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Abstract

Background: Chronic inflammation is a hallmark of colorectal mucinous adenocarci-
noma (CMA). Albumin-to-fibrinogen ratio (AFR) and fibrinogen-to-pre-albumin ratio
(FPR) were independent prognostic factors for many kinds of solid malignancies.
However, the association between the inflammatory scores and progression of meta-
static CMA remains unknown.

Methods: Peripheral blood neutrophil count and circulating fibrinogen, albumin, and
pre-albumin levels were detected, and neutrophil-to-albumin ratio (NAR), neutrophil-
to-pre-albumin ratio(NPAR), AFR, and FPR were calculated in 42 metastatic MCA
patients. Kaplan-Meier curve, Cox regression, time-dependent receiver operating
characteristic curve (tdROC) were selected to investigate the prognostic utility of
them in the patients.

Results: Metastatic CMA patients commonly occurred in middle-younger pa-
tients (80.95%). NPAR (adjusted hazard ratio (HR)=2.405, 95% confidence interval
(Cl)=1.195-4.842) and FPR (plog_rank=0.007, adjusted HR=2.364, 95% Cl=1.203-4.645)
were significantly associated with poor progression-free survival in these patients.
The prognostic prediction area under tdROC (AUROC) of FPR was significantly higher
than that of NPAR(0.703 versus 0.537). Moreover, the patients with a high CA19-9-
FPR score showed worse outcomes than those with the low score (p;y,.,,,<0.001,
adjusted HR=7.273, 95% Cl=2.721-19.435 for the score 1 versus 0). The prediction
AURQOC, sensitivity, and specificity of the score were 0.892 (0.788-0.996), 76.32%,
and 100.00%, respectively, and its predicted efficacy was better than that of the sin-
gle biomarkers.

Conclusion: The combined CA19-9-FPR score is an economical, simple, effective, and

independent prognostic factor for metastatic MCA.
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1 | INTRODUCTION

Colorectal mucinous adenocarcinoma (CMA) is a rare histological
subset of colorectal cancer (CRC), accounting for 1.6%-25.4% of all
CRC.}? CMAs commonly contain >50% extracellular mucin in the
tumor volume. Due to the aggressive biological behavior and distinct
genetic background of the disease, clinical chemotherapy response
and prognosis are unsatisfactory in patients with CMA.%* As such,
accurate prediction of recurrence and progression in patients with
localized and metastatic disease is important for appropriate, tar-
geted treatment.

It is well-established that chronic inflammation is a hallmark of
cancer, including CMA.? It contributes to alternations of oncogenes
and tumor-suppression genes, which in turn leads to carcinogen-
esis.® Cancer-elicited inflammation also can help to form a cancer
cell-protected “niche” for distal metastasis, resulting in progres-
sion and poor prognosis in these patients.” Accumulating evidence
suggests that inflammatory cells and specific factors can reflect
the degree of chronic inflammation.®? Inflammatory biomarkers,
such as neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte
ratio, prognostic nutritional index, and lymphocyte-to-monocyte
ratio are associated with response to clinical neoadjuvant chemo-
radiotherapy response and survival of patients with CMA 011
The most recent studies have also reported circulating albumin-
to-fibrinogen ratio (AFR), fibrinogen-to-pre-albumin ratio (FPR),
and neutrophil-to-albumin ratio (NAR), as independent prognos-
tic indicators for many types of malignancies.u’17 However, to
our knowledge, no study has investigated the prognostic utility
of AFR, FPR, NAR, and neutrophil-to-pre-albumin ratio (NPAR) in
patients with metastatic CMA.

Accordingly, we determined pre-treatment circulating neutrophil
count, and albumin, pre-albumin, and fibrinogen levels and calcu-
lated the four inflammatory ratios to investigate their utility in pre-
dicting the clinical prognosis of 42 patients with metastatic CMA.

