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Abstract

Background: Diabetes mellitus (DM) is a highly prevalent chronic metabolic disor-

der. Although DM has been associated with immune dysfunction, the effect of DM

on the efficacy of immunotherapy is unknown. This study aimed to evaluate the

impact of DM on the efficacy of pembrolizumab in metastatic non–small cell lung

cancer (NSCLC).

Methods: The authors reviewed the medical records of consecutive metastatic

NSCLC patients treated with first‐line pembrolizumab either alone or in combina-

tion with chemotherapy at a single tertiary center. For validation, a computerized

data from Maccabi Healthcare Services, a 2.5–million‐member state health service

was used.

Results: Of the 203 eligible patients, 51 (25%) had DM. Patients with DM had a

significantly shorter median progression‐free survival (PFS) (5.9 vs. 7.1 months, p =

.004) and overall survival (OS) (12 vs. 21 months, p = .006). The shorter OS in

diabetic patients was more pronounced when pembrolizumab was given alone (12

vs. 27 months, p = .03) than when combined with chemotherapy (14.3 vs. 19.4

months, p = .06). Multivariate analysis confirmed DM as an independent risk factor

for shorter PFS (hazard ratio [HR], 1.67; 95% confidence interval [CI], 1.11−2.50, p

= .01) and OS (HR, 1.73; 95% CI, 1.09−2.76, p = .02). In a validation cohort of 452

metastatic NSCLC patients, the time on pembrolizumab treatment was shorter in

diabetic patients (p = .025), with only 19.6% of patients remaining on treatment at

12 months compared to 31.7% of the nondiabetic patients.

Conclusions: This study suggests immunotherapy is less beneficial in diabetic

NSCLC patients. More work is needed to verify our findings and explore similar

effects in other cancer entities.
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INTRODUCTION

Immune checkpoint inhibitors (ICI) are used as the standard first‐line
treatment in patients with metastatic non–small cell lung cancer

(NSCLC) that do not harbor targetable mutations. Nevertheless,

many patients either do not respond or gain only a short‐term
benefit, with a median progression‐free survival (PFS) that does not
exceed a year.1–3 Biomarkers are essential to tailor the treatment to

each patient and prolong survival. Although tumor‐related factors,

including the expression of programmed death‐ligand 1 (PD‐L1) and
tumor mutational burden (TMB) correlate to some extent with a

response to ICI, factors related to host immunity are not well

characterized.4

Type 2 diabetes mellitus is characterized by an increased blood

glucose level due to insulin resistance followed by insufficient insulin

production from pancreatic β cells.5 Its incidence increases with age,
reaching more than 20% above age 65.6 Patients with diabetes

mellitus (DM) often present with immune dysregulation. For example,

a common feature of DM is an increased basal level of certain cy-

tokines, including C‐reactive protein and interleukin (IL)‐6, sugges-
tive of low‐grade inflammation.7,8 However, cytokine production in

response to strong pathogenic immune stimuli such as lipopolysac-

charides is diminished.9–11 Moreover, immune cells from patients

with DM have a reduced ability to migrate to inflamed tissue, pro-

duce reactive oxygen species, or perform phagocytosis.10,12,13 Not

surprisingly, diabetic patients exhibit increased susceptibility to

infection including, skin, urinary tract, and pneumonia.14–16

DM has been identified as an independent factor associated

with a higher incidence and a reduced survival in several malig-

nancies, including colorectal, breast, endometrial, gallbladder, and

hepatocellular.17, 18 Although DM is not considered a risk factor for

NSCLC, similar to the general population, over 20% of NSCLC pa-

tients are also expected to have DM. Moreover, a recent meta‐
analysis has indicated that DM negatively affects the survival of

patients with NSCLC.19 Antitumor immunity is emerging as one of a

few mechanisms underlining this association. Studies in mice showed

that high glucose levels lead to an increased tumor growth rate in

immune‐competent but not in immune‐deficient animals. Mecha-

nistically, preclinical studies suggest that hyperglycemia promotes

immune evasion by increasing both CD8 T‐cell dysfunction and the

presence of protumorigenic macrophages.20–22 A few studies sug-

gest that diabetic patients exhibit altered expression patterns of

immune checkpoints.23,24 Taken together, the above studies raise

the possibility that DM may reduce the efficacy of ICI. Indeed, a

recent study suggested that DM impends the prognosis of NSCLC

patients receiving a wide range of single‐agent ICI given at advanced
lines of treatment.25 However, the effect of DM on the efficacy of

