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Glycosylated haemoglobin and prognosis =

in 10,536 people with cancer and pre-existing
diabetes: a meta-analysis with dose-response
analysis
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Abstract

Aims: To assess whether glycaemic control is associated with prognosis in people with cancer and pre-existing
diabetes.

Methods: In this pre-registered systematic review (PROSPERO: CRD42020223956), PubMed and Web of Science were
searched on 25th Nov 2021 for studies investigating associations between glycosylated haemoglobin (HbA, ) and
prognosis in people with diabetes and cancer. Summary relative risks (RRs) and 95% Confidence Intervals (Cls) for
associations between poorly controlled HbA, . or per 1-unit HbA, . increment and cancer outcomes were estimated
using a random-effects meta-analysis. We also investigated the impact of potential small-study effects using the trim-
and-fill method and potential sources of heterogeneity using subgroup analyses.

Results: Fifteen eligible observational studies, reporting data on 10,536 patients with cancer and pre-existing dia-
betes, were included. Random-effects meta-analyses indicated that HbA, . > 7% (53 mmol/mol) was associated with
increased risks of: all-cause mortality (14 studies; RR: 1.14 [95% Cl: 1.03-1.27]; p-value: 0.012), cancer-specific mortal-
ity (5; 1.68 [1.13-2.49]; p-value: 0.011) and cancer recurrence (8; 1.68 [1.18-2.38; p-value: 0.004]), with moderate to
high heterogeneity. Dose-response meta-analyses indicated that 1-unit increment of HbA, . (%) was associated with
increased risks of all-cause mortality (13 studies; 1.04 [1.01-1.08]; p-value: 0.016) and cancer-specific mortality (4; 1.11
[1.04-1.20]; p-value: 0.003). All RRs were attenuated in trim-and-fill analyses.

Conclusions: Our findings suggested that glycaemic control might be a modifiable risk factor for mortality and
cancer recurrence in people with cancer and pre-existing diabetes. High-quality studies with a larger sample size are
warranted to confirm these findings due to heterogeneity and potential small-study effects. In the interim, it makes
clinical sense to recommend continued optimal glycaemic control.

Highlights
« Diabetes is a common comorbidity in newly-diagnosed cancer patients.
- The impact of glycaemic control in people with both cancer and diabetes is unclear.
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response meta-analysis

- In this meta-analysis, cancer prognosis is worse in those with poor HbA, . control.

- More studies with larger sample sizes are warranted to confirm these findings.

- Clinicians should continue to ensure HbA, . control in cancer patients with diabetes.

Keywords: Diabetes, cancer prognosis, cancer survival, Mortality, HbA,, Glycaemic control, Systematic review, Dose-

Introduction

Cancer is an important cause of death worldwide. The
Global Burden of Cancer Study reported an estimated 19
million new cancer cases and 10 million cancer deaths
worldwide in 2020 [1]. Comorbidity, a potential deter-
minant of cancer treatment, is becoming increasingly
common in cancer patients, driven in part by an ageing
population [2]. In particular, diabetes has become one
of the most common comorbidities in cancer patients
[3]. One Danish study reported that 7% of breast, 10%
of prostate, 13% of colon and bladder, 25% of pancreatic,
and 30% of liver cancer patients had diabetes at cancer
diagnosis [4]. One of the reasons could be the shared risk
factors (e.g., obesity, poor diet, physical inactivity) and
common biological mechanisms between cancer and dia-
betes [5]; diabetes itself has been recognised as a poten-
tially aetiological factor for many cancers [6, 7].

Several meta-analyses have shown that, compared to
those without, cancer patients with pre-existing diabetes
had a worse prognosis [8—10]. Among the proposed bio-
logical pathways, hyperglycaemia can stimulate tumour
growth, thereby leading to disease progression [11]. A
meta-analysis also reported that hyperglycaemia in solid
tumours is associated with worse overall survival, regard-
less of the presence of diabetes diagnosis [12]. With the
rising prevalence of diabetes globally, [13] the number
of cancer patients with comorbid diabetes is expected to
increase. While robust evidence from both randomised
controlled trials and observational studies indicates a
progressive association between glucose levels and risk of
long-term cardiovascular diseases in people with diabe-
tes, [14, 15] less is known about the relationship between
glycaemic control, as measured by glycosylated haemo-
globin (HbA,.), and prognosis in patients with cancer
and pre-existing diabetes.

