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Abstract
Introduction This systematic review aims to update on the
prevalence of odontogenic-related infections and the efficacy
of dental strategies in preventing dental-related complications
in cancer patients since the 2010 systematic review.

Review method A literature search was conducted in the da-
tabases MEDLINE/PubMed and EMBASE for articles pub-
lished between 1 January 2009 and 30 June 2016. Each study
was assessed by 2 reviewers and the body of evidence for each
intervention was assigned an evidence level.
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Results After examination of the abstracts and full-text arti-
cles, 59 articles satisfied the inclusion criteria. The weighted
prevalence of dental infections and pericoronitis during cancer
therapy was 5.4 and 5.3%, respectively. The frequency of
dental-related infections during intensive chemotherapy after
complete, partial, and minimal pre-cancer dental evaluation/
treatment protocols ranged from 0 to 4%. Protocols involving
third molars extractions had the highest complications (40%).
Conclusions In view of the low prevalence of infections and
the potential for complications after third molar extractions, it
is suggested that partial dental evaluation/treatment protocols
prior to intensive chemotherapy; whereby minor caries (with-
in dentin), asymptomatic third molars or asymptomatic teeth
without excessive probing depth (<8 mm), mobility (mobility
I or II) or with periapical lesions of <5 mmwere observed; is a
viable option when there is insufficient time for complete
dental evaluation/treatment protocols. The use of chlorhexi-
dine, fluoride mouth rinses as well as composite resin, resin-
modified glass ionomer cement (GIC), and amalgam restora-
tions over conventional GIC in post head and neck radiation
patients who are compliant fluoride users is recommended.

Keywords Dental caries . Periodontal disease .

Anti-neoplastic agents . Hematopoietic stem cell
transplantation

Introduction

Significant advancement has been made in the field of cancer
treatment and the increasingly affordable field of genetic deep
sequencing has offered unprecedented insight into the biology
of cancers. With the advent of precision medicine, targeted
therapy with new chemotherapeutic agents targeting specific
biology of cancers is becoming more widely available [1].
Despite these advances, surgical resection, radio-, and chemo-
therapy remain the main modalities of cancer management.
Although effective in treating the cancer, these treatment mo-
dalities may cause significant morbidity from direct damage to
the head and neck structures and indirect effects from systemic
toxicity [2]. Specific to the dental apparatus, the increased risk
for development of rampant decay post head and neck radia-
tion is well documented. Additionally, high restoration failure
is another problem frequently encountered in this population.
Both are direct consequences of the loss of protection from
saliva due to salivary gland damage by high dose head and
neck radiation. In this review, we seek to update findings from
our previous publication in 2010, whereby conventional glass
ionomer cement (GIC) restorations was reported to perform
poorest compared to other materials (resin modified GIC,
composite resin, and amalgam) in patients post head and neck
radiation [3]. This recommendation was based on three

relatively old studies; and with rapid advancement in material
technology; this may no longer be valid.

Another common concern in patients undergoing intensive
anti-neoplastic chemotherapy is the risk of infections from
odontogenic sources. Even though the prevalence of dental
infections during chemotherapy has been reported to be rela-
tively low (5.9%), the consequence from an infection in a
severely pancytopenia patient is potentially serious [3–5].
Hence, many cancer centers mandate that all patients undergo
a pre-cancer dental evaluation prior to initiation of anti-
neoplastic chemotherapy [6, 7]. In 2010, Hong et al. reported
that there were only two studies on the various dental
evaluation/treatment protocols prior to cancer therapy and no
recommendations could be made due to a lack of data from
clinical trials to support or refute a specific protocol [3].

Since the 2010 systematic review, new studies have been
published on pre-cancer therapy dental evaluation/treatment
protocols and restorative strategies in cancer patients. The
aims of this review were to update current understanding with
regard to the (1) prevalence of infections from odontogenic
sources in patients undergoing cancer therapy, (2) efficacy of
pre-cancer therapy dental evaluation/treatment protocols in
preventing complications, (3) dental disease management
strategies, and (4) changes in the dental-related oral microor-
ganisms associated with cancer treatment.

Materials and methods

Literature search

A literature search was conducted with assistance from a re-
search librarian using the electronic databases of PubMed and
EMBASE for articles published between 1 January 2009 and
30 June 2016. This is detailed in Fig. 1. As the previous
publication by our group had addressed the dental disease
and the management strategies in cancer patients [3], this re-
view reports these aspects from relevant articles published
since January 2009, namely from the end of the literature
search of our previous publication while combining current
findings with the previous articles. Electronic database
searches were performed using different combinations of
Medical Subject Headings (MeSH) terms: Bdental caries,^
Bperiodontal disease,^ Bcancer,^ Bcancer therapy,^
Bradiotherapy,^ Banti-neoplastic agents,^ and Btotal body
irradiation^ for the literature search.

Eligibility criteria

Only English language articles were included. The inclusion
criteria were (1) studies assessing dental disease in patients
undergoing cancer therapy, (2) studies performed in cancer
patients of all age groups, (3) studies published in peer
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reviewed journals. The exclusion criteria were systematic or
narrative reviews, opinion papers, case reports, abstracts, and
animal model and/ or in-vitro studies. The studies evaluating
dental evaluation/treatment protocols prior to head and neck
radiation were also excluded because the considerations for
these patients are their life-long risk for osteoradionecrosis;
rather than the risk of immunosuppression and life threatening
bloodstream infections in those undergoing intensive anti-
neoplastic chemotherapy [8, 9].

Review tools, selection of studies, and data extraction

For the purpose of this study, an electronic form was com-
posed which included multiple coded answers and space for
free text, covering the following items: (1) reviewer and man-
uscript details, (2) oral involvement, (3) intervention details,
(4) study aim and design, (5) study groups and sites, (6) de-
mographics, (7) cancer type, (8) percentage of individuals or
clusters who refused to participate or were lost to follow-up,
(9) inclusion criteria, (10) dental disease assessment, (11) con-
founding factors, (12) outcomemeasures, (13) pain, (14) qual-
ity of life, (15) pre-cancer therapy dental evaluation/treatment
protocols, (16) changes in cariogenic and periodontal organ-
isms, (17) main findings, (18) conclusion, (19) flaws, and (20)
Level of evidence.

