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Retrospective Study
Influence of blood glucose fluctuations on chemotherapy efficacy and safety in type

2 diabetes mellitus patients complicated with lung carcinoma

INTRODUCTION

Lung carcinoma (LC) is the most common malignant tumor in clinical practice that
seriously harms human health, with the distinct characteristics of high incidence, high
fatality rate and difficult treatment(’2l. Diabetes mellitus (DM) is a common chronic
metabolic disorder, withtype 2 DM (T2DM) being the most prevalent. The
prevalence of DM complicated with LC is increasing worldwidel®4. Epidemiological
studies have shown that people with DM have a higher risk of LC[5¢], possibly because
of common risk factors between the two diseasesl’l. For example, smoking, a major
external factor of LC, has also been indicated to have a certain relationship with DM3?1,
In addition, the incidence of both diseases is correlated with age, with the highest
prevalence found in middle-aged and elderly people among all age groupsli?. An
estimated 8% to 18% of patients with non-small cell LC (NSCLC) E\re been reported to
have DM, DM may contribute to LC progression through mechanisms such as
hyperinsulinemia, hyperglycemia and chronic inflammation, which are related to cell
proliferation and cancer progression!(!2l. LC complicated with DM can obviously involve
elevated blood glucose (BG) levels in patients, which causes the patients' body to be
always in a state of injury. The immunity of such patients with large BG fluctuations
will be reduced to a certain extent,ﬂesulting in abnormal metabolic function('3l. In
addition, diabetes is associated with a 42 percent increased risk of death, a 21 percent

elevated risk of recurrence, and significantly lower 5-year overall and cancer-specific
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survivall'*1l. Therefore, proper management of comorbid DM is essential for cancer
treatment.

Chemotherapy is most commonly used clinically for LC with concomitant T2DM but
no dominant locus mutationsl'7l. Although chemotherapy can partially control the
tumor, DM and cancer patients undergoing chemotherapy are at an increased risk of
developing BG problems due to the influence of metabolism and blood glucose,
resulting in poor overall clinical efficacy and adverse prognosis(1819. Hyperglycemia in
cancer patients receiving chemotherapy is related to the risk of nonhematological
toxicityl2l. The combination of chemotherapy and corticosteroids, commonly used in
cancer treatment, puts patients at risk of developing hyperglycemia, a clinical toxicity
that may affect the reduction, interruption or cessation of chemotherapy doses/?!l.
Therefore, BG fluctuation is definitely a factor affecting the chemotherapy efficacy and
prognosis of patients with DM complicated with cancer. However, whether the BG level
can be a predictor of chemotherapy efficacy in LC patients has rarely been studied, and
epidemiological evidence is limited. Accordingly, this study focuses on the influence of

BG fluctuations on chemotherapy efficacy in T2DM + LC patients.

MATERIALS AND METHODS

Study participants

The clinical data of 60 T2DM + LC patients treated in the First Affiliated Hospital of
Ningbo University from January 2019 to January 2021 were retrospectively analyzed.
All patients were treated with chemotherapy. The inclusion criteria were as follows: (1)
patients meeting the diagnostic criteria for T2DM and pathologically confirmed with
LC; (2) patients with an estimated life expectancy exceeding 6 months; (3) patients with
no other vital organ function diseases; (4) patients with no drug interactions; (5) patients
with normal heart, liver and kidney function; and (6) patients with complete clinical
and follow-up data. The exclusion criteria were as follows: (1) type 1 DM or secondary
DM; (2) renal and liver failure; (3) mental illness or infectious diseases; and (4)

incomplete clinical and follow-up data. According to BG fluctuations, patients were
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assigned to normal [control group (CG); mean BG fluctuation < 3.9 mmol/L] and high
blood BG range groups [observation group (OG); mean BG fluctuation 2 3.9 mmol/L],
each with 30 cases. The male-to-female ratio, average age, and mean duration of DM in
the CG were 16:14, 59.40 £ 3.00 years, and 2.27 1 1.10 years, respectively, while those in
the OG were 18:12, 59.17 + 2.57 years, and 275 1 1.22 years, respectively. Patients in the
OG and CG were not significantly different in general data and were clinically

comparable (P > 0.05).