In this meta-analysis with dose-response analysis, we
summarised the current evidence on the association
between HbA, . and cancer prognosis in people with both
cancer and diabetes.

Materials and methods

Data sources and search strategy

We followed the Preferred Reporting Items for System-
atic reviews and Meta-Analyses (PRISMA) guideline

for this study [16] and registered the study protocol
within PROSPERO (No. CRD42020223956). On 25th
Nov 2021, we systematically searched MEDLINE (via
PubMed) and Web of Science for observational cohort
studies or post-hoc analyses of clinical trials in can-
cer patients with diabetes that reported the associa-
tion between HbA, and cancer prognosis, including:
mortality, cancer recurrence, cancer progression, and
hospitalisations. The search was limited to records in
English. Keywords related to diabetes, HbA,  or gly-
caemia, cancer, and prognosis were used in the search.
Bibliographies of relevant reviews were additionally
sought to identify eligible studies. Details of the search
strategy and the PRISMA checklist are shown in the
Supplementary Material.

Study selection and data extraction

All titles and abstracts were independently screened by
two reviewers (SL and UTK); articles with any disagree-
ment at this stage were included for full-text assessment.
Studies were eligible if they reported the relative risk (RR)
estimate (hazard ratio, risk ratio, or odds ratio) with their
standard errors (SEs), 95% confidence intervals (CIs), or
p-values for the association between HbA,  and cancer
prognosis; SEs were calculated from 95% ClIs or p-values
if not reported [17]. Studies were excluded if: (1) not all
subjects had cancer and diabetes; (2) the exposure was
not HbA,_ (e.g., fasting glucose). If two or more articles
included the same participants, the analysis with largest
person-years was included. If a study was stratified by
cancer, estimates for different sites were treated as differ-
ent cohorts.

A standardised form was used to extract data on the
study characteristics, participants, cancer sites, defini-
tions and ascertainment of exposures and outcomes,
mean/median of HbA,;, number of participants, events
and person-years, duration of follow-up, methods of
analysis, and most-adjusted estimates for each outcome.
If no estimate was reported but Kaplan-Meier curves was
available, we firstly extracted data from the curves using
Engauge Digitizer and then used the “ipdfc” command in
Stata to reconstruct individual-level time-to-event data
from curves and applied Cox proportional hazard model
to estimate the hazard ratio [18].
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Risk of bias assessment

We used the Newcastle-Ottawa Scale (NOS) to assess the
quality of included studies. This scale quantifies the risk
of bias in observational studies based on three domains:
selection of population, comparability, and ascertainment
of outcomes. In the comparability domain, age and can-
cer characteristics were defined as the two most impor-
tant factors that studies should adjust for. In the outcome
domain, less than 20% loss to follow-up was deemed
adequate; the sufficient length of follow-up was deter-
mined by the severity of cancer (e.g., 1year is considered
sufficient for pancreatic, 3years for bladder, and 5years
for prostate cancer). Based on these criteria, each study
was assigned a score ranging from 0 (lowest quality) to 9
(highest).

Statistical analysis

Our primary analyses sought to combine the RRs for the
associations between poorly and well controlled HbA,,
with 7% (53 mmol/mol) as the glycaemic target according
to current diabetes management guidelines [19]. Based
on data availability, where possible we converted compar-
isons into poorly (> 7%) vs. well controlled HbA . (<7%);
the flowchart for data conversion is reported in Supple-
mentary Fig. 1. If a study reported associations between
continuous HbA,;, and outcomes, estimates were con-
verted into comparisons above vs. below the cut-off (>7%
vs <7%) as described in Chene et al. [20] If, conversely,
a study reported the comparison across other cut-offs,
the effect for per 1-unit increment was firstly estimated
and then converted into comparisons >7% vs. <7% [21,
22]. The secondary analysis aimed to quantify the dose-
response relationship between HbA,. and outcomes.
Some studies were not included in this analysis as means/
medians of HbA,_  were not reported and therefore it was
not possible to convert estimates for categories to per
1-unit increment.