Each study was independently evaluated by two reviewers
with a standard electronic collection form customized for
reviewing dental disease data. Reviewers were recruited from
the membership of the Oral Care Study Group, MASCC/
ISOO. The utilization of the electronic form was standardized
within the reviewers by a written manual, teleconferences, and
a calibration exercise. For the calibration phase, each individ-
ual reviewer reviewed one paper [10]. For the review phase,
articles were assigned to each pair of reviewers in alphabetic
order. Any discrepancy in inclusion of a study was resolved by
the section head (CH). Once the electronic forms were com-
pleted by the reviewers, the forms were sent to the section
head who compared the reviews, assessed discrepancies be-
tween the reviewers based on the publication, reviewed the
publications to resolve any inter-reviewer inconsistencies and
concentrated the data.

Studies were scored for their Level of Evidence based on
the Somerfield criteria [11] and flaws were listed according to
the Hadorn criteria [12]. Awell-designed study was defined as
a study with no major flaws per the Hadorn criteria [12].
Tertiary reviews were completed by the section head and a
final section head template was devised for the summary of
all publications.

Findings from the reviewed studies were integrated into
guidelines based on the overall Level of Evidence for each

Ar�cles iden�fied through Pubmed and Embase literature search 
1st Jan 2009 – 30th June 2016

N=5840

Non-duplicate cita�ons screened based on inclusion and exclusion criteria
N=224

Ar�cles fully reviewed, double reviewed
N=59

Cita�ons assessed for methodological quality
N=90

Ar�cles excluded
N=133

Dental Related Oral 
Microorganisms

Preven�on and 
TreatmentDental Infec�ons 

Pre Cancer Therapy 
Dental Clearance

Fig. 1 Prisma diagram
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intervention. Guidelines were classified into three types: rec-
ommendation, suggestion, or no guideline possible.

Results

The electronic searches identified over a thousand titles and
abstracts. After examination of the abstracts and full-text arti-
cles by the review group, 59 articles satisfied the inclusion
criteria (Fig. 1).

Infections from odontogenic sources during cancer
therapy

Dental related infections/abscess during cancer therapy (large-
ly anti-neoplastic chemotherapy) was reported in six studies
[13–18] including those from the 2010 systematic review. The
mean weighted prevalence was 5.4% (standard of error 1.16,
95%, confidence interval 3.14–7.7), Exclusion of studies
whereby patients were not completely eliminated of all active
and chronic foci of infections prior to cancer therapy did not
appreciably change the prevalence.

The mean weighted prevalence of pericoronitis during can-
cer therapy (Baliga et al. [14]: anti-neoplastic chemotherapy;
Fayle et al. [15]: cancer therapy not defined) from both studies
[14, 15] was 5.3% (standard of error 2.35, 95% confidence
interval 0.65–9.85).

Pre-cancer therapy dental evaluation/treatment protocols

There were a total of 11 studies (from 2010 and current review)
that evaluated different types of dental evaluation/treatment
protocols prior to anti-neoplastic chemotherapy and hematopoi-
etic stem cell transplantations (HSCT) (Table 1). Expectedly,
there were no randomized controlled trials due to ethical con-
cerns with assigning patients undergoing cancer therapy to be
in the no dental evaluation/treatment group.

The types of pre cancer therapy dental evaluation/treatment
protocols was broadly categorized to either (i) complete pro-
tocols which involved treatment of all dental pathology prior
to initiation of anti-neoplastic chemotherapy and HSCT
[19–21], (ii) partial protocols which differed from complete
protocols in that (a) minor dental caries (Yamagata et al. [25,
26]: not defined, Tsuji et al. [24]: within dentin) were not
treated and observed, (b) teeth with apical periodontitis were
only managed if symptomatic and if size of the periapical
lesion was ≥5 mm, (c) only teeth with severe periodontitis
(though the definition of advanced disease varied between
studies) were extracted; the threshold for extraction of these
teeth was if they had probing depth of ≥8 mm (rather than
6 mm in complete dental evaluation/treatment protocols)
and/ or with mobility III, (d) extraction of severely mobile
deciduous teeth that were expected to exfoliate within a few

weeks (rather than 50% root resorption in complete dental
evaluation/treatment protocols), and (e) extraction of partially
erupted symptomatic third molars with purulence (versus ex-
traction of partially erupted third molars in complete dental
evaluation/treatment protocols), and lastly (iii) minimal proto-
cols included protocols whereby treatment was only adminis-
tered if the patient was symptomatic or if patient was either not
evaluated/treated due to time restraints and/ or did not com-
plete dental treatment. A side by side comparison of the three
types of pre-cancer therapy dental evaluation/treatment proto-
cols is detailed in Table 2.

Melkos et al. and Tsuji et al. evaluated patients who
underwent complete or partial pre-cancer therapy dental
evaluation/treatment protocols versus those who did not com-
plete or go through dental treatment prior to anti-neoplastic
chemotherapy [21, 24]. Melkos et al. found no odontogenic
sources of infection in both patients who underwent complete
dental evaluation/treatment protocols versus those who did
not prior to HSCT [21]. Additionally, the authors found no
association between the presence of dental foci of infection
and HSCT complications or survival rate [21]. Tsuji et al.
reported that patients who completed the partial pre-cancer
therapy dental evaluation/treatment protocol had significantly
(p <0.05) lower incidence of systemic (15.8 versus 37.4%)
and dental complications (2.9 versus 34.0%) when compared
to patients who did not complete any pre-cancer therapy den-
tal evaluation/treatment [24]. The dental complications report-
ed by Tsuji et al. included redness, warmth, swelling, pus
discharge, and pain in and around the teeth or periodontium
[24]. These complications were significantly more frequent in
chemotherapy regimens associated with a higher degree of
myelosuppression [24]. The dental protocol used in the Tsuji
et al. study [24] was modified from earlier studies by
Yamagata et al. [25, 26]; who also found no odontogenic
infections occurred in both pediatric and adult HSCTs.

