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is likely multifactorial, and several mechanisms have been im-
Background: National Surgical Adjuvant Breast and Bowel plicated, including the abrogation of 5-FU-induced augmenta-
Project (NSABP) protocol C-03 showed a benefit from leu- tion of thymidylate synthase protein levels and enhanced nge-
covorin (LV)-modulated 5-fluorouracil (5-FU) adjuvant tabolism of 5-FU to the active nucleotide forms, via increaséd
therapy (5-FU + LV) in patients with Dukes’ stage B or C levels of thymidine phosphorylagd—6). Furthermore, studies$
carcinoma of the colon. Preclinical and clinical phase I/ll performed on cultured colon adenocarcinoma cells showed @at
data suggested that interferon alfa-2a (IFN) enhanced the this enhancement could be attained at clinically achievable cgn-
efficacy of 5-FU therapy. Accordingly, in NSABP protocol centrations of IFN and L\(7). Studies in murine models sug=.
C-05, the addition of recombinant IFN to 5-FU + LV adju- gested that IFN selectively protected normal tissue from @e
vant therapy was evaluated Methods:Data are presented for untoward effects of 5-FU, which permitted 5-FU-dose escalatign
2176 patients with Dukes’ stage B or C cancer entered onto and improved efficacy8,9). Pharmacokinetic studies performed
protocol C-05 during the period from October 1991 through 0n patients with colon cancer indicated that coadministrationZf
February 1994. Individuals with an Eastern Cooperative 5-FU and IFN resulted in a decrease in 5-FU clearance, a pro-
Onco|ogy Group performance status of 0-2 (ranges from |0ngati0n of 5-FU half'”fe, and a 1.5-fold increase in 5-Fl§
fully active to ambulatory and capable of self-care but un- €xposure. Although the addition of LV appeared to abrogate the
able to work), a life expectancy of at least 10 years, and IFN-induced changes in 5-FU kinetics, this latter observatign
curative resection were stratified by sex, disease stage, anda@s thought to be of particular relevance and served as a mﬁior
number of involved lymph nodes and were randomly as- rationale for protocol C-0%10,11). _ _ &
signed to receive either 5-FU + LV or 5-FU + LV + IFN; the Several uncontrolled clinical trials in patients with advancéd
mean time on the study as of June 30, 1997, was 54 monthsdastrointestinal adenocarcinomas offered supporting evide;ﬁgce
All statistical tests were two-sided.Results: There was no for the use of IFN as a 5-FU modulator. Wadler et @2) =~
statistically significant difference in either disease-free sur- "€POrted a 76% objective response rate with 5-FU + IFN in §7
vival (5-FU + LV, 69%; 5-FU + LV + IFN, 70%) or overall previously untregted patients Wlth. metast_atlc.dlsease. Althodgh
survival (5-FU + LV, 80%; 5-FU + LV + IFN, 81%) at 4 other phase Il trials failed to dupI.|cate this high response rage,
years of follow-up. Toxic effects of grade 3 or higher were _they nevgrthel_ess seemed to confirm that 5-FU + ”:.N was actf«/e
observed in 61.8% of subjects in the group treated with 5-FU in gastrointestinal cancers. The Eastern .Cooperatlve Oncolegy
+ LV and in 72.1% of subjects in the group treated with Group phase i Smdyls)’.EST |_3-2289, reglstered_36 _assessalge
5-FU + LV + IFN; fewer patients in the latter group com- chemotherapy-naive patients in whom a 42% objective respogse

. rate was demonstrated. Studies involving chemotherapy-naiyve
pleted protocol-mandated 5-FU + LV therapy than in the patients from The University of Texas M. D. Anderson Hospital
former group (77.1% versus 88.5%).Conclusion: The addi- "

) : (Houston, TX) and Memorial Sloan-Kettering Cancer Cent§r
t!or) of ”:N tq 5 FU+LV .adjuva.nt t“e“”?py confers no sta- (New York, NY) demonstrated a 35% objective response rate“in
tistically significant benefit, but it does increase toxicity. [J N
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45 assessable patients and a 26% objective response rate inT8B8e 1. Patient entry and distribution according to selected characteristics*
assessable patients, respectivély,15). The National Cancer ] )

. Control arm:  Treatment arm:
Institute (NCI), Bethesda, MD, conducted a phase Il study efaracteristic 5.-FU+ LV 5-FU + LV + IFN
5-FU + LV + IFN in patients with metastatic colon cancer; at the

conclusion of that study, an objective response rate of 54% W'\é?ﬁgf .ﬁiﬂg.”ﬁfe randomly assigned 11g88 211088
noted in 44 assessable patients who had received no prior 5-FNb. eligible without follow-up 1 7
treatment(10). No. eligible with follow-up 1069 1060
As a consequence of these findings, the NSABP implementideln time on study, mo 54 54
protocol C-05 to evaluate the role of the addition of IFN to 5-FWge, yt
and LV in patients with Dukes’ B or C colon cancer. Preliminary =39 45183 ‘5‘%
findings from this study have been presented in abstract form ' '
. . . . ex
(16); the present article reports the first full analysis of the datgl.,vIale 551 550
Female 44.9 45.0
PATIENTS AND METHODS
Race'
Patient Eligibility, Randomization, and Protocol Design \é\fgglf 8;;‘ 8?_‘2
Other 5.9 6.1

