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Background: Systemic inflammation and malnutrition may promote tumor progression.
C-reactive protein/albumin ratio (CAR) is linked to the poor long-term survival of several
malignant tumors.

Purpose: To explore the predictive value of CAR in gastrointestinal stromal tumors (GISTs).
Methods: A retrospective study was conducted on 325 patients with primary GIST surgi-
cally treated with curative intent from 2009 to 2018. The cut-off point of CAR was set using
X-tile software. Kaplan—-Meier method and multivariate Cox regression model were used to
study the prognostic value of CAR. The time-dependent receiver operating characteristic
curve (tROC) was drawn, and the prognostic accuracy of CAR, Glasgow prognostic score
(GPS), and National Institute of Health (NIH) risk classification was compared by the area
under the curve (AUC).

Results: The best cut-off point of CAR was 0.55. Increased CAR was associated with the
location of the lower digestive tract, larger tumor size, higher mitotic index, higher NIH risk
classification, lower ALB, higher CRP, and higher GPS (all p<0.05). Multivariable analysis
revealed that CAR (hazard ratio [HR] 2.598, 95% confidence interval [CI] 1.385-4.874;
p=0.003) was an independent predictor of overall survival. Additionally, the AUC of CAR
was lower than that of NIH risk classification at 2 years (0.601 vs. 0.775, p=0.002) and
5 years (0.629 vs 0.735, p=0.069). However, the AUC of NIH risk classification significantly
increased (2-year OS 0.801, p=0.251; 5-year OS 0.777, p=0.011) when combined with CAR.
Conclusion: CAR is a new independent predictor of poor survival in patients with GIST.
CAR combined with NIH risk classification can effectively improve the performance of
prognosis prediction.

Keywords: gastrointestinal stromal tumor, C-reactive protein, C-reactive protein/albumin

ratio, prognosis

Background

Gastrointestinal stromal tumors (GISTs) are the most frequent soft tissue sarcomas
with an annual incidence in the United States of approximately 7 per million
population." The incidence has risen slightly over the last decade.! In China, due
to the inaccuracy of provincial GIST registration data, the National Cancer Center’s
annual report does not include the incidence of GIST. However, the incidence is
estimated to be between 4.3 and 21.1 per million population.? Surgery and targeted
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agent therapy have made progress, but the prognosis of
GIST patients is still weak due to early recurrence or
distant metastasis.”* Given GIST’s inconsistent biological
behavior and variable response to treatment, it is critical to
predict the risk of recurrence in GIST patients, and we
need additional predictive and/or prognostic indicators to
optimize management decisions, which include consider-
ing adjuvant therapy, optimizing treatment, evaluating the
intensity of monitoring, and providing adequate patient
counseling.

GIST prognostic systems have made great strides since
the National Institute of Health (NIH) consensus criteria
were introduced in 2002.° Unlike many other malignant
tumors that use the TNM system, GIST still retains
a standardized and universally accepted prognostic system.
Since gastrointestinal stromal tumors seldom spread via
submucosal infiltration or lymphatic vessels, the com-
monly accepted UICC/AJCC TNM method for cancer
has restricted use.*” The most widely used systems are
the National Institute of Health (NIH),> the Joensuu mod-
ified NIH,® the Armed Forces Institute of Pathology
(AFIP),” and the Memorial Sloan Kettering Cancer
Center (MSKCC) nomogram,IO Tumor size, location, and
mitosis are the main variables used by these systems.
However, which system is the most reliable is still
a controversial issue.

