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Objective: The neutrophil-to-albumin ratio (NAR) and fibrinogen are significantly related
to tumor progression. The present study evaluated the prognostic impact of the NAR plus
fibrinogen concentration in gastrointestinal stromal tumor (GIST) cases.

Methods: The baseline characteristics, postoperative NAR, and fibrinogen concentrations
were retrospectively analyzed for 229 Chinese patients who underwent radical gastrectomy
for GIST. Receiver operating characteristic (ROC) curves were applied to estimate the
optimal critical points for NAR and fibrinogen. Cox regression analysis was applied to
determine significant prognostic variables.

Results: Multivariate analyses revealed that poor recurrence-free survival was associated
with elevated values for fibrinogen (hazard ratio [HR]: 5.015, 95% confidence interval [CI]:
1.993-12.619, P=0.001) and NAR (HR: 4.669, 95% CI. 1.776-12.273, P = 0.002).
Combining fibrinogen and the NAR into the NARFIB score provided an area under the
ROC curve of 0.833, which was greater than the areas for NAR (0.708) or fibrinogen (0.778).
When the NAR and fibrinogen were replaced by the NARFIB score in the multivariate
analysis, the independent prognosticators were tumor site (HR: 2.927, 95% CI: 1.417-6.045,
P=0.004), mitotic index (HR: 2.661, 95% CI: 1.110-6.380, P=0.028), and the NARFIB score
(HR: 14.116, 95% CI: 3.243-61.443, P<0.001). The NARFIB score retained its prognostic
significance in various subgroup analyses and was significantly related to gender, surgical
approach, tumor size, mitosis, tumor site, risk classification, and recurrence.

Conclusion: These results suggest that the NARFIB score may help guide prognostication
and risk stratification for GIST, which might benefit from targeted therapy.

Keywords: neutrophil-to-albumin ratio, fibrinogen, prognosis, gastrointestinal stromal
tumors

Introduction

In the digestive tract, the most common mesenchymal tumors are gastrointestinal
stromal tumors (GISTs), which have an annual incidence rate of 10-15 cases/
1,000,000 population. The GIST tumor types vary from benign tumors to fatal sarco-
mas, and the optimal treatment for GIST is curative resection.! The prognosis of GIST
has improved after the introduction of imatinib as targeted therapy, although relapse
after radical resection remains common, especially among high-risk patients, and

2 . .
<50% are free from recurrence at 5 years after surgery.” Moreover, the median survival
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time is <2 years after relapse.'” The modified National
Institutes of Health (mNIH) category is the most common
risk classification for GIST, which aims to predict and stratify
the risk of GIST relapse according to mitotic count, tumor
location, tumor size, and rupture.3 However, these para-
meters require pathological evaluation of tumor specimens
and it would be useful to have non-invasive and effective
methods for screening and prognostication among moderate-
and high-risk cases of GIST, which might benefit from tar-
geted therapy.

Various studies have indicated that tumorigenesis and
tumor progression are related to systemic inflammation, mal-
nutrition, immune status, and hypercoagulability.*® For
example, the progression of various tumors is related to the
neutrophil-to-albumin (NAR) ratio and fibrinogen concen-
tration. Furthermore, the NAR is an independent prognosti-
cator of pathological complete remission post-chemotherapy
for rectal cancer, as well as a predictor of survival among
patients receiving palliative treatment for pancreatic
cancer.”® Fibrinogen concentrations also have prognostic
value for hepatocellular carcinoma,” colorectal cancer,'®
and GIST."' Therefore, we speculated that a score that com-
bined the NAR and fibrinogen concentration (the NARFIB
score) might be useful for prognostication in cases of GIST,
and we retrospectively tested this hypothesis among cases
who had received curative surgery for GIST.

