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Title: Postoperative survival in patients with adenocarcinomatous pathology and lymph node metastasis: a method
based on stochastic processes

Authors: Zeraati H, (PhD); Mahmoudi M,(PhD); Kazemnejad A.(PhD); Mohammad K,(PhD); Haddad P,(MD).

Introduction: In recent years, various reports indicate that gastric cancer is highly prevalent in our country; it is
the second most common cancer in men, and fourth in the general population. This study was designed and carried out
to determine the five-year survival rate of gastric cancer patients who had undergone surgical treatment at one of the
most important cancer treatment centers, the Iran Cancer Institute, and to assess its associated factors. During a study
period, patients may often experience events that are likely to affect the final outcome as well. It has been suggested
that such variables be assigned in the model as time-dependent covariates, but using models with joint distribution of
time before death and time before an intermediate event (in this study, relapse), will certainly provide more accurate
results. In this study we analyzed the data using a non-homogenous semi-Markovian stochastic process, regarding life
span and intensity rate as the doubly stochastic processes.

Methods: One hundred and 29 gastric cancer patients with adenocarcinomatous pathology and lymph node
metastasis who had been admitted to and operated on at the Iran Cancer Institute between March 1995 and March
1999 were enrolled in this study. The patients’ life expectancy after surgery and its relationship with variables of age at
the time of surgery, gender, and factors related to the disease such as the cancer site, number of affected lymph nodes,
type of gastrectomy, presence of liver metastases or distance metastasis, number of complementary or secondary
treatments received, relapse, and time to relapce were assessed. In the analyses, methods of Kaplan-Meier, Cox
proportional hazards model, non-homogenous Markovian process, and Breslow estimator were used. The sofiware used
Jfor the analyses were S Plus 2000 and R, and an alpha level of 0.05 was considered significant.

Results: The five-year survival rate and the median life expectancy in the studied patients were 18.6% and 18.90
months, respectively. The Cox proportional hazards model was used to assess the effect of different variables
simultaneously, and it showed that age, and relapse influenced the chances of survival. It was also shown (based on
non-homogenous Markovian stochastic processes) that sex, type of gastrectomy and cancer site correlated with time of
relapse, while age affected survival after relapse, and age correlated with survival of patients without relapse.
Conclusion: Gastric cancer patients in Iran have a low five-year survival rate. One of the most important reasons
seems to be delayed consultation and diagnosis. Most patients are seen first with the disease in the late stages. At this
point, most have lymph node, liver, or even distant metastases which makes treatment even more complex. Thus, it is
necessary to employ mass media for extensive public education about the early warning signs of the disease and
performing periodic examinations.

Keywords: Survival, gastric cancer, Cox proportional hazards model, semi-Markovian process, doubly stochastic
process.
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¥ _ Lost to follow up

? - Cardia

10~ Antrum

'~ Total gastrectomy

12 _ Subtotal gastrectomy

13 _ Distal gastrectomy

' _ Partial gastrectomy

15 _ Proximal gastrectomy

' _ American Joint Committee on Cancer: AJCC
Cancer Staging Manual, 6th ed. New York, NY:
Springer-Veriage, 2002, PP 99 — 106

' . Kaplan-Meier

'8 _ Cox proportional hazards model

19 _ Multi-state
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% _ Events

3 - Intermediate events

‘. Bias

> - Time-dependent covariate

6 - Breslow Estimator

7 - Non-homogeneous semi Markovian stochastic
process



Wilodgy SIS 556 lilaws aile 03 il 5 395 595 9 oy
Sy pbs (s 4Vl b3l L a8 ol (L by o)
Ad A aled (Ve V=V /A0 sleiel 550 5) ol VY
P VM Sy lad 35 jop b oS ab dasde izeen
D Aled (VYV=Y/A e /A0 slezel 3g45)

