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Abstract. Background/Aim: Combination of perioperative
chemotherapy with gastrectomy with D2 lymphadenectomy
improves long-term survival in patients with gastric cancer.
The aim of this study was to investigate the predictive value
of preoperative levels of CRP, albumin, fibrinogen,
neutrophil-to-lymphocyte ratio and routinely used tumor
markers (CEA, CA 19-9, CA 72-4) for lymph node
involvement. Materials and Methods: This retrospective
study was conducted in 136 patients who underwent surgery
between 2007 and 2015. Bivariable and multivariable
analyses were performed in order to identify important
characteristics associated with the risk of lymph node
involvement. Kaplan-Meier survival curves and log-rank
tests were used to compare overall survival. Results: Lymph
node involvement was significantly affected by preoperative
fibrinogen (p=0.008) and albumin (p=0.023). Poor clinical
condition, T and N staging and fibrinogen level above 3.5
g/l were significantly associated with worse overall survival.
Conclusion: Preoperative fibrinogen and albumin levels are
significantly associated with lymphoid metastases in patients
with gastric cancer.

Until 2008, gastric cancer (GC) was the fourth most common
cancer in the world (1). According to Globocan 2012 there
were approximately 952,000 new cases of GC in the world,
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accounting for 6.8% of all diagnosed cancers and making this
cancer the 5th most common malignancy globally (2).
Moreover, it is the third leading cause of death in both sexes
accounting for 8.8% of the total deaths from cancer (3).

In spite of advancements in chemotherapy and local
control of GC, prognosis remains poor, mainly because of
the advancement of the disease at the time of diagnosis.
Approximately 50% patients in western countries have
metastases at the time of diagnosis, and from those without
metastatic disease only 50% are eligible for gastric resection
(4). The five-year relative survival in Europe varies between
10.6% and 24.0% (5).

Patients at the 4th stage will most likely not benefit from
aggressive therapy approaches. Therefore, it is important to
increase detection of earlier stages thereby permitting
patient-specific tailoring of therapy and improved outcomes.
Promising therapeutic procedure for patients without
presence of distant metastases is the combination of
chemotherapy applied before and after radical resection with
D2 lymphadenectomy. The benefit is achieved by reducing
tumor size and by stabilization of lymph node (LN)
involvement (6, 7). British MAGIC (Medical Research
Council Adjuvant Gastric Infusional Chemotherapy) and
French ACCORD (French Action Clinique Coordonnées en
Cancérologie Digestive) prospective trials have proved that
this therapeutic approach results in higher five-year survival
rate and progression-free survival (8, 9).

The decision on whether perioperative chemotherapy is
indicated is based primarily on TNM staging. Given that
preoperative (clinical) cTNM staging is mainly determined by
imaging methods with limited sensitivity, it would be beneficial
to specify preoperative staging with the use of available
laboratory biomarkers in order to identify patients with
unsuspected LN involvement among the patients with (clinical)
cNO stage. There are many monitored markers that could
possibly specify pre-treatment cTNM staging. The list of
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conventional tumor markers used for patients with GC includes
carcinoembryonic antigen (CEA), and carbohydrate antigens
19-9 (CA 19-9) and 72-4 (CA 72-4) (10). It is a well-known
fact that the serum levels of CEA, CA 19-9 and CA 72-4 are
elevated in patients with GC; however, their clinical utility
remains uncertain. It has been reported that CEA and CA 19-9
are associated with LN involvement (11, 12) and that CA 72-4
is the most sensitive and specific marker for the GC patients,
whose positivity is associated with advanced tumor stage, LN
and distant metastases (13-19).

With increasing evidence that systemic inflammatory
response plays an important role in carcinogenesis and tumor
progression (20-22), more attention is being paid to
identifying and monitoring inflammation-based markers,
acute-phase proteins, and to associated changes in differential
blood count (23, 24). Pre-treatment albumin (ALB) has been
observed as a significant prognostic factor in GC (25-27) and
elevated C-reactive protein (CRP) to be associated with
progressive disease or an advanced stage and a worse survival
(28). Another promising available biomarker seems to be a
neutrophil-to-lymphocyte ratio (NLR) (29-31) which reflects
inflammation status and is associated with clinical stage and
survival in patients with GC (32).

