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Purpose

Non-metastatic colorectal cancer patients with diabetes have poor overall survival than
those without diabetes. However, the effect of hyperglycemia on survival after diagnosis of
metastatic colorectal cancer (CRC) has not been assessed. Therefore, we assessed the im-
pact of hyperglycemia on the survival and infection-related adverse events (AES) in patients
with metastatic CRC.

Materials and Methods

We reviewed the records of 206 patients with newly diagnosed metastatic CRC who were
treated with palliative chemotherapy from March 2000 to December 2012 at Chungbuk
National University Hospital. The mean glucose level of each patient was calculated using
all available glucose results.

Results

The mean glucose levels ranged between 76.8 and 303.5 mg/dL, and patients were cate-
gorized into quartiles in accordance to their mean glucose level: group 1 (< 106.7 mg/dL),
group 2 (106.7-117.2 mg/dL), group 3 (117.3-142.6 mg/dL), and group 4 (> 142.6 mg/dL).
The median overall survival for patients in groups 1, 2, 3, and 4 were 22.6, 20.1, 18.9, and
17.9 months, respectively; however, this difference was not statistically significant
(p=0.643). Compared with patients in group 1, those in groups 2, 3, and 4 were at a higher
risk of infection-related AEs, according to a multivariate analysis (p=0.002).

Conclusion

Hyperglycemia was not associated with shorter survival; however, it was associated with
infection-related AEs in patients with newly diagnosed metastatic CRC receiving palliative
chemotherapy.
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Introduction

A 10-year prospective cohort study of 1,298,385 Koreans,
who received health insurance from the National Health
Insurance Corporation, showed that an elevated fasting

The prevalence of diabetes mellitus (DM) and cancer has
steadily increased as people live longer [1,2]. Indeed, many
patients with pre-existing DM may develop cancer, and
cancer patients often develop DM. Epidemiologic evidence
suggests that individuals with DM are at a significantly
higher risk of many forms of cancer, such as liver, pancreatic,
colorectal, breast, renal, bladder, and endometrial cancer [3].
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serum glucose level and a diagnosis of DM are independent
risk factors for several major cancers, and the risk tended to
increase as the fasting serum glucose level increased [4]. The
association between DM and colorectal cancer (CRC) has
been extensively studied. Convincing evidence from previ-
ous studies, including a large meta-analysis, suggested that
individuals with DM are at a higher risk of developing CRC
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[5]. Evidence also suggests that DM is associated with an in-
creased risk of CRC mortality, and diabetic patients with
CRC have poorer overall survival than non-diabetic patients
with CRC [6-8]. A recent study from the Cancer Prevention
Study-II (CPS-II) Nutrition Cohort showed that patients with
non-metastatic CRC and type 2 DM have a higher risk of
death from all causes, including CRC and cardiovascular dis-
ease, than patients with non-metastatic CRC and without
type 2 DM [7].

DM and hyperglycemia are not only common in non-
metastatic CRC patients, but also in metastatic CRC patients.
Moreover, patients with metastatic CRC are at a higher risk
of hyperglycemia because their supportive treatment rou-
tinely includes high-dose glucocorticoids, such as dexam-
ethasone (used as an antiemetic) and megestrol acetate (used
as an appetite stimulant), which increase the plasma glucose
level. Furthermore, hyperglycemia is associated with infec-
tious complications in immunocompromised cancer patients,
which may delay and decrease the efficacy of treatment and
thus directly affect survival [9]. Although there are several
reports that describe the association between diabetes and
an outcome of patients with non-metastatic CRC, the impact
of hyperglycemia on the outcome of patients with metastatic
CRC has not been evaluated.

Therefore, we assessed the impact of hyperglycemia on the
survival and infection-related adverse events (AEs) of
patients with metastatic CRC, receiving palliative
chemotherapy.

Materials and Methods

1. Study population

A retrospective chart review was performed on all patients
with newly diagnosed metastatic CRC, who presented at
Chungbuk National University Hospital between March
2000 and December 2012. Patients were included in this
analysis if they had a histologically confirmed adenocarci-
noma, a newly diagnosed metastatic CRC, and had received
palliative chemotherapy. Patients were excluded if they died
at the initial hospitalization, had not received palliative
chemotherapy, had a non-adenocarcinoma histology, or had
a history of another malignancy.

