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Objectives: The number of children who survive cancer is reaching new record levels,
thanks to improved management strategies. However, this population is predisposed to
chronic health conditions including cardiovascular disease and type 2 diabetes, yet the full
scale of these diagnoses in this population is unclear. This protocol describes the conduct of
a systematic review to report on the prevalence of diabetes mellitus (DM) subtypes in
childhood cancer survivors.

Methods: Searches will be conducted in MEDLINE, Embase, CINAHL, Cochrane Database
of Systematic Reviews, and Cochrane Central Register of Controlled Trials. We will also
search gray literature in Theses A&I, ProQuest Dissertations, and Web of Science as well as
clinicaltrials.gov. Screening search results and data abstraction will be done independently by
two reviewers. We will conduct a meta-analysis if two studies have similar designs, popula-
tions, methods, and outcome measures reported.

Results: The findings of this systematic review will provide insights into the scale of
diabetes in childhood cancer survivors to allow the prioritization of subpopulations that
need specific interventions to screen, prevent, and treat DM. This will likely lead to
improved outcomes in childhood cancer survivors.

Keywords: systematic review protocol, childhood cancer, cancer survivorship, diabetes
mellitus, type 1 diabetes mellitus, type 2 diabetes mellitus

Introduction

Over the past few decades, breakthroughs in childhood cancer care have consider-
ably improved the five-year survival rates in this population. In 1979, 62.8% of
children survived their cancer diagnosis, and this rose to 84.4% in 2014." These
impressive survival rates, however, are mitigated by the development of significant
comorbidities that interfere with long-term outcomes. The majority of Childhood
Cancer Survivors (CCS) have at least one chronic health condition in adulthood.
A new class of emerging morbidities including diabetes mellitus (DM), cardiovas-
cular diseases, and obesity are being added to causes of morbidity and mortality in
CCS such as tumor recurrence and secondary cancers.” '' Cardiometabolic disor-
ders are taking a more prominent role in determining long-term outcomes in
addition to lifestyle factors, tumor type, and treatment side-effects, among
others.'®'*"1> Several pathways can lead to diabetes in CCS including defects in
insulin production, insulin insensitivity in peripheral organs, and other factors that
remain to be defined.
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The global rates of diabetes have reached staggering
levels, with around 422 million people worldwide having
type 2 diabetes mellitus (T2DM) in 2014, and the obesity
epidemic has driven this rise.'® It has been shown that CCS
have similar rates of obesity but higher adiposity when
compared to the general population, which may impact
their diabetes risk through effects of adiposity on glucose
homeostasis.'” Diabetes represents a substantial economic
and societal burden and is associated with several
comorbidities including retinopathy, nephropathy, neuropa-
thy and cardiovascular disease.'® It is critical to determine
the burden of DM and if, within the CCS cohort, there are
particularly vulnerable subgroups that may benefit from
offering early screening and interventions to treat, delay,
and prevent DM in these populations.

This the methods
a systematic review to assess the prevalence of DM in

protocol describes used for
CCS. The primary objective is to determine the prevalence
of T2DM in CCS. The secondary objectives are to report the
prevalence of type 1 diabetes mellitus (T1DM) and undiffer-

entiated DM (UDM) in CCS.

Research questions
Primary
In CCS, what is the prevalence of T2DM?

Secondary
In CCS, what is the prevalence of TIDM and UDM?

Materials and methods

This systematic review protocol

PROSPERO (CRD42018090456).
This protocol is reported based on the Preferred

is registered with

Reporting Items for Systematic Review and
Meta-Analysis  Protocols (PRISMA-P) Statement
19,20

(Supplementary materials).

Eligibility criteria
Population
We will include males and females of all ethnicities who
have received a cancer diagnosis at <20 years of age. All
Body Mass Index (BMI) levels will be included, compris-
ing those with normal BMI (BMI z-score <85th percen-
tile), overweight (BMI z-score 85"-94™ percentile), and
obese (BMI z-score >95th percentile).

We will exclude studies with a sample size of less than
10 participants. If a study reports aggregated data from
survivors of both childhood and adult cancers, the

Principal Investigator (PI) of the study will be contacted
to obtain the age-stratified data specific to our inclusion
criteria. Diabetes is required to have developed at least
one year after the completion of cancer therapy for studies
to be included in this systematic review.