Due to inconsistent terminology and definitions of
end-points, we classified cancer prognosis outcomes into:
all-cause mortality, cancer-specific mortality, and cancer
recurrence (including local, regional and distant recur-
rence, and/or metastasis) following guidelines for time-
to-event end-point definitions in cancer studies [23].

Summary RRs and 95% Cls for poorly controlled HbA, .
and per 1-unit increment of HbA, . (%) were combined
using a random-effects model [24]. Heterogeneity across
studies was quantified by the I statistics: we deemed an
P value of lower than 50% as low, 50 to 75% as moder-
ate, and larger than 75% as high [25]. Small-study effects
(e.g., publication bias) were assessed by funnel plots and
the Egger’s test [26]. We further investigated the impact
of potential small-study effects using the trim-and-fill
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method and potential sources of heterogeneity using
subgroup analyses. We used Stata/IC version 16.0 (Stata
Corp, College Station, TX) for all analyses and consid-
ered a two tailed p-value <0.05 as statistically significant.

Results

Characteristics of the included study

We identified 1179 papers in the systematic search; after
screening of titles and abstracts, 65 records met the eli-
gible criteria for full-text assessment: of these, 20 stud-
ies reported data on the associations between HbA  and
prognosis but five studies reported the outcome which
could not be combined with other studies. Therefore, we
included 15 studies with 10,536 participants with cancer
and pre-existing diabetes in the meta-analysis. The flow-
chart of study selection is shown in Fig. 1; reasons and
references for the excluded studies are presented in Sup-
plementary Table 1.

The characteristics of the included studies are pre-
sented in Table 1. Overall, more than two-thirds of the
studies were from Asian countries and the sample size
was generally small (N<500), except in two studies from
UK and US (N>1000). The most commonly investigated
cancer site was bladder (#=6), followed by pancreas
(m=3); most studies reported estimates for cut-offs of
HbA,, such as 7%, while some reported per 1-unit incre-
ment of HbA,_ (details in Supplementary Table 2). The
median follow-up ranged from 9 months to 6.8 years and
only one-third of studies adjusted for at least one con-
founding factor. The overall quality of the included stud-
ies was moderate, with NOS scores ranging from 4 to 8
(median, 7; Supplementary Table 3).

Poorly versus well controlled HbA,

For the comparison of HbA, >7% vs< 7%, pooled meta-
analytical estimates were obtained for all-cause mortality,
cancer-specific mortality, and cancer recurrence. Ran-
dom-effects meta-analyses suggested that, compared to
HbA, < 7%, patients with HbA,.>7% had an increased
risk of all-cause mortality (14 studies; 9342 subjects and
3204 deaths; RR: 1.14; 95% CI: 1.03-1.27; p=0.012),
cancer-specific mortality (5 studies;1852 subjects and
116 cancer-specific deaths; 1.68; 1.13-2.49; p=0.011)
and cancer recurrence (8 studies; 1966 subjects, of which
658 with a cancer recurrence; 1.68; 1.18-2.38; p=0.004),
with moderate to high heterogeneity across studies for
all three outcomes (P 73.2% and p<0.001; 71.3% and
p=0.008; and 75.8% and p<0.001, respectively; Fig. 2).
Results of Egger’s test and funnel plots are shown in
Fig. 3, indicating small-study effects for all three out-
comes (Egger’s test p=0.005, p=0.017, and p=0.005,
respectively). Pooled RRs for all-cause mortality, cancer-
specific mortality, and cancer recurrence in trim-and-fill
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PubMed
(n=883)

Web of Science
(n=838)

!

Records after duplicates
removed (n=1179)

——

Records excluded by titles
and abstracts (n=1114)

Full-text articles reviewed
for eligibility (n=65)

45 studies excluded:
The reference group was cancer patients without
diabetes (n=16);

Population included non-cancer patients (n=4);

A4

Population included non-diabetes (n=8);

Studies included in the
systematic review (n=20)

Study only included participants without pre-
existing diabetes (n=2)
Reviews (n=6);

Exposure was not HbA1c (n=6);
Duplicate cohort of included studies (n=2);
No estimates reported (n = 1).

