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Background: The conditional survival rate is a dynamic estimation method that changes over time. Our research aimed to assesses
the conditional disease-specific survival rate and conditional recurrence-free survival rate among patients who undergoing radical
gastrectomy for gastric cancer after neoadjuvant chemotherapy.

Methods: This study included 260 patients who undergoing gastrectomy with D2 lymph node dissection after preoperative
chemotherapy. The 2-year conditional disease-specific survival rate (CDS2) indicates that patients who have survived for x years
after initial treatment will survive for another 2 years, calculated as follows: CDS2 = Disease-Specific Survival (DSS) (x + 2)/ Disease-
Specific Survival (x). Similarly, the 2-year conditional recurrence free survival rate (CRFS2) formula is as follows: CRFS2 =
Recurrence-Free Survival (RFS) (x + 2)/ Recurrence-Free Survival (x). Cox proportional risk regression analysis was used to identify
factors related to DSS and RFS.

Results: The 1-, 3-, and S5-year actuarial DSS rates were 82%, 57.6%, and 50.7%, respectively. According to conditional disease-
specific survival rate (CDS) estimation, the CDS2 of patients who have already survived for 1 year, 3 years, and 5 years is 70.2%,
88%, and 93.3%, respectively. The RFS actuarial rates for 1 year, 3 years, and 5 years were 73.1%, 52.5%, and 46.4%, respectively.
According to conditional recurrence free survival rate (CRFS) estimation, the CRFS2 of patients who survived for 1 year, 3 years, and
5 years without recurrence was 71.8%, 88.4%, and 100%, respectively. Lymph vessel infiltration, ypN stage, tumor differentiation,
TRG grading, and surgical type are risk factors for DSS and RFS.

Conclusion: The CDS and CRFS of patients undergoing gastrectomy with D2 lymph node dissection after neoadjuvant chemotherapy
demonstrate gradual increase over time. Patients with adverse tumor characteristics exhibited the most substantial improvement in both
CDS and CRFS.
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Introduction
Gastric cancer is one of the most common digestive system malignancies in the world.! According to statistics, gastric
cancer ranks third in cancer-related deaths, with more than 1 million new cases worldwide each year.” Due to the lack of
specific symptoms, more than 80% of gastric cancer patients are diagnosed at an advanced stage. In recent years, with the
development of immunotherapy, targeted therapy and neoadjuvant chemotherapy, the prognosis of gastric cancer patients
has been greatly improved, but the five-year survival rate for patients with stage IV gastric cancer remains below 10%.%
There is no consensus among different countries on the indications for neoadjuvant chemotherapy. The National
Cancer Comprehensive Network Guidelines recommend neoadjuvant chemotherapy for resectable gastric cancer patients
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Graphical Abstract

Conditional survival rate of patients undergoing gastrectomy with D2 lymph node dissection after
neoadjuvant chemotherapy: A retrospective study
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with clinical stages of T2N0-3M0.® However, it has become a consensus that neoadjuvant chemotherapy can reduce
tumor pathological stage and improve the survival rate. Accurate prognosis for cancer patients in the early stages in their
treatment helps patients and doctors determine the frequency of adjuvant treatment and follow-up while providing
prognostic information. In addition, providing timely prognostic information can greatly enhance shared decision-making
between patients and healthcare professionals. The risk assessment for the mortality of gastric cancer patients rely on the
TNM stage system developed by the United States Joint Commission on Cancer and the International Alliance against
Cancer.” The TNM stage system may provide valuable information for prognostic evaluation, but the survival estimates
provided by this method is based on clinical-pathological features obtained post surgery, and the predicted survival
estimate remains constant.® Specifically, the predicted survival estimates remain constant, failing to reflect the changes in
risk profiles that occur over time. Recently, a new statistical tool for predicting survival, called nomogram, has been used
to assess prognosis with higher accuracy compared to traditional TNM staging systems. However, these methods can
only provide a constant survival rate at a certain point in time. In reality, survival time is not only influenced by tumor
characteristics, but also by the length of survival time. In fact, the risk of death and recurrence varies over time, and
recent studies have shown that the risk of death or recurrence after surgery dynamically changes over time.’