Patients and Methods

Patients

We retrospectively identified 229 cases that had received
curative surgery for pathologically confirmed GIST at our
center between November 2003 and August 2018, and
evaluated their clinicopathological data. The inclusion cri-
teria were (1) patients with complete clinicopathological
data and follow-up records, (2) age of >18 years, and (3)
patients with no neoadjuvant therapy before surgery. The
exclusion criteria were (1) a history of anticoagulation or
albumin transfusions within 3 months before the surgery,
(2) patients with active inflammation, (3) patients with
malignant tumors, (4) patients with hematological diseases
or connective tissue diseases, and (5) patients with R1-R2
resection. The Beijing Hospital Medical Ethics Committee
approved the study.

Data Collection
The clinicopathological facts included age, gender, body
mass index (BMI), surgical approach, operative time, tumor

site, tumor rupture, tumor size, mitosis, mNIH category,
neutrophil count, hemoglobin concentration, albumin con-
centration, fibrinogen concentration, adjuvant imatinib treat-
ment. The data regarding neutrophil count, hemoglobin
concentration, albumin concentration, and fibrinogen con-
centration were all collected <7 days before the operation.
The NAR was calculated as the neutrophil count (10°/L)
divided by the albumin level (g/L).

Follow-Up

The patients underwent follow-up evaluations every 6
months for 3 years post-operation, and then once a year
after 3 years. The most recent follow-up was performed on
September 20, 2019. The follow-up evaluations consisted of
magnetic resonance imaging or computed tomography of the
chest, pelvis, and abdomen, as well as endoscopy and bone
marrow scans if necessary. Relapse-free survival (RFS)
refers to the time from operation to tumor recurrence.

Calculating the NARFIB Score

The receiver operating characteristic (ROC) curves revealed
optimal critical points of 0.086 for the NAR and 3.57 g/L for
fibrinogen concentration, based on the areas under the curves
(AUCs) and 95% confidence intervals (Cls). Combining
NAR and FIB, we categorized patients into three
“NARFIB” groups: NARFIB0 = NAR<0.086 and fibrinogen
<3.57 g/L, NARFIBI1 = either NAR>0.13 or fibrinogen >3.57
g/L, NARCA2 = NAR>0.13 and fibrinogen>3.57 g/L.

Statistical Analysis

SPSS software 22.0 was applied for all statistical analyses.
The ROC curves were applied to evaluate the prognostic role
of NAR, fibrinogen concentration, and the NARFIB score,
with optimal critical points determined using the estimated
Youden index (sensitivity + specificity—1). The chi-squared
test or Fisher’s exact test was applied to assess the relation-
ships between clinicopathological variables and the NARFIB
score. The Kaplan—Meier method was conducted to generate
survival curves and the Log rank test was applied to compare.
The prognostic value of various clinicopathological variables
was evaluated by Cox regression analysis. P < 0.05 was
considered statistically significant.

Results

Clinicopathological Factors
Table 1 shows the 229 cases’ clinicopathological charac-
teristics. The median age was 62 years (range: 18-83
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Table | Correlations Between the NARFIB Score and Clinicopathological Characteristics
Factor Total NARFIB P value
(n=229) 0(n=120) 1(n=69) 2(n=40)

Age
<60 years 96 (41.9%) 56 (46.7%) 27 (39.1%) 13(32.5%) 0.248
260 years 133 (58.1%) 64 (53.3%) 42 (60.9%) 27(67.5%)

Gender
Male 125 (54.6%) 56 (46.7%) 41 (59.4%) 28(70.0%) 0.023
Female 104 (45.4%) 64 (53.3%) 28 (40.6%) 12(30.0%)

Body mass index
<24 kg/m? 117 (51.1%) 58 (48.3%) 38 (55.1%) 21(52.5%) 0.659
224 kg/m? 112 (48.9%) 62 (51.7%) 31 (44.9%) 19(47.5%)

Approach
Laparotomy 131 (57.2%) 58 (48.3%) 45 (65.2%) 28(70%) 0.015
Laparoscopic surgery 98 (42.8%) 62 (51.7%) 24 (34.8%) 12(30%)

