uation and treatment of NNF among a large group (n=316) of American Society
of Pediatri!Hematology/Oncology (ASPHO) members.” In this survey of practice, a number of

different em;iric ;ibiotic combinations were used and the presence of a CVC, or known source of

infectioale impact on decision to start antibiotics. An overview of the treatment approach

This article is protected by copyright. All rights reserved.
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225

226

to NNF is available which emphasises adherence to local sepsis or possible CVC associated blood

. . 3
stream infection protocols, where relevant.

{

In most stud teraemia was documented in less than 10% of NNF episodes. The three studies

that report er rates (between 24 and 32%) included patients treated from 1989 to 1996

|
and improy@ments in supportive care and CVC maintenance may explain this reduction.'” '>** The

type of CVGmlsamappears to influence the risk of bacteraemia, with significantly higher rates seen in

G

patients wit led-external CVCs compared to implantable Ports across four out of the five

studies invi ting this association.'>'> "> Given the high proportion of NNF episodes with a

s

CVCitis ising that Gram positive bacteria, frequently associated with CVC infections, were

U

the most c athogens isolated.”® Ongoing improvements in CVC care have the potential to

further redfite infections in this vulnerable population.”” Bacteraemia with Streptococcus pneumoniae

f

was also do d in these patients, and while serotypes were not reported, this also highlights the

d

importanc ation during cancer treatment as part of the infection-prevention bundle.*

In keeping wi Its of the ASPHO survey of practice, ceftriaxone was the most commonly used

\

empiric y for NNF.'! 14 13- 19:21.23 This js presumably due to the ease of administration and

concern over the adverse effects of Gram negative sepsis in this population. Notably, although as

I

many as 75% acteraemia episodes had inherent or acquired resistance to ceftriaxone, very few

adverse oul ere reported. While these results suggest daily ceftriaxone may be safe to use,

considerati be given to local susceptibility patterns. Furthermore, some studies described a

n

risk str ch to treatment with alternative ‘broad-spectrum’ empiric antibiotics used in

{

patients wi® were unwell, or had chills or rigors."'"* As bacteraemia with Pseudonomas spp was

tA

reported, empiric WINF treatment strategies should cover for this pathogen in patients with severe

sepsis or clini tability.

A
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There was some commonality in the clinical features associated with bacteraemia, in particular type of
CVC, height of temperature and presence of chills or rigors. Bacteraemia also appears less likely in
patients mnd upper respiratory tract infection symptoms. As this was the most common
infective ca @ F, treatment algorithms incorporating this clinical variable have the potential to

dramatiga ! lymedmes antibiotic exposure in this population.

L

In contrast ﬁ CDRs the have been derived for prediction of infection or adverse outcome in
i

children w r and FN, only one NNF CDR has been developed.*>*"** This rule, designed to

predict badfera@mid@ incorporates up to 12 clinical variables routinely available to clinicians when

S

assessing t ients in the emergency department.'” In a multisite validation study, albeit
retrospecti R retained its discriminatory ability for the prediction of high-risk bacteraemia,
arguably t@erious and potentially life-threatening causes of NNF.” '° Further research is
required to ine the clinical applicability and impact of this CDR to children outside the United
States. Bas ilable evidence, the latter is likely to be high as reduced intensity treatment,
includiVEtics, appears safe in patients with NNF considered lower risk of infection.” """
This is ime that the common condition of NNF has been systematically reviewed. While
every effort was made to identify all relevant studies of children with cancer and NNF, the absence of
accepted t;ﬁy and a definition of this syndrome means some publications may have been
missed. St @ ded in this review also comprised patients treated across three decades, where
changes in rapy, supportive care and CVC choice and maintenance, limit direct comparisons

and co can be drawn.

B

The limite investment into NNF, together with the apparent variations in practice and
paucity of ¢s, suggest that the frequency and impact of this syndrome has been largely

unappreed eassuringly, outcomes appear favourable, intensive care admissions are infrequent,
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265

adverse events are uncommon and patients have been managed successfully in the outpatient setting.