NSABP protocol C-05 was initiated in October 1991; accrual was completed
at the end of February 1994, after 2176 patients had been entered into the trial. o
Eligibility criteria required that patients have a histologically confirmed Duked?ukes’ classification

nknown 0.0 0.1

stage B or C lesion of the colon and that random assignment and the commenc tage B 43.8 44.4
ment of treatment occurred within 42 and 49 days of curative resection respec—tage ¢ o

. ) . . 1-4 positive lymph nodes 42.4 425
tively. A colon cancer was defined as any lesion of the large bowel that did not  _g positive lymph nodes 13.7 13.1

require opening of the pelvic peritoneum to define the distal extent of the tumor.  ynknown No. of positive lymph nodes 0.2 0.0
Criteria for anatomic location within the colon were described previo(Ty. .

, e A ; S ) gcation of tumor
Dukes’ classification was according to the classical criteria for carcinoma of the,

rectum as subsequently modified for carcinoma of the c¢l@). Dukes’ stage Right i?g }125
B lesions were characterized by extension of the tumor through the musculariRectosigmoid 375 35.0
propria into the pericolic tissue without regional lymph node involvement (T3-4, Multiple 2.6 2.1
NO); Dukes’ stage C tumors were those having regional lymph node metastasdgnknown 0.1 0.0

with any depth of tumor penetration (T1-4, N1-3). Patients with tumors thae
extended beyond the scope of curative operative resection were ineligible for this5-FU = 5-fluorouracil; LV = leucovorin; IFN = interferon alfa-2a.
protocol (19). tValues are percent of eligible patients with follow-up.
Patients with more than one synchronous primary colon tumor, intestinal
obstruction, or direct extension of the tumor into adjacent structures were eli- o
gible, provided that the tumor could be reseataclocwith no residual disease. randomly assigned to the treatment arm received the identical (5-FU + L%/)
Patients were ineligible if they were pregnant, had a concomitant or previdiherapy along with IFN (5 x 10U/m?) administered subcutaneously beginnin%
cancer (except squamous or basal cell carcinoma of the skin or carcin@iia 24 hours before the first dose of 5-FU + LV and then daily immediately befcte
of the cervix), an Eastern Cooperative Oncology Group performance statiemotherapy for the first 5 days of each cycle. A seventh dose of IFN was giv:en
worse than 2, or nonmalignant systemic disease precluding administration of 2dehours after the last dose of 5-FU + LV in each cycle. The sequence ahd
assigned therapy. Additional ineligibility criteria included a life expectancy lesstervals of the administration of IFN, LV, and 5-FU were based on previou
than 10 years or prior treatment (other than operative resection) of the cofmblished informatior{10,22).Recombinant IFN (Roferon-A) was supplied bys
cancer. Patients were required to have adequate renal and hepatic functioRahe Laboratories, Inc., Nutley, NJ, and was distributed by the Pharmaceutizal
well as adequate blood cell counts. Managerial Branch of the NCI. In both the control and the treatment groups, dgse
Patients were randomly assigned by the NSABP Biostatistical Center to reductions were initiated according to the directives of the protocol, and a new
ceive either 5-FU + LV (control arm) or 5-FU + LV + IFN (treatment arm). Totreatment cycle was not to be begun beyond 6 months, regardless of dose njpdi-
ensure equal distribution of prognostic factors between treatment groups, tréiagtions or delays. o
ment assignments were balanced by institution, sex, and lymph node status (O,
1-4, or=5) by use of a biased coin minimization algorithi20,21). As a Follow-up and Diagnosis of Treatment Failure

consequence of random assignment, other patient characteristics were also bal- ) . . =
anced between the treatment groups (Table 1) Before each course of therapy, patients received a physical examinationhe-

Thirty-nine (1.8%) of 2176 patients randomly assigned to treatment wdnatologic evaluation, and renal and liver function tests. Nadir hemograms were
found to be ineligible (18 on the control arm and 21 on the treatment arnj§Peated at days 15 and 21. These tests were conducted every 3 months thfgugh

