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INTRODUCTION

The RTOG Gastrointestinal (GI) Cancer Committee has
provided leadership and actively participated in cooperative
group clinical research of localized GI malignancies. Dur-
ing the current award period, major accomplishments in-
cluded

1. An RTOG-led Phase III intergroup study (RTOG 94-05)
examined the influence of radiotherapy (RT) dose on
outcome for nonoperative esophageal cancer patients. It
showed no improvement with the higher dose (64.8 Gy)
vs. the moderate dose (50.4 Gy) of RT (all 236 patients
received 5-fluorouracil [5-FU] plus cisplatin) suggesting
that the standard of care should remain 50.4 Gy with
5-FU/cisplatin.

2. The importance of optimizing RT and chemotherapy
integration in influencing local tumor control and toxic-
ity was clarified by a Phase II study in anal carcinoma
(RTOG 92-08). Results showed that minimizing treat-
ment breaks during chemo-RT improved the therapeutic
ratio.

3. Two large RTOG-led Phase III intergroup trials were
activated, both attempting to improve chemotherapy–RT
combinations. The first (RTOG 98-11) is comparing two
different schedules of chemo-RT for anal carcinoma.
The second (RTOG 97-04) is testing the role of compar-
ing gemcitabine to 5-FU before and after conventional
adjuvant chemo-RT for resected pancreatic cancer.

4. A Phase II study of a novel chemotherapy regimen with
concurrent RT was completed for inoperable pancreatic
cancer (RTOG 98-12). The results of this 122-patient
trial will serve as a baseline for developing several lines
of RTOG research for patients with inoperable pancre-
atic cancer.

5. The RTOG GI Cancer Committee was a major contrib-
utor to the Intergroup Gastric Cancer Trial 0116 (19% of
patient entries). This study showed the superiority of
adjuvant chemo-RT vs. observation after resection of
gastric cancer, effecting a new standard of care.

7. The RTOG GI Committee was a major contributor to the
most recent Intergroup Rectal Cancer Trial 0144 (22% of
2000 patients), which tested several schemas of modu-
lated 5-FU with RT for resected Stage II/III rectal can-
cer. The results are pending.

8. In cooperation with the RTOG Translational Research
Program Committee, the GI Committee established a
program of testing molecular markers for prognosis in
anal carcinoma (as a component of RTOG 98-11) and
pancreatic carcinoma (as a component of RTOG 97-04
and 98-12).

9. In conjunction with the RTOG Cancer Control and Gen-
itourinary Cancer Committees, the RTOG GI Cancer
Committee activated a protocol studying the problem of
lower GI sequelae of pelvic RT and the potential for
pharmacologic treatment of this problem (RTOG 98-09).

During the next award period, the RTOG GI Cancer
Committee will test three hypotheses, focusing primarily on
localized carcinomas of the esophagus–gastroesphageal
junction, pancreas, rectum, and anal canal:

1. Chemo-RT with contemporary, novel, and targeted che-
motherapeutic agents improves the outcome of patients
with common GI carcinomas.

2. Modern, image-guided and three-dimensional (3D) RT
techniques will reduce the acute and late GI tract mor-
bidity associated with aggressive contemporary chemo-
RT protocols.
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3. Tumor molecular markers can serve not only as prog-
nosticators, but also as guides to therapy.

In addition, the RTOG will remain a major participant in
intergroup Phase III trials testing new chemo-RT schedules
for gastric, rectal, and other GI malignancies. In conjunction
with the Cancer Control Committee, the GI Committee will
continue to investigate strategies to decrease the toxicity
and improve the quality of life for patients with GI cancer.

ENCOMPASSING VISION

Major research questions
During the current award period, the GI Cancer Commit-

tee research effort focused on five questions in the clinical
research of localized (nonmetastatic) GI malignancies:

1. Influence of RT dose escalation in improving local tumor
control and survival.

2. Optimizing the integration of RT and chemotherapy to
improve the therapeutic index.

3. Evaluation of novel chemotherapeutic agents with RT.
4. Assessment of the efficacy of adjuvant RT and 5-FU–

based chemotherapy in malignancies for which this ther-
apy is not established.

5. Evaluation of molecular markers as potential guides to
therapy.

RT dose
The influence of RT dose in improving the outcome of

patients with nonoperative esophageal cancer was examined
by RTOG 9405, an intergroup Phase III trial comparing
higher dose RT (64.8 Gy) and cisplatin and 5-FU chemo-
therapy with conventional RT (50.4 Gy) and cisplatin and
5-FU chemotherapy. This study demonstrated that patients
randomized to the higher RT dose combined with concom-
itant and maintenance 5-FU and cisplatin in this particular
trial design did not achieve improved overall survival. Pa-
tients randomized to receive higher dose RT had a lower
2-year survival rate (30%) than did patients undergoing
moderate-dose RT (39%); however, the cancer-related
deaths were lower in the high-dose arm at 39% vs. 50%.
Although more treatment-related deaths occurred in the
assigned 64.8-Gy dose arm (11 patients) than in the con-
ventional dose arm (2 patients), this is deceptive because
only 4 of the 11 patients assigned to the high-dose arm who
died received RT doses greater than the conventional 50.4
Gy. Detailed analysis of this study is underway and will
include issues of extended treatment delay and actual treat-
ment delivered in both arms in relation to the outcome
analyses. Until such data are available, investigations will
evaluate new agents with RT for patients with nonoperative
esophageal cancer, as well as alternative image-guided RT
techniques for this disease.

