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Introduction

A comprehensive knowledge of the prognosis of patients 

with cancer is highly important in the development of a treat-

ment strategy and management plan. The TNM classification 

of malignant tumors based only on the anatomical extent of the 

disease is a simple and practical staging system for predicting 

prognosis in patients with cancer.1 In contrast, multivariate sur-

vival studies can distinguish more independent prognostic factors 

among the many tumor-, host-, environment-, and treatment-

related factors, and thus can provide a more accurate and de-

tailed analysis of the prognosis of cancer patients.2

The Cox proportional hazards (PH) regression model has 

been most widely used in multivariate survival analyses in can-

cer studies.3 The Cox model examines the relationship between 

a potential prognostic factor and survival time distribution while 

assuming the proportionality of the hazards. This implies that 

the measured relative hazard ratio of each potential prognostic 

factor is constant over the entire observation time. However, 
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Purpose: This study aimed to identify time-dependent prognostic factors and demonstrate the time-dependent effects of important prog-
nostic factors in patients with advanced gastric cancer (AGC).
Materials and Methods: We retrospectively evaluated 3,653 patients with AGC who underwent curative standard gastrectomy between 
1991 and 2005 at the Korea Cancer Center Hospital. Multivariate survival analysis with Cox proportional hazards regression was used 
in the analysis. A non-proportionality test based on the Schoenfeld residuals (also known as partial residuals) was performed, and 
scaled Schoenfeld residuals were plotted over time for each covariate.
Results: The multivariate analysis revealed that sex, depth of invasion, metastatic lymph node (LN) ratio, tumor size, and chemotherapy 
were time-dependent covariates violating the proportional hazards assumption. The prognostic effects (i.e., log of hazard ratio [LHR]) of 
the time-dependent covariates changed over time during follow-up, and the effects generally diminished with low slope (e.g., depth of 
invasion and tumor size), with gentle slope (e.g., metastatic LN ratio), or with steep slope (e.g., chemotherapy). Meanwhile, the LHR func-
tions of some covariates (e.g., sex) crossed the zero reference line from positive (i.e., bad prognosis) to negative (i.e., good prognosis).
Conclusions: The time-dependent effects of the prognostic factors of AGC are clearly demonstrated in this study. We can suggest that 
time-dependent effects are not an uncommon phenomenon among prognostic factors of AGC.
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whether the PH assumption remains valid over a long period of 

time is controversial. If some variables violate the PH assump-

tion, a multivariate study using the Cox model may provide 

inaccurate or distorted analytical results.4,5 As a result, some 

significant prognostic factors could be missed and the relative 

hazard ratio of a time-dependent prognostic factor might be 

overestimated or underestimated at some point over the entire 

observation time.

In several studies of long-term survival in breast cancer pa-

tients, the time-dependent effects of hormone receptor status, 

tumor size, histologic grade, and other prognostic factors have 

been demonstrated.6,7 For example, the hormone receptor status 

of breast cancer showed a dramatic time-dependent effect on 

the prognosis. Negative hormone receptor status had an adverse 

effect on prognosis in the early period but demonstrated a pro-

tective effect in the late period. On the other hand, the effects of 

the other time-dependent prognostic factors have been found 

to decrease or disappear over time.8 Therefore, prognostic factors 

violating the PH assumption should not be regarded as extraordi-

nary cases or special phenomena limited to breast cancer studies.

The pathological variables of depth of invasion, lymph node 

metastasis, tumor size, gross type, histological type, and lym-

phovascular invasion have been well established as significant 

prognostic factors after curative resection in patients with gastric 

cancer.1,9-11 More recently, the prognostic effects of adjuvant 

chemotherapy, the extent of lymph node dissection, postopera-

tive complications, and biomarkers have been discovered.12-15 

However, at present, little is known about the time-dependent 

effects of prognostic factors in advanced gastric cancer (AGC).16 

Therefore, the aim of the current study was to identify time-de-

pendent prognostic factors and demonstrate the time-dependent 

effects of important prognostic factors in patients with AGC.