This study was reviewed and approved by the Institu-
tional Review Board of Chungbuk National University Hos-
pital.

2. Data collection

The baseline clinical and pathological characteristics of the
patients at the time of metastatic CRC diagnosis were re-
viewed, including age, sex, Eastern Cooperative Oncology
Group performance status (ECOG PS), body mass index
(BMI), comorbidity conditions by Charlson Comorbidity
Index (CCI) scale [10], pre-existing DM and hypertension, lo-
cation of the primary tumor, and stage. We also collected the
medical record information on palliative treatments, includ-
ing chemotherapeutic agents, number of prior palliative
chemotherapies, and the use of dexamethasone or megestrol
acetate.

The mean glucose level of each patient was calculated
using all available values collected during the follow-up. The
fasting status of the patient at the time of testing was not
known. Infection-related AEs were calculated by grade in
accordance to the Common Terminology Criteria for
Adverse Events ver. 4.0 (http: // evs.nci.nih.gov/ftpl/CTCAE
/CTCAE_4.03_2010-06-14_QuickReference_8.5x11.pdf). The
overall survival was defined as the time from diagnosis of
metastatic CRC to death from any cause and was censored
at the date of the last contact for those who remained alive.

3. Statistical analysis

The means and standard deviations (SDs) of clinical char-
acteristics were calculated. The characteristics of patients
were compared using Student’s t-test for the means and
chi-square test for categorical variables.

Survival curves were estimated using the Kaplan-Meier
method, which were compared using the log rank test. Infec-
tion-related AEs of patients were compared using the
Fisher’s exact test. Multivariate logistic regression analysis
with a backward stepwise method was used to evaluate the
effects of hyperglycemia on the development of infection-re-
lated AEs. p-values of < 0.05 were considered statistically sig-
nificant. All statistical analyses were performed using SPSS
ver. 15.0 (SPSS Inc., Chicago, IL).

Results

1. Baseline patient characteristics

A total of 206 patients with newly diagnosed metastatic
CRC, receiving palliative chemotherapy, were included in
the final analysis. The median age of patients was 61 years
(range, 16 to 84 years), and 44 patients (21.4%) had DM at the
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time of metastatic CRC diagnosis. The mean+SD glucose
level was 132.0+40.1 mg/dL and the mean +SD number of
glucose measurements per patient was 20.5+13.5. The mean
glucose levels ranged between 76.8 and 303.5 mg/dL (me-
dian, 117.4 mg/dL), and the patients were divided into quar-
tiles according to their mean glucose level: group 1 (< 106.7

mg/dL), group 2 (106.7-117.2 mg/dL), group 3 (117.3-142.6
mg/dL), and group 4 (> 142.6 mg/dL). Table 1 shows the
demographic and clinical characteristics of patients in each
group. The mean age, comorbidity conditions by CCI scale,
and incidence of DM increased from group 1 to group 4
(p=0.038, p=0.007, and p < 0.001 for trend, respectively).

Table 1. Patient characteristics according to their mean glucose levels

Quartile of mean glucose (% of patients)

Group 1 (n=52) Group 2 (n=51)

Group 3 (n=51) Group 4 (n=52)

Age at diagnosis metastatic CRC (yr) 0.038
Mean +SD 59.7+12.4 60.1£9.8 63.9+11.5 67.7+9.6

Gender 0.038
Male 61.5 78.4 56.9 76.9
Female 38.5 21.6 43.1 23.1

ECOG performance status 0.082
0,1 88.5 82.4 70.6 86.5
>2 115 17.6 29.4 13.5

BMI (kg/m?) 0.701
<25 76.9 70.6 66.7 73.1
>25 23.1 29.4 3843 26.9

Comorbidity conditions by CCI scale 0.007
0,1 98.1 96.1 86.3 80.8
>2 1.9 39 13.7 19.2

Diabetes mellitus <0.001
Yes 0 0 17.6 69.2
No 100 100 82.4 30.8

Hypertension 0.076
Yes 19.2 29.4 35.3 42.3
No 80.8 70.6 04.7 57.7

Location of primary tumor 0.382
Colon 50.0 45.1 58.8 59.6
Rectum 50.0 54.9 41.2 40.4

Stage 0.072
Mila 19.2 43.1 29.4 32.7
Mib 80.8 56.9 70.6 67.3

No. of palliative chemotherapies 0.598
1 59.6 52.9 58.8 63.5
2 21.2 33.3 29.4 28.8
>3 19.2 13.7 11.8 7.7