Extensive studies have shown that inflammation and
malnutrition may promote the occurrence, progression,
and metastasis of malignant tumors.'''* Several studies
have identified that inflammatory markers based on white
blood cells and acute-phase proteins are related to poor
prognosis in various tumors.'*"'” In recent years, the role
of C-reactive protein (CRP) and albumin in the interaction
network between systemic inflammatory response and can-
cer has attracted increased attention.'®?° Markers based
on CRP and albumin, such as the Glasgow prognostic
score (GPS) and its variants, are correlated with cancer
patients’ long-term survival, including GIST.>'* The
CAR, a combination of serum CRP and albumin(ALB),
has been used to assess cancer patients’ immunonutritional
status and has recently been identified to be linked to the
poor long-term survival of various malignant tumors.?*
Accordingly, CAR may have a potential impact on pre-
dicting the long-term survival of GIST. CAR may be
a promising prognostic marker based on inflammation in
patients with radical resection of GIST. It may provide
more prognostic information than the existing NIH risk
classification system, help us identify high-risk patients

more accurately, and may help to improve treatment deci-
sion-making and prognosis. However, to date, the predic-
tive value of CAR on the survival of patients with GIST
after curative resection remains poorly understood.

The current research’s primary aim was to investigate
the prognostic value of preoperative CAR in patients with
GIST who underwent radical resection. Besides, we eval-
uated the correlation between CAR and CRP, ALB, GPS,
compared their predictive ability, and finally investigated
whether CAR combined with NIH risk stratification sys-
tem can improve its prognostic value.

Methods

Ethics Statement

All participants obtained the written informed consent that
their data was kept in the hospital data bank and used for
research approved by the Ethics Committee of the Beijing
Hospital, the National Geriatrics Center. The data collec-
tion follows the Helsinki Declaration’s principles, follow-
ing existing national legislation, and in line with the
principle of protection of personal data.

Patients

From January 2009 to January 2018, a total of 325 patients
with primary GIST who underwent open or laparoscopic
surgery in the Department of Gastrointestinal Surgery of
Beijing Hospital directly under the National Health
Commission of China were considered included in this
study.

The inclusion criteria were: (1) Pathologically diag-
nosed as GIST, with no distant metastasis; (2) underwent
RO resection;?’ (3) ASA physical status before surgery
were classified as I-1II; (4) patients with detailed clinico-
pathological and preoperative serum laboratory data.

The exclusion criteria were as follows: (1) complicated
with other primary malignant tumors; (2) infectious and
non-cancerous inflammatory diseases; (3) Tumor rupture
occurred during operation.

Data Collection and Definition

The pathological diagnosis and risk assessment of GIST is
based on the latest version of the China guidelines.?’
Patient characteristics assessed included age, gender,
American Society of Anesthesiologists classification of
physical status (ASA-PS) classification, tumor size,
tumor location, mitotic index, and NIH risk classification.
The preoperative physiological status of the patients was
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evaluated by the ASA-PS classification.”® The results of
serum CRP and albumin were obtained within one week
before the operation. The CAR was calculated as follows:
CAR= serum CRP (g/L)/albumin (g/L); The GPS was
categorized as: score 2 represented the decrease of albu-
min (<35g/l) and the increase of CRP (>10mg/1); score 1
represented normal albumin (>35g/1) and the increase of
CRP (>10mg/l); and score 0 represented normal albumin
(>35g/1) and normal CRP (<10mg/1).”’

Follow-up

Routine follow-up included medical history (symptoms
and physical examination), laboratory blood tests, abdom-
inal and pelvic enhanced computed tomography (CT), or
magnetic resonance imaging (MRI) scans. Intermediate- or
high-risk patients had CT, or MRI scans every three
months for three consecutive years, then every six months
until the fifth year, and then once a year after that.>’ Low-
risk patients had CT, or MRI scans every six months for
five years. For patients who could not be followed up in
the outpatient clinic, we conducted a telephone follow-up.
The overall survival (OS) time was defined as the surgery
date with the most recent follow-up or death. The last
follow-up was in December 2020.

