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Introduction
Gastric cancer is often diagnosed in advanced stages 
and is one of the leading causes of cancer-related deaths 
worldwide.1-3 Despite advancements in surgical techniques, 
chemotherapy, and radiation therapy, the five-year survival 
rate for advanced gastric cancer is only around 5–20%, with 
a median overall survival of less than one year.4 Even after 
radical resection, many patients experience recurrence or 
metastasis within five years. It is important to develop a 
treatment plan that corresponds with the patient’s expected 
lifespan to minimise the risk of recurrence and metastasis.

Neoadjuvant therapy has been shown to benefit localised 
disease in phase III studies,5,6 and multimodality treatment 
has become a standard approach.6,7 However, even patients 
with the same stage of disease and receiving similar 
treatments may have different prognoses. Therefore, 
accurate prediction of the prognosis of patients with gastric 
cancer and the determination of the optimal treatment 
strategy requires the use of clinical prediction models and 
further research.

Clinical prediction models are increasingly being used 
to predict prognosis and survival in cancer patients. The 
ypTNM staging system and tumour regression grade defined 

by the American Joint Committee on Cancer (AJCC) are 
markers that are associated with prognosis and survival 
and help determine appropriate treatment. However, these 
markers may have some limitations in predicting prognosis 
accurately as they do not consider pre-neoadjuvant therapy 
staging. While the benefits of neoadjuvant chemotherapy 
in gastric cancer have been demonstrated, early indicators 
of disease progression in patients who receive neoadjuvant 
chemotherapy are still lacking.

The downstaging depth score (DDS) and neoadjuvant 
rectal (NAR) score have recently been identified as 
predictors of survival in patients with neoadjuvant-treated 
rectal cancer.8-10 The aim of this study is to determine the 
role of DDS and NAR score in predicting survival in patients 
with gastric cancer who have received neoadjuvant therapy 
followed by curative gastrectomy.

Methods

Patients and data
After the approval (date: 30.12.2022, No: İ11-686-22) was 
granted by our ethics committee, a retrospective analysis 
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was made on the Ankara University patient database from 
2007 to 2019.

We analysed 129 patients who underwent radical 
gastrectomy after neoadjuvant therapy for advanced local 
gastric adenocarcinoma. Patients under the age of 18, with 
severe systemic disease – chronic renal failure, chronic 
liver failure, severe pulmonary disease, etc. – synchronous 
tumour, pathology other than adenocarcinoma or signet 
ring cell adenocarcinoma, and who underwent emergency 
or palliative surgery were excluded from the study. A total 
of 74 patients were found to be eligible for the study. The 
patients’ age at diagnosis, location of primary tumour, 
type of surgery, adjuvant/neoadjuvant treatment protocol, 
pathological results, clinical-pathological tumour stage and 
lymph node involvement, preoperative laboratory results, 
levels of carcinoembryonic antigen (CEA) and cancer 
antigen 19-9 (CA 19-9), presence of vascular and neural 
invasion, and number of removed and metastatic lymph 
nodes were obtained from the hospital database.

The patients were staged according to the 8th edition 
of the AJCC tumour/node/metastasis (TNM) clinical and 
pathological staging system.11,12 Thoraco-abdominopelvic 
computed tomography (CT) was used as standard for 
staging. Other staging methods such as gastroscopy, 
endoscopic ultrasound or abdominal magnetic resonance 
imaging (MRI) were also used in case of clinical suspicion. 
The neoadjuvant treatment protocols were divided into three 
groups – modified DCF (docetaxel 60 mg/m2, cisplatin 60 
mg/m2, and 5-fluorouracil 600 mg/m2/day (5 days) infusion, 
every 21 days), FLOT (5-fluorouracil 2600 mg/m2/day 24-
hour infusion, leucovorin 200 mg/m2, oxaliplatin 85 mg/
m2, docetaxel 50 mg/m2 on day 1, every 14 days), and 
other chemotherapy protocols (ECF – epirubicin, cisplatin, 
5-fluorouracil, ECX – epirubicin, cisplatin, capecitabine). 
The presence of adjuvant chemotherapy and radiotherapy 
was recorded. All included patients underwent D2 dissection 
independent of the type of surgery.

