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Abstract

Background: The incidence of esophagogastric junction adenocarcinoma (EJA) patients was increasing
but their prognoses were poor. Blood-based predictive biomarkers were associated with prognosis. This
study was to build a nomogram based on preoperative clinical laboratory blood biomarkers for predicting
prognosis in curatively resected EJA.

Methods: Curatively resected EJA patients, recruited between 2003 and 2017 in the Cancer Hospital of
Shantou University Medical College, were divided chronologically into the training (n=465) and validation
groups (n=289). Fifty markers, involving sociodemographic characteristics and preoperative clinical
laboratory blood indicators, were screened for nomogram construction. Independent predictive factors
were selected using Cox regression analysis and then were combined to build a nomogram to predict
overall survival (OS).

Results: Composed of 12 factors, including age, body mass index, platelets, aspartate
aminotransferase-to-alanine transaminase ratio, alkaline phosphatase, albumin, uric acid, IgA, IgG,
complement C3, complement factor B and systemic immune-inflammation index, we constructed a novel
nomogram for OS prediction. In the training group, when combined with TNM system, it acquired a
C-index of 0.71, better than using TNM system only (C-index: 0.62, p < 0.001). When applied in the
validation group, the combined C-index was 0.70, also better than using TNM system (C-index: 0.62, p <
0.001). Calibration curves exhibited that the nomogram-predicted probabilities of 5-year OS were both
in consistency with the actual 5-year OS in both groups. Kaplan-Meier analysis exhibited that patients
with higher nomogram scores contained poorer 5-year OS than those with lower scores (p < 0.0001).

Conclusions: In conclusion, the novel nomogram built based on preoperative blood indicators might be
the potential prognosis prediction model of curatively resected EJA.
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Background

According to the latest cancer statistics, esopha-  classified by Siewert in 1998, esophagogastric junction
geal and gastric cancers rank sixth and fourth  adenocarcinoma (EJA) was seen as an independent
respectively in worldwide cancer mortality [1]. First  malignant disease with tumor center located within
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the 10-centimeter area between the esophagus and
stomach [2]. Recently, the incidence of esophageal and
gastric cancers has steadily declined with more
attention paid to the treatment of Helicobacter pylori
and the change of life habits, while the incidence of
EJA has increased on the contrary around the world
during recent decades [3]. Along with it, the poor
prognosis of EJA was posing threat to the global
disease burden. Compared to the 5-year overall
survival (OS) rate of nearly 50% in advanced
gastroesophageal cancer patients after receiving
surgery, the 5-year OS rate of advanced EJA patients
after surgery is worse, being not more than 30% [4].

Precise pretreatment prognostic prediction
would bring benefit to EJA patients, especially those
who were able and willing to undergo surgery. Recent
publications have identified some novel independent
prognostic predictive factors based on preoperative
blood indicators in EJA patients, including C-reactive
protein-to-albumin ratio (CRP/ALB), systemic
immune-inflammation index (SII) and prognostic
nutritional index (PNI) [5-7]. For example, Kudou et
al. identified that PNI and CRP/ALB were strongly
associated with underprivileged prognosis in EJA or
upper gastric cancer patients who underwent surgery
[5, 7]. However, the obvious shortcomings of these
studies included the lack of biomarker combinations
and a limited number of EJA samples. Therefore, it is
compulsory to find a potential objective way based on
clinical laboratory blood-related indicators to predict
the prognosis of EJA patients.

Recently, nomogram has been explored as a
method for predicting cancer outcomes [8]. Increasing
numbers of publications showed that some newly-
constructed nomograms could provide a more precise
prognosis prediction than the traditional cancer TNM
system [9, 10]. Wei et al. have constructed a novel
nomogram in EJA patients who underwent curative
resection containing TNM staging system, body mass
index (BMI) and neutrophil-to-lymphocyte ratio
(NLR), which showed better discrimination and
calibration ability compared with TNM system [11].
However, validation was lacking in their study.
Therefore, we would try to construct and validate
another novel nomogram for individual prognosis
prediction in curatively resected EJA patients.

