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Abstract

Background Low serum albumin was found as a predictor of
long-term mortality in colorectal cancer (CRC) patients. Our
aim was to evaluate the value of the pretreatment albumin/
globulin ratio (AGR) to predict the long-term mortality in
CRC patients.

Methods Patients were included if they had comprehensive
metabolic panel (CMP) before treatment (surgery or chemo-
therapy). The albumin/globulin ratio, routinely reported in
CMP, is calculated [AGR = Albumin/(Total protein — Albu-
min)]. Patients were divided into three equal tertiles
according to their pretreatment AGR. The primary outcome
was cancer-related mortality, which was obtained from our
cancer registry database.
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Results A total of 534 consecutive CRC patients had pre-
treatment CMP. The 1st AGR tertile had a significant higher
4-year mortality compared to the second and third AGR
tertiles (42 vs. 19 and 7 %, p<0.0001 according to Fisher’s
exact two-tailed test). In the multivariate model, AGR
remained an independent predictor of survival with 75 %
decrease in mortality among the highest AGR tertile in
comparison to the lowest AGR tertile, p<0.0001. In the
subset of 234 patients with normal serum albumin (albumin
of >3.5 g/dl), serum AGR continues to be an independent
predictor of cancer-related mortality with an adjusted hazard
ratio of the third tertile compared to the first tertile equal to
0.05 (95 % confidence interval 0.01-0.33, p=0.002).
Conclusion Low AGR was a strong independent predictor
of long-term cancer-specific survival among colorectal can-
cer patients. Additionally, among the patients with normal
albumin (>3.5 g/dl), patients with lower globulins but higher
albumin and AGR levels had better survival.

Keywords Colorectal cancer - Albumin globulin ratio -
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Introduction

Colorectal cancer (CRC) is the third leading cause of cancer
deaths in USA [1]. Multiple prognostic indicators such as
tumor extent, node status, lymphovascular invasion, residual
tumor, and tumor grade have been identified as predictors of
outcomes following the surgical treatment of the CRC [2-6].
Additionally, markers of inflammation such as neutrophils,
lymphocytes, monocytes, platelets, C-reactive proteins
(CRP) had been previously studied in cancers and were
found to have a prognostic value [7-9]. It has been demon-
strated that the proinflammatory chemokines and cytokines
in the tumor microenvironment aid in tumor progression,
invasion, metastasis, subversion of adaptive immunity, and
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reduced response to hormones and chemotherapeutic agents,
thus affecting survival [10].

Albumin and globulins, the two major constituents of
serum proteins, play a pivotal role in the inflammatory
process. Immunoglobulins and other acute-phase proteins
such as CRP, serum amyloid A, complement C3, fibrinogen,
and ceruloplasmin, which are part of the calculated globulins
play a crucial role in immunity and inflammation cascades
[11, 12]. Hence, we speculated that the increased level of
globulins serves as a marker of chronic inflammation and
reflects a cumulative exposure of various proinflammatory
cytokines. Moreover, hypoalbuminemia is not only a mere
marker of low nutritional status but also associated with
chronic inflammation [13]. Low albumin in cancer patient
can be the result of cytokine-induced suppression [14] or
increased degradation as shown in sarcoma-bearing mice
models [15]. Prior studies have identified the negative im-
pact of hypoalbuminemia on survival in CRC patients [16,
17]. However, none of the previous studies looked into the
effects of both albumin and globulin on CRC patients. The
purpose of this study is to assess the effect of albumin to
globulin ratio on CRC survival.