The patients’ NAR score and DDS were calculated. 
The DDS was recorded before and after the operation. 
The relationship between the NAR score and DDS with 
prognosis was analysed. The area under the receiver 
operator characteristics (ROC) curves was calculated. The 
accuracy of the NAR score and DDS in predicting overall 
survival was evaluated. Preoperative haemoglobin, albumin, 
leukocyte, lymphocyte, platelet, and neutrophil values 
were also classified as low, normal, and high based on the 
laboratory reference range. Tumour markers were classified 
as normal and high based on the laboratory reference range. 
The neutrophil-lymphocyte ratio (NLR), an inflammatory 
marker, was calculated using the formula neutrophil count/
lymphocyte count.

NAR score
The NAR score is designed to be a representative endpoint 
in clinical trials that is sensitive to factors affected by 
neoadjuvant therapy. It uses universal clinicopathological 
factors in clinical trials, which makes it cost-effective and 
time-efficient.13 The NAR score is calculated using the 
following formula – [5 ypN - 3 (cT - ypT) + 12]2 /9.61. 
The cT (0, 1, 2, 3, 4) in the NAR score denotes clinical 
stage, while pT (0, 1, 2, 3, 4) and pN (0, 1, 2, 3) represent 
pathological T and N stages, respectively.

DDS
DDS is a response evaluation method that uses the TNM 
staging system. T stages 0–4 and N stage 0 are scored 0–4 
points, while T stages 0–4 and N stage + are scored 5–9 
points (Table I). The preoperative score is evaluated based 
on the clinical stage, while the postoperative score is based 
on pathological findings. The final score is calculated by 
subtracting the post-treatment score from the pre-treatment 
score (final DDS = pre-treatment score – post-treatment 
score).10

Statistical analysis
The statistical analysis was performed using the Statistical 
Package for Social Sciences (SPSS version 25, IBM Corp. NY, 
USA) computer software package for Windows. Categorical 
variables were presented as counts and percentages, while 
continuous variables were presented as mean ± standard 
deviation and median (interquartile range, 25th–75th 
percentile) in the descriptive statistics section. The chi-
square test was used for comparison analysis of categorical 
variables between independent groups. Normal distribution 
of continuous variables was evaluated using coefficient of 
variation, histogram graphs, and the Kolmogorov-Smirnov 
test. For parametric cases where the data was normally 
distributed, t-tests were used for the analysis between two 
independent groups, while nonparametric cases where the 
data was not normally distributed, the Mann-Whitney U test 
was used. Analysis of three or more groups was performed 
using ANOVA for normally distributed data and Kruskal-
Wallis test (Bonferroni-corrected Mann-Whitney U test) 
for non-normally distributed data. Visual (histogram and 
probability graphs) and analytical methods (Kolmogorov-
Smirnov/Shapiro-Wilk tests) were used to investigate the 
normality of numerical variables. When the variables were 
normally distributed, correlation coefficients and statistical 
significance were calculated using the Pearson test, and 
when not, the Spearman test was used.

 ROC analysis was used to determine the optimal cut-
off values for NAR and DDS. Optimal cutoff values were 
calculated by analysing the area under the curve using the 
Youden index.

Kaplan-Meier test was used for survival analysis, and the 
results were analysed using the Log-rank test. The overall 
survival (OS) duration of patients was defined as the time 
elapsed between the diagnosis date and the date of death 
for any reason. Univariate and multivariate analyses for OS 
were performed using the Cox regression model. Variables 
that were found to be significant in the univariate analysis 
were included in the multivariate regression analysis model. 
Prognostic factors affecting survival were examined in the 
multivariate analysis. Cases where the type 1 error level was 
below 5% were considered statistically significant. In this 

Table I: Downstaging depth scoring diagram

Stage Score Stage Score

  T0N0   0   T0N+   5

  T1N0   1   T1N+   6

  T2N0   2   T2N+   7

  T3N0   3   T3N+   8

  T4N0   4   T4N+   9
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study, a general level of statistical significance of p < 0.05 
was accepted.

