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Background: Colorectal cancer (CRC) is one of the most common malignancies
throughout the world, with high rates of morbidity and mortality. Previous studies
reported that serum creatinine (Scr) concentrations were associated with overall survival
(OS) in cancer patients, but little is known about the association between Scr and OS in
patients with CRC. This study investigated the relationship between Scr concentrations
and OS in patients with CRC and examined possible effect modifiers.

Methods: A retrospective cohort, including 1,733 patients with CRC, was established
from a multi-center clinical study. Patients were divided into low (<71 mmol/L in men
or <59 mmol/L in women), normal (71-104 mmol/L in men or 59-85 mmol/L in women) and
high (>104 mmol/L in men or >85 mmol/L in women) Scr groups. Cox regression analysis
was used to examine association between Scr concentrations and OS. Stratified
(subgroup) analyses were used to examine men and women separately. Interaction
tests were used to evaluate associations between each variable and OS, as well as
possible interactions of these variables with Scr levels. Cross-classified analyses were
used only in men.

Results: Patients with low [hazard ratio (HR) = 1.43, 95% confidence interval (CI) = 1.19-
1.72; P < 0.001] or high (HR = 1.89, 95% CI = 1.36-2.63; P < 0.001) Scr level had a
significantly lower OS than patients with normal Scr levels. Significant interactions with Scr
concentrations were observed for body mass index (P for interaction = 0.019) in men.

Conclusion: Low or high Scr concentration is associated with significantly lower OS in
patients with CRC. Future study is warranted to investigate the underlying mechanism.
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INTRODUCTION

Colorectal cancer (CRC) is one of the most common
malignancies throughout the world. Patients with CRC have
the fourth highest morbidity rate and the second highest
mortality rate (1). Although many treatment strategies have
been developed for CRC, such as chemotherapy, surgery,
radiation, targeted therapy, and immunotherapy, nearly
900,000 people worldwide died from CRC in 2018. Negative
impacts on society from CRC include decreased mental health
and quality of life, as well as an increased economic and medical
burden (1). Numerous methods have been developed to
accurately evaluate prognosis and improve survival of cancer
patients. Although several studies, most of which included less
than 400 patients, stressed the importance of clinical parameters
such as performance status, elevated lactate dehydrogenase
levels, white blood cell count, serum albumin, liver trans-
aminases, hemoglobin, platelets, carcinoembryonic antigen,
carbohydrate antigen19-9, pathological grading, and location of
the primary tumor, there is no general consensus for considering
each of these parameters as a valid and reliable prognostic factor
(2–7). Therefore, there is an urgent need to develop newmethods
to identify important and modifiable prognostic factors to
improve survival in patients with CRC.

Serum creatinine (Scr) is a chemical waste product produced
by muscle metabolism that is normally excreted in the urine.
Over the past few years, Scr concentrations have been
investigated as a prognostic marker for various cancers.
Willegger et al. studied 132 patients undergoing sarcoma
resection and found that Scr could be used as a predictive
biomarker for disease-specific outcomes in myofibroblastic and
fibroblastic sarcomas (8). In a retrospective cohort study, Scr was
an independent predictor of overall survival (OS) in 498 patients
with primary epithelial ovarian cancer (9). Życzkowski et al.
found that Scr may be useful for estimating the 5-year survival of
patients with renal cell carcinoma (10). Similarly, Panotopoulos
et al. found that Scr was highly associated with disease-specific
survival in 84 patients with liposarcoma (11).

Based on the studies outlined above, Scr concentrations may
be useful for predicting survival outcomes in various cancers.
In this study, we evaluated the association between Scr levels and
OS and investigated possible effect modifiers in patients
with CRC.
MATERIALS AND METHODS

Study Population
A total of 2036 patients with CRC in China were enrolled from a
multicenter retrospective cohort at 14 hospitals from January
2012 to December 2019. All patients were selected based on strict
inclusion and exclusion criteria: (1) age ≥ 18 years; (2) a
pathological diagnosis of CRC; (3) able and willing to provide
written informed consent; and (4) conscious with no
communication disorders. Some patients were considered to be
a single case even though they may have been hospitalized more
than two times during the study. Ninety-three patients who had
Frontiers in Oncology | www.frontiersin.org 2
missing data for one or more critical variables [153 patients
missing Scr concentrations, 54 patients with no age data, and 96
patients missing TNM stage (T for tumor; N for node; M for
metastasis)] were excluded from this study (Figure 1). The trial
was approved by the Medical Ethical Review Committees/
Institutional Review Boards of the registration hospitals
mentioned above and was conducted in accordance with the
Declaration of Helsinki. The trial was registered with the Chinese
Clinical Trial Registry (http://www.chictr.org.cn) with
registration number ChiCTR1800020329.