There have been two studies on minimal pre-cancer therapy
dental evaluation/treatment protocol whereby only acute dental
pathologies were treated prior to intensive anti-neoplastic che-
motherapy [16, 18]. In Toljanic et al. study, two patients (10%)
with severe chronic dental pathology had febrile episodes due
to odontogenic sources; while patients classified as having mild
or moderate chronic dental pathology did not develop any
odontogenic related complications during anti-neoplastic che-
motherapy [16]. Similar to the findings in Toljanic’s study [16],
the prevalence of exacerbation of chronic oral foci during anti-
neoplastic chemotherapy in Schuurhuis et al. study [18] was
4% (3% of total sample). In addition, Schuurhuis et al. found
no difference between patients with or without chronic oral foci
of infection/s and thosewith treated acute oral foci of infection/s
with regards to the duration of neutropenia and fever [18].

(i) Complications from dental evaluation/treatment
protocols
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Three studies reported the frequency of complications after
dental treatment in cancer patients [20, 22, 23]. In a retrospec-
tive cohort study of patients with hematological cancers, 9
(13%) patients developed complications post extractions per-
formed during pre-cancer dental evaluation/treatment
resulting in delays in initiation of chemotherapy and the need
for platelet transfusion due to post extraction bleeding [22].
Haytac et al. reported two (3%) patients with hematological
cancers whereby anti-neoplastic chemotherapy initiation was
postponed due to delayed wound healing after extractions
[20]. In Tai et al. study, a high proportion of patients (40%)
who had third molar (symptomatic) extractions developed
post-operative complications (e.g., bleeding, trismus, infec-
tions etc.). However, the timing of extractions in relation to
the patients’ timing of cancer therapy (before or during) and
the type of cancer therapy was not specified in this study [23].

(ii) Management of third molars

In the studies by Yamagata et al. and Melkos et al., no
odontogenic infections were associated with the asymptomat-
ic or semi-impacted third molars during HSCT [21, 27].
However, Tai et al. found that 16 (64%) patients with symp-
tomatic third molars only became symptomatic during cancer
therapy (cancer modality not specified) [23].

(iii) Periodontal therapy

The initiation of periodontal therapy before, during and
after head and neck radiation and anti-neoplastic chemother-
apy resulted in improvements in periodontal health in cancer
patients [8, 19]. However, Gürgan et al. reported that the im-
provement in periodontal parameters did not influence medi-
cal outcomes in patients with hematologic malignancies un-
dergoing anti-neoplastic chemotherapy (e.g., engraftment pe-
riod, duration of febrile neutropenia) [19]. Additionally, if the
initial therapy at the time of pre-cancer therapy dental
evaluation/treatment was not followed with periodontal main-
tenance, periodontal disease continued to progress in post
head and neck radiation patients [9].

Summary and recommendation

1. Suggest that partial dental evaluation/treatment protocols
whereby minor caries, asymptomatic third molars, asymp-
tomatic teeth with periapical periodontitis with lesion
<5 mm, periodontally involved teeth <8 mm probing
depth, mobility I and II and without severe inflammation,
exfoliating primary teeth without severe mobility (not ex-
pected to exfoliate in a few weeks) are observed and mon-
itored during anti-neoplastic chemotherapy and HSCTs,
may be appropriate when there is insufficient time forT
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complete dental evaluation/treatment protocols [23–26].
(Level of evidence: III, Grade of Recommendation: B.)

2. Suggest periodontal therapy prior to and maintenance af-
ter cancer therapy (both head and neck radiation and anti-
neoplastic chemotherapy) for general good oral health.
(Level of evidence: III, Grade of Recommendation: B)
No guideline is possible with respect to its benefit in re-
lation to oral complications encountered during head and
neck radiation and/ or anti-neoplastic chemotherapy.

Approaches in managing dental disease in cancer
survivors

(i) Fluoride therapy compliance

Two cohort studies were retrieved in the current literature
search examining the compliance of patients to fluoride ther-
apy post radiotherapy. They found that the compliance rate
decreased significantly with time; Dhalom et al. [28] found a
54% compliance at 15 months for 5% sodium fluoride varnish
and Thariat et al. [29] found only a 12% compliance for fluo-
ride gel (concentration not stated) delivered in a custom tray at
24 months.

(ii) Chlorhexidine

Two new studies were included in this review [30, 31]. A
randomized controlled trial compared the effects of once daily
regimens (started 3–4 weeks prior to head and neck radiation)

of 0.12% chlorhexidine, 0.5% sodium fluoride, 2% sodium
iodine and no intervention; and found significant reduction
in plaque index (p = 0.0026) at 6 months in all the intervention
groups (i.e. chlorhexidine, sodium fluoride and sodium io-
dine) [30]. The chlorhexidine group resulted in the greatest
significant decrease in salivary Streptococcus mutans (SM)
count compared to sodium fluoride (p = 0.03) and sodium
iodine (p = 0.001) [30]. The other study found that the use
of 0.2% chlorhexidine mouth rinse twice daily started 1 week
prior to and for 1 month following HSCT resulted in signifi-
cant improvement of gingival index (p <0.05) from baseline
[31]. However, this did not correlate with changes in peri-
odontal pathogens.

(iii) Dental restorations

Only one new study was retrieved in this review. DeMoor
et al. compared the clinical performance of conventional GIC,
resin modified GIC and composite resin in Class V cavities in
post head and neck radiation patients [32]. The authors found
that Class V restorations with composite resins had signifi-
cantly less (p <0.05) failures compared to both resin rein-
forced and conventional GIC restorations at 24 months. In
addition, composite resin restorations had significantly less
failures (p <0.05) due to marginal adaptation and anatomical
form compared to GIC restorations. At earlier time points (12
and 18 months), the number of failures of composite resin
restorations were not significantly different from resin modi-
fied GIC. However, in patients who were non-compliant with
their fluoride regime, composite resin restorations had

Table 2 Descriptions of complete, partial and minimal dental evaluation/treatment protocols by dental pathology

Protocol Type Complete [19–21] Partial [24–27] Minimal/incomplete dental evaluation and/
or treatment protocols/not cleared [16, 18]Dental Pathology

Caries Restore all teeth Mild/ moderate caries were restored if time permitted;
otherwise these lesions were left alone and observed.

Intervention only if symptomatic

Severe Caries/ Pulp
involvement/Dental
abscess

Root canal treatment OR Extract

Apical periodontitis • Retreat
• Apicoectomy
• Extract

• Symptomatic lesions and lesions ≥5 mm were treated
• Asymptomatic lesions and lesions <5 mm were

observed

Advanced periodontal
disease

Extract teeth with
• probing

depth ≥ 6 mm
• furcation I, II, III

Extract teeth with
• probing depth ≥ 8 mm
• mobility III
• severe inflammation

Mobile primary teeth Extract teeth with
>50% root
resorption

Extract teeth with severe mobility and expected to
exfoliate within a few weeks.