Exposure

Survivors of all cancer types will be included, with cancer
defined as per the International Classification of Childhood
Cancer”' This diagnosis may be obtained from secure
medical records, patient interviews, or questionnaires. We
will collect data on therapy including surgery, pharmacother-
apy, radiotherapy, and transplantation.”? Surgery types will
include total or partial tumor resection. All forms of
chemotherapy will be included, as well as data on the use
of steroids and immunotherapies. For radiation-sensitive
tumors, we will include all forms of radiotherapy including
total body irradiation, craniospinal irradiation, or cranial
irradiation with non-fractionated and fractionated subgroups.
Studies reporting on patients with gestational DM will be
excluded."!

Comparator

If reported, we will include non-cancer controls from
the general population that are matched or unmatched to
cases. Alternatively, family-based controls (eg siblings)
as a matching method for controls will be included if
reported.?

Outcome
We will include all types of DM including TIDM, T2DM,
and UDM.

The DM diagnosis should be confirmed by one of the
following methods:

1. Hospital records

2. The diagnosis determined from patient interviews

3. The diagnosis documented by health registries or
other databases via record linkage

4. Confirmation of healthcare provider reporting or
billing for a DM diagnosis

5. Results from fasting or random blood glucose, oral
glucose tolerance tests, and HbAlc along with
T1DM antibodies

6. Patient surveys confirming the implementation of
lifestyle-based approaches to treat mainly T2DM

7. Patient or anti-

provider reporting of oral

hyperglycemic therapies or insulin usage
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Study designs

Observational studies (cohort, cross-sectional or case-
control studies) will be included in this review. There
will be no restrictions on the date of publication, geogra-
phical location, study setting, or language of publication.

Literature search

A Senior Health Sciences Librarian with proficiency in
methods used in systematic review search strategy develop-
ment and implementation will assist in developing the
search strategy. The searches will be conducted in
MEDLINE, Experta Medica dataBASE (Embase), the
Cumulative Index to Nursing and Allied Health Literature
(CINAHL), Cochrane Database of Systematic Reviews, and
Cochrane Central Register of Controlled Trials. A sample
search strategy for MEDLINE is provided in Table 1.

We will hand search reference lists of accepted studies and
relevant reviews for additional eligible studies. To identify
gray literature ProQuest Dissertations, Theses A&, clinical-
trials.gov and Web of Science will be searched. While con-
ference abstracts will be excluded, we will search the first and
last authors of any relevant abstract for publications that
originate from the work provided. Searches will be run up to
and including studies published in March 2019.

Study selection

We will report the screening procedure and results using the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.”***** A preliminary
version of the flow diagram for the reporting of this review
is presented in Figure 1.

Duplicate references will be removed using EndNote
X8 and refernces exported into Microsoft Excel to screen
titles, abstracts, and full-text publications by two indepen-
dent reviewers.”® The reviewers will meet after each stage
to assess agreement and will resolve disagreements
through discussion. If the conflict persists, a third indepen-
dent reviewer will be consulted to reach unanimity.

Data abstraction

A data abstraction form will be created and piloted by two
reviewers on a sample subset of publications for this
review. Data to be collected include study title, authors,
journal name, publication date, country, funding source,
study setting, design, duration, years of conduct, inclusion
and exclusion criteria, sample size, outcome measures,
primary findings, secondary outcomes, conclusions, and

Table | Search strategy for MEDLINE

Line | Search terms

| exp Child/

2 exp Adolescent/

3 child*.ab,ti,kf.

4 plediatric*.ab,ti,kf.

5 adolescen*.ab,ti,kf.

6 youth*.ab,ti,kf.

7 teen*.ab,ti,kf.

8 preteen*.ab,ti,kf.

9 tween*.ab,ti,kf.

10 preschool*.ti,ab,kf.

I kindergarten*.ti,ab,kf.

12 school-aged.ti,ab,kf.

13 (school adj3 age*).ti,ab,kf.

14 (young adj3 adult).ti,ab,kf.

15 or/1-14

16 exp Diabetes Mellitus/

17 exp Hyperglycemia/

18 glycosuria/

19 NIDDM.ti,ab,kf.

20 IDDM.ti,ab,kf.

21 T2D* ti,ab,kf.

22 T D* ti,ab,kf.

23 hyperglycem*.ti,ab,kf.

24 diabet*.ti,ab,kf.

25 (insulin* adj3 resist*).ti,ab,kf.

26 ((non-insulin* or noninsulin* or non insulin*) adj3 resist*).ti,
ab,kf.

27 (insulin* adj3 depend¥).ti,ab,kf.

28 ((non-insulin* or noninsulin* or non insulin*) adj3 depend*).
ti,ab,kf.