Optimizing integration of RT and 5-FU–based chemo-
therapy

The importance of optimizing the integration of intensive
RT and chemotherapy in improving the therapeutic ratio in

anal cancer was clarified by RTOG 92-08. This Phase II
study showed that minimizing treatment breaks during
chemo-RT appeared to improve the therapeutic index for
patients with localized anal cancer. In the original version of
this protocol, 46 patients were treated with concurrent 5-FU
and mitomycin chemotherapy and 59.4 Gy RT during 9
weeks with a scheduled 2-week rest period during Weeks 5
and 6 (1, 2). Although Grade 3 and higher toxicity rates
were similar to prior RTOG studies, this approach resulted
in an unexpectedly high rate of colostomy (23%) and local
failure. It was hypothesized that the prolonged RT treatment
time may have caused this result, so the study was amended
to eliminate the planned treatment break. This appears to
have improved the local control rate, with only 2 of 18
assessable patients requiring colostomy. This study was
followed by a large RTOG-led intergroup trial (RTOG
98-11) that is currently active. RTOG 98-11 compares con-
ventional chemo-RT as per RTOG 92-08 vs. an innovative
regimen of neoadjuvant 5-FU/cisplatin followed by concur-
rent 5-FU/cisplatin. This trial incorporates detailed quality-
of-life measurements related to anorectal function in addi-
tion to conventional end points.

Novel chemotherapy with RT
The evaluation of novel chemotherapeutic agents with

RT has primarily been in pancreatic cancer. This strategy
was initiated in RTOG 98-12, a Phase II study, evaluating
concurrent paclitaxel and RT for patients with locally ad-
vanced pancreatic cancer. This trial accrued 122 patients in
16 months and will serve as the starting point of an evalu-
ation of new chemotherapeutic agents and molecular-based
therapies for patients with this malignancy. One hundred
thirteen patients are assessable, with an estimated 1-year
survival rate of 52.4% and a median survival of 12.6
months. A complete analysis of this study is planned for
spring 2001.

Also in pancreatic cancer, RTOG has activated and suc-
cessfully led the Intergroup Adjuvant Pancreas Trial
(RTOG 97-04), which is nearing completion of accrual.
This study compares “conventional” postoperative
chemo-RT (5-FU before, after, and during RT) vs. gemcit-
abine delivered before and after RT (with 5-FU delivered
during RT). The results of this trial are expected to set the
standard of care for adjuvant therapy of pancreatic cancer in
the United States. The patient accrual rate exceeded the
original expectations. The project will close in early 2002.

Assessment of adjuvant therapy in “new” areas
The RTOG actively participated in two intergroup Phase

III studies evaluating the efficacy of adjuvant therapy for
patients with malignancies for which the role of postoper-
ative chemo-RT had not been established. The Southwest
Oncology Group (SWOG) intergroup study 0116 (RTOG
90-18) randomized 603 patients (116 from RTOG institu-
tions) with resected high-risk gastric cancer (Stage Ib–
IVM0) to postoperative irradiation with 5-FU and leucov-
orin vs. observation only (3). The 3-year results show a
statistically significant improvement in disease-free survival
(treatment 49% and observation 32%, p � 0.001) and
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overall survival (treatment 52% and observation 41%, p �
0.03). The results of this seminal study have established the
value of adjuvant chemo-RT in the care of these patients
and will lead to future studies evaluating adjuvant RT and
other systemic therapies. The RTOG served as co-investi-
gator with the North Central Cancer Treatment Group (NC-
CTG) on intergroup study 0130 (RTOG 92-03), a Phase III
study that randomized 222 patients (57 from RTOG insti-
tutions) with resected but high-risk colon cancer to adjuvant
5-FU and levamisole or postoperative RT plus 5-FU and
levamisole (4). The preliminary analysis demonstrated no
survival difference between the two arms, but definitive
conclusions will not be reached given the underpowered
nature of the study.

Response to problems
The concerns of the last grant review of the GI Subcom-

mittee Research Plan included slow patient accrual to Phase
I and II studies, the complexity of the trials, and a lack of
translational research efforts.

Slow accrual to Phase I/II studies
During the past 5 years, the number of Phase I and II

studies has been reduced, and the studies have been simpli-
fied and directed at specific disease sites; the accrual to
these studies has been excellent. In particular, RTOG 92-08
(anal canal) and RTOG 98-12 (inoperable pancreas) were
two very successful studies. The Committee has placed a
high emphasis on Phase III intergroup studies in the major
disease categories (esophagus, gastric, rectal), with very
successful accrual.