Materials and Methods

1. Patients and follow-up

We retrospectively evaluated patients with AGC who un-

derwent curative gastrectomy between 1991 and 2005 at the 

Department of Surgery, Korea Cancer Center Hospital, Seoul, 

Republic of Korea.17 The exclusion criteria included early gastric 

cancer (T1), distant metastasis (M1), residual tumor (R1 or R2), 

remnant gastric cancer, and previous or concurrent malignancies 

at the time of surgery. Finally included for analysis were a total 

of 3,653 patients among 6,918 patients who underwent surgery 

for gastric cancer during the study period.

All of the patients had received distal or total gastrectomy. 

Adjuvant chemotherapy was considered for patients with patho-

logical stage II or III disease (sixth edition of the American Joint 

Committee on Cancer staging manual) and started generally 

within four weeks after surgery.18 Several chemotherapy regi-

mens were used during the study period, including the MF regi-

men (mitomycin-C and 5-fluorouracil or tegafur plus uracil), 

the FAM regimen (5-fluorouracil, adriamycin, and mitomycin-

C), the FP regimen (5-fluorouracil and cisplatin), oral 5-fluo-

rouracil alone, and oral tegafur plus uracil alone.12,19 The patients 

were examined regularly every three months for the initial two 

years after surgery, then every six months for three years, and 

then yearly thereafter. Routine follow-up examinations included 

physical examinations, tumor marker studies, chest radiographs, 

abdominal pelvic computed tomography, upper gastrointestinal 

series, and gastroscopy. The overall survival time after surgery 

was determined based on data from the institutional database or 

from the National Statistical Office for patients who were lost to 

follow-up. The median follow-up time was 39.9 months (range, 

0.0 to 168.0 months) at the time of data analysis.

2. Variables related to tumor, host, and treatment

The tumor-related variables examined were depth of inva-

sion, rate of lymph node metastasis, distant metastasis, tumor 

size, gross type, longitudinal location, circular location, World 

Health Organization (WHO) histological type, Lauren classifica-

tion, Ming classification, lymphatic invasion, and venous inva-

sion. The host- and treatment-related variables examined were 

sex, age, surgical type, postoperative complications, and adjuvant 

chemotherapy. All of the variables except gross type were con-

verted into binary variables in order to evaluate the prognostic 

significance of each variable in a more similar condition and 

to demonstrate the time-dependent effect of prognostic factors 

more clearly.20

Four categories of depth of invasion, namely muscularis pro-

pria (MP, T2), subserosa (SS, T3) group, serosa exposure (SE, 

T3a), and serosa invasion (SI, T4b), were converted into two 

groups, namely MP/SS and SE/SI. Gross types were categorized 

into types 1 to 3, type 4, and type 5. The WHO histological types 

were also categorized into two groups. Well and moderately 

differentiated tubular adenocarcinomas and papillary adeno-

carcinoma were categorized as the differentiated type, whereas 

poorly differentiated tubular adenocarcinoma, signet ring cell 
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carcinoma, and mucinous adenocarcinoma were classified as the 

undifferentiated type. The upper, middle, and lower longitudi-

nal locations of the tumors were categorized as one group and 

compared with the general location. The lesser curvature, greater 

curvature, anterior, and posterior circular locations of the tumors 

were categorized as one group and compared with the encircling 

location.

The maximally selected chi-square method was used to de-

termine the optimal cutoff points of numeric variables.21 The 

optimal cutoff points obtained were as follows: age of 55 years, 

metastatic lymph node ratio of 0.3, and tumor size of 5.7 cm. 

The patients were divided into two groups based on each cutoff 

point of the numeric variables.

3. Survival analyses and non-proportionality test 

based on the Schoenfeld residuals

Ten-year overall survival analyses were conducted for the 

patients who underwent curative gastrectomy for AGC. Kaplan-

Meier curves and the log-rank test were used for univariate 

survival analysis. Cox PH regression with backward stepwise 

selection was used for the multivariate survival analysis.