Reasons for ineligibility included the following: Dukes' stage A (two patients)]€ 2nd year and every 6 months in the 3rd through the 5th years. The diagrivsis
Dukes’ stage D (10 patients): rectal primary tumors (seven patients); eitl‘?érf'rSt treatr_nem failure was made only when protocol-defined clinical and
concomitant or previous cancer (four patients); tumor with free perforation (4g20ratory criteria for such an event were met. Tumor recurrence was proven by
patients); noncurative surgery, including involved adjacent structures not FSSU€ examination whenever possible. Findings characterized as suspicious did
moveden bloc(five patients); involved margins (three patients); late randonflOt constitute sufficient criteria for treatment failure. When positive cytology or

ization (one patient); and consent refusal (one patient). An additional eing?pSY was not available for_ a suspected _Iiver recurrence, any three _Of the
patients were without follow-up. ollowing that were not associated with previously documented benign disease

were taken as evidence for recurrence: recent or progressive hepatomegaly;
Chemotherapy and IFN abnormal liver contour; positive radionuclide liver scan, sonogram, or magnetic

resonance or computed tomographic scan; abnormal liver function studies; and

Patients randomly assigned to the control group received six 28-day cyclekevated carcinoembryonic antigen (CEA) level.

each cycle consisted of LV (500 mg#nas a 30-minute intravenous infusion Radiographic evidence of lytic, blastic, or mixed lesions on plain films, with
daily for the first 5 days of each cycle followed by 5-FU (370 m@/miven by  or without bone scan confirmation, was necessary for the diagnosis of skeletal
intravenous bolus 1 hour after the completion of each daily LV infusion. Thimetastases. A bone scan consistent with bony metastases in a patient with bone
regimen was a departure from the monthly administration of 5-FU + LV used pain was regarded as positive, as were progressive bone scan changes over a
other NSABP studies in order to comply with the NCI schedd/®). Patients 4-week period in asymptomatic patients. Histologic proof of bony metastases

o1e/10ul/Wwod dno olwapese)/:sdyy WwoJj papeojumoq
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was obtained whenever possible. Pulmonary metastases required either positi@urves for OS and curves for DFS were estimated by use of the Kaplan—Meier
cytology or biopsy or the presence of multiple pulmonary nodules consistenethod, and statistical comparisons were made by use of the logrank test strati-
with pulmonary metastases. fied by sex, stage of disease, and lymph node status. The Cox proportional

Radiologic studies were performed as required by the protocol during the firgizards model was used to compute relative risks (RRs) and 95% confidence
5 years of follow-up. A chest x-ray and barium enema and/or endoscopic éxtervals (Cls), to examine the effect of prognostic variables, and to test for
amination was performed every 12 months. CEA levels were determined eviergractions between treatment and covariates. Treatment-by-covariate interac-
6 months, and investigation of elevated CEA levels was performed at the disn terms were added one at time, and Wald tests were used to test for signifi-
cretion of the clinical investigator. cance. All reported® values are two-sided.

Follow-up forms were to be submitted for each patient on a quarterly basis forBecause the two treatment arms differed in terms of the percentage of patients
the first 2 years, on a semiannual basis for the next 3 years, and yearly thereafitding to begin their assigned therapy, DFS and OS comparisons were also
Data for this analysis are current as of June 30, 1997. The mean time on stpdsformed only on that cohort of eligible patients who accepted and started their
(time from surgery to June 30, 1997) was 54 months (range, 41-70 montlegsigned treatments. Similarly, because drug delivery differed as a result of
Sixty-five percent of eligible patients had known 4-year disease-free survivatreased toxicity on the treatment arm, several exploratory analyses were car-
(DES) status; i.e., 65% either had had an event prior to 4 years or had beed out that adjusted for differences in drug delivery between treatment and
followed for more than 4 years; 59% of eligible patients had known 4-yeaontrol arms in patients who accepted the assigned treatment. Cox proportional
survival status. These percentages were virtually identical on both treatmkatzards models were used to compare the arms after stratification for sex, stage
arms. Of the 1696 eligible patients alive at last follow-up, 90% have submittefl disease, and number of positive lymph nodes, in which time-dependent co-

follow-up within the past year. variates were used to account for differences in 5-FU doses. Dosages were
) o calculated as the proportion of total dose received, relative to the total dgse
Quality Control and Data Monitoring scheduled up to that point in time. In order to avoid bias in survival comparisags

caused by the termination of protocol therapy at the time of a treatment failuze,

Mechanisms were in place to monitor adjuvant therapy compliance, acyt@ proportion of scheduled dose received was fixed thereafter at its pre-faifire
toxicity, and long-term complications of protocol therapy on an ongoing basigvel. Toxicity data are reported and summarized for all patients, regardles§-of
Participating physicians submitted copies of the dictated surgical and pathol@mibnny status.
reports and were asked to submit blocks and slides of the surgical specimens.
This information was used whenever needed to verify data provided at the tiREESULTS
of randomization and on data entry forms. Follow-up forms were screened for
consistency and, where appropriate, were reviewed by NSABP HeadquargssS and OS Comparison
medical review staff.