Partially erupted third
molars

Extract • Asymptomatic teeth were observed
• Partially erupted third molars with purulence of

pericoronitis were extracted.
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om

ba
se
lin
e
(8
0.
7)

to
1
ye
ar

(8
8.
5)
.(
si
gn
if
ic
an
ce

no
ts
ta
te
d)

(i
i)
C
ar
io
ge
ni
c
ba
ct
er
ia

•
M
ea
n
L
B
co
un
ts
in
di
ca
te
d
an

in
cr
ea
se

fr
om

57
5
cf
u/
m
la
tb

as
el
in
e
to

91
0
cf
u/
m
la
t

12
m
on
th
s.

•
M
ea
n
SM

co
un
ts
of

68
0
cf
u/
m
la
tb

as
el
in
e

in
cr
ea
se
d
to

92
0
cf
u/
m
la
t3

m
on
th
s
an
d

la
te
r
re
ac
he
d
th
e
up
pe
r
de
te
ct
io
n
lim

it
of

10
00

cf
u/
m
l.

•
Fr
om

ba
se
lin
e
to

3
m
on
th
s:
T
he
re

w
er
e
no

si
gn
if
ic
an
tc
ha
ng
es

in
in
tr
a-
in
di
vi
du
al
L
B

an
d
SM

co
un
ts
.

•
Fr
om

ba
se
lin

e
to

6
m
on
th
s:
T
he
re

w
as

an
in
cr
ea
se

in
m
ea
n
in
tr
a-
in
di
vi
du
al
ba
ct
er
ia
l

co
un
ts
;c
ha
ng
es

w
er
e
cl
os
e
to

si
gn
if
ic
an
ce

fo
r
SM

(p
=
0.
10
2)

bu
tn

ot
si
gn
if
ic
an
tf
or

L
B
(p

=
0.
25
7)
.

•
Fr
om

ba
se
lin

e
to

12
m
on
th
s:
T
he
re

w
as

in
cr
ea
se

in
m
ea
n
in
tr
a-
in
di
vi
du
al
ba
ct
er
ia
l

co
un
ts
;c
ha
ng
es

w
er
e
bo
rd
er
lin

e
si
gn
if
ic
an
t

fo
r
bo
th

SM
an
d
L
B
(p

=
0.
05
9
an
d
0.
10
2)
.

(i
ii)

Pe
ri
od
on
ta
ld

is
ea
se

•
Pl
aq
ue

In
de
x:

N
o
si
gn
if
ic
an
ti
nt
ra
-i
nd
iv
id
ua
l

ch
an
ge

w
as

no
te
d
th
ro
ug
ho
ut

st
ud
y
pe
ri
od
.

(i
v)

Pe
ri
od
on
ta
lf
lo
ra

•
A
tb

as
el
in
e,
co
m
m
on

pe
ri
od
on
to
pa
th
og
en
ic

fl
or
as

w
er
e
B
.f
or
sy
th
us

fo
llo

w
ed

by
T.

de
nt
ic
ol
a
an
d
P.
gi
ng
iv
al
is
.

•
A
ts
ub
se
qu
en
tr
ev
ie
w
,r
ed
uc
tio
n
of

th
e

in
ci
de
nc
e
of

A
.a
ct
in
om

cy
ce
te
m
co
m
ita
ns
,

P.
gi
ng
iv
al
is
,B

.f
or
sy
th
us

an
d
T.

de
nt
ic
ol
a

an
d
a
re
la
tiv

e
in
cr
ea
se

of
P.
in
te
rm

ed
ia

w
ith
ou
ts
ta
tis
tic
al
si
gn
if
ic
an
ce

w
as

fo
un
d.

•
A
tb

as
el
in
e,
50
%

of
th
e
pa
tie
nt
s
w
er
e
po
si
tiv

e
fo
r
≥1

pe
ri
od
on
ta
lp

at
ho
ge
n.
T
hi
s
in
cr
ea
se
d

to
80
%

at
3
m
on
th
s,
71
%

at
6
m
on
th
s
an
d

64
%

at
1
ye
ar
.T

hi
s
di
ff
er
en
ce

be
tw
ee
n
th
e

tim
e
po
in
ts
w
as

no
ts
ig
ni
fi
ca
nt
.

A
lm

st
ah
le
ta
l.
[3
6]

C
ro
ss
-s
ec
tio
na
l

H
&
N
α
ca
nc
er

N
=
13

A
ge
:5

3
±
8
ye
ar
s

(1
)
E
xt
er
na
lR

T
^

do
se
:6

4.
6–
76
.6

G
y
(N

=
13
)

(i
)
A
ll
pa
tie
nt
s
un
de
rw

en
tp

re
-R
T
^

ex
am

in
at
io
n
an
d
tr
ea
tm

en
t

(i
i)
So

di
um

fl
uo
ri
de

ge
li
n
cu
st
om

tr
ay
s
fo
r

2
m
in
/d
ay

fo
r
2
m
on
th
s
re
co
m
m
en
de
d

(i
)
D
or
su
m

of
to
ng
ue

•
T
he

m
ea
n
to
ta
lm

ic
ro
bi
al
co
un
t(
p
=
0.
00
2)

an
d
th
e
nu
m
be
r
of

st
re
pt
oc
oc
ci
(p

=
0.
01
),

S.
sa
liv

ar
iu
s
(p

=
0.
02
)
an
d
F.
nu
cl
ea
tu
m

Support Care Cancer



T
ab

le
3

(c
on
tin

ue
d)

A
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ye
ar
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of
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y

Pa
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de
ta
il/
n/
ag
e

C
an
ce
r
th
er
ap
y

In
te
rv
en
tio

n
F
in
di
ng
s

C
on
tr
ol

gr
ou
p:

ag
e/
ge
nd
er
/

te
et
h
m
at
ch
ed

N
=
13

2)
B
ra
ch
yt
he
ra
py

do
se
:6

–3
0
G
y

(N
=
12
/1
3)

•
9
pa
tie
nt
s
us
ed

fl
uo
ri
de

ri
ns
e
or

ge
ld

ai
ly
,

1
us
ed

ev
er
y
ot
he
r
da
y,
1
us
ed

so
di
um

fl
uo
ri
de

sp
ra
y.