Use of dexamethasone (mean +SD)
Dose (mg) 278.4+317.1 224.9+263.7 246.9+284.7  249.5+234.4 0.808
Duration (days) 22.0+21.8 23.1+25.8 25.1+28.6 28.9+43.5 0.689

Use of megestrol acetate (mean +SD)
Dose (g) 0.43+1.17 0.40+0.94 0.66+1.16 0.71+1.58 0.468
Duration (days) 17.0£28.5 25.4+49.9 33.0+54.8 39.0+78.1 0.213

CRC, colorectal cancer; SD, standard deviation; ECOG, Eastern Cooperative Oncology Group; BMI, body mass index; CClI,
Charlson Comorbidity Index; M1a, metastasis confined to one organ or site (e.g., liver, lung, ovary, or non-regional node);

M1b, metastases in more than one organ/site or the peritoneum.

290  CANCER RESEARCH AND TREATMENT



Yong Joo Hong, Hyperglycemia in Metastatic Colorectal Cancer

A 100 Median 0S (month) ~ HRfordeath  95% Cl
90 4 226 Reference
----------- 20.1 1.06 0.68-1.66
80 189 129 0.82-2.03
= 704 Gy o 179 125 0.79-1.97
17 -0.643
8 604 P
kS
Z 501
S 40
o =
& 301 »
20 - s £
10 - I_—E]
0 L T T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120

Time (mo)

B 100 4
90 -
80 -
70 -
60 -
50 -
40
30 -
20 -
10 1 |
0

Median 0S (month)
—— DM{(+) 205 Reference
----------- DM (+) 19.7 1.08

HR for death 95% CI

0.73-1.59

p=0.707

Probability of OS (%)

0 12 24 36 48 60 72 84 96
Time (mo)

108 120

Fig. 1. Kaplan-Meier estimates of the overall survival (OS) in metastatic colorectal cancer patients by the mean glucose level
(A) and pre-existing diabetes mellitus (B). HR, hazard ratio; CI, confidence interval; DM, diabetes mellitus.

Table 2. Infection-related adverse events by mean glucose level

Quartile of mean glucose (% of patients)

Group 1 (n=52)

Any grade 11.5 33.3
Grade 3 or 4 7.7 29.4
Hospitalization 7.7 29.4

Group 2 (n=51)

Group 3 (n=51)  Group 4 (n=52)

412 423 0.002
5% 28.8 0.003
25.5 23.1 0.025

There were no differences in the distributions of ECOG PS,
BM]I, hypertension, location of primary tumor, tumor stage,
use of chemotherapeutic agents, number of palliative
chemotherapies, and the use of dexamethasone or megestrol
acetate between the four groups.

2. Effect of mean glucose level on patient survival

After a median follow-up of 3.5 years, 144 deaths were
identified in the cohort of 206 patients with metastatic CRC.
Kaplan-Meier survival curves of patients in each of the four
groups are shown in Fig. 1A. The median overall survival
was 22.6 months in group 1, 20.1 in group 2, 18.9 months in
group 3, and 17.9 months in group 4; however, this difference
was not statistically significant (p=0.643). The estimated haz-
ard ratios (HRs) were 1.06 for group 2 (95% confidence inter-
val [CI], 0.68 to 1.66), 1.29 for group 3 (95% CI, 0.82 to 2.03),
and 1.25 for group 4 (95% CI, 0.79 to 1.97). There was also no

statistically significant difference in the overall survival
between patients with pre-existing DM or those without
pre-existing DM (Fig. 1B). The median overall survival
among patients with pre-existing DM and without pre-exist-
ing DM was 20.5 months and 19.7 months, respectively (HR,
1.08; 95% CI, 0.73 to 1.59; p=0.707).