Patient Characteristics and Outcomes
The following demographic and clinicopathological data were
collected: Scr levels, age, sex, alcohol consumption, smoking
status, body mass index (BMI), TNM stage, and chemotherapy
(12). Based on a previous study about the reference interval of
Scr levels in Chinese common population, patients were divided
into low (<71 mmol/L in men or <59 mmol/L in women), normal
(71-104 mmol/L in men or 59-85 mmol/L in women) and high
(>104 mmol/L in men or >85 mmol/L in women) Scr groups (13).
Pathological staging followed the American Joint Committee on
Cancer (AJCC) TNM staging system, 8th edition (14). The Scr
test was standardized in China with the same protocol and
reference range nationwide. Hence, there was no difference in
FIGURE 1 | Flow chart of study participants with colorectal cancer (CRC)
from a multi-center clinical trial.
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the normal range of Scr across provinces. Patient deaths due to
the progression of CRC were defined as the primary end point.

Statistical Analysis
All data are expressed as the mean ± standard deviation or
simple percentages as appropriate. Baseline characteristics were
analyzed using Chi-square tests or Fisher’s exact tests, as
appropriate for categorical variables. Student’s t-tests were used
for continuous variables with normal distributions and Mann‐
Whitney tests were used for continuous variables with non-
normal distributions. Hazard ratios (HR) were calculated using
Cox regression analysis.

Association between Scr concentrations and OS in patients
with CRC was estimated by multivariable Cox regression analysis
with adjustment for sex (for all patients), age, alcohol
consumption, smoking status, BMI, TNM stage and
chemotherapy. Stratified (subgroup) analyses were performed
to examine male and female patients separately. Interaction tests
were performed to evaluate associations between each variable
and OS, as well as possible interactions among these variables
and Scr levels. Cross-classified analyses were performed only for
men. A P-value <0.05 was considered statistically significant. All
analyses were performed using R (version 4.0.1) and SPSS
(version 26.0) software.
RESULTS

Study Population and Baseline
Characteristics
This study included 1,733 patients with CRC from the multi-
center clinical study cohort with complete data (Figure 1). Sex-
specific Scr concentrations are presented in Table 1. Compared
with patients with normal Scr levels, more smokers, less men and
drinkers, older age and lower chemotherapy proportion was
observed in patients with high Scr levels, less drinkers and higher
TNM stage in patients with low Scr levels.
Frontiers in Oncology | www.frontiersin.org 3
Association Between Scr Concentrations
and OS in Patients With CRC
The association between Scr concentrations and OS in patients
with CRC is presented in Figure 2. Patients with low Scr levels
(HR = 1.37, 95% CI = 1.14-1.64; P = 0.001) or high Scr levels
(HR = 1.78, 95% CI = 1.28-2.46; P = 0.001) had a significantly
lower OS than patients with normal Scr levels (Table 2). An
association between low (HR = 1.39, 95% CI = 1.16-1.67;
P <0.001) or high (HR = 1.81, 95% CI = 1.30-2.51; P <0.001)
Scr concentrations and OS could be observed after adjusting for
sex, age and TNM stage. A significant association between low
(HR = 1.43, 95% CI = 1.19-1.72; P <0.001) or high (HR = 1.89,
95% CI = 1.36-2.63; P <0.001) Scr concentration and OS in
patients with CRC was detected after adjusting for potential
covariates: sex, age, alcohol consumption, smoking status, BMI,
TNM stage and chemotherapy.

Sex-Specific Associations Between Scr
Concentrations and OS in Patients
With CRC
Results of the adjusted sex-specific subgroup analysis of OS in
patients with CRC were similar to results of the analysis that
included all patients. Men with low Scr levels (HR = 1.35, 95%
CI = 1.07-1.70; P = 0.011) or high Scr levels (HR = 1.93, 95% CI =
1.29-2.87; P = 0.001) had a significantly lower OS than men with
normal Scr levels (Table 2). Compared with women with normal
Scr concentrations, lower OS (HR = 1.50, 95% CI = 1.11-2.03; P =
0.009) was observed in women with low Scr concentrations
(Table 2). After adjusting for age and TNM stage, the
association between low Scr concentrations and OS was still
stable either in men or women (men: HR = 1.26, 95% CI = 1.00-
1.59; P = 0.050; women: HR = 1.62, 95% CI = 1.19-2.20; P =
0.002). Although the results were not statistically significant after
adjusting for age and TNM stage in women with high Scr levels,
men with high Scr levels still had poor OS (HR = 1.96, 95% CI =
1.31-2.93; P = 0.001). In men and women with low Scr levels,
adjusting for age, alcohol consumption, smoking status, BMI,
TABLE 1 | Characteristics of all patients with different Scr levels.

Characteristics Patients with low Scr levels
(n = 701)a

Patients with normal Scr levels (n = 922)b Patients with high Scr levels (n = 109)c P value

