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“Meester”, zei ik, “nu gaan mijn ogen open;
Eerder was het te moeilijk voor mijn brein
En dorst ik op dit inzicht niet te hopen.”
Dante Alighieri (1265-1321); De Goddelijke Komedie, Louteringsberg, Canto 4, vv76-78 (vertaling
Ike Cialona en Peter Verstegen), Athenaeum-Polak & Van Gennep, Amsterdam, 2004
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Introduction

modified from:
EPM Jansen, H Boot, M Verheij, CJH van de Velde.
Optimal locoregional treatment in gastric cancer.
J Clin Oncol 2005; 23: 4509-17
and
HH Hartgrink, EPM Jansen, NCT van Grieken, CJH van de Velde.
Gastric cancer (seminar).
Lancet 2009; 374: 477-90
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Introduction

Gastric cancer is a very common disease worldwide and the second most (after
lung) frequent cause of cancer death, affecting about 1 million individuals per year.
(1) The ratio of men to women is about 2:1. Large differences in incidence exist
between continents. The highest incidence - up to 69 cases per 100.000 inhabitants
per year - is in men in north-east Asia (Japan, Korea, China). (2) Intermediate
incidences occur in Europe and South America; North America, Africa, south Asia
and Oceania (including Australia and New Zealand) are low incidence regions with
rates of 4-10 cases per 100.000 people.
Explanations for these differences in incidence have been sought. High intake
of various traditional salt-preserved foods and salt, and low consumption of fresh
fruit and vegetables are associated with a raised risk of gastric cancer. (3;4) Further
in support of this idea is the finding that gastric cancer incidence in migrants from
low-incidence countries increases from a low rate in first-generation migrants to
the high incidence of their host country in the second generation. (5) Additionally,
Helicobacter Pylori is a major risk factor for development of gastric cancer. (6)
However, not all populations with high rates of H. Pylori infection, such as Africa and
south Asia, have a raised incidence of gastric cancer. Differences in H. Pylori cagA
and vacA genotypes might explain these geographical variations. (2) Smoking is
another important environmental risk factor for gastric cancer. (7)
Primary prevention strategies to reduce gastric cancer include improved
sanitation, high intake of fresh fruits and vegetables, safe food-preservation
methods, and avoidance of smoking. Although the frequency of distal gastric
cancer has declined, the incidence of proximal gastric cancer has risen. Unlike
distal gastric cancer, development of proximal gastric cancer is mainly related to
gastro-esophageal reflux and obesity. (8) Due to demographic changes (age, race)
it is estimated that the incidence of gastric cancer will increase by 67% between
the year 2010 and 2030. (9)
Countries with high incidences of gastric cancer (e.g. Japan) have screening
programmes for groups at high risk, but clinical evidence is insufficient to
recommend endoscopic screening world wide. (1) Of 880.000 people diagnosed
with gastric cancer in 2000, about 650.000 (74%) died of the disease. In Japan,
5-year survival is good (52%), with 96.6% for stage I, 72% for stage II, 44.8% for
stage III and 7.7% for stage IV, in part attributable to early detection in screening
programmes, less obesity and lower age of Japanese patients. (10) whereas
11
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survival in the USA, Europe and China generally is only 20-25% only. (11) A survey
by the American College of Surgeons in 18.365 patients showed a 5-year survival
rate of 19%, with 50% for stage I, 29% for stage II, 13% for stage III and 3% for stage
IV. (12) A very recent overview of survival rates in gastric cancer demonstrated
that with a 5-year overall survival rate of 18%, the Netherlands was at the lower
range of survival rates in Europe. (13) Survival in patients with resectable gastric
cancer is better than those with unresectable disease, but even in the resectable
group, more than half of patients in developed countries (excluding Japan) die of
the disease.
Improved imaging techniques enable patients to be staged more adequately
than previously. Minimally invasive techniques such as endoscopic resections,
sentinel node, and laparoscopy have been developed and can be used for early
stages of disease. For advanced gastric cancer, achievement of locoregional
control remains a substantial difficulty. In the Gunderson reoperation series, 54%
of patients had locoregional recurrence only. (14) Additionally, also in modern
series 54% of recurrences had at least in part a locoregional component, 51% had
a distant component and 29% developed a peritoneal recurrence. (15) To improve
results, the extension of surgery has been studied widely. Use of neoadjuvant
and adjuvant treatment to further improve results continues to be investigated.
A biological approach might lead to further individualized treatment options.
Aetiology
Hereditary diffuse gastric cancer (HDGC) accounts for about 1-3% of gastric cancer
cases. In roughly 30% of familial gastric cancers, a germline mutation in one
allele of the E-cadherin gene (CDH1) is identified. (16) Inactivation of the second
allele happens either by mutation or hypermethylation. (17) Additional genomic
changes eventually lead to early onset of diffuse gastric cancer. Estimated life-time
risk of gastric cancer in carriers of a CDH1 mutation is 67% in men and 83% in
women. In families with at least two people with diffuse gastric cancer, of whom
one is diagnosed before age 50 years, mutational analysis is recommended.
(18) Histopathological examination of prophylactic gastrectomy specimens has
identified macroscopically invisible, small foci of signet-ring-cell formation and
invasion. Although the clinical significance of such foci is not clear, prophylactic
12
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gastrectomy should be considered in mutation carriers. Other hereditary
syndromes that raise gastric cancer risk include Lynch syndrome (mutation in one
of the mismatch repair genes),(19) and Peutz-Jeghers syndrome (STK11 mutation).
(20)
Sporadic gastric cancer of the intestinal type develops through a sequence of
precursor lesions (21) induced by H. Pylori infection. (22-24) A meta-analysis of
12 studies including 1228 cancer cases and 3406 controls, showed that people
positive for H. Pylori have at least a six-fold greater risk of developing gastric
adenocarcinoma than those without infection. (6) In a subset of people, long-term
H. Pylori infection led to atrophic gastritis and intestinal metaplasia, with increased
relative risk (RR) for development of gastric cancer, ranging from 1.7 in moderate
atrophy and 4.9 in severe atrophy, to 6.4 in intestinal metaplasia. (25)
Host factors – such as polymorphisms in cytokine genes (e.g. interleukin-1β,
interferon γ receptor 1, and toll-like receptor 4)(26-28) and predominant T-helper1
inflammatory response(29) – and bacterial factors (e.g., presence of vacuolating
toxin and the cag pathogenicity island(30;31)) are associated with increased
intensity of inflammation and progression risk. Additional oxidative stress from
bacterial overgrowth, nutritional factors (e.g., high salt and low vitamin intake),
and smoking is thought to cause DNA damage, thus further heightening cancer
risk. (7;21;32)
Histopathology and molecular pathology
The intestinal-type gastric carcinoma has well defined ductal structures or cords,
surrounded by a desmoplastic stroma reaction containing different amounts of a
mixed inflammatory infiltration. The individual tumor cells are large and nuclei are
polymorphic and anisochromatic and have a coarse chromatin pattern. Intestinal
type carcinomas are usually well to moderately well differentiated. By contrast,
diffuse-type adenocarcinomas have solitary or small groups of tumor cells without
formation of glandular structures. These mucus-containing cells push the nucleus
to the cell periphery (signet-ring-cell carcinoma).
Gastric carcinoma is the result of accumulated genomic damage, affecting
cellular functions essential for cancer development (eg, self-sufficiency in growth
signals, escaping antigrowth signals, apoptosis resistance, sustained replicative
13
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potential, angiogenesis induction and invasive or metastatic potential). (33)
Although knowledge of the pathways that lead to these genomic changes and
the oncogenes and tumor-suppressor genes implicated in carcinogenesis are
regarded as a means to reveal new therapeutic targets or predictive markers of
therapy response, no such biomarkers are yet available .
Prevention and early detection
H. Pylori eradication and surveillance of precursor lesions for early detection
have long been thought the best approaches to reduce gastric cancer mortality.
However, follow-up studies evaluating the effect of H. Pylori eradication have
shown contradictory results for reversibility of precursor lesions and reduction
of gastric cancer rate. Although eradication has a prophylactic effect on gastric
cancer in experimental studies, the effect in people remains controversial. A metaanalysis of four randomized intervention studies, with gastric cancer incidence as a
secondary outcome, showed a non-significant overall odds ratio (OR) of 0.67 (95%
CI 0.42-1.07). (34) These inconsistencies may be explained by sampling error, time
of follow-up, and different baseline characteristics. (35) Importantly, other factors
such as dietary intake, geographical origin of patients, topographical location of
the lesions, and gene polymorphisms might have affected study results. Large
clinical studies incorporating all these different factors into the study design are
needed to identify which combinations of factors predict clinical outcome and
cancer risk. Additionally, improved knowledge of molecular changes in precursor
lesions might enable further discrimination between patients at high and low risk.
These studies could establish which patients will benefit from H. Pylori eradication,
and in whom surveillance of precursors should be done. Thus, evidence-based,
personalized screening programmes can be designed for high-risk subgroups
in a cost-effective way. Presently, insufficient clinical evidence is available to
recommend endoscopic screening world wide. (1)
Diagnosis and imaging
No typical signs suggestive of gastric cancer exist. In advanced disease, pain in
the epigastric region, anemia, aversion to meat, weight loss, obstruction, bleeding
14
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and perforation might arise. Diagnosis should be made with a gastroscopic biopsy
sample and histology specified by WHO criteria. Initial staging consists of clinical
examination, including Virchow’s lymph nodes and digital rectal examination,
blood counts, and liver and renal function tests. The currently known tumor
markers are of little use in gastric cancer. (36)
The two major systems used to stage gastric cancer are the Japanese
Classification of Gastric Cancer (JCGC), presently the 13th edition (37), and the
International Union Against Cancer (UICC) tumor-node-metastasis (TNM) system,
which is in its sixth edition. (38) These staging systems are constantly evolving
because of periodic validation studies. (39) Diagnosis of T-stage disease by
endoscopic ultrasound (EUS) seems to be the most effective way to differentiate
stage T1 and T2 from stage T3 and T4 (Q [overall accuracy]=0.93; 95% CI 0.91-0.95).
EUS is less effective for diagnosis of nodal involvement than for tumor stage. (40)
In 278 patients with early gastric cancer, multidetector CT was shown to be useful
for identification of extent of nodal involvement (overall accuracy 86%; 95%
CI 0.82-0.90). (41) Small lymph nodes, however, do not rule out lymph-node
metastases. (42) Multislice CT is regarded as more accurate than is single-slice CT.
Positron emission tomography (PET) is unique in its ability to visualize areas
of enhanced metabolic activity within tissues. Most tumors larger than T1 can be
identified, but differentiation between tumor stages is not possible. PET is not shown
to have a high sensitivity for diagnosis of nodal involvement. (43) Identification of
metastases was analyzed in one retrospective and three prospective studies. (4447) For liver and lung metastases, CT scan was most useful. Endoscopic ultrasound
has proved sensitive for detection of low volumes of ascites not apparent on CT,
which is predictive for incurable disease. (48) When peritoneal metastases are
suspected, a laparoscopy is most sensitive. (45) For assessment of response to
preoperative treatment, PET seems promising. (49)
Surgical treatment
Only two randomized trials have investigated whether subtotal gastrectomy
is sufficient for distal gastric cancer. (50;51) Both trials identified no difference
in mortality or survival. Positive resection margins, however, lead to very poor
survival. (52;53) In the Dutch gastric cancer trial 72 patients (10%) had a positive
15
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resection margin. (53) Three year survival was 18% compared with 63% when the
resection margin was negative. Microscopically involved margins greatly affected
survival of patients with five or fewer lymph-node metastases in a comparative
study of 619 patients. (52) Intra-operative re-excision of microscopic disease
identified from frozen section analysis resulted in a significant improvement in
overall survival in patients with five or fewer positive nodes (p=0.03), but not in
those with more than five positive nodes.
Lymph-node dissections are defined by the Japanese Classification of Gastric
Carcinoma. (37) These guidelines are also recommended by the American Joint
Committee on Cancer, and by the UICC. In these guidelines, 16 different lymphnode compartments (stations) surrounding the stomach are identified (figure 1).
In general, perigastric lymph-node stations along the lesser (stations 1, 3, and 5)
and greater (stations 2, 4, and 6) curvature are grouped N1, whereas nodes along
the left gastric (station 7), common hepatic (station 8), celiac (station 9), and splenic
(stations 10 and 11) arteries are grouped N2. D1 dissection entails removal of the
affected part of the stomach (distal or total), N1 lymph-nodes, and the greater and
lesser omentum. With a D2 dissection, N2 lymph-nodes are also removed. A D3
dissection is similar to a D2 dissection but with dissection of the para-aortic nodes
as well.
For many years, clinicians have debated whether an extended lymph-node
dissection (D2) for gastric cancer is beneficial. Theoretically, removal of a wide
range of lymph-nodes improves the chances for cure. Such resection, however,
could be irrelevant when no lymph-nodes are affected or when the cancer has
developed into systemic disease or the dissection increases morbidity and
mortality substantially. Furthermore, it is imaginable that with more effective
adjuvant treatment, the benefit of extensive lymph node dissection may become
more limited. (54) So far, five randomized studies comparing D1 and D2 dissections
have been completed. (55-59) In the Netherlands 80 hospitals participated in the
DGCG randomized trial to compare morbidity, hospital mortality, survival and
relapse risk after D1 or D2 lymph node dissection. Between 1989 and 1993, 996
patients were randomized of whom 711 patients (380 D1 and 331 D2) underwent
the allocated treatment with curative intent, and 285 patients required palliative
treatment. After curative resection, D2 patients had higher postoperative mortality

16
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Figure 1. Lymph node stations surrounding the stomach. 1 right cardial nodes; 2 left cardial nodes; 3 nodes
along the lesser curvature; 4 nodes along the greater curvature; 5 suprapyloric nodes; 6 infrapyloric nodes;
7 nodes along the left gastric artery; 8 nodes along the common hepatic artery; 9 nodes around the celiac
axis; 10 nodes at the splenic hilus; 11 nodes along the splenic artery; 12 nodes in the hepatoduodenal
ligament; 13 nodes at the posterior aspect of the pancreas head; 14 nodes at the root of the mesenterium;
15 nodes in the mesocolon of the transverse colon; 16 para-aortic nodes.

17
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(10% vs. 4% for D1; p=0.004). They also showed significantly more complications
(43% vs. 25% for D1; p<0.001) that led to significant prolonged hospitalization for
patients after D2 dissection. At eleven years, survival rates are 30% for D1 and 35%
for D2 (p= 0.53). The risk of relapse is 70% for D1 and 65% for D2 (p=0.43). If hospital
deaths are excluded, survival rates are 32% for D1 (n=365) and 39% for D2 (n=299,
p= 0.10). The relapse risk of these patients (n=664) is in favor of the D2 dissection
group (p= 0.07). (57) A Cochrane review showed a significantly increased mortality
after D2 dissection (risk ratio 2.23, 95% CI 1.45-3.45), without a benefit in survival;
hazard ratio (HR) 0.95, (95% CI 0.83-1.09). (60)
A single-centre randomized trial comparing D1 and D3 dissections was the
first to identify a difference (p=0.041) between overall survival in D1 dissections
(53.6% (95% CI 44.2-63.0) and D3 dissections (59.5%; 95% CI 50.3-68.7). (59) No
postoperative deaths occurred and morbidity was 12%. Only 13% of patients
in this study had pancreatico-splenectomy compared with 23% in the Dutch
Gastric Cancer Trial. (57) Analysis of the group that did not undergo a pancreaticosplenectomy in the Dutch trial showed a significant survival advantage for those
who had a D2 lymph-node dissection (11-year survival 33% for D1 and 47% for
D2, p=0.018; data unpublished). Thus, a D2 dissection might be beneficial if
postoperative mortality can be avoided. More extended dissections than D2 with
para-aortic lymph-node dissections did not seem to have any survival benefit in a
large randomized Japanese trial. (61)
Splenectomy and pancreatectomy are important risk factors for morbidity
and hospital mortality after D2 dissection. In randomized trials in Chile and
Korea, researchers reported no survival benefit from splenectomy in patients
with total gastrectomy, whereas morbidity was raised. (62;63) One Japanese trial
is underway,(64) and two previous Japanese studies showed no improvement
in survival when pancreatosplenectomy was combined with total gastrectomy,
whereas morbidity was increased. (65;66) The only comparative study on
pancreatectomy was done by Wang and co-workers,(67) who reported a rise in
morbidity in the pancreatectomy group but no survival advantage.
On the basis of available data, we recommend that the pancreas and spleen should
only be removed when there is direct tumor growth into these organs.

18
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Maruyama index
The Maruyama index of unresected disease (MI) is based on a study of 3843
patients. (68) From each patient, the involvement of all separate lymph-node
regions (figure 1) was registered. Based on seven input variables (age, sex, Bormann
type, tumor size, tumor location, tumor position, and histology) the likelihood for
nodal involvement for each regional lymph-node station can be calculated. The
Maruyama index can be calculated with the Maruyama Computer Program. (68)
This index is defined as the sum of regional nodal disease percentages for regional
stations (1-12) not removed by the surgeon. In the Dutch Gastric Cancer Trial(57),
this index was calculated for 648 patients. A Maruyama index of less than five
was associated with a significantly enhanced survival and a reduced relapse risk
compared to patients who scored five or more. (69) Furthermore, in the Intergroup
0116 trial this index proved -on both univariate analysis (p=0.005) and multivariate
analysis (p=0.036) - to be a significant predictor of survival. (70)
In the Dutch trial (n=711)(57), autopsy results were available for 441 deaths on
study. Distant-only recurrence did not differ between Maruyama index categories,
but isolated regional recurrence and regional plus distant recurrence occurred less
frequent in the less than five index group than in the five or more group (p<0.001). (71)
Thus, low Maruyama-index surgery seems to enhance regional control and survival.
Furthermore, this index and the number of removed lymph nodes are good indicators of the quality of surgery. Both indicators could be used to identify patients with
a high risk of recurrence and those for whom adjuvant treatment might be beneficial.
Caseload
Several studies have focused on the effect of hospital and surgeon caseload on
patient outcome, but no randomized trial has yet been done. A systematic review,
of 135 studies showed that high caseload is associated with improved outcomes
across a wide range of procedures and conditions. (72) However, only three of
the studies were related to gastric cancer. Analyses of national cancer registry
databases from the USA, Sweden and Taiwan showed a clear benefit for high
hospital caseload for postoperative mortality and survival, whereas studies from
Scotland and the Netherlands did not report this relation. (73-77)
19
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Effect of caseload and the extent of resection treatment outcomes in gastric
cancer varies widely. (78) Effect of hospital caseload was more important to
patient outcome than was surgeon caseload, although best results are seen in
hospitals in which many patients are treated by surgeons with much experience.
A study by Bachmann and co-workers supports management of gastric resections
in specialized hospitals. Operative mortality rate fell by 41% (OR 0.59, 95%CI 0.32 1.07) for each addition of ten patients in doctors’ yearly surgical caseloads, and the
risk of death decreased by 7% (HR 0.93, 95%CI 0.89 – 0.98; p=0.009) for every ten
additional patients to a hospitals’ yearly caseload. (79)
(Neo) Adjuvant treatment
Radiotherapy
The optimum effect of surgery alone on local control and survival seems to have
been reached - at least in developed countries. Therefore, preoperative and
postoperative strategies with chemotherapy or radiotherapy, or both, have been
and are presently being assessed. Radiotherapy is used as palliative treatment
for uncontrolled gastric bleeding and unresectable tumors. In these cases,
radiotherapy did not improve survival, but locoregional control rates of 70% were
reported. (80) Importantly, because of the high incidence of locoregional failures
after surgical treatment, radiotherapy has been regarded as an attractive modality
for curative treatment of gastric cancer. (81;82) Radiotherapy can be given intraoperatively (intra operative radiotherapy; IORT), preoperatively, or postoperatively
(with or without concurrent chemotherapy) with external beam radiotherapy.
In a small prospective randomized trial, patients with non-metastatic disease at
surgery were randomly assigned to either 20 Gy intra-operative radiotherapy to
the gastric bed, or postoperative 50 Gy external beam radiotherapy in 25 fractions.
(83) Median survival was equal, but locoregional control was significantly better
with intra-operative than with external beam radiotherapy (92% vs. 44%, p<0.001),
without a difference in toxicity. However, results of further studies showed that
lower locoregional recurrence rates in intra-operative radiotherapy did not
translate to improved survival, but morbidity was raised. (84)

20
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Figure 2: Typical Intensity Modulated RadioTherapy (IMRT) beam setup in postoperative gastric cancer
treatment. In blue is depicted the liver; in red the Clinical Target Volume (CTV); in yellow the right kidney
and in green the left kidney.

Logistic difficulties, concerns of late toxicity and emergence of other conformal
external-beam techniques (e.g., 3D and intensity modulated radiotherapy) are
probably the reasons that intra-operative radiotherapy is not presently used
widely (figure 2).
Adjuvant radiotherapy in gastric cancer has been assessed in several studies. In the
British Stomach Cancer group study, 436 stage II and III patients were randomly
assigned to either surgery only, or surgery then 45-50 Gy radiotherapy, or surgery
plus eight courses of fluorouracil, adriamycin and mitomycin chemotherapy.(85)
Only 58% of patients in the chemotherapy group completed the recommended 8
cycles, while 24% of patients failed to start radiotherapy.
21
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This phenomenon of non-compliance is frequently encountered after surgery of
the upper abdomen and stresses the importance of less toxic adjuvant strategies
and careful patient selection. 5-year survival was identical in all three arms. The
European Organization for Research and Treatment of Cancer (EORTC) randomly
assigned 115 patients after surgery to four groups: 55.5 Gy radiotherapy only;
radiotherapy with short-term concurrent fluorouracil chemotherapy; radiotherapy
with long-term (1-18 months postoperatively) fluorouracil, and combined shortterm and long-term chemotherapy. (86) After correction for prognostic factors –
such as tumor stage, age, and type of surgery – survival did not differ.
Theoretically, preoperative radiotherapy could be a good strategy because:
radiotherapy will not be delayed by postoperative recovery; treatment target
area is easy to demarcate because the tumor and stomach are still in the normal
position, with good vascularisation and oxygenation of tumor tissue without
major anatomical deviations; and tumor downsizing could facilitate surgery.
A disadvantage is that pathological staging is unavailable. However, because
most patients in countries without screening programmes present with advanced
disease, overtreatment will happen in few patients.
In a Russian trial, 152 patients were randomly assigned to surgery alone or
20 Gy (5 fractions) of radiotherapy in the week before surgery. (87) Surgery plus
radiotherapy did not lead to a significant improvement in 5-year overall survival.
No increase in postoperative complications was reported, but radiation doses were
rather low. In China in a prospective trial, 370 patients received either surgery or
surgery with preoperative 40 Gy (20 fractions in 4 weeks) radiotherapy. (88) 5-year
overall survival was 19.8% and 30.1% respectively. Only tumors of the gastric
cardia were included, which might explain these favorable results.
Furthermore, a meta-analysis comparing surgery with surgery preceded by
radiotherapy, showed significant improvement in 3-year (p=0.0001) and 5-year
(p=0.002) survival without a rise in postoperative mortality and morbidity. (89)
Although these studies show the advantages of preoperative radiotherapy and
surgery, especially in cardiac tumors, further studies with this subject are unlikely
because research efforts are directed towards perioperative chemotherapy and
postoperative chemoradiotherapy.

