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Adjuvant Therapy of Colon Cancer

John S. Macdonald, MD

Abstract

Adjuvant therapy, believed by some to be
of no benefit for colorectal cancer as re-
cently as 10 years ago, now offers thou-
sands of patients considerable hope after
surgical resection. The first effective adju-
vant regimen—combined fluorouracil (5-
FU) and levamisole—described in 1989,
was soon supplanted by a variety of 5-FU-
based regimens, usually combined with
leucovorin.

Although most recent research in the
adjuvant setting has focused on refining
chemotherapy doses, schedules, and com-
binations, with the aim of improving effi-
cacy and decreasing toxicity, investigators
have also explored other approaches, such
as portal vein infusion, monoclonal anti-
bodies, interferon-alpha, and vaccines.

Future directions being evaluated for
adjuvant therapy of colon cancer include
the use of oral fluorinated pyrimidines,
which may replace current intravenous
treatments, as well as the incorporation of
new agents, such as oxaliplatin and CPT-
11, into adjuvant chemotherapy programs.
(CA Cancer J Clin 1999;49:202-219.)

Introduction

Colorectal cancer is a very significant
health problem in the United States, with
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approximately 129,400 cases expected to
occur in 1999.! Of all large bowel malig-
nancies expected to be diagnosed in 1999,
approximately 34,700 (27% ) will be con-
fined to the rectum, with the remainder
occurring in the colon.

Although researchers are studying
the use of molecular markers (i.e.,
ploidy** and tumor suppressor gene mu-
tation/deletion>7) as prognostic tools,
the most important prognostic informa-
tion available to clinicians managing pa-
tients with colorectal cancer is still de-
rived from surgical pathologic staging of
the resected primary tumor.8

Patients with locally advanced
(Dukes stages B2, B3, and C; TNM stages
IT and IIT) large bowel cancer have a sig-
nificantly increased risk of relapse after
surgical resection alone (Table 1), and in
patients with stage III disease (node posi-
tive), the risk of death from cancer is as
high as 70% during the five years after
surgical resection.?

Because of the high risk of relapse
after surgery alone, therapies that may be
added to surgery to prevent clinical
metastatic disease have attracted great in-
terest. This approach to post-resection
treatment, called adjuvant therapy, is
aimed at destroying microscopic metasta-
tic disease and, ideally, at preventing
death from metastatic cancer.

Adjuvant therapies for colon can-
cers are quite distinct from those devel-
oped to treat rectal cancers. Radiation
therapy, for example, is almost always a
major part of adjuvant programs for rec-
tal cancer (tumors below the peritoneal
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Table 1
Surgical Stage and Survival in Colorectal Cancer
TNM Stage AJCC Stage Dukes Stage Five-Year Survival (%)
I T,T2 A B1 85-95
NO, MO
Il T3, T4 B2, B3 60-80
NO, MO
1] AnyT C 30-60
N1-3, MO
v AnyT D <5
Any N, M1
AJCC=American Joint Committee on Cancer
Adapted from 0’Connell*®

reflection). In contrast, radiation is not
utilized to treat colon cancer (tumors
above the peritoneal reflection). This re-
view will cover only the adjuvant therapy
of colon cancer.

Thirty Years of Adjuvant Therapy

Many adjuvant chemotherapy and/or im-
munotherapy trials have been conducted
to evaluate various protocols for colon
cancer over the past 30 years.®!" The
most commonly used single agent for ad-
juvant therapy in colon cancer has been
fluorouracil (5-FU).

In 1988, a meta-analysis of studies
using 5-FU as adjuvant therapy in large
bowel cancer, published by Buyse and
colleagues (Table 2),!° evaluated results
of phase III clinical trials in which 4,700
patients were randomized to receive ad-
juvant 5-FU or surgery alone. Five-year
survival benefits associated with 5-FU
ranged from 2.3% to 5.7%, which was
not a statistically significant difference
when compared with survival of patients
treated with surgery alone. Such unim-

pressive survival benefits, which could
result from chance, would hardly justify
the standard use of 5-FU as adjuvant
therapy for colon cancer.

Until 1989, there was considerable
doubt in the medical community that ad-
juvant therapy of colon cancer was of any
value. Two studies reported in 1989'! and
1990'>13 significantly influenced not only
clinical investigation of adjuvant treat-

Until 1989, there was
considerable doubt in the
medical community that
adjuvant therapy of colon
cancer was of any value.

ment in colon cancer but also the stan-
dard of care of patients with resected
colon cancer. These studies randomized
patients after surgical resection of colon
cancer to three different treatment arms:
5-FU plus levamisole for one year; lev-
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Table 2

Meta-Analysis of Phase Il 5-FU
Colorectal Cancer Trials (All Stages)

Range of Five-Year
Treatment Group Number Entered Number Dead Odds Ratio* Survival Advantage
All 5-FU Regimens 4,700 2,477 0.9 2.3%-5.7%

5-FU=fluorouracil; NS=not significant
Data from Buyse et al®

*0dds ratio = odds of dying in treatment group/odds of dying in control group

amisole alone for one year; and no adju-
vant therapy.