3. Effect of mean glucose level on infection-related AEs

The incidence of infection-related AEs among patients in
each of the four groups is presented in Table 2. Compared
with patients in group 1, those in groups 2, 3, and 4 were at
higher risk of infection-related AEs, including any grade,
grade 3 or grade 4 infection, and were more susceptible to
hospitalization from infection (p=0.002, p=0.003, and p=0.025
for trend, respectively). The incidence of any grade of infec-
tion-related AEs was significantly affected by comorbidity
conditions in accordance to the CCI scale, including pre-ex-

VOLUME 46 NUMBER3 JuLY 2014 291



Cancer Res Treat. 2014;46(3):288-296

Table 3. Univariate and multivariate analysis of infection-related adverse events

Any grade infection-related adverse events

Univariate analysis Multivariate analysis
Patients (%) p-value OR (95% CI) p-value
Age at diagnosis of metastatic CRC 0.761 - -
<65 (n=124) 33.1
> 65 (n=82) 30.5
Gender 0.749 - -
Male (n=141) 31.2
Female (n=65) 33.8
ECOG performance status 0.847 - -
0,1 (n=169) 325
>2 (n=37) 29.7
BMI (kg/m?) - -
<25 (n=148) 31.8 0.890
> 25 (n=58) 32.8
Comorbidity conditions by CCI scale 0.025 2.54 (0.96-6.77) 0.061
0,1 (n=186) 29.6
>2 (n=20) 55.0
Diabetes mellitus 0.007 - -
Yes (n=45) 489
No (n=161) 27.3
Hypertension 0.873 - -
Yes (n=65) 30.8
No (n=141) 32.6
Location of primary tumor 0.456 = =
Colon (n=110) 34.5
Rectum (n=96) 29.2
Stage 0.152 - -
Mila (n=64) 25.0
M1b (n=142) 35.2
No. of palliative chemotherapies 0.636 - -
1 (n=121) 31.4
2 (n=58) 36.2
>3 (n=27) 25.9
Use of dexamethasone
Dose - 0.035 - -
Duration - 0.003 1.02 (1.00-1.03) 0.008
Use of megestrol acetate
Dose = 0.038 = =
Duration = 0.016 = =
Mean glucose level (mg/dL) 0.002 0.23 (0.09-0.58) 0.002
Group 1 (n=52) 11.5
Group 2 (n=51) 333
Group 3 (n=51) 41.2
Group 4 (n=52) 423

OR, odds ratio; CI, confidence interval; CRC, colorectal cancer; ECOG, Eastern Cooperative Oncology Group; BMI, body mass
index; CCI, Charlson Comorbidity Index; M1a, metastasis confined to one organ or site (e. g., liver, lung, ovary, or non-regional
node); M1b, metastases in more than one organ/site or the peritoneum.
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isting DM, use of dexamethasone and megesterol acetate,
and the mean glucose level. However, duration of dexam-
ethasone use and the mean glucose level were the only sig-
nificant factors for the incidence of infection-related AEs
(p=0.008 and p=0.002, respectively). Other clinical character-
istics were not significant factors for the incidence of infec-
tion-related AEs, according to a multivariate analysis (Table
3).

Discussion

This study showed that hyperglycemia is not associated
with shorter survival in patients with newly diagnosed
metastatic CRC receiving palliative chemotherapy. However,
infection-related AEs increased with an increase in the mean
glucose level.

Recent large cohort studies suggest that pre-existing
diabetes at the time of cancer diagnosis is associated with
increased all-cause mortality and cancer recurrence, espe-
cially in patients with colon and breast cancers [6-9,11,12].
Several explanations are proposed for the association
between pre-existing diabetes and increased all-cause mor-
tality in cancer patients. Firstly, cancer patients with diabetes
may have increased tumor cell proliferation and metastases
as a consequence of the physiological environment of hyper-
insulinemia. It is possible that high insulin levels or an
increase in free insulin-like growth factor levels in hyperin-
sulinemic states promote cancer cell and tumor growth
[13,14]. Secondly, it is possible that the association between
hyperglycemia and poor survival is mediated not by tumor
growth, but rather by other adverse effects of hyperglycemia,
such as increased rates of infection [15,16]. Thirdly, diabetes
in cancer patients may indirectly impact the cancer outcome.
For instance, a previous study indicated that cancer patients
with pre-existing diabetes are often treated less aggressively
than those without diabetes [9]. Thus, differences in cancer
treatment between patients with and without diabetes may
contribute to this increased mortality.

To date, several studies have examined CRC-specific mor-
tality among diabetic and non-diabetic patients with CRC
(Table 4) [6-8,17-19]. Two large cohort studies [6,7] and one
retrospective study [8] reported the association between di-
abetes and a higher rate of overall mortality, even after ad-
justment for other predictors of CRC outcome. The two large
cohort studies only included patients with non-metastatic
CRC and excluded patients with metastatic CRC because the
5-year survival rate for patients with metastatic CRC is poor
(approximately 10%), in accordance to the assumption that
diabetes affect the long-term mortality in CRC patients [6,7].