Conditional survival (CS) reports the probability of survival a certificate number of years after diagnosis or treatment
based on the time the patient has already survived.'® The conditional survival rate has been applied to various tumors such as
colorectal cancer, lung cancer, and kidney cancer.'' ' Therefore, conditional survival analysis may offer more meaningful
insights than traditional survival analysis, as it provides a more personalized prognosis over time, helping in the adjustment
of postoperative follow-up strategies. Currently, the conditional survival rate of patients undergoing gastrectomy with D2
lymph node dissection for gastric cancer after neoadjuvant chemotherapy has not been studied. The purpose of this study was
to assess the conditional survival rate of patients undergoing gastrectomy with D2 lymph node dissection for gastric cancer
after receiving neoadjuvant chemotherapy, and to provide support for clinical decision-making by doctors.
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Methods

Patient Source

This study included 260 patients with gastric cancer undergoing gastrectomy with D2 lymph node dissection who
received preoperative chemotherapy in the Cancer Hospital of Tianjin Medical University from January 2015 to
December 2020. This study has been approved by the Ethics Committee of Tianjin Cancer Hospital. All patients were
given written informed consent to participate in this study. This study fully followed the principles outlined in the
Declaration of Helsinki.

According to NCCN guidelines, patients receiving neoadjuvant chemotherapy have a T-stage greater than T2. The
neoadjuvant chemotherapy regimen is mainly based on fluorouracil and platinum drugs, with a small number of cases
receiving chemotherapy containing paclitaxel. The inclusion criteria for patients in this study are: (1) preoperative
chemotherapy exceeding 2 cycles, (2) gastrectomy with D2 lymph node dissection for gastric cancer after chemotherapy,
and (3) postoperative pathological confirmation of gastric adenocarcinoma. The exclusion criteria for patients are:
(1) personal history of malignant tumors or distant tumor metastasis; (2) loss of follow-up or lack of clinical pathological
data; (3) R1 or R2 resection. Finally, 260 patients were selected for further analysis (Figure S1).

For all patients, the following demographic and pathological features were collected: age, gender, tumor location,
tumor size, lymphatic invasion, neural invasion, ypT stage, ypN stage, tumor differentiation, as well as TRG grading,
survival time, and survival status. Classify ypT stage and ypN stage according to the 8th edition of AJCC. According to
the Guidelines of the Japanese GC Association, upper third of GC (tumor located in the cardia or fundus of the stomach)
is defined as adenocarcinoma in the upper third of the stomach. Middle third of GC (tumor located in the body of the
stomach) and lower third of GC (tumor located in the pylorus of the gastric antrum) were defined as adenocarcinoma in
the middle third and lower third respectively. All patients received standard follow-up. After undergoing gastrectomy
with D2 lymph node dissection, patients were followed up every 3 to 6 months until the first 2 years, every 6 months for
the next 3 years, and annually thereafter until the end of the study (June 2023) or death. The median follow-up time for
the entire cohort was 35 (range 2-90) months.

Statistical Analyses

Continuous variables are represented by mean =+ standard deviation (SD) values, while categorical variables are described
as counts and proportions. DSS is defined as the time from gastrectomy with D2 lymph node dissection to death caused
by gastric cancer. RFS is defined as the time from gastrectomy with D2 lymph node dissection to the first recurrence.
DSS and RFS were calculated using the Kaplan-Meier method, and survival was compared using the Log rank test. The
multivariate Cox proportional risk regression model was used to evaluate clinical pathological features associated with
specific survival and relapse-free survival as independent prognostic factors. Variables with a p value<0.05 in univariate
analysis were included in multivariate analysis.

Conditional survival rate originates from the conditional possibility in biostatistics, which describes the additional years of
survival of an individual considering that he or she has already been in a specified amount of time. The 2-year conditional
disease-specific survival (CS2) at x years indicates the likelihood of an additional 2-year survivorship for a survivor who has
already survived for x years after the initial treatment, calculated as follows: CSS2 = DSS (x + 2) / DSS(x). Similarly, the
2-year conditional survival formula for recurrence free survival is as follows: CRFS2 = RFS (x + 2) / RFS(x).