Treatment and toxicity reports were submitted after each course of therapy. Those patients randomly assigned to receive 5-FU + LV3+

An additional report evaluating toxicity was submitted 90 days after the compl . . o
tion of chemotherapy and thereafter only in the event of severe or unusual t ﬁ':N did not have a better DFS than did those who were ran

0Xic . .
side effects. In the event of life-threatening toxic reactions, the institution iné—omly aSS|gned to receive 5-FU + LV (RR 0.93;P = .34 g
mediately notified the NSABP Biostatistical Center. Monthly toxicity report95% Cl = 0.80-1.08) (Fig. 1). At 4 years of follow-up, the DF%
were generated throughout the trial, and overall summaries of toxic effects dout patients randomly assigned to receive 5-FU + LV + IFN W:?g's
severe foxic reactions were reviewgs). 70% (95% Cl= 68%-73%) compared with 69% (95% Gi
66%—72%) for the group treated with 5-FU + LV. Likewis
there was no significant OS difference (RR 0.92;P = .41,
The study was initially designed to accrue 1545 patients. This sample size @3% CI = 0.76-1.11) (Fig. 2). At 4 years, OS was 81% (95%
chosen to provide a two-sided .05-level comparison of survival having powg = 78%-83%) for patients randomly assigned to receive

equal to 0.81 against the alternative hypothesis of a 31% reduction in mortagyFU + LV + IFN and 80% (95% Cl= 77%—82%) for those >
(85.7% versus 80.0% 4-year survival) and was based on mortality rate estimates N

derived from NSABP protocol C-03, an assumed accrual rate of 100 patients [)%pdomly aSSIQn,ed to recelve_ 5-FU + LV. Recurrence as a fFES't
month, and an assumed ineligibility rate of 3%. It was projected that a sam§¥€Nt occurred in 22.4% patients on the treatment arm amﬁm
size of 1545 patients would result in a sufficient number of events to permit t2t.0% patients on the control arm (Table 2); 19.5% of patiefits
definitive analysis 5 years after the initiation of the study. The protocol algp the treatment group and 21.1% of those who received 5-FJ +
specified semiannual interim analyses to begin after 30 deaths had been ob- &
served.

Subsequent monitoring of dose modifications and compliance to thergpy
raised concerns that the estimated treatment effect might be attenuated by a
greater than expected dropout rate on the experimental arm. Calculations $ug-
gested that a 31% reduction in mortality rate could be attenuated to as littlg as
a 25% reduction based on the drug delivery pattern observed up to that point in
time. Accordingly, the protocol was amended on September 13, 1993, to increjase
the target sample size to 2108 patients. (Actual accrual was 2176 patier|ts.)
Definitive analysis was rescheduled to take place following the 388th total defth
in order to maintain the desired power of 81% against the attenuated mortdlity
reduction. Results reported here are based on all data received at the NSABP
Biostatistical Center as of June 30, 1997, at which point there were 433 degths — 5-FU+LV
(both groups included) among eligible patients. | S-FU+LV+IFN

End-point definitions. The primary end points in the study were DFS an 0 ] N
overall survival (OS). DFS was defined as the time from surgery to either the Years
recurrence of colon cancer, occurrence of a second primary cancer, or d¢ath gcl’:-uof rﬁ;ients at risk
without evidence of recurrence or second primary. Deaths from all causes wiere 20/ * 1V lggg gsg ggg ;gg ggg
considered in the analysis of OS.

Survival comparisons between treatment groupsThe primary treatment
comparisons regarding DFS and OS were based on the cohort of eligible pati¢tigs 1. Disease-free survival: 5-FU + LV versus 5-FU + LV + IFN. 5-F&
with follow-up. Patients were analyzed as randomized, regardless of the tréafluorouracil; LV = leucovorin; IFN = interferon alfa-2a. Two-sidel value
ment and dose actually received. Virtually identical results were obtained wh&as determined with the use of the logrank test stratified by sex, stage of disease,
ineligible patients were also included. and lymph node status.
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(P<.0001) or OS (P<.0001). Patients with one to four positive

lymph nodes had an RR for mortality of 2.28 when compared
with patients with negative lymph nodes. Patients with five or

more positive lymph nodes had an RR of 6.46 when compared
with patients with negative lymph nodes.