(i
ii)

Te
et
h
cl
ea
ni
ng

an
d
m
uc
os
iti
s
tr
ea
tm

en
t

1–
2
tim

es
,

(i
v)

M
ic
ro
bi
al
sa
m
pl
in
g
do
ne

6–
8
m
on
th
s

af
te
r
R
T
^.

(p
=
0.
00
3)

w
er
e
si
gn
if
ic
an
tly

lo
w
er

in
th
e

R
T
^
gr
ou
p
th
an

in
th
e
co
nt
ro
lg

ro
up
.

•
T
he

pr
op
or
tio

n
of

st
re
pt
oc
oc
ci
of

th
e
to
ta
l

co
un
tw

as
sl
ig
ht
ly

hi
gh
er

in
th
e
R
T
^
gr
ou
p

th
an

in
th
e
co
nt
ro
lg

ro
up

(m
ea
n:

45
±
34
%

an
d
m
ed
ia
n:

34
%

co
m
pa
re
d
w
ith

35
±
31
%

an
d
21
%
).

•
T
he

pr
op
or
tio

n
of

F.
nu
cl
ea
tu
m

w
as

si
gn
if
ic
an
tly

lo
w
er

in
th
e
R
T
^
gr
ou
p
th
an

in
th
e
co
nt
ro
l

gr
ou
p
(p

<
0.
05
),
w
hi
le
th
e
nu
m
be
r
an
d

pr
op
or
tio

n
of

P.
in
te
rm

ed
ia
/P
.n

ig
re
sc
en
s

w
er
e
si
m
ila
r
in

th
e
tw
o
gr
ou
ps
.

(i
i)
B
uc
ca
lm

uc
os
al

T
he

nu
m
be
r
of

S.
sa
ng
ui
s/
S.

or
al
is
an
d
th
e

pr
op
or
tio

n
of

S.
sa
ng
ui
s/
S.

or
al
is
of

th
e

to
ta
ln

um
be
r
of

st
re
pt
oc
oc
ci
te
nd
ed

to
be

hi
gh
er

in
th
e
R
T
^
gr
ou
p
(p

=
0.
06

an
d
0.
07
).

(i
ii)

V
es
tib
ul
um

•
T
he

to
ta
lb

ac
te
ri
al
co
un
tt
en
de
d
to

be
hi
gh
er

in
th
e
R
T
^
gr
ou
p
(p

=
0.
06
).

•
T
he

m
ea
n
pr
op
or
tio
n
of

st
re
pt
oc
oc
ci
of

th
e
to
ta
l

co
un
tt
en
de
d
to

be
lo
w
er

in
th
e
R
T
^
gr
ou
p

(4
2
±
32
%
)
th
an

in
th
e
co
nt
ro
ls
(6
1
±
30
%
).

(i
v)

Su
pr
ag
in
gi
va
lp

la
qu
e

•
T
he

nu
m
be
r
of

L
B
sp
p.
w
er
e
si
gn
if
ic
an
tly

hi
gh
er

(p
=
0.
00
01
)
an
d
th
e
nu
m
be
r
of

SM
te
nd
ed

to
be

hi
gh
er
in

th
e
R
T
^
gr
ou
p
th
an

in
th
e
co
nt
ro
l.

•
T
he

m
ea
n
pr
op
or
tio

n
of

SM
of

th
e
to
ta
ln

um
be
r

of
st
re
pt
oc
oc
ci
te
nd
ed

to
be

hi
gh
er

in
th
e
R
T
^

gr
ou
p
(6
.2

±
5.
9%

)
th
an

in
th
e
co
nt
ro
l(
3.
6
±
11
%
).

(v
)
G
in
gi
va
lc
re
vi
cu
la
r
re
gi
on

T
he

to
ta
lc
ou
nt

w
as

si
gn
if
ic
an
tly

hi
gh
er

(p
=
0.
02
)

an
d
th
e
nu
m
be
r
of

P.
in
te
rm

ed
ia
⁄P
.n
ig
re
sc
en
s

si
gn
if
ic
an
tly

le
ss

(p
=
0.
03
)
in

th
e
R
T
^

gr
ou
p
th
an

in
th
e
co
nt
ro
l.

B
ee
r
et
al
.[
37
]

C
oh
or
t

H
&
N
α
ca
nc
er

N
=
21

M
ed
ia
n
ag
e:
57

ye
ar
s,

ra
ng
e:
26
–7
3

R
T
^

•
U
ni
la
te
ra
l(
N
=
7)
:6

6
G
y

(2
4–
70
),
N
=
1
ha
d

si
m
ul
ta
ne
ou
s
C
T
*

•
B
ila
te
ra
l(
N
=
13
):

74
.4

G
y
(5
6–
79
.2
);

N
=
2
ha
d
si
m
ul
ta
ne
ou
s
C
T
*

M
ic
ro
bi
al
sa
m
pl
in
g
do
ne

be
fo
re

R
T
^,

du
ri
ng

R
T
^
an
d
6
w
ee
ks

af
te
r
R
T
^.

St
re
pt
oc
oc
cu
s
co
lo
ni
za
tio

n
of

>
10

5
C
FU

•
U
ni
la
te
ra
lR

T
^
gr
ou
p:

40
%

be
fo
re

R
T
^,
60
%

du
ri
ng

tr
ea
tm

en
t,
0%

6
w
ee
ks

af
te
r
R
T

•
B
ila
te
ra
lR

T
^
gr
ou
p:

43
%

be
fo
re

R
T
^,
75
%

du
ri
ng

R
T
^,
0%

6
w
ee
ks

af
te
r
R
T
^

C
an
ka
r
et
al
.[
10
]

C
oh
or
t

H
&
N
α
ca
nc
er

N
=
16

A
ge
:5

6.
3
±
1.
9
ye
ar
s

R
T
^
do
se
:

58
–7
0
G
y

(i
)
H
yp
er
ba
ri
c
ox
yg
en
at
io
n
(H

B
O
)