Trial complexity
In the current grant cycles, RTOG GI studies have been

designed and executed to answer important scientific ques-
tions efficiently. Three examples of such studies include (1)
RTOG 94-05, a large Phase III study testing a higher RT
dose for nonoperative esophageal cancer; (2) RTOG 97-04,
a large Phase III study comparing maintenance gemcitabine
with 5-FU for patients undergoing adjuvant therapy for
pancreatic cancer; and (3) RTOG 98-11, a Phase III study
comparing RT with cisplatin and 5-FU chemotherapy or
mitomycin-C and 5-FU chemotherapy in the treatment of
patients with anal cancer. These RTOG-directed intergroup
studies are addressing simple but important questions in the
treatment of patients with localized GI malignancies.

Lack of translational efforts
In the current anal cancer trial (RTOG 98-11), a transla-

tional component of the study will seek to confirm the
prognostic importance of p53 status in a large number of
patients. It will also evaluate two other tumor markers,
human papilloma virus and enzyme marker HAP1.

Correlative studies of p53 and p16 activity were a com-
ponent of RTOG 98-12, a Phase II study assessing the
results of irradiation with paclitaxel for patients with unre-
sectable pancreatic cancer.

In RTOG 97-04, serum CA19-9 levels will be measured
on all resected pancreatic cancer patients before initiation of
postoperative chemo-RT and assayed again at the follow-up

visits. The correlation of outcome with serum CA19-9 lev-
els in this large Phase III trial will provide invaluable data
in assessing the true prognostic value of this marker.

Efforts to identify phenotypic variations in critical en-
zymes of 5-FU metabolism to aid in future trial design have
been proposed for rectal cancer. This may lead to the
development of protocols using chemo-RT protocols based
on phenotype vs. fixed regimen-based approaches.

Studies to assess the prognostic importance of biomarkers
in esophageal cancer will be pursued. Given RTOG’s suc-
cess in accrual and completion of esophageal studies, this
represents a unique opportunity to initiate translational re-
search in this disease. Three types of genetic markers will be
evaluated: cell proliferation (PCNA or Ki-67 staining), cell
apoptosis (terminal deoxy nucleotidyl transferase-mediated
dUTP-biotin nick end labeling [TUNEL] staining), and ge-
netic alterations (oncogene activation, tumor suppressor
gene inactivation, and microsatellite instability). It is pro-
posed that tumor samples from patients entering through
RTOG institutions should be prospectively analyzed for
these markers and correlated with outcome.

Future directions
Under the leadership of Dr. Michael O’Connell, the GI

Intergroup Committee has been restructured into five task
forces for each of the major categories of GI malignancy
(esophageal, gastric, pancreatic, colon, and rectal neo-
plasms). The goal of each task force is to facilitate the
design, implementation, and coordination of Phase III stud-
ies within each disease category among the cooperative
groups. Each task force is composed of a chair (the GI Chair
from each cooperative group), two representatives from
each of the cooperative groups, and a statistician from a
cooperative group who works on GI studies. RTOG is
actively participating in all task forces and has designated
representatives. Dr. Willett is serving as Chair of the esoph-
ageal cancer task force, and Dr. Pajak as the statistical
representative. All Phase III studies will be run through the
intergroup mechanism.

During the next award period, RTOG Phase II and III
clinical studies will test three hypotheses in the treatment of
localized GI malignancies: (1) chemo-RT with contempo-
rary, novel, and targeted chemotherapeutic agents improves
the outcome of patients with esophageal, gastric, pancreatic,
rectal, and anal carcinoma; (2) conformal 3D RT techniques
reduces the acute and late GI tract morbidity associated with
aggressive contemporary chemo-RT protocols; and (3) tu-
mor molecular markers can serve not only as prognostic
markers of outcome but as guides to therapy selection.

Hypothesis 1: Chemo-RT with contemporary, novel, or
targeted chemotherapeutic agents improves the outcome
of patients with GI cancer