Sexd (man) 350 (49.9) 617 (66.9) 67 (61.5) <0.001
Age in yearse 58.91 (11.46) 59.22 (12.32) 64.62 (12.58) <0.001
Smoking statusd,f (Yes) 239 (34.1) 385 (41.8) 47 (43.1) 0.005
Alcohol consumptiond,g (Yes) 140 (20.0) 187 (20.3) 17 (15.6) 0.508
BMIe (kg/m2) 22.17 (3.37) 22.79 (3.30) 23.05 (3.03) <0.001
TNM staged 0.255
I or II 222 (31.7) 327 (35.5) 39 (35.8)
III or IV 479 (68.3) 595 (64.5) 70 (64.2)
Chemotherapyd (Yes) 382 (54.5) 511 (55.4) 56 (51.4) 0.709
October 2021 | Volume 11 | Article
Scr, serum creatinine; BMI, body mass index.
aLow: Scr levels <71 mmol/L in men and <59 mmol/L in women.
bNormal: Scr levels ≥71 and ≤104 mmol/L in men and ≥59 and ≤85 mmol/L in women.
cHigh: Scr levels >104 mmol/L in men and >85 mmol/L in women.
dCategorical variables are presented as number (percentage).
eContinuous variables are presented as mean (standard deviation).
fThe standard is to smoke more than 20 cigarettes in a lifetime.
gThe standard is regular drinking in the past year.
710423

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yang et al. Scr and OS in CRC

Frontiers in Oncology | www.frontiersin.org 4
TNM stage and chemotherapy did not significantly alter the
results (men: HR = 1.32, 95% CI = 1.05-1.66; P = 0.019; women:
HR = 1.62, 95% CI = 1.19-2.21; P = 0.002). Although the results
were not statistically significant after adjusting for potential
covariates in women with high Scr levels (HR = 1.71, 95%
CI = 0.97-3.01; P = 0.063), men with high Scr levels still had
poor OS (HR = 2.06, 95% CI = 1.37-3.09; P <0.001).

Sensitivity Analyses
The first sensitivity analysis examined association between
normal Scr concentrations and CRC mortality in the overall
study population, and separately in men and women. Whether
Scr concentration was used as a continuous variable or divided
into four quartile groups, no significant correlation between Scr
concentrations and OS in patients with CRC was observed
(Supplemental Table 1).

In the second sensitivity analysis, association between Scr
concentrations and OS was analyzed in patients that were
divided into two groups, those who died within one year from
baseline and those who died after more than one year from
baseline (Supplemental Tables 2, 3). The trend between low Scr
concentrations and lower OS was observed in all patients (HR =
1.44 95% CI = 1.10-1.90; P = 0.009) and men (HR = 1.42, 95%
CI = 1.01-2.01; P = 0.049) who died within one year after
adjusting for age and TNM stage. A significant association
between low Scr concentration and OS in all patients who died
within one year (HR = 1.42, 95% CI = 1.08-1.88; P = 0.013) was
detected after adjusting for potential covariates. In patients who
died after more than one year from baseline, no significant
correlation between Scr concentrations and OS in patients with
CRC was observed.

Analyses Stratified by Potential
Effect Modifiers
Stratified analyses were performed to assess association between
Scr concentrations and OS in patients with CRC in various
subgroups (Figure 3). Due to sex differences, men and women
were analyzed separately.

Significant differences were observed among men based on BMI
(<18.5 vs. 18.5-<24 vs. ≥24, P for interaction = 0.019) (15). However,
none of the other variables, including age (<65 vs. ≥65, P for
interaction = 0.687), smoking status (Yes vs.No, P for interaction =
0.522), alcohol consumption (Yes vs. No, P for interaction = 0.578),
TNM stage (I or II vs. III or IV, P for interaction = 0.317), modified
association between Scr concentrations and OS in men with CRC.
In women, there were no significant interactions for any of the
subgroups (all P for interactions >0.05).

Survival and Cross-Classified Analysis
Kaplan-Meier curves showed that patients with high or low Scr
levels and BMI <18.5 had significantly lower OS than those with
normal Scr levels (P = 0.001) and BMI ≥24 (P <0.001)
(Supplemental Figure 1). We then cross-classified BMI with
Scr to understand the differential effects of these two variables
(Figure 4). Patients with high Scr levels and BMI <18.5 had a
nearly 7-fold increased risk of death (HR = 6.87, 95% CI = 1.64-
28.86) compared with those with normal Scr levels and BMI ≥24.
A

B

C

FIGURE 2 | The association between serum creatinine concentrations and
overall survival in patients with colorectal cancer in all patients (A), men (B)
and women (C). Models were adjusted by sex (only in all patients), age, TNM
stage, smoking status, alcohol consumption, body mass index and
chemotherapy.
October 2021 | Volume 11 | Article 710423
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DISCUSSION

CRC is a common malignant tumor in the gastrointestinal tract,
and the prognosis of patients with CRC is poor (16). The incidence
and mortality attributable to CRC has increased worldwide over
the last several decades (17). Although biomarkers associated with
OS in patients with CRCmay be moderately predictive of survival,
additional research and evaluation are needed to improve their
predictive utility (18–21). In this study, we evaluated association
between Scr levels and OS in patients with CRC because Scr has
been reported to be predictive of prognosis in many cancers (8–
11). Our study revealed a correlation between Scr concentrations
and OS in patients with CRC, which was consistent with previous
studies in other cancers.

In this retrospective multi-center clinical study with relatively
large variability across patients with CRC, we found that a high
or low Scr concentration was associated with significantly lower
OS in comparison to patients with normal concentrations.
Furthermore, our study suggests that association between Scr
and OS in patients with CRC may be modified by BMI in men.

