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Abstract
Purpose/Objective (s): Definitive surgery followed by adjuvant radio chemotherapy has been the standard of care for patients with gastric cancer since the publication 
of INT0116 study in 2001. This study is to analyze the outcomes of patients with gastric cancer treated with adjuvant radio chemotherapy in Manitoba.

Materials/Methods: After definitive surgical resection, patients with Stage IB to IVM0 gastric cancer were treated with fluorouracil (5-FU) and leucovorin. 
Radiotherapy with concomitant 5-FU was initiated in the second month of the treatment. Radiotherapy, 4500 cGy in 25 fractions, five days per week, was delivered 
to the tumor bed, the regional nodes, anastomosis, and the residual stomach. All patients were regularly followed. All the sites of recurrent disease were verified by 
image or biopsy.

Results: Between 2002 to 2013, 81 patients, male 61, female 20, aged 38 to 79 years old, who finished a full course of adjuvant radio chemotherapy were identified. 
The median post-radiotherapy follow up was 57 months (10-196 months). Forty-eight (59.3%) patients survived ≥3 years. Fifteen patients (18.5%) survived ≥5 years, 
and nineteen patients (23.5%) survived ≥10 years. Eighteen out of 81 (22.2%) patients are still alive with a median survival of 142 months (57-196 months).  The 
tumor and nodal staging, margin status, and lymph vascular invasion are all related to prognosis, but nodal status and lymph vascular invasion in particular were 
significantly related to prognosis for survival. A prognostic index based on pathologic features has been established to correlate with patient survival with implication 
for treatment selection. 

Conclusion: Long- term survival of patients with gastric cancer who received adjuvant radio chemotherapy is possible for a significant portion of patients. A 
prognostic index has been established to be used for possible risk-based treatment modification. 
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Introduction
Gastric cancer is still one of the leading causes of death for patients 

with malignancies in the world [1,2]. Although the incidence of gastric 
cancer has been declining steadily for the recent decades, its mortality 
still ranks very high in the United States [3]. Surgery alone has a dismal 
5-year survival for locally advanced tumor with 34-70% for patients 
with Stage I and II disease, and 7-20% for patients with Stage II and 
IV disease [4-8]. The multi-institute randomized trial by SWOG-
Directed Intergroup Study 0116 (INT0116) in 2001 demonstrated 
that adjuvant radiotherapy plus adjuvant chemotherapy significantly 
improved the overall as well as disease free survival for patients with 
local advance gastric cancer [9]. Although the MAGIC study showed 
that perioperative chemotherapy in addition to definitive surgery 
achieved similar results [10], adjuvant radio chemotherapy is still the 
common standard of care in the United States. Patients with locally 
advanced gastric cancer are usually with different risk factors which 
affect the ultimate prognosis after the treatment [11,12]. There has 
been lack of reports about the long- term survival and the associated 
prognostic factors for patients with gastric cancer treated with adjuvant 
chemoradiotherapy. This study aims at analyzing the treatment 
outcomes of patients treated for locally advanced gastric cancer at 
Cancer Care Manitoba, Canada. 

Material and methods
Surgery: The definitive surgery included total, sub-total, or partial 

gastrectomy with lymph node dissection as per the discretion of the 
relevant surgeon for the patients.

The patients were referred to Cancer Care Manitoba after definitive 
surgery for adjuvant management.  Patients were assessed by both 
medical and radiation oncologists for suitability of adjuvant treatment. 
Patients with Stage 1B to IV M0 were treated as per INT0116 protocol 
(9) with modification.

Chemotherapy: Before radiotherapy, patients received the 
modified De Gramont regimen Leucovorin (LV) 400 mg/m2 IV and 
5-FU IV bolus 400 mg/ m2 on day 1 followed by 5-FU 2400 mg/m2 
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infusion over 46 hours every 14 days for 2 cycles. During radiotherapy, 
patients received 5-FU infusion 200 mg/m2/day. After radiotherapy, 
patients were given additional 4 cycles of the modified De Gramont 
regimen. 

Radiotherapy: Patients were CT- simulated in supine position 
with immobilization. The target volumes were defined as per INT 
0116 protocol (9) and included the residual stomach, tumor bed, 
anastomosis and the regional lymph nodes. Most radiotherapy plans 
were 3-dimmentional conformal radiotherapy (3D-CRT). Photon 
beams from linear accelerator with energy of 6/10 or 6/23 MV were 
used for radiotherapy planning. The planning target (PTV) volume for 
each patient was generated from the clinical target volume (CTV) plus 
1 cm margins. Radiotherapy dose of 45 Gy in 25 fractions was delivered 
at daily fraction of 1.8 Gy, 5 days a week over 5 weeks.