A non-proportionality test based on the Schoenfeld residu-

als (also known as partial residuals) was performed to test the 

proportionality of all the significant prognostic factors in the 

multivariate survival analysis and to identify time-dependent 

prognostic factors in patients with AGC. The Schoenfeld residu-

als for all the covariates (significant prognostic factors in the 

multivariate survival analysis) were obtained by running a Cox 

PH regression model and saved as new variables in the working 

dataset. After deleting censored observations, a variable contain-

ing the ranked order of overall survival time was created. Then, 

new variables with the Schoenfeld residuals were correlated on 

the survival ranked order by using the Pearson correlation test. 

The P-value used for the non-proportionality test was the P-

value used in the Pearson correlation. A P-value ＜0.05 indi-

cated a violation of the proportionality assumption.

The Statistical Package for Social Sciences (SPSS) software 

ver. 13.0 for Windows (SPSS Inc., Chicago, IL, USA) was used. 

A P-value ＜0.05 was considered statistically significant.

4. Plots for scaled Schoenfeld residuals

Scaled Schoenfeld residuals were plotted over time for each 

covariate, and a dashed red line representing the null effect (null 

log hazard ratio) was added.7 A non-zero slope of the plot in-

dicates a violation of the PH assumption. The plots demonstrate 

the log hazard ratio (beta) over time for each covariate; hence, 

they illustrate the time-dependence of the prognostic factors in 

patients with AGC. The R version 2.1 statistical package (R Foun-

dation for Statistical Computing, Vienna, Austria) was used .22

Results

Table 1 shows 10 statistically significant factors in the AGC 

patients who underwent curative gastrectomy based on the 

results of the univariate log-rank test and Cox PH regression 

(estimated hazard ratio and 95% confidence intervals) from the 

analysis of 10-year overall survival following curative gastrecto-

my. Among the tumor-, host-, and treatment-related variables 

in patients with AGC, age, depth of invasion, metastatic lymph 

node ratio, tumor size, gross type, circular location, surgery type, 

and complications were found to have hazardous prognostic ef-

fects, with particularly intense hazards noted for patients with 

a high metastatic lymph node ratio and those with gross type 4 

disease (Borrmann type IV) at the time of gastrectomy. On the 

other hand, female sex and adjuvant chemotherapy had good 

prognostic effects.

However, the estimated hazard ratios for each prognos-

tic factor shown in Table 1 are valid only if the underlying 

PH assumption is true.23 Table 2 shows the results of the non-

proportionality test based on the Schoenfeld (partial) residuals. 

Five variables, namely sex, depth of invasion, metastatic lymph 

node ratio, tumor size, and chemotherapy, showed statistical sig-

nificance, indicating a violation of the PH assumption over time. 

Thus, time-dependent effects, which are not uncommon, have 

been demonstrated by the prognostic factors in the AGC patients.

For each prognostic factor, scaled Schoenfeld residuals were 

plotted over time. Fig. 1 is the Schoenfeld residual plot for age. 

The Y axis of the plot represents the beta point, that is, the log 

of hazard ratio, for the older patient group compared to the 

younger patient group. Thus, the beta (t) line (the curved solid 

line) with the 95% confidence interval (the two curved dotted 

lines) shows the log hazard ratio as a function of time in the 

post-gastrectomy period. Beta (t) zero (the horizontal dotted 

line) is equal to a hazard ratio of 1. The beta (t) line for the older 

patient group lies above the zero reference line and maintains 

parallel to the zero line during the entire study period. This plot 

for age is a typical example of the PH, the key assumption of 

the Cox model.
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By contrast, the beta (t) lines of the Schoenfeld residual plots 

for sex, depth of invasion, metastatic lymph node ratio, tumor 

size, and chemotherapy cannot be maintained completely paral-

lel to the zero line during the entire study period and represent 

the time-dependent effects of the prognostic factors of AGC. In 

Fig. 2, the beta (t) line for female sex starts above the zero line. 

However, it descends and crosses the zero line by around 10 

months and then remains beneath the zero line for a long period. 