Operative time
<180 min 160(69.9%) 83(69.2%) 53(76.8%) 24(60.0%) 0.177
2180 min 69(30.1%) 37(30.8%) 16(23.2%) 16(40.0%)

Tumor site
Gastric 159 (69.4%) 89 (74.2%) 49 (71.0%) 21(52.5%) 0.034
Extra-gastric 70 (30.6%) 31 (25.8%) 20 (29.0%) 19(47.5%)

Tumor rupture
No 227 (99.1%) 120 (100.0%) 67 (97.1%) 40(100.0%) 0.120
Yes 2 (0.9%) 0 (0.0%) 2 (2.9%) 0(0.0%)

Tumor size
<5cm 135 (59%) 90 (75.0%) 33 (47.8%) 12(30.0%) <0.001
25 cm 94 (41%) 30 (25.0%) 36 (52.2%) 28(70.0%)

Mitosis
<5/50 HPFs 131 (57.2%) 84 (70.0%) 34 (49.3%) 13(32.5%) <0.001
25/50 HPFs 98 (42.8%) 36 (30.0%) 35 (50.7%) 27(67.5%)

mNIH category
Very low/low 115 (50.2%) 75 (62.5%) 28 (40.6%) 12(30.0%) <0.001
Intermediate/high 114 (49.8%) 45 (37.5%) 41 (59.4%) 28(70.0%)

Hemoglobin
<125 g/L 91 (39.7%) 37 (30.8%) 38 (55.1%) 16 (40.0%) 0.005
2125 g/L 138 (60.3%) 83 (69.2%) 31 (44.9%) 24 (60.0%)

Adjuvant imatinib
No 178 (77.7%) 100 (83.3%) 49(71.0%) 29(72.5%) 0.100
Yes 51 (22.3%) 20 (16.7%) 20 (29.0%) Il (27.5%)

Abbreviations: NARFIB, score combining the neutrophil-to-albumin
classification.

years) and the group included 125 men (54.6%) and 104
women (45.4%). The median BMI was 23.9 kg/m?® (range:
16.4-36.6 kg/m?). The surgical approaches were categor-
ized as laparotomy for 131 patients (57.2%) and laparo-
scopic surgery for 98 patients (42.8%). Tumor location

ratio and fibrinogen; HPFs, high-powered fields; mNIH,

modified National Institutes of Health

was categorized as in the stomach for 159 patients
(69.4%) or in other digestive tract locations for 70
patients (30.6%). Tumor rupture was only confirmed for
2 patients (0.9%). The median tumor size was 4.0 cm
(range: 0.3-22.0 cm). Based on the mNIH classification
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system, very low risk was judged for 42 patients (18.3%),
low risk was judged for 73 patients (31.9%), intermediate
risk was judged for 40 patients (17.5%), and high risk was
judged for 74 patients (32.3%). The median hemoglobin
concentration was 128 g/L (range: 38—168 g/L), the med-
ian NAR was 0.072 (range: 0.030-0.344), and the median
fibrinogen concentration was 3.15 g/L (range: 1.22-10.36
g/L). Among the 114 patients of the moderate/high-risk
group, 51 (44.7%) patients received adjuvant imatinib
treatment following surgery.

ROC Analysis

According to the ROC curves (Figure 1), the optimal
critical values were defined as 0.086 for the NAR (AUC:
0.708, 95% CI: 0.605-0.811; p<0.001) and 3.57 g/L for
fibrinogen concentrations (AUC: 0.778, 95% CI: 0.690—
0.867; p<0.001). Using these critical values, the AUC for
the NARFIB score was 0.833 (95% CI: 0.605-0.811;
p<0.001), which was superior to the AUC for NAR or
fibrinogen concentration alone.