Methods

Participants enrollment

In this retrospective study, from 2003 to 2017,
EJA patients, who received curative surgical resection
at their first time of admission, were enrolled at the
Cancer Hospital of Shantou University Medical
College. Patients enrolled between 2003 and 2010

were assigned to the training group, and other
patients diagnosed between 2011 and 2017 were
enrolled in the validation group. Detailed inclusion
criteria were as follows: patients (1) aged 40 - 80 years
old; (2) receiving curatively surgical resection; (3)
diagnosis of EJA by pathology after surgery; (4) with
complete sociodemographic data, preoperative
clinical laboratory blood data, and follow-up data.
Detailed exclusion criteria were as follows: patients
(1) with a previous history of any cancers or cancer-
related treatments; (2) suffering from autoimmune
diseases, renal failure, or infectious diseases; (3) with
distant metastasis. The ethics committee of the Cancer
Hospital of Shantou University Medical College
passed the ethical approval (ethics number: 2023006).
The research was conducted according to the
Declaration of Helsinki.

Data collection

The data for analysis were comprised of relevant
information on pathological data (tumor size, invasive
depth, lymph node status, and Siewert’s classifica-
tion), sociodemographic data, and preoperative clini-
cal laboratory blood data within one week (complete
blood cell count and biochemical parameters). Among
them, the sociodemographic data included age,
gender, body mass index (BMI), family tumor history,
smoking history, and alcohol consumption history.

The complete blood cell count included WBC,
the classification of WBC, RBC, RBC-related
indicators, and platelets (PLT). The classification of
WBC contained the percentage of lymphocytes (LY %),
absolute lymphocyte count (LY), the percentage of
monocytes (MO%), absolute monocyte count (MO),
the percentage of neutrophils (NE%), and absolute
neutrophil count (NE). RBC-related indicators
included hemoglobin (HGB), hematocrit (HCT), mean
corpuscular volume (MCV), mean corpuscular hemo-
globin (MCH), and mean corpuscular hemoglobin
concentration (MCHC).

In the collected biochemical biomarkers, creatine
kinase (CK), hydroxybutyrate dehydrogenase
(HBDH), and lactate dehydrogenase (LDH) were the
representative of heart function. Ten liver function-
related indicators involved alanine transaminase
(ALT), aspartate aminotransferase (AST), gamma-
glutamyl transpeptidase (GGT), alkaline phosphatase
(ALP), total protein (TP), globin (GLB), albumin
(ALB), total bilirubin (TBIL), indirect bilirubin (IBIL),
and direct bilirubin (DBIL). Creatinine (SCr), glucose
(FBG), and uric acid (UA) were also enrolled as the
renal function-related indicators. Immune-related
parameters, containing IgG, IgM, IgA, complement
C3 (C3), complement factor B (CFB), and C-reactive
protein (CRP), were also considered.
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Some parameters reported in the previous
review were also listed in this study, including NLR,
lymphocyte-to-monocyte ratio (LMR), platelet-to-
lymphocyte ratio (PLR), albumin-to-globin ratio
(AGR), CRP/ALB, SII and PNI [12]. In short, SII was
calculated using the formula (SII = NE x LY/PLT),
while PNI was calculated by serum ALB (g/I) plus
five times LY (x10°/1).

The TNM stage was defined based on the eighth
edition of the American Joint Committee on Cancer
Staging Manual [13]. In brief, if the tumor center of
EJA was less than 2 cm from the esophagogastric
junction, it was staged according to the esophageal
cancer staging system. Those more than 2 centimeters
away from the esophagogastric junction were staged
using the gastric cancer staging system. Siewert’s
types were defined using the surgical record com-
bined with the pathology reports by the clinicians. All
enrolled patients received follow-up. OS was defined
from the date of receiving surgery to death. Data were
censored for patients who were still alive in December
2019.