Patient follow up: All patients were followed up regularly as per 
our standard including regular clinical assessment, blood work, and 
images.

Statistical analysis
The influences of prognostic factors on overall survival were studied 

by univariate analysis and multivariate analysis using Cox proportional 
hazards model. The differences between long- and short- term survival 
groups were analyzed by X2 test.

Results
Between 2002 to 2013, patients finished the full course of adjuvant 

radio chemotherapy were consecutively selected for this study. A total of 
81 patients, male 61, female 20, aged 38 to 79 years old, were identified. 
The median overall survival for male patients was 57 months (10-196 
months), and for female was 41 months (10-180 months). Forty-eight 
patients (59.3%) survived ≥3 years (Tables 1-3). Nineteen patients 
(23.5%) survived ≥10 years (Table 1), fifteen patients (18.5%) survived 
5 or more years (Table 2), and fourteen patients (17.3%) survived 3 
≥years but less than 5 years (Table 3). While univariate analysis showed 
that tumor stage, nodal stage, and margin status are significantly 
associated with the prognosis (Table 4), the multivariate analysis 
identified the nodal status was the only prognostic factor which was 

significant (Table 5). To correlate with the survival, a prognostic index 
(PI) system has been created. Table 6 demonstrates that the PI is heavily 
weighted on the advanced tumor stage, nodal stage, and lymph vascular 
invasion (LVI). A patient with a T4 tumor (3 points), N2-3 (4 points) 
with positive LVI (4 points) and positive surgical margins (2 points) 
would have a maximal PI of 13 points (Table 6). The patients are further 
divided into low risk (PI = 1-4), intermediate risk (PI = 5-8), and high 
risk (PI = 9-13) group by using the PI scores.  The median survival for 
patients in the low risk group is almost 6 times’ longer than those in the 
high-risk group and more than double of those in the intermediate risk 
group (Table 7). When comparing the group of long-term survivors 
with the group of short-term survivors, the nodal stage and LVI were 
significantly different (Table 8).  The recurrences were categorized as in-
field (occurred in the radiotherapy fields), regional, and distant. Forty 
one out of 81 patients (50.6%) relapsed with the patterns at first failure 
summarized in Table 9.

Discussion
This study is focused on the analysis of the overall survival (OSV) of 

patients with gastric cancer treated with adjuvant radio chemotherapy.  
In general, the literature considers 3 or more year’s OSV of patients 
with gastric cancer as long-term [11]. Almost 60% of our patients who 
finished a full course of adjuvant radio chemotherapy were long-term 
survivors and this is in line with or better than the literature reports 
for the similar studies [13, 14]. There is no doubt that adjuvant radio 
chemotherapy significantly increases OSV for patients whose stomach 
cancers were surgically resected with curative intention. 

Although perioperative chemotherapy [10] or adjuvant 
chemotherapy [15] alone (popular in Asia) have been shown to increase 
survival in addition to definitive surgery, adjuvant radiochemotherapy 
is still the common standard of care in the United States. Adjuvant 
radiochemotherapy is sometimes a more practical or better solution for 
patients with certain demography such as those who are operated by 
surgeons from community hospitals.

One of the advantages of adjuvant treatment for patients with 
stomach cancer is that the pathologic features including the tumor and 
nodal staging as well as LVI can be fully assessed and the treatment can 

Age Gender Tumor location Tumor Stage Nodal stage Histology Surgery Margins LVI# OSV∞ (months) PI×
62 m antrum 3 0 3 Subtotal negative negative 196 a* 2
49 m GE junction 3 1 2 total negative negative 196 a 4
47 m antrum 2 1 2 subtotal negative negative 177 a 3
58 m GE junction 2 1 1 total Close negative 141 d¥ 4
56 m antrum 3 0 2 subtotal Positive negative 180 a 4
65 f GE junction 3 1 3 total negative negative 180 a 4
61 m antrum 2 1 3 subtotal close negative 172 a 4
54 m proximal 3 2 2 total negative negative 153 a 6
66 m Lesser curvature 3 0 2 subtotal Close negative 161 a 3
41 f Lesser curvature 2 1 3 partial negative positive 142 a 7
78 m GE junction 3 0 1 total Positive negative 125 a 4
43 f antrum 3 2 3 subtotal Positive negative 131 a 8
67 f antrum 4 1 3 subtotal negative negative 175 d 5
73 m antrum 3 3 3 subtotal negative negative 174 d 6
57 f antrum 3 1 3 subtotal positive negative 133 d 6
58 f antrum 2 0 3 subtotal negative negative 150 d 1
59 m antrum 2 0 3 partial negative negative 137 d 1
64 m GE 3 1 3 total Close negative 123 d 5
59 m antrum 2 0 3 subtotal negative negative 168 d 1

Table 1. The characteristics of patients who survived 10 or more years after adjuvant radiochemotherapy (n=19).