Further research is required to determine the most appropriate management strategies including the
role of nmearkers, antibiotic type and duration as well as the true clinical, economic and
quality of lf reduced intensity treatment of NNF. Existing risk factors of bacteraemia, as
well as the NNER@IDR (EsVan) should undergo further prospective validation and local and
intemationhnes developed to reduce unnecessary variations in practice. A collaborative,
intemation@ch, similar to what has been achieved for FN, would enable large, multisite
datasets to @aor| idly inform practice change and further improve the management of fever and
p

26, 33,34

infection in with cancer.
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FIGURE 2

Author M
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Study Proportion
Rahiala 0.076
Gorelick 0.236
Mahmood 0.212
Sandoval 0.316
Abrahamsson 0.259
Averbuch 0.064
Kelly 0.063
Ke 0.029
Moskalewicz 0.073
Esbenshade 2015 0.098
Bartholomew 0.041
Ali 0.031
Esbenshade 2017 0.046
Wu 0.037
Summary 0.082
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365

366

TABLE 1 iudies i:scribing rate of bacteraemia and outcomes in children with cancer and NNF

Author, Study type* Inclusion criteria Definitions NNF Med
" episodes (7
(study loca Wie period) (patients)
|
Wu, N. 208 Prospective Cancer dx, on Fever: NR 242 (NR) NR
(USA) (abstzactas cohort active treatment,
well-appearing
Duration NR) :
OP with NNF Non-neutropenia: ANC>500cells/uL
- Bacteraemia: NR
**Esbenshad ultisite, Age <23y, cancer | Fever: Temp >38.3°C or persistent 630 (NR) 6 to
AJ. 2017 ( JFtetrospective dx, NNF, CVCin | temp >38.0°C for 1h
'. ohort situ
2009-15)
Non-neutropenia:
ANC=500cells/pL
‘
Bacteraemia: >1 positive BC with
recognised pathogen (common
" commensals >2 positive BC)
Moskalewic? PRetrospective | Age <22y, cancer | Fever: Temp >38.0°C 534 (246) 7y (4

RL. 2017 (48 ohort

2002-14)

|

dx, NNF, CVC in
Situ

Non-neutropenia: ANC >500cells/pL

Bacteraemia: >1 positive BC with
recognised pathogen (common
commensals >2 positive BC)
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Ali, BA. 2 etrospective | Age<l8y, cancer | Fever: Single temp >38.3°C, or 254 (83) NR
(LebandH) dx, on active persistent temp >38.0°C for >0.5h
) treatment, OP
2011-12
onset NNF, CVC HR: 62 (24)
in situ .
Non-neutropenia: ANC=500cells/puL
LR: 192 (76)
Bacteraemia: NR
Bartholomew, Retrospective | Cancer dx, on Fever: Single temp >38.5°C, or 2 392 (138) 7y (1
F. 2015 (USA) cohort active treatment, | temp >38.0°C over 24 hrs
NNF, CVC in
2008-12) situ, BC

Non-neutropenia ANC >500cells/puL

Bacteraemia: >1 positive BC with
recognised pathogen (common
commensals > 2 positive BC)
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Esbenshade, AJ. etrospective | Age <23y, cancer | Fever: Temp >38.3°C or persistent 932 (463) Sy (@
2015 (U dx, NNF, CVCin | temp >38.0°C for 1h
situ
2007-12)
750 (80) with
Non-neutropenia: OP onset
ANC >500cells/uL NNF
Bacteraemia: >1 positive CVC BC 182 (20) with
with recognised pathogen (common | IP onset
commensals > 2 positive BC) NNF
Beauchemin, M. | Retrospective | Cancer dx, OP Fever: NR 164 (85) 7.8y
2012 (US cohort onset fever, CVC (0.9:
(abstract) in situ
(2009-11)
Non-neutropenia: ANC
>500cells/mm’
Bacteraemia: NR
Ke, ZY. Prospective Cancer dx, [P Fever: Temp >38.0°C 206 (NR) 6y ((

onset fever (>48h
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(China) cohort after admission) 15)
(brief report) (2005 -09) Non-neutropenia: ANC >500cells/pL
" Bacteraemia: NR
Kelly, MJ. 4" Retrospective | Cancer dx, OP Fever: Temp >38.0°C 459 (167) 6.8y
(USA) ohort onset NNF, CVC (0-2:
in situ, BC taken
' 001-07)
Non-neutropenia: ANC >500cells/puL
Bacteraemia: >1 positive BC
‘
‘
Averbuch, " Retrospective | Hematooncologic | Fever: Single temp >38.5°C, or temp | 125 (54) Sy ((
2008 (Israel) (1 year) and diseases, NNF, >38.0°C twice in 4h 18y)
prospective (1 | CVC in situ

ear)