29 hyperinsulin*.ti,ab,kf.

30 hypoinsulin*.ti,ab,kf.

31 hypertriglyceridem®.ti,ab,kf.

32 (dyslipid* or hyperlipid*).ti,ab,kf.
33 ketoacid*.ti,ab,kf.

34 (glucose adj3 (toleran* or intoleran*)).ti,ab,kf.
35 or/16-34
36 I5 and 35
37 Survivors/

38 Survival/
39 Adult Survivors of Child Adverse Events/

40 Disease-Free Survival/

4] surviv¥.ab,ti,kf.

42 ((post or off or after) adj3 (cancer* or tumo?r*)).ab,ti,kf.

43 ((post or off or after) adj3 (treatment* or therap*)).ab,ti,kf.
44 ((treatment* or therap* or cancer* or disease* or event* or

progression*) adj4 free).ab,tikf.
45 (adult life adj5 child* cancer).ti,ab,kf.
46 remission®.ti,ab,kf.

47 (cancer free* or cancer-free*).ti,ab,kf.

48 (after adj2 cancer®).ti,ab,kf.

(Continued)
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Table | (Continued). Table | (Continued).
Line | Search terms Line | Search terms
49 (after adj3 tumo?r¥).ti,ab,kf. 99 sarcoma*.ti,ab,kf.
50 (late effect® or late-effect*).ti,ab,kf. 100 neuroblastoma*.ti,ab,kf.
51 or/37-50 101 exp Wilms Tumor/
52 36 and 51 102 nephroblastoma*.ti,ab,kf.
53 exp Neoplasms/ 103 (wilms* adj3 tumo?r).ti,ab,kf.
54 cancer*.ti,ab,kf. 104 Rhabdomyosarcoma*.ti,ab,kf.
55 tumo!r.ti,ab,kf. 105 osteosarcoma*.ti,ab,kf.
56 malignan*.ti,ab,kf. 106 chondrosarcoma*.ti,ab,kf.
57 exp Leukemia/ 107 neoplas*.ti,ab,kf.
58 exp Lymphoma, Non-Hodgkin/or exp Lymphoma/ 108 exp Carcinoma/
59 exp Brain Neoplasms/ 109 carcinoma®.ti,ab,kf.
60 exp Sarcoma/ 110 adenocarcinoma*.ti,ab,kf.
6l exp Kidney Neoplasms/ 11 epithelioma*.ti,ab,kf.
62 exp Adenoma, Islet Cell/or exp Neuroendocrine Tumors/or 112 or/53-111
exp Pancreatic Neoplasms/or exp Thyroid Neoplasms/ 113 52 and 112
63 exp Bone Neoplasms/ 114 Animals/not (humans/and animals/)
64 exp Testicular Neoplasms/or exp Ovarian Neoplasms/ 115 113 not |14
65 retinoblastoma.ti,ab,kf. 116 Remove duplicates from |15
66 leuk?emia*.ti,ab,kf.
67 leucocyth?emia*.ti,ab,kf.
68 myelo*.ti,ab, kf. relevant study-specific details. We will also extract survi-
69 lymphoblas*.ti,ab,kf. vors’ data including the age at cancer diagnosis, the age of
70 lymphoma’.i,ab,kf. study enrolment, sex, ethnicity, and associated comorbid-
71 hodgkin*.ti,ab,kf. .- . . .
7 non-hodgkin' t.ab k. ities. Details of cancer type, stage at diagnosis, and treat-
73 germinoblastoma® tiab,k. ment modalities and duration since treatment completion
74 reticulolymphosarcoma ti,ab,kf. will also be extracted. If there is a comparison group,
75 reticulosarcoma®.ti,ab,kf. reviewers will extract the type of comparison group fol-
76 exp Neuroectodermal Tumors, Primitive/ lowed by the same clinical and health-related data (except
77 exp Glioma/ cancer diagnosis and treatment data) as the CCS group. If
78 glioma*.ti,ab,kf. .
79 astrocytoma® byt kf. aggregate data are presented, we will reach out to the
80 oligoastrocytoma® tiab,kf. study PI to retrieve data specific to our population.
8l astroglioma*.ti,ab, kf. For DM diagnoses, reviewers will extract informa-
82 glioblastoma*.ti,ab, kf. tion about the patients’ age at diagnosis, the time
83 craniopharyngioma®.ti,ab,kf. between cancer treatment completion and DM diagnosis,
84 ependymoma’.ab tikd. DM type, and study-specific prevalence estimates of
85 subependymoma*.ab,ti,kf. . . . . .
86 ependymoblastoma®ab.kf. DM subtypes in the survivorship population. We will
87 ganglioglioma.ab,ikf. abstract similar data from the non-cancer group if
88 medulloblastoma*.ab,ti,kf. reported.
89 exp Germinoma/
90 germinoma¥*.ab,tikf.
91 | Meningioma/ Data synthesis and statistical analysis
92 meningioma*.ab,tikf. A meta-analysis will be performed if two or more studies
93 oligodendroglioma*.ab,ti,kf. . .. . .
94 exp Neurofibromatoses/ reporting an outcome have s1.m11ar stu'dy d.e51gn, populations,
95 neurofibromatos*.ab,ti.kf. methods, and outcomes. This analysis will be conducted to
9% PNET* ab,ti, kf. generate an estimate of the prevalance of diabetes subtypes
97 neurocytoma.ab,ti,kf. from eligible studies by reporting the point prevalence from
98 choroid plexus papilloma*.ab,ti,kf. the pooled studies among CCS and any CCS subgroups (eg
(Continued) age at cancer diagnosis, sex, cancer type, cancer treatment,
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Records identified through
database searches