2 | MATERIALS AND METHODS

Patients with metastatic CMA patients were initially recruited
to screen and identify those eligible to participate in the present
study. All the included patients were diagnosed and confirmed ac-
cording to imaging and pathological analysis between January
2011 and December 2017 at the Second Affiliated Hospital of
Nanchang University (Nanchang, China). None of the eligible pa-
tients had other malignancies and did not undergo any emergent or
neoadjuvant chemoradiotherapy. Patients who recently experience
diarrhea, infection, hereditary polyposis, ulcerative colitis, autoim-
mune or chronic kidney disease, hematopathy, hepatopathy, or car-
diovascular and cerebrovascular disease, those taking non-steroidal
anti-inflammatory drugs and intravenous albumin supplements and
individuals without clinical data, contact information, samples, or
lost to follow-up within three months, were excluded from the study.
Written informed consent was obtained from each enrolled patient,

and the study was approved by the Ethics Committee of the Second
Affiliated Hospital of Nanchang University.

Baseline characteristics, contact information, and pathological
results were obtained from all patients. Peripheral blood samples,
plasma, and serum samples were collected from each eligible pa-
tient one or two days before clinical treatment. Peripheral neutro-
phil count was detected by SYSMEX HST-302 machine (Sysmex,
Tokyo, Japan). Serum albumin, pre-albumin, and plasma fibrinogen
levels were determined by bromocresol green staining method, im-
munoturbidimetry, and Clauss method using OLYMPUS AU5400
(Beckman Coulter, Tokyo, Japan), and SYSMEX CA-7000 machine
(Sysmex, Tokyo, Japan), respectively. Circulating carcinoembry-
onic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9) were
determined by chemiluminescence method using SIEMENS ADVIA
Centaur XP machine (Siemens, Erlangen, Germany). The intra- and
inter-assay coefficients of variation of the above detections were
less than 10%. NAR, NPAR, AFR, and FPR were calculated according
to the formulae listed in Table 1. In addition, the combined CA199-
FPR score was calculated. Patients with both low CA19-9 and FPR
scored O, and those with a single or two high biomarkers of them
scored 1.

Progression-free survival (PFS) was the primary survival end-
point in this study, and it was defined as the time from the clinical
diagnosis to disease progression or death with any reason. Three-
year follow-up was performed at a frequency of three months in the
first two years and six months in the third year, with a deadline of
December 1, 2020. In each follow-up, a physical examination, com-
mon tumor biomarkers (ie, CEA and CA19-9), and abdominal com-
puted tomography scan or magnetic resonance imaging detection
were performed during the follow-up investigations.

X-tile software (Yale University, New Haven, CT, USA) was used
to calculate the NAR, NPAR, AFR, and FPR cut-off values according

to PFS. Continuous and binary variables are expressed as median

TABLE 1 The optimal cut-off values and definitions of four
inflammatory ratios in present study.

Cut-off Definition of
Inflammatory ratios value the score Score
AFR (albumin-to-fibrinogen 9.30 <9.30 0
ratio)
>9.30 1
FPR (fibrinogen-to-pre- 26.20 <26.20 0
albumin ratio x1000)
>26.20
NAR (neutrophil-to- 12.10 <12.10 0
albumin ratiox100)
>12.10 1
NPAR (neutrophil-to-pre- 23.40 <23.40 0
albumin ratio x1000)
>23.40 1

Note:: the optimal cut-off values of the included ratios are calculated
using X-tile software according to progression-free survival.
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and interquartile range, and number and frequency, respectively.
The Kolmogorov-Smirnov, Mann-Whitney U test, chi-squared, and
Fisher's exact tests were used to analyze differences in the compar-
isons between the continuous and binary variables, as appropriate
Kaplan-Meier curves with a log-rank test and univariable and multi-
variable Cox regression (LR method, Backward) were used to exam-
ine the survival differences in the different groups. Time-dependent
receiver operating characteristic (tdROC) curves were used to dis-
criminate and to compare the prediction efficacies of these ratios.
All statistical analyses were performed using SPSS version22.0
(IBM Corp, Armonk, NY, USA), R 3.5.1 (Institute for Statistics and
Mathematics, Vienna, Austria) with the “survivalROC” package. All
analyses were two-sided, and differences with p < 0.05 were consid-

ered to be statically significant.