A

5 studies reporting outcomes that cannot be

Studies included in the
meta-analysis (n=15)

combined with others in the meta-analysis:
Any cancer events (n=1)

Re-admissions within 30 days (n=1);

Any hospitalisation (n=1);
Length of hospitalisation or end-of-life (n=1);
Progression (n=1)

Studies included in the
meta-analysis for
recurrence (n=8)

Studies included in the
meta-analysis for all-
cause mortality (n=14)

Studies included in the
meta-analysis for cancer-
specific mortality (n=5)

Fig. 1 Flowchart of study selection

analyses were attenuated to 1.06 (95% CI: 0.94-1.20;
p=0.355), 1.20 (0.83-1.74; p=0.340), and 1.24 (0.87—
1.78 p=0.241) after imputing potential unpublished
studies (Supplementary Table 4). Funnel plots for trim-
and-fill analyses are presented in Supplementary Fig. 2.

Secondary analysis: dose-response meta-analysis

Five studies reporting RRs of HbA, . across a cut-off could
not be converted into effects per 1-unit change (Sup-
plementary Table 2). As shown in Figs. 2, 1-unit incre-
ment of HbA,. (%) was associated with increased risks
of all-cause mortality (13 studies; 9207 subjects and
3145 deaths; RR: 1.04; 95% CI: 1.01-1.08; p=0.016) and
cancer-specific mortality (4 studies; 1717 subjects and
86 cancer-specific deaths; 1.11; 1.04-1.20; p=0.003)
but not cancer recurrence (3 studies; 1524 subjects of
which 443 with a cancer recurrence; 1.15; 0.97-1.37;
p=0.110). We observed moderate heterogeneity for all-
cause mortality (P 59.6%; p=0.003; Fig. 2) and potential
small-study effects for both all-cause mortality (Egger’s
test, p=0.040) and cancer-specific mortality (p=0.018;
Fig. 3). Taken potential unpublished studies into account,
the trim-and-fill analyses showed pooled RRs of 1.02
(95% CI: 0.98-1.06; p=0.374) and 1.08 (1.00-1.17;
p=0.053) for all-cause mortality and cancer-specific

mortality, respectively (Supplementary Table 4); Supple-
mentary Fig. 2 shows the corresponding funnel plots.

Subgroup analyses

We also conducted subgroup analysis by limiting the
inclusion to studies of high quality (NOS score>6):
results are shown in Supplementary Fig. 3. RRs were
slightly attenuated for all-cause mortality but strength-
ened for cancer-specific mortality and cancer recurrence.
For the comparison of poorly vs. well controlled HbAlc,
the RR was 1.03 (95% CI: 1.00-1.07; p=0.041) for all-
cause mortality, 2.06 (1.11-3.82; p=0.021) for cancer-
specific mortality, and 1.71 (1.10-12.65; p=0.018) for
cancer recurrence. Heterogeneity across studies was
slightly reduced for cancer-specific mortality but not for
all-cause mortality or cancer recurrence.

Subgroup analyses by geographical areas were possible
for all-cause mortality and cancer-specific mortality. We
observed differences in the association of poorly vs. well
controlled HbA,. with all-cause mortality and cancer-
specific mortality between Asian and Western studies
(Supplementary Fig. 4a): the RR for all-cause mortality
was 1.04 (95% CI: 0.96-1.12; p=0.348 in 7 studies, 8592
subjects, and 2902 deaths) in Western while it was 1.14
(1.03-1.27; p= 0.001 in 7 studies, 750 subjects, and 302
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Poorly (2 7%) vs. well controlled HbA, (< 7%) Per 1-unit increment of HbA . (%)

Study Participants Events RR (95% Cl) Weight, % Study Participants Events RR (95% Cl) Weight, %
All-cause mortality Ali-cause mortality

Boursi Betal (2016) 1168 403 . 0.89(0.76, 1.04) 10.21 Boursi Betal (2016) 1168 403 —e— 0.94(0.87,1.02) 830

Sowsiget a: (gg}g) égg %g *4; ?gg (g g? 1(133) 1332 Boursi Betal (2016) 634 519 —or 0.98 (0.94, 1.02) 12.34

rsi N

Boursi et Ezme; 150 e 1 n EO o 14; e Boursi B etal (2016) 1850 769 e 1.00 (0.95, 1.06) 10.87