All data were processed using SPSS version 26.0 (IBM Corp, Armonk, NY) and R software (version 4.2.1; R Foundation
for Statistical Computing; available at: http://www.r-project.org/). All tests were two-sided with a significance level set to
p<0.05.

Results

Clinicopathologic Characteristics

A total of 260 patients who undergoing gastrectomy with D2 lymph node dissection for gastric cancer after neoadjuvant
chemotherapy were included in our study. The median age of our study population was 60 years old (IQR, 53—65 years),
with most patients being males (N=187; 71.9%). The median tumor size was 4.0 cm (IQR, 2.8-6.0 cm). Almost one-half
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of the tumors were in the lower one-third of the stomach (N=124; 47.7%). Most patients were classified with ypT3 or
ypT4 disease (67.7%; N=176), whereas only a minority of patients had ypT1 or ypT2 disease according to the eighth
AJCC TNM stage system (32.3%; N=84). For ypN status, approximately 1 in 3 patients had no LN metastasis (38.5%;
N=100). The mean + SD numbers of metastatic and retrieved LNs were 4.29 £ 7.45 and 38.1 £ 16.37, respectively.
(Supplementary Table 1)

Accurate Specific Survival and Recurrence Free Survival

As of the last follow-up, the median follow-up time was 35 months, with 117 deaths from gastric cancer (45%).
(Figure 1A) The 1-year, 3-year, and 5-year specific survival rates were 82%, 57.6%, and 50.7%, respectively. In the COX
univariate analysis, tumor size, lymphatic infiltration, neural infiltration, ypT stage, ypN stage, tumor differentiation,
surgical type, and TRG grading were associated with specific survival (all p<0.05). Multivariate analysis revealed that
lymph vessel infiltration, ypN stage, tumor differentiation, surgical type, and TRG grading were significantly correlated
with specific survival rates (all p<0.05) (Table 1).

The median follow-up time for recurrence free survival analysis was 31 months, with 129 cases (49.6%) experiencing
recurrence. (Figure 1B) The 1-year, 3-year, and 5-year recurrence free survival rates were 73.1%, 52.5%, and 46.4%,
respectively. In the COX univariate analysis, tumor size, lymphatic infiltration, neural infiltration, ypT stage, ypN stage,
tumor differentiation, AJCCth8 stage, surgical type, and TRG grading were associated with recurrence free survival (all
p<0.05). Multivariate analysis revealed that lymph vessel infiltration, ypN stage, tumor differentiation, surgical type, and
TRG grading were significantly correlated with the recurrence-free survival rate (all p<0.05) (Table 2).

Conditional Specific Survival Rate and Conditional Recurrence Free Survival Rate

When we evaluate the risk rate over a period, the risk of death immediately increases in patients undergoing gastrectomy
with D2 lymph node dissection after neoadjuvant chemotherapy. The specific survival rate peaked at 13 months
(Figure 2A), and the recurrence free survival rate peaked at 10 months (Figure 2B), both of which gradually decreased
after reaching their peak. The actuarial DSS over the 2 years after surgery and 2-year CDS for those who had already
survived 1 to 5 years after surgery are presented in Figure 2C. For the specific survival rate, the postoperative CDS2 (the
probability of surviving to 3 years after surgery for patients who had already survived for 1 year) was 70.2% at 1 year,
while the actuarial DSS at 3 years was 57.6%. Similarly, the postoperative CDS2 (the probability of surviving to 7 years
after surgery for patients who have already survived for 5 years) was 93.3% at 5 years, while the actuarial DSS at 7 years
was 47.3%. Over time, CDS2 increased from 66.5% to 93.3% (p<0.05), while the actuarial DSS decreased from 66.5% at
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Figure | (A) Actuarial disease-specific survival (Kaplan-Meier survival curve). (B) Actuarial recurrence free survival (Kaplan-Meier survival curve).
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Table | Univariate and Multivariate Cox Proportional Risk Regression Analysis on
Disease Specific Survival Rate