Fibrinogen (FBG) is another acute-phase protein and
important clotting factor primarily produced by hepatic cells,
being evaluated for its potential to improve diagnostic accuracy
and management approaches. In addition to its role in blood
coagulation, cell adhesion and the inflammatory response (33),
FBG at higher levels has been shown to promote cancer cell
growth, progression and metastasis (34-38). Furthermore,
hypercoagulation status indicated by high FBG level has been
reported to be associated with tumor progression, metastasis,
and survival in patients with GC (36, 37).

The primary objective of this study was therefore to
investigate the predictive value of preoperative levels of
CRP, ALB, FBG, NLR and other routinely used tumor
markers (CEA, CA 19-9, CA 72-4) for LN metastases
detection prior to surgery. A secondary aim was to explore
their association with long-term outcomes.

Materials and Methods

Data were extracted retrospectively from the database at the Saint
Elizabeth Cancer Institute in Slovakia. All records of patients who
underwent surgery for GC between 01 January 2007 and 31 December
2015, and entered a routine follow-up protocol were retrieved and
screened for eligibility. The inclusion criteria for this study were as
follows: 1) age >21 years; 2) histologically confirmed gastric cancer
of any stage. Exclusion criteria: Gastrointestinal Stromal Tumors and
lymphomas. Finally, a total of 136 patients with GC were included in
the study. Clinicopathological stage of all patients was classified
according to TNM classification 2010 (39). Patients with localized and
potentially resectable disease (T1-4 NO-3 MO) underwent radical
surgery. Presence of distant metastases, peritoneal dissemination and
lymph node involvement except locoregional gastric lymph nodes [LN
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stations 1-12 and 14v according to Japanese classification (40)]
precludes the possibility of radical surgery or perioperative
chemotherapy, moving these patients into the group scheduled for
palliative treatment or explorative laparoscopy to clarify disease
staging. Patients who did not survive the immediate postoperative
period, i.e. within 30 days after surgery, were excluded.

Outcomes of main interest — LN involvement in the attempt to
model the observed data as a function of patients’ preoperative
characteristics. Secondary outcomes — deaths from any cause
occurring during the follow-up — were considered beginning on day
of surgery and continuing until patients deceased. Survivors and
patients censored for loss to follow-up (e.g. transfer of care), were
considered beginning on day of surgery and continuing until the last
recorded visit or until 01 December 2016 (the end of study).

Laboratory measurements. Preoperative plasma FBG, serum ALB,
CRP, CEA, CA 19-9, CA 72-4 and complete blood count were
examined using standard laboratory protocols in samples taken from
patients preprandially a day to three weeks prior to surgery.

Ethical standards. This study was approved by the Medical Ethics
Committee of St. Elizabeth Cancer Institute.

Statistical analysis. Data were summarized as means with the
respective standard deviations (SD) for continuous variables or as
medians and ranges for data showing departures from normality.
Categorical variables are presented as counts and relative frequencies.
Bivariable and multivariable analyses were performed in order to
identify statistically and clinically important characteristics associated
with the risk of LN involvement. The variables selected for the final
logistic regression model are quoted with corresponding ORs along
with the respective 95% confidence intervals (95%CI). Kaplan-Meier
survival curves and log-rank tests were used to compare overall
survival (OS) grouped by variables of interest.

All reported p-values were two sided, and significance level was
set at p<0.05. StatsDirect 3.0.161 software (Stats Direct Ltd.,
Cheshire, UK) and Statistica 13 software (Dell-StatSoft, Inc. Tulsa,
OK, US) were used.