3 | RESULTS

According to the inclusion and exclusion criteria, 42 patients with

metastatic CMA were included in the present study. Baseline

TABLE 2 The baseline and clinicopathological characteristics of
patients with metastatic CMA.

Parameter Number Percentage (%)
Gender (male) 22 52.38
Age (>60 year) 8 19.05
Smoking (yes) 5 11.90
Drinking(yes) 3 7.14
Diabetes (yes) 4 9.52
Hypertension (yes) 2 4.76
T stage (T3-4) 31 73.81
LN status (N1-2) 18 42.86
Differentiation (G1-2) 16 38.10
Cancer bulk (>5 cm) 13 30.95
Primary location (right) 22 52.38
Palliative surgery (yes) 22 52.38
Chemotherapy(yes) 41 97.62
Radiotherapy (yes) 6 14.29
Targeted therapy (yes) 8 19.05
CEA (>5 ng/mL) 22 52.38
CA19-9 (>37 U/mL) 24 57.14
NAR (score=1) 10 23.81
NPAR (score=1) 14 33.33
AFR (score=1) 32 76.19
FPR (score=1) 16 38.10
Progression rate 38 90.48

Abbreviation:: LN: lymph node; NAR: neutrophil-to-albuminx100; NPAR:
neutrophil-to -pre-albumin ratiox1000; AFR: albumin-to-fibrinogen
ratio; FPR: fibrinogen-to- pre-albumin ratio x1000; right location means
the caecum, ascending colon, and transverse colon, the others were
considered as left tumor location.

characteristics and sample values are summarized in Table 2. The ma-
jority of included patients were <60 years of age (80.95%), 52.38% of
the patients were observed in right-tumor location. 52.38% under-
went palliative resection, and 97.62% received adjuvant chemora-
diotherapy. The progression rates were 90.48% within three years
of follow-up, and the median PFS was 9 months (interquartile range,
5-16.25 months).

The optimal cut-off values for NAR, NPAR, AAPR, AGR, AFR, and
FPR were 12.10, 23.40, 9.30, and 26.20 in present study(Table 1).
High CA19-9 (p}5g.4n < 0.001, crude hazard ratio (HR)=4.196, 95%
confidence interval (Cl) =1.896-9.286) and FPR (p,og,mnk = 0.007,
crude HR=2.521, 95%Cl=1.282-4.960) were significantly associated
with poor PFS according to Kaplan-Meier curve analysis and univari-
able Cox regression. However, the other factors were not associated
with PFS among the included patients. Moreover, adjusted according
to the common baseline and pathological and treatment variables,
PFS in the patients with high CA199 (p=0.001, adjusted HR=3.855,
95%Cl=1.746-8.509), NPAR (p = 0.014, adjusted HR=2.405,
95%Cl=1.195-4.842), and FPR (p = 0.013, adjusted HR=2.364,
95%Cl=1.203-4.645) was still significantly inferior to those with low
CA199, NPAR, and FPR, respectively (Figure 1 and Table 3).

The area under the time-dependent ROC (AUROC) was used to
evaluate the prediction efficacy of CA19-9 and FPR in patients with
metastatic CMA. The prediction AUCs for FPR, NPAR, and CA19-9
were 0.703(0.499-0.906), 0.537 (0.358-0.744), and 0.824(0.683-
0.966), respectively, and their prediction sensitivity and specificity
were 42.11% and 100.00%, 34.21% and 75.00%, and 64.86% and
100.00%, respectively (Figure 1 and Table 4).