Variable Univariate Analyses Multivariate Analyses
HR 95% CI P HR 95% ClI P

Gender

Male

Female 1.242 | 0.836-1.845 | 0.284

Age

<60

>60 0.773 | 0.536-1.114 | 0.167

Tumor size

<45

>45 1.724 | 1.199-2.478 | 0.003

Tumor location

Upper 0.045

Middle 1.25 | 0.667-2.341 | 0.486

Lower 0.646 | 0.422-0.99 0.045

Total 1.167 | 0.675-2.016 0.58

Lymphvascular invasion

No

Yes 2295 | 1.532-3.438 | <0.001 1.7 1.011-2.86 0.045

Perineural invasion

No

Yes 1.992 | 1.314-3.021 | 0.001

ypT stage

ypTO/T1/T2

ypT3/T4 1.952 | 1.269-3.003 | 0.002

ypN stage

ypNO <0.001 <0.001

ypNI 2.526 | 1.479-4314 | 0.001 | 2.424 | 1.408-4.172 | 0.001

ypN2 2.395 | 1.375-4.171 | 0.002 | 1.885 | 1.062-3.346 0.03

ypN3 4.142 | 2.497-6.871 | <0.001 | 3.06 | 1.788-5.238 | <0.001l

Tumor differentation

Differentation

Undifferentation 1.66 | 1.141-2.415 | 0.008 | 1.713 | 1.175-2.496 | 0.004

AJCC 8th

| <0.001

2 1.585 | 0.821-3.061 0.17

3 3.761 | 2.086-6.781 | <0.001

Surgery type

Partial gastrectomy

Total gastrectomy 1.666 | 1.156-2.400 | 0.006 | 1.626 | 1.121-2.358 0.0l

TRG group

0/1

2/3 2.245 | 1.357-3.713 | 0.002 | 2.245 | 1.357-3.713 | 0.002

2 years to 47.3% at 7 years. For the recurrence-free survival rate, the postoperative CRF2 (probability of postoperative
recurrence free survival for 3 years in patients who have already survived for 1 year) is 71.8% at 1 year, while the
actuarial RFS at 3 years is 52.5%. (Figure 2D) Similarly, the postoperative CRFS2 (probability of postoperative
recurrence-free survival for 7 years in patients who had survived for 5 years) was 100% at 5 years, while the actuarial
RFS at 7 years was 46.4%. Over time, CRFS2 increased from 59.7% to 100% (p<0.05), while the actuarial RFS
decreased from 59.7% at 2 years to 46.4% at 7 years.
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Table 2 Univariate and Multivariate Cox Proportional Risk Regression Analysis on
Recurrence-Free Survival Rate