Methods

All patients completed chemotherapy and were continuously monitored for BG
fluctuations through a dynamic BG monitoring system. Forty-eight hours later,
glycemic fluctuation indices, including the mean amplitude of glycemic excursions
(MAGE), mean of daily differences (MODD), largest amplitude of glycemic excursions
(LAGE), and standard deviation of BG (SDBG), were read. All patients remained on an
empty stomach for more than 10 h prior to the examination and had elbow venous
blood drawn early the next moming for testing. BG-related indices [fasting BG (FBG)
and 2-h postprandial BG (2Hpg)] were detected using an automatic biochemical
analyzer. Tumor markers, including carbohydrate antigen 19-9 (CA19-9), CA125,
carcinoembryonic antigen (CEA), neuron-specific enolase (NSE), and cytokeratin 19
(CYFRA21-1), were determined with the use of an automatic chemiluminescence
immunoassay. Turbidimetric immunoassay was also performed for the measurement of
tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6) and high-sensitivity C-reactive
protein (hs-CRP). The occurrence of adverse reactions in the two groups of patients,
including phlebitis, gastrointestinal reactions, oral ulcers, liver and kidney damage, etc.,

was observed.

Endpoints
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The primary endpoints were the changes in serum tumor markers in the two groups,
while the secondary endpoints were glycemic fluctuation indices, changes in

inflammatory factors, and adverse reactions.

Statistical analysis

The data were statistically analyzed by SPSS 25.0. Continuous (expressed by mean and
standard deviation) and categorical variables (represented by percentages) were
analyzed by the t test and )2 test, respectively. The correlation between serum tumor
markers and MAGE was identified by Pearson analysis at an a = 0.05 Level of

significance. A P value < 0.05 was considered significant for all tests.

RESULTS

Glycemicﬂucmﬁion indices after chemotherapy in the two groups

FBG and 2hPG in the OG were significantly higher than those in the CG (P < 0.05), as
shown in Figure 1. In addition, the OG exhibited markedly higher MAGE, MODD,
LAGE, and SDBG than the CG (P < 0.05; Table 1). These results indicated that in
patients with high fluctuating blood glucose ranges have relatively weaker glycemic

control and greater blood glucose fluctuations after chemotherapy.

Levels of tumor markers after chemotherapy in the two groups

After chemotherapy, patients in both groups were tested to compare the levels of tumor
markers. CA19-9, 125, CEA, NSE and CYFRA21-1 Levels were found to be
significantly higher in the RG than in the CG (P < 0.05), as shown in Table 2. The results
similarly implied that patients with blood glucose in the normal range of fluctuation

have more stable tumor marker levels after chemotherapy.

Serum levels of inflammatory cytokines in_the two groups
Statistical significance was determined In serum TNF-a, IL-6 and hs-CRP levels

between groups, with even higher levels of these inflammatory cytokines in the OG (P <
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0.05; Figure 2). These results indicated that high levels of blood glucose fluctuations
impair the body's immune function, resulting in abnormalities in the body's immune
defense system, various types of inflammation, and a decrease in the ability of white

blood cells to act, producing large amounts of inflammatory factors.

Correlation between BG fluctuations and tumor marker levels

According to Pearson analysis (Figure 3), MAGE was positively associated with serum
CA19-9 (r = 04724, P = 0.0001), CA125 (r = 0.5508, P < 0.0001), CEA (r = 0.5441, P <
0.0001), NSE (r =0.5719, P < 0.0001), and CYFRA21-1 (r = 0.6425, P < 0.0001).

Adverse reactions in the two groups

The incidence of phlebitis, gastrointestinal reactions, oral ulcers, and liver and kidney
dysfunction in the OG was 33.3%, 50.0%, 36.7%, and 26.7%, respectively, the values of
which were significantly higher than those in the CG (10.0%, 20.0%, 13.3%, and 6.7%,
respectively) (P < 0.05; Table 3). These results indicated that hyperglycemia can also
cause adverse reactions such as gastrointestinal reactions, liver damage, kidney

damage, and oral ulcers, resulting in reduced safety.

