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Abstract \
To identify the value of predictors of poor prognosis of elderly patients with rectal cancer who underwent surgery, we investigated the |
relations between albumin to globulin ratio (AGR) and clinicopathological findings.

We conducted a retrospective cohort study of clinicopathological characteristics (general status, pathological features of tumors,
preoperative laboratory data, disease free, and overall survival) for elderly patients with stage I-lll rectal cancer. The AGR is calculated
as albumin/(total protein — albumin).

According to the optimal cut-off point of AGR (1.43), the enrolled patients were divided into low AGR (n=83) and high AGR (h=
136) groups. Meanwhile, age, hemoglobin, tumor size, and differentiation degree were the independent risk factors of low
preoperative AGR value. Compared to patients with high AGR, those with low AGR were related to worse disease-free survival (DFS)
(P=.0008) and overall survival (OS) (P=.0003). Moreover, in multivariate analysis, low AGR and poor TNM stage were the
independent predictor of poor DFS and OS. Finally, the nomograms illustrated the effect of prognostic factors on DFS and OS.

Preoperative AGR has a significant prognostic value and was identified as an independent predictor of DFS and OS in elderly rectal
cancer patients.

Abbreviations: AGR = albumin to globulin ratio, ALB = albumin, BMI = body mass index, DFS = disease-free survival, GLB =

globulin, HR = hazard ratio, OS = overall survival, ROC = receiver operating characteristics, TP = total protein.
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1. Introduction

Colorectal cancer is the third site of malignant tumors
worldwide.!"! Compared with colon cancer, the incidence of
rectal cancer increases with age and slightly decrease after
80 years.!>3! Thus, rectal cancer is the most common tumors in
the population of elderly. These patients were frequently
associated with more comorbidities, poorer general conditions,
and shorter life expectancy. Therefore, whether it is safe or
beneficial to perform radical curative procedure for elderly
patients is under controversy. As a result, the identification of a
reliable biomarker which can precisely predict the prognosis of
elderly patients with rectal cancer is very imperative.
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The total protein (TP) is composed of albumin (ALB) and
globulin (GLB). Albumin to globulin ratio (AGR) is calculated as
AGR=ALB/(TP — ALB).""! Depending on different physical
conditions, patients with the same TP could have different
composition of ALB and GLB. In 1917, Hurwitz et al described
the relationship between AGR and experimental intoxication and
infection conditions in animals.”®! This is the first practical
application of AGR. Nowadays, low AGR is proved to be a
significant predictor of soon recurrence and poor survival status
of several types of cancer.'”” In colorectal cancer patients,
several studies reported that low preoperative AGR is closely
associated with poor long-term survival.'®'"! However, few
randomized controlled trials have focused on elderly patients.
Consequently, the relation between AGR and elderly patient with
rectal cancer is not quite clear to date.

The purpose of this study is to investigate the association
between AGR and long-term survival, including disease-free
survival (DFS) and overall survival (OS) in elderly patients with
rectal cancer who underwent surgery.

2. Methods

2.1. Patients and methods

This is a retrospective cohort study of elderly patients (>65 years)
with rectal cancer who underwent surgery at our institution
between January 1st, 2010 and January 1st, 2015. The exclusion
criteria included: patients younger than 65 years; those who had
pre-existing liver diseases, other malignancies, and inflammatory
diseases, including autoimmune disorder and infection; those
who could not tolerate surgery; complete follow-up data were not
unavailable. A total of 219 patients matched the inclusion and
exclusion criteria.
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Clinic characteristics between low (AGR <1.43) and high AGR (AGR >1.43) group.