Survival prediction nomogram construction

When the clinical laboratory indicators were
applied as prognostic indicators, the normal and
abnormal classification used for diagnostic purpose
appeared not to suit for distinguishing different
survival risks, of which the different cutoff values
were redefined in many published studies [14, 15].
Therefore, in the present study, we altered the
continuous variables into dichotomous variables
using the new cutoff values which were calculated
from the survivalROC package (https:/ /cran.r-project.
org/package=survivalROC) in the R project by
maximizing the Youden index (sensitivity plus
specificity minus one). Then univariate and
multivariate Cox regression analysis were applied to
screen out the potential independent prognosis
predictive factors. Combining the independent
predictive factors, a nomogram for predicting the OS
of EJA patients was built.

Assessment of the nomogram

We used Harrell’s consistent index (C-index) to
assess the discrimination performance of the novel
constructed nomogram. Bootstrapping method was
applied to evaluate the accuracy of the nomogram as
internal validation. Calibration curves were plotted
by calculating the margin effect and were to evaluate
the average prediction probability of the nomogram.
Net reclassification improvement (NRI) and
integrated discrimination improvement (IDI) were
used to calculate the precise improvement in
prognosis prediction of the nomogram compared

with the traditional TNM staging system. After calcu-
lating the nomogram scores of EJA patients based on
the nomogram, we further utilized survivalROC
package to identify the best cutoff value for distin-
guishing different prognostic risks of EJA patients.

Statistical analysis

All statistical analyses were performed using the
following softwares: IBM SPSS Statistics 24.0,
Microsoft Excel, and R version 3.6.1 (http://www.R-
project.org/). The Chi-square test (for categorical
valuables) and the Students’ t test (for continuous
valuables) were used to compare the distribution
difference between training and validation groups.
Nomogram and calibration curves were plotted using
the rms package (https://cran.r-project.org/
package=rms), while NRI and IDI were performed
using the survIDINRI package (https://cran.r-project
.org/package=survIDINRI). Using Kaplan-Meier
survival analysis, survival curves were plotted and
compared using log-rank test through the survminer
packages (https:/ /cran.r-project.org/ package=
survminer). A p lower than 0.05 (two-tailed) was seen
as statistical significance in this study.

Results

Patient enrollment

After excluding the non-eligible patients, there
were 754 EJ A patients enrolled in our study (Figure 1).
Among these, 465 patients from 2003 to 2010 were
placed in the training group, and the validation group
was composed of the remaining 289 patients from
2011 to 2017. As shown in Table 1, except age (p <
0.001), there were no significant distribution differ-
ences between both groups on gender, BMI, tumor
family, smoking history, drinking history, TNM stage,
and Siewert’s classification (all p > 0.05).

Nomogram construction for survival
prediction

As shown in Table 1, the median survival month
of EJA patients was 39.2 + 5.9 months with the 5-year
OS of 44.3% in the training group, which was similar
to those in the validation group (38.0 £ 6.6 months and
5-year OS of 43.7%). Then, we used univariate Cox
regression analysis to select seventeen markers with
p-values of less than 0.05 for stepwise backward
multivariate Cox analysis (Supplementary Table S1).
Finally, twelve independent prognostic predictive
indicators were used to construct the survival
prediction nomogram for EJA patients (Figure 2).
These twelve indicators included age, BMI, PLT,
AST/ALT, ALP, ALB, UA, IgA, IgG, C3, CFB, and SII.
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Table 1. Characteristics of EJA patients in the training and
validation groups.