22
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Chemoradiotherapy
Several randomized and retrospective studies from the 1980s showed a potential
beneficial effect of radiotherapy in combination with fluorouracil-based
chemotherapy on local control and survival. (90-93) Furthermore, a meta-analysis
demonstrated a significant 5-year survival benefit when (chemo) radiotherapy
was added to the surgical treatment of resectable gastric cancer. (94) On the
basis of these studies, between 1991 and 1998, investigators for the SWOG/
Intergroup 0116 trial randomly assigned 556 patients to surgery only and surgery
plus postoperative chemoradiotherapy. (95) Adjuvant treatment consisted of
45 Gy radiotherapy at 1.8 Gy per day, given 5 days per week for 5 weeks, with
modified doses of fluorouracil and leucovorin on the first 4 and the last 3 days
of radiotherapy. Two 5-day cycles of fluorouracil and leucovorin were given
after, and one cycle was given before chemoradiotherapy. Although clinically
significant acute toxic effects - mainly hematological and gastrointestinal – were
recorded after chemoradiotherapy , median overall survival was 27 months in the
surgery group and 36 months in the surgery plus chemoradiotherapy (p=0.005).
Furthermore, relapse-free survival was extended from 19 months (surgery only)
to 30 months with chemoradiotherapy. After more than 10 years of follow-up,
survival remains improved after chemoradiotherapy in this trial, possibly except
the subset of cases with diffuse type histology gastric cancer. (96)
Present consensus guidelines in the USA recommend postoperative
chemoradiotherapy as a treatment option, which according to Surveillance,
Epidemiology and End Results (SEER) database might improve survival. (97;98)
However, this study has been criticized, mainly for suboptimum surgery. 54% of
patients underwent a limited dissection (D0), instead of the advised D2 lymphnode dissection, which could have undermined survival. (70) However, a Korean
observational study in 990 patients showed that chemoradiotherapy after a
D2 resection improved survival. (99) Because this study was not randomized,
conclusions drawn from it should be interpreted with caution.
Results of a randomized study from this Korean group – in which patients were
given either capecitabine and cisplatin chemotherapy, or capecitabine and cisplatin
based chemoradiotherapy after D2 resection - are awaited with great interest
(ARTIST trial; Clinicaltrials.gov NCT 00323830). In a meta-analysis, postoperative
23
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chemoradiotherapy was reported to improve survival significantly. (89)
Late toxicity data of combined treatment are scarce. Progressive renal toxicity after
chemoradiotherapy for gastric cancer with commonly used 2D or 3D radiation
techniques have been reported. (100) Results of radiotherapy dose-planning
studies, showed that modern, intensity modulated radiotherapy techniques are
able to spare kidneys and other crucial organs (figure 3). (101;102) The SWOGIntergroup study began in the early 1990s when concurrent chemoradiotherapy
was not widely accepted. Nowadays, studies that combine radiotherapy with
cytostatic drugs, such as epirubicin and paclitaxel, show that these regimens are
feasible, but effects on survival are unknown. (103) The RTOG-0114 randomized
phase II trial, evaluating two paclitaxel and cisplatin-containing chemoradiotherapy
regimens, was not continued as a phase III trial because of a less than expected
disease-free survival at 2 years. (104) Results of phase I and phase II studies at the
Netherlands Cancer Institute demonstrate that radiotherapy can be intensively
combined with chemotherapy. (105-107)

Figure 3. Left panel shows result of a 2D APPA (anterior-posterior posterior-anterior) radiotherapy
planning and right panel shows result of an IMRT planning; red line shows CTV, green and purple line are
right and left kidney respectively. Improved sparing of kidneys together with optimal coverage of CTV is
possible with contemporary radiotherapy techniques.
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Preoperative chemoradiotherapy improves surgical outcomes in esophageal
and rectal cancer, and thus might be a good approach in gastric cancer. The MD
Anderson Cancer Center reported outcomes for 33 patients who completed
a preoperative regimen of fluorouracil, leucovorin and cisplatin, with 45 Gy
radiotherapy in 25 fractions. (108) A negative-margin resection was achieved in
23 patients, with pathological complete response and partial response rates of
36% and 29% respectively. In another study from the same centre, 41 patients
with operable gastric cancer were given radiotherapy combined with fluorouracil,
paclitaxel and cisplatin. (109) Negative-margin resection, pathological complete
response, and partial response rates were 78%, 20% and 15% respectively. This
schedule was tested in a multicentre (RTOG 9904) phase II trial, which resulted
in a negative-margin resection rate of 77% and a pathological response rate of
26%. (110) Of note, 18 of 43 patients had a major radiotherapy protocol violation,
drawing attention to the need for strict but clear protocols. In a retrospective
analysis of several preoperative chemoradiotherapy studies from this center, the
3-year actuarial incidence of locoregional recurrences was 13%, of which 2/3rds
were in–field. (111)
Studies from Switzerland and Poland showed good results with preoperative
chemoradiotherapy. (112;113)Thus, conceptually, preoperative chemoradiotherapy
unifies the proven benefit of chemoradiotherapy with the advantages of a neoadjuvant approach, and, therefore should be further explored in clinical phase III
trials. Additionally, chemoradiotherapy provides durable responses and symptom
control in patients with locally advanced disease not amenable for surgery, or for
patients refusing surgery. (114;115)
Chemotherapy
Preoperative or neoadjuvant chemotherapy could potentially downstage
advanced gastric cancer and improve resectability and survival. Pilot phase II
studies seemed to have promising results. (116;117) A randomized study by
the Dutch Gastric Cancer Group, however, was unable to show a benefit from
neo-adjuvant chemotherapy with fluorouracil, adriamycin, and methotrexate)
chemotherapy. (118)
Many studies have been done with chemotherapy in the postoperative setting.
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These studies have been included in several meta-analyses, reporting no survival
benefit or at the most a modest benefit for adjuvant chemotherapy. (119-123)
However, most chemotherapy regimens used in adjuvant studies seemed to have
low response rates and are now regarded as outdated. In a Japanese phase III study,
530 patients were randomly assigned to surgery only, and 529 to surgery with
1 year of an adjuvant oral fluoropyrimidine, called S-1. (124) Patients with stage
II or stage III disease underwent gastrectomy with D2 lymph-node dissection.
After a median follow-up of 2.9 years, overall survival was 80.1% in the S-1 group
versus 70.1% in the surgery only group (p=0.002); relapse-free survival was 72.2
and 59.6% (p<0.001) respectively. Therefore, at least for Japanese patients, this
treatment seems a reasonable option within the context of surgery performed to
Japanese standards (D2).
In the UK, in the Medical Research Council (MRC) Adjuvant Gastric Infusional
Chemotherapy trial (MAGIC) 503 patients with resectable gastric carcinoma were
randomly assigned to either surgery only, or to surgery with three preoperative
and three postoperative courses of epirubicin, cisplatin and fluorouracil. (125)
After a median follow-up of 4 years, perioperative chemotherapy improved 5-year
overall (36 versus 23%) and progression-free survival, despite only 42% of patients
in the chemotherapy group completing treatment. About 40% of patients had
a D2 dissection. Results of a French phase III randomized trial with 224 patients,
confirmed improvement of R0 resection rate, disease-free survival and 5-year
overall survival with preoperative fluorouracil and cisplatin chemotherapy (38 vs.
24%). (126) In a prematurely closed phase III study with 126 patients from Germany,
preoperative chemotherapy and chemoradiotherapy proved to be superior in
comparison with preoperative chemotherapy only (3-year overall survival 47.4 vs.
27.7% (p=0.07) in patients with tumors of the lower esophagus or gastric cardia.
(127)
Adjuvant intraperitoneal chemotherapy
Up to 50% of curatively resected gastric cancer patients develop peritoneal
carcinomatosis. Adjuvant intraperitoneal chemotherapy could prevent such
recurrence. In a randomized trial, 248 patients were given either adjuvant
postoperative intraperitoneal chemotherapy (mitomycin and fluorouracil) or
26
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surgery alone. (128) The intraperitoneal group had higher morbidity and mortality
than did the surgery alone group, but no improvement in survival was recorded.
A meta-analysis based on ten of 13 published randomized controlled trials
reported a significant improvement in survival with hyperthermic intraoperative
intraperitoneal chemotherapy (HIIC) alone (p=0.002) or HIIC combined (p-0.002)
with early postoperative intraperitoneal chemotherapy (EPIC). However, HIIC is
not standard of care for gastric cancer because of a high risk of intra-abdominal
abscess and neutropenia (129), and it is not proven to be better than is systemic
chemotherapy.
In advanced-stage gastric cancer randomized studies show that chemotherapy
has a beneficial effect on survival and quality of life. (130) A meta-analysis reported
three-drug regimen with fluorouracil, cisplatin and an anthracycline offers the
best chance for extended survival. (131)
The REAL-2 study, comparing capecitabine with fluorouracil, and oxaliplatin
with cisplatin, in 1002 advanced gastric cancer patients in a two-by-two design,
showed that capecitabine and oxaliplatin are at least as effective as cisplatin and
fluorouracil, respectively, with a favorable toxicity profile and ease of administration.
(132) New taxane and irinotecan-based regimens show promise, but their place in
treatment strategies is yet to be established.
Targeted therapy
Chemotherapy is useful in advanced gastric cancer,(125) but overall survival
does not exceed 1 year in phase III studies. Good biomarkers of chemotherapy
response may improve quality of life of non-responders, reduce the time until
surgery in non-responders and reduce costs. Additionally, optimum treatment
can be achieved for patients. Several tumor markers are thought to be predictive
of therapy response in gastric cancer (e.g., microsatellite instability, chromosomal
instability, and overexpression of thymidylate synthase, thymidine phosphorylase,
GADD45A and ERCC). (133-139) Likewise, gene polymorphisms, in specific genes
have been associated with clinical outcome and response to treatment. (140-142)
Additionally, specific antibodies against molecular targets are being investigated
in clinical trials, such as ERBB2, epidermal growth-factor receptor and vascular
endothelial growth factor. (143) In a review of phase II studies integrating a
27

304545_hfdst01_005-044.indd 27

12-2-10 8:59

Chapter 1

targeted drug into chemotherapeutic regimens, objective response rates were 1165% and time to progression of 2.5-16 months in patients with advanced gastric
cancer. (144) Therefore, the role of these targeted agents needs to be established
in randomized phase III trials.
Optimum locoregional treatment for gastric cancer will be achieved with
a combination of radical surgery and individualized neoadjuvant or adjuvant
treatment, with modern conformal radiotherapy and optimum cytostatic drugs
or biological agents. (145) We agree with Cunningham and Chua that, except for
early gastric cancer, surgery alone is no longer acceptable as standard treatment
for resectable gastric cancer. (146) Only randomized trials can confirm the value
of new strategies. The Dutch Colorectal Cooperative Group is currently accruing
patients to the CRITICS study (Chemoradiotherapy after Induction chemotherapy
In Cancer of the Stomach; Clinicaltrials.gov NCT 00407186) a phase III trial in which
patients are randomly assigned after neoadjuvant chemotherapy (epirubicin,
cisplatin and capecitabine) and standardized (D1 or higher) surgery to either
postoperative chemotherapy (epirubicin, cisplatin and capecitabine) and 3D, or
intensity modulated radiotherapy based chemoradiotherapy (figure 4). The MRC
has started accruing patients to the MRC-ST03 phase II and III study, in which
patients are given either perioperative epirubicin, cisplatin and capecitabine with
or without bevacizumab, a humanized monoclonal antibody against vascular
endothelial growth factor. The Cancer and Leukemia Group B (CALBG 80101)
has almost completed accruing patients to a phase III trial, in which patients are
randomly assigned to either postoperative fluorouracil and leucovorin before and
after fluorouracil-based chemoradiation , or postoperative epirubicin, cisplatin
and fluorouracil before and after fluorouracil-based chemoradiation. Preliminary
results show a better toxicity profile with epirubicin, cisplatin, and fluorouracil
than with fluorouracil and leucovorin. (147)
Conclusion
Reduction of gastric cancer mortality can be achieved by implementation of
prevention programmes and personalized treatment. Effective prevention
strategies should be based on specific risk profiles including H. Pylori genotype,
host gene polymorphisms and environmental factors. Treatment and the extent
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Figure 4. The CRITICS study trial design. ECC = Epirubicin, Cisplatin and Capecetabine

of resection are still decided on the basis of the disease stage identified with
conventional techniques. For improvement of locoregional control, new strategies
with neoadjuvant and adjuvant chemotherapy, and radiotherapy, or both, have
been investigated, with some clinical trials underway. Novel treatment strategies
using gene signatures for therapy response and specific targets to further
individualize treatment are promising, but are not yet clinically validated.
Treatment of gastric cancer patients should be centralized in high-caseload
hospitals to further improve outcomes and help with trial and research
participation.
Outline of this thesis
In the introduction of this thesis (chapter 1), the epidemiology, etiology, pathology,
diagnosis and surgical treatment of gastric cancer is discussed. Furthermore in this
chapter it is discussed that surgery alone leads to poor survival and (neo)adjuvant
strategies are needed. Major trials that have had significant influence on the
treatment of gastric cancer (Dutch DCGC D1 vs. D2; MAGIC and Intergroup 0116)
are being discussed.
In chapters 2-4 three phase I-II studies from the Netherlands Cancer Institute
are presented. These three studies demonstrate that intensified concurrent
radiotherapy and chemotherapy is feasible in postoperative treatment of gastric
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cancer. In one study daily capecitabine is being used during radiotherapy, in the
second study daily capecitabine and daily cisplatin, and in the last study daily
capecitabine and once weekly cisplatin during radiotherapy is being used. Longterm toxicity is being reflected on in chapter 5. Especially with 2D radiotherapy
techniques decreased left kidney function can be found. Innovative techniques
in radiotherapy, like IMRT and IGRT (Image Guided Radiotherapy), are able to
preserve kidney function, while covering the target volume adequately. Because
radiotherapy has a beneficial effect on locoregional control and survival in gastric
cancer, it is of great importance that, especially in prospective phase III trials,
inter-observer variability in constructing a clinical target volume for radiotherapy
planning is minimal. In chapter 6, an inter-observer study is presented which
addresses eventual weaknesses in the delineation protocol. Finally, in chapter 7, a
comparison is made between patients that were treated within all postoperative
chemoradiotherapy protocols at the Netherlands Cancer Institute and patients
that had only surgery in the Dutch D1 vs. D2 study. From this study it is clear that
postoperative chemoradiotherapy decreases the locoregional recurrence rate.
Whether this translates in a survival benefit is currently addressed in a multicenter
randomized phase III study (CRITICS; Clinicaltrials.gov NCT 00407186), which is
a collaboration between the Leiden University Medical Centre (LUMC), the Free
University Medical Centre (VUmc) and the Netherlands Cancer Institute.
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Abstract
Background
The Intergroup 0116 randomized study showed that postoperative 5-fluorouracil–
based chemoradiotherapy improved locoregional control and overall survival in
patients with gastric cancer. We hypothesized that these results could be improved
further by using a more effective, intensified, and convenient chemotherapy
schedule. Therefore, this Phase I–II dose-escalation study was performed to
determine the maximal tolerated dose and toxicity profile of postoperative
radiotherapy combined with concurrent capecitabine.
Patients and Methods
After recovery from surgery for adenocarcinoma of the gastroesophageal junction
or stomach, all patients were treated with capecitabine monotherapy, 1,000
mg/m2 twice daily for 2 weeks. After a 1-week treatment-free interval, patients
received capecitabine (650–1,000 mg/m2 orally twice daily 5 days/week) in a
dose-escalation schedule combined with radiotherapy on weekdays for 5 weeks.
Radiotherapy was delivered to a total dose of 45 Gy in 25 fractions to the gastric
bed, anastomoses, and regional lymph nodes.
Results
Sixty-six patients were treated accordingly. Two patients went off study
before or shortly after the start of chemoradiotherapy because of progressive
disease. Therefore, 64 patients completed treatment as planned. During the
chemoradiotherapy phase, 4 patients developed four items of Grade III doselimiting toxicity (3 patients in Dose Level II and 1 patient in Dose Level IV). The
predefined highest dose of capecitabine, 1,000 mg/m2 twice daily orally, was
tolerated well and, therefore, considered safe for further clinical evaluation.
Conclusions
This Phase I–II study shows that intensified chemoradiotherapy with daily
capecitabine is feasible in postoperative patients with gastroesophageal junction
and gastric cancer.
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Introduction
Surgical resection remains the cornerstone of curative treatment of patients
with gastric cancer. (1) However, with surgery only, long-term survival is poor,
especially in patients with T3–4 tumors and/or lymph node metastases. (2-3)
Randomized studies that compared standard D1 lymph node dissections with
more extended D2 resections in the western world failed to show a significant
survival benefit with more extensive surgery. (4-5) Many studies were performed
to test whether postoperative chemotherapy improves survival. These studies
are part of several meta-analyses, which at the maximum showed only a modest
survival benefit. (6-10) Recently, a substantial increase in survival was found with
perioperative chemotherapy in the so-called Medical Research Council Adjuvant
Gastric Infusional Chemotherapy (MAGIC) study. (11) In this randomized Phase
III study of 503 patients, three courses of epirubicin, cisplatin, and 5-fluorouracil
(5-FU) chemotherapy before surgery and three courses afterward significantly
prolonged progression-free and overall survival (23% for surgery only and 36%
with perioperative chemotherapy at 5 years). Earlier, in a trial from the British
Stomach Cancer Group, no advantage of postoperative radiotherapy only was
found. (12)
Another strategy to improve survival is postoperative chemoradiotherapy.
The Intergroup 0116 study showed in a randomized study of 556 patients that
postoperative chemoradiotherapy with 5-FU prolonged 5-year overall survival to
40% compared with 22% with surgery only. (13) In this study, which was initiated
in the beginning of the 1990s, chemotherapy was given concurrently only during
the first 4 and last 3 days, to a total of 7 days, of radiotherapy, resulting in a limited
interaction between both treatment modalities. We hypothesized that more
intensive concurrent treatment with capecitabine (which mimics continuous 5-FU
infusion) could be more effective. (14-15) Therefore, we developed a Phase I–II
study in which standard radiotherapy (45 Gy in 25 fractions, equal to the Intergroup
study) was combined with daily oral capecitabine in escalating doses.
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Patients and Methods
Patients
Patients with histologically proven adenocarcinoma of the stomach or
gastroesophageal junction in American Joint Committee on Cancer Stage Ib–
IV (M0) were eligible for this study. (16) Patients with previous malignancies or
comorbidity that might compromise delivery of the planned treatment were
excluded. Treatment had to be started within 75 days after surgery.
All patients were invited to participate in this study after macroscopically
radical gastric surgery. Patients had to be older than 18 years with a World
Health Organization performance status of 2 or less. For hematology, they had a
hemoglobin level of 6.5 mmol/L or greater, leukocytes of 3.5 × 109/L or greater,
neutrophils of 1.5 × 109/L or greater, and thrombocytes of 100 × 109/L or greater.
For renal function, they had a serum creatinine level 1.25 × the upper limit of
normal (ULN) or less and creatinine clearance of 60 ml/min or greater, assessed
by means of 24-hour urine collection or calculated using the Cockroft-Gault
formula. For liver function, they had a total bilirubin level 1.5 × ULN or less and
alkaline phosphatase and aspartate and alanine aminotransferase levels 3 × ULN
or less. Before treatment started, a baseline technetium99m-thiatide renogram
was performed to evaluate the relative function of the left and right kidneys.
All patients underwent physical examination, chest X-ray, chest and abdominal
computed tomographic scans, electrocardiogram, and evaluation of caloric
intake by a dietician at baseline. Caloric intake of at least 1,500 kcal/d had to be
established. During treatment, patients underwent weekly physical examination;
testing of hematologic, liver, and renal function; and determination of weight,
caloric intake, and toxicity (National Cancer Institute version 3.0).
The study was approved by the Medical Ethical Committee of The Netherlands
Cancer Institute and the South Manchester Research Ethics Committee. All patients
gave written informed consent.
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Treatment design
The objectives of this Phase I–II study are to find the maximal tolerable dose (MTD)
of daily capecitabine with a fixed radiotherapeutic regimen of 45 Gy. The MTD was
based on the number of dose-limiting toxicities (DLTs), which were all toxicities of
Grade III or higher. Doses of capecitabine were escalated in dose levels consisting
of 20 patients each. Before the start of the study, we defined that the highest
capecitabine dose would be 1,000 mg/m2 twice daily because this is even higher
than that usually prescribed in chemoradiotherapy for patients with rectal cancer
(825 mg/m2 twice daily). Because the first two dose levels were tolerated very well,
subsequent dose levels consisted of 10 patients. When these two studies were
initiated, surgery only was the standard treatment for patients with gastric cancer
in The Netherlands. A DLT is defined as any Grade III or higher event at any time up
to 4 weeks after chemoradiotherapy.
All patients underwent (partial) gastrectomy with preferably at least a D1
lymph node dissection. No routine splenectomy or pancreatic tail resection was
done. When possible, jejunostomies were left in situ for the entire postoperative
treatment period to ensure adequate caloric intake. The interval between surgery
and start of chemotherapy was 58 days (range, 28–98 days).
For logistic reasons (waiting time for radiotherapy), all patients started with 2
weeks (Days 1–14) of monotherapy with capecitabine, 1,000 mg/m2 twice daily, after
which a nontreatment week (Days 15–21) followed. On Day 22, radiotherapy started,
which consisted of 25 fractions of 1.8 Gy to a total dose of 45 Gy in 5 weeks (five
fractions/week). On radiotherapy days, capecitabine (650, 800, 900, or 1,000 mg/m2
orally twice daily, with the first dose administered before radiotherapy) was given.
The clinical target volume for radiotherapy consisted of the gastric bed (with
stomach remnant, when present), anastomoses, and draining lymph nodes,
as described in the Intergroup 0116 study. (13) All patients had computed
tomographic–based dose calculation with construction of dose volume histograms.
Dose constraints for critical organs were mean liver dose less than 30 Gy, and for
kidneys, at least two thirds of one kidney should receive a dose less than 40% of the
total dose. All patients were treated in a supine position without immobilization
measures on linear accelerators (25% with ≤8 MV, 75% with ≥10 MV). Patients were
seen weekly by their radiation oncologist and gastrointestinal oncologist. Twice
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weekly, hematologic and serum creatinine values were checked. All patients also
were strictly monitored by a dietician. Antiemetics were given on a prophylactic
basis, and antacid and antidiarrheal drugs were prescribed when needed.
Results
Between December 2002 and September 2006, a total of 66 patients were entered
in this study. Two patients (1 patient, Dose Level II; 1 patient, Dose Level III) went
off study before or in an early phase of chemoradiotherapy, both because of
progressive disease. Thus, 64 patients completed treatment as planned and could
be evaluated for acute toxicity. Patient characteristics are listed in table 1.
All patients finished the 2 weeks of capecitabine treatment only. Grade 3 toxicities
of the remaining 64 patients are listed in table 2 and table 3. Four patients developed
four items of Grade 3 DLT; fatigue (1 patient at Dose Level II), neutropenia (1 patient
at Dose Level II), nausea (1 patient at Dose Level II), and cough (1 patient at Dose
Level IV, most likely radiotherapy related). No Grade 4 toxicity was encountered.
There was no toxicity-related mortality. The MTD, therefore, was not reached. The
predefined highest dose of capecitabine (1,000 mg/m2 twice daily orally), therefore,
was tolerated very well. To get a better view of the spectrum of toxicity at this dose
level, some additional patients were treated at this dose level.
At the time of analysis after a median follow-up of 15.5 months (range, 2.3–40.9
months), 38 patients are alive and 28 died. Twelve patients developed a local
recurrence, 9 patients developed distant metastasis, and 3 patients developed
synchronous local and distant recurrent disease. Of 28 patients who died, 25
died of (progressive) disease; one death had a cardiovascular cause, one death
was caused by an ileus (no malignancy found at autopsy), and one death had an
unclear cause. No patient died of treatment-related toxicity.
Discussion
When the Intergroup 0116 trial was initiated at the beginning of the 1990s, the
concept of concurrent chemoradiotherapy was not as widely accepted as it is
today. Especially cisplatin-based chemoradiotherapy in a daily or weekly schedule
has proved to be effective in a wide range of malignancies, including head51
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Table 1. Patient characteristics (n=66)

Characteristics

No. of patients

Sex (m/f)

43/23

mean age (range; years)

57 (27-79)

Histology
 adenocarcinoma
 signet cell carcinoma
 not specified/unknown
Primary tumor location
 cardia/proximal
 corpus
 anthrum
 pyloric/distal
 not specified/unknown
Surgery
 partial gastrectomy
 esophagogastrectomy
 total gastrectomy
 not specified/unknown
Lymph node dissection
 D0
 D1
 D2
 not specified/unknown
pT-stage
 T1
 T2
 T3
 T4
 not specified/unknown
pN-stage
 N0
 N1
 N2
 N3
 not specified/unknown
Resection margins clear (microscopically)
 yes
 no
 not specified/unknown

52
13
1
5
8
11
20
22
38
5
22
1
18
25
20
3
1
12
49
3
1
7
32
20
5
2
45
15
6
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Table 2. Hematologic and gastrointestinal toxicity in relation to chemotherapy dose level during
chemoradiotherapy

Dose level
Capecitabine
No. of patients
Neutropenia
 grade 1
 grade 2
 grade 3
Thrombocytopenia
 grade 1
 grade 2
 grade 3
Diarrhea
 grade 1
 grade 2
 grade 3
Nausea
 grade 1
 grade 2
 grade 3
Vomiting
 grade 1
 grade 2
 grade 3
Dysphagia
 grade 1
 grade 2
 grade 3

I
650 mg/m2
n=20

II
800 mg/m2
n=19

III
900 mg/m2
n=9

IV
1000 mg/m2
n=16

0
0
0

0
0
1

0
0
0

2
0
0

0
0
0

0
1
0

1
0
0

1
0
0

7
0
0

4
0
0

3
0
0

5
0
0

10
4
0

13
1
1

4
2
0

10
3
0

2
0
0

6
2
0

3
0
0

9
0
0

0
0
0

3
0
0

0
0
0

3
1
0

and-neck, lung, and uterine cervix cancer. (17-19) The combination of 5-FU and
concurrent radiotherapy was studied extensively in patients with rectal cancer.
(20) Furthermore, daily administration of 5-FU analogues has become much
easier with the introduction of the oral fluoropyrimidines, such as capecitabine.
Capecitabine concurrent with radiotherapy was shown to be feasible and capable
of inducing relevant tumor responses in upper gastrointestinal and rectal cancer.
(21-22). In patients with metastatic colorectal cancer, capecitabine was shown
to be at least as effective and have a favorable side-effect profile compared with
intravenous 5-FU. (15; 23) In patients with advanced gastric cancer, 5-FU–based
regimens were reported to be effective. (24)
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Table 3. Non hematological and non gastrointestinal toxicity in relation to chemotherapy dose level
during chemoradiotherapy.