Parameters Total (n=219) Low group (n=83) High group (n=136) P

Age, yr
<75 129 (58.9%) 36 (43.4%) 85 (66.2%) .006
>75 90 (41.1%) 47 (56.6%) 51 (33.8%)

Gender
Male 135 (61.6%) 56 (67.5%) 79 (58.1%) 198
Female 84 (38.4%) 27 (32.5%) 57 (41.9%)

BMI
<25 178 (81.3%) 64 (77.1%) 114 (83.8%) 216
>25 41 (18.7%) 19 (22.9%) 22 (16.2%)

Cardiovascular disease
Yes 119 (54.3%) 50 (60.2%) 69 (50.7%) a7
No 100 (45.7%) 33 (39.8%) 67 (49.3%)

Diabetes mellitus
Yes 25 (11.4%) 8 (12.7%) 14 (10.3%) 504
No 174 (79.5%) 72 (87.3%) 122 (89.7%)

Pulmonary disease
Yes 12 (5.5%) 4 (4.8%) 8 (5.9%) 737
No 207 (94.5%) 79 (95.2%) 128 (94.1%)

CCl
2-3 92 (42.0%) 28 (44.4%) 64 (47.1%) .053
4-7 127 (58.0%) 55 (55.6%) 127 (52.9%)

Preoperative laboratory tests (median=+ SD)
Hemoglobin, g/dI 12.80+1.82 11.98+2.19 13.29+1.30 .000
Albumin, g/di 3.98+0.43 3.75+0.42 410+0.38 .000
Total protein, g/dI 6.67+0.65 6.73+£0.72 6.56+0.59 .068
Neutrophil count, k/cm® 3.96+1.68 3.95+1.49 3.97+1.78 .946
Lymphocyte count, k/cm® 1.50+0.60 1.58+0.61 1.47+0.59 .209
CEA, ng/ml

<5 131 (59.8%) 51 (61.4%) 80 (58.8%) 701
>5 88 (40.2%) 32 (38.6%) 56 (41.2%)

Operation time, min
<120 67 (30.6%) 16 (19.3%) 51 (37.5%) .005
>120 152 (69.4%) 67 (80.7%) 85 (62.5%)

Surgical procedure
Laparotomy 80 (36.5%) 27 (32.5%) 53 (39.0%) 337
Laparoscope 139 (63.5%) 56 (67.5%) 83 (61.0%)

Tumor size, mm
<50 162 (74.0%) 55 (66.3%) 107 (78.7%) .042
>50 57 (26.0%) 28 (33.7%) 29 (21.3%)

Differentiation degree
Well-moderate 147 (67.1%) 62 (74.7%) 85 (62.5%) .062
Poor 72 (32.9%) 21 (25.3%) 51 (37.5%)

Nerve or vascular invasion
Absent 210 (95.9%) 78 (94.0%) 132 (97.1%) .265
Present 9 (4.1%) 5 (6.0%) 4 (2.9%)

T stage
T 5 (2.3%) 0 (0.0%) 5 (3.7%) .255
T2 35 (16.0%) 15 (18.1%) 20 (14.7%)
T3 156 (71.2%) 61 (73.5%) 95 (69.9%)
T4 23 (10.5%) 7 (8.4%) 16 (11.7%)

N stage
NO 118 (53.9%) 43 (51.8%) 75 (55.1%) 758
N1 59 (26.9%) 22 (26.5%) 37 (27.2%)
N2 42 (19.2%) 18 (21.7%) 24 (17.7%)

TNM stage
| 29 (13.2%) 10 (12.0%) 20 (14.7%) .854
II 89 (40.6%) 31 (37.4%) 50 (36.8%)
I 94 (42.9%) 42 (50.6%) 66 (48.5%)

AGR=albumin to globulin ratio, BMI=body mass index, CCl=Charlson comorbidity index, SD = standard deviation.
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Binary logistic regression analysis of low AGR (AGR < 1.43)

associated risk factors.