current standard first‐line treatment with either pembrolizumab

alone or pembrolizumab combined with chemotherapy is

unknown.26

In this study, we analyzed the association between DM and the

outcome of metastatic NSCLC patients treated with first‐line

pembrolizumab, either alone or with chemotherapy. Our data indi-

cate a clear correlation between DM and both shorter PFS and

overall survival (OS).

MATERIALS AND METHODS

Setting and patients

The study was conducted at Tel Aviv Sourasky Medical Center, a

tertiary cancer center in Israel. Consecutive patients receiving

pembrolizumab were identified and electronic files of patients with

metastatic NSCLC who had received pembrolizumab as a first‐line
treatment were reviewed. Excluded were patients who were lost

to follow‐up or had tumors harboring actionable mutations. Because
a response to ICI requires several weeks to initiate,27 we also

excluded patients who had received only one cycle of treatment.

The study was approved by the local ethics committee of the Tel

Aviv Sourasky Medical Center institutional review board (0618‐19
TLV).

Data review

The hospital's electronic medical records were reviewed, and

clinical data including age, gender, pretreatment comorbidities,

body mass index (BMI), smoking history, and Eastern Cooperative

Oncology Group (ECOG) performance status were collected. We

did not have access to pretreatment values of hemoglobin A1c

(HbA1c). Chronic kidney disease (CKD) was defined as an esti-

mated glomerular filtration rate (eGFR) below 45. Tumor histology

was divided into three categorical groups: adenocarcinoma, squa-

mous carcinoma, and NSCLC not otherwise specified (NOS) which

included poorly differentiated carcinoma and large cell carcinoma.

Tumors were defined as PD‐L1 high if more than 50% of the tu-

mor cells were stained positive by immunohistochemistry using the

22C3 pharmDx test (Dako). Best overall response and PFS were

evaluated based on radiological reports of patients' computed to-

mography (CT) or positron emission tomography (PET)‐CT as

documented in the electronic medical records. PFS was calculated

from the first day of pembrolizumab treatment to the date of

progression or death. OS was calculated from the first day of

pembrolizumab treatment to death. Data on patients who were

still alive at the time of data analysis were censored at the date of

their last hospital visit.

Statistical analysis

We applied descriptive statistics reflecting the mean and confi-

dence interval (CI) for continuous variables and frequency for

categorical variables. Continuous variables were compared using
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the Mann‐Whitney test and categorical variables using the χ2

test. PFS and OS were estimated by the Kaplan–Meier method.

The log‐rank test was used to examine whether there was a

significant difference between diabetic and nondiabetic patients.

Cox proportional hazards regression model was performed to

investigate the influence of diabetes on PFS and OS adjusted for

demographic (age, gender, BMI, and smoking), and clinical (cancer

treatment, histology, ECOG, hypertension status, presence of

ischemic heart disease [IHD], and CKD) characteristics of the

patients. For statistical analyses we used Prism, SPSS, and SAS

software.

Validation cohort

Newly diagnosed metastatic NSCLC patients (at least 18 years of

age at diagnosis and had at least 1 year of continuous health care

enrollment in Maccabi Healthcare Services [MHS]) with negative or

unknown EGFR driver mutations, who initiated first‐line pem-

brolizumab treatment (monotherapy or in combination with

chemotherapy) were identified from the national cancer registry

and MHS database from January 2017 to December 2020. Dia-

betes mellitus was identified at baseline from the MHS registry.28

Time on treatment (ToT) was defined as the length of time be-

tween first and last administration date. Patients were considered

discontinued if they had a record of next line of therapy, or death,

or whose last activity date was ≥120 days from the last admin-

istration date. Outcomes were assessed at minimum 6 months

follow‐up (cutoff: June 30, 2021) and were assessed using Kaplan–

Meier analysis. All analyses were conducted using IBM SPSS Sta-

tistics for Windows (version 22.0. Armonk, NY: IBM Corp and R

version 3.5.1). The study was approved by the local ethics review

board of MHS in Israel.