Dose level
Capecitabine
No. of patients
Mucositis
 grade 1
 grade 2
 grade 3
PPE¶
 grade 1
 grade 2
 grade 3
Neurotoxicity
 grade 1
 grade 2
 grade 3
Weightloss
 grade 1
 grade 2
 grade 3
Fatigue
 grade 1
 grade 2
 grade 3
Other§
 grade 1
 grade 2
 grade 3

I
650 mg/m2
n=20

II
800 mg/m2
n=19

III
900 mg/m2
n=9

IV
1000 mg/m2
n=16

1
0
0

1
0
0

0
0
0

0
0
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

1
0
0

0
0
0

2
0
0

8
0
0

5
2
0

3
0
0

5
0
0

11
6
0

11
2
1

4
3
0

13
4
0

2
1
0

9
0
0

4
1
0

13
1
1

¶) PPE= Palmar-Plantar Erythrodysesthesia
§) Dose level I: skin gr I (2); indigestion gr I (1); anorexia gr I (1). Dose level II: anemia gr I (1); epilepsy gr I
(1); anorexia gr II (1); cough gr I (1); dry skin gr I (1); constipation gr I (1); pneumonia gr II (1); hoarseness
gr I (1); indigestion gr I (1). Dose level III: tremor gr I (1); stomatitis gr I (1); constipation gr I (1); anorexia gr
I (1); pericarditis gr II (1). Dose level IV: taste alterations gr I (1); anorexia gr I (2); retrosternal pain gr I (2);
constipation gr I (3); rhagade gr I (1); perspiration gr I (1); indigestion gr I (1); indigestion gr II (1); keratitis
actinica gr I (1); cough gr III (1); pain in jaws gr I (1).
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We therefore designed a Phase I–II study in which a fixed radiotherapy regimen
similar to the Intergroup 0116 trial was combined with capecitabine on each
day of radiotherapy. Capecitabine was used in patients with gastric cancer in the
epirubicin, cisplatin, and capecitabine (ECC) regimen with adequate resorption in
patients with or without gastric resection. (14)
In this study, we show that postoperative chemoradiotherapy with daily
capecitabine on weekdays combined with 45-Gy radiotherapy in 25 fractions is
feasible (after 2 weeks of capecitabine monotherapy). The capecitabine-only
phase, before the start of chemoradiotherapy, was similar to the first cycle of 5-FU
in the Intergroup 0116 trial and was used to bridge the period between registration
and start of radiotherapy. In future studies, it could be considered to omit these
2 weeks of capecitabine therapy. However, starting with capecitabine only gives
a clue about whether patients are dehydrodipyrimidine-dehydrogenase (DPD)
deficient and might predict how they will tolerate the chemoradiotherapy. The
recommended capecitabine dose for additional studies is 1,000 mg/m2 twice
daily orally. Two patients did not complete the planned treatment because of
progressive disease in an early phase of treatment. This is in clear contrast to the
64% of patients receiving planned treatment in the Intergroup 0116 trial and
42% of patients in the MAGIC trial. It should be emphasized that the patients
in our study received chemotherapy on each treatment day during the entire
radiotherapy period. Our limited toxicity may reflect that our initial doses of
chemotherapy were relatively low and these large Phase III trials were multicenter
trials, whereas the present study is a single-institution trial with strict monitoring
of patients and emphasizes the importance of intense supportive care. (11; 13)
Furthermore, in the MAGIC protocol, chemotherapy was applied preoperatively
as well, which may diminish the tolerability of postoperative treatments. In the
Intergroup 0116 study, 54% of chemoradiotherapy patients developed Grade III
or higher hematologic toxicity and, in 33%, gastrointestinal toxicity, ultimately
resulting in 17% of patients withdrawing from the protocol. In the MAGIC study,
Grade III or higher hematologic toxicity consisted mainly of granulocytopenia
(24–28%), lymphocytopenia (17–20%), and leukopenia (11–12%). Gastrointestinal
toxicity was somewhat lower, with about 16% with Grade III or higher nausea and
14% with vomiting.
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In the radiotherapy part of this study, only modifications in clinical target volume
delineation were introduced. In the first 41 patients of the study who underwent
radiotherapy, two-field anteroposterior-posteroanterior techniques were used, as
in the Intergroup 0116 study, whereas in the latter 23 patients, this was replaced
by more sophisticated three-dimensional conformal and intensity-modulated
radiotherapy techniques. As we showed in a prospective study that postoperative
chemoradiotherapy in patients with gastric cancer can cause significant damage
to the kidneys, individualized target volume delineation seems obligatory. (25)
In a dose-planning study, we were able to decrease the dose to the (left) kidney
while adequately covering the planning target volume. (26)
The Intergroup 0116 study was criticized for its suboptimal surgery, with more
than half of patients undergoing D0 lymph node dissection. In our study, we show
that postoperative chemoradiotherapy is feasible in patients of whom more than
70% underwent a D1 or D2 resection.
Currently, the optimal strategy to pursue is not clear. Although both the
Intergroup 0116 and the MAGIC study contributed to improving results of gastric
cancer treatment, many questions remain about the optimal treatment, especially
about the optimal type and sequencing of chemotherapy and implementation
of new radiotherapy and surgical techniques. Therefore, we designed a
multicenter Phase III study in which all patients receive three preoperative
courses of ECC, then undergo gastric surgery followed by another three courses
of ECC or chemoradiotherapy. (27) In the experimental arm (chemoradiotherapy),
chemotherapy dosages will be used that were defined in our Phase I–II studies.
Patients who have a contraindication to cisplatin (renal or otologic) therapy
could be treated with capecitabine only in a dose of 1,000 mg/m2 twice daily on
radiotherapy days.
In conclusion, the combination of radiotherapy with daily capecitabine is safe,
with manageable toxicity in patients who have undergone gastric surgery.
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Abstract
Background:
We hypothesized that gastric cancer outcome could be improved with more
effective and intensified postoperative chemoradiotherapy. This phase I-II study
was performed to determine the maximal tolerated dose (MTD) and toxicity profile
of postoperative radiotherapy with concurrent daily cisplatin and capecitabine.
Patients and methods:
Patients were treated with capecitabine 1000 mg/m2 bid for two weeks.
Subsequently, patients received capecitabine (250-650 mg/m2 orally bid, 5 days/
week) and cisplatin (3-6 mg/m2 i.v., 5 days/week) according to an alternating doseescalation schedule. Radiotherapy was given to a total dose of 45 Gy in 25 fractions.
Results:
Thirty-one patients completed treatment. During chemoradiotherapy 8 patients
developed 9 items of grade III and one episode of grade IV (mainly hematological)
toxicity. The MTD was determined to be cisplatin 5 mg/m2 i.v. and capecitabine
650 mg/m2 bid orally.
Conclusion:
This phase I-II study demonstrated that chemoradiotherapy with daily cisplatin
and capecitabine is feasible in postoperative gastric cancer at the defined dose
level and is currently being tested in a phase III multicenter study.
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Introduction
Surgical resection remains the cornerstone of curative treatment of gastric cancer.
(1) However, with surgery only, long-term survival is poor, especially in patients
with T3-4 tumors and/or tumor positive lymph nodes. (2;3) This could be, at least
in part, accounted for by locoregional relapses that are reported up to 82%. (4)
Randomized studies that compared standard D1 lymph node dissections with more
extended D2 resections in the Western world, failed to show a significant survival
benefit with more extensive surgery. (5;6) Many studies have been performed to
test whether postoperative chemotherapy improves survival. These studies are part
of several meta-analyses, which at the best show only a modest survival benefit.
(7-11) Recently, a substantial increase in survival was found with peri-operative
chemotherapy in the MAGIC study. (12) In this randomized phase III study of 503
patients, 3 courses of ECF chemotherapy (epirubicin, cisplatin and 5-FU) before
surgery and 3 courses afterwards significantly prolonged progression-free and
overall survival (23% for surgery only and 36% with peri-operative chemotherapy
at 5 years). Earlier, in a trial from the British Stomach Cancer group no advantage
of postoperative radiotherapy only was found. (13) Another strategy to improve
survival is postoperative chemoradiotherapy. The Intergroup 0116 study showed
in a randomized study of 556 patients, that postoperative chemoradiotherapy with
5-FU prolonged 5 year overall survival to 40% as compared to 22% with surgery
only. (14) This study has been criticized for the fact that 54% of the patients that
were included had undergone a D0 lymph node dissection, what can be regarded
as suboptimal. (15) In this study, which was initiated in the beginning of the 90’s
of the previous century, chemotherapy was given concurrently only during the
first four and last three days - to a total of 7 days - of radiotherapy, resulting in only
a limited interaction between both treatment modalities. We hypothesized that
more intensive concurrent treatment with daily cisplatin and capecitabine (which
mimics continuous 5-FU infusion) would be more effective. (16;17) Therefore we
developed a phase I-II study where conventionally fractionated radiotherapy (45
Gy in 25 fractions, equal to the Intergroup study) was combined with daily oral
capecitabine. Cisplatin was added to this regime because of its radiosensitizing
properties in other malignancies. (18-21) Both chemotherapeutic drugs were
escalated in an alternating fashion.
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Patients and methods
Patients
Patients with histologically proven adenocarcinoma of stomach or gastroesophageal junction in AJCC stage Ib-IV (M0) were eligible for this study. (22)
Patients with previous malignancies or co-morbidity that might compromise
delivery of the planned treatment were excluded. Treatment had to be started
within 75 days after surgery.
All patients were asked to participate in this study after macroscopically radical
gastric surgery was performed. Patients had to be >18 years old, with a WHO
performance status of ≤ 2. Hematology: hemoglobin ≥ 6.5 mmol/L; leucocytes ≥3.5
x 109 /L; neutrophils ≥ 1.5 x 109 /L and thrombocytes ≥ 100 x 109 /L. Renal function:
serum creatinine ≤ 1.25 ULN and creatinine clearance ≥ 60 ml/min as assessed
by 24 hours urine collection or calculated by Cockroft and Gault formula. Liver
function: total bilirubin ≤ 1.5x ULN; Alk. Phosphatase and ASAT/ALAT ≤ 3x ULN.
Before treatment, a baseline Tc99m-thiatide renogram was performed to evaluate
the relative function of the left and right kidney. All patients underwent physical
examination, chest X-ray, chest and abdominal CT-scans, ECG and evaluation of
caloric intake by a dietician at baseline. A caloric intake of at least 1500 kcal/day had
to be established. During treatment, patients had weekly physical examination,
testing of hematological, liver and renal function and determination of weight,
caloric intake and toxicity (NCI CTC v3.0). Furthermore, the pathological specimen
were reviewed at the Netherlands Cancer Institute.
The study was approved by the Medical Ethical Committee of the Netherlands
Cancer Institute, and all patients gave written informed consent.
Treatment design
The objectives of this phase I-II study were to find the maximal tolerable dose
(MTD) of two chemotherapeutic agents, cisplatin and capecitabine, with a fixed
radiotherapeutic regimen of 45 Gy and to develop a treatment schedule that
could be the experimental arm in a subsequent phase III study. Doses of cisplatin
and capecitabine were escalated alternately in dose levels consisting of 3 patients
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each. Dose limiting toxicity (DLT) was defined as any ≥ grade 3 event at any time
up to 4 weeks after treatment, except for neutropenia which was defined as dose
limiting only when being grade IV, with neutropenic fever, with neutropenic
infection or when it occurred in the first 14 days (capecitabine only) of treatment.
When dose-limiting toxicity (DLT) was encountered an extra group of 3 patients
was treated in the same dose level.
All patients underwent a (partial or total) gastrectomy with preferably at least a D1
lymph node dissection. No routine splenectomy or pancreatic tail resection was
Table 1. Patient characteristics (n=32)

Characteristics

No. of patients

Sex (m/f)

22/10

mean age (range; years)

53 (37-73)

Histology
 adenocarcinoma
 signet cell carcinoma
Location of primary tumor
 gastro-esophageal
 stomach
Surgery
 partial gastrectomy
 esophagogastrectomy
 total gastrectomy
Lymph node dissection
 D0
 D1
 D2
pT-stage
 T1
 T2
 T3
 T4
pN-stage
 N0
 N1
 N2
 N3

30
2
5
27
15
6
11
13
13
6
1
3
24
4
3
15
10
4
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done. Whenever possible, jejunostomies were left in situ for the entire postsurgical
treatment period to facilitate adequate caloric intake.
Because of logistic reasons (waiting time for radiotherapy) all patients started
with 2 weeks (days 1-14) of monotherapy with capecitabine 1000 mg/m2 bid,
after which a non-treatment week (day 15-21) followed. On day 22, radiotherapy
started which consisted of 25 fractions of 1.8 Gy to a total dose of 45 Gy in 5 weeks
(5 fractions/week). On radiotherapy days, cisplatin (3-6 mg/m2 i.v. once daily one
hour before radiotherapy) and capecitabine (250-650 mg/m2 orally bid, first dose
prior to radiotherapy) were given.
The clinical target volume (CTV) for radiotherapy consisted of the gastric bed
(with stomach remnant when present), anastomoses and the draining lymph
nodes, as was described in the Intergroup 0116 study. (14) Until the end of
2003, 2-field AP-PA techniques (12 patients) were used in treatment, since then
multiple field (3D conformation techniques and/or Intensity Modulated RT (IMRT)
techniques (20 patients) were used.
All patients had CT-based dose calculation with construction of dose volume
histograms (DVH). Dose constraints for critical organs were: mean liver dose < 30 Gy
and for kidneys: at least 2/3rd of one kidney should receive a dose of <40% of the total
dose. All patients were treated in a supine position without immobilization measures
on Linacs. Patients were weekly seen by their radiation oncologist and gastrointestinal oncologist. Twice weekly hematology and serum creatinin were checked.
All patients were also strictly monitored by a dietician. Anti-emetics were given on a
prophylactic basis, antacid and anti-diarrheic drugs were prescribed when needed.
Results
Between December 2002 and March 2006, 35 patients were entered in this study.
Three patients went off study in an early phase of treatment: one because of a
cisplatin allergy with skin reaction which was confirmed after rechallenge; one
because of patient refusal to take oral capecitabine and one patient had received
para-aortic node irradiation because of bladder cancer in another hospital 20
years before that precluded adequate gastric radiotherapy. Thus, 32 patients
started treatment and could be evaluated for acute toxicity. Patient characteristics
are summarized in table 1.
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All patients finished the 2 weeks of capecitabine only. One patient developed
grade III hand-foot syndrome, which was considered not to be dose limiting,
because it initiated at the capecitabine only phase of treatment and the purpose
of this study was to evaluate toxicity of chemoradiotherapy. All but one patient
completed the chemoradiotherapy part of treatment. A 68 year old female
deteriorated during the first week of chemoradiotherapy treatment and was
admitted on the intensive care unit with neutropenic fever and severe mucositis
of small bowel leading to bacterial translocation, sepsis and ultimately pulmonary
failure. This patient was treated in the highest dose level (cisplatin 6 mg/m2;
capecitabine 650 mg/m2 bid) and although this patient did not finish treatment
according to the protocol, the toxicity was considered dose limiting. Although a
DPD (dihydropyrimidine dehydrogenase) deficiency was suspected, DPD enzyme
activity measured in peripheral blood mononuclear cells was not decreased. The
patient fully recovered with no signs of disease. In 5 patients a dose reduction
(of capecitabine) was applied because of neutropenia (2); chest pain (1); handfoot syndrome (1) and DPD deficiency (1). Grade III/IV toxicity of the remaining
31 patients is summarized in table 2. Eight patients developed 9 items of grade
III toxicity, one patient developed grade IV toxicity. There was no toxicity related
mortality. DLTs were grade III and IV neutropenia, grade III thrombocytopenia and
grade III nausea. The MTD therefore was cisplatin 5 mg/m2 i.v. and capecitabine
650 mg/m2 bid orally. To get a better view on the spectrum of toxicity at this dose
level 2 extra patients to a total of 8 were treated in this dose level.
At time of analysis after a median follow-up of 14.4 (4.8-41.7) months 20 patients
are alive and 11 have died. A Kaplan-Meijer plot of overall survival is depicted in
Table 2. Grade III/IV toxicity in relation to chemotherapy dose level during chemoradiotherapy in 31
patients that completed treatment as planned.
Dose level
I
II
III
IV
V
VI
VII
†

cisplatin capecitabine No. of neutropenia thrombodose
dose
patients
cytopenia
(mg/m2)
(mg/m2)
3
250
3
4
250
3
4
350
3
4
500
3
1
5
575
6
1†
5
650
8
1
6
650
5
2

nausea

hand-foot dysphagia fatigue
syndrome

1
1
1
1

1

Grade IV
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figure 1. One patient died due to local recurrence, 7 due to distant metastases and
3 due to synchronous distant metastases and local recurrence. No patient has died
due to treatment related toxicity.

Figure 1. Kaplan-Meijer curve of Overall Survival of all patients that entered the trial.

Discussion
When the Intergroup 0116 trial was initiated at the beginning of the nineties,
the concept of concurrent chemoradiotherapy was not as widespread as it is
nowadays. Especially cisplatin based chemoradiotherapy with daily or weekly
administration has proven to be effective in a wide range of malignancies
like head and neck, lung and uterine cervix cancer. (19-21) Furthermore, daily
administration of 5-FU analogues has become much easier with the introduction
of the oral fluoropyrimidines such as capecitabine. In metastatic colorectal cancer
capecitabine has shown to be at least as effective and to have a favorable side
effect profile when compared with intravenous 5-FU. (17;23) Capecitabine
concurrent with radiotherapy has shown to be feasible and capable of inducing
relevant tumor responses in upper GI and rectal cancer. (24;25)
We therefore designed this phase I-II study where a fixed radiotherapy regimen
comparable to the Intergroup 0116 trial, was combined with daily cisplatin and
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capecitabine during weekdays. Capecitabine has been used in gastric cancer in
the ECC regimen (epirubicin, cisplatin and capecitabine) with adequate resorption
in patients with or without gastric resection. (16)
We demonstrated that postoperative chemoradiotherapy with daily cisplatin and
capecitabine during weekdays combined with 45 Gy radiotherapy in 25 fractions is
feasible (after two weeks of capecitabine monotherapy). The recommended dose
for further studies are for cisplatin 5 mg/m2 i.v. daily and for capecitabine 650 mg/
m2 bid orally. Ninety-seven percent of patients completed the planned treatment.
Although we want to emphasize that comparison of our phase I/II toxicity data with
large phase III studies is not appropriate, it is stressed that this is in clear contrast to
the 64% of patients receiving planned treatment in the Intergroup 0116 trial and
42% of patients in the MAGIC trial. It may reflect the fact that our initial doses of
chemotherapy were relatively low, that more conformal radiotherapy techniques
were used, that these large phase III trials were multicenter trials and ours is
a single institution trial with strict monitoring of the patients, and underscores
the importance of intense supportive care. (12;14) Furthermore, in the MAGIC
protocol, chemotherapy was also applied pre-operatively, which could diminish
tolerability of postoperative treatments. In the Intergroup 0116 study 54% of
chemoradiotherapy patients developed ≥ grade III hematological toxicity and in
33% gastrointestinal toxicity, ultimately resulting in 17% of patients withdrawing
from the protocol. In the MAGIC study ≥ grade III hematological toxicity consisted
mainly of granulocytopenia (24-28%); lymphocytopenia (17-20%) and leucopenia
(11-12%). Gastrointestinal toxicity was somewhat lower with about 16% ≥ grade III
nausea and 14% vomiting.
In the radiotherapy part of treatment only modifications in clinical target
volume delineation have been introduced. In the beginning of the study two field
AP-PA (anterior-posterior) techniques were used like in the Intergroup 0116 study,
while in the latter part this was replaced by more sophisticated 3D conformal and
IMRT techniques. In a dose planning study we were able to decrease the dose to
the (left) kidney while adequately covering the planning target volume. (26-27)
Currently, it is not clear what the optimal strategy to pursue is. Although both the
Intergroup 0116 and the MAGIC study have contributed in improving the results of
gastric cancer treatment, many questions remain about the optimal treatment. As
mentioned before, the Intergroup 0116 study has been criticized for its suboptimal
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surgery, suggesting that chemoradiotherapy was only balancing this. However, in
an observational study from South Korea in nearly 1000 patients who all had a D2
lymph node dissection, it was shown that postoperative chemoradiotherapy could
prolong survival and decrease the recurrence rate. (28) Especially questions about
the optimal type and sequencing of chemotherapy and the implementation of
new radiotherapy and surgical techniques remain. Therefore, we have designed a
multicenter phase III study, of which accrual already has begun, in which all patients
receive 3 preoperative courses of epirubicin/cisplatin/capecitabine (ECC), then
have gastric surgery followed by another 3 courses of ECC or chemoradiotherapy
(http://www.clinicaltrials.gov/ct/show/NCT00407186). In the experimental arm
(chemoradiotherapy) cisplatin and capecitabine dosages will be used that were
defined in this phase I-II study. Furthermore, surgery requires at least a D1 resection
with at least 15 lymph nodes removed in this study. Above that, quality assurance
of surgery (Maruyama index) and radiotherapy will be part of this study.
In conclusion, the combination of modern radiotherapy with daily cisplatin and
capecitabine is safe with manageable toxicity in patients that have had curative
gastric surgery.
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Abstract
Background
Postoperative chemoradiotherapy with concurrent 5-fluorouracil improves gastric cancer outcome. We previously demonstrated that chemoradiotherapy with a
more intensified —and therefore potentially more effective— schedule with daily
cisplatin and oral capecitabine is feasible. Because such an intensive schedule
requires an extensive logistic infrastructure which is not available in every hospital, we additionally investigated the tolerability of this combined regimen with
weekly instead of daily cisplatin in a dose-escalation study.
Patients and methods
After R0 or R1 resection, treatment initiated with capecitabine 1000 mg/m2 b.i.d.
for 2 weeks and 1-week rest. Subsequently, patients received capecitabine (575–
650 mg/m2 orally b.i.d., 5 days/week) and cisplatin (20–25 mg/m2 i.v., once weekly)
according to a predefined dose-escalation schedule concurrent with radiation.
Radiotherapy was given to a fixed total dose of 45 Gy in 25 fractions.
Results
Thirty-one patients were eligible and started treatment. During chemoradiotherapy, seven patients developed 10 items of grade III and one episode of grade
IV (mainly hematological) toxicity (National Cancer Institute—Common Toxicity
Criteria version 3.0). The maximum tolerable dose was determined to be for cisplatin 20 mg/m2 i.v. weekly and for capecitabine 575 mg/m2 b.i.d. orally.
Conclusions
This phase I–II study demonstrated that postoperative chemoradiotherapy with
weekly cisplatin and daily capecitabine is feasible in gastric cancer at the defined dose level. This schedule is currently being tested as the experimental arm
in a phase III multicenter study (CRITICS: chemoradiotherapy after induction
chemotherapy in cancer of the stomach; Clinicaltrials.gov NCT 00407186).
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Introduction
Surgical resection remains the cornerstone of curative treatment of gastric cancer.
(1) However, with surgery only, long-term survival is poor, especially in patients
with advanced T3–4 tumors and/or tumor-positive lymph nodes. (2; 3) This is
mainly due to high locoregional relapse rates of up to 82%. (4) Randomized studies that compared standard D1 lymph node dissection with more extended D2
resection in the Western world failed to show a significant survival benefit with
more extensive surgery. (5; 6) Postoperative chemotherapy also did not improve
survival to a clinically significant level, according to several meta-analyses. (7–13)
Recently, a Japanese study showed that S1 chemotherapy [oral prodrug of 5-fluorouracil (5-FU)] after a D2 resection increased 3-year overall survival (OS) from
70.1% to 80.1%, which makes it a reasonable treatment option in the Asian world.
(14) Furthermore, a substantial increase in survival was found with perioperative chemotherapy in the Medical Research Council Adjuvant Gastric Infusional
Chemotherapy (MAGIC) study. (15) In this randomized phase III study of 503
patients, three courses of epirubicin, cisplatin and continuous 5-FU (ECF) chemotherapy before surgery and three postoperative courses significantly prolonged
progression-free survival and OS (23% for surgery only and 36% with perioperative chemotherapy at 5 years). Earlier, in a trial from the British Stomach Cancer
Group, no advantage of postoperative radiotherapy only was found. (16) The
Intergroup 0116 study, however, showed in a randomized study of 556 patients
that postoperative 5-FU-based chemoradiotherapy prolonged 5-year OS to 40%
as compared with 22% with surgery only. (17) This study has been criticized
for the suboptimal quality of surgery in both arms with 54% of the patients having a D0 lymph node dissection. (18) In this study, which was initiated in the beginning of the 1990s, concurrent chemotherapy was given only during the first 4
and last 3 days —to a total of 7 days— of radiotherapy. Consequently, the interaction between both treatment modalities was limited, as was the radiosensitizing
effect of 5-FU. We previously tested a more intensive and potentially more effective concurrent treatment regimen of conventionally fractionated radiotherapy (45
Gy in 25 fractions, equal to the Intergroup study) combined with daily oral
capecitabine (which mimics continuous 5-FU infusion) (19; 20) with or without
daily cisplatin in two phase I–II studies. (21; 22) Cisplatin was added to this regime
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because of its radiosensitizing properties in a number of other malignancies. (23–26)
In the meantime, we have started a––currently accruing––phase III study
[Chemoradiotherapy after induction chemotherapy in cancer of the stomach
(CRITICS; Clinicaltrials.gov NCT 004071860) in which patients are randomly assigned to receive three courses of epirubicin, cisplatin and capecitabine (ECC)
and surgery followed by three more courses of ECC (arm 1) and three courses of
ECC and surgery followed by chemoradiotherapy with cisplatin and capecitabine
(arm 2). The ECC regimen was proven to be equally effective but more convenient
as compared with ECF in metastatic gastric cancer. (27) In order to reduce logistical barriers for participation in this study, we have investigated whether weekly
cisplatin is feasible in this patient group as well.
Patients and methods
Detailed description of inclusion criteria and treatment parameters has been
published previously. (21; 22)
Patients
In summary, patients with macroscopically radically resected adenocarcinoma
of the stomach or gastroesophageal junction according to American Joint Committee on Cancer stage Ib–IV (M0) were eligible for this study. (28)
All patients underwent a (partial or total) gastrectomy with preferably at least
a D1 lymph node dissection. No routine splenectomy or pancreatic tail resection was done. Whenever possible, jejunostomies were left in situ for the entire
postsurgical treatment period to facilitate adequate caloric intake. Furthermore,
the surgical specimens were reviewed at the Department of Pathology of The
Netherlands Cancer Institute. Patients had to be >18 years old, with a World Health
Organization performance status of two or less and normal blood counts and kidney and liver tests. Baseline investigations included Tc99m-thiatide renography
for evaluation of the relative function of the left and right kidney, physical
examination, chest X-ray, chest and abdominal computed tomography (CT) scans,
electrocardiogram and evaluation of caloric intake by a dietician. A caloric intake
of at least 1500 kcal/day had to be ensured. During treatment, patients had weekly
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physical examination, testing of hematological, liver and renal function and determination of body weight, caloric intake and toxicity (National Cancer Institute—
Common Toxicity Criteria v3.0).
The study was approved by the Medical Ethical Committee of The Netherlands
Cancer Institute, and all patients gave written informed consent.
Treatment design
The objectives of this phase I–II study were to determine the maximum tolerable
dose (MTD) of two chemotherapeutic agents, cisplatin and capecitabine, with a