Results

Demographics and tumour characteristics
The study group consisted mostly of males (60.8%) with 
a mean age of 59 ± 10.1 years. The most frequent tumour 
location was the antrum (51.4%). The most frequent type of 
surgery was total gastrectomy (n = 44, 59.5%), and subtotal 
gastrectomy was performed in 31.5% of the patients. An 
R0 resection was achieved in all patients. Preoperative 
clinical (radiological) lymph node positivity was found 
in 82.4% (n  =  61) of the patients, but this rate decreased 
to 73% (n  =  54) following postoperative pathological 
review. Clinical T4 tumour was detected in 71.6% of 

patients (n = 53), but this decreased to 62.2% (n = 46) after 
pathological staging. All patients received neoadjuvant 
chemotherapy based on inclusion criteria, with the most 
frequently used regimen being modified DCF (74.3%). The 
second most frequent regimen was FLOT (17.6%). Adjuvant 
chemotherapy was given to the majority of patients (68.9%), 
and 23% of patients received adjuvant radiotherapy.

Pathological analysis showed that 62.2% of tumours 
were high-grade or poorly differentiated adenocarcinomas. 
The preoperative and postoperative diagnoses of all 
patients were adenocarcinoma. Of the preoperative small 
biopsy specimens, 93.2% were adenocarcinoma subtypes 
other than signet ring cell adenocarcinoma, while 6.8% 
were signet ring cell adenocarcinoma. After resection and 
complete pathologic evaluation with additional specialised 
stains such as cytokeratin immunohistochemistry, 70.3% 

Table II: Clinical characteristics of patients according to neoadjuvant rectal score 

Variable
Low-risk (NAR ≤ 33.81) High-risk (NAR > 33.81) Total p-value

n % n % n %

Gender       

0.033    Female    7   24.1   22   48.9   29   39.2

     Male    22   75.9   23   51.1   45   60.8

Type of Surgery 

0.018 Laparotomy    21   72.4   20   44.4   41   55.4

Laparoscopy     8   27.6   25   55.6   33   44.6

Grade       

 0.006 
      1   6   20.7   2   4.4   8   10.8

2    10   34.5   10   22.2   20   27

3    13   44.8   33   73.4   46   62.2

cT     

0.350   T3    10   34.5   11   24.4   21   28.4

  T4    19   65.5   34   75.6   53   71.6

cN    

0.002    N0    10   34.5   3   6.7   13   17.6

N+    19   65.5   42   93.3   61   82.4

Vascular invasion 

0.114    Negative   21   72.4   25   55.6   46   62.2

  Positive    8   27.6   20   44.4   28   37.8

Neural invasion 

0.212  Negative   19   65.5   23   51.1   42   56.8

  Positive    10   34.5   22   48.9   32   43.2

Adjuvant chemotherapy 

0.124Not received   12   41.4   11   24.4   23   31.1

Received   17   58.6   34   75.6   51   68.9

Adjuvant radiotherapy 

0.132Not received   25   86.2   32   71.1   57   77

Received   4   13.8   13   28.9   17   23

Neoadjuvant chemotherapy 

0.287
  DCF    23   79.3   32   71.1   55   74.3

    FLOT   5   17.2   8   17.8   13   17.6

  Other    1   3.5   5   11.1   6   8.1

DDS

0.003 ≤ 0    12   41.4   34   75.6   46   62.2

 > 0    17   58.6   11   244   28   37.8
SD – Standard deviation
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were adenocarcinoma subtypes other than signet ring 
cell adenocarcinoma and 29.7% were signet ring cell 
adenocarcinoma. Vascular and neural invasion were found 
in 37.8% and 43.2% of patients, respectively. The median 
number of removed lymph nodes was 22 (range 16–46), 
with a median of 3 (range 0–30) metastatic lymph nodes. 
The median lymph node ratio was 0.15 (range 0–0.95). The 
median NAR score was 45.99, and the median final DDS 
was 0 (range -6 to 8). Patients were divided into two groups 
based on final DDS (group 1: ≤ 0; group 2: > 0).