It is usually considered that Scr levels are dependent on the
balance between its production and excretion (22). Creatinine is
formed as a result of the nonenzymatic dehydration of muscle
creatine (23). Creatinine production relies on the size of the
creatine pool, which is determined by total muscle mass and
dietary intake of meat (24). Creatinine is a small molecule that is
normally filtered through the glomerulus and secreted by renal
tubular cells, while it is rarely absorbed in the renal tubules (23).

In our study, high or low Scr level beyond the normal range
was associated with significantly lower OS, which may imply a
disruption of the balance mentioned above. Therefore, we
discuss these observations from two aspects: (1) the
relationship between low Scr concentrations and lower OS of
patients with CRC, and (2) the relationship between high Scr
concentrations and lower OS of patients with CRC.

The association between low Scr concentrations and lower OS in
patients with CRC may be attributed to a high filtration rate and/or
Frontiers in Oncology | www.frontiersin.org 5
a low production volume of creatinine (23, 24). A previous study
reported that augmented renal clearance occurred in critically ill
patients characterized by increased creatinine clearance, and such a
high creatinine clearance rate may be responsible for lower OS (24).
Furthermore, low muscle mass and reduced food intake may be
responsible for the low production volume of creatinine in patients
with CRC (24). Previous studies have also shown that patients with
CRC are often accompanied by loss of appetite and reduced food
intake (25). At the same time, due to the systemic inflammation, loss
of appetite and serious energy cost of the patients with malignant
tumor, their muscle mass would decrease in varying degrees at the
early stage of cancer (26). Low muscle mass and reduction in food
intake were suggested to closely associate with lower OS in patients
with CRC (27–30). Based on these study and our results, the
association between low Scr levels and low OS may reflect critical
condition, low food intake and lowmuscle mass. Therefore, the level
of serum creatinine may predict prognosis and guide clinical
treatment of CRC. However, further studies are warranted to
prove our theory and explore possible mechanisms.

A decrease in excretion may explain the relationship between
high Scr concentrations and low OS in patients with CRC.
Previous studies have shown that high Scr concentrations may
be an indicator of severe renal damage (24). Studies have shown
that the systemic inflammatory state of patients with CRC, the
decrease of drinking water caused by loss of appetite, and the
disrupted electrolyte balance caused by diarrhea induced by
intestinal environmental changes can lead to the damage of
renal function (31–35). Several studies have reported that
patients with CRC with abnormal renal function have a
significantly lower OS than those with normal renal function,
which was consistent with our study (36, 37). Moreover, patients
with CRC were at risk for damage to renal function and
complications from some anticancer treatments (38).
Conversely, a decline in renal function may jeopardize a
patient’s eligibility for further cancer treatment, increase
toxicity, prevent the delivery of chemotherapy, and exclude
patients from clinical trials. These conditions may further
TABLE 2 | Association between Scr concentrations and OS patients with CRC.

Characteristics Patients (n) Crude HR (95% CI) P value Adjusted HR (95% CI)a P value Adjusted HR (95% CI)b P value

Scr of all patients
Lowc 701 1.37 (1.14, 1.64) 0.001 1.39 (1.16, 1.67) <0.001 1.43 (1.19, 1.72) <0.001
Normald 922 Reference Reference Reference
Highe 109 1.78 (1.28, 2.46) 0.001 1.81 (1.30, 2.51) <0.001 1.89 (1.36, 2.63) <0.001
Scr of men
Lowc 350 1.35 (1.07, 1.70) 0.011 1.26 (1.00, 1.59) 0.050 1.32 (1.05, 1.66) 0.019
Normald 617 Reference Reference Reference
Highe 67 1.93 (1.29, 2.87) 0.001 1.96 (1.31, 2.93) 0.001 2.06 (1.37, 3.09) <0.001
Scr of women
Lowc 351 1.50 (1.11, 2.03) 0.009 1.62 (1.19, 2.20) 0.002 1.62 (1.19, 2.21) 0.002
Normald 305 Reference Reference Reference
Highe 42 1.64 (0.93, 2.87) 0.085 1.64 (0.93, 2.89) 0.086 1.71 (0.97, 3.01) 0.063
Octo
ber 2021 | Volume 11 | Article
Scr, serum creatinine; OS, overall survival; CRC, colorectal cancer; HR, hazard ratio; CI, confidence interval.
aModels were adjusted by sex (only in all patients), age, TNM stage.
bModels were adjusted by sex (only in all patients), age, TNM stage, smoking status, alcohol consumption, body mass index and chemotherapy.
cLow: Scr levels <71 mmol/L in men and <59 mmol/L in women.
dNormal: Scr levels ≥71 and ≤104 mmol/L in men and ≥59 and ≤85 mmol/L in women.
eHigh: Scr levels >104 mmol/L in men and >85 mmol/L in women.
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aggravate complications and the deterioration of a patient’s
physical condition, resulting in a further decline of renal
function (38). This vicious cycle has the potential to accelerate
disease progression and decrease OS in patients with CRC. In
Frontiers in Oncology | www.frontiersin.org 6
addition to renal excretion, intestinal microbial metabolism is an
important Scr excretion pathway (39–41). Previous studies have
shown that the intestinal microbiota of patients with CRC was
significantly different from that in healthy people, which might
A