Table 1. Patient characteristics (n=31)

Characteristics

No. of patients

Sex (m/f)

23/8

mean age (range; years)

56 (33-73)

Histology
x adenocarcinoma
x signet cell carcinoma
Surgery
x partial gastrectomy
x esophagocardiac
resection
x total gastrectomy
Lymph node dissection
x D0
x D1
x D2
pT-stage*
x T1
x T2
x T3
x T4
pN-stage*
x N0
x N1
x N2
x N3

28
3
18
5
8
4
20
7
0
9
20
2
1
13
13
4

*) according to AJCC staging manual (6th edition)
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used as experimental arm in the subsequent phase III study. Dose-limiting toxicity (DLT) was defined as any greater than or equal to grade III event at any time
up to 4 weeks after treatment in more than two of six patients per dose level. The
DLT for neutropenia was defined as dose limiting only when reaching grade IV,
with neutropenic fever or infection or when it occurred within the first 14 days
(capecitabine monotherapy) of treatment. Because in our experience with postoperative chemoradiotherapy in gastric cancer, the prominent role of adequate
caloric intake emerged, all greater than or equal to grade III weight loss and anorexia was also defined as DLT. In agreement with the Southwest Oncology Group
study and to bridge waiting time for radiotherapy, all patients started with 2 weeks
(days 1–14) of monotherapy with capecitabine 1000 mg/m2 b.i.d., after which a
nontreatment week (day 15–21) followed. On day 22, radiotherapy started which
consisted of 25 fractions of 1.8 Gy to a total dose of 45 Gy in 5 weeks (five fractions/
week).
The MTD in our previous phase I study with daily capecitabine and daily cisplatin proved to be 650 mg/m2 for capecitabine and 5 mg/m2 for cisplatin. It was
planned to escalate doses of cisplatin (20, 25, 30 and 40 mg/m2 i.v. once weekly
with standard pre- and posthydration) in groups consisting of six patients each.
Capecitabine was given in doses of 575–650 mg/m2 b.i.d., with the first dose before radiotherapy, using complete tablets only.
The clinical target volume (CTV) for radiotherapy consisted of the gastric bed
(with stomach remnant when present), anastomoses and the draining lymph
nodes, as was described in the Intergroup 0116 study. (17) Multiple field 3D conformation techniques and/or intensity-modulated radiotherapy (IMRT) techniques
were used in all patients.
All patients had CT-based dose calculation with construction of dose volume
histograms. Dose constraints for critical organs were mean liver dose <30 Gy and
for kidneys, at least two-thirds of one kidney should receive a dose of <40% of the
total dose. All patients were treated in a supine position without immobilization
measures on linacs. Patients were weekly seen both by their radiation oncologist
and gastrointestinal (GI) oncologist. Twice weekly blood counts and serum creatinin were checked. All patients were also strictly monitored by a dietician. Antiemetics were given on a prophylactic basis; antiacid and antidiarrheic drugs were
prescribed on indication.
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Results
From March 2006 to July 2008, 32 patients were entered in the study. One pathe celiac trunk and paraaortic lymph nodes. Thus, 31 patients started treatment
and could be evaluated for acute toxicity. Patient characteristics are summarized
in table 1.

Table 2. Grade III/IV toxicity in relation to chemotherapy dose level during chemoradiotherapy in 31 patients that completed treatment as planned. DLT , dose-limiting toxicity

Patient
7
9

Cisplatin
dose
(mg/m2)
25
25

11
14

25
20

19
22
31

20
20
20

Capecitabine Grade III toxicity
Grade IV
DLT
dose
toxicity
(y=yes;n=no)
(mg/m2 bid)
575
leucopenia
neutropenia
y
575
weight loss;
y
anorexia
575
neutropenia
n
575
nausea;
y
vomiting
575
syncope
n
575
nausea
y
575
nausea;vomiting
y

dose level, no DLTs were seen (Table 2). In the second dose level (cisplatin 25 mg/
m2; capecitabine 575–650 mg/m2
or equal to grade III toxicity were seen, of which four met the DLT criteria of neutropenia (one), weight loss (one), anorexia (one) and leucopenia (one). One patient developed both dose-limiting neutropenia and leucopenia; another patient
developed both dose-limiting weight loss and anorexia. After this dose level had
shown too many DLTs, the cisplatin dose was deescalated to the former dose level
and 19 extra patients were treated in this dose level to obtain more insight in the
study. At the same time, in all patients, the capecitabine dose was set as 575 mg/m2.
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cisplatin 20 mg/m2 and capecitabine in a dose of 575–650 mg/m2 b.i.d. For clarity
reasons, these patients are grouped together in table 2. In this subsequent dose
level, four patients developed six items of grade III toxicity. One of these patients
developed grade III nausea and vomiting followed by an endoscopy-related bowel
perforation that required surgery in the first week of treatment at which occasion
early recurrence with peritoneal carcinomatosis was confirmed histologically. This
patient stopped radiotherapy after only four fractions and the perforation was
considered not related to treatment. A few weeks later, this patient died of progressive disease. In another patient, intra-abdominal abscesses became manifest in
the first week of chemoradiotherapy. These were treated conservatively with percutaneous drainage but further chemoradiotherapy was stopped. In the following
weeks, this patient fully recovered. The MTD therefore was for cisplatin 20 mg/m2
i.v. once weekly and for capecitabine 575 mg/m2 b.i.d orally on radiotherapy days.
The other patients in this dose level with grade III toxicity (nausea and vomiting)
could be managed conservatively and was judged not to be dose limiting.
At time of analysis, after a median follow-up of 11 (1–27) months, 23 patients are
alive and eight have died, all because of progressive disease. A Kaplan–Meier plot
of OS is depicted in figure 1. No patient has died due to treatment-related toxicity.

Figure 1. Overall survival curve
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Discussion
Currently, the treatment of choice for operable gastric cancer has not yet been
defined. Although both the Intergroup 0116 and the MAGIC study have contributed in improving the results of gastric cancer treatment, many questions remain
about the optimal treatment. When the Intergroup 0116 trial was initiated at the
beginning of the nineties, the concept of concurrent chemoradiotherapy was not
as widespread as it is nowadays. Especially, cisplatin-based chemoradiotherapy in
a daily or weekly schedule has proven to be effective in a wide range of malignancies like head and neck, lung and uterine cervix cancer. (24–26) Furthermore, oral
fluoropyrimidines such as capecitabine have shown to be at least as effective and
to have a favorable side-effect profile when compared with i.v. 5-FU in metastatic
colorectal cancer capecitabine. (20; 27) Capecitabine-based chemoradiotherapy
has shown to be feasible and capable of inducing relevant tumor responses in
both upper GI and rectal cancer. (29; 30)
We investigated whether more intensive concurrent chemoradiotherapy after
gastric surgery was feasible. Therefore, two phase I–II studies were carried out
where a standard radiotherapy regimen comparable to the Intergroup 0116 trial
was combined with daily capecitabine with or without cisplatin on radiotherapy
days. (21; 22) The ECC regimen had already proven its use in gastric cancer with
adequate and rapid absorption of capecitabine with peak metabolites after 2 h in
patients with or without gastric resection. (19)
These studies demonstrated that postoperative chemoradiotherapy with daily
capecitabine with or without cisplatin and during weekdays combined with 45Gy radiotherapy in 25 fractions is feasible (after 2 weeks of capecitabine monotherapy). Because it is logistically challenging to apply cisplatin on a daily basis
for most centers, the current study was carried out to find out whether weekly
administration of cisplatin was feasible in this patient group. As is reported above,
we encountered manageable toxicity with cisplatin 20 mg/m2 i.v. once weekly and
capecitabine 575 mg/m2 b.i.d. orally during radiotherapy. The mainly hematological and GI toxicity we encountered was comparable to what we found with daily
cisplatin. In the radiotherapy part of treatment only modifications in CTV delineation have been introduced. More sophisticated 3D conformal and IMRT techniques are used in comparison with anterior-posterior posterior-anterior (AP–PA)
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techniques being used in the past and in the Intergroup 0116 study. Because studies established that 2D AP–PA techniques could cause a decrease in left kidney
function, we were able in a dose-planning study to decrease the dose to the (left)
kidney while adequately covering the planning target volume. (31; 32)
The relative contribution for improved results in gastric cancer treatment outcome with postoperative chemoradiotherapy primarily aiming at improving locoregional control as opposed to perioperative chemotherapy aiming at reduction of both systemic and locoregional failures cannot be determined from the
INT0116 and MAGIC studies. (15; 17) Hence, questions remain about the optimal
type and sequencing of chemotherapy and the implementation of new radiotherapy and surgical techniques. Therefore, we are currently accruing patients in the
CRITICS study, a multicenter phase III study (http://www.clinicaltrials.gov/ct/show/
NCT00407186 and www.critics.nl), in which all patients receive three preoperative
courses of ECC, then have gastric surgery followed by another three courses of
ECC or chemoradiotherapy. In the experimental arm (chemoradiotherapy), cisplatin and capecitabine dosages are used that were defined in this phase I–II study.
Furthermore, surgery requires at least a D1 resection with a minimum of 15 lymph
nodes removed in this study. In addition, quality assurance of surgery (Maruyama
index) and radiotherapy will be part of this study.
In conclusion, the combination of modern radiotherapy with weekly cisplatin
and daily capecitabine is safe with manageable toxicity in patients who have had
curative gastric surgery. This treatment regimen is currently being tested in a large
randomized phase III study.
References
1. Jansen E, Boot H, Verheij M, van de Velde C. Optimal locoregional treatment in gastric
cancer. J Clin Oncol 23: 4509–4517, 2005
2. Hundahl SA, Phillips JL, Menck HR. The National Cancer Data Base Report on poor survival of U.S. gastric carcinoma patients treated with gastrectomy: Fifth Edition American
Joint Committee on Cancer staging, proximal disease, and the “different disease” hypothesis. Cancer 88: 921–932, 2000
3. Wanebo HJ, Kennedy BJ, Chmiel J, et al. Cancer of the stomach. A patient care study by
the American College of Surgeons. Ann Surg 218: 583–592, 1993

85

304545_hfdst04_075-088.indd 85

10-2-10 14:33

Chapter 4

4. Gunderson LL, Sosin H. Adenocarcinoma of the stomach: areas of failure in a re-operation series (second or symptomatic look) clinicopathologic correlation and implications for
adjuvant therapy. Int J Radiat Oncol Biol Phys 8: 1–11, 1982
5. Cuschieri A, Weeden S, Fielding J, et al. Patient survival after D1 and D2 resections for
gastric cancer: long-term results of the MRC randomized surgical trial. Surgical Co-operative Group. Br J Cancer 79: 1522–1530, 1999
6. Hartgrink HH, van de Velde CJ, Putter H, et al. Extended lymph node dissection for gastric
cancer: who may benefit? Final results of the randomized Dutch gastric cancer group trial.
J Clin Oncol 22: 2069–2077, 2004.
7. Liu TS, Wang Y, Chen SY, Sun YH. An updated meta-analysis of adjuvant chemotherapy
after curative resection for gastric cancer. Eur J Surg Oncol 34: 1208–1216, 2008
8. Zhao SL, Fang JY. The role of postoperative adjuvant chemotherapy following curative
resection for gastric cancer: a meta-analysis. Cancer Invest 26: 317–325, 2008
9. Earle CC, Maroun JA. Adjuvant chemotherapy after curative resection for gastric cancer in non-Asian patients: revisiting a meta-analysis of randomised trials. Eur J Cancer 35:
1059–1064, 1999
10. Gianni L, Panzini I, Tassinari D, et al. Meta-analyses of randomized trials of adjuvant
chemotherapy in gastric cancer. Ann Oncol 12: 1178–1180, 2001
11. Hermans J, Bonenkamp JJ, Boon MC, et al. Adjuvant therapy after curative resection for
gastric cancer: meta-analysis of randomized trials. J Clin Oncol 11: 1441–1447, 1993
12. Janunger KG, Hafstrom L, Glimelius B. Chemotherapy in gastric cancer: a review and
updated meta-analysis. Eur J Surg 168: 597–608, 2002
13. Mari E, Floriani I, Tinazzi A, et al. Efficacy of adjuvant chemotherapy after curative resection for gastric cancer: a meta-analysis of published randomised trials. A study of the
GISCAD (Gruppo Italiano per lo Studio dei Carcinomi dell’Apparato Digerente). Ann Oncol
11: 837–843, 2000
14. Sakuramoto S, Sasako M, Yamaguchi T, et al. Adjuvant chemotherapy for gastric cancer
with S-1, an oral fluoropyrimidine. N Engl J Med 357: 1810–1820, 2007

86

304545_hfdst04_075-088.indd 86

10-2-10 14:33

Weekly cisplatin and capecitabine-based chemoradiotherapy in gastric cancer

15. Cunningham D, Allum WH, Stenning SP, et al. Perioperative chemotherapy versus surgery alone for resectable gastroesophageal cancer. N Engl J Med 355: 11–20, 2006
16. Allum WH, Hallissey MT, Ward LC, Hockey MS. A controlled, prospective, randomised
trial of adjuvant chemotherapy or radiotherapy in resectable gastric cancer: interim report.
British Stomach Cancer Group. Br J Cancer 60: 739–744, 1989
17. Macdonald JS, Smalley SR, Benedetti J, et al. Chemoradiotherapy after surgery compared with surgery alone for adenocarcinoma of the stomach or gastroesophageal junction. N Engl J Med 345: 725–730, 2001
18. Hundahl SA, Macdonald JS, Benedetti J, Fitzsimmons T. Surgical treatment variation in a
prospective, randomized trial of chemoradiotherapy in gastric cancer: the effect of undertreatment. Ann Surg Oncol 9: 278–286, 2002
19. Evans TR, Pentheroudakis G, Paul J, et al. A phase I and pharmacokinetic study of
capecitabine in combination with epirubicin and cisplatin in patients with inoperable oesophago-gastric adenocarcinoma. Ann Oncol 13: 1469–1478, 2002
20. Hoff PM, Ansari R, Batist G, et al. Comparison of oral capecitabine versus intravenous
fluorouracil plus leucovorin as first-line treatment in 605 patients with metastatic colorectal cancer: results of a randomized phase III study. J Clin Oncol 19: 2282–2292, 2001
21. Jansen EP, Boot H, Dubbelman R, et al. Postoperative chemoradiotherapy in gastric
cancer––a phase I/II dose-finding study of radiotherapy with dose escalation of cisplatin
and capecitabine chemotherapy. Br J Cancer 97: 712–716, 2007.
22. Jansen EP, Boot H, Saunders MP, et al. A phase I–II study of postoperative capecitabinebased chemoradiotherapy in gastric cancer. Int J Radiat Oncol Biol Phys 69: 1424–1428, 2007
23. al Sarraf M, Martz K, Herskovic A, et al. Progress report of combined chemoradiotherapy
versus radiotherapy alone in patients with esophageal cancer: an intergroup study. J Clin
Oncol 15: 277–284, 1997.
24. Bernier J, Domenge C, Ozsahin M, et al. Postoperative irradiation with or without concomitant chemotherapy for locally advanced head and neck cancer. N Engl J Med 350:
1945–1952, 2004.
25. Rose PG, Bundy BN, Watkins EB, et al. Concurrent cisplatin-based radiotherapy and chemotherapy for locally advanced cervical cancer. N Engl J Med 340: 1144–1153, 1999

87

304545_hfdst04_075-088.indd 87

10-2-10 14:33

Chapter 4

26. Schaake-Koning C, van den Bogaert W, Dalesio O, et al. Effects of concomitant cisplatin
and radiotherapy on inoperable non-small-cell lung cancer. N Engl J Med 326: 524–530,
1992
27. Cunningham D, Starling N, Rao S, et al. Capecitabine and oxaliplatin for advanced
esophagogastric cancer. N Engl J Med 358: 36–46, 2008
28. Greene FL. AJCC Cancer Staging Manual, 6th edition. New York, NY: Springer-Verlag,
2002
29. Rodel C, Grabenbauer GG, Papadopoulos T, et al. Phase I/II trial of capecitabine, oxaliplatin, and radiation for rectal cancer. J Clin Oncol 21: 3098–3104, 2003
30. Vaishampayan UN, Ben Josef E, Philip PA, et al. A single-institution experience with concurrent capecitabine and radiation therapy in gastrointestinal malignancies. Int J Radiat
Oncol Biol Phys 53: 675–679, 2002
31. Jansen EP, Saunders MP, Boot H, et al. Prospective study on late renal toxicity following postoperative chemoradiotherapy in gastric cancer. Int J Radiat Oncol Biol Phys 67:
781–785, 2007
32. Verheij M, Oppedijk V, Boot H, et al. Late renal toxicity following post-operative chemoradiotherapy in gastric cancer. In: Proceedings of American Society of Clinical Oncology
Gastrointestinal Cancers Symposium (Abstr 2). Miami (FL), 2006

88

304545_hfdst04_075-088.indd 88

10-2-10 14:33

Chapter 5

Edwin P.M. Jansen, Mark P. Saunders, Henk Boot, Vera Oppedijk, Ria Dubbelman, Bridget Porritt, Annemieke Cats, Joep Stroom, Renato Valdés Olmos,
Harry Bartelink, Marcel Verheij.
Prospective study on late renal toxicity following post-operative chemoradiotherapy in gastric cancer.
Int J Radiat Oncol Biol Phys 2007; 67: 781-85

304545_hfdst05_089-102.indd 89

12-2-10 9:21

90

304545_hfdst05_089-102.indd 90

12-2-10 9:21

Renal toxicity after chemoradiotherapy in gastric cancer

Abstract
Purpose
Postoperative chemoradiotherapy in gastric cancer improves locoregional control
and survival. Reports on late toxicity, however, have been scarce thus far. Because
renal toxicity is one of the most serious late complications in upper abdominal
radiotherapy, we prospectively analyzed kidney function in patients who
underwent postoperative chemoradiotherapy for gastric cancer.
Patients and Methods
In 44 patients, Tc99m-thiatide renography was performed before and at regular
intervals after postoperative chemoradiotherapy. The left-to-right (L/R) ratio was
used as an index of the relative kidney function. Mean L/R values were calculated
for four follow-up time intervals. For all patients, kidney V20 (percentage of the
volume of the kidney that received more than 20 Gy) and mean dose of both
kidneys were retrieved from the three-dimensional dose–volume histograms.
Results
We observed a progressive decrease in left renal function of 11% (p = 0.012)
after 6 months, up to 52% (p < 0.001) after >18 months. The V20 (left kidney) and
mean left kidney dose were identified as parameters associated with decreased
kidney function. Mean serum creatinine was increased from 74.6 μmol/L before
treatment to 86.1 μmol/L at 1 year after chemoradiotherapy (p < 0.001). In patients
with a follow-up of 18–28 months, one case of severe renovascular hypertension
was observed.
Conclusion
A progressive relative functional impairment of the left kidney in patients after
postoperative chemoradiotherapy for gastric cancer is demonstrated. To optimize
the survival benefit that can be established with adjuvant regimens, strategies to
minimize the dose to the kidneys and other critical organs should be explored.
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Introduction
A recent randomized study demonstrated that postoperative chemoradiotherapy reduces local recurrence rates and improves survival of gastric cancer. (1)
Although this combined modality approach has gained wide acceptance and has
become the standard of care in the United States, several issues deserve further
study, in particular data on late toxicity. (2-3) Radiation-induced kidney damage
has been recognized as one of the most important dose-limiting factors in upper
abdominal radiotherapy. (4) A late and continuously progressive decline of renal
function after radiation treatment has been reported. (5) The onset and extent of
this functional impairment is dose- and volume-dependent and associated with
an increased incidence of (renovascular) hypertension. (4; 6) Unilateral high-dose
irradiation of the left kidney in patients with gastric lymphoma, leads to a severe
and progressive unilateral renal functional impairment and a compensatory increased function of the contralateral kidney. This compensatory response, however, is not complete if the right kidney had received low-dose irradiation, leading
to a 30–50% reduction in overall kidney function. (4)
Hence, reduction of the radiation dose to both kidneys is of great clinical
significance. In this study, we have prospectively analyzed renal function in patients receiving postoperative chemoradiotherapy for gastric cancer.