Sites of Recurrence

Two hundred fifty-seven patients randomly assigned to the
control arm and 237 patients randomly assigned to the treatment
arm had a recurrence as the first event (Table 3). In roughly two
thirds of these patients, the recurrence was at a distant site. One
hundred sixty-six patients (15.5%) randomly assigned to the
control arm and 154 (14.5%) randomly assigned to the treatment

446

arm had distant recurrence (either singly or in combination) as a
Fig. 2. Overall survival: 5-FU + LV versus 5-FU + LV + IFN. 5-F& 5-flu- first ever;t with the liver being the most Commor:) site. There
orouracil; LV = leucovorin; IFN = interferon alfa-2a. Two-sidef value was WEr€ 6.8% of patients in the control group and 7.1% of Pat'e'gts
determined with the use of the logrank test stratified by sex, stage of disease, ¥hdhe treatment group who had treatment failure in the livgr
lymph node status. (approximately 30% of all first recurrences). As with the distaﬁ.t

recurrences, there was no significant difference in the incidefice

Table 2. Summary of treatment failures and other first events for eligible Of extrahepatic abdominal recurrences between the two tréat-

patients with follow-up* ment groups: 8.3% for 5-FU + LV and 7.6% for 5-FU + LV &=

FN. g
Control arm: Treatment arm: =
5-FU+LV  5-FU+LV+IFN Toxicity 8
No. % No. % g
_ _ Information related to toxicity following treatment was obS'
Alive, no TF, or second primary tumor 730 683 749 707 tained for 2140 patients (98%). Seventeen deaths among patignts
TF 257 240 237 224 on therapy were judged to be possibly treatment related; ninegof
Alive at last follow-up 75 7.0 74 h h | d h %
Dead 182 170 163 154 these patients were on the control arm and eight were on Zhe
Second primary tumor 51 48 47 44 treatment arm. Causes of these deaths included the foIIow@g
Prostate 9 12 five from sepsis, four from myocardial infarction, three from
Colon % 4 cardiac arrest, two from intracerebral hemorrhage, one fr@m
LBJ:S;‘;? e ‘é bowel obstruction, and two that were gastrointestinal relateda
Lung 5 3 Major nonhematologic toxicity23) occurred more frequently\
CR)ethum_ 2% 1% among patients receiving IFN. Thirty-six percent of patients $h
ther site
Alive at last follow-up 38 36 20 g the control group had a maximum toxicity grade of 3, wherefs
Dead 13 12 17 1.6 S
. B
Dead, No TF, or second primary tumor 31 2.9 27 25 Table 3. Site of treatment failure among 2129 eligible patients i
Total deaths 226 211 207 19.5 with follow-up* N
.. . . c
- [0]
Eligible patients with follow-up 1069 1060 Control arm: Treatment arm: 2
, , _ 5-FU + LV 5FU+LV+IFN 8
*TF = treatment failure; 5-FU= 5-fluorouracil; LV = leucovorin; IFN = (1069 patients) (1060 patients) N
interferon alfa-2a. ;
Site of recurrence No. % No. % &
c
. . 2]
LV have been reported to have died; 4.4% of patients wigdominal -
Anastomotic 20 1.9 22 21 o
received 5-FU + LV + IFN developed second primary tumors aSpgritoneal a4 41 34 30 N
a first event, compared with 4.8% of those patients receivingRetroperitoneal lymph nodes 14 1.3 13 1.2
5-FU + LV alone. One patient developed leukemia in each armMultiple abdominal sites 11 1.0 12 11
Subtotal 89 8.3 81 7.6
of the study; there were no other blood dyscrasias reported. Thet .
Stan
Q|str|but|on of secondary primary tumors as first events is showry ; ., 73 6.8 75 71
in Table 2. Lungs 33 3.1 23 2.2
When Cox proportional hazards models were used to test foF’ther 20 1.9 24 2.3
treatment-by-subset interactions, including interactions with Multiple ! 0.7 ! 0.1
Y- tions, 9 Subtotal 133 12.4 129 12.2
age, sex, the number of positive lymph node_s,_and t_um_qr IO(E,admbination of abdominal 33 31 25 24
tion, in no case did the results approach statistical significance. and distant sites
Cox proportional hazards models were also used to test patighiocumented 2 0.2 2 0.2
and tumor characteristics in order to determine which were of 5 gites 257 24.0 237 224

prognostic significance. The number of positive lymph node=

was the most important prognostic variable for either DFS*5-FU = 5-fluorouracil; LV =