B

FIGURE 3 | The association between serum creatinine (Scr) concentrations and overall survival (OS) in men (A) or women (B) with colorectal cancer in various
subgroups. Models were adjusted by age, TNM stage, smoking status, alcohol consumption, body mass index (BMI) and chemotherapy, but were not adjusted for
the stratifying variable.
October 2021 | Volume 11 | Article 710423
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affect creatinine metabolism and lead to an increase in Scr levels
(34, 41). Previous research has reported that the intestinal
microbiota has a profound impact on the prognosis of patients
with CRC (33). Specifically, changes in the abundance and/or
composition of some intestinal microbiota may decrease OS in
patients with CRC (33). Other potential routes of extrarenal
creatinine excretion, such as perspiration and fecal loss, were
insignificant (24). Therefore, serum creatinine can be used as a
prognostic factor for patients with CRC and an indicator of
potential clinical strategies.

In this study, we performed two sensitivity analyses. In the
first analysis, we found no significant correlation between normal
Scr concentrations and OS in patients with CRC overall, in men
only, or in women only, consistent with our clinical experience.
In the second analysis, low OS in patients who died within one
year was significantly associated with low Scr concentrations but
was not associated with high Scr concentrations in the overall
patient population. In previous studies, researchers found that
patients with less muscle had a shorter survival time (31). This
may prompt us that we should start nutritional support
treatment at the early stage of CRC, rather than when the
patient is complicated with cachexia or sarcopenia.

Finally, we examined possible effect modifiers and found that
BMI had significant interaction with Scr. We observed that BMI
<18.5 was associated with lower OS in patients with CRC, and
that this variable had significant interactive effects with high or
low Scr concentrations. Patients with BMI <18.5 and high Scr
levels had a nearly 7-fold increased risk of death compared with
those with BMI ≥24 and normal Scr concentrations. Previous
research suggests that low BMI may be due to severe
malnutrition, inadequate intake and systemic inflammatory
response, and these factors can also lead to the damage of
renal function (35, 42). Meanwhile, high Scr levels also suggest
renal insufficiency (24). Therefore, elevated serum creatinine
levels in patients with low BMI could usually indicate more
Frontiers in Oncology | www.frontiersin.org 7
severe renal impairment and poorer OS than the patients in
single condition. In conclusion, enough enteral and parenteral
nutrition support and anti-inflammatory treatment to improve
the factors leading to BMI reduction would benefit OS of patients
with CRC.

There were several limitations of our study. Our laboratory
data were obtained from common laboratory tests and were
limited in scope. In the future, we plan to recruit more patients to
increase our statistical power and to increase the number of
variables in our dataset by examining additional less-common
factors to explore their relationship with the occurrence and
survival for various cancers.
CONCLUSIONS

In conclusion, in this multi-center clinical study, we found that
high or low Scr concentrations were associated with significantly
lower OS in patients with CRC. Future study is warranted to
explore the potential mechanism behind the association.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Medical Ethics Committee of First Affiliated
Hospital of Sun yat-sen University. The patients/participants
provided their written informed consent to participate in this study.
FIGURE 4 | Hazard ratio for the interaction between body mass index (BMI) and serum creatinine (Scr) levels, respectively. Model was adjusted by age, TNM stage,
smoking status, alcohol consumption and chemotherapy.
October 2021 | Volume 11 | Article 710423

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yang et al. Scr and OS in CRC
AUTHOR CONTRIBUTIONS

HPS: Conceptualization and methodology. MY: Data curation and
writing-original draft preparation. QZ: Visualization, investigation,
and data curation. GTR: Software. MT: Validation and visualization.
XZ: Writing-reviewing and editing. MMS: Writing-reviewing and
editing. XWZ: Supervision and investigation. KPZ: Software. YZG:
Supervision and investigation.
FUNDING

This work was supported by the National Key Research and
Development Program (2017YFC1309200).
Frontiers in Oncology | www.frontiersin.org 8
ACKNOWLEDGMENTS

We would like to thank TopEdit (www.topeditsci.com) for its
linguistic assistance during the preparation of this manuscript.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
710423/full#supplementary-material

Supplementary Figure 1 | Kaplan-Meier curves of serum creatinine (Scr) (A) and
body mass index (BMI) (B).
REFERENCES
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global

Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin (2018) 68
(6):394–424. doi: 10.3322/caac.21492

2. Heymsfield SB, Arteaga C, McManus C, Smith J, Moffitt S. Measurement of
Muscle Mass in Humans: Validity of the 24-Hour Urinary Creatinine
Method. Am J Clin Nutr (1983) 37(3):478–94. doi: 10.1093/ajcn/37.3.478

3. Köhne CH, Kretzschmar A, Wils J. First-Line Chemotherapy for Colorectal
Carcinoma – We are Making Progress. Oncol Res Treat (1998) 21(4):280–9.
doi: 10.1159/000026851

4. Steinberg SM, Barkin JS, Kaplan RS, Stablein DM. Prognostic Indicators of
Colon Tumors. The Gastrointestinal Tumor Study Group Experience. Cancer
(1986) 57(9):1866–70. doi: 10.1002/1097-0142(19860501)57:9<1866::aid-
cncr2820570928>3.0.co;2-t

