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ABSTRACT

Diabetes mellitus (DM) is one of the risk factors for poor prognosis and outcomes in cancer patients. This 
study aimed to explore the efficacy of tumor immunotherapy for cancer patients with comorbid diabetes. 
A systematic electronic search on keywords including immunotherapy and tumor patients with diabetes 
was performed through electronic databases including PubMed, Embase and Web of Science. The primary 
outcome was the overall survival (OS). The secondary outcomes were the progression-free survival (PFS). 
Four retrospective cohort studies were included for analysis: A total of 3065 cancer patients were enrolled, 
including 1509 patients with comorbid diabetes. Compared to patients without diabetes, cancer patients with 
comorbid diabetes had a significantly lower overall survival (HR = 1.54, 95% CI: 1.27 to 1.87, P < 0.0001) 
and a similarly significantly shorter PFS (HR = 1.48, 95% CI: 1.24 to 1.78, P < 0.0001) after treatment with 
immunotherapy. This study suggested that DM might confer a shorter OS and PFS for advanced cancer patients 
with immunotherapy. Further prospective research is needed to confirm these findings.
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Introduction
In recent years, immune checkpoint inhibitors (ICIs) therapy has 

made breakthrough progress in the field of tumor treatment, and 
it has demonstrated better anti-tumor therapeutic effects during 
clinical treatment, significantly extending the overall survival of 
cancer patients [1-3]. Immunotherapeutic target the T cells inhibitory 
receptors CTLA and PD1 and restore classically defined antitumor 
immune responses in tumor microenvironment [1]. However, 
metabolic diseases such as diabetes may negatively affect the immune 
system, thereby interfering with the efficacy of immune checkpoint 
blockade therapy [4]. In the past decades, a large number of clinical 
studies have evaluated the efficacy of immunotherapy in various 
malignancies, but few stratified analyses have been conducted 
specifically for patients with tumor-combined diabetes, and there is 
no clear clinical evidence for the efficacy of tumor immunotherapy in 

tumor patients with combined diabetes [5,6]. Therefore, the aim of 
this meta-analysis was to comprehensively analyze existing relevant 
studies to assess the therapeutic efficacy of tumor immunotherapy 
in prolonging the survival of patients with tumor-combined diabetes.

Materials and Methods
Search Strategy

We searched all the articles in PubMed, Embase and Web of 
Science from January 01,2009 to January 01, 2023. Based on PICOS 
(participants, interventions, comparisons, outcomes, and study 
design) guidelines, Systematic reviews and meta-analyses have 
become increasingly important in health care. Clinicians read them to 
keep up to date with their field, and they are often used as a starting 
point for developing clinical practice guidelines. Granting agencies 
may require a systematic review to ensure there is justification 
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for further research, and some health care journals are moving 
in this direction [7], using keywords ((diabetes OR diabetic) AND 
(immunotherapy OR immune checkpoint inhibitors OR PD-1 OR PDL1 
OR CTLA4 OR atezolizumab OR nivolumab OR pembrolizumab OR 
ipilimumab OR durvalumab OR avelumab OR telimomab OR santolina 
OR tropaia) AND (cancer OR neoplasm OR tumor OR carcinoma) 
AND (randomized controlled trial OR controlled clinical trial OR 
randomized OR placebo OR clinical trials as topic OR randomly OR 
trial)).

Inclusion and Exclusion Criteria

Inclusion criteria: 

1)	 Subjects were diagnosed with malignant tumors without 
limitation of tumor type. 

2)	 Subjects had comorbid diabetes mellitus and were receiving 
treatments including immune checkpoint inhibitors (e.g., PD-1 
inhibitors, PD-L1 inhibitors, CTLA-4 inhibitors) and other tumor 
immunotherapies. 

3)	 The included studies are publicly available randomized 
controlled trials (RCTs), cohort studies and clinical trials, etc., and 
the language is limited to English.

4)	 Primary data are provided in the included studies and 
include the main indicators in terms of efficacy, such as tumor 
remission rate, progression survival, and overall survival.

Exclusion Criteria: 

1)	 Studies animal subjects. 

2)	 Oncology patients treated with tumor immunotherapy who 
were also receiving other oncology treatment regimens (e.g., 
chemotherapy, radiotherapy, and targeted therapy).

3)	 Exclusion of non-original research articles, such as 
conference abstracts, book reviews, editorial commentaries, case 
reports, reviews, and meta-analyses, as well as duplicates of the 
published literature

4)	 Incomplete data or inaccessibility of the full text of the 
literature.