Survival Analysis

The median RFS was 38.5 months (range: 2.9-166.0
months), and one-year, three-year and five-year RFS
rates were 96.8%, 88.0%, and 81.7%, respectively. The
patients were grouped according to a NARFIB score of 0
points (120 patients, 52.4%), 1 point (69 patients, 30.1%),
or 2 points (40 patients, 17.5%). The Kaplan-Meier survi-
val curves shown that higher NARFIB scores were

—FIB(glL)
NEUT/ALB
NARFIB

—Reference Line

Sensitivity

o o

e >

1 1
1\_\7\\

T T T
00 02 04 06 08 10

1 - Specificity

Figure | Optimal critical points for the neutrophil-to-albumin ratio, fibrinogen, and
the NARFIB score were determined using receiver operating characteristic curves.
Abbreviations: FIB, fibrinogen; NEUT/ALB, neutrophil/albumin; NARFIB, score
combining the neutrophil-to-albumin ratio and fibrinogen.

significantly related to poorer RFS (p <0.001, Figure 2).
One-year, three-year and five-year RFS rates for the
NARFIB 0 group were 100.0%, 96.8%, and 81.7%,
respectively, for the NARFIB 1 group were 96.9%,
85.0%, and 82.4%, and for the NARFIB 2 group were
86.8%, 62.2%, and 31.7%.

The univariate analyses (Table 2) revealed that RFS was
significantly associated with surgical approach (hazard ratio
[HR]: 0.237, 95% CI: 0.091-0.613, p=0.003), tumor site
(HR:3.417,95% CI: 1.735-6.729, p<0.001), tumor rupture
(HR: 31.822, 95% CI: 3.798-266.649, p=0.001), larger
tumor size (HR: 3.935, 95% CI: 1.880-8.237, p<0.001),
higher mitotic index (HR: 4.527, 95% CI: 2.109-9.718,
p<0.001), and higher NARFIB score (HR: 20.272, 95%
CI: 4.856-84.623, p<0.001). The multivariate analyses sug-
gested that poor RFS among GIST patients was indepen-
dently related with higher mitotic index (HR: 2.737, 95%
CI: 1.095-6.841, p=0.031), tumor rupture (HR: 21.305,
95% CI: 2.125-213.603, p=0.009), tumor site (HR: 1.974,
95% CI: 0.912-4.272, p=0.084), the NAR (HR: 4.669, 95%
CI: 1.776-12.273, p=0.002), and fibrinogen (HR: 5.015,
95% CI: 1.993-12.619, p=0.001), although tumor size and
surgical approach were not independent prognosticators.
When the NAR as well as fibrinogen were replaced by the
NARFIB score in the multivariate analysis, the independent
prognosticators were tumor site (HR: 2.927, 95% CI: 1.-
417-6.045, P=0.004), mitotic index (HR: 2.661, 95% CI:
1.110-6.380, P=0.028), and the NARFIB score (HR:
14.116, 95% CI: 3.243-61.443, P<0.001). Subgroup

h SINARFIB 0

NARFIB 1

NARFIB 2
~—+—NARFIB 0-censored
| NARFIB 1-censored
08 NARFIB 2-censored

0.4+

Recurrence-free Survival

P<0.001

0.0

T T T T T
00 50.00 100.00 150.00 200.00

Time (months after surgery )

Figure 2 Kaplan—-Meier curves for recurrence-free survival according to the
NARFIB score.

Abbreviation: NARFIB, score combining the neutrophil-to-albumin ratio and
fibrinogen.
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Table 2 Univariate and Multivariate Analyses of Clinicopathological Variables That Were Related to Recurrence-Free Survival

Variables

Univariate Analysis

Multivariate Analysis(l)

Multivariate Analysis(2)

HR (95% CI)

HR (95% CI)

HR (95% CI)

P

Age
<60 years
260 years

|
1341 (0.663-2.714)

0.414

Gender
Male
Female

|
0.835 (0.417-1.673)

0611

Body mass index
<24 kg/m?
224 kg/m?

|
0.734 (0.370-1.453)

0.375

Approach
Laparotomy

Laparoscopic surgery

|
0.237 (0.091-0.613)

0.003

|
0.453 (0.149-1.374)

