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Risk assessment of metachronous peritoneal 
dissemination after radical surgery  

for gastric cancer
Relevance: A high incidence of metachronous peritoneal dissemination (PD) and extremely unfavorable prognosis of gas-

tric cancer (GC) in case of peritoneal carcinomatosis in comparison to the development of distant lymphohematogenous me-
tastases [1] necessitate the prediction of metachronous PD in patients radically operated for GC to determine the high-risk co-
hort. The literature does not describe methods of evaluating the probability of PD in GC progression what justifies the feasibility 
of research in this direction.

Purpose of the study was to increase the efficiency of the prediction of metachronous PD.
Results: The results of 1065 radically operated patients (of them, men – 60%, women – 40%; aged 23-89, in average, 63±12 

years) showed that a high-risk factors of GC progression with metachronous PD was associated with a metastatic damage of 
the regional lymphatic collector, with ulcerous-infiltrative and diffuse-infiltrative forms of GC progression, and with the spread 
of the primary tumor deeper submucosal layer. The proposed prognostic model based on multifactorial analysis (Fine-Gray 
model) can be used to evaluate the probability of metachronous MD development (concordance index – 0.81).

Conclusion: The proposed prognostic model using a nomogram or a formula ensures a differentiated approach to the 
choice of adjuvant treatment, taking into account the actual probability of metachronous PD development. The model can 
also be used in the planning of diagnostic and treatment measures aimed at maximum early detection and prevention of this 
type of GC progression.
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Introduction. A high incidence of metachronous peri-
toneal dissemination (PD) and extremely unfavorable 
prognosis of gastric cancer (GC) in case of peritoneal car-
cinomatosis in comparison to the development of distant 
lymphohematogenous metastases [1] necessitate the pre-
diction of metachronous PD in patients radically operat-
ed for GC to determine the high-risk cohort. The latter will 
enable to introduce a differentiated approach in the plan-
ning of therapeutic and diagnostic measures aimed at the 
earliest possible detection and prevention of that GC pro-

gression form.
Materials and methods. The study includes 1065 

patients, radically operated in N.N. Alexandrov Nation-
al Cancer Center (Minsk, Republic of Belarus) in 2008–
2016. Of them, the breakdown by sex was the following: 
men – 640 (60.1%), women – 425 (39.9%). The age of pa-
tients varied in an interval of 23-89 years old, on average, 
63±12 years. The clinical and morphological patterns and 
the degree of the tumor process prevalence are present-
ed in Table 1.

Table 1 – Degree of the tumor process prevalence pTN 

The tumor invasion 
depth 

Degree of metastatic lesion of the regional lymph collector pN Total number of 
patientsрN0 рN1 рN2 рN3

рT1 204 22 5 0 231
рT2 146 44 12 4 206
рT3 78 44 30 13 165
рT4 153 95 86 129 463
Total patients 581 205 133 146 1065 

By their histological structure, all distant tumors be-
longed to adenocarcinomas with various differentiation 
levels. 114 patients had highly differentiated adenocarci-
noma GI, 352 had moderate differentiation GII, 518 had 
low differentiation GIII, and 81 had undifferentiated ade-
nogenic cancer GIV. Diffuse-infiltrative and ulcerous-infil-
trative were the most common forms for tumor growth (by 
Borrmann) - 55% of all patients, 253 and 329 cases, respec-
tively. The saucer-like growth pattern was registered in 
451 cases, and the polypus form was detected in 32 cases.

The analysis of competing risks [2] was applied to evalu-

ate long-term treatment results. PD was the most common 
variant of GC progression. It differed from other options 
by both the development mechanism and approaches to 
its prevention and treatment [3]. That was the reason why 
we’ve chosen PD among the possible variants of distant 
metastasis in GC, that is, distant lymphohematogenous 
metastases (DLHM). The following events were considered 
to be competing: 1) GC progression with PD development; 
2) GC progression with DLHM development.

The Fine and Gray model was used for multivariate 
analysis [4]. The confidence intervals (CI) of the relative 
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risk (RR) were calculated based on the corresponding CI 
regression coefficients. Among the possible risk factors 
were considered the following: sex, age, depth of invasion 
by the primary gastric stomach wall tumor (pT), degree of 
metastatic lesion of the regional lymph collector (pN), the 
volume of lymph node dissection (D1 or D2), and the na-
ture of the performed surgery. The regression analysis was 
used to determine the effect of applied treatment and the 
tumor process characteristics in various variants of GC pro-
gression. The statistical data analysis was performed using 
the statistical package R v. 3.1.1 (GPL license) and the pack-
ages survival [5], and cmprsk [6].