RESULTS

Demographic and clinical characteristics of NSCLC
patients with DM

Of 234 metastatic NSCLC patients receiving first‐line pembrolizumab
at our medical center from January 2017 to July 2021, 203 were

found eligible and were included in the analysis. Of those, 128 were

male (63%), 152 had adenocarcinoma (75%), 105 (52%) received

monotherapy pembrolizumab, and 51 had DM (25%).

Of these 51 diabetic patients, the majority (42 patients, 82%)

were treated with oral hypoglycemic agents, most commonly

metformin (32 patients, 63%), and seven patients were treated

with insulin (14%). As shown in Table 1, the patients with DM

were significantly older, on average, than the nondiabetic patients

(mean age, 73 vs. 67 years, respectively, p < .001), had

significantly higher BMI (26.7 vs. 23.6, respectively, p < .001), and

more commonly had hypertension (61% vs. 43%, p = .032), and

CKD (18% vs. 7%, p = .032). The two groups did not differ in the

prevalence of IHD, past or current use of cigarettes, or ECOG

performance status.

To further characterize our cohort, we collected information

about the tumors. We found that the distribution of tumor histology

varied significantly (p = .042). Compared to nondiabetic patients,

those with DM presented with higher rates of squamous cell carci-

noma (24% vs. 16%) and NSCLC NOS (14% vs. 5%), whereas nondi-

abetic patients had a higher rate of adenocarcinoma (79% vs. 63%).

The rates of tumors that had PD‐L1 above 50% did not vary signif-

icantly between the two groups.

Clinical outcome of NSCLC in patients with DM

The median follow‐up at the time of data analysis was 26.9 months.

As shown in Figure 1A, the median PFS was shorter in diabetic

patients; reaching to 5.9 months compared to 7.1 months in

nondiabetic patients (p = .004). Median OS was also shorter in

diabetic patients reaching to 12 months compared to 21 months

in nondiabetic patients (Figure 1B; p = .006). There was a nonsig-

nificant trend towered a lower response rate (p = .3) in diabetic

patients (24 of 51; 47%) compared to nondiabetic patients (84 of

152; 55%). To further investigate how DM influenced the treatment

outcome in our patients, we analyzed the PFS and the OS in pa-

tients treated only with single agent pembrolizumab separately

from patients treated with both pembrolizumab and chemotherapy.

A reduced PFS in diabetic compared to nondiabetic patients was

more noticeable when pembrolizumab was administered alone

(Figure 1C) (6.5 vs. 8.5 months; p = .009), than when given together

with chemotherapy (Figure 1E) (5.9 vs. 6.7 months, p = .14). Simi-

larly, the observed reduction in median OS in diabetic compared to

nondiabetic patients was more significant in the pembrolizumab

treated (Figure 1D) (12 vs. 27 months; p = .03) than in the pem-

brolizumab and chemotherapy treated group (Figure 1F) (14.3 vs.

19.4 months, p = .06).

Multivariate analysis

A multivariate analysis was conducted using Cox proportional

hazard regression mode to exclude the possibility that the shorter

median PFS and OS in the diabetic compared to nondiabetic pa-

tients resulted from confounding variables. We found that histol-

ogy (p = .004), cancer treatment (p = .04), ECOG performance

status (p = .003), and DM (p = .014) have a significant effect on

PFS. We found that the presence of DM significantly reduced the

PFS of patients with a hazard ratio (HR) of 1.67 (95% CI, 1.11‐
2.5). That is, among diabetic subjects, the risk of disease
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progression was 67% higher than in nondiabetic subjects. The

influence of all other explanatory variables: age (p = .18), gender

(p = .65), BMI (p = .55), smoking history (0.3), CKD (p = .80), IHD

(p = .83) and hypertension (HTN) (p = .59) on PFS was not sig-

nificant (Table 2).

