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Survival of patients with lung cancer and diabetes mellitus
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Abstract. Diabetes mellitus (DM) and lung cancer are two
highly globally prevalent diseases. The current study aimed to
determine the prognostic significance of DM comorbidity in
patients with lung cancer. All patients diagnosed at Tsukuba
Medical Center Hospital and Mito Medical Center, (University
of Tsukuba, Ibaraki, Japan) between April 1999 and March
2012 were followed up to 2015 and were retrospectively
analyzed. DM was defined as a fasting plasma glucose (FPG)
level =126 mg/dl, a non-FPG level =200 mg/dl, or a hemo-
globin (Hb) Alc level =6.5%. Additionally, patients taking
medication for diabetes and those with a history of using such
medications were also classified as having DM. During the
study period, 1,798 patients with lung cancer were diagnosed.
Within this cohort, 338 (18.8%) were classed as having lung
cancer and DM. In univariate and multivariate analyses,
smoking status, poorer performance status, small cell lung
cancer pathology, metastatic disease and supportive care
were the only unfavorable prognostic factors (all P=0.001).
Additionally, multivariate analysis revealed that existing DM
was an unfavorable disease-modifying factor (P=0.03612).
Therefore, DM comorbidity adversely affects lung cancer
outcomes. To provide prolonged quality of survival, appro-
priate pre-evaluation of lung cancer, as well as the patient's
medical condition, including DM, is required.

Introduction

Among patients with pancreatic (1), hepatocellular (2) or
breast (3) cancer, comorbidity caused by diabetes mellitus
(DM) contributes to diminished long-term survival. However,
the influence of DM on the prognosis of patients with lung
cancer remains to be established. In patients with lung cancer,
two previous studies have demonstrated that patients with
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DM survived longer than those without (4,5). In one of these
studies (4), the conclusion was based on a small number of
patients with unclear diagnostic criteria for DM and inappro-
priate statistical analyses. In the other study (5), whilst a larger
patient cohort was included, the proportion of patients with lung
cancer with DM was low (4.5%) and the definition of DM was
ambiguous. In addition, the survival was very short, regardless
of whether the patients had DM. By contrast, previous studies
have indicated that among patients with non-small cell lung
cancer (NSCLC), survival was unaffected (6-8) or decreased
by DM (9,10), and an elevated fasting blood glucose (FBG)
level appeared to significantly increase the overall risk of
mortality (11). However, the sample size of these studies was
small or not appropriately indicated (9-11). Therefore, in the
current study, strictly defined diagnostic guidelines for DM
were utilized to investigate the prognosis of patients with lung
cancer with coexisting DM in a large study cohort.

Patients and methods

Patients. All patients with lung cancer admitted to Mito
Medical Center, University of Tsukuba Hospital (Mito, Japan)
or Tsukuba Medical Center Hospital (Tsukuba, Japan) between
April 1999 and March 2012 were followed up until 2015 and
retrospectively analyzed. Lung cancer diagnosis for each
patient was confirmed by pathology and/or cytology, as defined
by the World Health Organization classification, and classified
according to the 2010 Union for International Cancer Control
Tumor-Node-Metastasis system (12). Patient records were
reviewed to evaluate the indications and outcomes. DM was
defined as a fasting plasma glucose (FPG) level =126 mg/dl, a
non-FPG level =200 mg/dl, or an HbAlc level =6.5%. Patients
currently or previously taking medication for diabetes were
also defined as having DM. Access to patients' medical records
was approved by the Ethics Committee of Mito Medical Center
at the University of Tsukuba Hospital (NO16-01).

Statistical analysis. The study cohort was divided into patients
with lung cancer with (DM group) or without DM (non-DM
group). Statistical differences between the DM and non-DM
groups were determined using the Mann-Whitney and 5 test.
Survival curves were assessed using the Kaplan-Meier method
and the log-rank test. Survival refers to the time from the initi-
ation of the first therapy or supportive care until mortality or
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the last follow-up in months. The effects of clinicopathological
factors on survival were analyzed using the Cox proportional
hazards model (13). Statistical analyses were performed using
SPSS 10.1 for Windows (SPSS, Inc., Chicago, IL, USA). In
addition, the effect of comorbid conditions including hyper-
tension (HT), ischemic heart disease (IHD), stroke and obesity
were evaluated. Patients currently taking or having taken
medications for HT were defined as having hypertension.
Patients who had a history of IHD and stroke were defined as
having IHD and stroke, respectively. With regards to obesity,
statistical analyses were performed using two cut-off levels for
body mass index (BMI): 25 and 30 kg/m?. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Table I summarizes patient characteristics. A total of
1,798 patients with a median age of 70 years (range, 21-96 years)
had pathologically or cytologically proven lung cancer. Of
these, 1,365 (75.9%) were male. Among the 1,798 patients,
338 (18.8%) were diagnosed with type II DM according to the
aforementioned definition.