Figure 1. Pre- and postchemoradiotherapy renograms at six time points of a patient who was irradiated
in 2002. Progressive loss of left kidney function is clearly visible
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Patients and methods
Treatment schedules
Since 2002, 101 patients with T2–4N0–3M0 gastric cancer have been treated
with postoperative chemoradiotherapy in our institute. Patients were eligible
for this treatment when they were in good general condition (World Health Organization performance status ≤2) and caloric intake was adequate. In addition,
physical examination, laboratory tests, electrocardiogram, chest X-ray, renography,
and abdominal and chest computed tomography (CT) were performed to exclude
patients with progressive disease or co-morbidity that contra-indicated chemoradiotherapy.
This study describes a subset of 44 patients who had at least one postchemoradiotherapy renogram. The first 5 patients were treated according to the Intergroup
0116 trial. (1) This schedule consisted of 25 fractions of 1.8 Gy in 5 weeks (total
dose, 45 Gy) in which the first 4 and the last 3 days were combined with 5-fluorouracil (400 mg/m2) and LV (20 mg/m2) continuous intravenous chemotherapy.
One cycle of 5-fluorouracil (425 mg/m2) and LV (20 mg/m2) chemotherapy during
5 days was given before chemoradiotherapy, and two identical cycles were given
after chemoradiotherapy.
The other 39 patients were treated in two institutional review board–approved
phase I–II studies. In both studies, patients started with 2 weeks capecitabine
(1000 mg/m2 orally, twice a day) followed by chemoradiotherapy. Similar to the
Intergroup 0116 trial, a total dose of 45 Gy in 25 fractions of 1.8 Gy was combined
with escalating doses of capecitabine (650–900 mg/m2 orally, twice a day) in one
protocol (n = 21) and with escalating doses of cisplatin (3–6 mg/m2 intravenously,
administered daily) and capecitabine (250–650 mg/m2 orally, twice a day) in the
other protocol (n = 18).
Radiotherapy
All patients were treated with a standard radiotherapy regimen on megavoltage equipment (8-MV or 18-MV beams). Patients received a total dose of 45 Gy
in 25 fractions of 1.8 Gy in 5 weeks, which was specified at the isocenter. Target
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volumes encompassing the gastric bed, anastomoses, and adjacent lymph node
stations were defined by histopathologic findings, surgical notes, preoperative CT,
and clips that were placed during surgery. Patients underwent both conventional
(with barium contrast orally) and CT simulation. Thirty-five patients were treated
with anteroposterior/posteroanterior (AP-PA) beams in which at least two-thirds
of one kidney was shielded. In the remaining 9 patients, a clinical target volume
(CTV) was delineated on a planning CT. A planning target volume (PTV) was then
generated by expanding the CTV with 10 mm. Applying three-dimensional (3D)
dose planning (University of Michigan [UM] plan) (7), multiple beams (maximal
7) were added to achieve at least 95% of the prescribed dose in this PTV. One of
the dose planning constraints was that at least two-thirds of one kidney should
receive 40% or less of the prescribed dose.
In all patients, dose–volume histograms were constructed for liver, PTV, and both
kidneys. Also, the volume that received more than 15 Gy (V15), 20 Gy (V20), and
25 Gy (V25) was calculated for the left and right kidney.
Renography
All patients underwent a renography before and at regular intervals after postoperative chemoradiotherapy (figure 1). On each visit, serum creatinine levels
were determined. At regular intervals, blood pressure was measured as well.
Results were grouped in the following time intervals: 0–8, 8–12, 12–18, and >18
months after start of radiotherapy. For the renography, patients received 100 MBq
Tc99m-thiatide (MAG3) in an intravenous bolus injection. Sequential posterior images were made on a 128 × 128 matrix by a single-head camera (Argus, Philips,
Eindhoven, The Netherlands) at a rate of one image per second in the first minute,
and one every 30 s thereafter for 29 min. The left-to-right ratio in activity between
the second and third minute after bolus injection calculated from the generated
time–activity curve was used as an index of the division of the function between
the two kidneys (divided function). (8) Changes in the divided function were calculated as the relative decrease in left-to-right ratio. All L/R ratios were normalized to the prechemoradiotherapy level, which was set to 1.0. In patients in whom
the right kidney received a higher dose, the L/R ratio was reversed. The L/R data
of patients who developed pathologic obstruction in the urogenital tract that
94

304545_hfdst05_089-102.indd 94

12-2-10 9:21

Renal toxicity after chemoradiotherapy in gastric cancer

influenced renography (like a metastasis in the trigonum of the bladder in 1 patient) were eliminated from further analysis.
Statistical analysis
In this renography study, L/R ratios were calculated at four different time intervals.
The L/R ratios after chemoradiotherapy at the different observation periods were
compared with the L/R ratio before chemoradiotherapy using a paired t test. A p
value <0.05 was considered statistically significant. The same method was used to
evaluate the effect of sex, number of radiation fields, and use of cisplatin on kidney
function. For all statistical testing, SPSS software was used (SPSS 11.5.0, SPSS Inc.,
Chicago, IL).
Results
Forty-four patients (30 male, 14 female, mean age, 55.3 years [range, 27.8–76.3
years]) underwent a baseline renography and at least one follow-up renography.
In the follow-up interval 0–8 months, 19 patients had their first renography at a
mean time of 6.7 (range, 4.0–8.0) months. In the second (range, 8–12 months) and
third time interval (range, 12–18 months), 20 and 21 patients respectively had
a renogram. In the last time interval, 15 patients had a renography. As depicted
in figure 2, a gradual decline in L/R ratio as compared with the prechemoradiotherapy value is observed, reflecting a worsening relative left kidney function. The
mean L/R ratio decreased from 0.89 (p = 0.012) in the first time interval, to 0.83 (p
= 0.002) and 0.73 (p < 0.001) in the second and third interval, to 0.48 (p < 0.001) in
the last time period.
Because the study group was of limited size, only a few parameters were tested
statistically in their ability to predict relative left kidney function loss. Female sex
was significantly (p < 0.05) predisposing for worse L/R ratio at all time intervals.
Co-treatment with cisplatin did not appear to contribute to the loss of relative left
kidney function, but the subgroups on which the analyses were done are small
and have limited follow-up thus far. The number of radiation fields was not related
to a statistically significant decrease in relative left kidney function (p > 0.05). However, V20, left kidney [percentage of the volume of the kidney that received more than
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304545_hfdst05_089-102.indd 95

12-2-10 9:21

Chapter 5

Figure 2. Relative left/right (L/R) ratios (± standard error of mean) in renography during follow up after
postoperative chemoradiotherapy for gastric cancer. A progressive and statistically significant decrease
in (relative) left kidney function is observed.

20 Gy total dose; 20 Gy approximating the tolerance dose for renal function (5)]
was associated with worse relative left kidney functioning. The mean volume of
the left kidney that received more than 20 Gy was 59%. L/R ratios in the 0–8 month
period were 0.77 and 0.98 respectively for the group with V20, left kidney ≥ 64%
and <64% (p = 0.002). In the 8–12 month, 12–18 month, and 18+ time periods,
statistically significant differences were seen as well (table 1). Correlations of L/R
ratios at all time intervals with V20 and mean kidney dose are summarized for both
left and right kidney in table 1. This table clearly shows that only dose–volume
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parameters for the left kidney were able to predict a decline in relative left kidney
function. The same was found for V15 and V25 of the left kidney (data not shown).
Patients who had V20 of the left kidney <64% had a V20 of the right kidney in the
range of 1.2–52.8% (mean, 20%); in patients with a V20 of the left kidney >64% the
range on the right side was 0.1–28.6% (mean, 15%). This demonstrates that in pato protect the contralateral kidney. We also explored whether it was possible to
predict L/R ratios based on the part of both kidneys that received a dose above the
tolerance level. With the formula (1 − V20,left kidney)/(1 − V20,right kidney), it was not possible
to predict the L/R ratios at all time intervals. Our data do not enable us to analyze
whether compensation mechanisms account for this.
The mean prechemoradiotherapy creatinine level was 74.6 μmol/L (range, 45–
113; SD, 13.7). One year after treatment, this level was increased to 86.1 μmol/L
(range, 59–148; SD, 17.8) (p < 0.001). One of the patients who had follow-up of
more than 18 months developed clinical symptoms of renovascular hypertension.
In this case V20 of the left and right kidney were 78% and 19% respectively.

Table 1.
V20 LEFT KIDNEY

L/R 0-8 mos (n=19)
L/R 8-12 mos (n=20)
L/R12-18 mos (n=21)
L/R18+ mos (n=15)

MEAN LEFT KIDNEY DOSE

V20 RIGHT KIDNEY

MEAN RIGHT KIDNEY DOSE

<64% ≥ 64% <66%

≥66%

<19%

≥19%

<25%

≥25%

0.98
0.91
0.83
0.68

0.75*
0.66*
0.61*
0.32*

0.84
0.77
0.64
0.52

0.92
0.82
0.82
0.41

0.84
0.77
0.64
0.52

0.92
0.83
0.82
0.41

0.77*
0.64*
0.61*
0.34*

0.97
0.87
0.83
0.65

Abbreviations: V20= volume of the kidney that receives more than 20 Gy; L/R = left/right ratio. This
table summarizes dose-volume parameters of left and right kidney that were retrieved from threedimensional dose planning and the relative L/R ratios at the four time intervals.

* p < 0.05
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Discussion
In this prospective study we observed progressive renal toxicity after adjuvant
chemoradiotherapy in gastric cancer. Since the Southwest Oncology Group/Intergroup study has demonstrated a survival benefit and a decrease in locoregional
relapse rate for postoperative chemoradiotherapy in gastric cancer, this treatment
has been widely accepted. (1) However, no data on late toxicity of this adjuvant
strategy have been reported. Although follow-up is still limited, we found a progressive decrease in relative left kidney function, that started with a functional
decrease of approximately 11% at 6 months and almost 52% at 18 months. This is
in agreement with studies from our group and other groups. (8-9). Given the progressive nature of radiation nephropathy, this functional impairment will probably
increase over time, and more patients are at risk for developing clinical manifest
renal damage. (8) At present, a dose of approximately 20 Gy, given over a period
of 3–5 weeks, is considered the radiation tolerance dose for the human kidney. (5)
Although only 1 patient has developed clinically manifest renovascular hypertension thus far, a wide distribution of this treatment dictates the need for better CTV delineation and careful 3D treatment planning. Proposals to individualize
CTVs based on primary tumor extension and lymph node metastasis distribution
have already been published, but have not been reported in gastric cancer treatment series. (10) Furthermore, substantial longer follow-up is needed in gastric
cancer patients who have received postoperative chemoradiotherapy to assess
late renal toxicity, not only by renographic analysis but also with a focus on clinical
endpoints such as hypertension and renal failure. (5) Also, the role of compensatory mechanisms of nonirradiated or low-dose irradiated kidney tissue, especially
in patients who have received chemotherapy, deserves further evaluation. (4) With
the survival benefit that was demonstrated in the Medical Research Council Adjuvant Gastric Infusional Chemotherapy (MAGIC) study for perioperative chemotherapy, more patients are expected to receive chemotherapy before surgery and
chemoradiotherapy afterwards. (11) What effect this will have on kidney function
is a topic for further investigation. Obviously attempts have to be made not only to
preserve kidney function but also to minimize liver and bowel toxicity.
Several strategies have been pursued in an attempt to limit radiation damage
of the kidney. In different preclinical animal studies a variety of drugs have been
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tested for their protective effect on radiation nephropathy, including corticosteroids, free radical scavengers, angiotensin-converting enzyme inhibitors, and antithrombotic agents. (12-16) These pharmacologic approaches, however, have not
led to successful interventional strategies in patients. This stresses the importance
of kidney sparing radiotherapy techniques. The fact that we were not able to demonstrate an advantage of multiple (non–intensity-modulated radiotherapy [nonIMRT]) radiation fields in comparison with two AP-PA fields in our prospective
study, is most likely explained by the small subcategory of patients with multiple
fields, limited follow-up, and by the modest dose that still was applied to the left
kidney, even with our 3D planning technique. Therefore, other methods, including
the use of four-dimensional (respiration correlated) radiotherapy to decrease radiation dose in moving critical organs such as kidney and liver, have to be explored.
In a retrospective radiotherapy planning study (data not shown), we have demonstrated that with IMRT it is possible to irradiate the CTV adequately while lowering the mean left kidney dose with approximately 40%. (17) Others showed that
the same is possible with 3D conformal radiotherapy treatment planning. (18) Both
in Leong’s and our study more conformal radiotherapy techniques led to a higher
dose in the liver, but because the mean liver dose was 22 and 18 Gy respectively,
this is supposed to be in a clinically nonrelevant range. (19) Wieland et al. compared AP-PA, 3D, and IMRT dose planning in postoperative gastric cancer patients
and showed that IMRT was able to reduce the median kidney dose by >50%, from
20–30 Gy with 3D planning to 8–10 Gy with IMRT. (20) Ringash et al. compared
20 patients who were treated with 3D conformal radiotherapy with repeat IMRT
planning. (21) They report a similar dose to the PTV, a slight improvement on kidney doses, but a significant normal tissue sparing for spinal cord, heart, and liver.
Part of the differences in these planning studies can be explained by the absence
of uniform delineation protocols for CTV contouring in the postoperative situation. Furthermore, although simple AP-PA technique allows kidney sparing, this
strategy does not ensure adequate target volume coverage. On the other hand,
differences in CTV definition, such as whether or not to include splenic of hepatoduodenal lymph nodes, might lead to major differences in the PTV and dose to
kidneys or liver.
In conclusion, this prospective study demonstrates a progressive reduction in
left kidney function after postoperative chemoradiotherapy in gastric cancer. Im99
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provement of target volume delineation and critical organ sparing radiotherapy
techniques are needed to prevent late toxicity.
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Abstract
Introduction
To evaluate interobserver variability in clinical target volume (CTV) delineation in
gastric cancer performed with the help of a delineation guide.
Patients and Methods
Ten radiotherapy centers that participate in the CRITICS Phase III trial were provided
with a delineation atlas, preoperative CT scans, a postoperative planning CT scan,
and clinical information for a gastric cancer case and were asked to construct a
CTV and create a dosimetric plan according to departmental policy.
Results
The volumes of the CTVs and planning target volumes (PTVs) differed greatly, with
a mean (SD) CTV volume of 392 (176) cm3 (range, 240–821cm3) and PTV volume
of 915 (312) cm3 (range, 634–1677cm3). The overlapping volume was 376cm3 for
the CTV and 890cm3 for the PTV. The greatest differences in the CTV were seen at
the cranial and caudal parts. After planning, dose coverage of the overlapping PTV
volume showed less variability than the CTV.
Conclusion
In this series of 10 plans, variability of the CTV in postoperative chemoradiotherapy
for gastric cancer is large. Strict and clear delineation guidelines should be provided,
especially in Phase III multicenter studies. Adaptations of these guidelines should
be evaluated in clinical studies.

105

304545_hfdst06_103-116.indd 105

12-2-10 9:25

Chapter 6

Introduction
Since the 0116 Intergroup study demonstrated that postoperative chemoradiotherapy increases survival in gastric cancer, this strategy has, at least in North
America, become standard treatment. (1-2) The Intergroup study was initiated in
the 1990s, and since then radiotherapy planning procedures have changed from
simple two-dimensional (2D) anteroposterior–posteroanterior techniques to
three-dimensional (3D) conformal and intensity-modulated radiotherapy (IMRT)
techniques. Recommendations for target volume construction have been published for 2D techniques, but these are scarce for 3D CT-based contouring of a
clinical target volume (CTV). (3)
In 2007 a Phase III randomized multicenter study (CRITICS; clinicaltrials.gov NCT
00407186) was started, which explores the role of chemoradiotherapy after neoadjuvant epirubicin, cisplatin, and capecitabine (ECC) chemotherapy and gastric resection.
For the radiotherapy part of the study at least 3D conformal treatment was demanded from participating centers. Therefore, a strict delineation protocol was needed.
The developed protocol was a CT-based delineation atlas with guidelines for proximal, middle, and distal gastric cancer. In this study, after implementation of a delineation protocol, interobserver variability was investigated by comparing target volume
delineations and treatment plans from 10 different institutes on 1 example case.
Patients and Methods
Patients
For this study 1 example case was selected, for which preoperative, postoperative,
and planning CT scans were available. The patient was a 55-year-old woman with
no relevant medical history. In May 2007 she was analyzed in another hospital for
gastric complaints that had been present for almost a year. During gastroscopy an
ulcer in the lesser curvature was seen, with chronic Helicobacter pylori–associated
gastritis. She was treated for this infection, but at second gastroscopy 1 month
later the ulcer was not completely cured. A biopsy at that time revealed adenocarcinoma. Further medical history and physical examination did not show any
abnormalities. She was in good general condition and had no weight loss.
106
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Preoperative CT showed a tumor mass in the stomach with no extension
through it. No focal liver abnormalities and enlarged lymph nodes were found. At
laparotomy no signs of metastatic disease were found, and a tumor was palpated
at the lesser curvature. A distal gastric resection with a Roux-Y anastomosis was
performed.
Histologic examination revealed distal gastric resection with moderate to poorly
differentiated adenocarcinoma (diameter, 1.8 cm) with extension just in the perigastric fat (lesser omentum). Resection margins were tumor negative and locally
radically resected. Three of 32 lymph nodes at the lesser curvature were tumor
positive. The patient recovered quickly from surgery and was able to have oral
intake a few days after surgery. The patient was then referred for postoperative
chemoradiotherapy. A renography showed a left–right distribution of 47%:53%,
which is within the normal range.
Study design
The three CT scans and patient information were sent to six centers in The Netherlands, of which one was The Netherlands Cancer Institute, and four centers in
Sweden. All centers received the delineation atlas and had attended a workshop
on postoperative CTV delineation in gastric cancer before accrual of patients in
Table 1. Absolute volumes (cc) of CTV and PTV for each center and the percentage of their CTV/PTV that covered the volumes of other centers and the percentage of their CTV/PTV that was covered by other centers.
CTV = Clinical Target Volume; PTV = Planning Target Volume
Center
A
B
C
D
E
F
G
H
I
J
average

Volume
(cc)
821
439
426
251
326
240
242
284
494
399
392

CTV
Coverage to others
(average %)
97.2
83.2
80.5
58.7
68.1
55.3
57.1
60.8
84.6
76.1
72.2

Covered by others
(average %)
40.7
68.2
68.4
86.5
76.5
84.9
86.9
78.3
61.6
69.5
72.2

Volume
(cc)
1677
962
1035
663
843
637
634
755
1071
874
915

PTV
Coverage to others
(average %)
98.5
84.2
88.1
67.6
78.5
63.6
65.2
72.1
87.7
76.7
78.2

Covered by others
(average %)
48.8
75.9
73.7
90.6
81.5
88.7
91.4
83.9
70.8
77.2
78.2
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the Phase III trial began, to enable identification and subsequent potential problem-solving. To facilitate the actual delineation, in the atlas three typical clinical
examples (proximal, middle, and distal gastric cancer) were presented with 1-cm
CT slices.
Heads of the radiotherapy departments of all centers were asked to identify their
specialists in gastrointestinal oncology for the delineation of a CTV on the planning
CT. Participants were advised to draw only one CTV contour per CT slice, instead of
separate CTVs for tumor bed, anastomoses, and lymph nodes. Furthermore, they
were asked to make a treatment plan according to departmental policies, while
paying attention to the dose-limiting organs (liver, kidneys, and spinal cord). A uniform CTV-to-PTV margin of 10 mm was thought to be reasonable for this case, and
treatment plans had to be either conformal or IMRT. After treatment planning, the
delineations (CTV, PTV, and organs at risk) together with the treatment plan were
collected and compared using an in-house-developed software package. Unlike
at our institute, all other centers had no or limited experience in postoperative
gastric cancer 3D or IMRT radiotherapy. According to the guidelines in the atlas,
the CTV in this patient had to consist of the tumor bed with the gastric remnant,
the gastrojejunal anastomosis and duodenal stump, and perigastric, suprapyloric,
infrapyloric, celiac, splenic hilum, suprapancreatic, porta hepatis, and pancreaticoduodenal lymph nodes.