Similarly, we found that OS was significantly influenced by his-

tology (p < .001), IHD (p = .046), ECOG performance status (p < .001)

and DM (p = .02). We found that the presence of DM significantly

reduced the OS of patients with a HR of 1.73 (95% CI, 1.09–2.76).

That is, among diabetic subjects, the risk of death was 73% higher

than in nondiabetic subjects. The influence of all other explanatory

variables: age (p = .39), gender (p = .21), BMI (p = .42), smoking

history (0.43), cancer treatment (p = .23), CKD (p = .61), and HTN (p

= .87) on OS was not significant (Table 3).

TAB L E 1 Patients’ characteristics.

DM+ (n = 51) DM– (n = 152) p

Female gender, No. (%) 15 (29) 60 (39) .198

Mean age, years (95% CI) 73 (70–76) 67 (65–69) <.001

Age >70 years, No. (%) 31 (61) 57 (38) .004

ECOG PS 2‐4 9 (18) 26 (17) .929

Comorbidities, No. (%)

Hypertension 31 (61) 66 (43) .032

Ischemic heart disease 12 (24) 28 (18) .427

GFR <45 9 (18) 11 (7) 0.031

Current/past smoker 45 (88) 124 (82) .270

BMI average (95% CI) 26.7 (25.5–27.9) 23.6 (23–24.2) <.001

BMI categories, No. (%) <.001

Cachexia (BMI <19) 1 (2) 15 (10)

Normal weight 17 (33) 91 (60)

Overweight (BMI 25–30) 23 (45) 34 (22)

Morbid obese (BMI >30) 9 (18) 11 (7)

Histology .042

ADC 32 (63) 120 (79)

SCC 12 (24) 24 (16)

NSCLC NOS 7 (14) 8 (5)

PD‐L1 >50% 24 (47) 89 (59) .153

1st‐line therapy, No. (%) .902

P 26 (51) 79 (52)

P+C 25 (49) 73 (48)

2nd‐line therapy, No. (%)

Any 2nd‐line therapy 14 (27) 49 (32) .523

2nd‐line of a platin chemotherapy 6 (12) 19 (13) .890

DM treatment, No. (%)

Oral anti‐diabetic treatment 42 (82)

Insulin use 7 (14)

Metformin use 32 (63)

No treatment 7 (14)

Abbreviations: ADC, adenocarcinoma; BMI, body mass index; CI, confidence interval; DM, diabetes mellitus; ECOG, Eastern Cooperative Oncology

Group performance status; GFR, glomerular filtration rate; NSCLC NOS, non–small cell lung cancer not otherwise specified; P, pembrolizumab; P+C,
pembrolizumab and chemotherapy; PD‐L1, programmed death‐ligand 1; SCC, squamous cell carcinoma.
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Validation cohort

To verify our observations, we analyzed the ToT in a cohort of

metastatic NSCLC patients registered to MHS, the second largest

health care service in Israel, with over 2.5‐million members. Of 452

eligible patients receiving first‐line pembrolizumab, 124 had DM

(27%). As shown in Figure 2, the ToT was shorter in diabetic

compared to nondiabetic patients (p = .025). Diabetic patients were

less likely to stay on treatment at 6 (38.5% vs. 45.4%) and 12 months

(19.6% vs. 31.7%).

DISCUSSION

We report here that DM is associated with reduced efficacy in met-

astatic NSCLC patients treatedwith first‐line pembrolizumab in both a
single‐center retrospective study and a validation cohort from a na-

tionally distributed health care service. Unlike other modes of treat-

ments, including chemotherapy and targeted therapy, immunotherapy

modifies the host and only indirectly influences cancer cells. Our data

suggest the possibility that the presence of DM may hinder the host's

ability to mount an effective antitumor immunity.

Pre‐existing DM was found in 25% (51 of 203) of the patients in

our cohort. Of these, only 14% (7 of 51) were treated with insulin

suggesting that the vast majority of patients had type 2 DM. A similar

prevalence of DM (27%, 124 of 452) was noted in the validation

cohort. The prevalence of both DM and cancer increases with age.