0.162

|
0.490 (0.169-1.416)

0.188

Operative time
<180 min
2180 min

I
1.304 (0.653-2.604)

0.453

Tumor site
Gastric

Extra-gastric

|
3.417 (1.735-6.729)

<0.001

|
1.974 (0.912-4.272)

0.084

|
2.927 (1.417-6.045)

0.004

Tumor rupture
No
Yes

|
31.822 (3.798-266.649)

0.001

|
21.305 (2.125-213.603)

0.009

|
5.522 (0.643-47.435)

0.119

Tumor size
<5cm

=5 cm

|
3.935 (1.880-8.237)

<0.001

|
0.565 (0.200-1.593)

0.280

|
1.012 (0.429-2.385)

0.979

Mitosis
<5/50 HPFs
25/50 HPFs

|
4.527 (2.109-9.718)

<0.001

|
2.737 (1.095-6.841)

0.031

|
2.661 (1.110-6.380)

0.028

Hemoglobin
<125 g/lL
2125 g/L

|
0.601 (0.306—1.182)

0.140

NAR
<0.086
20.086

|
8.356 (3.817-18.295)

<0.001

[
4.669 (1.776-12.273)

0.002

Fibrinogen
<3.57 g/L
23.57 g/L

|
7.639 (3.448-16.925)

<0.001

5.015 (1.993-12.619)

0.001

NARFIB
0
1-2

|
20.272 (4.856-84.623)

<0.001

|
14.116 (3.243-61.443)

<0.001

Adjuvant imatinib
No
Yes

|
1.012 (0.438-2.339)

0.977

Abbreviations: HR, hazard ratio; Cl, confidence interval; HPFs, high-powered fields; mNIH, modified National Institutes of Health classification; NAR, neutrophil-to-
albumin ratio; NARFIB, score combining the neutrophil-to-albumin ratio and fibrinogen.
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analyses based on the mNIH classification revealed signifi-
cant relationships between poor RFS and high NARFIB
scores among the cases with very low/low/intermediate-
risk classifications (p<<0.001) and among patients with high-
risk classification (p<0.001) (Figure 3).

Relationships Between the NARFIB Score

and Clinicopathological Parameters

The analyses demonstrated that the NARFIB score was sig-
nificantly associated to gender (p=0.023), surgical approach
(p=0.015), tumor size (p<0.001), tumor site (p=0.034),
mNIH category (p<0.001), mitotic index (p<0.001), and
hemoglobin concentration (p=0.005). However, no signifi-
cant relationships were observed with age (p=0.248), BMI
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Figure 3 Prognostic value of the pretreatment NARFIB score in the different
mNIH category subgroups. (A) The very low/low/intermediate-risk classification
subgroups. (B) The high-risk classification subgroup.

Abbreviations: mNIH, modified National Institutes of Health classification;
NARFIB, score combining the neutrophil-to-albumin ratio and fibrinogen.

(p=0.659), operative time (p=0.177), tumor rupture
(p=0.120), or adjuvant imatinib (p=0.100) (Table 1).

Discussion

The present study first indicates that the NAR can help
predict the prognosis of GIST, and that the novel NARFIB
score (combining the NAR and fibrinogen concentration)
provided even better prognostic value than the individual
factors. Based on our results, the NARFIB score had better
ability to predict RFS in this setting, relative to the NAR
or fibrinogen concentration alone, and was useful for risk
stratification. That information might be helpful to identify
cases that might benefit from personalized treatment, such
as using targeted therapy. Moreover, the subgroup analyses
revealed that the NARFIB score can predict RFS among
cases with very low/low/medium risk classifications and
even patients with a high-risk classification.