Results

From a total of 136 patients with GC, 79 (58.1%) were males
and 57 (41.9%) were females. No patient died in the
immediate postoperative period (<30 days). Patients’
demographic and clinicopathological characteristics grouped
by the outcome are summarized in Table I. Lymph node
involvement was present in 83 (61.0%) patients and absent
in 37 (27.2%) patients. The extent of LN involvement of
nine patients scheduled for explorative surgery, and three
patients scheduled for palliative surgery who underwent
surgical exploration only, was classified as presumably
present. Those 16 patients were characterized by a more
aggressive clinical presentation and poorer outcome (Figure
1, lower left). Characteristics of patients with examined LN
involvement are summarized in Table II. Medians of the pre-
treatment levels of seven markers are listed as well. Among
the characteristics, higher FBG and lower ALB levels were
significantly associated with LN involvement, and higher
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Table 1. Clinical characteristics of 136 patients with gastric cancer treated between January 2007 and December 2015 — grouped by outcome.

Patients’ characteristics Total Dead Survived p-Value

Number (%)* n=136 (100%) n=71 (100%) n=65 (100%)

Age (years) Mean+SD 64.3+10.74 64.6+11.48 64.0+9.95 0.737

Gender Male 79 (58.1) 39 (61.5) 40 (54.9) 0.4885
Female 57 (41.9) 32 (38.5) 25 (45.1)

Histological type Intestinal 51 (37.5) 19 (26.8) 32 (49.2) 0.0024
Mixed 7(5.1) 2(2.8) 5(71.7)
Diffuse 78 (57.4) 50 (70.4) 28 (43.1)

NACT Yes 17 (12.5) 5(7.0) 12 (18.5) 0.0501
No 119 (87.5) 66 (93.0) 53 (81.5)

Surgery Radical 110 (80.9) 46 (64.8) 64 (98.5) <0.0001
Palliative 17 (12.5) 16 (22.5) 1(1.5)
Explorative LP** 9 (6.6) 9 (12.7) 0 (0.0)

Stage Tl 24 (17.6) 5(7.0) 19 (29.2) <<0.0001
T2 22 (16.2) 5(7.0) 17 (26.1)
T3 45 (33.1) 20 (28.2) 25 (38.5)
T4 45 (33.1) 41 (57.8) 4(6.2)

LN involvement Presumably present*** 16 (11.8) 15 (21.1) 1(1.5) 0.0005
Present 83 (61.0) 46 (64.8) 37 (56.9)
Absent 37 (27.2) 10 (14.1) 27 (41.6)

(%)*: Expressed as percentage of the column total, if applicable; p-Value: probability value; SD: standard deviation; NACT: neoadjuvant therapy;
**: patients scheduled for explorative laparotomy; LN: lymph node; ***: patients who underwent surgical exploration and did not undergo resection

or palliative surgery.

CEA and CA 72-4 levels were likely associated with LN
involvement. Consequently, these characteristics were
examined in the course of developing a multivariable model
of LN involvement.

Nodal status assessment in gastric cancer. In order to
investigate the separate and joint effects of the selected
explanatory variables, and to find a simple method of
predicting LN involvement on the basis of symptoms, tests,
and personal characteristics of patients we performed
bivariable and multivariable logistic regressions. Patients that
had a probability of LN involvement 20.5 were classified as
having LN metastases, and patients with a probability <0.5
were classified as not having LN metastases. We kept in
mind that the extent of LN involvement remained actually
unknown for 16 (11.8%) patients, who underwent
explorative surgery because of a more advanced disease at
the time of initial diagnosis, that could introduce
confounding factors (peritoneal carcinomatosis, liver
metastases, efc.) in the estimates of regression coefficients,
and subsequently in the interpretation of the obtained
findings. To examine the potential bias introduced by the
group having had explorative surgery, we developed several
models for a subgroup of 120 patients who underwent radical
or palliative surgery and compared the estimates obtained for
the whole sample of 136 patients with the patients on
explorative surgery coded as (presumably) positive for LN
involvement. We examined all preoperatively known

characteristics, and constructed models from the variables
that contributed to the LN involvement prediction with the
achieved level of significance in bivariable analysis of p=0.2
at least. We were focused on the variable of interest FBG (in
g/L), the potential confounders, age (in years) and sex (coded
as l=male, O=female), as well as on the clinical and
laboratory characteristics such as histology (coded as
1=diffuse or mixed type, O=intestinal), NACT (coded as
1=yes, 0=no), and the NLR (the absolute ratio values).