In this study, we calculated and investigated the role of the com-
bined CA19-9 and FPR score in predicting clinical outcomes in the
study. Twelve (28.57%) and 30 (71.43%) patients had scores of O, 1,
respectively, using the combined CA19-9-FPR score. The PFS of the
patients who scored 1 was significantly worse than that of one case
(plog_rank<0.001, adjusted HR=7.273, 95%Cl=2.721-19.435) (Figure 1).
The predicted AUC was higher than that for CA19-9 (0.892 versus
0.824, p = 0.034) and FPR (0.892 versus. 0.703, p < 0.01), respec-
tively, and the prediction sensitivity and specificity of the combined
score were 76.32% and 100.00%, respectively (Table 4).

4 | DISCUSSION

Prediction of disease progression is an important metric that can
influence clinical treatment decision aimed at improving survival in
patients with metastatic CMAM In this study, we found that patients
with metastatic CMA exhibiting a high FPR demonstrated extremely
poor PFS compared to those with low-FPR. Moreover, patients with
a high combined CA19-9-FPR score experienced worse outcomes
than those with low score, and its prediction efficacy was high up
to 0.892, which was significantly better than the single biomarkers.
CMA exhibits the distinct clinical and histological characteris-
tics.!® Previous studies have shown that the disease occurs primarily
in females and younger populations.’’ Our study showed that males
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FIGURE 1 Prognostic roles of FPR and CA19-9-FPR combined score in 42 metastatic CMA patients. A: Kaplan-Meier (K-M) curve of FPR;
B: K-M curve of CA19-9-FPR combined score; C: time-dependent receiver operating characteristic curve (tdROC) of CA19-9, NPAR, FPR; D:

tdROC of CA19-9-FPR combined score.

accounted for 52.38% of the total patients, and 80.95% of the eligi-
ble cases were <60 years of age. Moreover, 38.10% of the metastatic
patients exhibited a high FPR. Accumulating evidence indicates that
high FPR implies high-grade inflammation.?® Severe cancer-elicited
inflammation attenuates sensitivity to radio-chemotherapy and can
even lead resistance to the treatment,*? resulting in poor survival
in CRC patients.'??° Hence, 90.48% of the included patients were
found to exhibit disease progression during the follow-up period.
TNM stage, venous and lymphoid invasion, microsatellite in-
stability (MSI) status, CEA, and CA19-9 are common factors used
to evaluate the prognosis of patients with metastatic CMA. In this
study, we found that only lymph node status and CA19-9 were
significantly associated with the poor outcomes in these patients.

Recent studies have reported that chronic inflammatory biomarkers,
such as FPR, lymphocyte-to-monocyte ratio (LMR), and neutrophil-
to-lymphocyte ratio (NLR) were effective in predicting survival in
patients with CRC.'22°22 Our study also showed that circulating
FPR was superior, in terms of prognostic ability, to the other inflam-
matory biomarkers as a useful recurrence indicator in stage Il-1ll sur-
gical CRC patients.?® In this study, we found that only NPAR and
FPR were also associated with poor PFS adjusted by the other com-
mon confounders, suggesting that the two factors may be an inde-
pendent prognostic metric to predict the progression of metastatic
CMA. However, the prediction AUROC for FPR was significantly
higher than that for NPAR, indicating that NPAR was inferior to
FPR in predicting survival. Furthermore, the combined CA19-9-FPR
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TABLE 3 Kaplan-Meier curve and Cox regression of the clinical characteristics and the four inflammatory ratios in patients with

metastatic CMA.
Parameter P-value
Gender (male) 0.128
Age (>60 year) 0.070
Smoking (yes) 0.306
Drinking (yes) 0.473
Diabetes (yes) 0.304
Hypertension (yes) 0.827
T stage (T3-4) 0.920
LN status (N1-2) 0.095
Differentiation (G1-2) 0.912
Cancer bulk (>5 cm) 0.833
Primary location (right) 0.079
Palliative operation (yes) 0.300
Radio-chemotherapy (yes) 0.227
Targeted therapy (yes) 0.906
CEA (>5 ng/mL) 0.135
CA19-9 (>37 U/mL) <0.001
NAR (score=1) 0.529
NPAR (score=1) 0.133
AFR (score=1) 0.156
FPR (score=1) 0.007