Results and discussion. The observation median was 
48 months, the median to progression with PD develop-
ment – 10.1 months, DLHM – 13.4 months. The single-fac-
tor analysis has revealed the following factors which had 
a statistically significant effect on the both PD and DLHM 
progression: the macroscopic form of primary tumor 
growth (p <0.001), depth of the gastric wall invasion pT 
(p <0.001), number of metastases in the regional lymph 
nodes pN (p <0.001). The volume of performed LD (D1 or 
D2) and nature of the operation (standard or combined, 

gastrectomy or subtotal gastrectomy) statistically signifi-
cantly affected only the PD development (p = 0.034 and p 
<0.001, respectively). The age of patients (in age groups of 
23–55, 56–65, 66–75 and over 75 years old), as well as sex, 
did not affect the GC progression. The multifactor analy-
sis using the competing risk model (Fine and Gray mod-
el) was conducted to determine the cumulative effect of 
these factors on GC progression with metachronous PD 
(Table 2).

In our study, as well as in the available literature, infil-
trative forms of GC (infiltrative-ulcerative and diffuse-in-
filtrative) were associated with a high risk of PD develop-
ment in remote terms after radical surgery [7]. A massive 
metastatic lesion of the regional lymph collector was an-
other adverse prognostic factor for PD development. 1 
or 2 metastases in regional lymph nodes indicated a ten-
dency to an elevated risk of carcinoma development (р = 
0.092), while 3 and more metastases in the regional lymph 
collector were associated with an elevated relative risk of 
carcinomatosis in remote terms after radical surgery. The 
statistical difference was significant: p = 0.030 at pN2, and 
p < 0.001 at pN3 (Table 2).

Table 2 – Relative risk of gastric cancer progression with peritoneal dissemination development 

Factors associated with adverse 
outcome 

Results of regression analysis 
Preliminary model Final model 

β p β RR (95% CI) p
Age 0 0.15 – – –
Sex male vs. female -0.11 0.48 – – –
Adenocarcinoma GII vs. GI 0.06 0.88 – – –
Adenocarcinoma GIII vs. GI -0.02 0.32 – – –
Adenocarcinoma GIV vs. GI 0.52 0.96 – – –
Diffuse-infiltrative vs. saucer-like + 
polypus 0.75 0.001 0.90 2.4 (1,6–3,8) < 0.001

Ulcerous-infiltrative vs. saucer-like + 
polypus 1.20 < 0.001 1.25 3.5 (2,4–5,1) < 0.001

pN1 vs. рN0 0.38 0.08 0.35 1.4 (0,9–2,2) 0.092
pN2 vs. pN0 0.48 0.02 0.47 1.6 (1,0–2,4) 0.030
pN3 vs. pN0 0.94 < 0.001 0.96 2.6 (1.8–3.8) < 0.001
pT2 vs. pT1 2.42 0.002 2.50 12.1 (1.6–93.4) 0.017
pT3 vs. pT1 3.49 < 0.001 3.56 35.2 (4.8–258.6) < 0.001
pT4 vs. pT1 3.67 < 0.001 3.79 44.4 (6.1–321.5) < 0.001
Lymphadenectomy D1 vs. lymph node 
dissection D2 -0.1 0.70 – – –

Combined operations vs. subtotal 
resection of stomach (distal and 
proximal)

0.53 0.01 – – –

Gastrectomy vs. subtotal gastrectomy 
(distal and proximal) 0.30 0.067 – – –

The obtained findings indicate the possibility for pro-
gression with PD development not only when the tumor 
invades the stomach serous membrane but also at less ad-
vanced tumor process corresponding to pT2-3, that is when 
the tumor overruns the submucosa membrane. At the same 
time, the concomitant metastatic lesion of the regional 
lymph collector elevates the risk for metachronous PD de-
velopment. This highlights the feasibility and relevance of 
the development of methods for PD progression projection 
and prevention not only in patients with serous membrane 
invasion but also in less advanced tumor process – pT2-3.

Based on the multivariate analysis findings presented 
in Table 2, we have developed a model for prediction of 
risk for PD development. The following model variables 
were used for the mathematical description of the model:

x1 = 1, if the macroscopic form of primary tumor 
growth is diffuse-infiltrative, and x1 = 0, if the macroscopic 
growth form is ulcerous-infiltrative, polypus or saucer-like;

x2 = 1, if the macroscopic form of the primary tumor 
growth is ulcerous-infiltrative, and x2 = 0 in the other case;

x3 = 1, if there are one or two metastases in the region-
al lymph nodes (pN1), and x3 = 0 in the other case;
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x4 = 1, if there are from three to six metastases in 
the regional lymph nodes (pN2), and x4 = 0 in the oth-
er case;

x5 = 1, if there are seven or more metastases in the re-
gional lymph nodes (pN3), and x5 = 0 in the other case;

x6 = 1, if there is the tumor invasion of the muscular 
coat of the stomach (pT2), and x6 = 0 in the other case;

x7 = 1, if there is the tumor invasion of stomach wall 
sub-serous layer (pT3), and x7 = 0 in the other case; 

x8 = 1, if there is the tumor invasion of stomach serous 
membrane (pT4a) or tumor invasion of neighboring struc-
tures (pT4b), and x8 = 0 in the other case. 