294  CANCER RESEARCH AND TREATMENT

One retrospective study showed that the prognostic impact
of diabetes on the overall survival was particularly signifi-
cant in patients with stage II colon cancer and was attenuated
in both early (stage I) and metastatic (stage IV) colon cancer
patients [8]. Each of the other three studies, which included
patients with both non-metastatic and metastatic CRC, did
not show any association between diabetes and CRC-specific
survival [17-19]. A Norwegian study of 1,194 hospital-based
patients with CRC reported that DM affects only the short-
term survival of patients treated with curative intent and the
shorter overall survival was associated with cardiac disease
and increased age [17]. A population-based study of the Con-
necticut Tumor Registry of 9,395 patients with CRC reported
that cormorbid DM was not associated with a risk of death
from CRC and was associated with statistical significance
with death from all causes, excluding CRC [18]. Moreover,
in a CPS-II Nutrition Cohort study, patients with CRC and
type 2 DM had a higher risk of mortality than patients with
CRC and without type 2 DM, with a particularly higher risk
of death from cardiovascular disease [7]. In the current study,
only patients with metastatic CRC were included, and the
overall survival of patients with metastatic CRC was not
significantly affected by hyperglycemia or DM. Therefore,
the impact of hyperglycemia or DM on survival may be
attenuated in patients with metastatic CRC or obscured by
the greater tumor burden. Moreover, the high mortality risk
in patients with non-metastatic CRC might be related to con-
current illnesses other than cancer, such as ischemic heart
disease, hypertension, chronic renal failure, and stroke. Al-
though several previous studies, using a subgroup analysis,
have suggested that diabetes has minimal negative impact
on the survival of patients with metastatic CRC, this is the
first study to systematically evaluate the impact of hyper-
glycemia on the survival in only patients with metastatic
CRC receiving palliative chemotherapy. Because the survival
prognosis of patients with metastatic CRC is so poor, it is dif-
ficult to definitively conclude that there is no impact of hy-
perglycemia on the outcomes of these patients. Two previous
studies report that hyperglycemia is independently associ-
ated with shorter survival in patients with newly diagnosed
glioblastoma [20] or non-small cell lung cancer [21], and sur-
vival in these patients is much shorter than in patients with
metastatic CRC.

Hyperglycemia affects all major components of the innate
immunity system and impairs the body’s ability to combat
infection [22]. In addition, hyperglycemia adversely affects
neutrophil activity, including chemotaxis, formation of reac-
tive oxygen species, and phagocytosis of bacteria [23]. The
diabetic state increases lymphocyte apoptosis and suppresses
the proliferation of T-cells, due to a lower expression of
adenosine kinase [24]. Furthermore, the functions of im-
munoglobulins and complement are attenuated by glycosy-
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lation during hyperglycemia [25]. Finally, hyperglycemia
may promote the exponential growth of bacteria and in-
crease their virulence. In the current study, the incidence of
any grade, grade 3 or 4 infections, or hospitalization for
infection-related AEs increased with the mean glucose level
in patients with metastatic CRC who were receiving pallia-
tive chemotherapy. These infection-related AEs may delay
or result in a decrease in the intensity of chemotherapy in
these patients; therefore, the results suggest the need for a
regular monitoring of hyperglycemia to prevent infection-
related AEs.

The limitations of this study include its retrospective
design and the relatively small sample size, which resulted
in an insufficient statistical power for detailed subgroup
analyses and accurate assessments of infection-related AEs.
Also, there was heterogeneity in the frequency of glucose
recording and the glucose measurements available were
performed at random. Fasting plasma glucose, 2-hour post-
prandial plasma glucose, and hemoglobin Alc levels would
have provided a better index for evaluating hyperglycemia
during the course of the disease. Further investigation of the
proposed hypotheses in this study with a larger sample size
and more refined categorization might help further elucidate
the relationship between hyperglycemia, survival, and infec-
tion-related AEs in patients with metastatic CRC.

Conclusion

The present study shows that hyperglycemia was not
associated with shorter survival, but it was associated with
infection-related AEs in patients with newly diagnosed
metastatic CRC receiving palliative chemotherapy.
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