Crude HR(95%Cl)

1.660(0.864-3.189)
2.116(0.941-4.761)

1.651(0.632-4.309)
1.549(0.469-5.113)
1.729(0.608-4.917)
1.173(0.279-4.943)
3.211(0.623-6.214)
1.949(0.891-4.267)
1.053(0.425-2.607)
1.095(0.470-2.553)
0.551(0.283-1.071)

0.692(0.345-1.388)
0.557(0.215-1.441)
0.954(0.434-2.095)
1.694(0.849-3.383)
4.196(1.896-9.286)

1.272(0.600-2.696)
1.678(0.853-3.300)
0.585(0.279-1.227)
2.521(1.282-4.960)

Adjusted HR(95%Cl)
1.195(0.544-2.629)
2.020(0.898-4.542)
2.085(0.377-11.528)
0.552(0.119-2.567)
1.375(0.424-4.460)
0.542(0.108-2.733)
3.655(0.320-6.230)
2.521(0.983-5.871)
1.021(0.410-2.599)
1.015(0.479-2.563)
0.441(0.216-0.901)
0.666(0.324-1.370)
0.551(0.209-1.456)
1.462(0.535-3.998)
1.545(0.764-3.126)
3.855(1.746-8.509)
1.902(0.885-4.088)
2.405(1.195-4.842)
0.863(0.283-2.364)
2.364(1.203-4.645)

Abbreviation:: LN: lymph node; NAR: neutrophil-to-albumin x100; NPAR: neutrophil- to-pre-albumin ratiox1000; AFR: albumin-to-fibrinogen
ratio; FPR: fibrinogen-to -pre-albumin ratio x1000; p-value: the value of Kaplan-Meier curve with log-rank test; HR: hazard ratio; Cl: confidence
interval; right location means the caecum, ascending colon and transverse colon, the others were considered as left tumor location; multivariable
Cox regression is adjusted by gender, age, tobacco, alcohol, diabetes, hypertension, treatment, T and N status, differentiation, cancer size, primary

location.

TABLE 4 The performance discriminative ability between FPR, CA199, and the combined score in metastatic CMA patients.

Biomarkers

FPR

CA19-9
CA19-9-FPR score

Progression-free survival

AUROC(95%Cl) Sensitivity Specificity
0.703(0.499-0.906) 42.11% 100.00%
0.824(0.683-0.966) 64.86% 100.00%
0.892(0.788-0.996) 76.32% 100.00%

Abbreviation:: FPR: fibrinogen-to-pre-albumin ratio x1000; AUROC: area under time-dependent receiver operating characteristic curve; Cl:

confidence interval.

score harbored high efficacy and predicted sensitivity, which were
high up to 76.32% and 100.00%, respectively. Our findings indicated
that the combined CA19-9 and FPR score was superior to that of
single factors, and the score was a practical, simple, and effective
biomarker for predicting disease progression.

To our knowledge, this study is the first time to investigate
the role of these inflammatory ratios in metastatic CMA patients.
Although we obtained interesting findings, the following limita-
tions should be addressed. This was not a prospective study, and,
because it was retrospective study, selection bias of eligible cases
may have affected the findings. Only 42 eligible patients were in-
cluded in this study, and the small sample size may have affected

the statistical power and the cut-off values of each included inflam-
matory ratio. Our patients were selected from a single center and
therefore, our results should be validated in multi-center prospec-
tive studies. Finally, a distinct genetic background affected patient
survival, however, we did not detect microsatellite instability(MSI)
status, RAS and BRAF mutations, or the status of CpG island meth-
ylator phenotype. Thus, we did not know the influence of these ge-
netic alternations on FPR in predicting the survival of metastatic
CMA patients.

In conclusion, FPR was better than the other three inflamma-
tory ratios in predicting clinical outcome of patients with metastatic
CMA. The combined CA19-9-FPR score was a practical, effective,
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and independent prognostic metric for the metastatic disease.
Future multi-center prospective studies are needed to validate our

results.
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