Esophageal cancer
Nonoperative esophageal cancer. As previously discussed,
no survival benefit was seen for patients with nonoperative
esophageal cancer randomized to receive higher dose RT
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(64.8 Gy) with 5-FU and cisplatin vs. moderate-dose RT
(50.4 Gy) initially with 5-FU and cisplatin (RTOG 94-05).
Given this result, the focus of investigation will shift to the
evaluation of new agents with RT for these patients. As a
replacement study to RTOG 94-05 for patients with nonop-
erative esophageal cancer, a randomized Phase II study
(RTOG 01-13) evaluating two paclitaxel-based regimens
has been written and approved by the National Cancer
Institute in December 2000. Single-institution Phase I and II
studies have reported high pathologic response rates and
survival with the use of paclitaxel-based regimens and RT.
RTOG 01-13 will assess the 1-year survival and frequency
of major acute and late toxicities of 78 assessable patients
undergoing induction chemotherapy (2 cycles of 5-FU, cis-
platin, and paclitaxel) followed by moderate-dose RT (50.4
Gy) plus concurrent continuous infusion 5-FU and weekly
paclitaxel or induction chemotherapy (2 cycles with pacli-
taxel and cisplatin) followed by moderate-dose RT (50.4
Gy) with concurrent infusion paclitaxel and weekly cispla-
tin. The goal of this study is to identify the experimental arm
in a future Phase III study to be compared with the standard
treatment of moderate-dose RT (50.4 Gy) plus 5-FU and
cisplatin.
Operative esophageal cancer. Currently, no Phase III study
is available for patients with operative esophageal cancer in
the United States. RTOG is exploring the feasibility of a
Phase III study comparing chemo-RT with surgery reserved
for salvage vs. induction chemotherapy, chemo-RT, and
surgery.

The end points will include local control, disease-free
survival, survival, and quality of life. Dr. Robert Ginsberg
has circulated a survey to the thoracic surgical community
to assess the interest in this study. The results indicate
significant enthusiasm. It is hoped that by 2003, an inter-
group study will be in place in an effort to improve the
outcome in this poor-prognosis disease.

Gastric cancer
Induction therapy. RTOG 99-04, a Phase II study, evaluates
an induction approach of chemotherapy (2 cycles of 5-FU,
leucovorin, and cisplatin) followed by 45 Gy of RT with
concurrent 5-FU and paclitaxel, and surgery for 49 patients
with potentially resectable gastric cancer. The end points of
this study are the determination of the feasibility of preop-
erative chemo-RT for patients with potentially resectable
gastric cancer and the pathologic response rate, curative
resection rate, survival, and tolerance of this approach. This
study is innovative in that a neoadjuvant approach is being
used where postoperative trials have dominated the clinical
investigation of this disease. It is especially timely given the
important results of Intergroup 0116 showing the benefit of
adjuvant RT plus concurrent and maintenance 5-FU and
leucovorin. This study has had relatively slow accrual, but
accrual is expected to increase once the results of the
intergroup postoperative trial become more widely dissem-
inated, increasing the level of interest in chemotherapy for
this disease. Plans for a future follow-up Phase II and/or
Phase III trial will depend on the results of this study.

Adjuvant therapy. As a replacement study to the Gastric
Intergroup 0116 study that established the efficacy of adju-
vant postoperative RT and chemotherapy for patients with
resected high-risk gastric cancer, the RTOG has developed
a randomized Phase II study (RTOG 0114) that will use the
same two paclitaxel regimens used in the nonoperative
esophageal adjuvant study for patients with resected gastric
cancer. After surgery, patients will undergo induction che-
motherapy (2 cycles of 5-FU, cisplatin, and paclitaxel)
followed by moderate-dose RT (50.4 Gy) with concurrent
continuous infusion 5-FU and weekly paclitaxel or induc-
tion chemotherapy (2 cycles with paclitaxel and cisplatin)
followed by moderate-dose RT (50.4 Gy) with concurrent
infusion paclitaxel and weekly cisplatin. The goal of this
study is to identify an experimental treatment arm in a
future Phase III study to compare with the “standard” treat-
ment of postoperative RT with concurrent and maintenance
5-FU and leucovorin. This study was approved by the
National Cancer Institute in January 2001.

Pancreatic cancer
Adjuvant therapy. RTOG 97-04, a Phase III intergroup
study, assesses the efficacy of gemcitabine vs. 5-FU as
maintenance therapy for patients with resected pancreatic
cancer undergoing postoperative RT with continuous infu-
sion 5-FU. Gemcitabine, a deoxycytidine analog resembling
cytosine arabinoside, is one of the most active agents
against pancreatic cancer. In a Phase III multicenter ran-
domized trial, gemcitabine was compared with 5-FU for
patients with advanced or metastatic pancreatic cancer (5).
This study showed that patients receiving gemcitabine had a
statistically significant improvement in clinical benefit, tu-
mor response, and survival compared with patients receiv-
ing 5-FU. RTOG 97-04 extends this question (gemcitabine
vs. 5-FU) to the adjuvant setting in establishing the optimal
maintenance chemotherapy (3 cycles of weekly gemcitabine
vs. 3 cycles of infusion 5-FU) for patients with resected
pancreatic cancer undergoing postoperative irradiation plus
protracted venous infusion 5-FU. This trial is accruing ex-
tremely well with 243 (as of October 1, 2000) of 330
targeted patients on study, and it is anticipated that this trial
will close in 2001.