•
10
0%

ox
yg
en

•
2.
5
at
m
os
ph
er
ic
pr
es
su
re

A
si
gn
if
ic
an
tr
ed
uc
tio
n
in

co
lo
ny

de
ns
ity

of
SM

(p
=
0.
00
03
)
an
d
L
B
(p

=
0.
00
14
)
w
as

ob
se
rv
ed

po
st
hy
pe
rb
ar
ic
ox
yg
en

th
er
ap
y.
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A
ut
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r/
ye
ar

Ty
pe

of
st
ud
y

Pa
tie
nt

de
ta
il/
n/
ag
e

C
an
ce
r
th
er
ap
y

In
te
rv
en
tio

n
F
in
di
ng
s

•
90

m
in

•
20

di
ve
s

ii)
M
ic
ro
bi
al
sa
m
pl
in
g
do
ne

be
fo
re
H
B
O

th
er
ap
y
an
d
af
te
r
20

di
ve
s
of

H
B
O
th
er
ap
y

L
eu
ng

et
al
.[
38
]

C
as
e
Se
ri
es

N
as
op
ha
ry
ng
ea
lc
an
ce
r

N
=
18

(1
5
ha
d

m
ic
ro
bi
ol
og
y

sa
m
pl
es

ta
ke
n)

A
ge
:3

6–
68

ye
ar
s

R
T
^
do
se
:5

5–
75

G
y

20
–2
4
da
ys

5–
6
w
ee
ks

M
ic
ro
bi
al
sa
m
pl
in
g
do
ne

3.
3
ye
ar
s
af
te
r
R
T
^.

(i
)
T
he

pr
ed
om

in
an
tc
ul
tiv

ab
le
m
ic
ro
fl
or
a
fr
om

al
l

pa
tie
nt
s
co
m
pr
is
ed

of
se
ve
ra
ls
pe
ci
es

of
fa
cu
lta
tiv
e

an
d
ob
lig

at
e
an
ae
ro
bi
c
ba
ct
er
ia
:G

em
el
la
,

Pe
pt
os
tr
ep
to
co
cc
us
,S

ta
ph
yl
oc
oc
us
,

St
om

al
oc
oc
cu
s,
St
re
pt
oc
oc
cu
s,
A
ct
in
om

yc
es
,

E
ub
ac
te
ri
um

,L
ac
to
ba
ci
llu

s,
Pr
op
io
ni
ba
ct
er
iu
m
,

N
ei
ss
er
ia
,V

ei
llo
ne
lla
,B

ac
te
ro
id
es
,C

am
py
lo
ba
ct
er
,

C
ap
no
cy
to
ph
ag
a,
Fu

so
ba
ct
er
iu
m
,K

in
ge
lla
,

Po
rp
hy
ro
m
on
as

an
d
Pr
ev
ot
el
la
sp
ec
ie
s.

ii)
Pa
tie
nt
s
w
ho

ha
d
bl
ee
di
ng

on
pr
ob
in
g
ha
d

si
gn
if
ic
an
tly

hi
gh
er
(p

=
0.
02
7)

pr
op
or
tio

n
of

K
in
ge
lla

de
nt
ri
fi
ca
ns

th
an

pa
tie
nt
s
w
ho

ha
d
no

bl
ee
di
ng
.

M
ec
a
et
al
.[
30
]

R
an
do
m
iz
ed

C
on
tr
ol
le
d
T
ri
al

H
&
N
α
ca
nc
er

N
=
60

(1
5
pe
r
gr
ou
p)

A
ge
:N

ot
st
at
ed

R
T
^
do
se
:5

0.
4–
70
.2

G
y

(i
)
M
ic
ro
bi
al
sa
m
pl
in
g
do
ne

pr
io
r
to

R
T
^,

im
m
ed
ia
te
af
te
r
R
T
^,
30
,6
0,
90

da
ys

an
d
6
m
on
th
s
af
te
r
R
T
^.

ii)
T
re
at
m
en
tp

ro
to
co
l

•
G
ro
up

1:
ch
lo
rh
ex
id
in
e
gl
uc
on
at
e

0.
12
%

on
ce

da
ily

an
d
or
al
hy
gi
en
e

in
st
ru
ct
io
ns

(O
H
I)

•
G
ro
up

2:
so
di
um

fl
uo
ri
de

0,
5%

aq
ue
ou
s

so
lu
tio

n
on
ce

da
ily

an
d
O
H
I

•
G
ro
up

3:
so
di
um

io
di
ne

2%
in

hy
dr
og
en

pe
ro
xi
de

on
ce

da
ily

an
d
O
H
I

•
G
ro
up

4:
N
ot
hi
ng

SM
:

•
N
o
st
at
is
tic
al
di
ff
er
en
ce

be
tw
ee
n
va
lu
es

in
ea
ch

gr
ou
p
w
as

ob
se
rv
ed

be
fo
re

R
T
^.

•
A
t3

0
da
ys

af
te
r
R
T
^,
a
si
gn
if
ic
an
tr
ed
uc
tio

n
of

SM
in

gr
ou
p
1
(c
hl
or
he
xi
di
ne
)
w
as

ob
se
rv
ed

in
co
m
pa
ri
so
n
w
ith

gr
ou
p

2
(p

=
0.
03
),
gr
ou
p
3
(p

=
0.
00
1)

or
gr
ou
p
4
(p

<
0.
00
1)
.

•
A
ft
er

th
e
be
gi
nn
in
g
of

R
T
^,
gr
ou
p
4
ha
d

si
gn
if
ic
an
tly

hi
gh
er
co
un
ts
of

ca
ri
og
en
ic

co
cc
ii
n
re
la
tio
n
to

th
e
ot
he
r
gr
ou
ps

(p
<
0.
00
1)
.C

om
pa
ri
so
n
be
tw
ee
n
gr
ou
ps

2
an
d
3
sh
ow

ed
no

si
gn
if
ic
an
td

if
fe
re
nc
e.

M
en
g
et
al
.[
39
]

C
as
e
Se
ri
es

H
&
N
α
ca
nc
er

N
=
10

A
ge
:4

1
ye
ar
s

R
T
^
do
se

•
68

G
y:

N
=
2

•
70

G
y:

N
=
5

•
72

G
y:

N
=
2

•
76

G
y:

N
=
1

M
ic
ro
bi
al
sa
m
pl
in
g
do
ne

pr
io
r
to
,

im
m
ed
ia
te
ly

af
te
r,
3
an
d
6
m
on
th
s

af
te
r
R
T
^.