Methods

This is a retrospective, longitudinal, cohort study of unselect-
ed consecutive 651 patients diagnosed with CRC at a tertiary
cancer care center between 2005 and 2011. The patients were
included in the cohort if they had comprehensive metabolic
panel (CMP) before their initial treatment modality (i.e., sur-
gery or chemotherapy). Exclusion criteria were as follows:
patients who had preexisting liver disease, on immunosup-
pressive therapy including recent steroid exposure, or with
chronic inflammatory disease including autoimmune disorder
and infection; those who received preoperative chemotherapy;
and those presented with bowel obstruction. Out of the 651
patients, a total of 534 patients matched the inclusion and
exclusion criteria. The data regarding patient’s demographic
characteristics, comorbidities, tumor pathology and stage,
treatment modalities, and laboratory variables were collected
from the hospital’s database using electronic medical record
(EMR) software. The American Joint Committee on Cancer
(AJCC) staging system was used to stage the tumor in each
subject. Cardiopulmonary disease included any history of
congestive heart failure, ischemic heart disease, chronic lung
disease, or cerebrovascular disease. Serum chemistries were
determined by Beckman coulter (Synchron® System, Ana-
heim, CA). The total protein level was measured through a
reaction between cupric ions in an alkaline solution with pro-
teins and polypeptides containing at least two peptide bonds to
produce a violet-colored complex. The combination between
albumin and bromocresol purple reagent to form a colored
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complex product was the basis of albumin measurement in
this study. The albumin/globulin ratio (AGR) was calculated
[AGR = Albumin/(Total protein — Albumin)]. The primary
end point of the study was the cancer-related survival. The
data on mortality were taken from the cancer registry, EMR,
and Social Security Death Index. The study design and pro-
tocol were approved by our institutional review board.

Statistical analysis

Patients were divided into equal tertiles according to the 33rd
and 66th AGR percentile (that is the third or highest AGR tertile,
including the patient with the uppermost 33 % AGR values).
Accordingly, the AGR tertiles were AGR first tertile of <1.028,
AGR second tertile of 1.028-1.321, and AGR third tertile of
>1.321, and albumin tertiles were albumin first tertile of
<3.1 g/dl, albumin second tertile of 3.1-3.7 g/dl, and albumin
third tertile of >3.7 g/dl. Continuous variables are presented as
means and standard deviations, and categorical variables are
presented as frequencies and percentages. For group compari-
sons, chi-square and two-tailed Fisher’s exact tests were used for
categorical variables, and analysis of variance and Kruskal-
Wallis tests were used for continuous variables (depending on
the distribution of the continuous variables). The study was
powered to evaluate the 4-year mortality rate with an estimate
of 7 % difference in mortality among the three AGR tertiles (68,
75, and 82 %). A minimum of 153 patients in each AGR tertile
was required to detect the aforementioned estimated difference
in mortality with 80 % power and <5 % type 1 error. A
univariate screen of all potential predictors of mortality using
the Cox proportional hazard model for each variable was
performed. Those variables that were clinically and statistically
significant in the univariate analysis were included in multivar-
iate Cox regression models. In the multivariate models, the
nonsignificant variables were removed by backward selection.
Albumin and globulin were excluded as they were used in the
calculation of AGR. Statistical analysis was performed using the
SPSS version 19.0 (SPSS A, Inc., Chicago, IL, USA). A result
was considered statistically significant with p value of <0.05.

Results
Baseline characteristics

The average age of the patients was 69 years, 53 % females,
88 % whites, and 15 % had previous history of cancers. Most of
the patients had grade 2 histology (67 %), followed by grades 3
and 1 (25.88 and 6.63 %, respectively). Also, the AJCC staging
among patients was distributed as 25, 31, 26, and 18 % for
stages 1, 2, 3, and 4, respectively. The patients in the lowest
AGR tertile were significantly older with higher rates of female
gender and advanced cancer stages compared to the higher
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AGR tertiles. Additionally, the lowest AGR tertile had signifi-
cantly lower rates of treatments with surgery and chemotherapy.
Moreover, those patients in the lowest AGR tertile had signif-
icantly higher proinflammatory hematological parameters (leu-
kocyte, neutrophil, platelet counts) compared to those in the
higher AGR tertiles (Table 1).