Assessment of Risk of Bias

Two researchers utilized the Cochrane manual to conduct 
independent assessments of the bias risk associated with each of 
the seventeen included articles. The evaluation of bias risk for the 
included studies was performed using Rev Man 5.4.1 Software. 

This assessment encompassed various aspects, including random 
sequence generation and allocation concealment (selection bias), 
blinding of participants and personnel (performance bias), blinding 
during outcome assessment (detection bias), handling of incomplete 
outcome data (attrition bias), selective reporting of outcomes 
(reporting bias), as well as other potential sources of bias [7,8].

Data Extraction

Articles were reviewed and screened according to inclusion and 
exclusion criteria. Two researchers independently extracted useful 
data using a standardized data extraction form, which included the 
following information: name of the first author, country or region 
of study, year of publication, number of patients, number of males 
and females, mean age, type of tumor, type of diabetes (e.g., type 1 
diabetes, type 2 diabetes), interventions, and the primary outcome 
of ICI-treated overall survival (OS). The secondary outcome was 
progression-free survival (PFS) after ICI treatment. If disagreement 
occurred, it was resolved by discussion with the corresponding 
author.

Statistical Analysis

Meta-analysis was performed using Rev Man 5.4.1 statistical 
software. The effect indicators of this meta-analysis included tumor 
remission rate, progression survival, overall survival, and quality of 
life assessment, etc., and the dominance ratio, risk ratio (Hazard ratio, 
HR), and 95% CI were used as the statistic of the effect analysis, and 
the forest plot was drawn. According to the recommendation of the 
Cochrane collaboration Network, I2 values were used to evaluate the 
heterogeneity among the included studies, which were divided into 
two grades: low and high according to the I2 value (<50% or ≥50%). 
P < 0.05 or I2> 50% was considered significant heterogeneity. A 
random-effects model was used when significant heterogeneity 
existed, otherwise, a fixed-effects model was used. A funnel plot 
was used to evaluate publication bias. P values were two-tailed and 
statistical significance was set at 0.05 [9,10]. 

Results
Study Selection

The systematic search yielded 169 results: 107 publications were 
identified after the removal of duplicates. 84 pieces of literature 
were eliminated by reading the titles and abstracts of the literature, 
and 4 pieces of literature were finally included after reading the full 
text of the remaining 23 pieces of literature and carefully checking 
the inclusion criteria and exclusion criteria. A screening tree of the 
selection process is displayed in Figure 1.
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Note: 169 of records were identified through database searching, 107 publications were identified after the removal of duplicates, and 4 pieces of 
literature were finally included according to the inclusion criteria and exclusion criteria.
Figure 1: PRISMA flow diagram of the literature search and selection.

In-Depth Study Characteristics Description

Finally, four papers were included in the Meta-analysis had a total 
of 3065 cancer patients of which 1509 cancer patients had diabetes 
mellitus and a form of cancer while 1556 patients did not have 
diabetes mellitus. Although the total population is large, disparity in 
terms of representations across the four studies is evident [11-14]. 
For example, study selection and contribution to this meta-analysis 
leads to one study contributing to the majority of participants so that 
2600 cancer patients and 1395 DM patients are from a single study. 
As such, the other three studies contribute only 1009 cancer patients 

and 304 DM patients. Due to the huge disparity in participants 
selected for met-analysis across the four studies, generalization of the 
findings to the populations of patients with cancer and DM that are on 
immunotherapy leads to effect size that cause selection bias because 
when the overrepresented study is removed, the effect on the other 
three studies is significant such that it cannot be a representative of 
the population of DM and cancer patients on immunotherapy. The 
characteristics of the literature are shown in Table 1. The quality of 
the four included literature was evaluated using the Cochrane Risk of 
Bias Evaluation Tool, and all of them were of grade II, and the quality 
evaluation of the included literature is shown in Figure 2.

Table 1: Characteristics of the included literature.