The most commonly used clinical risk classification
system for GIST is the mNIH system, although it requires
pathological  evaluation of surgical specimens.
Furthermore, the outcomes can vary substantially among
patients with the same risk classification and treatment
regimen,™'? which highlights the need for an accurate
and non-invasive prognostic index. Fibrinogen is an indis-
pensable coagulation factor that can predict the prognosis
of certain tumors. As an example, Lu et al'' found that
elevated fibrinogen concentrations were an independent
predictor of RFS among GIST patients, and 3.7 g/L. was
the optimal critical point. The present study revealed
a similar relationship, although the optimal critical point
defined as 3.57 g/L, which suggests that large-scale multi-
center studies are needed to clarify the most effective
fibrinogen critical point. In this context, fibrinogen helps
regulate tumor cells’ proliferation and migration, as well
as angiogenesis, which is thought to be related to fibrino-
gen up-regulating pro-inflammatory cytokines and leading
to a pro-tumor microenvironment.'*'* As an extracellular
matrix protein, fibrinogen can also induce the epithelial-to-
mesenchymal transition to promote tumor cell migration
and invasion, which involves modulating the expressions
of E-cadherin and vimentin.'>"'® Fibrinogen also acts as
a molecular bridge to facilitate adhesion between endothe-
lial cells, platelets, and tumor cells, which contributes to
metastasis.'” Moreover, an animal model of fibrinogen
deficiency revealed that a microenvironment without fibri-
nogen can inhibit the migration of tumor cells.'®

We are only aware of two studies that have investigated
the relationship between NAR and tumors. Tawfik et al’
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found that the NAR was an independent prognosticator of
a complete pathological response post neoadjuvant che-
motherapy for rectal cancer, while Tingle et al® reported
that the NAR was related to survival among patients receiv-
ing palliative treatment for pancreatic cancer. These results
may be related to the fact that neutrophils are essential for
tumor-related inflammation, which drives the generation of
reactive oxygen species as well as release of proteases to
promote tumorigenesis.'*?° Neutrophils can also promote
angiogenesis by releasing prokineticin 2 and vascular
endothelial growth factor.>' Moreover, neutrophils can
weaken the immune system by inhibiting natural killer

cells, which promotes tumor cell

22,23

proliferation and
extravasation.

Albumin is a parameter that is commonly applied to eval-
uate nutritional status, as hypoalbuminemia is related to mal-
nutrition and weakened immunity.*** Hypoalbuminemia is
also a prognostic factor for various tumors, which may be
related to a systemic inflammatory response that induces
the release of tumor-related cytokines and promotes
tumorigenesis.”® ** Serum albumin can also increase the num-
ber of GO/G1 cells by suppressing Rb protein phosphorylation,
which inhibits tumor cell proliferation.?®

There is inconsistent information regarding the prognos-
tic role of hemoglobin concentrations in GIST. Stotz et al*’
have reported that hemoglobin is an independent prognosti-
cator for GIST patients, while Yang et al*® reported that
hemoglobin was not. We performed Cox regression analysis
and observed that hemoglobin concentrations were not sig-
nificantly related to the prognosis of GIST patients (p=0.14).
It is possible that these inter-study differences are related to
different critical points and patient samples, which indicates
that the prognostic importance of hemoglobin in GIST
patients needs further verification.

This study has several limitations. First, the small
retrospective single-center design may be a source of
bias. Second, partial intermediate- or high-risk cases did
not undergo adjuvant therapy or to complete adjuvant
therapy because of adverse drug reactions or high drug
costs. Thus, it is possible that we introduced selection bias
by omitting some cases with intermediate- or high-risk
disease.

Conclusion

The present study revealed that the NARFIB score, which
combines the NAR and fibrinogen concentration, was an
accurate, non-invasive, and low-cost prognostic indicator
for GIST patients who were undergoing radical surgery.

This scoring system may complement the current risk
classification system and guide personalized treatment
and postoperative follow-up.

Abbreviations

AUC, area under the curve; CI, confidence interval; NAR,
neutrophil-to-albumin ratio; GIST, gastrointestinal stromal
tumor; HR, hazard ratio; RFS, relapse-free survival; ROC,
operating characteristics; mNIH, modified
National Institutes of Health; BMI, body mass index.
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