# LVI=lymphovascular invasion; ∞ OSV= overall survival; ×PI=prognostic Index; *a=Alive; ¥ d=die
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Age Gender Tumor location Tumor 
stage Nodal stage Histology Surgery Margins LVI# OSV∞

(months) PI×

75 m pylorus 3 Nx G2 Sub total positive negative 114d¥ 5
75 m incisura 3 0 G2 subtotal negative negative 81d 2
69 m GE junction 4 nx G3 total positive negative 100d 6
69 m GE 2 2 G3 total negative negative 112d 5
72 m Lesser curvature 3 1 G3 subtotal positive negative 108d 6
60 m pylorus 2 1 G2 subtotal negative negative 89d 3
76 m antrum 2 1 G3 subtotal negative negative 103d 3
61 m GE 3 1 G3 total Close positive 111a* 9
62 m antrum 2 1 G2 partial negative negative 112 a 3
68 m body 2 1 G3 subtotal close positive 112 a 9
65 m GE 3  1 G2 total negative negative 68d 4
62 m antrum 2 2 G3 subtotal negative negative 84d 5
69 m antrum 2 0 G2 subtotal negative negative 105 a 1
59 m antrum 3 2 G3 subtotal negative negative 87 a 6
79 m pylorus 3 1 G3 subtotal negative positive 75 a 8

Table 2. characteristics of patients who survived ≥5 but less than 10 years after radiochemotherapy (n=15).

# LVI=lymph vascular invasion; ∞ OSV= overall survival; ×PI=prognostic Index; *a=Alive; ¥ d=die.

Age Gender Tumor location Tumor stage Nodal stage Histology Surgery Margins LVI# Osv ∞ (months) PI×
40 f pylorus 3 1 3 partial negative negative 57d¥ 4
71 m Gastric remnant 3 1 3 total Close positive 55d 9
64 f antrum 3 2 2 partial positive negative 50d 8
61 m antrum 3 1 3 subtotal negative negative 57d 4
63 f fundus 3 1 2 partial negative negative 50d 4
70 m antrum 2 1 1 subtotal negative positive 36d 7
56 m GE 3 1 2 Total Close positive 38d 9
58 f antrum 3 1 3 subtotal negative negative 42d 4
49 m GE 3 1 2 Total positive - 58d 6
59 m GE 4 2 3 Total positive yes 46d 13
59 f antrum 3 2 3 subtotal Close negative 40d 7
43 m Great curvature 3 0 3 Total negative negative 36d 2

50 m Distal+
duodenum 4 1 2 partial positive negative 43d 7

72 m antrum 4 1 3 partial negative negative 57 a* 5

Table 3. Characteristics of Patients survived 3 or more but less than 5 years after adjuvant radiochemotherapy (n=14).

# LVI=lymph vascular invasion; ∞ OSV= overall survival; ×PI=prognostic Index; *a=Alive; ¥ d=di.

Variable Hazard Ratio 95% CI P value
Male vs female 0.69 0.39-1.21 0.1966

T stage (T3-4 vs T1-2) 3.66 1.46-9.20 0.0058
N stage (N2-3 vs N0-1) 1.95 1.14-3.35 0.0147

Nodes removed (13+ vs fewer or none) 0.84 0.48-1.48 0.5495
Histology (G3 vs G1-2) 0.89 0.48-1.66 0.7110

Margin 1.92 1.09-3.38 0.0234

Table 4. Univariate predictor analysis of maximum likelihood estimates.

Variable Hazard ratio 95%CI P Value
Male vs female 1.19 0.54-2.65 0.2630

T stage (T3-4 vs T1-2) 2.54 0.78-8.21 0.1201
N stage (N2-3 vs N0-1) 3.32 1.52-7.24 0.0026

Nodes removed (13+ vs fewer or none) 0.64 0.3-1.38 0.2555
Histology (G3 vs G1-2) 0.57 0.24-1.36 0.2063

Margin 1.02 0.47-2.21 0.9678

Table 5. Multivariate predictor analysis of maximum likelihood estimates.