Years NR)

(inc. 6 pts with
non-cancer
immune
deficiency)

Non-neutropenia: ANC >500cells/uL
& not expected to decrease

Bacteraemia: Bacteraemia: >1
positive BC with recognised
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pathogen (CoNS >2 positive BC)

Rahiala, J. 2998 |gMultisite, ALL dx, on active | Fever: Temp >38.0°C 119 (NR) 5.7y
(Finland retrospective treatment
" ohort (-1
84.91) Non-neutropenia: ANC
= >1000cells/pL
Bacteraemia: >1 positive BC
Sandoval, C. ’ Retrospective | Cancer dx, NNF | Fever: NR 38 (25) NR
1998 (USA cohort
(abstract)
- (1994-96)
Non-neutropenia: ANC>750cells/puL
Bacteraemia: NR
‘
Abrahamsson, LgProspective Cancer dx, fever | Fever: Temp >38.5°C or >38.0°C 54 (NR) 8.3y
1997 ( ) | ase control twice within 3h 17.8
(Duration NR)
(BC taken in
Non-neutropenia: ANC >500cells/uL | 42)
Bacteraemia: NR
Mahmood. Retrospective | Cancer dx, fever, | Fever: PA single temp >38.5°, 66 (NR) NR

1996 ( AR) ohort
1992-94)

<L

CVC in situ

absence of obvious non-infectious
causes (such as blood products or
cytotoxic agents)

Non-neutropenia: ANC >500cells/pL
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367
368
369
370
371
372
373
374
375
376

377

378
379

380

Bacteraemia: NR

etrospective | Cancer dx, OP Fever: Single temp >38.5°C, or >3 55 (37)

. ohort onset fever, CVC | temps >38.0°C within 24h
' in situ

Non-neutropenia: ANC >500/mm”

Bacteraemia: positive CVC BC +
positive peripheral BC

Exit site infection: erythema,
induration, warmth or purulent
drainage

3.3y
21)

, antibiotics; AE, adverse event; AGC, Absolute Granulocyte Count; ALL, acute
aemia; ANC, absolute neutrophil count; BC, blood culture; BSI, blood stream
munity acquired infection; CoNS, coagulase negative staphylococcus; CVC,

eter; ¢/w, compared with; dx, diagnosis; ED, emergency department; FN, febrile
gh risk; ICU, intensive care unit; IP, inpatient; [V, intravenous; LRTI, lower
ction; LR, low risk; neg, negative; NR, not reported; NNF, non-neutropenic fever;
OP, outpatient; PA, per axillary; PICC, peripherally inserted central catheter; PO, per oral; pos,
positive; temap, temperature; pt, patient; PTLD, post-transplant lymphoproliferative disorder; UTI,
urinary trahn; URT]I, upper respiratory tract infection; SSTI, skin and soft tissue infection;

TE, tunnelle al; y, years.

O

*All single less otherwise specified.

**Study 1 ta from studies by Bartholomew et al, Ali et al and Kelly et al as well as three
new an ished datasets. Data presented in this table is from unpublished sites only.