We found out that FBG levels itself were not able to
sufficiently discriminate between LN positive and negative
patients. Moreover, the AUC for NLR in the bivariable was
not significantly different from the null model AUC of 50%.
The AUC amounted to 62% (p<0.01), and OR=1.80 with
95%CI=1.06-3.06 (p=0.03). The classification efficiency of
FBG as a single variable in the model was not sufficient to
make a reliable prediction. However, its inclusion in the
multivariable model as an additional covariate significantly
increased the classification performance of the model as
evaluated by the deviance likelihood ratio Chi-square
statistics and by the AUC.

Further, the variable NACT, and/or the NLR did not
significantly discriminate between LN positive and negative
patients. Neither the variable NACT, nor NLR improved the
predictive performance of multivariable models.

The final model was therefore composed of four variables
known before surgery which proved to be most efficient in
predicting the LN involvement. In no case the excluding
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Figure 1. Kaplan-Meier curves for overall survival in patients with gastric cancer grouped by type of surgery (upper left, overall log rank test:
p<0.0001, explorative vs. palliative: non-significant), lymph node status (lower left, with inoperable patients scored as “presumably present” LN
involvement, overall log rank test: p<0.0001), preoperative FBG (upper right, levels of 3.5 g/L or above were considered elevated, p=0.0142), and

postoperative TNM staging (lower right, overall log rank test: p<0.0001).

explorative surgeries significantly altered regression estimates
of the selected explanatory variables (data not shown). Here,
we present the model for the subgroup of patients with radical
or palliative surgery (Table III) as a justified and more
conceptually correct model. The overall diagnostic
performance of the model at the probability cut-off=0.5:
sensitivity=89.2%; specificity=18.9%; +ve predictive
value=71.2%; -ve predictive value=43.8%:; predictive value
despite -ve test=56.2%; correctly classified=67.5%; and area
under ROC curve=72.8%. The specificity of the model can
be increased (at the expense of decreasing sensitivity) by
increasing the probability cut-off for classification (c.f.
Legend of Table III).

Survival analysis. In order to study the association of patients’
characteristics known after surgery on OS we performed a
Kaplan-Meier analysis. Visual inspection of differences in
unadjusted curves (Figure 1, upper left) confirmed the
assumption that the risk of death was highest in the group of
inoperable patients and the patients with palliative surgery (the
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median survival time of 7.1 with 95%CI from 3.3 to 8.5, and
9.9 months with 95%CI=7.0-17.2, respectively). The median
survival time of the patients with curative surgery was
significantly higher (68.4, 95%CI=45.0-69.1).

The overall five-year survival was 41.6% (95%CI=31.9-
51.0). The median survival times in groups by type of
surgery were 68.4 months (95%CI=44.9-69.1) for radical
surgery, 10.0 months (95%CI=7.0 to 17.2) for palliative
surgery and 7.1 months (95%CI=3.3-8.5) for explorative
laparoscopy/laparotomy group (the overall log rank test:
p<0.0001). For patients with fibrinogen levels above 3.5 g/L
the 5-year survival were 30.0% with 95%CI=30.0-18.0, and
for patients with fibrinogen levels below or equal 3.5 g/L the
S-year survival was 52.1% with 95%CI=64.7-37.7). This
difference was significant (p=0.0142, Figure 1, upper right).
Patients with unknown LN status due to lack of sampling
had significantly worse survival than patients with examined
LN, even with those having metastases in LN (Figure 1,
lower left; p<0.0001). These patients were therefore
categorized as presumably having present LN involvement.
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Table II. Clinical and laboratory characteristics of 120 patients with gastric cancer treated by radical or palliative surgery between January 2007

and December 2015 — grouped by lymph node status.