Levamisole is an antihelminthic
agent that was tested as adjuvant therapy
for cancer because it appeared to posi-
tively modulate the human cellular im-
mune system. The first 5-FU-plus-lev-
amisole study conducted in the United
States included 401 patients and was car-
ried out by the North Central Cancer
Therapy Group (NCCTG).!! The results,
published in October 1989, demonstrated
that the combination of 5-FU plus lev-
amisole increased disease-free survival
(p=0.02) and was associated with a small
but significant (p=0.03) survival benefit in
stage III patients.!" In contrast, lev-
amisole alone did not significantly in-
crease survival in stage III patients, and
neither treatment was effective in pa-
tients with stage II colon cancer.

Results from this NCCTG study
stimulated the initiation of a second clini-
cal trial, Intergroup (INT)-0035, which
was specifically designed as a statistically
well-powered (1,300 patients) study to
confirm results of the smaller (401 pa-
tients) NCCTG trial. Investigators with
the NCCTG, the Southwest Oncology
Group (SWOG), and the Eastern Coop-
erative Oncology Group (ECOG) partic-
ipated in this collaborative effort.

The results of this study were pub-
lished in 1990,'? updated at an American

Society of Clinical Oncology meeting in
1992,3 and reported in final form in
1995.14 At the time of the initial report in
1990, with three and a half years of medi-
an follow-up, the combination of 5-FU
plus levamisole was strikingly positive for
stage III patients. This adjuvant regimen
decreased relapse by 41% (p<0.0001) and
decreased death from recurrent colorec-
tal cancer by 33% (p=0.006). Again, lev-
amisole alone had no beneficial effect in
stage III patients.

The mature results of this study (sev-
en years of median follow-up) demon-
strated an increase in the survival rate
(60% versus 46% ) in patients receiving 5-
FU plus levamisole compared with those
treated with surgery alone. This result is
particularly significant because 99% of
expected recurrences in the surgery-only
arm will have occurred by five years after
resection in patients with stage III colon
cancer. Clearly, combination adjuvant
therapy with 5-FU plus levamisole
changed the natural history of resected
stage III colon cancer.

STAGE III DISEASE VERSUS STAGE 11
DISEASE

Although investigators primarily sought
to assess the benefits for 5-FU plus lev-
amisole in stage III colon cancer, it be-
came clear that the combination was not
associated with similar benefit in pa-
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tients with stage II disease compared
with surgery alone.”> While relatively
small numbers of patients with stage II
colon cancer were included in this study
(159 in each arm), the seven-year dis-
ease-free survival for stage II patients
treated with 5-FU plus levamisole was
79% versus 71% with surgery alone. A
levamisole-alone arm was not included
in the stage II study. The apparent 8%
benefit in disease-free survival was not
statistically significant (p=0.10). Overall
survival of patients with stage II colon
cancer was not increased" with adjuvant
therapy at seven years (72% in both
treatment arms, p=0.83).

SAFETY OF 5-FU PLUS LEVAMISOLE

The combination of 5-FU plus lev-
amisole was generally well tolerated,
and compliance with therapy was good.
Only one drug-related fatality resulting
from neutropenic sepsis occurred in the
INT-0035 trial.

Myelosuppression seen with the com-
bination regimen is probably attributable
to the 5-FU, although levamisole has been
associated with agranulocytosis in rare in-
stances. Other toxicities that have been re-
ported with the combination of 5-FU and
levamisole include mild elevation of he-
patic transaminases, dysgeusia, arthralgia,
neurotoxicity, and depression. These ad-
verse events tend to be mild and usually do
not preclude continued therapy.

The magnitude of the benefit associ-
ated with combination adjuvant therapy
using 5-FU plus levamisole demonstrated
in both the NCCTG and the confirmatory
INT studies'? ' resulted in rapid FDA ap-
proval of the regimen for stage III col-
orectal cancer in 1990. A National Cancer
Institute consensus conference in April
1990 recommended 5-FU plus levamisole
as the standard of care for patients with
resected stage I1I colon cancer.!® The 5-
FU-plus-levamisole data also made clear
that it was no longer acceptable for phase
IIT trials in adjuvant therapy of resected
colon cancer to include surgery-only con-

trol arms. As a result, studies conducted
in the 1990s have used the combination of
5-FU plus levamisole as the standard
against which investigational therapies
are compared.

Current Status of Adjuvant
Therapy

The period between 1990 and 1999 has
been one of innovation in conceptual ap-
proaches to adjuvant therapy for colon
cancer. It also has been a time during
which results of large clinical trials have
defined the relative efficacies of various

These early studies,
involving more than
2,000 patients and a

variety of different

5-FU-plus-leucovorin
doses and schedules,
evaluated the role of
the combination and
showed significant
improvements in disease-
Jree and overall survival.

5-FU-based regimens,!” including those
that used leucovorin. These trials have re-
sulted in definitions of standards of care
for adjuvant therapy and have estab-
lished and confirmed the role of 5-FU
plus leucovorin as the standard in ad-
vanced colon cancer.'® Other therapeutic
strategies that have been actively studied
in colorectal cancer include regional ther-
apy, particularly portal vein infusion,!%-
and immunotherapy.?’-28