Figure 1. AP and PA view of a gastric cancer PTV. Red demonstrates large inter-observer variability and
blue small variability.
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Contour analysis
The 10 CTV and PTV delineations were compared by means of the volume and
overlap between institutions. Subsequently, a 3D median PTV was constructed
out of the delineated PTVs. (4) The median PTV represents the 50% coverage of
the observers, meaning that each voxel inside the median PTV is designated by at
least 50% of the observers as a part of the PTV. The individual observer variation
was then determined by calculating the distance from the median PTV to all individual delineations. The local observer variation was represented by coloring the
surface of the median PTV with the standard deviation (1SD) over the distances to
all individual delineations.
Treatment plan analysis
First, the quality of the individual treatment plans was analyzed. For each institution the relative PTV volumes receiving more than 95% (V95) and 107% (V107) of the
prescribed dose were calculated to determine the planned coverage and uniformity. The dose to organs at risk was analyzed for the liver and both kidneys. For the
liver the mean dose was calculated, whereas for the kidneys the relative volume
receiving more than 20 Gy was calculated for each organ separately.
Second, the treatment plans from the different institutes were compared with
each other. Because a golden standard of the “real” PTV is lacking, the median PTV
was taken for comparison of the different treatment plans. For the median PTV the
V95 and V107 were calculated for each treatment plan.
Results
Institutes were made anonymous within this study, except for our own, which is
institution A in the analysis.
Observer variation
Large observer variation was found in the analysis of CTV and PTV volumes (table
1). The CTV volume ranged between 240 cm3 and 821 cm3 (average = 392, 1SD =
109
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Figure 2. Planning target volume (PTV) delineations of all observers in the proximal, middle and distal
part of the PTV. Black line shows the median PTV.
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176). Because of the standard expansion of 10 mm from CTV to PTV, similar num
bers were found for the PTV, ranging between 634 cm3 and 1677 cm3 (average
= 915, 1SD = 312). On average, the CTV overlap between institutions was 72%,
whereas for the PTV the average overlap was 78%.
The constructed median PTV had a volume of 890 cm3. The minimum observer
variation was found at the border with the liver and the left kidney, being on the
order of 1–3 mm SD (figure 1 and 2). The large variation at the cranial part of
the CTV could be attributed to the fact that although the delineation protocol
specifically mentions to include part of the diaphragm and periesophageal nodes
in the CTV, this was done suboptimally in the majority of delineations. Maximum
observer variation was found at the caudal part of the target volume, ranging up
to 19 mm SD. For the remainder of the surface, observer variation was on average
7 mm SD, ranging between the minimum and maximum. The large interobserver
variation found in this study represents maximal differences on the order of 3 to 4
cm between different institutions.
Treatment planning
All institutes were able to create a treatment plan with appropriate coverage. The
average V95 was 99.5% (range, 98.4–100%). Relative flexible constraints were used
to create a homogeneous dose, with an average V107 of 6.2% (range, 0.0–44.2%).
All institutes also succeeded in minimizing the dose to the organs at risk (figure
3). The mean liver dose, which had to be <30 Gy, was on average 24.3 Gy (range,
20.5–27.3 Gy). All institutes sacrificed the left kidney and spared the right kidney
for good target coverage, with an average V20 of 94.2% (range, 65.2–100.0%). The
V20 for the right kidney was on average 12.0% (range, 1.6–32.4 %), which is adequately below the constraint of 33%.
In the observer variation analysis, differences on the order of centimeters between institutions were found. The effect of geometric differences is, however,
limited when comparing the dose distributions. For institutes A, B, C, and I, the V95
to the median PTV was 99% or higher. This was expected, because these institutes
had the largest PTV volumes. For institutes D, F, G, and J the V95 was <90%. With D,
F, and G being the institutes with the lowest PTV volumes, this effect was expected,
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Figure 3. Doses in organs at risk in kidneys (V20 ) and liver (mean doses)

but for institute J this was not anticipated. Evaluation of the PTV for this institute
showed that the delineation extended more anteriorly and posteriorly at the caudal left area, whereas at the same level at the right area a similar volume was missing. Therefore the volume of the delineation was comparable to the median PTV,
whereas the dose coverage was significantly lower.
Discussion
To our knowledge, this is the first study to evaluate observer variation in postoperative radiotherapy of gastric cancer. Despite the use of a delineation atlas and a
contouring workshop, substantial observer variation was found. Although differences in delineation between institutes were on the order of centimeters, because
of the size of the total target volume the effect on coverage of the median PTV was
approximately 10%.
Because upper gastrointestinal radiotherapy has not been part of the daily clinical workload of most radiation oncologists for a long time, there is not much expe112
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rience in delineating target volumes in this part of the human body. Especially in
postoperative radiotherapy for gastric cancer, for which the anatomy is distorted
completely, delineating a target volume is cumbersome. In 2D radiotherapy only
concerns about the cranial, caudal, and lateral borders of the treatment fields exist. In 3D CT-based radiotherapy for each slice one has to make choices about extending the target volume in the same directions and in the ventral and dorsal
directions as well. It is clear that when postoperative radio(chemo)therapy is part
of a multicenter clinical investigation, it becomes even more important to have
guidelines for target volume delineation. Guidelines for postoperative gastric cancer target volume delineation have been published before, but these are not easily
implemented in 3D conformal or IMRT practice. (3-5) To diminish inter- and intraobserver variability in our multicenter Phase III gastric cancer trial (www.critics.nl),
we developed a delineation atlas and have organized CTV contouring workshops
for radiation oncologists.
When comparing all 10 CTVs and PTVs, the most striking fact is the huge variation in the target volumes, with the index institute having the largest volumes by
far. We observed that all participants contoured the three elements of the CTV
(tumor bed, anastomoses and nodes) with very narrow margins. We can only
speculate that this phenomenon is caused by unfamiliarity with target volumes
in the upper abdomen. Because of the exploratory nature of this study, a complete explanation of the variability cannot be provided. Future research within the
framework of our Phase III CRITICS study, in which all participating centers are required to have their CTVs reviewed before start of treatment, will hopefully lead to
a better understanding of these variations and contribute to better guidelines and
ultimately to a decrease in interobserver variability.
The minimum observer variation was found at the border of the liver and the
left kidney. In these areas it is very clear where to place the border of the CTV. The
large variation at the caudal part of the CTV can probably be explained by the fact
that observers are not familiar with the anatomic position of Japanese Classification of Gastric Carcinoma lymph node stations 12 (hepatoduodenal ligament) and
13 (nodes at the posterior aspect of the pancreatic head). (6) This implies that even
with a delineation atlas and after instruction workshops, large variations in delineation of the CTV occur. This evaluation has prompted us to review all treatment
plans of study patients before treatment starts.
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All institutes were able to create a treatment plan with appropriate coverage
while minimizing the dose to the organs at risk, despite the presence of organs at
risk close to the CTV. Together with the relatively small CTVs, this could imply that
the participants were more afraid of normal tissue toxicity than of missing part of
the CTV. In the analysis of the different treatment plans on the median PTV, the
observer variation had limited influence on target coverage. The median PTV was
created as the 50% coverage structure of all observers. Therefore, half of the observers were expected to have coverage close to the planning constraints of 99% for the
V95. For the other half of the observers a large decrease in coverage was expected,
which was found to be limited, at 10%. A part of the observer variation was compensated for by the fact that most treatment plans were not optimized conformal,
which causes a larger volume than the PTV to be exposed to a high dose. On the
other hand, the target volume in these treatments is so large that coverage loss is
only caused by differences up to centimeters. In addition, a standard 1.0-cm CTV-toPTV margin might not be sufficient in other cases because of food intake, respiration, and bowel gas. We are investigating the value of four-dimensional imaging in
postoperative gastric cancer radiotherapy to define optimal CTV-to-PTV margins.
For us it was clear that the guidelines in general and especially pertaining to the
caudal part of the CTV should be better clarified. In fact, before start of our Phase
III trial a quality assurance program for the radiotherapy part was implemented, in
which CTVs are critically assessed by the index institute before treatment starts. In
doing so, we have been able to correct CTVs in cases that have been accrued to the
trial before the start of the radiotherapy part. Furthermore, we will continuously
review the delineation atlas and provide educational support in the delineation
process throughout the trial.
Conclusion
The difficulty in defining a postoperative gastric cancer target volume is that there
is no “golden standard” available. The use of a delineation atlas can be useful to
minimize observer variation, but evaluation is needed.
Only with reporting from clinical outcome studies with precise description of the
target volumes will we be able to adapt existing target volume definitions on a
more scientific basis.
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Abstract
Introduction
The Intergroup 0116 trial has demonstrated that postoperative chemoradiotherapy
(CRT) improves survival in gastric cancer. We retrospectively compared the survival
and recurrence patterns in two phase I-II studies evaluating more intensified
postoperative CRT with those from the Dutch Gastric Cancer Group Trial (DGCT)
that randomized patients between D1 and D2 lymph node dissection.
Patients and Methods
Survival and recurrence patterns of 91 patients with adenocarcinoma of the
stomach who had received surgery followed by radiotherapy combined with
fluorouracil and leucovorin (n = 5), capecitabine (n = 39), or capecitabine and
cisplatin (n = 47) were analyzed and compared with the survival and recurrence
patterns of 694 patients from the DGCT (369 D1, 325 D2). For both groups, the
Maruyama Index of Unresected Disease (MI) was calculated and correlated with
survival and recurrence patterns.
Results
With a median follow-up of 19 months in the CRT group, local recurrence after
2 years was significantly higher in the surgery only (DGCT) group (17% vs 5%,
P =.0015). Separate analysis of CRT patients who underwent a D1 dissection
(n = 39) vs DGCT-D1 (n = 369) showed fewer local recurrences after chemoradiation
(2% vs 8%, P = .001), while comparison of CRT-D2 (n = 25) vs DGCT-D2 (n = 325)
demonstrated no significant difference. CRT significantly improved survival after a
microscopically irradical (R1) resection. The MI was found to be a strong
independent predictor of survival.
Conclusion
Following D1 surgery, the addition of postoperative CRT had a major impact on
local recurrence in operable gastric cancer.
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Introduction
Gastric cancer is the second leading cause of cancer death worldwide, and is responsible for 8.1% of all cancer deaths in Europe. (1-2) Surgery is the only possible
curative treatment, and results of gastrectomy with respect to survival, morbidity,
and mortality have improved through the years. (3) Despite these improvements,
up to 80% of the patients who undergo a resection with curative intent develop
locoregional recurrences. (4) Although extended surgery has been associated with
better staging and lower rates of locoregional recurrence, randomized studies in
the Western world have failed to show improvement in survival with extended
lymph node dissection. (5-7) In one of these studies, the Dutch Gastric Cancer
Group Trial (DGCT), 711 patients were randomized for gastrectomy between a
D1 and D2 lymphadenectomy. Longterm results of this study showed no significant benefit in survival after a D2 lymphadenectomy, which was mainly due to
increased postoperative morbidity and mortality.5 Only recently, a retrospective
analysis on survival rates in the Netherlands before, during, and after the DGCT,
showed that survival of patients with curatively resected non-cardia gastric cancer
has improved over the last several years.Standardization and surgical training are
the most likely explanation for this improvement. (8)
The high recurrence rate makes gastric cancer a disease difficult to cure by surgery alone, with 5-year survival rates after surgery of 34% to 70% for patients with
stage I and II, and 7% to 20% for stage III and IV. (9) Recent data show that 5-year
overall survival for all diagnosed patients in Europe is only 24.5%. (10) Considering the recentadvantages in survival that have been achieved with postoperative
chemoradiotherapy (CRT)and perioperative chemotherapy, surgery alone is no
longer the standard treatment for patients with resectable (more than T1) gastric
cancer. (11-13)
The Intergroup 0116 randomized study of 556 patients with resectable adenocarcinoma of the stomach or gastroesophageal junction demonstrated that postoperative CRT with fluorouracil and leucovorin improved 5-year overall survival
(40% vs 22%), and local recurrence rate (19% vs 29%), compared to surgery only.
(11) A recent update on this study confirmed these results with hazard ratios (HR)
for survival (HR = 1.32, P = .004) and disease-free survival (HR = 1.51, P<0.001)
favoring chemoradiation, after a median follow-up of >10 years. (14) Based on
120
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these results, postoperative CRT has become standard treatment for gastric cancer in the United States. In a side study, the investigators calculated the Maruyama
Index of Unresected Disease (MI) for each patient to predict the likelihood that the
remaining lymph nodes were tumor positive. The MI was found to be a powerful
independent predictor of survival. (15;16)
From 2000 to 2008, several phase I/II trials with intensified postoperative CRT (as
compared to the Intergroup 0116 trial) were performed in the Netherlands, and all
these trials established the feasibility of these regimens. (17-19) From these studies, a CRT regimen with daily capecitabine and weekly cisplatin has emerged, and is
currently being tested in a phase III trial (CRITICS; clinicaltrials.gov NCT00407186).
The objective of these adjuvant strategies is to reduce the rate of locoregional recurrence and improve survival. Therefore, in the current retrospective study, the
patterns of recurrence and survival of patients in the phase I/II CRT studies are
compared to patterns of recurrence and survival of patients in the DGCT, in which
patients were treated with surgery only.
In addition to these analyses, the correlation between MI and survival and recurrencepatterns in these groups is investigated.
Patients and methods
Phase I/II Chemoradiotherapy Studies
From 2000 to 2008, 113 patients with histologically confirmed adenocarcinoma of
the stomach or gastroesophageal junction, stage Ib-IV according to the American
Joint Committee of Cancer (20), underwent gastric resection followed by CRT at
the Netherlands Cancer Institute. For a detailed description of the study design,
please refer to the original publications. (17-18) In summary, all patients underwent (partial) gastrectomy with preferably at least a D1 lymph node dissection.
No routine splenectomy or pancreatic tail resections were performed. After macroscopically radical gastric surgery, patients were asked to participate in the phase
I-II studies.
All patients were treated with 25 fractions of 1.8 Gy radiotherapy to a total dose
of 45 Gy (5 fractions/week). The clinical target volume consisted of the gastric bed
(with stomach remnant, when present), anastomoses, and draining lymph nodes.
121
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Table 1. Patient characteristics of chemoradiotherapy (CRT) and surgery only group. Because of rounding,
not all percentages total 100%. Differences were calculated with Pearson’s Chi-Square test.

Characteristics

Chemoradiotherapy

Surgery only

p-value

Total (No. of patients (%)
Sex
Male
Female
Age
70
70
Location
Proximal
Middle
Distal
Diffuse
Gastrectomy
Total
Distal
Spleen and Pancreas
Not removed
Spleen removed
Pancreas removed
Both removed
Lymph node dissection
D0
D1
D2
Tumour stage
T1
T2
T3
T4
Nodal status
N0
N1
N2
N3
unknown
Lauren classification
Intestinal
Diffuse
Mixed
Unknown
Radicality
R0
R1

91

%

694

%

63
28

69.2
30.8

392
302

56.5
43.5

0.021

81
10

89.0
11.0

469
225

67.6
32.4

<0.001

11
31
41
8

12.1
34.1
45.1
8.8

91
217
377
9

13.1
31.3
54.3
1.3

0.415

32
59

35.2
64.8

237
457

34.1
65.9

0.848

74
12
2
3

81.3
13.2
2.2
3.3

529
57
1
107

76.2
8.2
0.1
15.4

0.016

27
39
25

29.7
42.9
27.5

369
325

53.2
46.8

2
17
66
6

2.2
18.7
72.5
6.6

182
331
169
12

26.2
47.7
24.4
1.7

<0.001

6
45
27
12
1

6.7
50.0
30.0
13.3
0.1

309
248
93
41
3

44.7
35.9
13.5
5.9
0.1

<0.001

21
24
8
38

23.1
26.4
8.8
41.8

309
129
21
235

44.5
18.5
3.0
33.9

<0.001

69
22

75.8
24.2

633
61

91.2
8.8

<0.001

<0.001
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Radiotherapy was combined with escalating doses of fluorouracil and leucovorin
(Intergroup 0116 scheme), capecitabine, or capecitabine and cisplatin (figure 1).
(17-18) Follow-up after the end of treatment consisted of physical examination,
lab tests including tumor markers every 3 months and computed tomography
(CT) of the abdomen every 6 months.

Figure 1. Treatment design phase I/II studies. Radiotherapy was given in 5 fractions a week.

Dutch Gastric Cancer Group Trial, D1 versus D2
From 1989 to 1993, 1078 patients with histologically confirmed adenocarcinoma
of the stomach without evidence of distant metastases were randomly assigned
for D1 or D2 lymph node dissection if, at laparotomy, no signs of distant lymph
node, hepatic, or peritoneal metastases were found. (5; 21) D1 and D2 dissection
were defined according to the guidelines of the Japanese Research Society for the
Study of Gastric Cancer (JRSGC). (22) In D2 dissections, resection of the spleen and
pancreatic tail were only performed in proximal tumors to achieve adequate removal of D2 lymph node stations 10 and 11.
All patients were evaluated every 3 months during the first year and every 6
months thereafter. If history and physical examination were suspicious for the diagnosis of a relapse, this was considered sufficient. However, for the majority of
patients, the diagnosis of recurrent disease was confirmed by radiology, endoscopy, and/or histology. For further details on study design, please refer to the original
publications. (5; 21)
123
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Definition of Recurrence
Recurrences were categorized as local, regional or distant. Local recurrence was
defined as recurrence in the gastric bed, regional gastric lymph nodes, or at the
esophago/gastrojejunal anastomosis. This corresponds with the clinical target volume of radiotherapy. Peritoneal carcinomatosis was scored as regional recurrence.
Distant recurrence was defined as liver or lung metastases or metastases in other
organs (bone, brain, ovaries).

Figure 2. Lymph node stations as defined by the Japanese Research Society for Gastric Cancer.

Maruyama Index of Unresected Disease
The MI was calculated using the Maruyama Computer Program (23) which contains
data of 4702 patients with gastric cancer treated at the National Cancer Center
Hospital in Tokyo. The program matches a given case with the database in order to
estimate the likelihood (percentage) of nodal disease for each of the 16 JRSGC de
fined 24 lymph node stations (figure 2), using 7 variables: age, sex, Borrmann type
of tumor, tumor size, location, depth, and histology. The program has shown to be
highly accurate in Japanese, German, and Italian series. (25-27)
To quantify the likelihood of unresected nodal disease, the MI has been defined
as the sum of nodal disease percentages for each of the regional node stations
124
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(1-12) not removed by the surgeon. (15) For example, a given patient undergoes
a gastrectomy with removal of lymph node stations 1-10. The MI of this patient is
calculated by adding up the likelihood of disease percentages of station 11 and 12,
which are left in situ by the surgeon. Previous publications have shown superior
survival for patients with a MI < 5. (15-16)
For the DGCT, detailed lymphadenectomy data for each patient were reported.
For the CRT group, however, only the type of lymph node dissection (D0, D1, D2)
was registered. Therefore, we derived the resected lymph node stations from the
Japanese Classification of Gastric Carcinoma, based on surgical and pathology reports. (24)
Statistical Analysis
In order to account for intrinsic differences between populations, rather than
matching, groups were adjusted for covariates in multivariate Cox proportional
hazards models. Used covariates were: age (≤70/>70 years), sex, localization of
tumor (proximal/middle/distal/diffuse), Lauren classification (intestinal/diffuse/
mixed) T-stage, N-stage, gastrectomy (total/subtotal), pancreatectomy, splenectomy, type of dissection (D0/D1/D2), and radicality (R0/R1). Survival curves for the
two populations are model-based curves evaluated at the mean of the covariates
used in the multivariate proportional hazards models. For the pooled MI survival
analysis,
Kaplan-Meier survival curves were calculated and the log-rank test was used to
test for differences between high and low MI groups.
Patients from the DGCT were entered in this study if they had survived surgery,
while patients from the phase I/II trials were only entered into this study if they
had survived surgery and completed chemoradiotherapy. To account for the fact
that patients in the phase I/II trials who died before entering the trial would not be
present in the CRT group, delayed entry techniques were used for all survival and
recurrence analyses. (28)
For both groups, overall survival was calculated from surgery until death of any
cause (event) or the last follow-up contact (censored). Disease-free survival was
calculated from surgery until recurrence or death (event) or the day of last followup without recurrence (censored). Times to recurrence (local, regional, distant)
125
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were calculated from surgery until recurrence (event) or the day of last follow-up
without recurrence (censored).
All survival and recurrence analyses were performed using R software (version
2.9.1).
Results
Patient Characteristics
Ninety-one of 113 patients from the CRT group were suitable for analysis. Patients
who underwent an esophageal-cardiac resection or patients with an adenocarcinoma of the gastroesophageal junction (n = 22) were excluded. Of the 711 patients of the DGCT (surgery only) who underwent a curative resection, 17 patients
were excluded because they were classified as ‘T0’ or had metastatic disease, leaving 694 patients for comparative analysis.
Baseline characteristics are summarized in table 1. In both groups, most tumors
were located distally in the stomach and, consequently, most of the patients underwent a distal gastrectomy. D2 lymphadenectomy was performed in 46.8% of
the surgery-only group compared to 27.5% in the CRT group. There were more
microscopically irradical (R1) resections in the CRT group. Although Lauren classification was not available for all patients, in the CRT group there were less intestinaltype and more diffuse-type tumors. Tumor and nodal stages were more advanced
in the CRT group.
Overall Survival, Recurrence-Free Survival, and Recurrence Rates
At the time of analysis, median follow-up in the CRT group was 19 months, as compared to 51 months in the surgery only group. Survival and recurrence analyses
revealed a significant decrease in local recurrence rate in the CRT group as compared to the surgery only group (HR 3.23, P = .0015, figure 3A). Model-based local
recurrence percentages after 2 years were 5% for the CRT group, and 17% for the
surgery only group. This, however, did not translate into a significant difference
in 2-year overall survival (71% vs 67%, HR 1.14, P = .51, figure 3B) or recurrencefree survival (HR 0.86, P = .53, not shown). Analysis of the regional recurrence rate
126
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(peritoneal carcinomatosis) showed an advantage for the surgery only group (6%
recurrence rate (HR 0.98, P = .95, not shown).
Subgroup analysis for the extent of lymphadenectomy revealed that the decrease in local recurrence rate was largest in patients who underwent a D1 lymphCRT-D1 group compared to the surgery-only-D1 group (2% vs 18%, HR 11.10, P =
.001,
two groups (80% vs 72%, HR 1.46, P = .18,
between patients who underwent a D2 resection followed by chemoradiation or a
D2 resection alone in regard to local recurrence rate (12% vs 13%, HR 1.10, P = .84,
) and overall survival (64% vs 63%, HR 1.05, P = .88,

).

Subgroup analyses of radical (R0) and microscopically irradical (R1) gastrectomies
following an R1 resection as compared to the surgery-only-R1 group (66% vs 29%,
es in regional and distant recurrence rates. Although the local recurrence rate was

Maruyama Index
The MI was calculated for 78 out of 91 patients in the CRT group, and for 638 out of
694 patients in the surgery-only group. Median MI in the CRT group was 74.5 comlow number of D2 dissections in the CRT group, in which only 6 patients had an
MI <5 (7.6%), compared to 153 (24.0%) with an MI <5 in the surgery-only group.
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A
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D
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Figure 3. Multivariate analyses of local recurrence and overall survival.
(A) Local Recurrence. CRT (n=91) vs Surgery Only (n=694). HR=3.23, p=0.0015.
(B) Overall Survival. CRT (n=91) vs Surgery Only (n=694). HR=1.14, p=0.51.
(C) Local Recurrence. CRT-D1 (n=39) vs Surgery Only-D1 (n=369). HR=11.10, p=0.001.
(D) Overall Survival. CRT-D1 (n=39) vs Surgery Only-D1 (n=369). HR=1.46, p=0.18.
(E) Local Recurrence. CRT-D2 (n=25) vs Surgery Only-D2 (n=325). HR=1.10, p=0.84.
(F) Overall Survival. CRT-D2 (n=25) vs Surgery Only-D2 (n=325). HR=1.05, p=0.88.
CRT = Chemoradiotherapy, HR = Hazard Ratio
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Using pooled data from the CRT and the surgery-only group, comparison of patients with MI <5 vs MI ≥5 shows that survival is superior for patients with an MI <5
with 2- year survival rates of 82% vs 59% (P <.001, figure 4). In this analysis, only
the predictive power of MI is tested. The number of patients in the CRT group was
too low to test the predictive value of MI within this group.
To assess the probability that patients who receive postoperative chemoradiation
benefit over patients with the same MI who receive only surgery, a multivariate
analysis between the two groups, with only MI as a linear covariate, was performed.
This analysis revealed a significant benefit in time to local recurrence for the CRT
group (8% vs 22%, HR 2.85, P = .003), and, again, no significant difference in 2-year
overall survival between the groups (68% vs 65%, HR 1.13, P = .51) (figure 5).
Discussion
Extended lymph node dissection in resectable gastric cancer has never been indisputably proven to increase survival significantly in Western studies. (5-7) Several
(neo)adjuvant treatment strategies have been studied in order to improve outcome for patients with gastric cancer, (29-30) but it was not until 2001, and again

Figure 4. Kaplan-Meier survival curves for MI < 5 (n=159) and MI ≥ 5 (n=557), pooled data from all 716
patients in which the MI was calculated (p < 0.001).
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in 2006, that two studies revealed that patients with gastric cancer could actually
benefit from such a treatment strategy. (11-12) The Intergroup 0116 trial, which
now has a median followup of more than 10 years, showed a significant benefit
in overall survival and locoregional recurrence after postoperative CRT. (11-14)
This study has received major criticism because 54% of all patients underwent a
D0 gastrectomy instead of the recommended D2 gastrectomy, leading to the hypothesis that postoperative CRT might have compensated for suboptimal surgical
treatment. Notwithstanding this, no significant differences in relapse-free survival
or overall survival could be detected according to the extent of the dissection.
Moreover, a Korean observational study did show an advantage in overall survival of 95.3 months vs 62.6 months, respectively, in 990 patients who were treated
with D2 lymphadenectomy plus postoperative chemoradiation (Intergroup 0116
scheme) or D2 lymphadenectomy alone. (31)
In the present retrospective study, we demonstrate that postoperative chemoradiation leads to a reduction in the local recurrence rate (5% vs 17% after 2 years), without an advantage in regional or distant recurrence rate. This difference in recurrence
pattern does not lead to a significant decrease in 2-year overall survival. This may be
due to the relatively short median follow-up period of 19 months. The effect on local
recurrence persists when correcting for MI, which has shown to be a strong independent predictive parameter for relapse-free and overall survival. (15-16) The