Training group Validation group 4
(n=465) (n=289)
Median OS (months) 392459 38.0£6.6 0.944
Age, mean t SD, years 61.0+8.1 64.0+7.3 <0.001
Gender 0.099
Male 389 228
Female 76 61
BMI, mean * SD, kg/m?  21.2+2.8 213+25 0.836
Tumor family 0.958
No 400 249
Yes 65 40
Smoking history 0.659
No 165 98
Yes 300 191
Drinking history 0.955
No 350 217
Yes 115 72
TNM stage 0.237
I (IA+IB+IC) 36 20
II (ITA+IIB) 112 58
III (IITA+IIIB) 238 170
IV (LIIC+IVA) 79 41
Siewert’s classification 0.694
Siewert’s type I/11 270 172
Siewert’s type IIT 195 117

Note: EJA: esophagogastric junction adenocarcinoma; OS: overall survival; SD:
standard deviation; BMI: body mass index.

Discrimination evaluation of nomogram

After constructing the nomogram, we used
C-index to evaluate its discrimination. The C-index of
the constructed nomogram was 0.65 (95% CI: 0.62 ~
0.68) in the training group, higher than using the

TNM system (0.62; 95% CI: 0.59 ~ 0.65; p = 0.044)
(Table 2). After combining the nomogram and TNM
system, the C-index in prognostic prediction rose to
0.71 (95% CI: 0.68 ~ 0.74), which was also higher than
using the TNM staging system alone (p < 0.001). In the
validation group, the C-index of the nomogram/TNM
combination was 0.70 (95% CI: 0.66 ~ 0.74), still higher
than the TNM system alone (p < 0.001).

Calibration and improvement assessment of
nomogram

As shown in Figure 3A and 3B, calibration
curves exhibited that the nomogram-predicted
probabilities of 5-year OS were both in consistency
with the actual 5-year OS in both groups. Then, NRI
and IDI were further applied to evaluate the precise
prognosis predictive improvement of the TNM/
nomogram combination compared with the TNM
system alone. Figure 4A showed that the accuracy of
the nomogram/TNM combination was better in
predicting 5-year OS in the training group (NRI =
0.30, 95% CI: 0.20 ~ 0.39, p < 0.001; IDI = 0.11, 95% CI:
0.07 ~ 0.16, p < 0.001). The similar results could be
found in the validation group (Figure 4B; NRI = 0.27,
95% CI: 0.09 ~ 0.40, p = 0.008; IDI = 0.05, 95% CI: 0.02 ~
0.11, p = 0.004).

Patient collection:
803 curatively resected EJA patients

Exclusions:
12 with distant metastasis
19 with renal disease or auto-immue diseases
or infectious diseases
8 with previous cancer history
10 without complete clinicopathological or follow-up data

Enrolling participants:
754 eligible EJA patients

chronologically division

}

Training group:
465 EJA patients

Validation group:
289 EJA patients

|

Cox regression analysis and
nomogram construction

y ¥

¥ ¥

Discrimination Calibration assessment:
assessment: Calibration curve and
Harrell’s consistency index | | Hosmer-Lemeshow test

Net reclassification improvement

discrimination improvement (IDI)

(NRI) and integrated Prognostic stratification

Figure 1 Recruitment process of EJA patients. EJA: esophagogastric junction adenocarcinoma.
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Figure 2 Nomogram for predicting OS of EJA patients.

Table 2. The C-index of OS nomogram for predicting OS of EJA
patients.

C-index 95% CI p
Training group
TNM system 0.62 0.59 ~ 0.65 Ref.
OS nomogram 0.65 0.62 ~ 0.68 0.044
OS nomogram + TNM system 0.71 0.68 ~ 0.74 <0.001
Validation group
TNM system 0.62 0.58 ~ 0.65 Ref.
OS nomogram 0.66 0.63 ~0.71 0.006
OS nomogram + TNM system 0.70 0.66 ~ 0.74 <0.001

Note: OS: overall survival; EJA: esophagogastric junction adenocarcinoma; CI:
confidence interval
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Figure 3. Calibration curves were plotted for the training (A) and validation (B) groups.