Variable Univariate Analyses Multivariate Analyses
HR 95% CI P HR 95% ClI P

Gender

Male

Female 1.089 | 0.738-1.607 | 0.667

Age

<60

>60 0.865 | 0.61-1.226 0416

Tumor size

<45

>45 1.723 | 1.216-2.442 | 0.002

Tumor location

Upper 0.069

Middle 1.04 | 0.537-2.016 | 0.907

Lower 0.659 | 0.44-0.987 0.043

Total 1.181 | 0.702-1.987 | 0.53

Lymphvascular invasion

No

Yes 2.333 | 1.579-3.449 | <0.001 | 1.526 | 1.011-2.303 | 0.044

Perineural invasion

No

Yes 1.944 | 1.295-2.918 | 0.001

ypT stage

ypTO/TI/T2

ypT3/T4 2.153 | 1.414-3.278 | <0.001

ypN stage

ypNO <0.001 <0.001

ypNI 2.156 | 1.258-3.695 | 0.005 | 2.112 | 1.224-3.643 | 0.007

ypN2 2.857 | 1.697-4.809 | <0.001 | 2.335 | 1.364-3.996 | 0.002

ypN3 4.978 | 3.074-8.061 | <0.001 | 3.82 | 2.284-6.389 | <0.00I

Tumor differentation

Differentation

Undifferentation 1.582 | 1.107-2.259 | 0.012 | 1.597 | L.117-1.117 | 0.0l

AJCC 8th

| <0.001

2 2.006 | 1.033-3.895 0.04

3 4.891 | 2.665-8.976 | <0.001

Surgery type

Partial gastrectomy

Total gastrectomy 1.654 | 1.166-2.347 | 0.005 | 1.534 | 1.074-2.19 0.019

TRG group

0/l

2/3 2.14 | 1.339-3.421 | 0.00I 1.603 | 0.987-2.603 | 0.056

Independent prognostic factors related to DSS and RFS were identified based on Cox multivariate regression analysis,
and the impact of clinical pathological features on specific survival and recurrence free survival was evaluated through
subgroup analysis. Figures 3 and 4 show the subgroup analysis results for specific survival and recurrence-free survival,
respectively. In the subgroup analysis of specific survival and conditional specific survival, the true specific survival rate
decreased over time, while the conditional specific survival rate gradually increased after surgery. We obtained similar

results in the subgroup analysis of recurrence-free survival and conditional recurrence-free survival. It is worth noting
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Figure 2 (A) Hazard estimates of death from gastric cancer are illustrated for all patients in the cohort. (B) Hazard estimates of gastric cancer recurrence are
illustrated for all patients in the cohort. (C) Actuarial 2-year disease-specific survival and conditional 2-year disease-specific survival are compared for all patients in
the cohort. (D) Actuarial 2-year recurrence free survival and conditional 2-year recurrence free survival are compared for all patients in the cohort.

that the difference between actuarial specific survival and conditional specific survival is more significant in patients with
initially unfavourable tumor characteristics. In contrast, there is no significant difference in survival rates among patients
with initially unfavourable tumor characteristics. Additionally, subgroup analysis revealed significant changes in the
conditional survival rate over time for patients with initially unfavourable tumor characteristics. For example, compared
to patients without lymphatic invasion (73%-92%; p<0.001), patients with lymphatic invasion had a greater change in
conditional specific survival (46—-100%; p<0.001). This pattern also occurs in subgroup analyses of recurrence-free
survival and conditional recurrence-free survival.

Discussion

The prognosis of gastric cancer patients has greatly improved with the development of immunotherapy, targeted therapy, and
neoadjuvant chemotherapy. However, the five-year survival rate of stage IV gastric cancer is less than 10%.'* There are slight
differences in the guidelines for neoadjuvant chemotherapy across various countries and regions. The National Comprehensive
Cancer Network guidelines recommend neoadjuvant chemotherapy for resectable gastric cancer patients with clinical stages of
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T2N0-3M0."® The Chinese Society of Clinical Oncology (CSCO) and the National Health Commission have recommended
neoadjuvant chemotherapy in gastric cancer guidelines for patients with advanced gastric cancer who can tolerate surgery in
a systemic condition and have a clinical stage of T2-4N0-3MO0, which belongs to the category of resectability or potential
resectability.'® While there is no consensus among countries regarding the indications for neoadjuvant chemotherapy, it has
become a common consensus that neoadjuvant chemotherapy significantly reduce pathological stage and improve the RO
resection rate and 5-year survival rate.'” Indeed neoadjuvant chemotherapy also reduce the risk of recurrence and metastasis,
thereby bringing survival benefits to locally advanced gastric cancer patients.'®

According to traditional TNM stage prognosis assessment, early gastric cancer patients may have a 5-year survival
rate of 90%, while the 5-year survival rate of stage IV gastric cancer patients is only 10%. In theory, the survival rate of
patients with advanced gastric cancer decreases over time. In fact, the survival rate dynamically changes over time.'?
Dynamic evaluation of the survival rate of patients undergoing gastrectomy with D2 lymph node dissection after
neoadjuvant chemotherapy can better guide clinical treatment and follow-up.”® By dynamically evaluating the survival
rate of patients, we can better understand the efficacy of neoadjuvant chemotherapy and develop more personalized
treatment plans for patients. For example, based on the evaluation results, we can adjust the intensity of subsequent
treatments or change treatment strategies. The dynamic evaluation of survival rate can help clinical doctors more
accurately determine the prognosis of patients. This is very important for patients’ psychological support, communication
with family members, and follow-up plans. Dynamic assessment of patient survival rate can also indicate the recurrence
risk of different patients, enabling doctors to monitor more targetedly. Based on the dynamic changes in survival rates
and related risk factors, doctors can develop more personalized follow-up plans, such as arranging more frequent
examinations or evaluations for high-risk patients to ensure timely detection of problems.