THE ROLE OF 5-FU PLUS LEUCOVORIN

The combination of 5-FU plus leucov-
orin in a variety of doses and schedules
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Table 3
Adjuvant Trials of 5-FU Plus Leucovorin
Total Patients > Three-Year > Three-Year
Regimen Accrued DFS (%4 Survival (%) Trial
Surgery+5-FU/LV 239 74 81 Francini*®
Surgery alone 60 64
Surgery+5-FU/LV 309 77 75 NCCTG*
Surgery alone 64 71
Surgery+5-FU/LV 1,081 73 84 NSABP*
Surgery+MOF 64 77
Surgery+5-FU/LV 1,526 7 83 IMPACT®
Surgery alone 62 78
5-FU/LV=fluorouracil plus leucovorin; DFS=disease-free survival
IMPACT=International Multicentre Pooled Analysis of Colon Cancer Trials
MOF=methyl-CCNU, vincristine, and 5-FU; NCCTG=North Central Cancer Treatment Group
NSABP=National Surgical Adjuvant Breast and Bowel Project

has been used as a standard of care in
patients with advanced colon cancer for
a number of years. A meta-analysis pub-
lished in 1992 demonstrated that while
overall survival was not increased with
5-FU plus leucovorin in patients with
advanced colon cancer, the response
rate was significantly increased com-
pared with that achieved with 5-FU
alone.? The next logical step, therefore,
seemed to be to test the combination of
5-FU plus leucovorin as adjuvant thera-
py in patients with resected high-risk
colon cancer.

MANY DOSES AND SCHEDULES—SAME
RESULTS

Several large phase III clinical trials 2-3
reported within the last three years have
defined the role of 5-FU and various
permutations of leucovorin, with and
without levamisole, as adjuvant therapy.
Some of these major studies evaluated
5-FU-plus-leucovorin regimens compared

with surgery alone® 33 or compared
with a “control” chemotherapy arm. 3*

These early studies, involving more
than 2,000 patients and a variety of dif-
ferent 5-FU-plus-leucovorin doses and
schedules, evaluated the role of the com-
bination and showed significant im-
provements in disease-free and overall
survival (Table 3).

The NCCTG study used a common
monthly regimen consisting of 5-FU at
425 mg/m? with leucovorin at 20 mg/m?,
given daily for five days.® The Interna-
tional Multicentre Pooled Analysis of
Colon Cancer Trials (IMPACT) study®
used 5-FU at 400 mg/m? and leucovorin
at 200 mg/m? daily for five days, and the
National Surgical Adjuvant Breast and
Bowel Project (NSABP) CO-3 study*
compared 5-FU plus leucovorin with a
regimen of methyl-lomustine (CCNU), 5-
FU, and vincristine. The CO-3 study used
5-FU at 500 mg/m? and leucovorin at 500
mg/m? weekly for six-week cycles with
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two-week breaks, resulting in 48 weeks of
therapy. In the other studies, adjuvant
chemotherapy was administered for ap-
proximately six months.

As was the case with 5-FU plus leu-
covorin in advanced colorectal cancer,
differences in leucovorin dosing sched-
ules were not associated with significant
differences in efficacy. In the three stud-
ies that used surgery-only controls, all 5-
FU-plus-leucovorin regimens increased
survival compared with surgery alone.
[Note: These studies were initiated in the
1980s, when it was appropriate to use a
surgery-only control arm for patients
with stage III colon cancer.]

The results of these studies, along
with the older report from INT-0035 indi-
cating that 5-FU plus levamisole was ef-
fective therapy, led to the design of clini-
cal trials comparing 5-FU plus levamisole
with 5-FU plus leucovorin as the next log-
ical step. This strategy, pursued by both
the INT and NSABP trial groups with re-
sults reported in 1997 and 1998, is dis-
cussed later in this review, in the section
on current recommendations for adju-
vant therapy (see page 210).

Portal Vein Infusion

Portal vein infusion of chemotherapy has
been explored as an adjuvant therapy for
colon cancer for at least two decades. The
rationale for this approach is that colon
carcinoma micrometastases embolized to
the liver via the portal system initially re-
ceive their vascular supply from the por-
tal vein. Effective cytotoxic therapy deliv-
ered into the portal system, therefore,
could destroy microscopic metastatic dis-
ease in the liver. If this hypothesis is cor-
rect, patients treated with effective adju-
vant therapy through the portal vein
should have a decrease in liver metastases
along with an increase in overall survival.

The first study to spark interest in
portal vein infusion was published by
Taylor et al initially in 1977 and updated
in 1985.1 A decrease in liver metastases

was noted in 127 patients randomized to
receive 5-FU plus heparin by the portal
vein compared with 117 patients who
were treated with surgery alone. Addi-
tionally, patients receiving intraportal
therapy experienced a significantly in-
creased five-year survival rate (p=0.002).
Interestingly, the benefit achieved with
portal vein infusion of chemotherapy in
the study appeared to be limited to pa-
tients with stage II colon cancer and was
not apparent in stage III cases.

The Taylor study led to other phase
III studies aimed at confirming the bene-
fit of portal vein infusion of fluorinated
pyrimidines. Table 4 lists pertinent data
from a number of these studies. As can
be seen, with the exception of the
NSABP?*% and Swiss Group for Clinical
Cancer Research (SAKK)? studies,
most clinical trials enrolled 200 or fewer
patients per treatment arm. Also, the re-
sults, in terms of overall benefit and de-
crease in liver metastases, were mixed.