Prognostic stratification according to
nomogram score

To judge if the novel constructed nomogram
could stratify EJA patients based on the different
prognostic risks, we calculated the nomogram scores
of all EJA patients. Then we used the survivalROC
package to obtain the best nomogram score cut-off
value (a score of 344) for distinguishing high- and
low-risk patients. From Figure 5, the nomogram could
separate the high-risk patients, and patients with high
scores (> 344 scores) had poorer 5-year OS than those
with low scores (in the training group: 59.6% versus
26.2%; in the validation group: 58.6% versus 38.6%; p
< 0.001).

Discussion

In the present study, composed of twelve factors,
we built a novel nomogram based on the preoperative
clinical laboratory test indicators for OS prediction in
curatively resected EJA patients. In twelve
independent prognostic predictive indicators, BMI,
ALB and UA were all nutrition-related indicators,
while seven parameters, including PLT, ALP, IgA,
IgG, C3, CFB and SII, were all associated with
inflammation and immune system. In the training and
validation group, when combined with the TNM
system, the nomogram acquired C-indexes of 0.71 and
0.70, respectively, better than using the TNM system
only. Calibration curves exhibited that the
nomogram-predicted probabilities of 5-year OS were
both in consistency with the actual 5-year OS in both
groups. Kaplan-Meier analysis exhibited that patients
with higher nomogram scores contained poorer
5-year OS than those with lower scores (p < 0.0001).
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Figure 5. Survival curves were plotted using Kaplan-Meier survival analysis and compared by the log-rank test based on the training (A) and validation (B) groups.

In 1992, it has been proposed that angiogenesis
was associated with metastasis and occurrence of
breast cancer. As a pointer of angiogenesis, platelet
endothelial cell adhesion factor (PECAF) could be
used to estimate the poor prognosis of breast cancer
patients [16]. PECAF could express on the external
surface of platelets, neutrophils, and endothelial cells.
In the previous studies of colon and lung cancers,
platelet counts were found to be related to lymph
node status [17, 18]. Platelets can promote the growth
and invasion of tumor cells. They could also
participate in tumor angiogenesis, infiltrate into
tumor microenvironment, and further protect tumor

cells from being attacked by immune system [19]. In
our study, we also observed that high platelet count
was one of the independent predictors of poor
prognosis. Therefore, platelets might play a vital role
in the prognosis of EJA patients.

An increase in serum ALP usually indicates the
existence of bile obstruction and the bone metastasis
of cancers. In some published studies, ALP has been
reported to correspond to the prognosis. For example,
Namikawa et al. [20] observed that high serum levels
of ALP were one of the poor prognosis predictive
factors in advanced gastric cancer patients who
received chemotherapy. Recently, researchers from
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London Royal Marsden Hospital have constructed a
prognostic model containing serum ALP in advanced
or metastatic esophagogastric cancer patients, and this
result was also validated by other two randomized
controlled trials [21-23]. Researchers from the Yale
Cancer Center also built another novel model for
advanced gastric cancer patients using twelve
indicators, among which ALP, LY, and NE were all
inflammation-related markers [24]. In our study, we
observed that serum ALP was also concluded, and
patients with high ALP preferred to the poor
prognosis, which was similar to the results of the
above-referred publications [21, 24].

It is widely accepted that cancer can stimulate
the immune system to secrete antibodies against
tumors. Some publications have suggested that the
detection of serum antibodies could help identify
cancers and predict prognosis. Ishdorj et al. [25]
observed that in chronic lymphoblastic leukemia, low
serum levels of IgG and high serum levels of IgA were
two vital prognostic markers, indicating the worse
prognosis. Along with the antigen-antibody reaction
system, complements were also found to play a vital
role in the body immune response. Research showed
that the overexpression of complement C3 can
strengthen the malignant progress of gastric cancer by
activating the JAK2/STAT3 signaling pathway, and
finally lead to a poor 5-year OS [26]. Moreover, other
studies have found that plasma levels of CFB in
pancreatic cancer patients were two-fold higher than
those of normal volunteers. They also found that the
diagnostic efficiency of CFB was better than carbo-
hydrate antigen 199 (CA199), and patients with high
CFB levels had worse prognosis [27, 28]. In our
present study of EJA patients, preoperative high IgA,
high C3, high CFB, and low IgG are all poor
prognosis-related factors, which might be consistent
with other cancer research mentioned above. Further
study is needed to explore the related mechanisms in
EJA.