DISCUSSION

There are abnormalities in insulin secretion in patients with T2DM, which leads to a
compensatory increase in insulin and a gradual increase in insulin content in blood![22l.
Research has linked the occurrence of LC to the specific and nonspecific immunity of
diabetic patients, so many experts believe that T2DM will lead to an increase in the
incidence of LCIZL At the same time, in clinical LC research, the frequency of
comorbidities in LC patients is very high, of which DM is the mt common!?!l. During
chemotherapy for T2DM with LC, poor glycemic control is often associated with a more
clinically aggressive cancer course and occurrence of adverse events such as
neutropenia, infection, and death/®?¢l. However, chemotherapy itself can lead to

abnormal glycolipid metabolism in cancer patients(?’l. Glucose metabolism disorders
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occur after chemotherapy, leading to a significant increase in blood glucose values and
even diabetes. It will suspend chemotherapy and affect the quality of life of patients[23].
Therefore, the control of BG fluctuations occupies an important position in T2DM + LC
patients undergoing chemotherapy, which can affect the curative effect of
chemotherapy.

BG fluctuations refer to the amplitude of glycemic excursions between the highest
and the lowest BG levels over time. There are also BG fluctuations in healthy people,
but the amplitude is small, being mostly due to invalid fluctuations/?’l. Abnormal BG
fluctuations in diabetic patients can easily aggravate abnormalities in islet B cells, which
affects physiological processes such as insulin cell apoptosis and causes abnormal
endothelial cell proliferation, triggering vascular endothelial dysfunction*l. MAGE is a
"golden indicator" reflecting BG fluctuationsPll. In this study, the patients were
assigned to normal (CG) and high (OG) BG fluctuation groups according to BG
fluctuation amplitude. The results showed that MAGE, MODD, LAGE, SDBG, FBG and
2hPG in the OG were significantly higher than those in the CG. High-level BG indices
indicate the provision of sufficient nutrients and other necessary conditions for the
infinite division and proliferation of tumor cells. BG fluctuation measurements in
NSCLC patients showed that patients with large glycemic variability and high BG
levels had poor proa'losis and increased mortality and disabilityP2. Also,
Hyperglycemia reduces the response to chemotherapeutic drugs, directly affects tumor
cell growth, and induces drug resistance in tumor cells['l. Meanwhile, long-term
abnormal BG fluctuations or hyperglycemia in LC patients can aggravate the degree of
oxidative stress in vivo, activate the protein kinase C pathway, and further promote
vascular endothelial cell apoptosis and endothelial cell DNA oxidative damage, leading
to an increase in tumor markers such as CA128, CA19-9 and CEA. In this study,
markedly higher CA19-9, CA125, CEA, NSE and CYFRAZ21-1 Levels were determined in
the OG than in the CG. In addition, the levels of inflammatory factors in the OG also
increased significantly. Of these, hs-CRP is an acute-phase protein, and its level can be

significantly increased when the body is disturbed by inflammation®*l. TNF-a is an
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important inflammatory index closely related to vascular endothelial injury and
coagulation statel®]. The decrease in insulin secretion in T2DM + LC patients can lead to
increased levels of insulin antibodies and abnormal metabolism of proteins, fats and
sugars, increasing blood viscosity and BG, causing microcirculation disorder and
affecting tissue defense function. As such, the body's humoral and cellular immunity is
reduced, leukocyte function is weakened, and inflammatory reactions are induced,
damaging the pulmonary vascular barrier, generating oxygen free radicals, and
accelerating cancer cell proliferation/®]. Through Pearson correlation analysis, MAGE
was determined to be positively correlated with serum tumor markers, further
confirming the influence of BG fluctuation amplitude on the chemotherapy efficacy of
patients. Finally, we observed the adverse reactions of both groups of patients. Long-
term hyperglycemia in the body will also promote the generation of oxidative stress,
which will lead to gastrointestinal reactions, liver damage, kidney damage and oral
ulcers, resulting in reduced safety. The results also confirmed an obviously higher
incidence of adverse reactions in patients with larger BG fluctuations than in patients
with normal BG fluctuations. Therefore, it is of great importance to control
hyperglycemia in cancer patients to control disease progression. B

However, this study still has some limitations. Limitations of this tudy include the
small clinical sample size and retrospective nature, so case selection bias may be
encountered. Also, survival information after chemotherapy in oncology patients at risk
for high magnitude of glycemic fluctuations has not been analyzed, and further
research is needed to investigate the relationship between glycemic control and adverse
outcomes. Thus, a multiple center, large sample size and prospective study is need to
further investigate the relationship between blood glucose levels and cancer treatment

efficacy.