M
ea
n
SM

C
FU

:
•
B
as
el
in
e:
6.
41

±
0.
81

•
Im

m
ed
ia
te
po
st
R
T
^:
6.
76

±
0.
62

•
3
m
on
th
s
po
st
R
T
^:
7.
75

±
0.
58

•
6
m
on
th
s
po
st
R
T
^:
7.
68

±
0.
70

•
SM

le
ve
ls
in
cr
ea
se

si
gn
if
ic
an
tly

(p
<
0.
01
)

at
3
an
d
6
m
on
th
s
po
st
R
T
^
co
m
pa
re
d
to

ba
se
lin

e.
Sr
ith

av
aj
an
d

T
ha
w
eb
oo
n

[4
0]

C
ro
ss
-s
ec
tio
na
l

R
et
in
ob
la
st
om

a
N
=
19

A
ge
:6

.5
±
3.
5
ye
ar
s

H
ea
lth
y
C
on
tr
ol
:

N
=
20

A
ge
:6

.8
±
3.
4
ye
ar
s

R
T
^
do
se
:

42
.5

±
2.
5
G
y

M
ic
ro
bi
al
sa
m
pl
in
g
do
ne

on
ce
;u

nc
le
ar

tim
e
fr
am

e
to

ca
nc
er

tr
ea
tm

en
t

(i
)
T
he

is
ol
at
io
n
fr
eq
ue
nc
y
fo
r
L
B
w
as

si
gn
if
ic
an
tly

hi
gh
er

(p
<
0.
01
)
in

st
ud
y
gr
ou
p
th
an

co
nt
ro
ls
.

(i
i)
T
he

is
ol
at
io
n
fr
eq
ue
nc
y
of

SM
w
as

no
ts
ig
ni
fi
ca
nt

di
ff
er
en
tb

et
w
ee
n
gr
ou
ps
.

(i
i)
T
he

nu
m
be
rs
/a
bu
nd
an
ce

of
SM

(p
<
0.
05
)
an
d

L
B
(p

<
0.
01
)
de
te
ct
ed

in
sa
liv

a
w
er
e
si
gn
if
ic
an
tly

gr
ea
te
r
in

th
e
ch
ild

re
n
w
ith

re
tin
ob
la
st
om

a
co
m
pa
re
d
to

he
al
th
y
co
nt
ro
ls
.
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significantly higher failures due to recurrent caries (p <0.05)
compared to GIC restorations. Even so, the overall failure rate
of GIC restorations (due to poorer marginal adaptation and
disintegration) was still higher than composite resin restora-
tions in non-fluoride users [32].

The use of fluoride was not previously considered in the 2010
systematic review. As such, extraction of this data from papers
included in the 2010 publication was conducted; all studies re-
trievedwere in post head and neck radiation patients. As with the
DeMoor et al. study [32], McComb et al. [33] also found that
GIC restorations had significantly less failures due to recurrent
caries than composite resin restorations in non-fluoride users. In a
study by Wood et al. who compared conventional GIC and
amalgam restorations, authors found that GICs had significantly
higher failures (due to marginal adaptation, anatomical form, and
caries) compared to amalgam restorations in fluoride users [34].
This study was done in 1993, and it is likely that the properties of
glass ionomer cements used were different from later studies and
as such may be more sensitive to fluoride ion damage.

(iv) Toothpaste

There were no new studies involving toothpaste use in
cancer patients since the 2010 systematic review.

Summary and recommendations

1. Recommend the use of fluoride products to prevent dental
caries in post head and neck radiation patients. This re-
mains unchanged from the 2010 systematic review. It is
important to reinforce its use as compliance decreases
with time. The type of fluoride delivery system did not
significantly influenced caries activity. (Level of
Evidence: II, Grade of Recommendation: B)

2. Recommend the use of chlorhexidine mouth rinse in con-
centrations ranging from 0.12% - 0.2% once or twice
daily for the reduction of plaque accumulation and SM
counts in patients undergoing head and neck radiotherapy.
This remains unchanged from the 2010 systematic review
[3]. The amounts of Lactobacillus (LB) or periodontal
pathogens were not affected by the use of chlorhexidine.
The potential side effects of increased staining, calculus
build up and temporary taste changes should be taken into
account with use of chlorhexidine. (Level of Evidence: II,
Grade of Recommendation: B)

3. Recommend the use of composite resins, resin modified
GIC and amalgam restorations over conventional GIC in
post head and neck radiation patients who are compliant
fluoride users. In non-fluoride users, GIC restorations
may be considered to reduce the rate of recurrent caries
but would require frequent replacements due to break-
down in structure integrity. (Level of Evidence: II,
Grade of Recommendation: B)

Changes in dental related oral microorganisms
during cancer therapy

Fourteen studies examined the temporal effect of cancer
therapy on dental related oral microorganisms (Table 3).
Two studies were not included in the table [47, 48]. One
study [48], unlike the other studies where raw SM and LB
values was used, this particular study arbitrarily catego-
rized the amount of SM and LB into low to high levels
and thus was excluded. Another study compared the oral
microbiota of caries free patients versus those with radia-
tion caries at 1 year post head and neck radiation [47].
However, there was no baseline measure, changes due to
radiation was unclear [47]. All studies examined SM and
LB changes; of which two studies also evaluated peri-
odontal pathogens [35, 38].

Head and neck radiation resulted in increases in both SM
and LB oral colonization, although this was not always to
statistically significant levels [35, 36, 39–41]. Other than
chlorhexidine, hyperbaric oxygen therapy was also evaluated
by one study which resulted in reduction of SM and LB[10].
Studies on periodontal flora reported shifts in periodontal
pathogens in patients who were post head and neck radiation;
however no clear pattern could be observed [35, 38]. More
studies are needed to examine the effect of cancer therapy on
periodontal related microorganisms and the clinical relevance
of this change.

Unlike in head and neck radiation patients, anti-neoplastic
chemotherapy did not appear to increase SM or LB oral col-
onization. In fact, these organisms remain either unchanged or
reduced in amounts during anti-neoplastic chemotherapy
[42–46, 49]. The reduction of SM and LB during anti-
neoplastic chemotherapy was most pronounced during the
induction and treatment phase. This is likely due to the anti-
microbial effect of certain cytotoxic agents used in these reg-
imens (e.g., doxorubicin).