A Phase I and II study is currently being written that will
determine the optimal dose of gemcitabine during external
beam RT preceded and followed by gemcitabine in this
context; determine the optimal dose of R115777, a farnesyl
transferase inhibitor, that can be given during this gemcit-
abine-based chemotherapy and chemo-RT in this context;
and estimate the survival and tolerance associated with this
treatment program. This study may become the experimen-
tal arm in a future Phase III study that would compare the
best arm from RTOG 97-04 against a regimen that incor-
porates concurrent gemcitabine and/or a farnesyl transferase
inhibitor. See the section “Locally advanced disease” below
for discussion of R115777.
Locally advanced disease. Building on the experience with
RT and paclitaxel for patients with locally advanced pan-
creatic cancer (RTOG 98-12), the next study for this group
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of patients will evaluate the combination of concurrent
weekly paclitaxel and gemcitabine with RT followed by the
farnesyl transferase inhibitor R115777. A randomized
Phase II study will be undertaken in which patients will be
randomized to paclitaxel, gemcitabine, and 50 Gy of exter-
nal beam RT with or without sequential R115777. Like
paclitaxel, gemcitabine has been shown to be a potent
radiosensitizer during in vitro investigations. The combina-
tion of paclitaxel and gemcitabine, when administered with
RT, may enhance the local response of locally advanced
pancreatic cancer and lower the systemic risks. In the Phase
II studies of paclitaxel and RT by Brown University and the
RTOG, locoregional toxicities from paclitaxel plus RT,
such as enteritis, nausea, and abdominal pain, have been
uncommon, occurring in �10% of patients (6). In a step-
wise fashion, gemcitabine has been added to paclitaxel and
RT to determine the maximal tolerated dose of the addition
of gemcitabine. The Brown University Oncology Group
performed a Phase I study combining paclitaxel, gemcitab-
ine, and RT. Patients with locally advanced pancreatic can-
cer received 50.4 Gy RT, paclitaxel 40 mg/m2/wk, and
escalating doses of gemcitabine. Six patients were treated at
gemcitabine dose level 1 (75 mg/m2/wk). No Grade 3–4
toxicities were observed. Four of six patients responded,
including 1 patient who underwent resection after
chemo-RT and had a pathologically complete response.
Three patients were treated at the second gemcitabine dose
level of 150 mg/m2/wk; Grade 3 GI toxicity developed in all
3 patients and 1 also had Grade 3 myelosuppression. An
intermediate dose level of gemcitabine, 110 mg/m2, has also
been investigated; however, Grade 3 toxicities were en-
countered. Therefore, because the dose level of 75 mg/
m2/wk of gemcitabine, paclitaxel 40 mg/m2/wk, and 50.4
Gy concurrent RT was well tolerated with promising activ-
ity, this dose level will be investigated in this Phase II study.

In addition to the inclusion of gemcitabine with paclitaxel
and RT, the other critical component of this study is the
addition of the farnesyl protein transferase (FTPase) inhib-
itor R115777 after chemo-RT (7–13). FTPase inhibitors
were developed after 2.5 decades of investigation of the ras
oncogenes and the proteins they encode. The ras genes
encode low molecular weight proteins, called Ras. Ras, after
several posttranslational modifications localizes itself to the
inner surface of the plasma membrane. In normal cells, Ras
proteins cycle between guanosine diphosphate (GDP)-
bound (inactive) and guanosine triphosphate (GTP)-bound
(active) forms to regulate cellular proliferation and differ-
entiation. When certain growth factors bind to their cellular
receptors, this causes activation of the GDP-bound Ras
protein that exchanges its bound GDP for GTP. This acti-
vated form of the Ras protein subsequently triggers a cas-
cade of events that ultimately lead to cell proliferation. The
GTPase activity of Ras then turns off the biologic event, Ras
returns to its inactive (GDP-bound) form and the cycle is
thus closed. Ras then remains in an inactive form until a
new growth signal arrives. A single point mutation chang-
ing an amino acid is responsible for altering the wild-type

ras gene into an oncogene that efficiently induces neoplastic
transformation. The mutations in ras genes that are fre-
quently found in cancer inhibit GTPase activity of the Ras
protein; thus, Ras remains bound to GTP and permanently
activated. This results in the active Ras protein constitu-
tively stimulating cell growth and proliferation. Mutations
of the ras gene are found in 90% of pancreatic tumors. Thus,
inhibition of ras gene function is a rational target in pan-
creatic cancer. Recent progress at blocking ras-induced cell-
transforming activity has centered on inhibiting the enzyme
FTPase. Membrane localization of Ras is essential for its
normal function and the cell-transforming activity of its
mutated, oncogenic form. Membrane anchoring of Ras is
achieved through a series of posttranslational modifications.
The first and most critical modification is farnesylation of its
carboxyl-terminal motif, catalyzed by FTPase. Inhibition of
the farnesylation reaction by synthetic FTPase inhibitors
nullifies ras membrane anchorage and therefore inhibits Ras
protein function and its cell transforming capability. Recent
evidence suggests that inhibition of farnesylation of other
proteins, not ras, may be responsible for a substantial
amount of the antitumor affect of farnesyl transferase in-
hibitors. R115777 is a potent and selective inhibitor of
FPTase both in vitro and in vivo. Phase I and II trials have
established feasible and well-tolerated schedules.