A

B

Figure 5. Multivariate analysis with correction for Maruyama Index.
(A) Local Recurrence. CRT (n=91) vs Surgery Only (n=694). HR=2.85, p=0.003.
(B) Overall Survival. CRT (n=91) vs Surgery Only (n=694). HR=1.13, p=0.51.
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effect of CRT on local recurrence is especially strong in patients who received a D1
lymphadenectomy (2% vs 18% after 2 years), with possibly a trend towards longer
overall survival.
In contrast to the benefit of chemoradiotherapy for patients receiving a D1 gastrectomy, subgroup analysis of patients who underwent a D2 lymph node dissection shows no advantage for postoperative CRT. This suggests that, in the Western
population, postoperative chemoradiotherapy has a higher impact following a D1
dissection than a D2 dissection. It should be mentioned, however, that the limited
number of patients in the CRT-D2 group could also have influenced this moderate
effect of chemoradiation in the D2 group. Another subgroup that seems to particularly benefit from CRT is the subgroup of patients with an R1 resection. In this
group, CRT improves both local recurrence rate and overall survival.
Despite the benefit of CRT on local recurrence, the regional recurrence rate
(peritoneal carcinomatosis) is higher in the CRT group. As the multivariate analyses have corrected for Lauren classification, the higher number of diffuse tumors
in the CRT group cannot explain this observation. A possible explanation might be
the more intensive follow-up in the CRT group. If this would be the case, this would
underscore the power of local recurrence analyses as well, since the lowest local
recurrence rates were found in a more intensively monitored group. (17-19) There
is no significant difference in the number of distant recurrences, which might be
explained by the fact that the more aggressive locoregional treatment has limited
effect on systemic recurrences.
For the Intergroup 0116 study and the DGCT, MI has shown to be a strong independent predictor of survival and recurrence, whereas thus far the type of lymph
node dissection has not. In the current study, MI shows to have a strong predictive
value, as patients with an MI <5 have superior 2-year overall survival rates.
We emphasize that only a prospective randomized trial can provide definite
answers to the question whether postoperative CRT has a clinical benefit over
surgery with extended lymphadenectomy. Currently two such studies aim to answer this question. In a Korean trial, all patients will undergo D2 lymphadenectomy, followed by postoperative chemotherapy with or without concurrent radiotherapy (clinicaltrials.gov NCT00323830). In the second study, performed in
the Netherlands and Sweden, patients will receive 3 courses of ECC (epirubicin,
cisplatin, capecitabine) followed by D2 lymphadenectomy without splenectomy
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and pancreatectomy, followed by either 3 additional courses of ECC or chemo
radiation (capecitabine and cisplatin) (CRITICS, clinicaltrials.gov NCT00407186).
In conclusion, postoperative chemoradiation following surgery has a major
impact on local recurrence in operable gastric cancer, while there seems to be
no additional benefit on regional and distant recurrences. Patients with a limited D1 resection and patients with a microscopically irradical resection seem
especially to benefit from CRT following surgery. Patients with a microscopically
irradical (R1) resection also have a better overall survival following CRT.
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Radical surgical dissection is the basis for cure of gastric cancer. However, because
most patients in the Western world present with advanced stages, surgery alone
provides long-term survival in only 20-30% of patients. Series from the U.S. and
Europe report locoregional failures in about 60% of patients with positive lymph
nodes or involvement of the serosa. (1;2) This high relapse rate has initiated a
whole spectrum of more aggressive treatments which did not result in improved
survival.(3) Especially postoperative chemoradiotherapy (SWOG/Intergroup) and
perioperative chemotherapy (MAGIC) have demonstrated in the last decade to
prolong survival in patients with resectable gastric cancer in large randomized
studies.(4;5) However, in the MAGIC perioperative chemotherapy study, only 42%
of the patients in the chemotherapy group were able to complete all six prescribed
courses, which makes the contribution of the postoperative chemotherapy
part to the beneficial outcome, uncertain. The benefit of the postoperative
chemotherapy part of the MAGIC regimen is even more doubted in several metaanalyses that have investigated the role of chemotherapy after gastric cancer
surgery.(6-10) These meta-analyses have demonstrated that postoperative
adjuvant chemotherapy confers modest or no benefit compared to surgery only,
although it increases toxicity considerably. Additionally, the SWOG/Intergroup
study, that found a survival benefit for postoperative chemoradiotherapy, was
criticized for suboptimal surgery, outdated radiotherapy techniques and limited
interaction of chemotherapeutic (radiosensitizing) drugs and radiotherapy. It
was therefore logical that another randomized study would investigate the role
of chemoradiotherapy after preoperative chemotherapy and adequate (D1+)
surgery (CRITICS).
The aim of the research that is being presented in this thesis, was to optimize
the chemoradiotherapy part, before embarking on such a large phase III
randomized study. The emphasis of the clinical studies in this thesis is to identify
a more intensive concurrent chemoradiotherapy regimen and on more conformal
individualized radiotherapy techniques.
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Clinical Studies
Surgery
Since the optimum effect of surgery alone on local control and survival seems to
have been reached – at least in Europe and the U.S. – a lot of trials have been
performed. These studies focused on optimizing surgical treatment and on preand postoperative chemotherapy and/or radiotherapy adjuvant strategies.
Several prospective randomized trials have investigated the role of more
extensive lymph node dissection (D2), in which lymph nodes along the left gastric,
common hepatic, celiac and splenic arteries are removed, in comparison with the
standard more limited D1 lymph node dissection, in which only the perigastric
nodes are removed. In the Dutch Gastric Cancer Group trial 711 patients who were
treated with curative intent were randomized between D1 and D2 lymph node
dissection. After a median follow up of 11 years there was no survival benefit (30
vs. 35%; p= 0.53). Morbidity (25 vs. 43%; p< 0.001) and mortality (4 vs. 10%; p=
0.004) however, were significantly higher in the D2 group. (11) In the British MRC
trial, 400 gastric cancer patients were also prospectively randomized between
D1 and D2 lymph node dissection. (12) Five year survival was 35% in the D1 and
33% in the D2 group; morbidity was 28% and 46% respectively, mortality was
6.5% for D1 and 13% in D2. Since these two trials were published, two surgeryrelated topics have been debated extensively. First of all, since subgroup analyses
have indicated a trend for better survival in N2 patients after a D2 dissection, the
question has risen whether there is a role for D2 resections in this subset of patients.
Furthermore, there is considerable debate about the role of routine splenectomy
and resection of the pancreatic tail in order to facilitate a D2 resection. Probably,
these two surgical maneuvers are partly the cause of increased surgical mortality
after a D2 dissection. It is anticipated that in performing a dissection without
splenectomy and resection of the pancreatic tail, together with dissection of at
least 15 (N1 and N2) nodes, a so-called D1 over (D1+) resection, can result in better
outcome. (13;14) Even more extended dissection with removal of the para-aortic
nodes (D3 dissection), did not seem to have a survival benefit in comparison with
D2 dissection in a large Japanese study.(15) It is anticipated that optimal staging
of gastric cancer will lead to improved outcome. Unfortunately, preoperative
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assessment of lymph node status is not reliable with sentinel node mapping or
positron emission tomography (PET) in stages higher than T1.(16;17)
Radiotherapy
Adjuvant radiotherapy in operable gastric cancer has also failed to improve
treatment results. In the British Stomach Cancer group study, 436 patients were
randomized between surgery only and surgery with 45-50 Gy radiotherapy or
surgery with FAM chemotherapy. (18) After 5 years of follow up there was no
survival difference between the 3 arms.
Chemotherapy
Many studies have been performed with adjuvant chemotherapy in operable
gastric cancer. These studies have been part of several meta-analyses, which
could demonstrate no, or at the most a modest survival benefit for adjuvant
chemotherapy. (6-9;19) The majority of the chemotherapy regimens used in these
studies are regarded as old fashioned nowadays and therefore until recently
adjuvant chemotherapy had no place in the standard treatment of operable gastric
cancer. However, in one large Japanese study, patients were randomly assigned to
surgery only and to surgery with 1 year of the adjuvant oral fluoropyrimidine, S-1.
(20) Overall survival was 70.1% in the surgery only group and 80.1% in the S-1
group, making this a reasonable option - at least for East-Asian patients – in the
context of (D2) surgery performed to Japanese standards.
In 2006, final results of the Medical Research Council Adjuvant Gastric Infusional
Chemotherapy (MAGIC) study were published. (4) In this large multicenter study,
patients were randomised between surgery only and 3 cycles preoperative ECF
(epirubicin, cisplatin, 5-FU) followed by surgery and then another 3 cycles of ECF
chemotherapy. This peri-operative chemotherapy regimen resulted in a 10% higher
resectability rate and a significant survival benefit of 13% (23% vs. 36% at 5 years).
It should be noted that 80% underwent surgical resection, and that 66% of the
patients commenced the postoperative chemotherapy and only 42% completed
the entire treatment. In addition, 50% of patients who completed preoperative
chemotherapy and surgery, also completed postoperative treatment. The main
141