The NSABP study (CO-2) is of in-
terest because it demonstrated both an
increase in disease-free survival and, in
the most recent report, an overall in-
crease in survival.” Nevertheless, this
study showed that portal vein infusion did
not decrease liver metastases. It has been
suggested that fluorinated pyrimidine has
a systemic adjuvant effect but not a signif-
icant impact on hepatic metastases. The
clinical benefit seen in the CO-2 trial may
be related, therefore, to the fact that the
adjuvant 5-FU was given immediately
postoperatively rather than 30 to 40 days
postoperatively. It is possible that the in-
traportal route of therapy is irrelevant to
any beneficial effects of treatment and
that the timing of administration, namely
in the immediate postoperative period, is
the important factor. This concept (i.e.,
immediate postoperative delivery of
chemotherapy) is being tested in INT-
0136, a phase III study in which seven
days of 5-FU administered by continuous
intravenous infusion are initiated within
24 hours of surgery and compared with a
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Table 4
Portal Vein Infusion Trials
Number Decrease

Case of inlLiver  Increased
Characteristics Treatment Patients Metastases? Survival? Trial
Dukes A, B, and C; 5-FU/heparin 127 Yes Yes Taylor et al'®
Colon and Rectal Control 117
Dukes A, B, and C; 5-FU/heparin 442 No Yes  NSABP C0-224%
Colon Control 459
Dukes A, B,and C; 5-FU/mitomycin/heparin 236 Yes Yes SAKK22
Colon and Rectal Control 233
Dukes A, B, and C; 5-FU/heparin 103 No No Fielding et al?®
Colon and Rectal Control 145
Dukes B2 and C; 5-FU/heparin 110 No No NCCTGZ
Colon and Rectal Control 109
Dukes A, B, and C; 5-FU/heparin 99 Yes No  Wereldsma et al?'
Colon and Rectal Urokinase 103

Control 102
5-FU=fluorouracil; NCCTG=North Central Cancer Treatment Group;
SAKK=Swiss Group for Clinical Cancer Research

standard 5-FU-plus-levamisole program
started within 35 days of colon resection.

A meta-analysis® published in 1997
evaluated results from 10 randomized
studies of portal vein infusion involving
about 4,000 cases. Analyses at five years
revealed only a minimal overall survival
benefit, approximately 4%, for patients
treated with portal vein infusion. The
authors of the meta-analysis suggested
that this survival benefit, although sta-
tistically significant, was “not statistical-
ly secure” and called for randomized
studies “involving several thousand
more patients.”

Additional concerns about the ques-
tionable benefit of portal vein infusion
were voiced in a careful analysis of pub-

lished studies by Crowley.* This analysis
noted that most phase III studies of por-
tal vein infusion had significant flaws in
design and execution, such as being un-
derpowered to detect realistic levels of
treatment effect; frequent use of subset
analysis; and high numbers of ineligible
cases. He pointed out that although a
meta-analysis may indeed show statisti-
cally significant results, the flawed nature
of the component studies requires cau-
tion before applying the results to clinical
practice or clinical research. Portal vein
infusion should be considered, therefore,
an investigational approach to adjuvant
treatment of colon cancer rather than a
standard approach.
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Immunotherapy

Immunotherapy of cancer has always
been an intriguing concept. Effective mo-
bilization of host immune mechanisms to
destroy malignant disease is an intrinsi-
cally attractive strategy. Several com-
pounds with immunomodulatory proper-
ties have been proposed for the adjuvant
therapy of colon cancer, and a few, such
as levamisole (a pharmacologic modula-
tor), 17-1A (a murine monoclonal anti-
body), and interferon-alpha (a cytokine),
have been tested in clinical trials.

Levamisole

Levamisole was initially of interest in
colon cancer partly because it was
thought to be a nonspecific immunomod-
ulator.’*#> Although animal studies and
in vitro analyses suggest that levamisole
does exert an immunomodulatory effect,
clinical studies have shown mixed results
in regard to immunomodulation.***3 The
mechanism for the benefit of levamisole
when combined with 5-FU as adjuvant
therapy—in view of the former drug’s
demonstrated lack of consistent clinical
immunomodulatory activity—is unclear,
and it is possible that any immunomodu-
latory effects of levamisole are irrelevant
to its role as part of an active therapy in
resected colon cancer.

MONOCLONAL ANTIBODIES

Some investigators are enthusiastic about
evaluating the 17-1A monoclonal anti-
body as adjuvant therapy for colon can-
cer, based on results of a small (fewer
than 200 patients) German phase III trial
reported by Riethmiiller et al.?” The 17-
1A antibody, which recognizes a non-car-
cinoembryonic antigen (CEA) epitope
on malignant and normal cells, was re-
ported to increase disease-free and over-
all survival in patients with stage III colon
and rectal cancer in the German study.
The benefits of 17-1A therapy—as mea-
sured by freedom from relapse and sur-

vival—were of the same order of magni-
tude as the benefits seen with 5-FU plus
levamisole in the INT-0035 study.

An update of Riethmiiller’s phase
III study was published recently* and
confirms the survival benefit of 17-1A
therapy. Of interest, local recurrence was
not decreased by use of the monoclonal
antibody, and all of the decrease in re-
lapse resulted from prevention of distant
metastatic disease.

International studies are currently
evaluating 17-1A in combination with 5-
FU-based regimens in patients with stage
III colon cancer and are close to complet-
ing accrual. Another study being con-

Effective mobilization of
host immune mechanisms
to destroy malignant
disease is an intrinsically
attractive strategy.

ducted in the United States, by the inter-
group mechanism, is testing 17-1A as a
single agent in patients with stage II colon
cancer, comparing surgery plus 17-1A
with surgery alone. This trial, initiated in
late 1997, is particularly interesting as a
mechanism for evaluating 17-1A because
it does not include any chemotherapy.
Chemotherapy has the potential to alter
immune responsiveness and thus may
mask the potential benefit from an im-
munotherapeutic agent.