Journal of the National Cancer Institute, Vol. 90, No. 23, December 2, 1998
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25% had grade 4. In the treatment group, 40% had a maximaimminal pain, chills, and rigor) in 3.9% of control patients and
toxicity grade of 3 and 31% had grade 4. The major toxic effecty.3% of patients receiving 5-FU + LV + IFN; grade 3 or higher
are summarized in Table 4. fever was seen in 0.7% and 1.8% of patients on the control and
Gastrointestinal toxicity. Grade 3 or higher diarrhea (sevenreatment arms, respectively. Asthenia of any grade was de-
or more bowel movements per day) was experienced by 28.8%ibed in 43.8% of patients on the control arm and in 54.1% of
of patients randomly assigned to the control arm and by 43.2384tients on the treatment arm; 4.3% of the patients on the control
of patients randomly assigned to the treatment arm. Gradear3n and 11.2% on the treatment arm had grade 3 asthenia. At
nausea (resulting in no significant oral intake) occurred in 6.3kandomization, the percentage of patients with performance sta-
of 5-FU + LV-treated patients as compared with 15.2% of 5-Ftuis greater than or equal to 1 was similar in the two arms (control
+ LV + IFN-treated patients. Five percent of patients on therm: 14.6%; treatment arm: 13.2%). By the beginning of the
control arm and 12.2% of patients on the treatment arm hadcond course, 19.1% of patients on the control arm had a per-
six or more episodes of vomiting over a single 24-houbrmance status greater than or equal to 1 as compared with
period; 1.6% of patients receiving 5-FU + LV required parer29.5% of patients on the treatment arm.
teral support compared with 6.2% of 5-FU + LV + IFN-treated _
patients. Grade 3 or higher stomatitis occurred in 16.6% of 5-FAfiequacy of Drug Delivery

- i 0 . - o
+ LV-ireated patients and 36.4% of 5-FU + LV + IFN-treated Of 2176 patients, 46 did not begin all their assigned theragy.

patients. On the control arm, eight patients did not begin treatment. &n

Livertoxicity. Liver function studies were obtained at day oadfj_itional two patients on this arm began their initial infusion éf

of each course. The aspartate aminotransferase levels werq_r\e} but treatment was discontinued prior to receiving any 5-Ft
. - . 0 ,

e;z:aendtsbgﬁot?:l 1clc\)r’nttlrrgle ;rtr:l]ecl;ﬁqpe;rggll\t,vﬁl;] nf2rm60a/l Ing.iti/oe';\)Nhen they experienced allergic reactions. Twenty-nine patie%ts

P P 07 of p T the treatment arm did not begin therapy. An additional fogr

on the treatment arm. A similar difference was seen in the lev%g}ients on the treatment arm accepted treatment with 5-FU +

of alanine aminotransferase. The alkaline phosphatase IeL@ but refused IFN treatment. Three more patients on the tre§t-

was elevated beyond 1.5 times of the upper limit of normal Went arm received their initial dose of IFN (course 1, day 0) bt

0 g : S
a?outt r4t/?1 Orf geglet?r;s onthelther arml]i.m-irthef br'l“rrurglr: :ﬁviL/Wziiscontinued treatment after experiencing substantial reactiqéws.
greater fan <. es the uppe of_norma ? “These patients received no 5-FU + LV on protocol and no &ti-

- - i i 0, - -
5-FU + LV-treated patients and in 0.6% of 5-FU + LV + IFN ditional IFN. Of the 46 patients not beginning therapy, 35 weage
3

Leate P, Mo patent s e o e verenes e Fbie win oo
g PP The distribution of the number of courses of 5-FU or IFN.

normal. received by those patients who began their assigned therapy is

Hematologic toxicity. Less hematologic toxicity was re- shown in Table 5. More of the assigned therapy was deIiverec%in

ported in patients on the treatment arm than on the control arim, : C e
. i . theé control arm than in the treatment arm. The proportion ©f
In particular, 31.2% of control patients had grade 3 or hlghar prop N

\ : . " 'batients receiving all schedul rses of 5-FU w. 596N
nadir granulocytopenia as compared with 12.7% of the patlet atients receiving all scheduled courses of 5-FU was 88.5%%

n the freatment arm ® control arm compared with 77.1% in the treatment arfd;
0 Fe\e/erejf are1 a:adé was reported in 14.5% of assianed 72.9% of patients on the treatment arm received IFN up to §x
y 9 P 70 g RBurses or treatment failure. In the large majority of cases, pa-

. X 0 .
tients on the contr_ol arm and in 49.8% O.f the patients on trt]i%{lt:s on the treatment arm discontinuing IFN also discontinu§d
treatment arm. This fever was accompanied by symptoms tha

were associated with flu-like syndrome (arthralgia, myalgia, ab-
c
Table 5. Number of courses of therapy received before discontinuation arfgl

percent of cumulative target dose received in patients beginning their assi%\ed
therapy (n= 2130)*