304545_hfdst08_137-152.indd 141

10-2-10 14:22

Chapter 8

reason (70% of the patients) for not starting postoperative chemotherapy was
disease progression or patient’s choice (Cunningham, personal communication,
ASCO GI 2006). Perioperative chemotherapy with ECF is increasingly considered as
a standard of treatment in operable gastric cancer.
In a Cochrane review of randomised trials in advanced gastric cancer, highest
survival rates were achieved with anthracyclines, cisplatin and 5-FU, both
independently and in combination (Cochrane Library, 2005). Within these
combinations ECF proved to be tolerated best. However, the use of continuous
infusional 5-FU is considered rather patient-unfriendly, because it requires the
implantation of central venous catheter devices and the use of portable infusion
pumps, which are associated with complications such as thrombosis and wound
infection. Capecitabine, a prodrug and oral analogue of 5-FU, is established to
mimic continuous infusion of 5-FU and has demonstrated to be at least equally
effective in tumour control and to be less toxic than intravenous 5-FU in patients
with stage III and IV colon cancer.(21-23) The regimen proved to be highly effective
in a phase II study in 54 Korean patients with advanced gastric cancer with an
objective response rate of 59% and mild toxicity (neutropenic fever and vomiting).
(24) A large randomised multicentre phase III study (REAL-2) has evaluated the
roles of oxaliplatin (instead of cisplatin) and capecitabine (instead of 5-FU) in this
schedule. The final results suggest that the replacement of 5-FU by capecitabine
(and of cisplatin by oxaliplatin) is safe and does not impair efficacy.(25) In conclusion,
the combination of epirubicin, cisplatin and capecitabine seems appropriate as
perioperative chemotherapy in operable gastric cancer.
Chemoradiotherapy
In 2001, with the introduction of postoperative combined chemoradiotherapy
in the treatment of gastric cancer, a substantial improvement in survival and
locoregional control has been achieved. In the SWOG/ Intergroup 0116 trial, 556
patients were prospectively randomized between surgery only and surgery plus
postoperative chemoradiotherapy. (5) Radiotherapy consisted of 45 Gy in 25
fractions in five weeks. The chemotherapy regimen consisted of three cycles of
5-fluorouracil and leucovorin according to the Mayo regimen perioperatively and
two shortened courses during radiotherapy. An impressive increase in median
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overall survival was obtained in the chemoradiotherapy group; 36 months versus 27
months in the surgery only group. Furthermore relapse free survival was prolonged
from 19 months in the surgery only arm to 30 months in the chemoradiotherapy
arm. In addition, with follow up more than 10 years, this study continues to show
favorable results for chemoradiotherapy for survival (p=0.004) and disease-free
survival (p<0.001).(26) These results demonstrated that in gastric cancer too,
it is advantageous to combine both modalities simultaneously. Furthermore,
this provides evidence for a beneficial effect of combining radiotherapy with
radiosensitizing cytostatic drugs in gastric cancer. Although this postoperative
chemoradiotherapy regimen has become standard treatment in the U.S., (27)
the study has been criticized because of suboptimal surgery, concerns about
toxicity, an outdated chemotherapy regimen that allowed limited interaction with
radiation and suboptimal radiotherapy techniques. Indeed, 54% of all patients
underwent a D0 lymph node dissection, which is less than a complete dissection
of the N1 nodes, while a D2 dissection was prescribed, which in itself could be one
factor in undermining survival. (28) Furthermore, patients in both arms were at
higher risk for relapse than most surgical series published: more than two thirds
had T3 or T4 tumors and 85% had lymph node metastasis. In addition, toxicity
in the chemoradiotherapy arm was substantial. Grade III/IV hematological and
gastrointestinal toxicity was encountered in 54% and 33% of patients respectively,
and consequently only 64% of patients were able to complete the planned
treatment. Radiotherapy was combined with chemotherapy on 7 days only, which
gives only limited interaction of both modalities. Furthermore, radiotherapy was
applied with 2D (AP-PA) techniques which are considered old fashioned nowadays.
Finally, quality assurance found that 35% of radiotherapy treatment plans had
minor or major deviations from the protocol. A significant part of these were found
after treatment had already been given.
Since the SWOG/Intergroup study was initiated at the beginning of the 90’s, the
concept of concurrent chemoradiotherapy is more crystallized at the moment.
Studies in other solid tumors like non small cell lung cancer, head and neck
cancer, cancer of the uterine cervix, esophageal and anal cancer have shown
that intensive concurrent chemoradiotherapy in comparison with radiotherapy
only can improve outcome when used as (neo)adjuvant treatment and/or can
prolong (relapse free) survival. (29-33) Especially regimens in which patients are
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exposed to radiation and daily radiosensitizing chemotherapy (cisplatin) seem
to have a beneficial effect. Cisplatin and 5-FU are extensively used and effective
drugs in the treatment of gastrointestinal malignancies. Mechanisms of synergy
between radiation and cisplatin and 5-FU have been well described. In vitro and
animal studies have shown that cisplatin can improve the anti-tumor effect of
radiotherapy, especially when both are given concurrently. Moreover, this effect is
dependent on the cisplatin dosage (34;35). Both radiation and cisplatin cause DNAdamage, which is responsible for the cytotoxic effect. The underlying mechanism
of both modalities however differs. Radiation causes single strand and double
strand DNA breaks and DNA-base damage, whereas cisplatin induces cisplatinDNA adducts, formed when cisplatin reacts with the cellular DNA by binding to
nucleotides. The majority of adducts are either intrastrand adducts with cisplatin
bound between two guanine nucleotides (GG) or adenine-guanine nucleotides
(AG) (36). Other types of adducts include mono-adducts of cisplatin to a single
nucleotide or interstrand crosslinks. Furthermore, it is believed that radiotherapy
sensitizes the cell to the DNA interfering effect of 5-FU. Because cell survival
studies indicate that the greatest synergy is obtained if 5-FU concentrations are
maintained at high levels for at least 24 hours after radiation therapy, it seems
appropriate to administer 5-FU using continuous infusional rather than bolus
schedules. (37;38) Capecitabine, a prodrug and oral analogue of 5-FU is believed
to mimic continuous infusion of 5-FU and has demonstrated to be at least equally
effective in tumor control and to be less toxic than intravenous 5-FU in patients
with stage III and IV colon cancer.(21-23) In several phase I/II studies, capecitabine
concurrently with radiation appears to be feasible in the treatment of locally
advanced rectal cancer.(39) Vaishampayan et al. have described concurrent
capecitabine and radiation in gastrointestinal malignancies, in the post- as well as
preoperative setting. (40) The median dose of capecitabine was 1600 mg/m2/day
orally for 5 days a week during the complete radiation treatment, while radiation
doses were in the range of 45-64 Gy in fractions of 1.8 Gy. Grade III and IV toxicity
were modest. In chapters 2-4 of this thesis, three studies are presented that
demonstrate feasibility of chemoradiotherapy schedules with more intensified
chemotherapy during radiotherapy. These clinical studies show manageable
toxicity when combining radiotherapy with daily capecitabine with or without
(daily or weekly cisplatin). Of course, the effect on locoregional recurrences and
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survival has to be evaluated in phase III studies, which is currently being done in
the CRITICS study.
Theoretically, like in esophageal and rectal cancer, preoperative
chemoradiotherapy could have some advantages in comparison with postoperative
approaches, which makes this approach attractive for clinical evaluation. Because
recovery after upper abdominal surgery can be protracted, many patients fail to
start adjuvant treatment. Furthermore, because the stomach is in situ, with optimal
vascularization and oxygenation and because the target volume for radiotherapy
would be easier to delineate, preoperative chemoradiotherapy has clear
advantages over postoperative treatment. Mainly from the MD Anderson Cancer
Center, results have emerged from studies with preoperative chemoradiotherapy.
(41-43) These studies demonstrate that with preoperative chemoradiotherapy
favorable negative resection margin and pathological response rates can be
achieved. A study comparing pre- and postoperative chemoradiotherapy would
be of great importance and is prepared by the Trans Tasman Radiation Oncology
group (TROG).
The disadvantage of concurrent chemoradiation therapy is its increased acute
and late toxicity. In gastric cancer, dose limiting organs in the radiation fields
are the remnant stomach, small intestine, spinal cord, kidneys and liver. In this
thesis, acute toxicity of intensified concurrent chemoradiotherapy schedules
is presented in chapters 2-4, and is mainly gastro-intestinal and hematological.
Others too, have reported phase II studies that evaluated postoperative adjuvant
chemotherapy (leucovorin, 5-FU, cisplatin with or without paclitaxel) combined
with 5-FU based chemoradiotherapy.(44) Eighty-six patients were included, of
which 95% had at least a D1 resection. Both chemotherapy regimens appeared
to be feasible and had acceptable toxicity that consisted mainly of anorexia and
weight loss, of which a substantial part was seen during chemoradiotherapy and
the post-chemoradiotherapy courses. Late toxicity after chemoradiotherapy for
gastric cancer is being evaluated to a far lesser extent. However, in chapter 5, a
progressive decline of kidney function after this treatment is presented, which
obviates the need for innovative radiotherapy techniques in the treatment of
gastric cancer patients, especially when their long-term survival increases.
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Radiotherapy technique
Although postoperative chemoradiotherapy seems to reduce local recurrence
rates and improve survival of gastric cancer, several issues deserve further study,
in particular data on late toxicity. Radiation-induced kidney damage has been
recognized as one of the most important dose-limiting factors in upper abdominal
radiotherapy.(45) We and others have previously shown in gastric lymphoma that
radiation induces a dose- and volume-dependent decrease in renal function
which continues to decline over time and is associated with an enhanced risk of
developing (renovascular) hypertension. In a retrospective radiotherapy planning
study, we have demonstrated that with IMRT it is possible to irradiate the CTV
adequately while decreasing the mean left kidney dose with about 40%. (46) The
fact that we were not able to demonstrate an advantage of multiple (non IMRT)
radiation fields in comparison with 2 AP-PA fields in our prospective study on late
renal toxicity (chapter 5), is most likely explained by the small number of patients
with multiple fields, limited follow up and by the modest dose that still was applied
to the left kidney. Future studies should address whether IMRT is indeed able to
spare renal function, while at the same time local (in-field) control rates are not
compromised.
Furthermore, studies on liver and bowel function should be performed as these
organs also contribute to both acute and late side effects and thus represent doselimiting normal structures. This emphasizes the need for continuous evaluation
of the delineation protocol and critical quality assurance of all radiotherapy plans
in multicenter studies. The difficulty in defining a postoperative gastric cancer
3D target volume is that there is no “golden standard” available. In chapter 6 it is
described that, even with a delineation manual, interobserver variation is large in
defining a clinical target volume (CTV) in postoperative gastric cancer. Only well
described clinical outcome studies with precise description of the target volumes,
will ultimately lead to target volume definitions with a more scientific basis.
Future
Although the implementation of postoperative chemoradiotherapy and perioperative chemotherapy both have contributed to a better outcome in gastric
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cancer, there are still a lot of opportunities to improve this. For example, specific
antibodies against molecular targets, such as ERBB2, epidermal growth-factor
receptor and vascular endothelial growth factor might have a benefit and are being
investigated in clinical trials. In a review of phase II studies integrating a targeted
drug into chemotherapeutic regimens, promising response rates and time to
progression were reported in patients with advanced gastric cancer.(47) The first
randomized phase III trial that compared standard chemotherapy to standard
chemotherapy plus trastuzumab was presented in 2009.(48) In 594 patients with
HER2-positive advanced gastric cancer median overall survival was prolonged
from 11.1 to 13.5 months for patients that received trastuzumab. The role of these
kind of targeted drugs in the curative treatment of operable gastric cancer is at
this moment only speculative. This is the same for innovations in staging, surgical
treatment and adjuvant treatment with cytostatic drugs and radiotherapy.
Conclusions
After publication of the MAGIC and SWOG/Intergroup gastric cancer studies,
which both demonstrated a survival benefit, the important question that needs
to be answered, is whether postoperative chemoradiotherapy could further
improve survival and/or locoregional control in patients that receive neoadjuvant
chemotherapy followed by optimal gastric surgery. Therefore, we started accrual
in a prospective randomized multicenter phase III trial addressing this question.
An optimized chemoradiotherapy schedule with radiosensitizing drugs cisplatin
and capecitabine during the entire radiotherapy treatment has been based on the
phase I-II studies, which are part of this thesis. Furthermore, the introduction of
targeted drugs in the curative treatment of gastric cancer and their interaction
with surgery, radiotherapy and other drugs, has to be evaluated in clinical studies.
In this thesis, research on late renal toxicity is presented as well, demonstrating a
steadily decrease in renal function after chemoradiotherapy. This stresses the need
for more research on optimal 3D-conformal or Intensity-Modulated RadioTherapy
(IMRT) in gastric cancer. Furthermore, continuous evaluation of delineation
protocols is needed, because of large interobserver variability in target volume
delineation as is demonstrated in this thesis. In the future, studies with clear
delineation protocols and safe radiotherapy techniques should be evaluated on
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the effect on disease recurrence patterns. Adaptation of treatment modalities, like
in surgical treatment, should only be based on these studies.
To improve patient selection and treatment tailoring, genomics studies,
biomarkers, validated prognostic and predictive tests, such as Maruyama Index and
Memorial Sloan-Kettering Cancer Center nomogram for gastric cancer, should be
explored. Better patient selection for more individualized (i.e. targeted) treatment
could be achieved by improved imaging modalities (PET; endosonography; MRI)
and by gene signatures of tumor tissue. However, all steps leading to improved
treatment outcome have first to be proven in well designed phase III randomised
clinical studies.
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Summary
Although the incidence of gastric cancer is decreasing, worldwide it is still the
second most frequent cause of cancer death. Survival, as shown in surgical series
from Europe and North-America, is significantly lower than in Asian countries.
Therefore, several clinical trials have been performed to improve outcome.
Studies that have evaluated these strategies will be shortly mentioned below,
but are discussed in more detail in chapter 1. In this chapter the etiology,
pathology, epidemiology, prevention, diagnosis and surgical treatment amongst
other things are discussed too. From this chapter it emerges that postoperative
chemoradiotherapy, as explored by the South-West Oncology group/Intergroup
in a randomized phase III study, is a strategy that effects overall survival and
disease-free survival beneficially. In an attempt to implement postoperative
chemoradiotherapy based on the SWOG/Intergroup results in our own setting,
we started a series of studies which combined radiotherapy with more intensive
concurrent chemotherapy. It was hypothesized that the results of the SWOG/
Intergroup study could be further improved using a more effective, intensified and
convenient chemotherapy schedule. In chapter 2, a phase I-II trial is presented that
was performed at the Netherlands Cancer Institute together with two centers from
the UK. In this dose escalation study, the maximal tolerated dose (MTD) and toxicity
profile of postoperative radiotherapy combined with concurrent capecitabine,
an oral drug which mimics continuous 5-FU infusion, was determined. In this
study, patients received capecitabine only for the first 2 weeks (1000 mg/m2 bid)
and then continued treatment with capecitabine (650-1000 mg/m2 orally bid, 5
days/week) in a dose-escalation schedule combined with radiotherapy during
weekdays for 5 weeks. 64 patients completed treatment as was planned. During
chemoradiotherapy only 4 patients developed 4 items of grade III dose-limiting
toxicity. The predefined highest dose of capecitabine 1000 mg/m2 bid orally
was tolerated well and therefore considered safe for further clinical evaluation.
At the same time in another study, the same radiotherapy regimen (45 Gy in 25
fractions) was combined concurrently with escalating daily doses of cisplatin
(i.v.) and capecitabine (oral) in patients that had undergone curative surgery for
gastric cancer (chapter 3). Patients started treatment with capecitabine (1000 mg/
m2 bid) only for two weeks. Subsequently, during radiotherapy, patients received
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capecitabine and cisplatin on a daily basis, according to an alternating doseescalation schedule. In this study, 31 patients completed treatment and during
chemoradiotherapy 8 patients developed 9 items of grade III and one episode of
grade IV (mainly hematological) toxicity. The maximal tolerable dose (MTD) was
650 mg/m2 capecitabine bid and 5 mg/m2 cisplatin daily.
Because daily administration of cisplatin (i.v.) is logistically cumbersome for
patients and institutions, the weekly application of cisplatin together with daily
radiotherapy and capecitabine was also explored (chapter 4). In this study,
after a capecitabine (1000 mg/m2 bid) only period of 2 weeks, patients received
capecitabine (575-650 mg/m2 orally bid, 5 days/week) and cisplatin (20-25 mg/m2
i.v., once weekly) according to a predefined dose-escalation schedule concurrent
with radiation. Thirty-one patients were eligible and started treatment. During
chemoradiotherapy 7 patients developed 10 items of grade III and one episode of
grade IV (mainly hematological) toxicity. The maximum tolerable dose (MTD) was
determined to be 20 mg/m2 i.v. weekly for cisplatin and 575 mg/m2 bid orally for
capecitabine.
This dose regimen has subsequently been integrated in the experimental arm of
the currently accruing phase III multicenter study (CRITICS; Clinicaltrials.gov NCT
00407186) that is initiated from several institutes in the Netherlands.
Although postoperative chemoradiotherapy seems to reduce local recurrence
rates and improve survival of gastric cancer, several issues deserve further study,
in particular data on late toxicity. Radiation-induced kidney damage has been
recognized as one of the most important dose-limiting factors in upper abdominal
radiotherapy. We and others have previously shown in gastric lymphoma that
radiation induces a dose- and volume-dependent decrease in renal function
which continues to decline over time and is associated with an enhanced risk
of developing (renovascular) hypertension. In chapter 5, a prospective study,
that included 44 patients who underwent postoperative chemoradiotherapy
for gastric cancer, is presented, which demonstrates a progressive decrease in
left renal function of 11% (p=0.012) after 6 months up to 52% (p<0.001) after
>18 months. Although only one of the patients developed clinically manifest
renal dysfunction, these findings illustrate the need for more sophisticated and
precise radiotherapy techniques (e.g. 3D-conformal, IMRT, IGRT) in order to
minimize renal toxicity.
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Because of close proximity of critical organs like kidneys and liver to the clinical
target volume (CTV) in gastric cancer radiotherapy, and because there is a need for
a clear delineation protocol for this CTV in the multicenter phase III trial, we have
developed a CT-based delineation atlas. In chapter 6, the interobserver variation
between 10 institutions in CTV delineation of a single gastric cancer case is
analyzed. As is already known from radiotherapy studies in head and neck cancer
and prostate cancer, large variability was also demonstrated in the gastric cancer
CTV volume, mainly at the caudal part.
In this thesis, three phase I-II studies are presented that have led to an intensified
concurrent chemoradiotherapy regimen in postoperative treatment of gastric
cancer. The exact benefit of this strategy is currently investigated in a randomized
phase III trial (CRITICS). Results of this study have to be awaited for some years.
Meanwhile, in order to obtain an indication how these chemoradiotherapy
regimens influence locoregional control and survival, a retrospective analysis
of the first 115 patients that completed chemoradiotherapy and had adequate
follow up at our institute was performed (chapter 7). These patients were
compared to patients entered in the Dutch Gastric Cancer group D1 vs. D2 trial,
which randomized between D1 (limited lymph node dissection) and D2 (extended
lymph node dissection) surgery only. Patients who received postoperative
chemoradiotherapy demonstrated a significantly better local control, but had
similar survival as those who had been treated with surgery only. Furthermore,
in patients who had long local control after chemoradiotherapy, uncommon
distant metastatic disease relapses (e.g., brain) were found, which demonstrates
that in gastric cancer too, an improved local control can influence the disease
progression pattern. Peritoneal carcinomatosis was found more frequently after
chemoradiotherapy, which probably reflects more intensive CT-based follow up
in this group. Limited patient numbers in the cohort with chemoradiotherapy and
short follow up, are probably the main reasons that this improved local control did
not (yet) translate in improved overall survival.
Conclusions and future
After publication of both the MAGIC and SWOG/Intergroup gastric cancer studies,
which both demonstrated a survival benefit, the important question that needs
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to be answered is whether postoperative chemoradiotherapy has a role in the
optimal treatment of operable gastric cancer. Therefore, accrual in a prospective
randomized multicenter phase III trial addressing this question was started. An
optimized chemoradiotherapy schedule with radiosensitizing drugs cisplatin and
capecitabine during the entire radiotherapy treatment has been based on the
phase I-II studies, which are part of this thesis. In this thesis, late renal toxicity after
postoperative gastric irradiation is presented as well, which stresses the need for
the use of optimal 3D-conformal, Intensity-Modulated RadioTherapy (IMRT) or
Image-Guided RadioTherapy (IGRT) in gastric cancer. Furthermore, continuous
evaluation of delineation protocols is needed, because of large interobserver
variability in target volume delineation as is demonstrated in this thesis. Studies,
like the one presented in chapter 7, which compare recurrence patterns after
chemoradiotherapy with those after surgery only, could achieve this. In the future,
studies with clear delineation protocols and safe radiotherapy techniques should
be evaluated on the effect on disease recurrence patterns. Adaptation of treatment
modalities, like in surgical treatment, should only be based on these studies.
To improve patient selection and treatment tailoring, the value of genomics
studies, biomarkers and validated prognostic and predictive tests, such as
Maruyama Index and Memorial Sloan-Kettering Cancer Center nomogram for
gastric cancer, should be explored. Better patient selection for more individualized
(i.e. targeted) treatment could possibly be achieved by improved imaging
modalities (PET; endosonography; MRI) and by gene signatures of tumor tissue.
However, all steps leading to improved treatment outcome have first to be proven
in well designed phase III randomized clinical studies.
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Chemoradiotherapie bij maagkanker
Hoewel de incidentie van maagkanker daalt, staat het wereldwijd nog immer op de
tweede plaats als meest frequente doodsoorzaak aan kanker. Chirurgische series
uit Europa en Noord-Amerika laten overlevingcijfers zien, die veel lager liggen dan
die in landen van het Verre Oosten.
Om die reden is er al veel klinisch wetenschappelijk onderzoek verricht met als
doel deze resultaten te verbeteren. Deze studies zullen hieronder kort aangestipt
worden, maar worden uitgebreid besproken in hoofdstuk 1. In dit hoofdstuk
komen tevens de etiologische, pathologische, epidemiologische aspecten en
preventie, diagnostiek en chirurgische behandeling aan de orde. Hierbij komt naar
voren dat postoperatieve chemoradiatie, zoals deze in een gerandomiseerde fase
III studie door de SWOG/Intergroup (South-West Oncology Group/Intergroup)
uitgezocht werd, een strategie is die de (ziektevrije) overleving gunstig verbetert.
Met het oogmerk postoperatieve chemoradiotherapie, gebaseerd op de
resultaten van deze SWOG/Intergroup ook hier te implementeren, hebben wij
een aantal klinische onderzoeken geïnitieerd welke radiotherapie combineerden
met intensievere gelijktijdig toegediende chemotherapie. De hypothese was dat
de resultaten van de SWOG/Intergroup studie verder verbeterd zouden kunnen
worden met een effectiever, geïntensiveerd maar ook draaglijker chemotherapie
schema. In hoofdstuk 2 worden de resultaten van een fase I-II onderzoek
gepresenteerd dat verricht was in het Nederlands Kanker Instituut samen met
twee ziekenhuizen in het Verenigd Koninkrijk. In deze dosis escalatie studie
werd de maximaal tolerabele dosis (MTD) en het toxiciteitprofiel bepaald van
postoperatieve radiotherapie gecombineerd met gelijktijdige toediening van
capecitabine, een oraal toegediend medicijn welke continue infusie met 5-FU
nabootst. In dit onderzoek ontvingen patiënten, nadat ze eerst 2 weken alleen
capecitabine (1000 mg/m2 bid) gehad hadden, capecitabine (650-1000 mg/m2
oraal, 2 maal daags, 5 dagen per week) in een dosis escalatie schema gecombineerd
met radiotherapie op doordeweekse dagen gedurende vijf weken. 64 patiënten
maakten de behandeling af zoals gepland was. Tijdens de chemoradiotherapie
fase ontwikkelden slechts 4 patiënten in totaal 4 maal graad III dosis limiterende
toxiciteit. De vooraf vastgestelde hoogste dosis capecitabine van 1000 mg/m2 twee
maal daags oraal werd goed verdragen en daarmee veilig bevonden voor verder
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klinisch onderzoek. Gelijktijdig werd, in andere studie, hetzelfde bestralingsschema
(45 Gy in 25 fracties) gecombineerd met oplopende dagelijkse doseringen van
cisplatinum (intraveneus) en capecitabine (oraal) bij patiënten die in opzet
curatief geopereerd waren in verband met maagkanker (hoofdstuk 3). Ook deze
patiënten begonnen de behandeling met twee weken alleen capecitabine (1000
mg/m2 bid). Vervolgens ontvingen zij tijdens de bestraling dagelijks cisplatinum
en capecitabine, volgens een alternerend dosis escalatie schema. In dit onderzoek
maakten 31 patiënten de behandeling af en ontwikkelden 8 patiënten 9 maal
graad III en eenmaal graad IV toxiciteit (voornamelijk hematologisch van aard)
tijdens de fase van de chemoradiotherapie. De maximaal tolerabele dosis (MTD)
was 650 mg/m2 capecitabine twee maal daags en 5 mg/m2 cisplatinum dagelijks.
Omdat dagelijkse toediening van cisplatinum logistiek lastig is voor zowel patiënten
als ziekenhuizen, is vervolgens ook de wekelijkse toediening van cisplatinum
gelijktijdig met dagelijkse bestraling en capecitabine onderzocht (hoofdstuk 4).
In dit onderzoek ontvingen patiënten, nadat ze eerst 2 weken alleen capecitabine
(1000 mg/m2 bid) gehad hadden, gelijktijdig met bestraling capecitabine (575650 mg/m2 oraal, 2 maal daags, 5 dagen per week) en cisplatinum (20-25 mg/m2
i.v., eenmaal per week) volgens een vooraf gedefinieerd dosis escalatie schema.
31 patiënten voldeden aan de inclusiecriteria en begonnen aan de behandeling.
Tijdens de chemoradiotherapie fase ontwikkelden 7 patiënten 10 maal graad III en
eenmaal grade IV (voornamelijk hematologisch van aard) toxiciteit. De MTD werd
gedefinieerd op 20 mg/m2 i.v. één keer per week voor cisplatinum en 575 mg/m2
twee maal daags oraal voor capecitabine.
Dit doseringsschema is vervolgens verwerkt in de experimentele arm van de
momenteel lopende multicentrische fase III studie (CRITICS; Clinicaltrials.gov NCT
00407186) welke geïnitieerd is door enkele Nederlandse centra.
Het lijkt er op dat met postoperatieve chemoradiotherapie het recidiefpercentage
verminderd en de overleving verlengd kan worden. Echter, een aantal zaken verdient
nog nader onderzoek, in het bijzonder de late effecten van deze behandeling.
Door radiotherapie geïnduceerde nierschade staat bekend als één van de meest
belangrijke dosis limiterende factoren bij bestraling van de bovenbuikorganen.
Zowel door anderen als door ons is aangetoond, bij de behandeling van het
maaglymfoom, dat bestraling een dosis- en volumeafhankelijke afname in
nierfunctie induceert, welke met de tijd geleidelijk verslechtert en geassocieerd is
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met het ontwikkelen van (renovasculaire) hypertensie. Hoofdstuk 5 beschrijft een
prospectieve studie met 44 patiënten die postoperatieve chemoradiotherapie in
verband met maagkanker ondergingen en laat een progressieve afname van 11%
(p=0.012) in linker nierfunctie na 6 maanden en een afname van 52% (p<0.001)
na 18 maanden zien. Hoewel slechts één van de patiënten een klinisch manifeste
renale nierdysfunctie ontwikkelde, illustreert dit toch de noodzaak van technisch
hoogstaande en nauwkeurige bestralingstechnieken (bijv. 3D-conformatie, IMRT
en IGRT) om beschadiging van de nieren tot het minimum te beperken.
Gezien de nabijheid van kritische organen als de nieren en lever nabij het
doelgebied (clinical target volume; CTV) bij bestraling van maagkanker, en
vanwege de noodzaak van een duidelijk intekenprotocol voor het CTV in een
multicentrische fase III studie, is er een op CT-scans gebaseerde intekenatlas
ontwikkeld. In hoofdstuk 6 wordt de inter-observer variatie bij het bepalen van
een CTV voor een enkelvoudige maagkanker patiënt door vertegenwoordigers
van 10 afzonderlijke bestralingsafdelingen geanalyseerd. Zoals al bekend was van
radiotherapie studies bij hoofdhalskanker- en prostaatkankerpatiënten, werd ook
bij maagkanker een grote variatie gevonden in het doelgebied, in het bijzonder
aan de caudale zijde.
In dit proefschrift worden drie fase I-II studies beschreven die geleid hebben
tot een geïntensiveerd concurrent chemoradiotherapie protocol voor de
postoperatieve behandeling van maagkanker. Het exacte voordeel van deze
strategie wordt momenteel uitgezocht in een gerandomiseerde fase III studie
(CRITICS). De resultaten van deze studie zullen echter nog enkele jaren op zich
laten wachten. Ondertussen is er een retrospectief onderzoek verricht naar de
eerste 115 patiënten uit ons instituut, die de chemoradiotherapie volledig hadden
afgerond en voldoende follow up hadden, om een beeld te krijgen op welke
wijze chemoradiotherapie de locoregionale controle en overleving beïnvloedt
(hoofdstuk 7). Deze patiënten werden vergeleken met patiënten die deel hadden
genomen aan de zogenaamde D1 vs. D2 studie zoals deze werd uitgevoerd door
de Dutch Gastric Cancer Group en waarbij er gerandomiseerd werd tussen D1
(beperkte lymfklierdissectie) en D2 (uitgebreide lymfklierdissectie) chirurgie. Er
werd een significant verbeterde locale controle maar gelijke overleving gevonden
bij patiënten die postoperatief chemoradiotherapie ondergingen in vergelijking
met chirurgie alleen. Bovendien werden er bij patiënten die langdurig locaal
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ziektevrij bleven na chemoradiotherapie, ongewone metastasen op afstand (bijv.
hersenen) geconstateerd, hetgeen impliceert dat ook bij maagkanker, verbeterde
locale controle het ziekteverloop kan beïnvloeden. Na chemoradiotherapie werd
wel vaker peritonitis carcinomatosa gevonden, hetgeen mogelijk een gevolg is
van intensievere controle middels CT-scans in deze groep. Het beperkte aantal
patiënten in de chemoradiotherapie groep en de korte follow up duur, zijn
waarschijnlijk de voornaamste redenen dat de toegenomen locale controle zich
(nog) niet vertaald heeft in verbeterde overleving.
Conclusies en toekomst
Nadat de uitkomsten van zowel de MAGIC als de SWOG/Intergroup studies
gepubliceerd waren, die beide een overlevingswinst aantoonden, bleef de vraag
over wat de plaats is van postoperatieve chemoradiotherapie bij de optimale
behandeling van resectabele maagkanker. Om die reden is een prospectief
gerandomiseerde fase III studie begonnen die deze vraag tracht te beantwoorden.
Een geoptimaliseerd chemoradiotherapie schema met de radiosensiterende
middelen cisplatinum en capecitabine tijdens de gehele bestralingsbehandeling
is gebaseerd op de fase I-II studies, die beschreven worden in dit proefschrift.
Verder wordt in dit proefschrift ook aandacht besteed aan late effecten van
postoperatieve maagbestraling op de nieren, die de noodzaak van het gebruik
van optimale 3D-conformatie, IMRT (Intensity-Modulated RadioTherapy) of IGRT
(Image-Guided RadioTherapy) onderstrepen. Bovendien is continue evaluatie
van intekenprotocollen van groot belang, omdat in dit proefschrift ook grote
interobserver variatie bij het intekenen van doelgebieden aan het licht komt.
Studies, zoals die in hoofdstuk 7, die recidiefpatronen na chemoradiotherapie
vergelijken met studies na chirurgie alleen, zouden hierbij een belangrijke
rol kunnen spelen. Toekomstige studies met heldere intekenprotocollen en
veilige radiotherapietechnieken dienen geanalyseerd worden op hun effect
op het recidiveringspatronen van de ziekte. Veranderingen in één van de
behandelingsmodaliteiten kunnen, net als bij chirurgische behandelingen, alleen
doorgevoerd worden op basis van dit soort studies.
Om patiëntenselectie en behandeling op maat te verbeteren, moet de waarde
van genetische studies, biomarkers en gevalideerde prognostische testen, zoals de
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Maruyama-index en het Memorial Sloan-Kettering Cancer Center nomogram voor
maagkanker verder uitgezocht worden. Verbeterde patiëntenselectie om meer
geïndividualiseerde (targeted) behandelingen mogelijk te maken, kan wellicht
ook mogelijk gemaakt worden door betere beeldvorming (PET; endoecho; MRI)
en door genexpressie profielen in tumormateriaal. Echter, alle stappen leidende
naar verbeterde behandelingsresultaten dienen eerst hun plaats te bewijzen in
goed ontworpen gerandomiseerd fase III klinisch onderzoek.
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The more you see the less you know
I knew much more then than I do now
“City Of Blinding Lights” – U2 (How to dismantle an atomic bomb -2004)

“If your experiment needs statistics, you ought to have done a better experiment”
Ernest Rutherford (New Zealand, 1871-1937; Nobelprijs chemie 1908)

Carolus Linnaeus (1707-1778) promoveerde op 23 juni 1735 aan de Universiteit
van Harderwijk op het proefschrift “hypothesis nova de febrium intermettentium
causa” na een periode van 6 dagen, waarvan drie voor het drukken van het proefschrift. De realisatie van dit proefschrift heeft iets langer op zich laten wachten.
Velen hebben direct dan wel indirect bijgedragen aan de totstandkoming ervan.
Een aantal daarvan wil ik met name noemen, hetgeen niet betekent dat ik degenen die ik niet noem niet minder dank verschuldigd ben.
Allereerst gaat mijn grote dank uit naar prof. dr. H. Bartelink. Beste Harry, als jij het
in 1994 niet had zien zitten in deze “Bourgondiër”, hadden we hier vandaag überhaupt niet gestaan. Ook in verband met het onderwerp van deze dissertatie heb
jij een bepalende rol gespeeld. Jij was het tenslotte die, zoals wel vaker in jouw
loopbaan, tegen de communis opinio in, chemoradiatie bij maagkanker naar ons
ziekenhuis haalde. Het verheugt mij bijzonder dat jij vandaag één van de promotores bent.
Dan gaat mijn grote dank uit naar prof. dr. M. Verheij. Beste Marcel, samen opgeleid tot specialist, later nog roommates en collega’s, en nu mijn baas en promotor.
Samen zijn we op onze afdeling aan het onontgonnen gebied van maagkanker
begonnen, al doe jij dat nu wat meer vanaf de zijlijn. Dank voor de ruimte die je mij
geboden hebt om deze behandeling wat meer in een wetenschappelijk kader te
gieten. Jouw zuivere manier van wetenschappelijk denken en de snelheid en accuratesse waarmee jij mijn schrijfsels beoordeelt vormen een belangrijk deel van
171

304545_hfdst09_153-172.indd 167

10-2-10 14:29

Dankwoord

de basis van dit proefschrift. Wij zijn het vaak eens met elkaar, maar ook over van
alles oneens. Ik hoop dat onze vriendschap daar tegen bestand zal zijn.
Ook ben ik veel dank verschuldigd aan mijn co-promotor, dr. A. Cats, maagdarmlever arts. Beste Annemiek, tezamen met de collega maagdarmlever artsen Henk
Boot, Babs Taal en Marianne Smits in het NKI/AVL, vormen jullie een perfect team
om het onderzoek dat in dit proefschrift beschreven wordt uit te voeren. Samen
hebben we in korte tijd grote aantallen patiënten in de studies kunnen behandelen, mede dankzij jullie bereidwilligheid om weer een scopie te doen of de chemotherapie te regelen. Natuurlijk ook dank voor het feit dat jullie mij de afgelopen
jaren de prominente posities gunden in de publicaties over maagkanker.
Vervolgens wil ik de overige leden van manuscript commissie en de oppositie danken voor hun spaarzame tijd die zij voor een deel aan mijn proefschrift besteed
hebben. Speciale dank gaat vooral uit naar prof. dr. C.J.H. van de Velde, hoogleraar
Heelkunde aan het Leids Universitair Medisch Centrum. Beste Cock, het is, mede
dankzij jouw kennis van de oncologisch wetenschappelijk infrastructuur, gelukt
om een grote fase III studie op het gebied van maagkanker van de grond te krijgen. Ook dank ik je voor de bereidwilligheid om mij bij het schrijven van enkele
overzichtsartikelen, die deel uitmaken van dit proefschrift, voor gerenommeerde
tijdschriften te betrekken.
Ik wil de hele groep medewerkers van ons ziekenhuis bedanken die deel uitmaakten van het behandelteam betrokken bij chemoradiatie met betrekking tot maagkanker: nurse practitioners (Ria Dubbelman en Maria Kuiper) dank voor alle logistieke hulp; radiologen (alle CT’s volgens maagprotocol); dietisten; laboranten
(speciaal Emmy Lamers voor haar hulp bij het ontwikkelen van de intekenatlas);
secretaresses van de afdeling radiotherapie; doktersassistenten afdeling radiotherapie; medewerkers dagbehandeling; verpleegkundigen 4A unit; nucleair geneeskundigen, chirurgen, medewerkers van het afsprakenbureau (WAB) en last but
not least de collega radiotherapeuten en arts-assistenten die patiënten van mij
controleerden als ik er niet was en mij de ruimte gaven om aan dit proefschrift te
werken (vooral leden van team 1 hiervoor enorme dank). Johan Dikken en Berdine
Bakker, beiden studenten geneeskunde, worden bedankt voor hun bijdrage aan
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de dataverzameling en analyse van de gegevens zoals die beschreven worden in
hoofdstuk 7. Jasper Nijkamp dank ik voor de hulp bij de data-analyse van de interobserver studie en zijn overige IT-diensten mbt tot de maagstudies.
Martin Lomecky en zijn mensen van het Audio Visueel centrum van ons ziekenhuis
dank ik voor de hulp die zij geboden hebben bij het ontwerpen van de layout en
het drukken van dit proefschrift.
De illustratie op het voorblad heb ik gevonden in het digitaal archief van de Harvard Fine Arts Library (Houghton Library, Harvard University, Cambridge, MA).
Suzanne Bakker (directeur Centrale Kanker Bibliotheek, Nederlands Kanker Instituut) dank ik voor de hulp bij het opsporen van het originele manuscript. Jan-Eric
Ericson, bibliothecaris van de Koninklijke Bibliotheek, Nationale Bibliotheek van
Zweden in Stockholm, dank ik voor het beschikbaar stellen en scannen van het
15e eeuws perkament handschrift.
Mijn diepe respect en dank gaat uit naar de patiënten die deelnamen aan de onderzoeken die in dit proefschrift beschreven worden. Ik heb grote bewondering
voor al deze mensen en hun families, die op een zeer moeilijk moment in hun leven, besloten aan een zware behandeling te beginnen. Natuurlijk deden de meesten dat in de hoop te genezen van deze bedreigende ziekte, maar velen deden
het ook om de medische wetenschap verder te helpen. Het heeft grote indruk
gemaakt op mij dat nog steeds veel patiënten, met wie het zelf niet altijd goed
gaat, bij mij informeren of het onderzoek wel vlot.
Speciale dank natuurlijk ook aan mijn paranimfen, Roger en Frank, voor het terzijde staan tijdens de plechtigheid.
Alle vrienden, familie, kennissen, vage kennissen, buren en andere personen, dank
voor de broodnodige verstrooiing en afwisseling in mijn leven.
Beste Pa en Ma, dank voor jullie levenslange onvoorwaardelijke steun en vertrouwen in mij. Deze promotie is deels van jullie.
Tenslotte, treft men in dankwoorden op deze plaats vaak de zinsnede aan dat na
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het afronden van het proefschrift de promovendus meer tijd aan het thuisfront zal
besteden. Ik waag te betwijfelen of dat ook vaak echt gebeurt. Ik prijs mij gelukkig
dat niet te hoeven opschrijven. Na een dag in het ziekenhuis begeef ik mij graag
in de gezellige en huiselijke hectiek van ons gezin waar het echte werk pas begint.
Lieve Gemmie, Anne en Maarten, ik hoop dat we dat nog lang samen blijven doen.
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