Primary outcome according to AGR and albumin tertiles

During the follow-up period of 4 years (an average and
median follow-up period=40 months), 120/534=22 %

patients died. When the groups were divided by AGR
tertiles, the lowest AGR tertile had a 4-year mortality rate
of 41.6 % as opposed to 18.54 and 7.3 % in the middle and
the highest AGR tertiles, p<0.0001. According to the albu-
min tertiles, the lowest albumin tertile had a higher 4-year
mortality rate of 38 % as opposed to 26 and 5 % in the middle
and the highest albumin tertiles, p<0.0001 (Fig. 1). Like-
wise, Kaplan—Meier curves showed significant lower 4-year
all-cause mortality rates in the third AGR and albumin
tertiles in comparison to the first AGR and albumin tertiles

(Fig. 2).

Table 1 Baseline characteristics of the colorectal cancer patients according to their pretreatment albumin/globulin ratio (AGR) tertiles

Variable Overall population AGR tertiles p value
n=>534 Ist tertile (n=178) 2nd tertile (n=178) 3rd tertile (n=178)

Age 68.85+12.86 71.91+12.90 68.70+12.82 65.94+12.22 <0.001
Female gender 283 (53) 111 (62.36) 86 (48.31) 86 (48.31) 0.009
Caucasian 472 (88.39) 155 (87.08) 151 (84.83) 166 (93.26) 0.037
Body mass index >30 185 (34.64) 56 (31.46) 58 (32.58) 71 (39.89) 0.19
History of other cancers 79 (14.79) 18 (10.11) 31 (17.42) 30 (16.85) 0.10
Diabetes mellitus 113 (21.16) 48 (26.97) 33 (18.54) 32 (17.98) 0.07
Cardiopulmonary disease 151 (28.28) 52 (29.21) 58 (32.58) 41 (23.03) 0.13
End-stage renal disease 11 (2.06) 5(2.81) 6 (3.37) 0 (0.00) 0.035
Tumor grade 0.22

1 32 (6.63) 11 (7.14) 5(3.11) 16 (9.52)

2 326 (67.49) 102 (66.23) 113 (70.19) 111 (66.07)

3 125 (25.88) 41 (26.62) 43 (26.71) 41 (24.40)
AJCC stage <0.001

1 122 (25.21) 23 (14.20) 38 (23.60) 61 (37.89)

2 152 (31.4) 57 (35.19) 55 (34.16) 40 (24.84)

3 125 (25.83) 34 (20.99) 42 (26.09) 49 (30.43)

4 85 (17.56) 48 (29.63) 26 (16.15) 11 (6.83)
Lymph nodes involved® 10.37+22.84 9.78+23.38 11.50+£23.67 9.83+21.51 0.57
Surgery 452 (84.96) 135 (76.70) 161 (90.45) 156 (87.64) 0.001
Radiotherapy 46 (8.65) 12 (6.82) 18 (10.11) 16 (8.99) 0.53
Chemotherapy 166 (31.2) 38 (21.59) 62 (34.83) 66 (37.08) 0.003
Laboratory parameters
Hemoglobin (g/dl) 11.5142.17 10.56+1.86 11.804+2.10 12.1742.22 <0.001
Leukocyte count (k/cm?*) 8.95+4.29 10.56+5.66 8.26£2.99 8.01+£3.24 <0.001
Neutrophil count (k/cm?) 6.55+4.22 8.19+5.69 5.84+2.70 5.64+3.16 <0.001
Lymphocyte count (k/cm®) 1.67+£3.10 1.84+5.27 1.57£0.79 1.60+0.86 0.14
Platelet count (k/cm®) 283.49+115.70 325.06+141.95 274.64+100.15 250.77+85.09 <0.001
Serum creatinine (mg/dl) 1.07+0.79 1.18+1.12 1.03+0.60 1.00+0.48 0.50
Fasting serum glucose (mg/dl) 112.85+47.60 121.40+53.45 109.87+48.74 107.26+41.95 0.003
Serum albumin (g/dl) 3.26+0.72 2.58+0.65 3.42+0.46 3.80+0.38 <0.001

Categorical variables are presented in frequencies and percentages, while continuous variables are presented in means and standard deviations

AJCC American Joint Committee on Cancer

*Expressed as the ratio of lymph nodes involved with tumor to total lymph nodes excised