More active chemo-RT may improve locoregional con-
trol and more effectively palliate symptoms. However, at
the low doses used for radiosensitization, it is unlikely that
conventional chemotherapy agents have substantial sys-
temic activity to prevent the growth of micrometastases.
This protocol will also evaluate the FPTase inhibitor
R115777 after paclitaxel plus gemcitabine plus RT. The
objectives of this study are to determine the toxicity and
locoregional activity of paclitaxel, gemcitabine, and RT;
feasibility and tolerance of prolonged administration of
R115777 after paclitaxel, gemcitabine, and RT for pancre-
atic cancer; and progression-free and overall survival after
paclitaxel, gemcitabine, and concurrent RT followed by
R115777 in locally advanced pancreatic cancer patients.

Rectal cancer
Preoperative therapy. In the past 15 years in the United
States, interest has been increasing in the use of preopera-
tive chemo-RT and surgery protocols for patients with clin-
ical T3 and T4 rectal cancer. Single-institution Phase I and
II studies have reproducibly demonstrated the safety and
potential efficacy of preoperative pelvic RT (45–50.4 Gy in
25–28 fractions) with concurrent and maintenance 5-FU–
based chemotherapy followed by surgery 4 to 8 weeks later
for these patients (14). As a next step in the evolution of
preoperative chemo-RT and surgery protocols for patients
with rectal cancer, investigators are now combining new
agents, such as irinotecan, with 5-FU and RT in neoadjuvant
studies. Others have evaluated the use of hyperfractionated
irradiation plus concomitant infusion 5-FU as a means to
improve the complete pathologic response rates with lower
rates of toxicity compared with conventionally fractionated
RT.
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Investigators from Thomas Jefferson University Hospital
have reported their preliminary results in 46 patients with
rectal cancer treated by the combination of preoperative
weekly Irinotecan (CPT-11), continuous infusion 5-FU, RT,
and surgery (15). This therapy has been well-tolerated, with
acceptable Grade 3 or 4 toxicity. The pathologic complete
response rate of these patients was 39%.

RTOG 0012 is a randomized Phase II study that will
build on the infusion 5-FU plus CPT-11 pilot data generated
at Jefferson and the twice-daily RT plus infusion 5-FU data
from the University of Kentucky. One hundred patients with
clinical T3 or T4 rectal cancer will be randomized to either
standard RT (pelvis, 45 Gy at 1.8 Gy/day and boost to
tumor, 5.4 Gy for T3 and 9 Gy for T4) with infusion 5-FU
and weekly irinotecan or hyperfractionated RT (pelvis, 45.6
Gy at 1.2 Gy twice daily and boost to tumor, 9.6 Gy for T3
and 14.4 Gy for T4). The primary end points of this study
are the determination of the pathologic complete response
rates. The secondary end points include acute and late
normal tissue tolerance, patterns of failure, and complete
resection rates. The results of RTOG 0012 may be used to
help generate a subsequent Phase III trial in the treatment of
clinical Stage T3–4 rectal cancer requiring preoperative
therapy.
Postoperative therapy. The RTOG will participate exten-
sively in the design and execution of the next GI Intergroup
Rectal Study, which will follow the recently closed SWOG-
led study. The exact design is at this time uncertain, because
the SWOG study only recently closed. The potential issues
to study are the incorporation of irinotecan and the deter-
mination of the need for RT for carefully selected T3N0 and
T1–2N1 lesions in patients who underwent modern radical
surgery.

Anal cancer
RTOG 98-11, a Phase III intergroup study, randomizes

650 patients with anal cancer to one of two treatment arms:
RT with concurrent 5-FU and mitomycin-C vs. RT plus
induction and concurrent 5-FU and cisplatin. This study is
the first prospective randomized study to examine the po-
tential value of an alternative regimen, 5-FU and cisplatin,
to the reference standard regimen, 5-FU and mitomycin-C.
Phase II studies have reported that the toxicity of RT with
5-FU and cisplatin may be less severe than RT with 5-FU
and mitomycin-C (16). Furthermore, 2 cycles of induction
5-FU and cisplatin may further enhance local and distant
control, sphincter preservation, and overall survival for pa-
tients with anal cancer. The accrual has improved from 3
patients monthly in 1999 to 7.5 patients monthly in 2000.