Statistical Analysis

Using X tile software 3.6.1, we conducted an X tile plot
analysis to determine the optimal CAR cutoff value for
predicting five-year OS. The quantitative data was presented
using the mean + standard deviation. The Student’s #-test
was used to evaluate the differences of continuous variables,
while the Chi-square test was used to compare categorical
variables. To evaluate the correlation between CAR and
CRP, ALB, and GPS, Pearson r and Kendall tau correlation
coefficients were calculated and their significance was deter-
mined. Survival analysis was performed by the Kaplan—
Meier method with the Log rank test. We used the Cox
proportional hazards model with a stepwise forward variable
selection method to conduct univariate and multivariate
survival analysis. We presented the hazard ratios (HR)
derived from Cox analysis as relative risks and their asso-
ciated 95% confidence intervals (Cls). The additive model
was conducted to evaluate the interaction among subgroups
to investigate whether other factors would affect the effect of
CAR on OS. The prediction accuracy of different biomar-
kers was evaluated by time-dependent receiver operating
characteristics (t-ROC) analysis. Statistical analysis was
carried out with the SPSS version 26.0 (IBM Corporation,

Armonk, NY, USA), the GraphPad Prism version 8.3.0
(GraphPad Software, Inc., San Diego, CA, USA), and the
R software package version 4.0.2 (The R Foundation for
Statistical Computing, Vienna, Austria; https://www.r-pro
ject.org/). Statistical significance was set at p < 0.05.

Results

Clinicopathological Characteristics

The detailed clinicopathological characteristics are summar-
ized in Table 1. Of the enrolled 325 patients, 165 (50.7%)
were males, and 160 (49.3%) were females. The average age
of the patients was 60.28+11.97 (range, 24-85) years. Most
of the patients, 79 (24.3%) and 184 (56.6%) cases, were
ASA-PS grade I and II, and the other 62 (19.1%) cases were
ASA-PS grade III. The stomach was the most common
primary site (206 cases, 63.4%), followed by the intestine
(64 cases, 19.7%), colorectum (23 cases, 7.1%), and extra-
gastrointestinal tract (32 cases, 9.8%).

Based on tumor size, 73 (22.5%), 129 (39.7%), 75
(23.1%), 48 (14.7%) patients were divided into <2cm,
2.1-5cm, 5.1-10cm, >10cm groups, respectively. The
median maximum tumor diameter was 4.0cm.
According to Mitotic index, 196 (60.3%), 53 (16.3%),
76 (23.4%) patients were categorized into <5, 6-10,
>10 per S50HPF groups, respectively. On the basis of
the criteria of the NIH risk classification, 58 (17.8%), 93
(28.6%), 58 (17.8%), and 116 (35.7%) patients were
grouped into very low-, low-, intermediate-, and high-
risk groups, respectively.

The Best Cut-off Value of CAR, CRP, and
ALB for Predicting OS

Using a X-tile analysis for predicting five-year OS we
found 0.55 was the best cut-off value for CAR.
Consequently, patients were separated into CAR-low
(<0.55, n = 292) and CAR-high (>0.55, n = 33) groups.
We also determined that the best cut-off points of CRP and
ALB were 18.20 and 35, respectively.

Time-dependent ROC analysis showed the areas under
the curve (AUC) for 5-year OS were 0.633 for CAR
(p=0.002), 0.628 for CRP (p=0.003), and 0.603 for ALB
(p=0.027), respectively (Figure 1).

Correlation Between the CAR and

Clinicopathological Factors
Contrasted with patients in the CAR-low category, those in
the CAR-high category were more commonly to be found
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Table | Relationship Between Clinical Characteristics and C-Reactive Protein/Albumin Ratio