INTERFERON-ALPHA

Interferon-alpha in combination with 5-
FU plus leucovorin has been tested in
the NSABP CO-5 trial.* The results of
this two-armed study of 2,176 patients
were reported in abstract form in May
1998. Although the addition of interfer-
on to the standard combination regimen
produced no differences in disease-free
overall survival, there was a significant
increase in toxicity among patients in
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the interferon group. The clinical conse-
quence of this increased toxicity was the
withdrawal of 22% of patients in the in-
terferon arm, compared with a drop-out
rate of 5% for those who received only
5-FU plus leucovorin. The results of
CO-5 clearly demonstrate that interfer-
on-alpha has no role in combination ad-
juvant therapy with 5-FU plus leucov-
orin for colon cancer.

VACCINES

Interesting innovative approaches to im-
munotherapy, such as the work described
by Foon et al,?# which tested a vaccine
concept, are being evaluated in early clin-
ical trials in the United States. The vac-
cine is an anti-idiotypic monoclonal
murine antibody raised against a highly
tumor-specific CEA epitope. The aim of
immunization with the vaccine is to break
specific immune tolerance to the tumor-
specific CEA epitope in patients with
colon cancer.

This approach has resulted in specific
immunization to the target CEA epitopes
in 70% to 90% of patients with advanced
disease and in 100% of patients undergo-
ing immunization as adjuvant therapy in
small pilot studies. It is not yet known,
however, whether this approach, namely
specific immunization against a tumor-as-
sociated antigen in humans, will result in
an immunotherapeutic antitumor effect.
A United States cooperative group is con-
sidering a large-scale clinical trial of the
anti-idiotype vaccine as adjuvant therapy.

Standard of Care for Patients with
Resected Colon Cancer

A most important clinical question for
oncologists with respect to adjuvant
therapy for colon cancer has been the
delineation of the relative roles of active
therapies. Understanding the risks and
benefits of available therapies will allow
definition of the standards of care for
the large number of patients affected
with colon cancer each year.

Important questions include: Is
there still a role for 5-FU plus levamisole
or is 5-FU plus leucovorin the therapy of
choice? Are there differences in toxicity
and efficacy among available therapies
that would impel a clinician to choose one
regimen over the other? Finally, what is
the role of chemotherapy in resected
stage II colon cancer? Recently published
results of large studies conducted by co-
operative clinical trials groups have
helped answer these important clinical
questions.

Table 5 shows the schemata of INT-
0089, NSABP CO-4,' and NCCTG
894651.32 These studies are all basically
similar in that they evaluated 5-FU plus
levamisole as a standard therapy com-
pared with a series of 5-FU-plus-leucov-
orin regimens.

INT-0089

In the largest study, INT-0089,%° which
involved 3,759 patients, 80% had stage
III colon cancer. 5-FU plus levamisole,
considered the “control” arm, was ad-
ministered for 12 months; the 5-FU/low-
dose leucovorin/levamisole program
was given for six months; and the week-
ly high-dose 5-FU-plus-leucovorin regi-
men was given as four six-week cycles.
INT-0089 was designed as a compara-
tive study, and mature results*’ reported
in 1998 have demonstrated that there
were no differences in efficacy among
prospectively planned comparisons of
the following regimens: (1) 5-FU plus
high-dose leucovorin and 5-FU plus
low-dose leucovorin; (2) 5-FU plus lev-
amisole and 5-FU plus high-dose leu-
covorin; (3) 5-FU plus low-dose leucov-
orin and 5-FU plus low-dose leucovorin
plus levamisole; (4) 5-FU plus lev-
amisole and 5-FU plus low-dose leucov-
orin; and (5) 5-FU plus levamisole and
5-FU plus low-dose leucovorin.

The complete and mature results of
INT-0089 showed that the five-year dis-
ease-free (56% to 60% ) and overall (63%
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Table 5
Multi-Institutional Trials Exploring Postoperative

Fluorouracil-Plus-Leucovorin Strategies:
Reported 1996 - 1998

Number of
Study Patients Accrued Regimen
NCCTG 8946512 915 5-FU-+levamisole (6 or 12 months)
5-FU-+leucovorin-+levamisole (6 or 12 months)
NSABP CO-4% 2,151 5-FU+levamisole
5-FU-+leucovorin weekly
5-FU + leucovorin+levamisole
Intergroup-0089% 3,759 5-FU+levamisole

5-FU-+leucovorin weekly
5-FU-+leucovorin monthly
5-FU+leucovorin+levamisole

5-FU=fluorouracil; NCCTG=North Central Cancer Treatment Group;
NSABP=National Surgical Adjuvant Breast and Bowel Project

Table 6

Intergroup-0089:
Toxicity of Grade lll or Worse (%)

5-FU/Low-Dose LV  5-FU/High-Dose LV 5-FU/LEV 5-FU/LV/LEV
Leukopenia 1.9 2.8 9.0 14.9
Neutropenia 24.1 3.9 18.8 35.1
Stomatitis 18.2 14 3.6 22.6
Diarrhea 21.1 30.0 1.4 17.9

5-FU=fluorouracil; LEV=levamisole; LV=leucovorin

to 67% ) survival rates for patients with
high-risk stage II (obstructing and/or per-
forating node-negative lesions) and stage
III colon cancers are not different for the
various 5-FU-plus-leucovorin and the 5-
FU-plus-levamisole strategies and sched-
ules. Also, the percentages of disease-free
and overall survival for patients treated
on all the arms of INT-0089 were compa-
rable to those achieved with 5-FU plus
levamisole in INT-0035. In general, most

clinicians prefer to use 5-FU plus leucov-
orin, which is given for only six months,
over 5-FU plus levamisole, which must be
given for one year.