CONCLUSION

Taken together, large BG fluctuations can enhance the levels of tumor markers and

inflammatory factors in T2DM + LC patients and inhibit chemotherapy efficacy, with
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low safety. Therefore, in such patients, the BG indicators should be strictly controlled

clinically to ensure prognosis.
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Figure Legends

Figure 1 Comparison of blood glucose levels after chemotherapy. A: Fasting blood
glucose level of the two groups after chemotherapy; B: 2-h postprandial blood glucose
level of the two groups after chemotherapy. 2P < 0.05, PP < 0.001.

Figure 2 Comparison of serum inflammatory cytokines after chemotherapy. A: Tumor
necrosis factor-a level of the two groups after chemotherapy; B: Interleukin-6 Level of
the two groups after chemotherapy; C: High-sensitivity C-reactive protein level of the
two groups after chemotherapy. PP < 0.001. TNF-a: Tumor necrosis factor-a; IL-6:
Interleukin-6; hs-CRP: High-sensitivity C-reactive protein.

Figure 3 Correlation between mean amplitude of glycemic excursions and tumor
markers in all patients. A: Correlation of mean amplitude of glycemic excursions
(MAGE) with carbohydrate antigen 19-9 (CA19-9) level in all patients; B: Correlation of
MAGE with CA125 level in all patients; C: Correlation of MAGE with carcinoembryonic
antigen level in all patients; D: Correlation of MAGE with neuron-specific enolase
level in all patients; E: Correlation of MAGE with cytokeratin 19 level in all patients.

MAGE: Mean amplitude of glycemic excursions; CA19-9: Carbohydrate antigen 19-9;
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CEA: Carcinoembryonic antigen; NSE: Neuron-specific enolase; CYFRA21-1:
Cytokeratin 19.
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Table 1 Comparison of glycemic fluctuation indices after chemotherapy

MAGE MODD LAGE SDBG
(mmol/L) (mmol/L) (mmol/L) (mmol/L)
Control group
3.75+1.07 2.06+ 036 425 +0.90 213033
(n = 30)
Observation
5.61+1.15 259+ 051 6.31+£1.21 2721040
group (n = 30)
¢ value 6.451 4.721 7.472 6.195
P value < 0.0001 < 0.0001 <0.0001 < 0.0001

MAGE: Mean amplitude of glycemic excursions; MODD: Mean of daily differences;
LAGE: Largest amplitude of glycemic excursions; SDBG: Standard deviation of blood

glucose,

Table 2 Comparison of tumor markers after chemotherapy

CA19-9 CAl125 CEA (mg1) NSE (mgl) CYFRA21-1
m m
(U/mL) (U/mL) (mg/L)

Control
group (rz = 6426 5.20 65.27 £ 6.60 1212 £2.11 1597+134 498x0.82
30)

Observation

group (n = 75001948 8372+6.06 1783+228 1986+1.42 7541096
30)

t value 5.444 11.28 10.08 10.88 11.11

P value < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

CA19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; NSE: Neuron-
specific enolase; CYFRA21-1: Cytokeratin 19.
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Table 3 Incidence of adverse reactions in the two groups of patients, n (%)

Liver and
Gastrointestinal
Phlebitis Oral ulcers kidney
reactions
dysfunction
Control group
3 (10.0) 6 (20.0) 4 (13.3) 2 (6.7)
(n = 30)
Observation
10 (33.3) 15 (50.0) 11 (36.7) 8 (26.7)
group (n = 30)
t value 48121 5.9341 43561 4.3201
P value 0.0283 0.0149 0.0369 0.0377
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