Variables Total CAR-Low CAR- %2 P-value
(n=325) (n=292) High
(n=33)
Gender 0.210 0.647
Male (%) 165(50.8) 147(50.3) 18(54.5)
Female (%) 160(49.2) 145(49.7) 15(45.5)
Age, years 60.28+11.97 59.99+11.99 62.9111.52 —-1.332 0.184
ASA-PS 0.686 0.710
| (%) 79(24.3) 72(24.7) 7(21.2)
Il (%) 184(56.6) 166(56.8) 18(54.5)
I (%) 62(19.1) 54(18.5) 8(24.3)
Tumor size 25.270 <0.001
<2 (%) 73(22.4) 70(24.0) 309.1)
>2, <5 (%) 129(39.7) 123(42.1) 6(18.2)
>5, <10 (%) 75(23.1) 66(22.6) 9(27.3)
>10 (%) 48(14.8) 33(11.3) 15(45.4)
Tumor location 13.703 0.003
Stomach (%) 206(63.4) 192(65.7) 14(42.4)
Intestine (%) 64(19.7) 58(19.9) 6(18.2)
Colorectum (%) 23(7.1) 18(6.2) 5(15.2)
E-GIST (%) 32(9.8) 24(8.2) 8(24.2)
Mitotic index (per 50 HPF) 10.344 0.006
<5 (%) 196(60.3) 183(62.7) 13(39.4)
>5, <10 (%) 53(16.3) 48(16.5) 5(15.1)
>10 (%) 76(23.4) 61(20.8) 15(45.5)
NIH risk category 15.298 0.002
Very low (%) 58(17.8) 55(18.8) 3(9.1)
Low (%) 93(28.7) 87(29.8) 6(18.2)
Intermediate (%) 58(17.8) 56(19.2) 2(6.0)
High (%) 116(35.7) 94(32.2) 22(66.7)
C-Reactive Protein 249.581 <0.001
Low (%) 287(88.3) 286(97.9) 1(3.0)
High (%) 38(11.7) 6(2.1) 32(97.0)
Albumin 32.823 <0.001
Low (%) 34(10.5) 21(7.2) 13(39.4)
High (%) 291(89.5) 271(92.8) 20(60.6)
GPS 117.758 <0.001
0 (%) 247(76.0) 247(84.6) 0(0)
I (%) 61(18.8) 41(14.0) 20(60.6)
2 (%) 17(5.2) 4(1.4) 13(39.4)

Abbreviations: CAR, C-Reactive Protein/Albumin Ratio; ASA-PS, The American Society of Anesthesiologists classification of physical status; NIH, National Institute of
Health; GPS, Glasgow Prognostic Score.

in the lower digestive tract (x2=13.703, p = 0.003) and was classification (¥2=15.298, p = 0.002). The CAR-high cate-
prone to larger tumor size (32=25.270, p<0.001), higher gory also had significantly decreased ALB (¥2=32.823,
mitotic index (y2=10.344, p = 0.006) and higher NIH risk  p<0.001), increased CRP (y2=249.581, p<0.001), and
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Figure | Time-dependent ROC curves of 5-year OS as the endpoint for CAR, CRP, and ALB. The areas under the curve (AUC) were 0.633 for CAR (p=0.002), 0.628 for

CRP (p=0.003), and 0.603 for ALB (p=0.027), respectively.

higher GPS (¥2=117.758, p<0.001). Table 1 compared the
details between the two categories.

Furthermore, CAR was closely related to CRP (1=0.988;
P <0.001), and GPS (Kendall’s tau-b=0.542, P<0.001).
Besides, CAR and ALB had a significant negative correla-
tion, but the correlation was weak (r=—0.275; P<0.001).

OS in the CAR-Low and CAR-High

Categories

The median follow-up period was 64 months, of which 14
patients (42.4%) died in the CAR-high category and 40
patients (13.7%) in the CAR-low category. GIST relapsed
in 73 cases (22.5%), including 15 cases (45.5%) in the
CAR-high category. Overall, the one-year, three-year, and
five-year OS rates were 93.8%, 83.9%, and 78.9%, respec-
tively. In the Kaplan—-Meier analysis, the CAR-high cate-
gory (97.0%, 72.7%, and 57.0%, respectively) had
a significantly shorter one-year, three-year, and five-year
OS than the CAR-low category in the total cohort (99.0%,
93.8%, and 88.0%, respectively; p<0.001) (Figure 2A).
Distinguished by the corresponding cut-off value (18.20
for CRP, 35.0 for ALB, and 1 for GPS), the five-year OS
rate in the CRP-high category, the ALB-low category, and

the GPS 2 category (62.5%, 69.3%, and 50.4%, respec-
tively) was significantly lower than that in the CRP-low
category, the ALB-high category and the GPS 0 or 1
category (87.7%, 86.6%, and 86.7%,
p<0.001) (Figure 2B-D).

respectively;

Univariate and Multivariate Analysis of
OS

Univariate analysis indicated that ASA, PS score, CRP,
ALB, CAR, GPS primary tumor size, tumor location,
mitotic index, and NIH risk classification were all signifi-
cantly correlated with OS (Table 2). The multivariable
analysis determined that the CAR (HR 2.571, 95% CI
1.372-4.816; p=0.003) was an independent prognostic
factor for overall survival after radical resection, followed
by NIH risk classification (p<0.001) (Table 2).