Safety

The safety analyses for INT-0089, sum-
marized in Table 6, revealed interesting
and clinically important differences
among the various treatments’ toxicity
profiles. For grade III or worse toxicities,
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the 5-FU-plus-low-dose leucovorin, with
and without levamisole, regimens were
associated with significantly higher inci-
dences of stomatitis than were the 5-FU-
plus-levamisole or 5-FU-plus-high-dose
leucovorin regimens. Conversely, grade
IIT or worse diarrhea was almost three
times more common with 5-FU plus
high-dose leucovorin than with 5-FU
plus levamisole.

Safety analysis of INT-0089 also
showed interesting and clinically im-
portant differences in qualitative toxic-
ities, according to age and gender. Pa-
tients older than 70 years (unpublished
data) and females*® had significantly
higher rates of stomatitis and leukope-
nia. As leukopenia and stomatitis are
most commonly associated with low-
dose 5-FU-plus-leucovorin regimens,
clinicians may wish to carefully consid-
er the use of these programs in women
and the elderly.

In summary, it is clear that the ma-
ture findings of INT-0089,%” a very large
phase III clinical trial, provided several
important pieces of information. First, 5-
FU-plus-leucovorin regimens given for
six months and 5-FU plus levamisole
given for one year appear to be similarly
effective. Second, results of the qualita-
tive toxicity analyses provide clinicians
with the tools to rationally choose
among equally efficacious therapies a
treatment regimen tailored to individual
patient tolerance.

NCCTG 894651

A second significant clinical trial, NC-
CTG 894651, reported by O’Connell et
al,*> addressed the important issue of
whether 12 or six months of adjuvant
therapy were required for patients with
resected colon cancer. The trial, which in-
volved 890 eligible patients, compared
the following two regimens, both given
for six and 12 months: 5-FU plus low-
dose leucovorin plus levamisole; and 5-
FU plus levamisole.

This study demonstrated that the
three-drug regimen—5-FU plus lev-
amisole plus leucovorin—for six
months resulted in longer overall sur-
vival compared with 5-FU plus lev-
amisole for six months (75% versus
63%; p<0.03). However, 5-FU plus lev-
amisole for 12 months produced sur-
vival benefits equal to those of 5-FU
plus levamisole plus leucovorin for six
months. It was concluded that six
months of 5-FU plus leucovorin plus
levamisole are equivalent to 12 months
of 5-FU plus levamisole.

Together with the results of INT-
0089, demonstrating that six months of
5-FU plus leucovorin by either of two
schedules is equal to 5-FU plus lev-
amisole for 12 months, it seems clear that

The preponderance of
evidence suggests that
5-FU plus levamisole
Jor 12 months is equal
in efficacy to 5-FU-plus-
leucovorin-based regimens
given for a shorter
period of time.

most clinicians and patients would choose
six months of a 5-FU-plus-leucovorin reg-
imen without levamisole, over 12 months
of 5-FU-plus-levamisole therapy. Addi-
tionally, results from the INT-0089 and
NCCTG-894651 trials demonstrated that
six months of 5-FU plus levamisole do not
constitute adequate adjuvant therapy for
colon cancer.

NSABP CO-4

In a third randomized study, NSABP
CO-4,3" six cycles of 5-FU plus high-
dose leucovorin (each cycle consisting
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Table 7

Standard of Care Adjuvant Therapy Programs: 1999

Frequency of Administration

5-FU, 425 mg/m? IV bolus daily x 5 days
Leucovorin, 20 mg/m? IV bolus daily x 5 days

Leucovorin, 500 mg/m? over 2 hours followed by

5-FU, 500 mg/m? IV bolus

Repeat every 4-5 weeks for 6 cycles

Weekly x 6 weeks followed by 3 weeks’ rest

Repeat for 4-6 cycles

5-FU=fluorouracil; IV=intravenous; po=orally; tid=three times a day.

of the combination of 5-FU at 500
mg/m? plus leucovorin at 500 mg/m?,
given weekly for six weeks) was com-
pared with either the standard 5-FU-
plus-levamisole regimen or a combina-
tion of 5-FU plus high-dose leucovorin
plus levamisole. A total of 2,151 pa-
tients with stages II and III colon can-
cers were studied.

Results showed that 5-FU plus
leucovorin was superior in disease-free
(64% versus 60%; p<0.05) and overall
five-year survival (74% versus 69%;
p<0.05) to 5-FU plus levamisole. The
three-drug regimen, 5-FU plus leucov-
orin plus levamisole, was intermediate
in efficacy and was not significantly dif-
ferent from either of the other two reg-
imens. This study suggested that 5-FU
plus high-dose leucovorin for six cycles
was superior to the standard of 12
months of 5-FU plus levamisole. This
result contrasted somewhat with that of
INT-0089, which showed that 5-FU
plus high-dose leucovorin was not su-
perior but rather equivalent to 5-FU
plus levamisole. It is important to re-
member that more 5-FU-plus-leucov-
orin therapy (six cycles, or 48 weeks)
was given in the NSABP CO-4 trial,
whereas only four cycles (32 weeks) of
the same regimen were given in the
INT-0089 trial.