Auth
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381

patients with chills/rigors
or unwell appearance

antibiotics

382  TABLE 2 Imdicatigns, empiric antibiotics and location of treatment of NNF (for NNF definition see
383 TABLEH
ndications for antibiotic | Empiric antibiotics | Location of Duration
treatment (dose) treatment
Wu, N. 20 Patients presenting with | NR NR NR
(USA) ancer and fever who
(abstract) pear unwell to receive
mpiric antibiotics
Moskalewi 1l patients with cancer, | Ceftriaxone IV NR NR
RL. 2017 VC and NNF receive daily
(USA) mpiric antibiotics
Ali, BA.2 1l patients with cancer, | High-risk: “broad- | High risk: High risk: as
VC and NNF receive spectrum” IV IP clinically
(Lebanon) empiric antibiotics. antibiotics indicated
ntibiotic type and
cation tailored to risk Low risk:
Low-risk: OP with Low risk:
ceftriaxone IV daily follow | minimum 48h
daily up (continued until
igh risk NNF (any of) resolution of
linically ill-appearing, fever or focus of
other abnormal vital infection)
signs (persistent
chycardia despite fever
control, tachypnoea,
esaturation, and
ypotension) or chills or
thargy
ntibiotics not routinely | Chills or unwell: Chills or Not applicable —
F. 2015 iven to all patients with | IV antibiotics (type | unwell: IP antibiotics not
cancer and NNF. NR) routinely given
ntibiotics only given to Clinically
Clinically well: no | well: OP
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1991 (USA

cefotaxime IV

Esbenshade, All patients with cancer | Ceftriaxone IV op Single dose
AJ. 2015 (USA) | and NNF daily
1l patients presenting At least one dose op NR
MM. 2012 with cancer and fever to | of ceftriaxone and
(USA) utpatient setting a follow-up visit
(abstract) 24 hours later
1l patients with cancer, | Ceftriaxone Unwell Maximum of 48h
(USA) VC and fever receive (50mg/kg, max appearing: pending BC
mpiric antibiotics while | dose 2 g) IV daily | IP results. Second
aiting FBE result. dose ceftriaxone
only given if
Well remains febrile at
appearing: 24h.
op
Averbuch, 1l patients with cancer, | Clinically unwell Clinically 48-72h pending
2008 (Isra VC and NNF receive or focal infection: | unwell or BC results
empiric antibiotics NR focal
infection: IP
Clinically well and
no focal infection: | Clinically
cefonicid well and no
(50mg/kg) IV daily | focal
and gentamicin infection:
(5mg/kg) IV daily | OP
Abrahams Antibiotics not routinely | Ceftazidime or NR NR
J. 1997 given to all patients with | imipenem
(Sweden) ncer and NNF
+ vancomycin [V
ntibiotics only given to
atients with CRP >
Oug/ml, toxic
appearance or focal signs
f bacterial infection
Gorelick, All patients with cancer, | Vancomycin and IP NR
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384
385
386

387

388

389
390

Abbreviations: BC, blood culture; CVC, central venous catheter; CRP, c-reactive protein; FBE, full
blood examination; IP, inpatient; IV, intravenous; NNF, non-neutropenic fever; NR, not reported; OP,

outpatient.

Ipt

TABLE 3 !udies exploring risk factors and predictors for bacteraemia in children with cancer and

NNF

acteraemia,

Univariate analysis

Multivariate analysis

RL. 2017
(USA)

Increased risk of bacteraemia
(p<0.02):
Absence of URTI symptoms
Type of CVC (TE-CVC versus
port)
IV normal saline bolus >20
mL/kg in ED
Neuroblastoma c/w ALL
Other cancer dx (inc. Wilms
tumour, retinoblastoma,
hepatoblastoma, hepatocellular
carcinoma, Langerhans cell
histiocytosis, and peripheral
nerve sheath tumour) ¢/w ALL

Independent predictors of
bacteraemia (p<0.05):

Absence of URTI
symptoms (OR, 2.1,
95% CI 1.0-4.5)
TE-CVC c¢/w Port (OR
4.5,95% CI 1.7-11.4)
IV normal saline bolus
>20 mL/kg (OR, 2.4,
95% CI1 1.2-4.9)

Other cancer dx ¢/w
ALL (OR, 4.79, 95%
CI1.8-12.7)

Ali, BA. 2045
(Lebanon)

8(3.1)

Increased risk of bacteraemia
(p=0.005):
Unwell appearance (chills,
hypotension, lethargy) (OR 9.7,
p=0.005)

Bacteraemia not associated with
age, disease type (solid or haem)
temperature or ANC.