Hypothesis 2: Conformal 3D RT techniques reduce the
acute and late morbidity associated with aggressive
contemporary chemo-RT protocols

Esophageal cancer
As described above, RTOG 0113 serves as a replacement

study to RTOG 94-05. This is a randomized Phase II study
testing two paclitaxel-based regimens with conventional
dose (50.4 Gy) RT. Although this study is not being run in

conjunction with the 3D Quality Assurance Center, protocol
specifications mandate image-based CT-planning, which is
expected to reduce the volume of normal tissue treated
compared with that treated in RTOG 94-05. These guide-
lines have been coordinated with the Image-Guided RT
Committee. This is hypothesized to result in improved acute
and late tolerance to this treatment-intensive protocol. Fol-
low-up studies to RTOG 0113 will incorporate newer 3D
treatment planning, including dose–volume histogram anal-
yses for heart, lung, and normal esophagus and, possibly,
biologic imaging (e.g., positron emission tomography) to
determine the target volumes.

Gastric cancer
As described under Hypothesis 1, the RTOG has devel-

oped a randomized Phase II study that will use the same two
paclitaxel regimens used in the nonoperative esophageal
study for an adjuvant study of patients with resected gastric
cancer (RTOG 01-14). As with RTOG 0113, an important
component of this study will be the use of image-based RT
planning, rather than the simple two-field techniques used
for most patients in Intergroup 0116. Because the target
volumes for this patient population are large and irregular
(gastric remnant, anastomosis, celiac/superior mesenteric
nodal bed, porta hepatic nodes) and the large number of
adjacent critical structures (liver, small bowel, kidneys,
spinal cord), efforts to minimize the normal tissue RT by 3D
techniques are imperative.

Pancreas
Although the primary research efforts of the RTOG in

pancreatic cancer will focus on new chemotherapy and
biologic agents, inoperable pancreatic cancer is an interest-
ing target for dose escalation/intensification by way of 3D
conformal therapy. As described in other sites (e.g., Lung
Cancer), dose escalation/intensification does not simply
mean increasing the number of fractions of conventional-
dose RT as tested in RTOG 94-05. A dose intensification
strategy in pancreatic cancer would incorporate image-
guided modalities to minimize the volumes treated to the
higher dose and evaluate the role of intensity-modulated RT
to deliver a higher dose per fraction to gross tumor while
irradiating adjacent microscopically infested regions to a
moderate dose per fraction, with normal tissues receiving
only very low doses of RT. In addition, concurrent and
post-RT systemic therapy will be administered in a devel-
oping 3D intensity-modulated RT pancreas trial developed
in concert with the Image-Guided RT Committee.

Biliary tree
The tolerance of the liver to fractionated RT is an impor-

tant consideration in RT field design for patients with bili-
ary, pancreatic, and gastric carcinoma. A joint Phase II
protocol from RTOG and European Organization for Re-
search and Treatment of Cancer will evaluate the use of
preoperative chemo-RT for biliary tract carcinoma. Patients
will receive 50.4 Gy preoperative external beam RT with
chronomodulated infusion 5-FU (RTOG developing proto-
col 1020). The objective is to determine the activity of
chronomodulated 5-FU infusion in combination with irra-
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diation. Because of the intimate location of this malignancy
with the liver, this study will also afford a unique opportu-
nity to evaluate 3D conformal RT techniques in this ana-
tomic location. The investigators have written guidelines for
3D techniques, and an assessment of the acute and late
morbidity by these techniques will be evaluated.

Anorectal
It is expected that in the latter half of the new grant

cycles, several Phase II studies will be developed in con-
junction with the Image-Guided RT Committee that will
integrate modern image-based RT planning and delivery.
The purpose of these studies will be to assess the feasibility
of sparing normal tissue (particularly small bowel) while
maintaining RT dose intensity and integrating more aggres-
sive chemotherapy into the treatment of these neoplasms. It
is hypothesized that this newer RT planning will decrease
the acute and late toxicity of treatment.

Hypothesis 3: Molecular markers can serve not only as
prognostic indicators of outcome to treatment but as
guides to therapy selection

Esophageal cancer
Few data exist on the prognostic importance of biomar-

kers in esophageal cancer. Given the Committee’s success
in patient accrual and completion of esophageal studies, this
represents a unique opportunity to initiate translational re-
search in this disease. Three types of genetic markers could
be evaluated: cell proliferation (PCNA or Ki-67 staining),
cell apoptosis (TUNEL staining), and genetic alterations
(oncogene activation, tumor suppressor gene inactivation,
and microsatellite instability). Assays of oncogene activa-
tion would include cyclin D1 and epidermal growth factor
overexpression by immunohistochemistry techniques. Tu-
mor suppressor gene inactivation would be measured by
p53 overexpression and by immunohistochemistry tech-
niques. Microsatellite instability would be assessed by poly-
merase chain reaction techniques. Future RTOG studies in
esophageal cancer will prospectively collect tumor samples
for analysis of some of the above potential markers, the
presence of which will be correlated with outcome.