Survival Analysis of the Interaction
Between CAR and Clinicopathological

Factors
To further evaluate the prognostic value of CAR, we used
univariate Cox regression for subgroup analysis to identify
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Figure 2 Kaplan—Meier survival curves of overall survival (OS) according to inflammation-based markers. Kaplan—Meier survival curves of OS according to CAR (A), CRP

(B), ALB (C), and GPS (D).

whether the effect of CAR on the overall survival of GIST
patients was affected by other clinicopathological factors.
In patients over the age of 60, there was a significant
CAR

(p<0.001). This correlation is not significant in patients

correlation between higher and worse OS
younger than the age of 60 (p=0.089). There was a strong
association between higher CAR and worse OS in patients
with tumors >5 cm (p=0.007). This association was not
significant in patients with tumors < 5 cm (p=0.892).
There was a significant correlation between higher CAR
and worse OS in patients with a mitotic index (per 50
HPF) >5 (p=0.001). This correlation was not significant in
patients with a mitotic index (per 50 HPF) < 5 (p=0.952).
There was a clear relationship between higher CAR and
worse OS in patients with non-gastric GIST (p=0.002).
This relationship was not crucial in patients with gastric
GIST (p=0.097). There was a significant correlation
between higher CAR and worse OS in patients with mod-
erate or high-risk (p=0.020). This correlation is not

significant in patients with very low or low-risk

(p=0.634) (Figure 3).

Subgroup Analysis According to NIH Risk

Classification

In the intermediate or high-risk subgroup, the OS time of
patients with high CAR was shorter (p = 0.001) (Figure
4B). However, there was no significant difference in over-
all survival between high and low CAR patients in a very
low-risk or low-risk subgroup (p = 0.628) (Figure 4A).

Time-Dependent ROC Curve Analysis to

Further Evaluate the Discriminating
Ability of CAR

We conducted a time-dependent ROC analysis to evaluate
the prediction accuracy of CAR, CRP, and GPS for OS (See
Figure 5A). The AUC value of CAR at two years (0.601),
and five years (0.629) was higher than that of CRP (2
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Table 2 Univariate and Multivariate Analysis of the Prognostic Factors for Overall Survival in Patients with GIST

Variables Univariate Analysis Multivariate Analysis
HR (95% CI) P HR (95% CI) P
Gender 0.991
Male |
Female 1.003(0.587-1.716)
ASA-PS 0.030
| |
1l 0.924(0.470-1.817) 0.819
1] 2.062(0.999—4.258) 0.050
Age 0.164
<60 |
260 1.487(0.850-2.599)
Tumor size
<5 |
>5 5.040(2.742-9.265) <0.001
Tumor location 0.011
Stomach |
Intestine 2.127(1.126—4.017) 0.020
Colorectum 0.952(0.288-3.146) 0.935
E-GIST 2.928(1.409-6.083) 0.004
Mitotic index <0.001
<5 |
>5, <10 2.810(1.200-6.582) 0.017
>10 8.385(4.375-16.067) <0.001
NIH risk category <0.001 <0.001
Very low/low | |
Intermediate 2.879(1.080-7.672) 0.035 3.111(1.163-8.318) 0.024
High 7.069(3.295-15.162) <0.001 6.383(2.958-13.774) <0.001
CAR
Low | |
High 3.411(1.855-6.271) <0.001 2.571(1.372-4.816) 0.003
C-Reactive Protein
Low |
High 2.693(1.465—4.953) 0.001
Albumin
Low 2.008(1.035-3.897) 0.039
High |
GPS <0.001
0 |
| 1.202(0.608-2.375) 0.597
2 4.403(2.106-9.202) <0.001