Results of ROC analysis
To assess the prognostic value of the NAR score in 
predicting survival, we conducted a ROC analysis. The area 
under the curve (AUC), which represents the accuracy of 
the test, was 0.843 with a 95% confidence interval (CI) of 

0.746–0.941 and a p-value of less than 0.001. The optimal 
cutoff value for the NAR score was determined to be 33.81, 
with a sensitivity of 78.7% and a specificity of 70.4%. The 
Youden index, a measure of the effectiveness of the cutoff 
point, was calculated to be 0.491. Based on the NAR score, 
patients were grouped into high-risk (> 33.81) and low-risk 
(≤ 33.81) categories. Clinical and laboratory characteristics 
of the patients were compared between these groups (Table 
II).

Patients were also grouped based on their median DDS as 
high-risk (DDS < 0) and low-risk (DDS > 0). The clinical 
and laboratory characteristics of patients based on the DDS 
were presented in Table III.

Table III: Clinical characteristics of patients according to downstaging depth score

Variables
High-risk (DDS ≤ 0) Low-risk (DDS > 0) Total p-value

n % n % n %

Gender 

0.144Female    21   45.7   8   28.6   29   39.2

Male    25   54.3   20   71.4   45   60.8

Type of surgery 

0.002 Laparotomy    19   41.3   22   78.6   41   55.4

Laparoscopy     27   58.7   6   21.4   33   44.6

Grade 

0.010 
1   1   2.2   7   25   8   10.8

2   13   28.3   7   25   20   27

3   32   69.5   14   50   46   62.2

cT 

0.575T3    12   26.1   9   32.1   21   28.4

T4    34   73.9   19   67.9   53   71.6

cN

0.187N0    10   21.7   3   10.7   13   17.6

N+    36   78.3   25   89.3   61   82.4

Vascular invasion 

0.076Negative   25   54.3   21   75   46   62.2

Positive    21   45.7   7   25   28   37.8

Neural invasion 

0.133Negative   23       50   19   67.9   42   56.8

Positive    23    50   9   32.1   32   43.2

Adjuvant chemotherapy 

0.502Not received   13   28.3   10   35.7   23   31.1

  Received   33   71.7   18   64.3   51   68.9

Adjuvant radiotherapy 

0.372Not received 37   80.4   20   71.4   57   77

Received  9   19.6   8   28.6   17   23

Neoadjuvant chemotherapy    

0.346
DCF    34   74   21   75   55   74.3

FLOT    6   13   7   25   13   17.6

Other    6   13   0   0   6   8.1

NAR score 

0.003≤ 33.81 12   26.1   17   60.7   29   39.2

> 33.81  34   73.9   11   39.3   45   60.8
SD – Standard deviation
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Survival analysis
The median overall survival time of patients during the 
27.5 months (3–139 months) follow-up period was found 
to be 29 months (95% CI; 10.9–47.0). Survival analysis 
based on NAR score and DDS showed that patients with 
low NAR score and high DDS had significantly longer 
overall survival (Table IV, Figure 1). In addition, significant 
survival differences were obtained among variables such as 
gender, surgical type, vascular invasion, neural invasion, 
grade, and neoadjuvant chemotherapy type (Table IV). No 

survival difference was observed based on tumour location 
(p > 0.05).

Univariate and multivariate analyses
Univariate analysis revealed that gender, surgery, resection 
type, neural invasion, grade, adjuvant radiotherapy, 
lymphocyte level, CEA level, NAR score, DDS, and NLR 
variables affected survival (Table V). Variables that yielded 
significant results in univariate analysis were evaluated 
in multivariate analysis to determine whether they were 