Ref. Publica-
tion time

Country/
region

No. of patients Gender (male vs. 
female) Mean 

age(yr)
Cancer 

type Comobidities Treatment Follow-up 
(months)

Out-
come

DM- DM+ DM- DM+

Yekedüz E 
[11] 2022 Turkey 102 35 62/40 29/6 65

Melano-
ma

Renal cell 
carcino-

ma

NSCLC

SCLC

Hypertension

Cardiovascular 
disease

Hyperlipidemia

Obesity

COPD

Nivolumab

Pembroli-
zumab

Ipilimumab

Atazolizum-
ab

25.6 ①②
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Hisanaga K 
[12] 2021 Japan 57 22 45/12 17/5 66 Lung 

cancer N/A
Nivolumab

Pembroli-
zumab

30 ①②

Jacobi O 
[13] 2018 Israel 192 57 116/76 39/18 69 NSCLC N/A N/A 12.8 ①②

Cortellini A 
[14] 2021 Italy 1205 1395 N/A N/A 68

NSCLC

Melano-
ma

Renal cell 
carcino-

ma

N/A N/A N/A ①②

Note: ① =Over Survival; ② =Progression survival. N/A= Not Mentioned. 

Note: Cochrane Risk of Bias Evaluation Tool was used to evaluate the quality of the four included literature and all of them were of grade II.
Figure 2: Assessment of Risk of Bias.

Effects of DM on OS of Patients Treated with 
Immunotherapy

Four studies reported the overall survival of patients, and a total 
of 3065 cancer patients were included, including 1509 patients with 
comorbid diabetes. The results of heterogeneity test showed that 

there was no heterogeneity among the studies (I2=0%, P=0.61), and 
the HR and 95% CI of OS of each study were combined using a fixed-
effects model. Meta-analysis showed that cancer patients with DM 
had a significant shortening of overall survival (HR=1.54, 95% CI: 
1.27-1.87, P<0.0001), as shown in Figure 3.
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Note: The heterogeneity test showed that there was no heterogeneity among the studies (I2=0%, P=0.61). Meta-analysis showed that cancer 
patients with DM had a significant shortening of OS (HR=1.54, 95% CI: 1.27-1.87, P<0.0001).
Figure 3: Forest plot of hazard ratios for overall survival of cancer patients with Diabetes versus non-Diabetes around immune checkpoint 
inhibitor treatment.

Effects of DM on PFS of Patients Treated with 
Immunotherapy

Four studies reported the progression-free survival of patients 
and included a total of 3065 cancer patients, including 1509 patients 
with comorbid diabetes. The results of heterogeneity test showed 
that there was no heterogeneity among the studies (I2 = 0%, P=0.45), 
and the HR and 95% CI of PFS of each study were combined using 
a fixed-effects model. Meta-analysis showed that the PFS was 
significantly shorter in cancer patients with DM (HR = 1.48, 95% CI: 

1.24-1.78, P<0.0001), as shown in Figure 4. Sensitivity analysis was 
done to eliminate the doubt that over representation of participants 
in the meta-analysis by one study could cause selection bias from the 
effect size. The findings show that removal of the overrepresented 
study and analysis of the other three shows minimal effect on the 
results because the y = 488.06 in the sensitivity test when the large 
population is included but this reduced to y = 314.08 when it is 
removed, which means that all the four studies show a common trend 
in terms of the positive effect size.

Note: The heterogeneity test showed that there was no heterogeneity among the studies (I2 = 0%, P=0.45). Meta-analysis showed that the PFS was 
significantly shorter in cancer patients with DM (HR = 1.48, 95% CI: 1.24-1.78, P<0.0001).
Figure 4: Forest plot of hazard ratios for progression-free survival of cancer patients with Diabetes versus non-Diabetes around immune 
checkpoint inhibitor treatment.

Discussion
Immune checkpoint blockade therapy is a revolutionary cancer 

treatment that attacks and inhibits tumor growth by activating the 
patient›s own immune system [15,16]. This therapy has shown 
extremely significant potential to effectively inhibit tumor growth 
and progression, while prolonging the overall survival of patients 

[17,18]. Although the exact cellular mechanisms that predict patient 
responses to immune checkpoint blockade therapy have not yet to be 
well defined, patients with increased T cell infiltration into the tumor 
microenvironment and heightened activation of intratumorally 
cytotoxic T lymphocytes might benefit form immune checkpoint 
blockade therapy [19, 20]. Numerous studies have shown that 
diabetic patients are often accompanied by abnormalities of the 
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immune system, including alterations in the number and function of 
immune cells and the development of autoimmune diseases [21,22]. 
To date, many preclinical and clinical studies have been conducted 
on the effects of hyperglycemia on the immune system [23]. These 
studies concluded that hyperglycemia induces T-cell dysfunction, 
increases M2 macrophages in the tumor microenvironment, 
and decreases natural killer cell-mediated tumor death [24]. 
Researchers demonstrated that hyperglycemia significantly reduces 
in vivo immune function of memory CD8+ T cells, which results in 
diminished immune cell killing of tumor cells and consequently 
tumor proliferation [22,25]. 