The mean age in our cohort was 67 years. The high prevalence of DM

among our patients is in line with published statistics of this age

group.29,30 As NSCLC patients with DM constitute a significant

subgroup, there is an urgent need to validate our findings and explore

whether outcomes in these patients can be improved by better gly-

cemic control.

The KEYNOTE‐024 trial evaluated the treatment of pem-

brolizumab monotherapy in metastatic NSCLC patients with PD‐L1
>50%. The median OS of pembrolizumab treated patients in that

trial was 26.3 months.3 In our study, the median OS in the pem-

brolizumab treated patients was 27 months in nondiabetic, and 12

F I GUR E 1 Kaplan–Meier curves for progression‐free survival (PFS) and overall survival (OS) of non–small cell lung cancer (NSCLC)
patients receiving pembrolizumab (P) with and without diabetes mellitus (DM). (A and B) PFS and OS of all patients in our cohort. (C and D)

PFS and OS of patients treated with P alone, or (E and F) pembrolizumab and chemotherapy (PC). The number of patients for each treatment
condition is noted in the graphs.
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months in diabetic patients. KEYNOTE‐407 and KEYNOTE‐189
evaluated the efficacy of pembrolizumab and chemotherapy treat-

ment in squamous and nonsquamous NSCLC patients, respectively.

The median OS in KEYNOTE‐407 was 17.1 months,1 and the median
OS in KEYNOTE‐189 was 22 months.2 In our study, the median OS in
patients treated with pembrolizumab and chemotherapy was 19.4

months in non–diabetic patients and 14.3 months in diabetic patients.

These comparisons suggest that the outcome for non–diabetic

patients in our cohort was similar to that achieved in the

abovementioned clinical trials. None of those trials had included a

subgroup analysis of patients with DM. Clinical trials are subject to a

selection bias for younger patients and those with fewer comorbid-

ities.31,32 Because diabetic patients are on average older, have higher

BMI and more comorbidities, it is possible that they are not well

represented in clinical trials.

Our findings align with substantial evidence indicating that dia-

betes causes immune dysfunction.9,11,13,21 Patients with DM are

TAB L E 3 Multivariate analysis of OS in NSCLC patients
receiving pembrolizumab alone or with chemotherapy.

HR
(95% CI) p

Age group, years

>70 vs. ≤70 1.25 (0.75–2.08) .39

Gender

Female vs. male 0.73 (0.44–1.2) .21

BMI group .42

Normal vs. low 0.57 (0.28–1.17) .12

Overweight vs. low 0.54 (0.24–1.23) .14

Obesity vs. low 0.7 (0.25–1.93) .49

Smoking

Former + current

vs. nonsmoker

0.76 (0.39–1.5) .43

IHD

Present vs. absent 1.6 (1.01–2.7) .046

CKD

eGFR <45 vs. eGFR ≥45 1.24 (0.54–2.81) .61

HTN

Present vs. absent 0.96 (0.56–1.65) .87

DM

Present vs. absent 1.73 (1.09–2.76) .020

Histology <.001

SCC vs. ADC 2.7 (1.65–4.42) <.001

ADC vs. NSCLC NOS 1.26 (0.45–3.54) .667

SCC vs. NSCLC NOS 3.4 (1.16–10) .026

ECOG

2–4 vs. 0–1 2.3 (1.44–3.6) <.001

Cancer treatment

PC vs. P 1.33 (0.83–2.12) .23

Abbreviations: ADC, adenocarcinoma; BMI, body mass index; CI,

confidence interval; CKD, chronic kidney disease; DM, diabetes mellitus;

ECOG, Eastern Cooperative Oncology Group performance status;

eGFR, estimated glomerular filtration rate; HTN, hypertension; HR,

hazard ratio; IHD, ischemic heart disease; NSCLC NOS, non–small cell

lung cancer not otherwise specified; P, pembrolizumab; PC,

pembrolizumab and chemotherapy; OS, overall survival; SCC, squamous

cell carcinoma.

TAB L E 2 Multivariate analysis of PFS in NSCLC patients
receiving pembrolizumab alone or with chemotherapy.