The values set in italics are considered statistically significant at p<0.05
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Fig. 1 The 4-year cancer-related 45%
mortality among the colorectal P <0.0001* P <0.0001*
cancer patients, according to 40% -
their pretreatment serum albumin
and AGR, albumin, and AGR
with normal albumin. AGR 35% -
albumin/globulin ratio. Mortality
rates across AGR tertiles had chi- 30% -
square value of 62.4 and
»<0.0001, while across albumin
tertiles, rates were 60 and 25%
<0.0001, respectively =
20% -
15% -
10%
5% - 7.3%
5.1%
0%
AGR Albumin
| Tertile 1 Tertile 2 OTertile 3
g | Univariate screening of predictors of mortality
R The results of the univariate analysis, using the individual Cox
regressions, showed that age, cardiac or pulmonary disease,
8 grade 3 tumors, increase AJCC stages, and lymph node in-
volvement were all associated with an increase in mortality as
L. expected. Also, lower lymphocyte and elevated leukocyte and
° neutrophil counts were associated with an increase in mortality.
s | In terms of treatment, only surgical intervention was associated
® g . 0 - & o with a statistically significant decrease in mortality. The hazard
SHIED (meiiisy ratio of each unit increase of serum albumin was 0.34 [confi-
AGR tertile 1 AGR tertile 2 dence interval (CI) 0.27-0.42, p<0.001], while the hazard ratio
AGR tertile 3 o
of AGR was 0.06 (CI 0.03-0.11, p<0.001). Similarly, the
- lowest AGR and albumin tertiles had worse survival compared
2 9 to the higher AGR and albumin tertiles, respectively (Table 2).
® . . . .
% A Multivariate analysis of predictors of mortality
8 | Using the multivariate analysis, for each unit increase in the
o . .
serum albumin, the 4-year mortality decreased by 0.51(CI
g | 0.38-0.67, p<0.001), and for each unit increase in AGR, the
° 4-year mortality decreased by 0.17 (CI 0.09-0.34, p<0.001).
° Likewise, using the albumin and AGR tertiles, the hazard
o - . . .
S w . . w . . ratios of the second and third AGR tertiles were 0.52 (CI
0 20 40 60 80 100

Survival (months)

Albumin tertile 1
Albumin tertile 3

Albumin tertile 2

Fig. 2 The Kaplan—Meier curves showing the 4-year cancer-related
mortality among colorectal cancer patients according to their pretreat-
ment albumin/globulin ratio (AGR) and albumin tertiles
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0.34-0.80, p=0.003) and 0.25 (CI 0.13-0.49, p<0.001)
compared to the first AGR tertile (Table 3). Similarly, the
second and third albumin tertiles had better survival com-
pared to the first (lowest) albumin tertile [HR 0.73 (CI 0.47—
1.14, p=0.167) and 0.22 (CI 0.11-0.46, p<0.001), respec-
tively] (Table 3).
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Table 2 Univariate screening of predictors of the all-cause 4-year
cancer-related mortality among colorectal cancer patients

Table 3 The Cox proportional multivariate hazard model of the pre-
dictors of overall survival among colorectal cancer patients (n=534)