The differences between the patients with lung cancer with
and without DM are presented in Table II. Of the 338 patients
with DM, 272 were male (80.5%). Of all the patients studied,
1,529 had a performance status (PS) of 0-2, and 273 patients
were initially treated with surgery, chemoradiotherapy or
chemotherapy. The DM and the non-DM groups were not
significantly different in age (<70 vs. >70 years), PS (0-2 vs.
3-4), pathology (NSCLC vs. SCLC), clinical stage (stages
TA-ITIB vs. IV) and first-line therapy (standard therapy such
as surgery, chemoradiotherapy or chemotherapy vs. supportive
care only). However, significant differences in sex, smoking
status (nonsmoker vs. ex- or current smoker) were observed
(Table II).

In the univariate analysis, age >70 years, male sex, smoking
status, poorer PS (3-4), SCLC pathology, advanced-stage lung
cancer (stages IIIB-IV) and supportive care were unfavorable
prognostic factors (all P=0.001; Table III). However, HT, IHD
and stroke were not unfavorable factors in the univariate anal-
ysis (Table III). In total, 1,468 patients with a BMI =25 kg/m?
had improved survival compared with 330 patients with a BMI
<25 kg/m? (P=0.001). In addition, there was no statistically
significant difference in survival between the 30 patients with a
BMI =30 kg/m? and 1,768 patients with <30 kg/m? (P=0.01612).
Therefore, obesity was not an unfavorable prognostic factor.
Fig. 1 presents survival curves for patients with lung cancer
with or without DM. Patients with DM had poorer survival
than those without DM (P=0.012). According to the multi-
variate Cox proportional hazards model, smoking status, lower
PS, SCLC pathology, advanced stage and supportive care were
unfavorable prognostic factors (all P=0.001). Additionally, the
multivariate analysis revealed DM comorbidity as an unfavor-
able prognostic factor (P=0.036; Table III).

Discussion
The manner in which DM influences survival in patients with

lung cancer remains to be elucidated (4-11). Several previous
studies have described lower or equal survival (6-11), whereas
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Table I. Characteristics of 1798 patients with lung cancer.

Characteristic N (%)
Age (years) Median, 70; range, 21-96
Sex
Male 1,365 (75.9)
Female 433 (24.1)
Smoking history
Never smoker 1,459 (81.1)
Ex- or current smoker 339 (18.9)
Performance status
0-2 1,529 (85.0)
3-4 269 (15.0)
Clinical stage
IA-IIIB 891 (49.6)
v 907 (50.4)
Initial treatment
Surgery 403 (22.4)
Radiotherapy 143 (8.0)
Chemotherapy or 907 (50.4)
chemoradiotherapy
Supportive care 345 (19.2)
Diabetes mellitus
Present 338 (18.8)
Absent 1,460 (81.2)
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Figure 1. Survival in patients with lung cancer with or without DM (upper
line, patients without DM; lower line, those with DM). Patients with DM had
poorer survival than those without DM (P=0.012).

others reported an improved survival in patients with lung
cancer with DM (4,5). Irreversible advanced glycosylated end
products in the blood vessels of patients with long-standing
DM may render the vascular basement membrane less suscep-
tible to degradation by tumor enzymes (14). Preliminary
evidence indicates that vascular changes in patients with
chronic DM (diabetic microangiopathy) restrict metastatic
cell spread (15). However, this mechanism has not yet been
confirmed. Notably, Hatlen et al (5) reported that patients
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Table II. Characteristics of patients with lung cancer with or without DM.

Patients without DM, n (%) (n=1,460)

Characteristic Patients with DM, n (%) (n=338)
Age, 70 years or older 182 (53.8)
Sex, male 272 (80.5)
Ex-, current smoker 42 (12.4)
Performance status (3-4) 56 (16.6)
Pathology, SCLC 71 (21.0)
Clinical stage, metastatic 170 (50.3)
Initial therapy, SC only 65 (19.2)
Comorbid condition

Hypertension 165 (48.8)

Ischemic heart disease 52 (154)

Stroke 36 (10.9)
Obesity

>25 kg/m? 76 (23.0)

>30 kg/m? 12 (3.6)

730 (50.5)
1,093 (74.9)*
297 (20.3)°
213 (14.6)
245 (16.8)
737 (50.5)
280 (19.2)

471 (32.2)°
93 (6.6)°
106 (7.3)?

254 (17.4)
18 (1.2)

P<0.05,"P<0.01. DM, diabetes mellitus; SCLC, small cell lung cancer; SC, supportive care.

Table III. Uni- and multivariate analyses of prognostic factors in 1,798 patients with lung cancer.