SII is another inflammation-related indicator in
our novel constructed nomogram, and the mathe-
matics combination of three indicators, including
blood neutrophil, lymphocyte, and platelet. It was
first proposed when discussing the indicators in
prognosis prediction of hepatocellular carcinoma
patients [29]. In this study, we observed that a high
preoperative SII might be a protective factor in EJA
patients” prognosis, which was inconsistent with the
result of Jomrich et al [6]. The difference might result
from the different study subjects, as the latter
contained patients receiving neoadjuvant chemo-
radiotherapy. However, our study enrolled a larger
sample size than Jomrich et al. Therefore, the real
predictive ability of SII should be further validated in

the future.

Some innovations of this study could be listed as
follows. First, some indicators we finally included into
the nomogram were first reported, such as IgA, IgG,
C3, and so on. Second, our nomogram in this study
was novel, that was to say, no report has been carried
out with the combination of the same twelve
indicators so far. Third, the published nomograms by
other researchers were mostly aimed at advanced EJA
patients who only received chemoradiotherapy [21,
24]. Indeed, two studies have constructed nomograms
using other indicators for EJA patients receiving
curative surgery resection with the C-indexes of 0.76
and 0.69 [11, 30], which were consistent with our
results. Importantly, our results could be more solid
as we analyzed in a large sample size with validation.
Fourth, most studies revealed prognostic predictive
nomograms based on the Surveillance, Epidemiology,
and End Results database [31-33]. In our current
study, we collected, analyzed, and built the nomo-
gram based on our individual data with independent
validation. Finally, as far as we know, we included the
largest number of parameters (i.e. 50 preoperative
clinical laboratory test results and sociodemographic
characteristics) to build a nomogram for EJA
prognosis to date.

However, some nonignorable limitations should
not be ignored in this retrospective study. First, as a
single-center study, our nomogram should be further
validated in other institutes. Second, the follow-up of
a part of patients in the validation group is below five
years. In the future, we will continue to follow up
these patients to further evaluate this novel
nomogram. Third, as shown in Table 1, patients in the
validation group were older than those in the training
group, which might result in some bias. Nevertheless,
although the age difference existed, the nomogram
still showed robust performance and calibration
ability in the validation group. In the published
studies, we found that the researchers also included it
into the final models although the age difference also
existed [34-39]. Based on these studies, we thought
that it was not necessary to exclude indicators of
which the distribution difference was significant
between training and validation groups. Finally, there
were no specific tumor indicators used for the
diagnosis or prognosis prediction of EJA in clinical
practice, although some studies have found that
traditional cancer biomarkers including CA125 and
CA199 might be used as prognostic indicators for EJA
[30, 40]. What's more, in this retrospective study, not
all patients received the test of tumor indicators,
which limited the application of these tumor markers
for the construction of our nomogram. Whether the
combination of tumor markers and our current
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nomogram would get a better performance or not
should be further studied.

Conclusions

To sum up, we evaluated fifty markers mainly
consisting of preoperative clinical laboratory blood
results and built a nomogram based on twelve
indicators to predict the prognosis of curatively
resected EJA patients. Most of the including indicators
are inflammation- or immune-related indicators. In
the future, if the further evaluation was carried out,
this novel nomogram might provide a novel direction
for the individual treatment options of EJA patients.
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