5. Kemeny N, Braun DW. Prognostic Factors in Advanced Colorectal
Carcinoma. Importance of Lactic Dehydrogenase Level, Performance
Status, and White Blood Cell Count. Am J Med (1983) 74(5):786–94. doi:
10.1016/0002-9343(83)91066-5

6. Graf W, Glimelius B, Påhlman L, Bergström R. Determinants of Prognosis in
Advanced Colorectal Cancer. Eur J Cancer (1991) 27(9):1119–23. doi:
10.1016/0277-5379(91)90307-Y

7. Graf W, Bergström R, Påhlman L, Glimelius B. Appraisal of a Model for
Prediction of Prognosis in Advanced Colorectal Cancer. Eur J Cancer (1994)
30A(4):453–7. doi: 10.1016/0959-8049(94)90417-0

8. Willegger M, Posch F, Schieder S, Funovics PT, Scharrer A, Brodowicz T, et al.
Serum Creatinine and Albumin Predict Sarcoma-Specific Survival in Patients
With Myofibroblastic and Fibroblastic Sarcomas. J Orthop Res (2017) 35
(12):2815–24. doi: 10.1002/jor.23598

9. Lafleur J, Hefler-FrischmuthK, GrimmC, Schwameis R, Gensthaler L, Reiser E, et al.
Prognostic Value of Serum Creatinine Levels in Patients With Epithelial Ovarian
Cancer. Anticancer Res (2018) 38(9):5127–30. doi: 10.21873/anticanres.12834

10. Zyczkowski M, Prokopowicz G, Taborowski P, Nowakowski K, Rajwa P,
Stelmach P, et al. Basic Parameters of Blood Count, Serum Sodium, and
Creatinine as Prognostic Factors for Renal Cell Carcinoma at Five-Year
Follow-Up. Med Sci Monit (2018) 24:3895–902. doi: 10.12659/MSM.906867

11. Panotopoulos J, Posch F, Funovics PT, Willegger M, Scharrer A, Lamm W,
et al. Elevated Serum Creatinine and Low Albumin are Associated With Poor
Outcomes in Patients With Liposarcoma. J Orthop Res (2016) 34(3):533–8.
doi: 10.1002/jor.23002

12. Templeton AJ, McNamara MG, Seruga B, Vera-Badillo FE, Aneja P, Ocana A,
et al. Prognostic Role of Neutrophil-to-Lymphocyte Ratio in Solid Tumors: A
Systematic Review and Meta-Analysis. J Natl Cancer Inst (2014) 106(6):
dju124. doi: 10.1093/jnci/dju124

13. Li H, Zhang X, Xu G, Wang X, Zhang C. Determination of Reference Intervals
for Creatinine and Evaluation of Creatinine-Based Estimating Equation for
Chinese Patients With Chronic Kidney Disease. Clin Chim Acta (2009) 403(1-
2):87–91. doi: 10.1016/j.cca.2009.01.019
14. Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE, Brookland
RK, et al. The Eighth Edition AJCC Cancer Staging Manual: Continuing to
Build a Bridge From a Population-Based to a More “Personalized” Approach
to Cancer Staging. CA Cancer J Clin (2017) 67(2):93–9. doi: 10.3322/
caac.21388

15. Bhaskaran K, dos-Santos-Silva I, Leon DA, Douglas IJ, Smeeth L. Association
of BMI With Overall and Cause-Specific Mortality: A Population-Based
Cohort Study of 3·6 Million Adults in the UK. Lancet Diabetes Endocrinol
(2018) 6(12):944–53. doi: 10.1016/S2213-8587(18)30288-2

16. Wang W, Zhou Z, Xiang L, Lv M, Ni T, Deng J, et al. CHIP-Mediated
Ubiquitination of Galectin-1 Predicts Colorectal Cancer Prognosis. Int J Biol
Sci (2020) 16(4):719–29. doi: 10.7150/ijbs.41125

17. Chen QF, Zhou XD, Sun YJ, Fang DH, Zhao Q, Huang JH, et al. Sex-
Influenced Association of Non-Alcoholic Fatty Liver Disease With Colorectal
Adenomatous and Hyperplastic Polyps. World J Gastroenterol (2017) 23
(28):5206–15. doi: 10.3748/wjg.v23.i28.5206

18. Weitz J, Koch M, Debus J, Höhler T, Galle PR, Büchler MW. Colorectal Cancer.
Lancet (2005) 365(9454):153–65. doi: 10.1016/S0140-6736(05)17706-X

19. Diaz R, Aparicio J, Girones R, Molina J, Palomar L, Segura A, et al. Analysis of
Prognostic Factors and Applicability of Kohne's Prognostic Groups in Patients
With Metastatic Colorectal Cancer Treated With First-Line Irinotecan or
Oxaliplatin-Based Chemotherapy. Clin Colorectal Cancer (2005) 5(3):197–
202. doi: 10.3816/CCC.2005.n.031