Univariate analysis®

Multivariate analysis®

Factors P-value Hazard ratio 95% C1 P-value
Age (=70 years) 0.001 1.08 0.96-1.22 0.189
Sex (male) 0.001 1.5 0.99-1.50 0.054
Smoking habit (present) 0.001 2.17 1.35-2.16 0.001
Performance status (3-4) 0.001 2.7 1.91-2.69 0.001
Pathology (SCLC) 0.001 1.29 1.10-1.50 0.001
Clinical stage (stage IV) 0.001 3.1 2.71-3.54 0.001
First-line therapy (SC) 0.001 3.17 2.67-3.77 0.001
Diabetes mellitus (present) 0.001 1.17 1.01-1.35 0.036
Comorbid condition

Hypertension (present) 0.801 Not performed

Ischemic heart disease (present) 0.425 Not performed

Stroke (present) 0.731 Not performed
Obesity

>25 kg/m? 0.001¢ Not performed

=30 kg/m? 0.161 Not performed

fog-rank test; "Cox proportional hazards model; “Patients with 25 kg/m* or more had improved survival than those with <25 kg/m?. 95% CI,
95% confidence interval; SCLC, small cell lung cancer; SC, supportive care only.

with DM have a reduced propensity for metastatic disease
and that this may partially account for the improved survival
of lung cancer patients with DM. Although this previous
study had a large sample size, only 4.5% of the patients with
lung cancer had DM, which is lower than the prevalence of
DM in middle-aged and elderly patients in developed coun-
tries (16,17). In the study by Hatlen et al (5), diabetic patients
were defined as those who disclosed their diabetic condition

in a questionnaire and were taking medication for diabetes.
In addition, the majority of patients in this previous study
had very short survival, regardless of whether they had DM
(42 patients; median survival, 8 months) or not (989 patients;
median survival, 5 months) (5). For these reasons, the conclu-
sion of the study may not be valid. The present authors have
previously investigated this issue and reported the outcomes
of 974 patients with lung cancer admitted to our division
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over a 25-year period up until 2001 (7). In this previous
study, survival in patients with lung cancer with DM was
not different from that of lung cancer patients without DM.
Since then, treatments for DM and lung cancer have mark-
edly improved. Taking this factor into consideration, the
present study reevaluated the effect of DM comorbidity on
the survival of patients with lung cancer, with DM defined
strictly based on clinical indicators.

In the current study patients with lung cancer with DM had
reduced survival compared to those without, and DM comor-
bidity had a negative impact on patient survival from lung
cancer; however, the biological mechanisms remain unclear.
Several hypotheses concerning the underlying biological
mechanisms in other cancer types have been suggested.
Firstly, patients with cancer with DM frequently undergo less
aggressive therapy than those without DM (18). Therefore, the
difference in the prognosis between these groups may be due
to differing treatment regimens. Secondly, hyperinsulinemia
associated with DM may increase tumor cell proliferation
and metastases among patients with cancer (19). Insulin-like
growth factors (IGFs), including IGF-1, have vital pleiotropic
functions such as cell growth, differentiation, transforma-
tion, metastasis and survival in certain cancer types (20).
IGFs exert their in vivo effects via the IGF-1 receptor, an
insulin receptor homolog with tyrosine kinase activity (20).
In patients with lung cancer, high levels of insulin or an
increase in IGF-1 in response to high insulin levels may
promote cancer cell and tumor growth (19). Further studies
are required to elucidate the exact underlying mechanism.

Although the present study demonstrated that the pres-
ence of DM in patients with lung cancer is an unfavorable
disease-modifying factor, there are several inherent short-
comings associated with the retrospective design of the
study. The data were obtained from a retrospective hospital
record review of patients with lung cancer over a long-term
period, and as such, present length time and lead time biases.
Furthermore, as definitive information on the causes of
mortality was not available, it was not possible to determine
whether the poor prognosis of patients with lung cancer
with DM was associated with cancer, or due to a higher
mortality risk from DM. In addition, the patients with lung
cancer were disproportionately male, and the proportion of
cigarette-smoking patients was much higher in the DM group
compared with the non-DM group. Despite these limitations,
the present study has important clinical implications for
managing patients with lung cancer. A larger, well-planned
prospective study may confirm these findings.

In conclusion, as eligibility criteria in clinical trials
exclude patients with impaired organ function from partici-
pating, very few studies reveal the treatment outcomes of
patients with lung cancer with DM. Therefore, published
information on the outcomes of treatment and the prognostic
factors within precluded groups of patients with lung cancer,
such as those with DM comorbidity, is scarce. The current
results reveal that having DM highly impacts the outcome
of lung cancer. When deciding whether to offer an aggres-
sive therapy that may elevate mortality risk, physicians must
carefully consider each patient's medical status, including the
coexistence of DM, as patients with lung cancer with DM
may have reduced survival.
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