In addition, hyperglycemia may also affect the tumor 
microenvironment and inhibit the infiltration and activity of immune 
cells [26]. The impairment of recruitment of CD8+T cells was 
correlated with attenuated expression of cell adhesion molecules in 
mice with diabetes [27]. In this study, we conducted a systematic 
evaluation and meta-analysis to assess the impact of hyperglycemia 
on the outcome of ICIs in patients with advanced cancer. Meta-
analysis showed that cancer patients with diabetes mellitus had a 
significantly lower overall survival and progression-free period after 
immunotherapy compared to patients without diabetes mellitus. 
These results suggest that diabetes has a negative effect on tumor 
patients placed on immunotherapy. Leshem Y et al found that DM 
was an independent risk factor for shorter PFS and OS in patients 
with non-small cell lung cancer treated with pembrolizumab [28]. 
Tortellini et al found that patient with type 2 diabetes mellitus and 
solid tumor displayed an reduced overall survival benefits from 
immune checkpoint inhibitors [29]. Exposure to metformin, but 
not other glucose-lowering medications, was associated with an 
increased risk of death and disease progression. Literature review 
also showed that diabetes mellitus has a significant impact on 
patients with hepatocellular carcinoma receiving immune checkpoint 
blockade therapy [30]. The mechanism of action of immune 
checkpoint blocking drugs relies on the normal functioning of the 
immune system; however, diabetes-induced impairment of immune 
function may reduce the efficacy of the drugs, and the effectiveness of 
this therapeutic strategy may be limited. 

Comorbidities and complications often negatively impact the 
therapeutic efficacy of immune checkpoint blockade therapy [31]. 
Some studies have shown that diabetic patients also face a higher risk 
of autoimmune diabetes and immune-related adverse effects such as 
immune inflammatory response and immune-related thyroid disease 
when receiving immune checkpoint blockade therapy, and these 
immune disorders may lead to decreased responsiveness to immune 
checkpoint blockade therapies and diminish the effectiveness of the 
anti-tumor immune response [32-35]. Also, these side effects may 
further exacerbate a patient›s pre-existing diabetic condition, leading 
to a variety of cytokines releasing, some of which may affect insulin 

secretion and use. Therefore, insulin therapy in diabetic patients may 
need to be adjusted accordingly when immune checkpoint blockade 
therapy is administered. In view of the above implications, clinicians 
need to pay more attention to the management and monitoring of 
diabetes in diabetic patients receiving immune checkpoint blockade 
therapy. This includes closely monitoring blood glucose levels and 
making timely adjustments to insulin regimens to ensure good control 
of diabetes; regularly assessing immune-related side effects for early 
detection and management; and weighing efficacy against risk by 
integrating the patient›s diabetic status into the treatment regimen. 
Cofounding factors in the study such as comorbidities could influence 
patient outcomes because their effect on treatment outcomes has not 
been documented. 

For example, some of the patients have other comorbidities such 
as obesity, cardiovascular disease, hypertension, or dyslipidemia, 
which are affect the choice of treatment of diabetes and decrease 
the quality of life in a patient by increasing the risk of multiorgan 
failure and even death. However, because these comorbidities are not 
variables in the current study their effect on the participants cannot 
be isolated from the outcomes because the occurrence of some of 
them such as cardiovascular disease, hypertension, and dyslipidemia 
alongside diabetes and cancers diminishes the chances of survival 
depending on the stage of each disease the patient has and prognosis. 
In addition, the four studies do not mention the stage of the cancer 
(stage of disease), and this is a vital component in the study because 
advanced stages of the disease are associated with poor prognosis 
and low survival rates while early stages of the disease coupled 
with comorbidities are also associated with poor prognosis and low 
survival rates. As such, understanding the effect of the comorbidities 
and stage of the disease on the cancer treatment by immunotherapy 
among cancer patients with diabetes would influence the results 
if such components of the patient’s condition were considered as 
variable. Hence the cofounders in the study including the presence 
of comorbidities and stage of the disease are variables that influence 
disease prognosis and outcome in terms of survival, but their effects 
have not been assessed despite their presence being mentioned. 

Conclusion
Overall, DM was significantly associated with poor survival in 

cancer patients receiving immunotherapy. However, the effect of the 
stage of the cancer, presence of comorbidities needs to be assessed 
by comparing data of the outcomes from non-DM patients with 
cancer on immunotherapy to DM patients. Further study is needed to 
confirm these findings.
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