(n=)

Additional records identified from
gray literature

(n=)

Total records with duplicates

(n=)

Duplicates excluded

v

(n=)

(n=)

Titles screened

Titles excluded, with
reasons

v

(n=)

Abstracts screened

(n=)

Abstracts excluded, with
reasons

(n=)

v

Full-text articles screened

(n=)

Full-text articles excluded, with

reasons

> (n=)

Principal investigators contacted

Studies included for data
abstraction

(n=)

(n=)

Atrticles included during data
extraction

y

From reference lists (n=)
From conference abstracts (n=)

Studies included in
qualitative and quantitative
synthesis

(n=)

Figure | PRISMA-flow diagram of the article screening process.

body mass index (BMI)). High heterogeneity is expected due
to the likely variation among populations and the presence of
comorbidities such as obesity. We will use a random effects
model for all outcomes. Risk of bias will be conducted using
the tool developed by Hoy et al.>’

Our overall outcome of prevalence is continuous
and will be reported as pooled prevalence with a 95%
confidence interval (CI). If studies report multiple mea-
surements for groups over time, we will include the
outcomes with the most extended follow-up period. We
will also compare the prevalence between CCS and
controls by calculating odds ratios. Pooled prevalence
estimates from meta-analyses will be summarized and
presented using forest plots if applicable.

The inconsistency index (I?) and p-value for the chi-
square test will be used to assess heterogeneity. An I?
value >75% and p-value of <0.1 will be the threshold for
considerable heterogeneity, respectively.® If a meta-
analysis cannot be performed, we will provide
a comprehensive narrative summary describing the stu-
dies. Subgroup analyses will be performed for age at
cancer diagnosis, sex, cancer type, cancer treatment,
and BMI if reported. Sensitivity analyses will be per-
formed if over ten studies can be identified for a given
of the

Publication bias will be determined using funnel plots

outcome, to maintain the power results.

if ten or more studies are identified for the meta-
analysis. *°

Adolescent Health, Medicine and Therapeutics 2019:10

submit your manuscript 63

Dove


http://www.dovepress.com
http://www.dovepress.com

Chen et al

Dove

All analyses will be performed using the Review
Manager software (RevMan) Version 5.3.30

Overall findings from eligible studies will be reported
in a comprehensive table and through a narrative sum-
mary, regardless if a meta-analysis is conducted or not.

All results will be documented according to PRISMA
Guidelines and reported using the PRISMA checklist.?**
Any amendments to this protocol will be documented with
their corresponding rationale in the full review.

Discussion and conclusion

CCS is an emerging group with chronic health conditions
that contribute to future adverse outcomes.'~'%-11-31-32
This systematic review aims to provide insight into the
prevalence of DM subtypes in CCS.

There are two potential limitations to the review. The
first is a prediction of high heterogeneity among studies,
which may impact the results of the meta-analysis if it is
applicable to perform. Second, the specific eligibility
requirements of reporting DM prevalence may result in
fewer eligible studies than predicted. However, the results
of this review will provide insights for the scale of dia-
betes in the CCS population, which will allow the imple-
mentation of screening, prevention, and intervention
strategies to improve medical treatment and potentially
delay or prevent diabetes mellitus, which will likely
improve health outcomes in this population.
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