CURRENT RECOMMENDATIONS
Stage 111 Colon Cancer

The clinician treating a patient with stage
III colon cancer not in a clinical trial may
choose a variety of regimens adminis-
tered for durations of six to 12 months
(Table 7). The preponderance of evi-
dence suggests that 5-FU plus levamisole
for 12 months is equal in efficacy to 5-
FU-plus-leucovorin-based regimens giv-
en for a shorter period of time. As the
INT-0089 trial has shown that either one
of two 5-FU-plus-leucovorin regimens
given for approximately six months is
equal to 5-FU plus levamisole for 12
months, there is little reason outside a
clinical trial for a clinician to use 5-FU
plus levamisole.

Stage II Colon Cancer

It is still unclear whether adjuvant ther-
apy offers any significant benefit to pa-
tients with stage II colon cancer. Al-
though the NSABP clinical trials CO-1
through CO-4 suggested that adjuvant
chemotherapy can be effective in pa-
tients with stage II disease,*’ the INT-
0035 trial failed to show a positive effect
in these patients."

More recent adjuvant therapy stud-
ies (Table 5) are of no help in defining ef-
ficacy because, while many included stan-
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dard or high-risk stage II cases, none uti-
lized untreated control groups.

MOLECULAR GENETIC FACTORS

In an attempt to define subsets of patients
with stage II disease that may benefit from
adjuvant therapy, a major effort is being
made to define molecular genetic factors
(tumor ploidy** and mutations/alterations
in proto-oncogenes and tumor suppressor
genes>’) that may increase risk of relapse.
Such ancillary biologic studies are part of
all currently active adjuvant therapy clini-
cal trials. It should be emphasized, howev-
er, that although initial results suggest that
molecular genetic abnormalities—for ex-
ample, chromosome18 deletion’—are as-
sociated with increased risk of relapse, no
information is available about what ef-
fects such abnormalities may or may not
have with respect to response to adjuvant
chemotherapy.

The fact that molecular genetic ab-
normalities may affect the potential bene-
fit of adjuvant therapy should be carefully
considered when therapy decisions are
made for stage II patients with “high
risk” molecular genetic abnormalities
outside of a clinical trial. Patients should
be made aware that it is unknown
whether molecular genetic abnormalities
will alter clinical benefit from postopera-
tive chemotherapy.

CosT ISSUES

The cost effectiveness of any widely ap-
plied therapy is of increasing impor-
tance. Postoperative adjuvant therapy of
colon cancer is now a mature and widely
accepted standard of care for patients
with resected large bowel tumors, and
adjuvant therapy for stage 111 colon can-
cer has also been shown to be highly
cost-effective.™

The cost of 5-FU-plus-levamisole
therapy for stage III colon cancer per
year of life saved is less than $5,000,
which represents a highly favorable cost-
benefit relationship for a medical inter-
vention. Although this analysis used 12

months of 5-FU plus levamisole as the
reference regimen, it is clear that 5-FU
plus leucovorin given for six months
should be at least equally, if not more,
cost-effective.

Future Directions

The clinician treating a patient with
colon cancer at the present time has sev-
eral options for adjuvant therapy. In pa-
tients with stage III colon cancer, therapy
with 5-FU-based regimens clearly in-
creases overall and disease-free survival.
It is also apparent that the results that
have been obtained thus far with these
regimens are not perfect. Therefore, pa-
tients should always be offered the op-
tion of participating in a clinical trial.
Many such trials are available, and Table
8 lists currently active cooperative group
studies in the United States.

FLUORINATED PYRIMIDINES

Although most active clinical trials for re-
sected stage III colon cancer are testing
permutations of intravenous 5-FU, a
number of new agents of interest are be-
ing, or will be, evaluated in clinical trials.

A series of new orally administered
fluorinated pyrimidine compounds, for
instance, are of particular interest in
colon cancer. One such compound, an
orally administered combination’! of the
fluorinated pyrimidine Tegafur, the dihy-
dropyrimidine dihydrogenase (DPD) in-
hibitor uracil, and leucovorin, is currently
being tested in the NSABP CO-6 trial.
This oral fluorinated pyrimidine com-
pound (UFT) is being compared with the
standard regimen of 5-FU and high-dose
leucovorin, as was used in previous NS-
ABP studies.

This two-arm study, having an ac-
crual goal of over 2,100 patients, is of
great importance because, as an oral
therapy, UFT would be preferred to cur-
rent intravenous regimens for patients
with resected colon cancer if it is shown
to be active and well-tolerated.
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Table 8
Current Colon Cancer Adjuvant Trials
Study Accrual Goals Regimen
Intergroup-0136 800 Perioperative 5-FU intravenous infusion followed by
5-FU-+levamisole beginning 4 weeks postoperatively
Versus
5-FU-+levamisole beginning 4 weeks postoperatively
Intergroup-0153 1,500 Prolonged continuous infusion 5-FU-+levamisole
Versus
Bolus 5-FU, leucovorin-+levamisole
NSABP CO-6 2,100 5-FU+leucovorin
Versus
UFT
5-FU=fluorouracil; NSABP=National Surgical Adjuvant Breast and Bowel Project;
UFT=Tegafur+uracil+leucovorin (oral therapy)

At least two other fluorinated pyrim-
idines are currently in clinical trials and are
likely to be included in future studies of
adjuvant therapies. One of these therapies
is the combination of oral 5-FU and the
DPD inhibitor 776C85.2 The compound
776CS8S significantly differs from uracil in
its biologic effect upon DPD because
776C85 is an irreversible inactivator of the
enzyme, whereas uracil is a competitive in-
hibitor. 776C85 is capable of very com-
plete inactivation of DPD, making small
oral doses of 5-FU clinically effective.