Abbreviations: CAR, C-Reactive Protein/Albumin Ratio; ASA-PS, The American Society of Anesthesiologists classification of physical status; NIH, National Institute of

Health; GPS, Glasgow Prognostic Score; HR, hazard ratio; Cl, confidence interval.
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Subgroup Hazard Ratio(95%Cl) P
Gender <0.001

Male 3.433(1.519-7.758) 0.003 L

Female 3.270(1.302-8.209) 0.012 i
Age, years <0.001

<60 2.610(0.865-7.873) 0.089

=60 3.790(1.818-7.901) <0.001 L
ASAPS <0.001

I+ 2,659 (1.215-5.821) 0.014

1 5.033(1.837-13.793) 0.002 L
Tumor location 0.001

Gastric 2.470(0.850-7.177) 0.097

Non-—gastric 3.350(1.544-7.265) 0.002 i
Tumor size 0.010

=5cm 1.152(0.150-8.877) 0.892 i

>5cm 2.506(1.281-4.903) 0.007
Mitotic index(per 50 HPF) 0.001

=5 0.940(0.122-7.242) 0952 +—%

>5 3.263(1.676-6.351) 0.001 L
NIH r isk classification 0.001

very low&low 1.667(0.203-13.701) 0.634 L

intermediate&high 2.479(1.156-5.316) 0.020

The estimates

Figure 3 Subgroup analyses using univariable Cox regression to assess the discrimination ability of CAR for overall survival in patients with different clinical characteristics.

Abbreviations: Cl, confidence interval; CAR, C-reactive protein/albumin ratio.
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Figure 4 Subgroup analyses of OS in patients with high and low CAR according to CEA levels. (A) OS in patients with very-low or low risk (p = 0.628); (B) OS in patients

with intermediate or high risk (p = 0.001).
Abbreviations: OS, overall survival; CAR, C-reactive protein/albumin ratio.

years:0.593, p=0.077; and 5 years:0.618, p = 0.132) and
GPS (2 year:0.566 p =0.398, and 5 years:0.619, p =0.903),
but the difference was not significant.

Finally, we evaluated whether the combination of
CAR and NIH risk classification could improve predict-
ing prognosis accuracy. As presented in Figure 5B, the

AUC value of CAR at two years (0.601,95% CI 0.491—
0.711), and five years (0.629,95% CI 0.548-0.710) was
lower than that of NIH risk classification (2 year:0.775,
95% CI 0.715-0.835, p=0.002; and 5 years:0.735, 95%
CI 0.660-0.810, p = 0.069). However, when combined
with CAR, the AUC value of the NIH risk classification
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Figure 5 Comparison of the predictive ability using time-dependent ROC curves in GIST patients undergoing radical resection. Comparison of the predictive ability of (A)
CAR, CRP, and GPS; (B) CAR, NIH, NIH plus CAR. The horizontal axis shows the months after surgery, and the vertical axis shows the estimated AUC for survival at the
time of interest. Red, green and yellow solid lines denote the estimated AUCs for (A) CAR, CRP, and GPS; (B) NIH risk classification plus CAR, NIH risk classification, and
CAR, respectively, and the dashed lines represent the 95% confidence intervals for each AUC. AUC area under the curve, CAR, CRP, GPS, NIH, ROC receiver operating

characteristic, OS overall survival.