Lee SJ et al (2017) 61 49 - 105 (0.69,158) 427 Boursi Betal (2016) 1994 564 —o— 1.02 (0.96, 1.08) 10.43

Boursi Betal (2016) 1382 332 - 1.06 (0.91,1.23) 10.35 Lee SJ etal (2017) 61 49 ————————— 1.02(0.84,1.25) 2.49

Nik-Ahd F etal (2019) 1409 261 Lo 1.15 (0.99, 1.33) 10.39 Boursi Betal (2016) 1382 332 e 1.03(0.95,1.11) 854

;_ededW ?ﬂ(ztml?;oo& 1;; gl ++ 1 ;g 5(1) gg 1%; 13% Lee W et al (2016) 7 61 | o 1.05(0.99, 1.11) 10.66

iddiqui etal .

Ok Aot Qo1 4 30 B 166 081 340) 181 OkamuraAetal (2017) 64 30 e 1.07(0.97,1.18)  7.02

Komatsu Tetal (2020) 259 61 e 18.(129.3.69) 3.01 Nik-Ahd F etal (2019) 1409 261 e 1.09(0.99,1.20) 7.30

Li Jetal (2017) 89 NR ———— 2 29(1.20,436) 217 Cheon YK etal (2014) 65 56 - 1.09(1.01,1.18) 8.37

Cheon YK et al (2014) 65 56 I a— 2.55(1.08,6.03) 1.31 Komatsu T et al (2020) 259 47 — 1.14 (0.90, 1.45) 1.87

Kang SGetal (2016) 135 45 — 3.55(1.82,6.92)  2.05 Siddiqui AAet al (2008) 155 54 — 1.14 (1.05,1.24) 8.35

Total (F = 73.2%,p < 0.001) <> 1.14(1.03,1.27) LiJetal (2017) 89 NR P 127 (1.08,150) 3.46

Total (I = 59.6%, p = 0.003) <> 1.04 (1.01,1.08)

Cancer-specific mortality

Siddiqui AAetal (2008) 155 34 te- 1.42(1.01,1.24) 33.46

Nik-Ahd F et al (2019) 1409 31 —— 1.41(0.98,2.03) 26.56 Cancer-specific mortality
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deaths) in Asian studies (p<0.01 for difference by sub-
groups). The RR for cancer-specific mortality was 1.17
(0.98-1.41; p=0.089 in 2 studies, 1564 subjects, and
65 deaths) in Western and 2.63 (1.61-4.28; p<0.001 in
3 studies, 288 subjects, and 51 deaths) in Asian studies
(p<0.01 for difference by subgroups). Estimates for per
1-unit increment of HbA,. by geographical areas are
shown in Supplementary Fig. 4b.

Analyses by cancer sites were possible for bladder,
colorectal, pancreatic, and prostate cancer for all-cause
mortality; and bladder cancer for recurrence (Supple-
mentary Fig. 5). Moderate to high heterogeneity was
observed in most subgroup analyses. A significant associ-
ation between poorly vs. well controlled HbA, . and blad-
der cancer recurrence was found in five studies reporting
this association (442 subjects of which 167 with a cancer
recurrence; RR: 2.23; 1.18-4.21; p=0.013; Supplemen-
tary Fig. 5).

Discussion

Our results, obtained from 15 studies with data on
10,536 patients with cancer and diabetes, showed that
a poorly controlled diabetes and a progressively higher
HbA,. were associated with a worse cancer prognosis.
We observed moderate to high heterogeneities across
the included studies and small-study effects for most out-
comes which may have biased the estimates. Subgroup

analyses suggested that differences in the quality of stud-
ies, cancer sites, and geographical areas might have con-
tributed to such heterogeneities. Notably, geographical
differences was likely attributable to the smaller study
sample sizes in Asia than Western countries, though
other unexamined factors may have also contributed to
such differences, such as earlier onset of diabetes (i.e., at
younger ages) and/or at lower body mass index in Asia
[42]. Further original investigations with a lager sample
size are needed to confirm current findings.