Parameter OR (95% CI) P
Age: <75 versus >75, yr 1.623 (1.515-2.103) .031
Gender: male versus female 0.782 (0.407-1.502) 461
BMI: <25 versus >25 0.646 (0.296-1.409) 272
Cardiovascular disease: yes versus no 0.653 (0.341-1.252) .200
Diabetes mellitus: yes versus no 0.615 (0.229-1.648) 334
Pulmonary disease: yes versus no 1.400 (0.373-5.248) 618
Preoperative HB: <12 versus >12, g/dl 3.814 (1.835-7.926) .000
Preoperative CEA: <5 versus >5, ng/ml 1.552 (0.785-3.069) .206
Tumor size: <50 versus >50, mm 0.468 (0.220-0.996) .049
Differentiation degree: poor versus well-moderate  2.450 (1.189-5.046) .015
Neurovascular invasion: present versus absent 0.265 (0.055-1.270) .097
T stage (referent; T1)

T2 0.299 (0.052-1.707) 174

T3 0.436 (0.148-1.968) 214

T4 0.565 (0.186-1.768) .326
N stage (referent: NO)

N1 3.121 (0.335-29.098)  .318

N2 1.495 (0.587-3.806) .399

TNM stage (referent: )
Il 0.748 (0.054-10.272)  .828
[ 0.449 (0.05-3.952) A7

AGR =albumin to globulin ratio, BMI=body mass index, Cl = confidence interval, HB =hemoglobin,
OR = odds ratio.

The TNM classification of union for International Cancer
Control (Eighth Edition) was used to stage the tumor in each
patient.!*?! All patients were followed up after surgery until death
or January 1st, 2018, using our standard protocol every 3 months
for the first year after surgery, every 4 months for the second year
and half a year for the rest of the time. The protocol included
tumor marker, colonoscopy examinations, abdominal ultraso-
nography, abdomen, and chest CT.

The data regarding patients’ demographic characteristics,
comorbidities, preoperative laboratory data, pathology (tumor
size, cell differentiation, lymph node metastasis, neurovascular
invasion, and tumor staging), and surgical treatment were
collected from the hospital’s database by using electronic medical
record software. The follow-up survey data were collected from
outpatient record, including DFS and OS.

www.md-journal.com

The receiver operating characteristics (ROC) curve was used to
determine the optimal cut-off point for predicting the recurrence
of cancer. The predictive value of AGR was 1.43 with 71.7% of
the area under the ROC curve. According to this cut-off point,
patients enrolled were divided into low and high AGR group.

This study was conducted in accordance with guidelines of the
1975 Declaration of Helsinki. All patients obtained informed
consent. This study and protocol were designed with permission
by our institutional review board.

2.2. Statistical analysis

For comparison between low and high AGR groups, independent
¢ test was used to analyze the continuous variables. Categorical
variables are presented as frequencies and percentages and were
analyzed by using chi-square or 2-tailed Fisher exact tests. The
binary logistic regression analysis was used to find independent
risk factors of the low preoperative AGR value. The DFS was
defined as the date from surgery to the date of cancer recurrence
or death due to the disease progression. The OS was measured
from the date of surgery to the date of the death resulting from
any cause or the follow-up deadline. Survival rates were analyzed
using the Kaplan—Meier methods and compared using the log-
rank test. The hazard ratio (HR) of recurrence and death was
calculated by using Cox’s proportional hazards models. Nomo-
grams were performed to illustrate the effect of prognostic factors
on DFS and OS. The risk score, based on Cox regression
coefficients, was a combination of the values of independent
prognostic factors calculated by their respective Cox regression
analysis. A result was defined statistically significant with P <.05.
All statistical analyses were performed using Statistical Package
for Social Science version 22.0 (IBM Corp, Armonk, NY).
Nomograms were performed using R software (version 3.5.2;
WWW.r-project.org).

3. Result

3.1. Characteristics of entire cohort

This study enrolled 219 patients, including 135 (61.6%) males
and 84 (38.4%) females aged 65 to 93 years (median age of 74
years). The median follow-up time was 48.89+19.15 months.
Among them, 30 patients had stage I (13.7%), 81 had stage II
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Figure 1. Kaplan—-Meier survival curve of elderly patients with rectal cancer. K-M curve for DFS (A); K-M curve for OS (B). AGR =albumin to globulin ratio, DFS =

disease-free survival, K-M = Kaplan-Meier, OS = overall survival.
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Cox proportional hazard model analysis of predictors of disease-free survival (DFS) of elderly patients with rectal cancer.