HR (95% CI) p

Age group, years

>70 vs. ≤70 1.34 (0.87–2.05) .18

Gender

Female vs. male 0.91 (0.6–1.38) .65

BMI group .55

Normal vs. low 0.7 (0.37–1.33) .28

Overweight vs. low 0.88 (0.43–1.78) .72

Obesity vs. low 0.98 (0.39–2.44) .96

Smoking

Former + current

vs. nonsmoker

0.75 (0.43–1.3) .3

IHD

Present vs. absent 0.95 (0.57–1.58) .83

CKD

eGFR <45 vs. eGFR ≥45 1.1 (0.53–2.29) .8

HTN

Present vs. absent 0.88 (0.57–1.38) .59

DM

Present vs absent 1.67 (1.11–2.5) .014

Histology .004

SCC vs. ADC 1.9 (1.24–3) .004

ADC vs. NSCLC NOS 1.8 (0.72–4.55) .210

SCC vs. NSCLC NOS 3.5 (1.33–9.17) .011

ECOG

2–4 vs. 0–1 1.9 (1.23–2.87) .003

Cancer treatment

PC vs. P 1.5 (1.01–2.12) .045

Abbreviations: ADC, adenocarcinoma; BMI, body mass index; CI,

confidence interval; CKD, chronic kidney disease; DM, diabetes mellitus;

ECOG, Eastern Cooperative Oncology Group performance status;

eGFR, estimated glomerular filtration rate; HTN, hypertension; HR,

hazard ratio; IHD, ischemic heart disease; NSCLC NOS, non–small cell

lung cancer not otherwise specified; P, pembrolizumab; PC,

pembrolizumab and chemotherapy; PFS, progression‐free survival; SCC,
squamous cell carcinoma.
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reportedly more prone to hospitalization and death due to bacterial

and viral pathogens.33,34 Moreover, several studies show that tight

glycemic control reduces the severity of infectious diseases in dia-

betic patients.15,16

Diabetes was associated with an increased cancer incidence and

a reduced survival of cancer patients even before the era of immu-

notherapy.35–37 Two of the mechanisms proposed to underlie this

association are hyperinsulinemia and hyperglycemia. Work done in

murine cancer models showed that it is hyperglycemia and not

hyperinsulinemia that enhances tumor growth. Importantly, the

accelerated growth was immune‐mediated.21,22

Metformin, a widespread medication for type 2 DM, was pre-

viously suggested as a beneficial modulator of antitumor immunity.38

Although most diabetic patients in our cohort received metformin,

diabetic patients had a worse outcome. More work will be needed

to clarify whether metformin modulates ICI efficacy in diabetic

patients.

In our cohort, an increased proportion of patients with DM had

squamous cell carcinoma compared to patients without DM. It was

suggested that lung squamous cell carcinoma is more dependent on

glucose metabolism compared to other subtypes.39,40

Diabetes and poor glycemic control have previously been asso-

ciated with compromised efficacy of chemotherapy.41,42 Our findings

indicate a stronger association between DM and a poor outcome in

patients treated with pembrolizumab alone than in those treated

with pembrolizumab and chemotherapy. It seems, therefore, that

chemotherapy may offset some of the deleterious effects of the DM.

Our findings align with a recently published study showing a

compromised outcome of metastatic NSCLC patients with DM

receiving immunotherapy.25 However, the study cohort does not

represent the current standard of care because it consisted mostly of

patients receiving second, or third‐line immunotherapy without

concomitant use of chemotherapy.

This study has several unique strengths, including a homoge-

neous patient population, long follow‐up, and access to electronic

medical records of a large health care service to validate our findings.

However, full demographic and clinical characteristics were available

only for the exploratory cohort. A major limitation was that we

lacked access to blood test results outside the hospital, including

fasting glucose or HbA1c. Thus, we could not determine whether

better glycemic control might have modified the association found.

The study is also limited by its retrospective nature. The type of

diabetes in our cohort was not well documented. More work will be

needed to clarify if the type of diabetes influences patient's response

to pembrolizumab.

Altogether, this study shows a correlation between diabetes and

poor outcome in metastatic NSCLC patients receiving pem-

brolizumab. This is especially alarming considering that one in four

patients in our cohort had DM. More work is needed to verify our

findings and search for ways to overcome this effect.
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