Variable HR 95 % CI p value Variable HR 95 %CI p value
Age (per year) 1.04 1.03-106 <0.001 Serum AGR (per unit) 0.17 0.09-0.34  <0.001
Female gender 1.23 0.86-1.76 0.27 Serum AGR (ref: 1st AGR tertile)
Caucasian 1.32 0.71-2.46 0.38 2nd AGR tertile 0.52  0.34-0.80 0.003
BMI 0.74 0.50-1.10 0.14 3rd AGR tertile 025 0.13-0.49 <0.001
Diabetes mellitus 1.01 0.65-1.56 0.97 Serum albumin (per unit) 0.51 0.38-0.67 <0.001
Cardiopulmonary disease 1.81 1.26-2.61 0.001 Serum albumin (ref: 1st albumin tertile)
End-stage renal disease 0.77 0.19-3.10 0.71 2nd albumin tertile 0.73 0.47-1.14 0.17
Tumor grade 3rd albumin tertile 022 0.11-0.46  <0.001
2 1.39 0.50-3.84 0.53 Neutrophil count 1.07 1.03-1.11  <0.001
3 3.72 1.33-10.39 0.012 Age (year) 1.05 1.03-1.06 <0.001
AJCC stage AJCC stage (ref: 1)
2 297 1.28-6.90 0.011 2 1.50 0.63-3.54 0.358
3 3.90 1.69-8.99 <0.001 3 242 1.00-5.87 0.05
4 19.96 9.09-43.83 <0.001 4 9.29 3.96-21.79 <0.001
Lymph nodes involved® 1.01 1.01-1.02 <0.001 Lymph nodes involved® 1.01 1.01-1.02  <0.001
Surgery 0.35 0.23-0.52 <0.001 Surgery 037 0.21-0.64 <0.001
Radiotherapy 087 0.4571.66 097 AGR tertles: 1t tertle of <1.028, 2nd tertile of 1.029-1.32, and 3rd
Chemotherapy 0.97 0.66-1.42 0.87 tertile t(f;? 1>??é2;sglt§3rlrl?note;tilés: 1’st l;lerttifert 101? ;3,1‘ g/dl, ind’t:?tile 1(ﬁ)f
Hemoglobin 0.87 0.80-0.95 0.001 3.2-3.7 g/dl, and 3rd tertile of >3.7 g/dl. Separate multivariate models
Total leukocyte 1.07 1.04-1.10 <0.001 were performed for albumin and AGR as the albumin was used to
Neutrophil count 1.08 1.05-1.11 <0.00;  calculate the AGR
Lymphocyte count 1.07 1.03-1.11 0.002 AJCC American joint committee of cancer, AGR albumin globulin ratio
Platelet count 1.00 1.00-1.00 0.37 *Expressed as the ratio of lymph nodes involved with tumor to total
. lymph nodes excised
Serum creatinine 1.11 0.94-1.32 0.22 o . o o
Serum glucose 1,00 1.00-1.01 024 The values set in italics are considered statistically significant at p<0.05
Serum albumin 0.34 0.27-0.42 <0.001
Albumin tertiles . . . .
nd 0.55 037-0.81 0.003 h?d .the lowest. albumin ansl the highest globulins tertlle's had
ard 0.10 0.05-0.20 <0.001 s1gr.11ﬁcantly higher mortghty (from the lowest to the highest
AGR 0.06 0.03-0.11 <0.001 tertiles, the 4-year m(.)rtaht}./ rates. were as follows: 14.5, 4.2,
AGR tertiles and 3.4 % for albumm.temles. with p value=0.022; 2.3, 5.7,
ond 0.35 0.53-0.52 <0.001 and 14.5 % for globulins tertiles .w1thp. value=0.0068; and
3rd 0.14 0.07-0.24 <0.001 14.8, 6.7, and 0 % for AGR tertiles with p value=0.0003)

AGR albumin globulin ratio, BMI body mass index expressed as a
continuous variable, ESRD end-stage renal disease, 4/CC American
joint committee of cancer

4 Expressed as the ratio of lymph nodes involved with tumor to total
lymph nodes excised

The values set in italics are considered statistically significant at p<0.05

Additional analyses

Further subsets analyses were conducted to determine if the
above association between AGR and mortality was merely
secondary to the hypoalbuminemia or early mortality. After
excluding patients with hypoalbuminemia (defined as albu-
min of <3.5 g/dl), 234 patients were analyzed. Among these
patients with normal albumin concentrations, patients who

(Fig. 3). Moreover, in this subset of 234 patients with normal
serum albumin, serum AGR continues to remain an indepen-
dent predictor of overall survival with an adjusted hazard ratio
of the third tertile compared to the first tertile equal to 0.05
(95 % C1 0.01-0.33, p=0.002).