6 Aq

Table 4. Distribution of toxic effects £grade 3; greatest toxicity per patient)*

N
Control arm: Treatment arm: >
5-FU + LV 5-FU + LV + IFN Treatment arm, % &
¢
. (7]
No. of patients with toxicity data 1080 1060 Control arm, %: 5-FU  5-FU IEN-
o
No. of toxicity-associated deaths 9 8 No. of courses N
Average No. of courses per patient 5.6 5.0 1 4.0 11.4 12.8
o 14 5.1 6.7
Type of toxicity, % 3 2.1 2.9 3.8
Overall toxicity 61.8 721 4 1.7 20 21
Granulocytopenia (nadir) 31.2 12.7 5 23 1.4 1.7
Alopecia 2.3 6.3 6 orto TF 88.5 771 72.9
Nausea 6.3 15.2 .
Vomiting 50 12.2 % dose received
Headache 0.5 0.8 <50 8.5 20.6 24.1
Diarrhea 28.8 43.2 50.1-60.0 L9 40 21
Stomatitis 16.6 36.4 60.1-70.00 40 r4 2.9
Fever 0.7 1.8 70.1-80.0 5.9 14.2 5.4
Septic episode 35 25 80.1-90.0 17.7 17.9 9.8
Skin 32 57 90.1-100 61.9 35.9 55.8
Total No. of patients 1078 1052 1052

*5-FU = 5-fluorouracil; LV = leucovorin; IFN = interferon alfa-2a.
tOveral toxicity excludes alopecia, nadir grades, and weight gain or loss. *5-FU = 5-fluorouracil; IFN = interferon alfa-2a; TF= treatment failure.
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5-FU + LV at the same time. Table 5 also shows the percentad@escussion
of total 5-FU (in terms of mg/f) or IFN (1 units/nf)
received among the patients beginning their assigned therapyQur results are, to our knowledge, the first from a large,
61.9% of patients on the control arm received greater than 90&mdomized clinical trial comparing 5-FU + LV and 5-FU + LV
of the target total of 5-FU as compared with only 35.9% of IFN administered after surgery in patients with Dukes’ B or C
patients on the treatment arm. In addition, slightly over hatblon cancer. The data are consistent with the hypothesis that
(55.8%) of patients on the treatment arm received greater theystemic adjuvant therapy with 5-FU + LV + IFN was not su-
90% of the targeted total IFN dose. perior to treatment with 5-FU + LV alone. While these results do
On the control arm, 124 patients discontinued therapy prior tot preclude the possibility of some benefit, they do indicate that
the completion of six cycles or treatment failure; 62 of the dighe benefit, if any, is likely to be small; the 95% CI for the RR
continuations (50.0%) were patient withdrawals due to toxaf recurrence ranged from 0.80 to 1.08. Furthermore, there was
effects; 26 of the discontinuations (21.0%) were physician withittle indication that IFN was of benefit in any patient subset,
drawals due to toxic effects; 36 of the withdrawals (29.0%) wegsince there was no statistically significant interaction between
for reasons other than toxic effects. On the treatment arm, 28% effect of treatment and age, sex, or the number of positive
patients discontinued some or all of their therapy prior to tHgmph nodes.
completion of six cycles or treatment failure; 178 discontinua- The outcomes seen in the control arm of this study wexe
tions (62.5%) were patient withdrawals due to toxic side effectspmparable to those reported in the 5-FU + LV arm of NSABP
67 were physician withdrawals (23.5%) due to toxic side effectgtotocol C-04 (DFS at 4 years, 69% versus 68%; for OS, 8@@
40 of the withdrawals (14.0%) were for reasons other than toxiersus 79%). While no firm conclusions can be drawn fron

side effects. these across-protocol comparisons, the demographic and dis;é"ase
characteristics of patients accrued to the two protocols are simi-
Additional Analyses lar, and the results suggest that the monthly 5-FU + LV regimgn

used in the current study does not differ greatly in efficacy from

Because more patients on the treatment arm refused thbiz weekly regimen used in protocol C-0£24); Wolmark N, g
assigned therapy than did those on the control arm, DFS and R&kette H, Mamounas E, Jones J, Wieand S, chkerhamgL
comparisons were repeated after we restricted the analyses tana@uscript submitted for publication]. o
2094 eligible patients with follow-up who actually began their The overall toxicity was greater in the treatment arm thangn
assigned treatment, to determine whether the results of the e control group. Increased frequencies of nausea, vomitigg,
mary analyses were influenced by this imbalance. When treler dysfunction, diarrhea, stomatitis, asthenia, flu-like symE—
ments were compared by use of the logrank test stratified fmms, and fever were seen in the treatment arm relative to the
stage of disease, lymph node status, and sex, results were wenytrol arm. The increases in gastrointestinal toxic effects at the
similar to those that were obtained in the primary analyses: Fgnade 3 and higher levels were particularly statistically signii‘r
DFS, the RR (5-FU + LV + IFN versus 5-FU + LV) was 0.9 ( cant: nausea (6.3% versus 15.2%), vomiting (5.0% versgs
= .37); in contrast, for OS, the RR (5-FU + LV + IFN versusl2.2%), diarrhea (28.8% versus 43.2%), and stomatitis (16.6%
5-FU + LV) was 0.93 (P= .43). Inclusion of ineligible patients versus 36.4%). The decrease in hematologic toxicity associated
in these logrank tests gave almost identical results. with IFN remains speculative but is not inconsistent with fincﬁ