T Stage N Stage LVI Surgical Margins Maximal 
scores1-2 3 4 0 x 1 2-3 negative positive negative close positive

PI 1 2 3 0 1 2 4 0 4 0 1 2 13

Table 6. Prognostic index (PI) scores based on surgical pathological features.
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PI Group Median Overall Survival (months)
Low risk (PI=1-4, n=26) 112 (10-196)
Intermediate risk (PI=5-8, n=35) 50 (10-175)
High risk (PI=9-13, n=20) 20 (11-112)

Table7. Survival according to risk based on PI.

OSV
Tumor stage Nodal stage Close/

positive 
margins

LVI
T1-2 T3-4 N0-1 N2-3

≥ 3 years 15/48 
(31.25%)

33/48 
(68.75%)

37/48 
(77.08%)

11/48 
(22.92%)

20/48 
(41.67%)

8/48 
(16.67%)

< 3 years 5/33 
(15.15%)

28/33 
(84.85%)

13/33 
(39.39%)

20/33 
(60.61%)

21/33 
(63.64%)

15/33 
(45.45%)

P value >0.05 >0.05 <0.005 <0.005 >0.05 <0.005

Table 8. The characteristic differences between long- and short- term survival patients.

site In-field In-field 
+Regional

In-field 
+distant regional Regional 

+ distant distant total

Number 
of 

patients
3 2 1 19 3 13 41

Table 9. Patterns at first failure*.

*In-fields: tumor relapsed in the radiotherapy target volumes: surgical anastomosis, 
residual stomach, gastric bed, and the targeted nodal area; Regional: tumor recurred in the 
peritoneal cavity including the liver, pelvic organs, peritoneum, and the non-targeted intra-
abdominal lymph nodes; Distant: relapse outside the peritoneal cavity.

be tailored accordingly. We identified the nodal stage and lymph vascular 
invasion as significant risk factors which are associated with survival.  A 
prognostic index score system has been established to further categorize 
this patient population. By using this prognostic index, the patients can 
be further stratified into different risk groups. The patients from the 
high-risk group of this report had very poor prognosis after adjuvant 
radiochemotherapy. It is conceivable that a different treatment strategy 
should be explored for these patients. It appears that patients from the 
high-risk category relapsed mostly beyond the radiotherapy target 
volumes with either regional of distant failure. Those patients might 
benefit from a course of vigorous effective chemotherapy regimens 
such as FLOT which includes docetaxel, oxaliplatin 5-FU and LV for 
3-4 cycles followed by the standard radiochemotherapy and additional 
3-4 cycles of FLOT after radiotherapy. FLOT has been showed superior 
to other chemotherapy combination [16].

A meta-analysis of the randomized studies showed no overall 
survival benefit with D2 dissection which was associated with greater 
mortality and or morbidity [17].  Studies reported significant local 
regional failure with D2 surgery alone [18] and the improved survival 
with adjuvant radio chemotherapy is independent of nodal clearance 
[19].  Neither the number of the removed lymph nodes nor the extent 
of lymph node dissection is associated with the survival of our patients 
(data not shown). 

The treatment related toxicities reported by the INT0116 study were 
significant. That study used two-dimensional radiotherapy with parallel 
opposed fields and the standard bolus 5FU/LV regimen which is no 
longer recommended. Our patients were treated with 3D-CRT and in 
fusional 5-FU with much less side effects. The observed side effects for 
our patients are stomatitis, nausea, fatigue, occasional mild diarrhea, 
and foot hand syndrome (data not shown).

The patterns of failure are important to guide the treatment strategy. 
Except a few in radiotherapy field failure, patients either failed regional 
including the liver and peritoneum or failed with metastases at distant 
as showed in the current study and the previous report [20]. Clearly, 
effective systemic regimen including chemotherapy or target therapy 

drugs should be vigorously explored. The failures are mostly predictable 
by using the prognostic index established by this study. The patients 
fall into the high-risk category should receive a more effective systemic 
treatment other than the traditional 5-FU/LV before and after adjuvant 
radiotherapy.

In conclusion, long-term survival is possible for patients with 
gastric cancer whose tumors were surgical resected with curative 
intention. A prognostic index for patients with gastric cancer has been 
generated to possibly guide the selection of more effective systemic 
adjuvant treatment in the future.
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