Univariate Multivariate
Parameter HR (95% Cl) P HR (95% CI) P
Age, yr: >75 versus <75 2.295 (1.192-4.416) .013
Gender: Male versus female 1.309 (0.672-2.548) 429
BMI: >25 versus <25 0.592 (0.232-1.515) 274
Cardiovascular disease: Yes versus no 1.169 (0.621-2.202) .628
Diabetes mellitus: Yes versus no 1.258 (0.492-3.217) .633
Pulmonary disease: Yes versus no 0.433 (0.059-3.157) 409
Preoperative hemoglobin, g/d!: >12.0 versus <12.0 0.451 (0.236-0.862) .016 0.811 (0.382-1.724) 587
Preoperative albumin, g/di: >3.5 versus <3.5 0.243 (0.126-0.469) .000 0.471 (0.221-1.003) .051
Preoperative AGR: >1.43 versus <1.43 0.351 (0.185-0.666) .001 0.330 (0.164-0.663) .002
Preoperative CEA, ng/ml: >5 versus <5 2.604 (1.374-4.918) .003 1.831 (0.907-3.694) .091
Tumor size, mm: >50 versus <50 1.476 (0.747-2.915) .263
Differentiation degree: Poor versus well-moderate 2.743 (1.450-5.145) .002 1.956 (1.004-3.828) .051
Neurovascular invasion: Present versus absent 2.427 (0.862—6.832) .093
TNM stage: Il versus I-II 8.458 (3.305-21.648) .000 6.544 (2.475-17.301) .000
Surgical procedure: Laparotomy versus laparoscope 1.275 (0.646-2.516) 485

AGR =albumin to globulin ratio, BMI=body mass index, CI = confidence interval, HR = hazard ratio.

(37.0%), and 108 had stage III (49.3 %) rectal cancer. During the
follow-up, 56 patients were dead.

3.2. Association and difference between low and high
AGR group

The whole group was divided into low AGR (n=83) and high
AGR (n=136) groups according to the cut-off point of AGR
(1.43). Age, preoperative hemoglobin, ALB, operation time, and
tumor size were obtained significantly different between the 2
groups (Table 1).

3.3. The independent risk factors of preoperative low
AGR value

The binary logistic regression analysis revealed age, hemoglobin,
tumor size, and differentiation degree were independent risk
factors of low preoperative AGR value. Patients who were older
than 75 years (odds ratio [OR]=1.623; 95% confidence interval
[CI]: 1.515,2.103; P=.031) and with hemoglobin less than 12 g/dl

(OR=3.814; 95% CI: 1.835, 7.926; P=.000), tumor size larger
than 50mm (OR=0.468; 95% CI: 0.220, 0.996; P=.049), and
poor differentiation degree (OR=2.450; 95% CI: 1.189, 5.046;
P=.015) had a higher incidence of low AGR value compared of
others (Table 2).

3.4. Survival analysis (DFS and OS) according to the
preoperative AGR value

The analysis of DFS and OS of elderly rectal cancer patients
showed DFS (Fig. 1A) and OS (Fig. 1B) were significantly worse
in patients with low AGR than others (DFS, P=.0008; OS,
P=.0003).

3.5. Identified independent prognostic factors for
DFS and OS

Univariate analysis of DFS showed that preoperative low
hemoglobin, low ALB, low AGR, high CEA, and poor TNM
stage were associated with earlier cancer recurrence. Multivariate

Cox proportional hazard model analysis of predictors of overall survival (OS) of elderly patients with rectal cancer.