In the second additional analysis of the subset of patients
that survived beyond 6 months of baseline AGR measure-
ment (467 patients), the lowest AGR tertile had a significant-
ly higher mortality in comparison to the higher AGR tertiles
(16.9 vs. 6.6 vs. 5.4 %, p=0.012) (Fig. 4).

Discussion

Our main finding is that the low pretreatment AGR is a
significant predictor of mortality in CRC patients. As
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Fig. 3 The 4-year cancer-related
mortality among colorectal
cancer patients with normal
serum albumin according to their
pretreatment serum albumin,
globulin, and albumin/globulin
ratio (AGR). The p values,
regard{ng the d1fference. m Highest albumin tertile(> 4.0}
mortality between the highest 4
and lowest tertiles, were
calculated according to two-
tailed Fisher’s exact test

Lowest albumin tertile(3.6-3.7)

Mid albumin tertile (2.8-3.9)

Highest globulin* tertile(> 3.0)
Mid globulin* tertile (2.7-3)

Lowest globulin®* tertile(< 2.7)

Lowest AGR tertile(<1.30)
Mid AGR tertile (1.30-1.50)

Highest AGR tertile(> 1.5) | 0.0%

0%

observed, patients with low AGR were older and had
advanced cancer stages, but after controlling for these
confounding variables, low AGR remained an indepen-
dent predictor of mortality. Further, the negative impact
of low AGR was also observed in patients with normal
serum albumin (patients with albumin of >3.5 g/dl). The
predictive value of low AGR was not solely explained
by the higher short-term mortality, as low AGR remains
a significant predictor of mortality in the patients who
survived beyond 6 months of their diagnosis and base-
line AGR measurement.

Fig. 4 The 4-year cancer-related
mortality according to the
pretreatment albumin/globulin
ratio (AGR) among colorectal

cancer patients who survived 18%
6 months after diagnosis. There
. . . 16%

was a significant difference in

mortality between the highest 14%

and lowest AGR tertiles, 12%

p=0.021, according to two-tailed |

Fisher’s exact test 10%
8%
6% -
4% -
2%
0% -

Highest AGR tertile(> 1.5)
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4-Year Cancer-related Mortality in colorectal
cancer patients with albumin > 3.5gm/dl.

14.5%
" p=0.022
4.2%
3.4%

14.5%

5.7% p=0.0068
2.3%
14.8%

6.7% p =0.0003
2% 4% 6% 8% 10% 12% 14% 16%

4-Year Mortality

Low albumin as a predictor of poor survival in CRC

Prior studies demonstrated that the low pretreatment albumin
levels had unfavorable prognosis in CRC patients [19-22].
While our study corroborates with prior studies that low
albumin is a negative predictor in CRC, we also observed
the association of hypoalbuminemia, low AGR, and high
inflammatory hematological parameters (WBC, neutrophil,
and neutrophil/lymphocyte ratio). According to prior stud-
ies, the association of low albumin and systemic inflamma-
tory response was attributed to the upregulation of many

4-Year Mortality among the post-6-month
survivors of colorectal cancer.

P0.021*

Mid AGR tertile {1.3-1.5) Lowest AGR tertile{<1.3)

m 4-Year Mortality
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proinflammatory cytokines and growth factors (e.g., IL-1f3,
IL-6, and TNF) that modulate the albumin production by
liver cells among cancer patients [13, 18]. Similarly, among
hemodialysis patients, the low albumin was attributed to
inflammatory status rather than malnutrition [23, 24]. More-
over, an inflammation-based score [Glasgow prognostic
score (GPS)], which is derived from CRP and albumin, has
been shown preoperatively to predict survival after resection
of CRC [17, 22]. Additional studies demonstrated the
antiproliferative effect of albumin on human cancer cells
[25, 26]. Interestingly, in our study, we have found that
higher albumin concentration was associated with better
survival even in patients with normal albumin concentration.