The plot for sex suggests that female sex has a good prognostic 

effect on survival overall. However, it shows an adverse effect in 

the early post-gastrectomy period. In Fig. 3~5, the beta (t) lines 

for depth of invasion, metastatic lymph node ratio, and tumor 

size start at high beta points but decline gradually over time. The 

beta (t) line for depth of invasion meets and crosses the zero line 

Table 1. Significant factors for advanced gastric cancer patients

Factor No. of  
patient

Univariate analysis Multivariate analysis

Median time (mo) P-value Hazard ratio (95% CI) P-value

Sex

   Male 2,398 87.6 0.215 1 0.037

   Female 1,255 117.3 0.89 (0.80~0.99)

Age (yr)

   ≤55 1,500 111.0 0.000 1 0.002

   >55 2,153 84.4 1.18 (1.06~0.30)

Depth of invasion

   MP/SS 1,390 >160.0 0.000 1 0.000

   SE/SI 2,263 96.6 1.75 (1.54~2.00)

Metastatic lymph node ratio

   ≤0.3 2,717 150.8 0.000 1 0.000

   >0.3 936 25.7 2.76 (2.48~3.08)

Tumor size (cm)

   ≤5.7 2,005 140.7 0.000 1 0.001

   >5.7 1,648 53.6 1.20 (1.07~1.33)

Gross type

   Type 5 195 >160.0 0.000 1 0.000

   Type 1~3 3,105 100.8 1.72 (1.16~2.53) 0.006

   Type 4 353 3.00 2.29 (1.51~3.49) 0.000

Circular location

   L/A/G/P 3,296 107.3 0.000 1 0.022

   Encircling 357 35.2 1.20 (1.03~1.41) 

Surgery type

   DG 2,550 125.6 0.000 1 0.003

   TG 1,103 53.6 1.19 (1.06~1.33)

Complication

   Absent 3,399 100.1 0.000 1 0.001

   Present 254 52.4 1.36 (1.14~1.63)

Chemotherapy

   No 841 54.7 0.000 1 0.000

   Yes 2,812 107.9 0.56 (0.50~0.63)

CI = confidence interval; MP = muscularis propria; SS = subserosa; SE = serosa exposure; SI = serosa invasion; L = lesser curvature; A = anterior; 
G = greater curvature; P = posterior; DG = distal gastrectomy; TG = total gastrectomy.
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in the late period, while the beta (t) line for metastatic lymph 

node ratio remains at the high beta point until the late period. In 

Fig. 6, the beta (t) line for adjuvant chemotherapy begins at the 

negative 1.5 beta point and approaches the zero line at around 40 

months without crossing the zero line, which suggests that the 

protective effect of adjuvant chemotherapy on survival is very 

strong in the early period but rapidly diminishes within three or 

four years.

Discussion

The time-dependent effects of the prognostic factors of 

AGC are clearly demonstrated in this study. Host-related factors 

maintain their prognostic effects over time. Although female 

sex shows a hazardous effect in the early period, which was in-

fluenced by the very poor prognosis of the young women with 

AGC, it has a protective effect on overall survival.11 Tumor-

related factors such as depth of invasion, metastatic lymph node 

ratio, and tumor size show significant time-dependent effects 

and usually lose their hazardous prognostic effects over time. 

Table 2. Non-proportionality test based on Schoenfeld (partial) 
residuals

  Variable

Correlations with rank 
of overall survival

Pearson 
correlation

P-value 
(2-tailed)

Partial residual for sex –0.057 0.024

Partial residual for age –0.016 0.533

Partial residual for depth of invasion –0.130 0.000

Partial residual for metastatic lymph node ratio –0.120 0.000

Partial residual for tumor size –0.094 0.000

Partial residual for surgery type –0.035 0.175

Partial residual for complications –0.038 0.135

Partial residual for gross type (1) –0.004 0.890

Partial residual for gross type (2) –0.016 0.541

Partial residual for circular location –0.024 0.341

Partial residual for chemotherapy 0.120 0.000
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It is interesting that metastatic lymph node ratio shows a time-

dependent effect, decreasing its hazardous effect over time. 