Univariate Multivariate

Parameter HR (95% Cl) P HR (95% CI) P
Age, yr: >75 versus <75 1.135 (0.789-2.194) 293

Gender: Male versus female 0.993 (0.589-1.676) .980

BMI: >25 versus <25 0.780 (0.383-1.587) .340

Cardiovascular disease: Yes versus no 1.537 (0.910-2.597) 108

Diabetes mellitus: Yes versus no 1.307 (0.620-2.756) 481

Pulmonary disease: Yes versus no 0.582 (0.140-2.388) 453

Preoperative hemoglobin, g/d!: >12.0 versus <12.0 0.613 (0.357-1.052) .076

Preoperative albumin, g/di: >3.5 versus <3.5 0.343 (0.195-0.602) .000 0.554 (0.303-1.012) .055
Preoperative AGR: >1.43 versus <1.43 0.400 (0.239-0.670) .001 0.325 (0.183-0.577) .000
Preoperative CEA, ng/ml: >5 versus <5 1.965 (1.175-3.284) .010 1.777 (1.026-3.080) .040
Tumor size, mm: >50 versus <50 1.483 (0.858-2.562) .158

Differentiation degree: Poor versus well-moderate 2.075 (1.245-3.458) .005 1.799 (1.043-3.036) .035
Neurovascular invasion: Present versus absent 2.679 (1.149-6.244) .022 0.831 (0.345-2.001) .680
TNM stage: Il versus I-II 5.950 (3.087-11.471) .000 5.547 (2.816-10.926) .000
Surgical procedure: Laparotomy versus laparoscope 1.146 (0.668-1.965) .621

AGR=albumin to globulin ratio, BMI=body mass index, Cl=confidence interval, HR = hazard ratio.
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Figure 2. Nomogram for predicting DFS in elderly patients with rectal cancer. AGR=albumin to globulin ratio, DFS = disease-free survival.

analysis suggested that low AGR (HR=0.330; 95% CI: 0.164,
0.663; P=.002) and poor TNM stage (HR=6.544; 95% CI:
2.475, 17.301; P=.000) were the independent predictors
(Table 3).

In the univariate analysis of OS, preoperative low ALB, low
AGR, high CEA, present of neurovascular invasion, poor
differentiation degree, and TNM stage were significantly
associated with poor prognosis. Multivariate analysis revealed
low AGR (HR=0.325; 95% CI: 0.183, 0.5779; P=.000), high
CEA (HR=1.777; 95% CIL: 1.026, 3.080; P=.040), poor
differentiation degree (HR=1.799; 95% CI: 1.043, 3.036;
P=.035), and poor TNM stage (HR=5.547; 95% CI: 2.816,
10.926; P=.000) were independent predictors of OS (Table 4).

Nomograms were performed to illustrate the effect of
prognostic factors on DFS (Fig. 2) and OS (Fig. 3) according
to the Cox regression coefficients.

4. Discussion

In the present study, our main finding is that the low AGR is a
significantly independent predictor of early recurrence and poor
prognosis in elderly rectal cancer patients. As observed, patients
with low AGR were older and had hypohemoglobinemia,
hypoalbuminemia, large tumor size, and advanced tumor stages.
Poor nutrition status and tumor pathological features were
independent risk factors of low AGR.

Systemic chronic inflammation is closely associated with tumor
development, proliferation, metastasis, and poor prognosis in
various types of cancer.'>'! The mechanism of systemic

inflammation may be the chronic oxidative stress and general
oxygen free radicals,"*! which can be evaluated by white blood
cell count, neutrophil count, c-reactive protein (CRP), and so on.