20. Sanoff HK, Sargent DJ, Campbell ME, Morton RF, Fuchs CS, Ramanathan RK,
et al. Five-Year Data and Prognostic Factor Analysis of Oxaliplatin and
Irinotecan Combinations for Advanced Colorectal Cancer: N9741. J Clin
Oncol (2008) 26(35):5721–7. doi: 10.1200/JCO.2008.17.7147

21. Chibaudel B, Tournigand C, Artru P, Andre T, Cervantes A, Figer A, et al.
FOLFOX in Patients With Metastatic Colorectal Cancer and High Alkaline
Phosphatase Level: An Exploratory Cohort of the GERCOR OPTIMOX1
Study. Ann Oncol (2009) 20(8):1383–6. doi: 10.1093/annonc/mdp012

22. Delanaye P, Cavalier E, Pottel H. Serum Creatinine: Not So Simple! Nephron
(2017) 136(4):302–8. doi: 10.1159/000469669

23. Hilton PJ, Roth Z, Lavender S, Jones NF. Creatinine Clearance in Patients
With Proteinuria. Lancet (1969) 2(7632):1215–6. doi: 10.1016/S0140-6736
(69)90751-X

24. Levey AS, Perrone RD, Madias NE. Serum Creatinine and Renal Function.
Annu Rev Med (1988) 39:465–90. doi: 10.1146/annurev.me.39.020188.002341

25. Baracos VE, Martin L, Korc M, Guttridge DC, Fearon KCH. Cancer-
Associated Cachexia. Nat Rev Dis Primers (2018) 4:17105. doi: 10.1038/
nrdp.2017.105

26. Caan BJ, Cespedes Feliciano EM, Prado CM, Alexeeff S, Kroenke CH,
Bradshaw P, et al. Association of Muscle and Adiposity Measured by
Computed Tomography With Survival in Patients With Nonmetastatic
Breast Cancer. JAMA Oncol (2018) 4(6):798–804. doi: 10.1001/
jamaoncol.2018.0137

27. Brown JC, Caan BJ, Meyerhardt JA, Weltzien E, Xiao J, Cespedes Feliciano
EM, et al. The Deterioration of Muscle Mass and Radiodensity is Prognostic of
Poor Survival in Stage I-III Colorectal Cancer: A Population-Based Cohort
October 2021 | Volume 11 | Article 710423

http://www.topeditsci.com
https://www.frontiersin.org/articles/10.3389/fonc.2021.710423/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.710423/full#supplementary-material
https://doi.org/10.3322/caac.21492
https://doi.org/10.1093/ajcn/37.3.478
https://doi.org/10.1159/000026851
https://doi.org/10.1002/1097-0142(19860501)57:9%3C1866::aid-cncr2820570928%3E3.0.co;2-t
https://doi.org/10.1002/1097-0142(19860501)57:9%3C1866::aid-cncr2820570928%3E3.0.co;2-t
https://doi.org/10.1016/0002-9343(83)91066-5
https://doi.org/10.1016/0277-5379(91)90307-Y
https://doi.org/10.1016/0959-8049(94)90417-0
https://doi.org/10.1002/jor.23598
https://doi.org/10.21873/anticanres.12834
https://doi.org/10.12659/MSM.906867
https://doi.org/10.1002/jor.23002
https://doi.org/10.1093/jnci/dju124
https://doi.org/10.1016/j.cca.2009.01.019
https://doi.org/10.3322/caac.21388
https://doi.org/10.3322/caac.21388
https://doi.org/10.1016/S2213-8587(18)30288-2
https://doi.org/10.7150/ijbs.41125
https://doi.org/10.3748/wjg.v23.i28.5206
https://doi.org/10.1016/S0140-6736(05)17706-X
https://doi.org/10.3816/CCC.2005.n.031
https://doi.org/10.1200/JCO.2008.17.7147
https://doi.org/10.1093/annonc/mdp012
https://doi.org/10.1159/000469669
https://doi.org/10.1016/S0140-6736(69)90751-X
https://doi.org/10.1016/S0140-6736(69)90751-X
https://doi.org/10.1146/annurev.me.39.020188.002341
https://doi.org/10.1038/nrdp.2017.105
https://doi.org/10.1038/nrdp.2017.105
https://doi.org/10.1001/jamaoncol.2018.0137
https://doi.org/10.1001/jamaoncol.2018.0137
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yang et al. Scr and OS in CRC
Study (C-SCANS). J Cachexia Sarcopenia Muscle (2018) 9(4):664–72. doi:
10.1002/jcsm.12305

28. Blauwhoff-Buskermolen S, Versteeg KS, de van der Schueren MA, den Braver
NR, Berkhof J, Langius JA, et al. Loss of Muscle Mass During Chemotherapy
Is Predictive for Poor Survival of Patients With Metastatic Colorectal Cancer.
J Clin Oncol (2016) 34(12):1339–44. doi: 10.1200/JCO.2015.63.6043

29. Alexandrov NV, Eelderink C, Singh-Povel CM, Navis GJ, Bakker SJL,
Corpeleijn E. Dietary Protein Sources and Muscle Mass Over the Life
Course: The Lifelines Cohort Study. Nutrients (2018) 10(10):1471. doi:
10.3390/nu10101471