Previous meta-analyses have shown a poor survival
associated with diabetes in patients with cancer, [8]
including prostate, [9] pancreatic, [10] breast, [43] cervi-
cal, [44] colorectal, [45] lung, [46] and brain [47] cancer.
Although the exact mechanisms underpinning worse
outcomes in cancer patients with comorbid diabetes are
unknown, hyperglycaemia and hyperinsulinemia have
been proposed as possible biological pathways due to
their roles in stimulating tumour growth [11]. Another
meta-analysis suggested a positive association between
hyperglycaemia and mortality in patients with cancer,
regardless of the presence of diabetes diagnosis [12].
While most studies, original investigations, or systematic
reviews included people without diabetes as the compari-
son group, to our knowledge there was no meta-analysis
on the association between glycaemic control (or HbA,,
levels) and survival in people with both cancer and
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diabetes. In particular, we found that HbA,_ was associ-
ated with cancer recurrence in patients with bladder can-
cer and pre-existing diabetes.

Previous meta-analyses of randomised controlled trials
indicated that improved glycaemic control or additional
weight change achieved by current glucose-lowering
medications was not associated with cancer incidence,
[48, 49] suggesting that these biological pathways alone
cannot fully explain the anti-tumour effect of glycaemic
control and other collateral effects related to diabetes and
cancer management may also have a part to play. Indeed,
the presence of poorly controlled diabetes may affect the
timing of cancer diagnosis in both directions, which may
determine the stage at cancer diagnosis. Cancer stage
is one of the most important determinants of progno-
sis, with long-term survival being much greater in early
stages [50]. On the one hand, patients with poorly con-
trolled diabetes might have a more frequent healthcare
contact, which would possibly lead to an earlier cancer
detection [51]. On the other hand, poorly controlled dia-
betes may represent a group of patients requiring a high
burden of care, leading to a “competing demand” of dia-
betes care and less awareness of cancer symptoms [52].
A population-based study using electronic health records
in Canada suggested that, among newly-diagnosed breast
cancer patients, compared to those without diabetes,
individuals with diabetes presented with a higher stage
and were more likely to have metastases [53]. However,
whether glycaemic control is related to stage at cancer
diagnosis in people with diabetes and cancer was not
investigated in the current meta-analysis due to lack of
information, and further studies with individual-level
data are needed.

The selection of cancer treatment is also important for
prognosis while it may be delivered differently based on
the glycaemic control and further contributed to dispari-
ties in prognosis. Diabetes is one of the risk factors for
infection in cancer patients, [54] and a meta-analysis
suggested that cancer patients with diabetes were also at
greater risk of postoperative mortality [55]. Hence, sur-
gery may be postponed if HbA,_ is poorly controlled.
Moreover, poorly controlled HbA;. may lead health
care professionals to reduce the doses/regimens of some
treatments, as the use of steroids (a common treatment
for many cancers) increases glucose levels [56]. In addi-
tion, some common chemotherapeutic agents and newer
targeted therapies for cancer may potentially cause car-
diotoxic complications [57]. While diabetes, particularly
uncontrolled, is a major risk factor of cardiovascular dis-
eases, [14, 15] it is possible that hyperglycaemia would
make these people with cancer and pre-existing diabetes
more susceptible to such complications. However, in the
current meta-analysis information related to diabetes

Page 9 of 12

medications (some of which may have antineoplastic
effects independent of risk factor control [58]) or cancer
treatment was not available in most of the included stud-
ies and therefore warrants further investigations.

It should be noted that the magnitude of the increased
risks of cancer associated with diabetes varied by cancer
types: for example, although diabetes was associated with
both pancreatic and bladder cancer, the relative risks
were over 2.0 for pancreatic and 1.2 for bladder cancer
[7]. In light of the heterogeneous survival in people with
different cancer types (e.g., 5-year survival rates for blad-
der and pancreatic were 52.6 and 6.5% in England dur-
ing 2013-2017 [59]), the effect of glycaemic control on
cancer survival may differ among diabetic people with
different cancers similar to the variable effect of diabe-
tes on cancer incidence. In fact, albeit with small num-
bers of studies, our subgroup analyses would suggest
potential different relative risks of all-cause mortality in
people with bladder and pancreatic cancer but no infer-
ence could be obtained due to the limited data; future
research should focus on specific cancers to detail such
differences.