Table IV: Survival by clinical characteristics 

Variable  Median survival (month) 95% CI (interval) p-value

NAR score 

< 0.001     ≤ 33.81   n/a   n/a

    > 33.81   18 months   15.2–20.8

DDS

< 0.001 ≤ 0    17 months   14.5–19.4

> 0    n/a   n/a

Gender   

0.027 Female    20   15.8–24.1

Male    51   29.5–72.4

Age   

0.476≤ 60    26   0–52.8

> 60    36   16.3–55.6

cT   

0.737T3    17   6.9–27

    T4    36   17.1–54.8

cN  

0.443N0   12.3   26.8–75.1

N+    11   4.3–47.6

Type of surgery   

0.016 Laparotomy    64   0–135.2

Laparoscopy     25   15.6–34.3

Grade   

0.004 
  1   n/a   n/a

  2   63   14.2–21.7

  3   18   10.9–47

Vascular invasion  

0.024 Negative   45   11.4–78.5

Positive    18   7.6–28.3

Neural invasion   

0.014 Negative   45   n/a

Positive    18   8–27.9

Adjuvant chemotherapy   

0.263Not received   64   n/a

Received   26   15.8–36.1

Adjuvant radiotherapy 

0.792Not received   34   16.1–51.8

Received   25   0–77

Neoadjuvant chemotherapy   

0.001
DCF    34   14.9–53

FLOT    n/a   n/a

Other    9   5.9–12
n/a – not available 
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independent prognostic factors. Multivariate analysis 
showed that lymphocyte level, DDS, and NAR score were 
independent prognostic factors. The analysis revealed that 
a lymphocyte level between 1000–4000 reduced the risk 
of death by 0.29-fold (p  =  0.008), high DDS reduced the 
risk of death by 0.16-fold (p < 0.001), and high NAR score 

increased the risk of death by 4.3-
fold (p < 0.001) (Table V).

Discussion
While neoadjuvant therapy is 
promising in the treatment of locally 
advanced gastric cancer patients, 
there are still few prognostic 
indicators that can guide the strategy 
to be followed after neoadjuvant 
therapy. With the increasing benefits 
of the neoadjuvant treatment 
approach, predicting the disease 
course based on the tumour 
response to chemotherapy in this 
population has become important. 
Clinical-pathological factors and 
clinical prediction models have 
been discussed in many studies 
and are increasingly being used to 
predict prognosis and survival in 
cancer patients. The histological 
response (tumour regression grade) 

after neoadjuvant therapy and the ypTNM staging system 
defined by AJCC for selecting appropriate treatment are 
generally accepted as markers associated with prognosis 
and survival.14-18 However, these markers may have some 
limitations in accurately predicting prognosis as they do 
not take into account the pre-neoadjuvant therapy staging. 

Figure 1: DDS - NAR score – survival curve

  

Table V: Univariate and multivariate analyses

Clinical and laboratory characteristics in univariate analyses 

Variable Odds ratio 95% CI (interval) p-value

    Age    0.811   0.453–1.454   0.482

    Gender    0.525   0.293–0.944   0.031

    cT    0.897   0.473–1,704   0.741

    cN    1,364   0.610–3.050   0.450

    Localisation    0.999   0.784–1,273   0.996

  Type of Surgery    1.664   0.865–3.125   0.129

  Resection type    0.615   0.314–1,204   0.156

  Vascular invasion    0.629   0.237–1.669   0.352

  Neural invasion    2.389   0.991–5.756   0.052

  Grade    1.655   0.922–2.971   0.091

  Adjuvant chemotherapy    0.848   0.381–1.887   0.697

  Adjuvant radiotherapy    0.497   0.229–1,078   0.077

  Neoadjuvant chemotherapy    1,282   0.762–2.154   0.349

  NAR score    5,176   2,500–10,713   < 0.001

    DDS    0.209   0.100–0.435   < 0.001

  Neutrophil lymphocyte ratio   10,329   3.380–31.561   < 0.001

    Lymphocyte    1.130   0.918–1.392   0.250

    CEA    1   0.987–1.057   0.226

  CA 19-9    1   1–1   0.938

Determination of independent prognostic factors in multivariate analyses

Variable Odds ratio 95% CI p-value

  Lymphocyte level*   0.29   0.11–0.72   0.008

  High DDS   0.16   0.06–0.38   < 0.001

  High NAR score   4.34   2.02–9.29   < 0.001
* – lymphocyte level between 1000–4000
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Therefore, we planned this study to evaluate the role 
of pre-neoadjuvant therapy staging and DDS and NAR 
score in predicting survival in patients with gastric cancer 
who received neoadjuvant therapy followed by curative 
gastrectomy.