Elevated non-albumin proteins (“calculated globulins™)
as a predictor of poor survival in CRC

In the comprehensive metabolic panel, the calculated globulins
(Total protein — Albumin) include most of the proinflammatory
proteins (complement components, CRP, immunoglobulins,
interleukins, TNF). Also, tumor markers (e.g., CA 19-9 and
CEA) are considered in the calculated globulins as they have
peptide bonds that react with cupric ions. Several studies have
demonstrated the prognostic value of the non-albumin
proinflammatory proteins in cancer patients. Cohen et al. dem-
onstrated that low albumin and high alpha and gamma globu-
lins were associated with poor survival in lung cancer patients
[27]. Likewise, Cazador et al. demonstrated the negative impact
of high complement 3 and pre- and postoperative IgA levels in
CRC patients [28]. Further, higher complement (C3 and C4)
levels were also found in lung cancer patients compared to the
control group [29]. High levels of serum CRP correlate with
decreased survival in patients with gastrointestinal malignan-
cies [30-32]. Interestingly, in a genome-wide association study
(n=10,000), Osman et al. found a strong association between
common variants of tumor necrosis factor receptor superfamily
member 13B (TNFRSF13B) and other genes with elevated
serum non-albumin protein and immunoglobulins [33].

In our study, we observed that patients with elevated
globulins had poor survival compared to those with low
globulin. This finding was observed also in patients with
normal serum albumin, which suggest that the elevated glob-
ulin is not a mere compensation to hypoalbuminemia.

In a prior study of 80 cancer patients, Al-Joudi found that
patients with low globulin represented as low globulin com-
pensation index [GCI = (Globulin in gram per liter—25)/
(35—Albumin in gram per liter)] had poor prognosis. In this
study, the negative GCI (i.e., low globulin) was found in 46 %
of the deceased group and 27 % survivors. The study’s con-
clusion was that patients who failed to compensate for the low
albumin had a poor outcome [34].

The contradictory conclusion of this study led us to ana-
lyze our subset of patient with low albumin and calculate

their GCI. Out of the 269 patients with albumin of <3.5 g/dl,
we found that 60 patients had a negative GCI. In this subset
of patients with hypoalbuminemia, we found that 24 % sur-
vivors and 19 % deceased had a negative GCI (p=0.44),
which is contrary to the above study. However, in spite of a
larger sample size in our study, the results were not statisti-
cally significant, and further studies to explore the predictive
value of GCI may be needed.

Potential superiority of AGR to albumin as a predictor
of survival in CRC

We advocate for the use of AGR rather than albumin to predict
survival in CRC for two reasons. The AGR, being a ratio and
not just absolute value like albumin, is less vulnerable to the
measurement variability (i.e., false elevated and reduced albu-
min values in dehydration and fluid retention states, respec-
tively). Additionally, low AGR reflects two negative predic-
tors in the form of a ratio (i.e., low albumin and high non-
albumin proteins “globulins”). This endorses the value of
previously reported GPS that also used albumin and non-
albumin protein (CRP) in their calculation. Low AGR was
associated with poor survival in breast cancer patients and was
found as a predictor of adverse cardiovascular outcomes.

Interestingly, a genome-wide association study (n=8,842
population) identified multiple signals associated with AGR.
In this study, the most compelling association of AGR was
with two loci, the TNFRSF13B locus on chromosome
17p11.2 and the FADSI1 locus on chromosome 11q12.2.
The TNFRSF13B encodes for tumor necrosis factor receptor
superfamily, which activates several transcription factors
that plays a major role in inflammation [35].

Limitations

This study is retrospective and is single center based. Including
other nutritional and inflammatory markers (like prealbumin,
CRP, and cytokine) may have strengthened the study.

Conclusion

Pretreatment low AGR is an independent predictor of poor
survival in CRC patients even among those with normal
albumin. Additionally, among the patients with normal albu-
min (>3.5 g/dl), patients with higher albumin levels had
better survival. Interestingly, elevated non-albumin proteins
(calculated globulins) were also associated with poor long-
term survival in patients with normal albumin concentra-
tions. Further studies are needed to validate this finding
and to investigate the mechanism of low AGR in CRC
patients.
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