Our study has important clinical implications. The
impact of cancer diagnosis and treatment on diabetes
management has drawn less attention, possibly because
both clinicians and cancer patients may prioritise can-
cer over glycaemic control after a cancer diagnosis [60].
Based on current evidence, clinicians should continue to
ensure glycaemic control in people with cancer and pre-
existing diabetes, and it should be integral to clinical can-
cer care. This is also reflected in guidelines on glycaemic
control in people with cancer recently issued by The Joint
British Society for Inpatient Care and UK Chemotherapy
Board, which emphasises the important of glucose moni-
toring in all patients with cancer, regardless of their dia-
betic status [61, 62]. While these guidelines are provided
to reduce the acute hyperglycaemia-related complica-
tions during cancer treatment periods (in short-term),
[61] our study fills the gap by suggesting that ameliorat-
ing pre-existing hyperglycaemia could improve survival
also in the long-term, though future studies with large
sample sizes are warranted to identify the optimal glycae-
mic goal and medications in people with cancer.

Our study has also some strengths and limitations.
To our knowledge, this study is the first meta-analysis
investigating the prognostic role of HbA, in people with
both cancer and diabetes; we also examined associations
across a range of end-points, including all-cause mor-
tality, cancer recurrence, and cancer-specific mortal-
ity, which are relevant in overall prognosis as well as in
cancer epidemiology. To minimise the impact of publi-
cation bias, we extracted additional data from Kaplan-
Meier curves if no estimates were reported. Yet, we still
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observed potential small-study effects for most out-
comes, and RRs were attenuated to statistical non-signif-
icance in trim-and-fill analyses after imputing potentially
unpublished studies. We have only included English arti-
cles which may have introduced language bias. The qual-
ity of included studies was moderate, particularly due to
lack of adjustment for other important clinical factors
(e.g., cancer characteristics, sex, body weight) which
may have confounded the causal association between
glucose control and the investigated outcomes. Age and
cancer stage, for example, are the two most relevant con-
founders which have been adjusted for only in five stud-
ies; obesity itself is as an important risk factor for both
diabetes and cancer, [5] and body weight may also affect
the dose of chemotherapy. In addition, other diabetes
related-factors, such as disease duration and treatment,
may have also contributed to confounding. Furthermore,
we included studies with heterogeneous prognosis and
thus some of the statistical heterogeneity we observed
was expected. Where possible, we performed subgroup
analyses to detail cancer-specific associations. Neverthe-
less, due to limited data, we were not able to character-
ize the potentially diverse prognostic roles of HbA,. in
different cancer populations. We have also conducted
subgroup analyses by geographical areas and the quality
of study to investigate sources of heterogeneity: our find-
ings indicated that both factors may have contributed to
the observed heterogeneities. In particular, the opposite
directions in the of associations accounting for small-
study effects (attenuated) vs the inclusion of only stud-
ies of higher quality (strengthened) for some outcomes
would suggest the relevant impact of publication bias
and study quality on the interpretation of our findings.
Heterogeneity could also be related, however, to other
factors, such as demographics of included participants,
cancer characteristics, diabetes and cancer treatment,
which were not investigated because of lack of relevant
information in the included studies. In line with the cur-
rent diabetes management guidelines, we converted all
estimates into comparisons of above vs below a clinically
relevant threshold (7%; 53 mmol/mol) but it should be
noted that these conversions were based on two assump-
tions: a normal HbA, . distribution and a linear relation-
ship with outcomes. Yet, we could not explore a potential
non-linearity in the relationship between HbA,_ and out-
comes; therefore, further research is warranted to iden-
tify the optimal glycaemic target for cancer patients with
diabetes.

In conclusion, our meta-analyses suggests that poor
glycaemic control may be associated with worse out-
comes in patients with cancer and diabetes. However,
current findings are limited by evidence of potential bias
in the published literature and more high-quality studies
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with a larger sample size are needed to confirm these
conclusions; in the interim, it makes clinical sense to rec-
ommend continued optimal glycaemic control based on
current evidence and guidelines. Further investigations
are also warranted to identify the optimal goal for glycae-
mic control and characterise the effect of HbA, . in differ-
ent cancer populations.
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