ALB is the most abundant serum protein which is mainly
produced by hepatic cell. Hypoalbuminemia often occurs in
hepatic dysfunction, malnutrition, and systemic inflammation.
There exists close interactions between ALB and tumors. Low
ALB level is often associated with poor prognosis in several types
of digestive cancer, including esophageal cancer,'®! gastric
cancer,!'”! colon cancer,™®! pancreatic cancer,’*”! and hepatic
cancer.?%! First, patients with gastrointestinal cancer often suffer
from poor absorption, which results in hypoalbuminemia.*!!
Second, the tumor can cause chronic inflammation which will
produce some cytokines, such as interleukin (IL)-1B, IL-6, and
tumor necrosis factor. These cytokines promote the inhibition of
ALB synthesis and the enhancement of capillary permeability,
which will induce the loss of ALB.*?! In addition, several
anticancer mechanisms of circulating ALB, including its antioxi-
dant function, have been observed in previous studies.[*>>4

In contrast, GLB, the carrier of sex hormones, is thought to
reflect most pro-inflammation protein, such as complement
components, immunoglobins, CRP, ILs, and tumor necrosis
factors.?’! Previous studies have shown that serum globin level is
an independent predictor of long-term mortality in several kinds
of malignancies.!*¢~2%!

The AGR is composed of these 2 major elements of serum
protein and affected by patients’ nutritional status and systemic
inflammation. Emerging evidences indicate that pretreatment
AGR is potential prognostic biomarker for several kinds of
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Figure 3. Nomogram for predicting OS in elderly patients with rectal cancer. AGR =albumin to globulin ratio, OS = overall survival.

cancer.*’ To examine the relevance between AGR and prognosis
in patients with colorectal cancer, Azab et al have enrolled 534
patients into their study. The result showed AGR was
independent predictor of long-term survival in patients with
colorectal cancer regardless of value of pretreatment ALB.!'% In
another study, Fujikawa et al also found that preoperative AGR
was an independent predictor of recurrence and poor prognosis
of patients with colon cancer patients.”" ! These studies have only
focused on the prognosis in general population with colorectal
cancer. They have failed to consider the elderly are the main part
of rectal cancer patients, because the incidence of rectal cancer
increases with age and slightly decrease after 80 years.'*! Our
major finding fills the gap in time.

The NCCN guidelines suggested patients with stage I-II rectal
cancer who underwent surgery with high-risk factors such as
positive margin, lymphatic and vascular invasion, poorly differenti-
ated histology, obstruction, perforation, and <13 lymph nodes in
the surgical specimen should have postoperative adjuvant chemo-
therapy.*®! By comparison, all patients with lymph node metastasis
should receive postoperative adjuvant chemotherapy. The standard
treatment is capecitabine/oxaliplatin regimen or folinic acid/
fluorouracil/oxaliplatin regimen.*”! However, not all elderly
patients are suitable for adjuvant chemotherapy, because their
condition is much more complicated than young patients, such as
more varied comorbidities, poorer nutrition condition and recovery
capability, shorter life expectancy and worse tolerance of adverse
effect. In our present study, these risk factors were identified using
univariate and multivariate analysis. The result revealed that AGR
was more accurate than other factors in predicting cancer recurrence

and mortality. Therefore, preoperative AGR may be a promising
and convenient biomarker, which can help physician to decide who
really need radical curative therapy.

AGR is a ratio combined with ALB and GLB, which is less
vulnerable to the measurement variability compared to the
absolute value like ALB. Then, the variation of AGR is the result
of the interaction both of ALB and GLB. AGR has a high
tolerance because the false positive and negative rate is low.
Besides, AGR has already been given in the serum biochemical
test in most hospitals, so it can be measured easily at a low cost.
Therefore, AGR can be widely applied in clinical practice.

There are some limitations of our study. First, this is a
retrospective study based on 1 single center. Second, the
concentrations of GLB were calculated through formula (GLB
=TP — ALB). Data of GLB value on direct laboratory measure-
ment is not available in our hospital. Third, some other nutrition
and inflammation biomarkers are not included, such as pre-ALB,
CRP and cytokine.

In conclusion, Preoperative low AGR is a significantly
independent predictor of early recurrence and poor survival in
elderly patients with rectal cancer. Poor nutrition status and
tumor pathological features may be the high-risk factors of low
AGR. These findings facilitate the best choice of treatment in the
elderly population with rectal cancer.
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