increased (2-year OS 0.801, 95% CI 0.728-0.875,

p=0.251; 5-year OS 0.777, 95% CI 0.696-0.857,
p=0.011).
Discussion

This study set out to assess the prognostic value of pre-
operative CAR in GIST patients who underwent radical
resection and compare it with proven markers of inflam-
mation. The results show that preoperative CAR is an
independent predictor for OS. Besides, CAR has better
prognostic value in GIST patients with higher risk of
recurrence. Moreover, Although the difference is not sta-
tically significant, CAR’s prediction accuracy appears to
be superior to that of single systemic inflammation mar-
kers such as CRP and ALB, as well as compound markers
such as GPS. Furthermore, CAR combined with NIH risk
classification can effectively improve the prognostic pre-
diction performance of standard NIH risk classification.
Extensive studies have shown that systemic inflamma-
tion plays an essential regulatory role in malignant tumors’
occurrence and development.**>? Inflammatory factors,
including acute-phase proteins such as C-reactive protein
and albumin, may come from the systemic response to
malignant tumors or from the secretion of malignant
cells.*® The interaction between host and tumor cells
may lead to tumor progression or retraction.>® Therefore,
several studies support the theory that changes in systemic
inflammatory factors have a particular prognostic value for
cancer."*!” To predict the prognosis of patients with
malignant tumors more accurately and facilitate clinical
recent studies have verified

application, some

inflammatory indicators obtained by routine serum exam-
ination, such as CRP, albumin, GPS and CAR.**>’

However, relatively few studies on these markers’
prognostic significance in patients with GIST, let alone
CAR. CAR was initially developed to identify critically
ill patients in emergency medical wards and predict 90-day
mortality in patients with sepsis.’® Recent studies have
reported that CAR has potential prognostic value in hepa-
tocellular carcinoma, gastric cancer, and other malignant
tumors.’® However, the effect of CAR on the long-term
survival of patients with GIST is not apparent. Few studies
have explored the prognostic influence of preoperative
CAR in GIST patients undergoing surgery.*’ In the field
of GIST surgery, the current research established the clin-
ical value of the preoperative CAR.

The current research indicates that CAR is an indepen-
dent prognostic factor for OS in multivariate analysis.
Similar to the results of this study, previous studies have
confirmed that CAR was an independent prognostic factor
in patients with esophagogastric junction (AEG) and upper
gastric cancer (UGC).*' Another retrospective study of
radical resection of 455 gastric cancer cases is also con-
sistent with our results.*? This similarity may result from
the chronic systemic inflammation induced by GISTs, the
systemic immune response, or changes in the tumor
microenvironment.

GPS is recognized and proved to be one of the best
prognostic assessments based on inflammation in differ-
ent tumors, including GIST.** Therefore, it is imperative
to compare the prediction ability of CAR and GPS. In
this study, CRP, ALB, and GPS were also critical prog-
nostic factors in univariate analysis. However, after
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using forward stepwise regression to control confound-
ing factors in multivariate analysis, CAR was still
a significant prognostic factor while GPS was not.
These results are in agreement with those of Takahiro
Toyokawa et al.** They compared the preoperative
inflammatory biomarkers in 225 patients with stage m
gastric carcinoma who underwent RO resection. The
results indicated that CAR was an independent predictor
affecting OS and cancer-specific survival (CSS), while
GPS was not. They found that the AUC of CAR and
GPS was similar.

Additionally, there was a strong association between
CAR and GPS. The reason GPS did not become an inde-
pendent prognostic factor in the multivariate analysis
might be that it has a strong association with CAR and
its predictive ability is weaker than that of CAR.
Therefore, we found that compared with the proven
inflammatory marker GPS, CAR could also precisely pre-
dict the survival of patients with GIST after radical sur-
gery. These results suggest that CAR is a new and more
potential inflammation-based prognostic score in GIST.

Moreover, the CAR in the current study showed rea-
sonable clinical practicability in patients with different
clinical characteristics. ASA-PS in patients over the age
of 60, there was a significant correlation between higher
CAR and worse OS. This correlation is not significant in
patients younger than the age of 60. However, this study
also shows that high CAR is related to the tumor’s high
degree of malignancy. The tumor microenvironment of
gastrointestinal stromal tumors is often characterized by
apparent inflammatory cell infiltration, but the mechanism
and process of the interaction between inflammation and
tumor are complex. Little is known about the mechanism
by which systemic inflammation regulates tumor behavior
and the host state.