NR

Bartholomew,
F. 2015 (U

(6.1)

Bacteraemia not associated with
age, sex, ANC or type of CVC

Independent predictors of
bacteraemia:

Fever >39.2°C (mean
fever was higher in
patients with
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o

bacteremia than in
those without
bacteremia, 39.4°C vs
38.7°C; p=0.003)

For every 1°C increase in
temp > 38°C, OR increased
by 5.0 (95% CI 1.6-16.1)

A cutoff of 39°C had Se, Sp
and PPV of 87.5%, 66.9%
and 98.9%, respectively

Esbenshadcs 4 (6.1)

AJ. 201
(USA)

:
§

Increased risk of bacteraemia
(p<0.05):
Type of CVC (TE-CVC &
PICC versus Port-A-Cath)
History of HSCT
Hypotension
Reported chills or observed
rigors
Absence of URTI symptoms
Myalgia
CVC exit site infection
Temperature
Increased line days for PICC
and TE-CVC
Increasing ANC in those with
ANC>1000/pl

Decreased risk of bacteraemia
(p<0.001):
ALL diagnosis versus another
cancer type
Exposure to cytarabine, anti-
GD2 antibody therapy, or ATG
Known source of fever other
than URTI or SSTI at the line
site

Bacteraemia not associated with
age, sex, location (IP versus OP),

Independent predictors of

bacteraemia (p<0.05):
Height of temperature
(OR 2.4,95% CI 1.7-
3.3)
PICC line versus Port-
A-Cath (OR 4.0, 95%
CI 1.5-10.2)
TE-CVC versus Port-A-
Cath (OR 13.8,95% CI
6.6-28.9)
Hypotension (OR 3.1,
95% CI 1.4-6.7)
Increased ANC (OR
1.2,95% CI11.0-1.4)
Reported chills or
observed rigors (OR
2.1,95% CI 1.1-4.1)

Independent predictors of a

reduced probability of

bacteraemia (p<0.05)
ALL diagnosis (OR 0.3,
95% CI10.1-0.9)
Increasing age (OR 0.7
95% CI10.5-0.99)
Outpatient location at
presentation (OR 0.4,
95% CI10.2,0.9)
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391
392
393
394
395
396

sick contact exposure, AMC (OR 0.8, 95% CI

corticosteroids or TPN, presence of 0.7-0.95)

GI symptoms, mucositis, decreased Exposure to cytarabine,
oral intake, reported decreased anti-GD2 antibody
energy level and AMC. therapy, or ATG (OR

0.1, 95% C10.03- 0.2)

Kelly, MJ. 29 (6.3) Increased risk of bacteraemia Independent predictors of

2010 (US (p<0.05): bacteraemia (p<0.05):
External CVC (16.2%) versus
internal CVC (4.4%) External CVC c/w
internal catheter (RR
No focus (6%) versus focus of 4.0, 95% CI 1.8-9.0)

infection (0%) on examination

Higher median heart rate (143
versus 134 bpm)

Bacteraemia not associated with
age, sex, temperature, respiratory
rate, blood pressure, cancer
diagnosis, ANC, history of
bacteraemia and location (IP versus

OP)
Averbuch, D! (6.4) Increased risk of bacteraemia NR
2008 (Isr (p<0.05):

Hickman/Broviac catheters

((9.3%) versus port-a-caths

(0%)
Sandoval, (31.6) Increased risk of bacteraemia Independent predictors of
1998 (USA (p<0.05): bacteraemia (p<0.005):
(abstract) External CVC (32%) versus

Elevated WCC
Abbrev : C, absolute monocyte count; ANC, absolute neutrophil count; ALL, absolute

{

lymphocyte'count; ATG, anti-thymocyte globulin; bpm, beats per minute; CI, confidence interval;
CVC, central venopus catheter; ¢/w, compared with; dx, diagnosis; ED, emergency department; haem,

L

haematologyg strointestinal; HSCT, haematopoietic stem cell transplant; inc., including; IP,
inpatient; IV, in nous; NR, not reported; OP, outpatient; OR, odds ratio; PICC, peripherally
inserted atheter; PPV, positive predictive value; RR, respiratory rate; Se, sensitivity; Sp,

A
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397  specificity; SSTI, skin and soft tissue infection; TE, tunnelled external; TPN, total parenteral
398  nutrition; URTI, upper respiratory tract infection; WCC, white cell count.

399
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