Summary

1. The colonization of SM and LB increased in post head
and neck radiation patients. (Level of Evidence: III)

2. The colonization of SM and LB remain unchanged or
decreased during anti-neoplastic chemotherapy. (Level of
Evidence: III)

Discussion

As expected, there were no randomized clinical trials on pre-
cancer therapy dental evaluation/treatment protocols as there
are obvious ethical concerns with providing no treatment in
cancer patients in a prospective study. However, since the
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2010 systematic review, a well-executed non-randomized
clinical trial [24] and several studies examining different pro-
tocols ranging from minimal to complete dental evaluation/
treatment protocols prior to cancer therapy have been pub-
lished [18, 19, 27]. An appraisal of all the studies retrieved
in this current and the previous review suggest that patients
who underwent partial dental evaluation/treatment protocols
prior to chemotherapy and HSCTs involving removal of mod-
erate and severe dental pathologies experienced no or minimal
odontogenic related complications during cancer therapy [24,
25, 26]. Even in minimal pre-cancer dental evaluation/
treatment protocols, whereby only acute and symptomatic
dental pathology were addressed prior to chemotherapy and
HSCTs, only 3–4% of patients developed dental related com-
plications [16, 18]. In a retrospective review of the
Nationwide Inpatient sample, Allareddy et al. found that leu-
kemia adults who had gingivitis/ periodontitis were at higher
risk for septicemia, bacterial infections and mycoses [50].
However, the conclusions made in this paper must be
interpreted with great caution as it was unclear how (i.e.,
who, when) the inpatient diagnosis of periodontal disease
was made; and thus the prevalence of periodontal disease
may be grossly inaccurate. The overall weighted prevalence
of dental infections during cancer therapy in this review
(5.4%) was low and comparable to that reported in the 2010
systematic review (5.8%). However, we noted that the pre-
existing oral conditions and the type of pre-cancer dental
evaluation/treatment protocols of patients in these studies
were unclear which could potentially bias the results.
Nonetheless, the option for partial dental evaluation/
treatment protocols should be considered in patients where
there is an urgency to start cancer therapy as soon as possible;
leaving little time for complete dental evaluation/treatment.
Complete dental evaluation/treatment protocols though ideal
must be reconsidered if the time taken to eliminate all active
and potential sources of infections in a patient completely and
for healing to occur would result in a delay in cancer therapy
initiation and negatively impact prognosis. Another concern is
the risk for complications arising from pre-cancer therapy
dental treatment, which in this group of medical vulnerable
patients is significant. Such complications may cause delay in
cancer therapy initiation and, in severe cases, result in a sys-
temic infection [20, 22, 23]. Although beyond the scope of
this review, in view of the low incidence of dental adverse
events, it may be of interest to evaluate the cost and benefits
for such pre-cancer dental evaluation/treatment protocols prior
to commencement of cancer therapy. The cost of such proto-
cols should be weighed against the cost and burden of man-
aging adverse oral events during cancer therapy that may be
prevented with dental evaluation and treatment prior to cancer
therapy.

In post head and neck radiation patients, oral colonization
with SM and LB was significantly higher than at baseline [35,

36, 39–41]. Chlorhexidine and to a lesser extent sodium fluo-
ride reduced SM and perhaps caries risk in these patients [30].
The recommendations that both chlorhexidine and fluoride
products are effective in reducing caries activity in post head
and neck radiation patients from the 2010 systematic review
are thus still valid. However, compliance with fluoride use
was found to decrease drastically over time; with one study
reporting an extremely low compliance of 12% for fluoride
gel delivered in a custom tray at 24 months [29]. It is therefore
imperative that clinicians managing post head and neck radi-
ation cancer survivors emphasize the continued use of fluoride
products for caries prevention. Since, there are no differences
in the type of fluoride products, a strategy may be to recom-
mend trying the various products available and using the one
most acceptable to the patient.

There is evidence for the cariostatic properties of GIC in
the literature and its benefits in patients with high caries risk.
However, in this systematic review, GIC restorations had sig-
nificantly higher failure rates than composite resin restorations
in post head and neck radiation patients [32, 33]. Most of the
failures were due to structural degradation. We hypothesize
that since GICmaintains its structural strength when hydrated;
in a post- head and neck radiation patient suffering from sal-
ivary gland hypofunction, the structural integrity of GIC may
be compromised which may explain their high number of
failures. That withstanding, in non-fluoride users, the overall
GIC restorations resulted in less failures due to secondary
caries compared to composite resin restorations [32, 33].
This suggests that in patients who are non-compliant fluoride
users, GIC restorations may be considered with the caveat that
these restorations will require regular maintenance and re-
placements due to breakdown in structural integrity.

Conclusions

1. The weighted prevalence of dental infections during can-
cer therapy is relatively low (5.4%) and is comparable to
that reported in the 2010 systematic review (5.8%).

2. Post extraction complications ranged from 3 to 40% in
cancer patients and were most common after third molar
extractions.

3. In view of the relatively low dental infections during can-
cer therapy and the complications after third molar extrac-
tions, partial dental evaluation/treatment protocols prior to
anti-neplastic therapy and HSCT whereby minor caries
(within dentin), asymptomatic third molars or asymptom-
atic teeth without excessive probing depth (<8 mm), mo-
bility (I and II) or with periapical lesions of <5 mm were
obseved; appear to be a viable option; if there is insuffi-
cient time for complete dental evaluation/treatment
protocols.
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4. The guideline for use of fluoride products remains un-
changed from the 2010 systematic review and they are
recommended to prevent dental caries in post head and
neck radiation patients. It is important to reinforce its use
as compliance decreases with time.

5. The use of chlorhexidine mouth rinse (in concentrations
ranging from 0.12 to 0.2% once or twice daily) remains
unchanged from the 2010 systematic review and is rec-
ommended for the reduction of plaque accumulation and
SM counts in post head and neck radiation patients.

6. The use of composite resins, resin modified GIC and
amalgam restorations is recommended over conventional
GIC in post head and neck radiation patients who are
fluoride users. In non-fluoride users, GIC restorations
are suggested to reduce the rate of recurrent caries but
may require frequent replacements due to breakdown in
structure integrity.

7. There was an increase in cariogenic microbes (SM and
LB) in post head and neck radiation patients which was
not observed in patients receiving anti-neoplastic
chemotherapy.
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