The traditional TNM staging system and the recently emerging column chart have been widely used to evaluate the
prognosis of cancer patients. However, these methods can only provide a constant survival rate at a certain point in time. As
a new prognostic evaluation indicator, the conditional survival rate can provide more accurate and valuable prognostic
information.*! In this study, we evaluated for the first time the conditional specific survival rate and conditional recurrence-free
survival rate of patients undergoing gastrectomy with D2 lymph node dissection after neoadjuvant chemotherapy. We found
that with the prolongation of postoperative time, the conditional specific survival rate and conditional recurrence free survival
rate both increase, which is different from traditional prognostic evaluation systems. Wang et al found in a multicentre study
that the conditional survival rate increases over time in patients undergoing gastrectomy with D2 lymph node dissection.” In
reality, patients who survive after danger have a lower mortality rate and a greater chance of survival over time.** Survival
time is not only influenced by tumor characteristics, but also by the length of survival time. For gastric cancer patients, most
relapses and deaths occur within two years after surgery. Patients who survive or have no recurrence after this critical period
have a lower risk of death and recurrence. This explains the trend of increasing conditional survival rate over time in patients
undergoing radical gastrectomy for cancer after neoadjuvant chemotherapy. In the cumulative risk analysis of conditional
specific survival, the initial risk of patient death gradually increases, reaching its peak at 2 years, and then gradually decreases.
Similar results were obtained for the conditional recurrence-free survival rate.

Our study found that lymphatic invasion, ypN stage, tumor differentiation, TRG grading, and surgical type are risk factors
for specific survival and recurrence free survival. These finding are consistent with previous research on factors influencing the
prognosis of gastrectomy patients undergoing D2 lymph node dissection.”**> Further analysis revealed that patients with
initially unfavourable oncological features experienced the greatest improvement in both conditional specific survival and
conditional recurrence free survival. For example, patients with lymphatic invasion, showed a 54% (46—100%) improvement
in 5-year CDS2, while in patients without lymphatic invasion, there was only a 19% (73-92%) improvement in 5-year CDS2.
Patients with ypN3 stage disease improved their CRFS2 by 50% (50-100%) over the past 5 years, while patients with ypNO
stage disease only improved their CRF2 by 20% (80-100%) over the past 5 years. Yuhree Kim et al found in a study on
conditional disease-free survival after surgery for adrenal cortical cancer that patients with adverse oncological characteristics
showed the most significant improvement in conditional disease-free survival.”® This is similar to our research results. The
conditional survival rate not only provides more practical prognostic information, but also provides value for guiding
postoperative follow-up strategies for patients. For instance, for patients with adverse oncological characteristics, this study
suggests that we can increase the frequency of postoperative follow-up.
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Our current study has numerous limitations that should be considered. First, our analysis is based on a single centre,
retrospective cohort study. The research scale is relatively small, and some analysis results may have limitations. Second, the
number of times the patients included in the study received neoadjuvant chemotherapy during the perioperative period varied,
and there were also differences in the level of surgical treatment received by patients from different treatment groups, which
can also affect specific survival and recurrence-free survival, thus leading to limitations in the results.

Conclusion

In conclusion, this study indicates that the conditional specific survival rate and conditional recurrence free survival rate of
patients undergoing gastrectomy with D2 lymph node dissection after preoperative chemotherapy increase with the passage of
survival time. Specifically, assuming that the patient survives at 1 year, 3 years, and 5 years, the probability of an additional 2
years of survival is 70.2%, 88%, and 93.3%, respectively. Assuming that the patient has no disease recurrence at 1 year, 3 years,
and 5 years, the probability of no recurrence in the next 2 years is 71.8%, 88.4%, and 100%, respectively. Patients who had
unfavourable tumor characteristics had the greatest improvement in CDS and CRFS. This method of dynamically estimating
survival may help oncologists and patients develop prognostic indicators for treatment decisions, determine follow-up strategies,
and predict short-term and long-term survival status.
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