el loj 4y il psiio (38,5 a3 )3 b (g dl>ya 5
Eo5 55 3 (s9lad glao,S dlass (sla s A dalie Dge b
i G ploj & dlnly puiie 9 358 joy g 2> oo
sl Gae Jobo Gl g 039 e (lilew iy 2 255 (19
QLS (y Cnl D9 e Sy jlad (il el 395 (g
JAY Sy s 1505 olad (slao,S dlas il L as ol
S joym b bl smlgd («/AA=+/A% 720 slezel 3905) pl
Anlgs (V/FF-V/FA 720 slaiel 3945) plp £/ v Syo ylas
3 Gt 4 ) oo £ 51 jioS” (Sloj alold )3 395 g5 9 A5
—VE/EA A0 slasel 3935) ol WIAF 1) Spe ylad (JUSS
@ Cand) s W B Jloj alold 3 d5e 59y 5 0503 (F/FA
720 SLaisl 3505) il SIS 1) S e s (Jlasy 5l Lies
2l Jas (505 g go0 ol 03503 (V/¥O-VV/YE
Shlew oybe 055 Lwild 56 (T.G,S.G,D.G,PT.G,PX.G)
9D.GS.G (TG sl Jlel g o oy Hasis S5
et PXG (ol Jos & cund ]y Spe s PT.G
3935 )yl VI¥A ( +/52=Y/0Y: ZAdsLazel 3g05) ol o) /05
=¥/ N 720 slesel 39a5) pl e /Y ((V+Y=5/ 570 slaxe]
Dl o (/OY=Y/VYZAD slazel 39a5) plyy V¥ g ((«/NY

Job p iz sl pusite Sl () slp im dlopo
2 Sl glaaial b o (e Jhe S hilo yes
4SS Wd d)S Ha o jlew sl calisee Cls A (Sen
A Hlen M (oo cls) dee oy 3,8 gy 0155 s
Sl glase Gl 2 dbgrpe JUil glag 5 9 VB ()
ycilize sl pio Sl gy p & g A8 dnwle (Sen s
oSl b a3 g elale o W Jla) o)
» ol Bl i Job p e la yite Sl ()
b lic (d9=) ) edb 4 Jlanl pae g (015)) oo el
> Jee (25 g o (i sla e
— 51 =Ls)) (65> e 4 (T.G,S.G,D.G,PT.G,PX.G)
mew))g u_)] .J_S]b.)y )]Jg ).ub dge PL UL°) 2 (bl.o.: ):Lw
3935) ply VAL (1350 dy s ()15 50 9yl &S 0Dy L
9 Lo)s bl 3 (65,5 903l oo (V-Y-Y/¥ 720 slaxel

3 ogians 15531 &3 Ytrn Olslogs oz Jgb (g

O

lyassl

JUo Ve sl i dilio g ilongs 550 51,31 oyl 2o yd VV/0
aS ol s ol 039 (Jlo AF B YD il yuss dlols)
=553 35l gl ko> WY 55 9 bo)l8 ol lews Aoy ¥V
e o Y 5 aS lwbino jlod ao o VY w02y
Aoy OMY jd aledgs Lanplas] L 3 Cwdygd jliwlie
oy V2[R (S.G) deo )3 VWIA (T.G) odne Jol5 cuiils
oas plosl (D.G) 4o > Y/A 5 ((PX.G) Lo yd A/Y (PT.G)
Do/ ) ope s g (il (gl a5 Wb abs Mo yiman g
o ylS 20)3 YWI )3 agiangi5ioSligi] ao)s
5 9 03 Lol pagig julS 5189l 1oy WP >
VI 3 i an agieddsS C93 gl T oglsS Sl
i asle Dy 48,5 G ygo 2o yd VB g o> ¥V oy
sy o 0ddliie (Y — VA @l s diold) oae A 50 00é
Lo T4 N3 3lse plos ;5 48 o 3l g )los o a8
ab ohlew 2o 0 VY sl aiily 3959 M1 ol pon 4y T3
Lol 2o )3 YY/0 a8l 5 cdings 03,55 el s clagl oyloys
OB+ yd dge dg Aty b 1) (6,55 slayleys ,L Y
WITY "soe g loj ailie g 392 005 (5155 ylews by
Cool 0395 (VV/¥e =10/ <5 720 slaiel 3545) olo

39 ohles b & sldy Jlon! plo =M Jhg) b
L,.,)m Jol Jss o sl sl 5 0390 3o yd VAIE sy o
Sloo 5 2o yd Vo /5 Lo, all dw gliy Jloin] g aopd S5IV
=YY/E 720 slexel 3945) slo AR oy cpl 45 yoe Jobo
Gl 0390 (VE/¥+
o3liol b olass (i Jlezn]  Ciliseo (gla pizo 51 Lz
oles 535S 5 3 ot 5 SIS cslte S blsin Jas
Ly 85,08 Jolod g 4 jod 2)50 (5)low 29 U llas]
B335 s o Jsb 1 e (sl yita "Wy 8,la] Avlos
sok oo Gl jm alBie sl ite Sl gy il 5
Lo e 85 13,5 Ao e )3 o5 15 i plojan

- esophagojejunostomy
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- esophagogastrostomy
- colon bypass

> - Billroth 1T
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¥ - Wald statistic
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' Multiple events
2 _ Competing risks
3 - Counting processes
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