30. Keum N, Giovannucci E. Global Burden of Colorectal Cancer: Emerging
Trends, Risk Factors and Prevention Strategies. Nat Rev Gastroenterol Hepatol
(2019) 16(12):713–32. doi: 10.1038/s41575-019-0189-8

31. Feliciano EMC, Kroenke CH, Meyerhardt JA, Prado CM, Bradshaw PT, Kwan
ML, et al. Association of Systemic Inflammation and Sarcopenia With
Survival in Nonmetastatic Colorectal Cancer: Results From the C SCANS
Study. JAMA Oncol (2017) 3(12):e172319. doi: 10.1001/jamaoncol.2017.2319

32. Armstrong LE, Munoz CX, Armstrong EM. Distinguishing Low and High
Water Consumers-A Paradigm of Disease Risk. Nutrients (2020) 12(3):858.
doi: 10.3390/nu12030858

33. Wong SH, Yu J. Gut Microbiota in Colorectal Cancer: Mechanisms of Action
and Clinical Applications. Nat Rev Gastroenterol Hepatol (2019) 16(11):690–
704. doi: 10.1038/s41575-019-0209-8

34. Tilg H, Adolph TE, Gerner RR, Moschen AR. The Intestinal Microbiota in
Colorectal Cancer. Cancer Cell (2018) 33(6):954–64. doi: 10.1016/
j.ccell.2018.03.004

35. Ortega-Hernandez J, Springall R, Sanchez-Munoz F, Arana-Martinez JC,
Gonzalez-Pacheco H, Bojalil R. Acute Coronary Syndrome and Acute
Kidney Injury: Role of Inflammation in Worsening Renal Function. BMC
Cardiovasc Disord (2017) 17(1):202. doi: 10.1186/s12872-017-0640-0

36. Lameire NH, Flombaum CD, Moreau D, Ronco C. Acute Renal Failure in Cancer
Patients. Ann Med (2005) 37(1):13–25. doi: 10.1080/07853890510007205

37. Slagelse C, Gammelager H, Iversen LH, Sorensen HT, Christiansen CF. Acute
Kidney Injury and 1-Year Mortality After Colorectal Cancer Surgery:
Frontiers in Oncology | www.frontiersin.org 9
A Population-Based Cohort Study. BMJ Open (2019) 9(3):e024817. doi:
10.1136/bmjopen-2018-024817

38. Lameire N, Vanholder R, Van Biesen W, Benoit D. Acute Kidney Injury in
Critically Ill Cancer Patients: An Update. Crit Care (2016) 20(1):209. doi:
10.1186/s13054-016-1382-6

39. Jones JD, Burnett PC. Creatinine Metabolism in Humans With Decreased
Renal Function: Creatinine Deficit. Clin Chem (1974) 20(9):1204–12. doi:
10.1093/clinchem/20.9.1204

40. Hankins DA, Babb AL, Uvelli DA, Scribner BH. Creatinine Degradation I:
The Kinetics of Creatinine Removal in Patients With Chronic Kidney Disease.
Int J Artif Organs (1981) 4(1):35–9.

41. Mitch WE, Collier VU, Walser M. Creatinine Metabolism in Chronic Renal
Failure. Clin Sci (Lond) (1980) 58(4):327–35. doi: 10.1042/cs0580327

42. Zhang Z, Pereira SL, Luo M, Matheson EM. Evaluation of Blood Biomarkers
Associated With Risk of Malnutrition in Older Adults: A Systematic Review
and Meta-Analysis. Nutrients (2017) 9(8):829. doi: 10.3390/nu9080829

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Yang, Zhang, Ruan, Tang, Zhang, Song, Zhang, Zhang, Ge and Shi.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
October 2021 | Volume 11 | Article 710423

https://doi.org/10.1002/jcsm.12305
https://doi.org/10.1200/JCO.2015.63.6043
https://doi.org/10.3390/nu10101471
https://doi.org/10.1038/s41575-019-0189-8
https://doi.org/10.1001/jamaoncol.2017.2319
https://doi.org/10.3390/nu12030858
https://doi.org/10.1038/s41575-019-0209-8
https://doi.org/10.1016/j.ccell.2018.03.004
https://doi.org/10.1016/j.ccell.2018.03.004
https://doi.org/10.1186/s12872-017-0640-0
https://doi.org/10.1080/07853890510007205
https://doi.org/10.1136/bmjopen-2018-024817
https://doi.org/10.1186/s13054-016-1382-6
https://doi.org/10.1093/clinchem/20.9.1204
https://doi.org/10.1042/cs0580327
https://doi.org/10.3390/nu9080829
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Association Between Serum Creatinine Concentrations and Overall Survival in Patients With Colorectal Cancer: A Multi-Center Cohort Study
	Introduction
	Materials and Methods
	Study Population
	Patient Characteristics and Outcomes
	Statistical Analysis

	Results
	Study Population and Baseline Characteristics
	Association Between Scr Concentrations and OS in Patients With CRC
	Sex-Specific Associations Between Scr Concentrations and OS in Patients With CRC
	Sensitivity Analyses
	Analyses Stratified by Potential Effect Modifiers
	Survival and Cross-Classified Analysis

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