For example, in a phase I study>® of
5-FU and 776C85 given on a 28-day
schedule, the effective oral dose of 5-FU
was found to be only 1.15 mg/m?*day.
The 776C85/5-FU combination is cur-
rently being widely tested in advanced
gastrointestinal cancers, and in the near
future, will be compared with continu-
ous infusion 5-FU in a phase III metasta-
tic colon cancer study being conducted
by the United States intergroup.

This comparative study is of particu-
lar interest because all of the oral fluori-

nated pyrimidine formulations have
pharmacokinetics®* similar to those of in-
travenously administered 5-FU by con-
tinuous infusion, producing continued
low levels of plasma 5-FU. If the oral flu-
orinated pyrimidines are found to be ef-
fective and safe—and particularly if they
are judged to be equivalent to low-dose
continuous infusion intravenous 5-FU—
then they will rapidly replace continuous
infusion as a standard of care, eliminating
the need for the catheters and pumps re-
quired for intravenous continuous infu-
sion therapy.

A final oral fluorinated pyrimidine
of interest is capecitabine, which is a pro-
drug of 5-FU recently approved in the
United States for third-line therapy of
advanced breast cancer. Capecitabine, a
prodrug® that depends upon carboxyl es-
terase and thymidine phosphorylase en-
zymes for activation, is of interest be-
cause it may be preferentially activated
in tumors compared with normal tissues.
Preferential activation at the tumor cell
may increase the therapeutic index by
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Figure

CPT-11 Adjuvant Therapy Study

5-FU 500 mg/m?
Leucovorin 500 mg/m? weekly x 6
followed by 2 weeks’ rest
(4 cycles = 32 weeks)

u— Randomize —{}

5-FU 500 mg/m?
Leucovorin 20 mg/m?
CPT-11 125 mg/m? weekly x 4
followed by 2 weeks’ rest
(5 cycles = 30 weeks)

The two treatment arms of a proposed clinical trial comparing a standard regimen with one to which CPT-
11 has been added. This study, which will compare 5-FU plus high-dose leucovorin with 5-FU plus leu-
covorin plus CPT-11, has been proposed as the next major Intergroup adjuvant therapy trial.

producing higher cytotoxicity in colon
cancer cells compared with non-neoplas-
tic cells. If it proves effective in advanced
colon cancer, capecitabine is certain be
tested in the adjuvant setting.

OTHER DRUGS
Oxaliplatin

Although it has been demonstrated that
both cisplatin and carboplatin have no ef-
ficacy in advanced colon cancer, oxali-
platin®*—a neurotoxic platinum analogue
with clinically insignificant renal and
bone marrow toxicity—does appear to
have activity in advanced colon cancer.
Oxaliplatin has been shown in European
studies to enhance the response rate ob-
tained with 5-FU.

A recent study from France’
demonstrated that the response rate
with 5-FU increased from 26% to 57%
with the addition of oxaliplatin. Further
studies are underway to confirm the ac-
tivity of oxaliplatin combined with fluo-
rinated pyrimidines and to define
whether any survival benefit results from
use of this combination in advanced col-
orectal cancer. The 5-FU-plus-leucov-
orin-plus-oxaliplatin regimen is current-

ly slated to be one of the treatment arms
in the CO-7 trial, the NSABP’s upcom-
ing large bowel adjuvant therapy study.

CPT-11

The only drug other than fluorinated
pyrimidines approved in the United
States for the treatment of advanced
colon cancer is CPT-11.% Adjuvant
therapy combining CPT-11 with 5-FU
plus leucovorin (see Figure) has been
proposed, and a trial comparing 5-FU
plus leucovorin (high-dose regimen)
with 5-FU plus leucovorin plus CPT-11
has been designed. In the 5-FU-plus-
leucovorin-plus-CPT-11 arm, the leu-
covorin dose has been reduced to 20
mg/m? from 500 mg/m? to reduce the po-
tential for serious diarrhea. This study
(Figure) will soon be activated as the
next major intergroup adjuvant therapy
study and will be initiated in the United
States within the next year.

Summary

In summary, adjuvant therapy of col-
orectal cancer is now a widely accepted
standard of care for patients with stage
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III disease and is an area of particularly
active investigation by clinical and labo-
ratory-based oncologists. The standard
of care for patients with resected colon
cancer has clearly been significantly im-
proved by the widespread use of 5-FU
plus leucovorin. Many exciting areas of
investigation remain to be explored in
the adjuvant therapy setting, including
definition of the roles of new oral fluori-
nated pyrimidines, evaluation of the val-
ue of non-fluorinated pyrimidine drugs,
such as camptothecin and platinum ana-
logues, and further study of sophisticat-
ed immunotherapies.

Moreover, there is no doubt that
therapeutic studies targeting molecular
genetic abnormalities of tumor cells will
begin in the near future. All of this in-
novative clinical and basic science fo-
cused upon the improvement of adju-
vant therapy bodes well for the care of
patients with resected colon cancer,
now and in the future.
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