While previously validated in rectal cancer,8-10 we 
demonstrated that DDS and NAR scores may have prognostic 
value in patients who received radical gastrectomy after 
neoadjuvant chemotherapy. According to our results, high 
DDS and low NAR scores in locally advanced gastric cancer 
patients, who underwent curative surgery after neoadjuvant 
chemotherapy, indicate better survival. Similar results were 
obtained in the multivariate analysis. 

In clinical trials, efforts to discover a surrogate endpoint 
have led to the development of a new scoring system called 
the NAR score for patients with rectal cancer who receive 
neoadjuvant therapy.13 Recent studies have shown that the 
NAR score also has prognostic value in rectal cancer patients 
receiving neoadjuvant chemoradiotherapy.19-21 According 
to these studies, the NAR score can be useful in selecting 
patients who could benefit from adjuvant chemotherapy and 
in predicting survival. We suggest that the prognostic value 
of the NAR score previously developed for rectal cancer, 
can be extrapolated to gastric cancer as there are significant 
similarities between the staging systems for these two types 
of cancer. Primary tumour staging is solely based on tumour 
invasion depth both in gastric and rectal cancer. Also, the 
number of positive lymph nodes for nodal (N) staging has 
only minor differences between gastric and rectal cancer. 

Looking at the literature, patients with a NAR score above 
16 in rectal cancer are classified as being in the high-risk 
group.13 We determined the threshold for the NAR score in 
our gastric cancer cohort to be 33.81, and similarly noted that 
lower NAR scores were consistent with better prognosis, as 
in the rectal cancer literature.9,13

DDS is a new prognostic evaluation method that can 
predict prognosis by considering the T and N stages before 
and after treatment. In patients with locally advanced rectal 
cancer who receive neoadjuvant therapy, higher DDS 
values indicate a better response to treatment and a better 
prognosis. Ning Li et al. showed that the prognostic value 
of DDS in rectal cancer is better than pathological complete 
response (pCR).10 In this study, patients with DDS less than 
4 were classified as being in the high-risk group. In the 
current study, we set the threshold value for DDS at 0 and 
we observed that higher DDS scores were a good prognostic 
indicator.

According to our knowledge, this is the first study to 
evaluate the prognostic value of both the NAR score and DDS 
in predicting prognosis of gastric cancer. However, there are 
some limitations to our study that may affect the results. It is 
a retrospective, single-center study with a small sample size. 
There are several clinicopathological factors such as tumour 
size and adenocarcinoma histological subtypes – tubular, 
mucinous, mixed, etc. – that may be related to prognosis 
but were not included in this study. Since our study aimed 
to develop a scoring system, we wanted to homogenise the 
study. In addition, these clinicopathologic factors were not 
mentioned in some of the postoperative pathology reports. 
Therefore, we did not include these factors in the study. 
Additionally, although the treatment modality was similar 
for most patients, many included in the study did not receive 
the current standard chemotherapy regimen of FLOT. 

This study demonstrated the potential prognostic value of 
NAR score and DDS in gastric cancer in cohort subsets, 
although most patients did not receive the current standard 
chemotherapy regimen (FLOT). Our study serves as a guide 
for future studies with larger populations. In order to validate 
the DDS and NAR score in gastric cancer patients and to 
introduce it into current use, our studies are continuing in 
patient groups who have received current treatment.

MRI is generally used when calculating the NAR score in 
rectal cancer. However MRI has played a relatively limited 
role in the locoregional staging of gastric cancer. This is 
primarily due to limited accessibility and long examination 
times leading to respiration and peristaltic motion artifacts. 
Therefore, CT is generally used more frequently in gastric 
cancer staging. We also used CT for staging in all patients 
included in our study. We believe that examining more 
homogeneous and broader patient groups that include gastric 
cancer will confirm the prognostic value of NAR score and 
DDS. 

In patients with locally advanced gastric cancer who 
underwent curative surgery after neoadjuvant chemotherapy, 
NAR score and DDS may serve as predictive markers for 
survival. High DDS and low NAR score are indicative of a 
good prognosis. These findings may have important clinical 
implications for developing more effective treatment 
strategies and improving the outcomes of patients with 
gastric cancer. However, to determine which score is more 
valuable, more comprehensive randomised studies are 
needed.
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