Pancreatic cancer
CA19-9 levels. Several published papers have reported a
dramatically worse survival in pancreatic patients with ele-
vated CA19-9 values (17–21). The patient series from the
Fox Chase Cancer Center was used for sensitivity analyses.
At the 1997 Society for Surgical Oncology meeting, the Fox
Chase investigators reported that the patients with 3-month
postresection CA19-9 levels of 180 U/ml had significantly
worse survival (21). On multivariate analysis, the 3-month
postresection CA19-9 level proved to be the most prognos-
tic factor for absolute survival and disease-free survival.
This study seeks to confirm this observation in a multicenter
trial and possibly refine their proposed cutpoint. Of 40
patients in the series, 20% were Lewis antigen negative,
27% had CA19-9 �180 U/ml, and 53% had CA19-9 �180
U/ml. For planning purposes, the survival of each of the
groups was assumed to exponentially distributed. The treat-

ment component of the study was designed to accrue pa-
tients for 5 years, and they would be followed for an
additional 1.33 years before the final analysis was under-
taken, with a total of 207 deaths. Using the Fox Chase data,
it is estimated that 25 patients, who were Lewis antigen
negative, would be dead at the time of the final analysis.
Two hundred forty-three patients have been enrolled in this
study, of which 172 currently have blood samples available.
On the basis of this analysis, future RTOG studies in pan-
creatic cancer may be able to use the CA-19-9 level as a
factor in stratification and monitoring the success of treat-
ment, similar to prostate-specific antigen in prostate cancer.
ras/FTI studies. As described in Hypothesis 1, a major area
of protocol development in the GI Committee will be the
farnesyl-transferase inhibitors as an adjuvant therapy to
chemo-RT for pancreatic cancer. These studies will include
the collection of tumor samples for analysis of ras mutations
and expression of the Ras (and related) proteins in an effort
to correlate outcome with these factors.
RTOG 98-12. As a component of RTOG 98-12, p53 and p16
status will be determined from pancreatic tumor tissue sam-
ples and each characterized as a dichotomous variable and
assessed for prognostic importance. One hundred twenty-
two patients have been enrolled in this study, of whom 29
currently have tissue blocks available for analysis.

Molecular-guided chemo-RT for rectal cancer
Concurrent and/or maintenance 5-FU–based chemother-

apy with RT forms one of the major foundations of treat-
ment of patients with GI cancers enrolled in RTOG proto-
cols. At present, patients receive fixed regimens of 5-FU
without consideration of patient variations in the levels of
critical enzymes (thymidylate synthase [TS], thymidine
phosphorylase [TP], and dihydropyrimidine dehydrogenase
[DPD]) involved in the metabolism of 5-FU. Differences in
these enzyme levels may be important in predicting the
response to 5-FU. For example, tumors that express high
levels of TS are resistant to 5-FU. Drugs are now available
(eniluracil, capecitabine, irinotecan, oxaliplatinum) that can
be alternatives to 5-FU.

In the development of future clinical studies, phenotype-
based therapy vs. a fixed regimen approach of 5-FU may
become increasingly important. To establish the feasibility
and frequency of differences in 5-FU degradative enzymes,
TS, TP, and DPD levels will be assayed by immunohisto-
chemical techniques in the rectal cancer biopsies of patients
entering RTOG 0012. As previously discussed, RTOG 0012
is a randomized Phase II study evaluating two neoadjuvant
5-FU chemo-RT therapies for patients with clinical T3 and
T4 rectal cancer. The future replacement study will be a
randomized Phase II trial that will expand on the theme of
potential future phenotype-based therapy. Patients will be
randomized to one of two arms: (1) eniluracil plus 5-FU and
RT then surgery then eniluracil plus 5-FU plus irinotecan
capecitabine; and (2) RT then surgery then capecitabine
plus irinotecan. All randomized patients must have tissue
submitted to a central facility to determine the TS, TP, and
DPD levels. Outcome analyses of the pathologically com-
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plete response, disease control (local and distant), and sur-
vival (overall and disease free) will be correlated with the
TS, TP, and DPD levels to develop a database regarding the
potential of future phenotype-based therapy.

In the future, a potential replacement study of neoadju-
vant chemo-RT for rectal cancer could be based on the
phenotypic differences in these enzyme levels.

RTOG 98-11 and follow-up studies of the anal canal
An analysis of the anal cancer protocol RTOG 87-04

suggested that patients with anal cancers exhibiting p53
overexpression had a poorer outcome. In the current anal
cancer trial, a complementary study will seek to confirm this
observation in a larger number of patients. It will also

evaluate two other tumor markers, human papilloma virus
and enzyme marker HAP1. One hundred thirty-six patients
have been enrolled in this study, of whom 113 currently
have tissue blocks available for analysis.

A potential future Phase I/II study after the completion of
RTOG 98-11 may be to combine molecular theories that
restore normal p53 function with conventional chemo-RT.
These strategies may include local and/or systemic adminis-
tration of p53 using one or more types of vectors. Alterna-
tively, a strategy may be to deliver drugs that antagonize the
genes and gene byproducts of the human papillomavirus. The
exact protocols will depend on the preclinical and early clinical
data available in the latter half of the new grant cycle.
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