However, it maintains a substantial hazardous effect until the 

late period.7 Adjuvant chemotherapy, a treatment-related factor, 

also shows a time-dependent effect, and its protective effect was 

minimized within a couple of years but sustained for a long time.

In our results, five of the 10 independent factors in the Cox 

PH regression analysis showed time-dependent effects. Thus, 

we can suggest that time-dependent effects are not an uncom-

mon phenomenon among prognostic factors of AGC and that 

the PH assumption of Cox regression could easily be violated 

in a long-term study. The plots of scaled Schoenfeld residuals 

for the time-dependent prognostic factors intuitively show the 

change in the log hazard ratio over time, and provide detailed 

and practical information on the prognosis of patients with a 

certain prognostic factor. For example, the unfavorable prog-

nostic effect of a high metastatic lymph node ratio can last for 

10 years or longer after curative gastrectomy in patients with 

AGC, indicating that all routine follow-up examinations should 

be undertaken for a long period by patients with a high meta-

static lymph node ratio. On the other hand, some routine ex-

aminations such as abdominal pelvic computed tomography can 

be discontinued after several years in patients with other tumor-

related unfavorable factors.

In the 15-year follow-up results of the randomized nation-

wide Dutch D1D2 trial, D2 lymphadenectomy showed a dra-

matic time-dependent effect on the survival of gastric cancer 

patients treated with curative gastrectomy.13 The D2 procedure 

was also associated with significantly higher postoperative mor-

tality, morbidity, and reoperation rates. After a median follow-

up of 15 years, D2 lymphadenectomy was associated with lower 

locoregional recurrence and gastric cancer-related death rates 

than the D1 procedure. Thus, the D2 procedure had an adverse 

effect on survival in the early period but showed a protective ef-

fect in the late period. The time-dependent effect in the Dutch 

D1D2 trial also accords with the long-lasting hazard of lymph 

node metastasis demonstrated in this study.
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In several studies of long-term survival of breast cancer pa-

tients, the time-dependent effects of tumor-related prognostic 

factors were determined.6,7 Hormone receptor status showed a 

remarkable time-dependent effect on prognosis. Negative hor-

mone receptor status was an adverse prognostic factor in the 

early period but became a protective prognostic factor in the 

late period. However, the other tumor-related prognostic factors 

such as tumor size and histologic grade simply weakened or lost 

their prognostic effects over time.8 Therefore, a time-dependent 

prognostic factor showing time-dependent effects should not 

be regarded as an extraordinary case or a special phenomenon 

limited to breast cancer studies. As a result, some significant 

prognostic factors could be missed in multivariate studies using 

the Cox PH regression model, and the relative hazard ratio of 

time-dependent prognostic factors may be overestimated or un-

derestimated at some point in the entire observation period.7

In the Cox PH model, the hazard ratio is generally aver-

aged over the event times, and the same weight is given to a 

very early hazard ratio that affects almost all individuals and to 

a very late hazard ratio that affects only very few individuals 

still at risk.7 Although Cox PH has been widely used for survival 

analysis in medicine,3 time-dependent effects have been assessed 

in only a few oncology publications, such as in breast or colon 

cancer studies.7,8,24,25 In gastric cancer, Berger et al.26 reported 

time-related variations in gastric cancer prognosis in a study of 

Cox modeling based on fractional polynomials.

Several methods can be used for testing non-proportionality. 

Statistical tests for time-dependent effects have different pow-

ers to detect non-proportionality. Tests requiring partitioning of 

the failure time have been shown to have less power than other 

tests. By contrast, tests based on time-dependent covariates or 

on the Schoenfeld residuals have equally good power to de-

tect non-proportionality in various non-PH and are practically 

equivalent.27 Schoenfeld residuals are calculated and reported at 

every failure time under the PH assumption and as such are not 

defined for censored subjects.28,29 A smooth plot of the Schoenfeld 

residuals can then be used to directly visualize the log hazard ra-

tio.29 Graphically, this method is reliable and easy to interpret.

The results of the current study suggest that the time-depen-

dent effects of the prognostic factors of AGC are demonstrated 

in this study and are not an uncommon phenomenon among 

prognostic factors of AGC.
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