Studies have found that CRP increases in patients with
various tumors in recent years, which may be due to the
systemic response to acute or chronic inflammation. As
a typical manifestation of an acute response, the rapid
increase of CRP is related to cytokines that promote inflam-
mation, such as TNF-o and IL-6.° Besides, DOGI is
a landmark protein of gastrointestinal stromal tumors
(GIST), belonging to Ca**-activated chloride channels and
phospholipid disruptors. IL-6 can regulate cell death and
tumorigenicity by regulating DOG1 and other signal trans-
duction pathways.*> Moreover, the tumor microenvironment
of GIST contains tumor-infiltrating immune cells, such as
CD3+T cells. The type and number of tumor-infiltrating

inflammatory cells are related to the malignant degree and
prognosis of GIST. The prognosis of GIST patients with an
increased number of CD3+T cells is better. The in-depth
understanding of the mechanism of systemic inflammation
provides an opportunity and theoretical basis for the devel-
opment of an effective immunotherapy GIST.*® Therefore,
CRP is increasingly widely used in monitoring cancer
patients’ treatment and prognosis, including GIST.**
Albumin is closely related to nutritional status, and it is
also a good indicator of immune status. Malnutrition is
closely related to the decline of immune function, which
will weaken the body’s antitumor immunity. Many studies
have confirmed that hypoalbuminemia was correlated with
poor prognosis in different tumors, including GIST.>>*748
To sum up, high-risk GIST tumor cells have a high
degree of malignancy, a high risk of tumor necrosis, and
high tumor consumption, resulting in a high level of sys-
temic inflammatory response characterized by increased
CRP. The increase of CRP promotes tumor progression and
metastasis through a variety of cytokines and signal trans-
duction networks. Simultaneously, high-risk GIST will lead
to severe malnutrition and even cachexia characterized by
decreased serum albumin levels, weaken the immune sys-
tem, and further accelerate tumor development. It explains
why we observed different prognostic effects of CAR in
high-risk and low-risk subgroups in the subgroup analysis.
Because of the high risk of recurrence in patients with high
CAR, perioperative TKI treatment may reduce recurrence
and prolong survival. Besides, to detect these patients’ recur-
rence, early, more frequent follow-up should be considered.
Inevitably, several limitations should be noted. First of
all, this is a single-center retrospective study in which sam-
ples are included. Data are collected for a relatively long time
and may be affected by selection bias. Second, the limited
sample size in this study is undoubtedly a drawback, as is the
absence of an independent validation cohort; additionally,
our results need confirmation in more extensive studies.
Thirdly, although this study’s sample size is medium, there
are only a small number of samples in some subgroups,
which may affect observation results. Fourthly, current
guidelines recommend that GIST patients who undergo RO
resection and have a moderate or high risk of recurrence
receive adjuvant imatinib therapy. However, the situation of
patients receiving TKI adjuvant therapy in this study has not
been analyzed, which would inevitably lead to deviation in
the process of survival analysis. Fifthly, the GIST in this
study occurs in different organs, and its prognosis is signifi-
cantly different, which may cause bias in statistical analysis.

4164

Dove!

Cancer Management and Research 2021:13


https://www.dovepress.com
https://www.dovepress.com

Dove

Cao et al

Finally, although the X-tile application can reduce the cut-off
value fluctuation caused by the change of follow-up time, the
optimal cut-off value of CAR may still change if the study
population is different.** Therefore, a universal threshold
should be determined to distinguish GIST patients with
a worse prognosis for further study. In the future, we will
design more rigorous prospective studies, especially valida-
tion studies, to verify our preliminary results.

Conclusions

We determined that CAR is an independent prognostic
factor for OS in patients with GIST after radical resection.
CAR is significantly associated with CRP and GPS but
weakly associated with ALB. The combination of CAR
and NIH risk classification can effectively improve the
accuracy of identifying high-risk patients with a worse
prognosis. Therefore, CAR is a useful index to predict
GIST’s prognosis and helps optimize postoperative treat-
ment for patients with GIST in the future.
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