Patients’ characteristics Total LN positive LN negative p-Value

Number (%)* n=120 (100%) n=83 (100%) n=37 (100%)

Age (years) Mean+SD 64.6+10.31 64.3+10.30 65.2+10.45 0.675

Gender Male 72 (60.0) 56 (67.5) 16 (43.24) 0016
Female 48 (40.0) 27 (32.5) 21 (56.76)

Fibrinogen Mean+SD 3.55+1.01 3.68+1.13 3.25+0.60 0.008

Neu/Ly Ratio Median (Range) 2.64 (0.77-8.50) 2.54 (0.77-8.50) 2.78 (0.87-8.22) 0.777

CRP Median (Range) 4.0 (1.0-169.8) 225 (1.0-14.8) 4.1 (1.0-169.8) 0.297

Albumin Mean+SD 37.65+5.30 36.89+5.24 40.39+4.76 0.023

CEA Median (Range) 1.5 (0.2-226.2) 1.7 (0.2-57.8) 1.05 (0.2-4.4) 0.083

CA 19-9 Median (Range) 13.4 (1.2-879) 12.8 (1.2-879) 14.8 (5.6-59.3) 0417

CA 72-4 Median (Range) 2.5 (0.1-440) 2.85 (0.1-440) 2.0 (0.1-145.3) 0.069

Type Intestinal 46 (38.3) 30 (36.2) 16 (43.2) 0.586
Mixed 7(5.8) 6(7.2) 1(2.7)
Diffuse 67 (55.9) 47 (56.6) 20 (54.1)

NACT Yes 14 (11.7) 9 (10.8) 5(13.5) 0.760
No 106 (88.3) 74 (89.2) 32 (86.5)

Surgery Radical 110 (91.7) 73 (64.8) 37 (100) 0.030
Palliative 10 (8.3) 10 (12.0) 0 (0)

Outcome Dead 56 (46.7) 46 (88.0) 10 (27.0) 0.0005
Survived 64 (53.3) 37 (44.6) 27 (73.0)

LN: Lymph nodes; (%)*: expressed as percentage of the column total, if applicable; p-Value: probability value; SD: standard deviation; CRP: C-
reactive protein; Neu/Ly: neutrophil-to-lymphocyte (ratio); NACT: neoadjuvant therapy.

Table III. Multivariable logistic model for lymph-node involvement in gastric cancer patients.

Variable B coefficient Standard error p-Value OR 95%Cl1
(Intercept) -1.984 1.731 0.252 n.a.

Age -0.012 0.021 0.580 0.988 0.948 to 1.030
Male gender 1.427 0.503 0.005 4.168 1.554 to 11.18
Fibrinogen 0.649 0.307 0.034 1914 1.049 to 3.494
Diffuse or mixed type 0.902 0.522 0.084 2.465 0.886 to 6.858

Logit model: Deviance (likelihood ratio) chi-square=15.54; p-Value=0.0037. Diagnostic performance at probability cut-off at max(sens+spec) of
0.66: PPV=84%; NPV=50% and AUC=72.8%. p-Value: probability value; OR: odds ratio; CI: confidence interval; n.a.: not applicable; PPV: positive
predictive value; NPV: negative predictive value; AUC: area under ROC curve.

For patients without LN involvement the 5-year survival was
72.9% with 95%CI=86.1-51.4, and for patients with present
LN involvement levels it was 35.1% with 95%CI=47.2-23 2.
For patients with unproven but conceivably present
involvement the 5-year survival could not be estimated. Here
we present the 3-year survival of 6.3% (95%CI=24.1-0.4).
These differences were significant (p<0.0001, Figure 1,
lower left). The five-year survival varied with stage of
disease from 76.1% (95%CI1=87.7-56.7) for stage I-II to
434% (95%CI=60.1-25.4) for stage III, and to 5.2%
(95%CI1=18.3-0.6) for stage IV. These differences were
significant (p<0.0001, Figure 1, lower right).

Discussion

Despite adequate surgery with radical lymphadenectomy the
prognosis of GC is still poor. The five-year survival of patients
with early GC is about 75%, but at an advanced stage with
extensive LN involvement it is less than 30% (41). In order to
improve long-term survival new more effective treatment
modalities are tested. An important aim is to personalize
(tailor) treatment according to the characteristics of the
individual patient (42, 43). Endoscopic resection is appropriate
for very small tumors. For stage IB—III gastric cancer, radical
gastrectomy is indicated and perioperative therapy is
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recommended for these patients. Medically fit patients should
undergo D2 resections in high-volume surgical centers (44).
Since the end of the 1980s, more patients with locally
advanced tumors were subjected to a preoperative,
perioperative or postoperative treatment in order to improve
the prognosis after resection (41). Therefore, the contribution
of perioperative chemotherapy is tested in order to improve
survival. It was documented that perioperative chemotherapy
leads to downsizing of the primary tumor, significantly
improves progression-free survival, and significantly improves
overall survival and should be considered as a treatment of
choice for patients with potentially curable GC.