The verification of assumption about the risks propor-
tionality (presence or absence of correlation of ranked 
Schoenfeld’ residues has been performed, which was not 
violated - p = 0.203. The model was subjected to internal 
validation [8] by bootstrapping with 1000 repetitions to 
assess its suitability for prognosis. The validation included 
calibration of the model to prevent re-training and error 
and the assessment of the model’s discriminatory capacity.

Figure 1 shows the expected probability of progression 
with PD development, and calibration graphs for 12, 24, and 
36 months with the calculation of the average absolute cali-
bration error and the 90th quantile of absolute calibration error.

According to Figure 1, the absolute calibration error 
did not exceed 5% in the 1-year, 2-years, and 3-years mod-
el prognosis, which means a high prognostic accuracy of 
the proposed model. The concordance index was 0.81. The 
choice of the follow-up period of 1 to 3 years for predic-
tion of the dissemination probability was justified by the 
fact that the absolute number of cases of cancer progres-
sion after surgery was observed during the first 2 years af-
ter surgery, followed by a decline of death probability due 
to the tumor process progression [9].

Based on a linear combination of predictors, the formu-
la was proposed for estimation of PD risk development af-
ter the GC radical surgical treatment.

 (1)

where PI – is a prognostic index (PI).

Figure 1 – Calibration graphs of the prognostic model for peritoneal dissemination in 12 (A), 24 (B), and 36 months (C) (gray – the 
ideal model, black – the follow-up data, blue – the corrected model)

This formula reflects the relative risk logarithm change 
depending on the values of the variables x1–x8. 

PIs were calculated for patients within the study cohort 
based on the formula above to assign them to risk groups. 
Concurrently, the 33rd and 67th quantiles of PI variable 
distribution were identified, based on which the following 
boundary intervals of three risk groups were determined: 
1) standard with PI<3.4; 2) intermediate with 3.4≤PI≤4.75; 
3) high with PI>4.75.

The probability values presented in Table 3 were used 
to estimate the probability of metachronous PD.

The data presented in Table 3 can be used in practice 
for rough risk estimation of peritoneal carcinomatosis de-
velopment.

For a more precise estimation of the likelihood of meta-
chronous PD development based on a linear combination 
of predictors, as the relative risk logarithm, the PD nomo-
gram was developed (Figure 2).

Table 3 – Probability of peritoneal dissemination (PD) in 12, 24, 36 months of the follow-up period after radical surgery 
in risk groups

Risk groups for PD
Probability of PD, % / Follow-up period

12 months 24 months 36 months

Standard risk 0.7 ± 0.3 1.0 ± 0.5 1.2 ± 0.6

Intermediate risk 6.8 ± 1.2 10.2 ± 1.8 12.4 ± 2.1

High risk 24.1 ± 2.8 34.5 ± 3.7 40.6 ± 4.4
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The nomogram makes an account of independent 
prognostic factors established by the multivariate analysis 
(Table 2). Each factor in the nomogram is scored according 
to its regression coefficient, which is the logarithm of the 
relative risk. The total score defines the probability of the 
disease progression with PD development 1-3 years after 
radical surgery. The total score above 160 points indicates 
a high probability of PD development; the total score from 
115 to 159 points indicates intermediate probability; the 
total score from 0 to 114 points indicates a low probability. 
The high or intermediate probability of PD development is 
the indication for intensive immunochemotherapy in one 
the regimens described in the literature to prevent GC pro-
gression with PD development. 

Conclusion. High risk of gastric cancer progression 
with peritoneal dissemination occurs with any degree of 
the regional lymph collector metastatic lesion: pN1 – RR 
1.4 (95% CI 0.9–2.2), p = 0.092; pN2 – RR 1.6 (95% CI 1.0–
2.4), p = 0.030; pN3 – RR 2.6 (95% CI 1.8-3.8), p <0.001; in ul-
cerous-infiltrative – RR  3.5 (95% CI 2.4–5.1), p <0.001 and 
diffuse-infiltrative forms of GC growth – RR 2.4 (95% CI 1.6–
3.8), p <0.001; in the primary tumor spread deeper than 
submucous membrane: pT2 – 12.1 (95% CI 1.6–93.4), p = 
0.017; pT3 – 35.2 (95% CI 4.8–258.6), p <0.001; pT4 – 44.4 
(95% CI 6.1–321.5), р<0.001.

The proposed prognostic model using the nomogram 
or the formula ensures a differentiated approach to the 
choice of adjuvant treatment, taking into account the ac-
tual probability of metachronous PD development. This 
model allows predicting the probability of metachronous 
peritoneal dissemination development in patients radi-
cally treated for gastric cancer immediately after mor-
phological clarification of the tumor process stage. This 

Figure 2 – Nomogram for prediction of the expected probability of the metachronous peritoneal dissemination development 

model can also be used to plan adjuvant treatment on a 
case-by-case basis to prevent peritoneal carcinomatosis 
progression.
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