Specification of LN involvement prior to surgery is
limited, as the detection rates of the imaging tests may vary.
The logistic model constructed from risk factors from
multivariate analysis in this study, may be an effective
diagnostic approach. Therefore, using clinical data of GC
patients, we investigated risk prediction models considering
various combinations of preoperatively known characteristics,
in order to select a proper set of explanatory variables that
are either known to affect the risk of LN involvement or
might be confounders. Specifically, we have investigated the
relationship between LN metastasis and levels of FBG, ALB,
CRP, tumor markers CEA, CA 19-9, CA 72-4 and ratio NLR.
We were focused on preoperative levels of FBG and ALB
that had been significantly associated with nodal status in
patients with GC in bivariable analysis. The best model was
composed of four variables known before surgery which
proved to be most efficient in predicting the LN involvement:
age, sex, and histology of tumor and FBG.

In 1975 Brajerski reported that increased FBG level was
observed in 67% of GC patients (45). The tumor itself may be
a source of FBG and it is one of the factors of the tumor
growth and metastasis (46). The adverse effect of
hyperfibrinogenemia on the long-term survival as well as the
increased risk of metastases in patients with gastrointestinal
tract malignancies was confirmed by further studies (47-49).
Several studies have confirmed this link for GC as well (33,
50, 51). In 2006 Yamashita reported that hyperfibrinogenemia
is associated with lymphatic and hematogenous metastasis and
worse clinical outcome (52). His results are confirmed by
other studies demonstrating the utility of FBG in the
prediction of node involvement in GC patients (53, 54).

In our study, 120 patients had histologically examined LNs.
Fifty-four of them had FBG level greater than 3.5 g/l;
histologically confirmed LN metastases were present in 43
cases (79.6%). Changes in FBG and ALB levels were
significantly associated with the presence of LN metastases.
Decrease in serum ALB concentration and elevation of FBG
level represents an increased risk of LN involvement (p=0.023,
resp. 0.008). Furthermore, elevated FBG was associated with
worse prognosis reflected in reduced long-term survival
(p=0.034).
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Conventional tumor markers CEA, CA 19-9, CA 72-4 are
widely used for monitoring response to therapy and detection of
recurrence (10), but their sensitivity in detection of LN
metastases is limited. In our study, patients with LN involvement
had increased levels of CEA and CA 72-4, but these markers
were not significant predictors of lymphoid metastases per se
(p=0.083, resp. 0.069). However, they still can improve overall
model performance of prediction models for measures of binary
and survival outcomes. Other tested markers (CA 19-9, NLR,
CRP) did not contribute significantly to the prediction of LN
involvement. Given that presence of LN metastases influences
therapeutic decision, routine clinical laboratory testing of FBG
and ALB levels may bring additional information for
determining if perioperative chemotherapy should be given. In
addition, altered levels of FBG and ALB indicate the necessity
of thorough lymphadenectomy. Even extensive LN dissections
have promising results when performed by experienced surgeons
in high-volume centers (55, 56). To assess whether perioperative
chemotherapy and a precise lymph node dissection might play
some role in prolonging survival after surgery requires a
longitudinal clinical study in a large series of GC patients. Then
the risk of LN involvement as predicted by logistic regression
can be used in a Cox proportional hazard regression to examine
whether these approaches will prolong survival.

Conclusion

We have developed a model for prediction of LN
involvement in order to improve preoperative cancer staging.
Based on our findings we conclude that alteration in
fibrinogen and albumin levels can serve as indicators of node
involvement in patients with GC. Timely and more accurate
information about the staging can help clinicians to optimize
patients' treatments. The ultimate goal of preoperative
management of a GC patient is to improve overall outcome.
Future validation study using prospective cohort is highly
recommended to strengthen our conclusions.
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