The difference in drug delivery between the control and treanigs from murine models in which IFN was shown to have?gl
ment arms raised the possibility that the lack of differences myeloid protective effec(8,9). As a consequence of overalf?
DFS and OS between the two arms may be due in part to tpeater toxicity, the average number of courses and cumulafive
discontinuation of effective therapy in the treatment arm. Taoses delivered per patient were different in the two arms; ﬁle
address this issue in an exploratory analysis, we compared #aglition of IFN to the 5-FU + LV combination resulted in more
two arms by fitting a Cox proportional hazards model to thigequent dosage reductions than were seen in the 5-FU + rL:V
cohort of eligible patients with follow-up who began their asalone arm. Moreover, a greater proportion of patients on tge
signed treatment. This model included a term representing theatment arm failed to begin their assigned treatment than tHgse
treatment comparison and a continuous term representing ¢imethe control arm (3.3% versus 0.9%). Consistent with t
amount of 5-FU received, expressed as a proportion of sch@tention-to-treat principle, these patients were included in tﬁe
uled dose. To avoid bias caused by the cessation of protopdmary treatment comparison, since it is generally recognized
therapy following treatment failures, the 5-FU dose was mothat their exclusion could significantly bias resu@s). In order
eled as a time-dependent covariate, as described in the “Patigot@scertain whether this imbalance influenced conclusions, a
and Methods” section. The model also included stratificatiosecondary comparison of the two arms included only those pa-
variables representing stage of disease, lymph node status, tiemts beginning their assigned therapy. The estimated RRs de-
sex. Results were as follows: For OS, RR0.91 (P = .34); for rived from this comparison were nearly identical to those ob-
DFS, RR= 0.94 (P = .46). Similar results were obtained fromtained in the primary comparison, providing assurance that the
models in which the 5-FU dose was modeled categoricaltijfferential treatment refusal had little impact on the results.
(=50% of scheduled dose; 51%—80%; 81%—90%; 91%—-100%)A potential confounding influence in the interpretation of the
and in models in which both the 5-FU and the IFN dosages wagsults of this study is caused by the fact that patients accrued to
treated as continuous variables. The adjustment for drug delivéing IFN arm received a lower proportion of their assigned
had little effect on the estimated RRs for either mortality dherapy because of increased toxic effects. The question as to
treatment failure. whether the addition of IFN to 5-FU + LV would have improved

0
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patient OS and DFS if drug delivery rates had been equivalent @® Ligo M, Chapekar MS, Glazer RI. Synergistic antitumor effect of fluoro-
both arms is clinically and pharmacologically relevant. While pyrimidines and polyinosinic-polycytidylic acid against L1210 leukemia.
additional exploratory analyses were performed to address 31 Cancer Res 1985;45:4039-42.

0

. . b hasized th h hod is b Grem JL, Jordan E, Robson ME, Binder RA, Hamilton JM, Steinberg SM,
Issue, It must be emphasized that any such metnod Is base et al. Phase Il study of fluorouracil, leucovorin, and interferon alfa-2a in

assumptions that are not fully verifiable and that could lead t0 metastatic colorectal carcinoma. J Clin Oncol 1993; 9:1737—45.

biased comparisons. These analyses attempted to adjust for @ify Schuller J, Czejka MJ, Schernthaner G, Fogl U, Jager W, Micksche M.
ferences in the amount of 5-FU delivered in the control and [Influence of interferon alfa-2b with or without folinic acid on pharmaco-
treatment arms, leading to compliance-adjusted RR estimates, kinetics of fluorouracil. Semin Oncol 1992;19(2 Suppl 3):93-7.

The adjusted estimates turned out to be similar to the unadjus Wadler S, Schwartz EL, Goldman M, Lyver A, Rader M, Zimmerman M,
et al. Fluorouracil and recombinant alfa-2a-interferon: an active regimen

estimates; the_re WQS little _ewdence O_f a sharp 5-FU d_ose— against advanced colorectal carcinoma. J Clin Oncol 1989;7:1769-75.
response relationship for either mortality or treatment failug@s) wadler S, Lembersky B, Atkins M, Kirkwood J, Petrelli N. Phase Il trial
rate. Similarly, models that simultaneously corrected for varia- of fluorouracil and recombinant interferon alfa-2a in patients with ad-
tions in 5-FU and IFN doses did not indicate a statistically vanced colorectal carcinoma: an Eastern Cooperative Oncology Group
significant benefit for the addition of IFN to the 5-FU + LV Study. J Clin Oncol 1991;9:1806-10.

. Th f hile i . ible that the additi %4) Kemeny N, Younes A, Seiter K, Kelsen D, Sammarco P, Adams L, et al.
regimen. erefore, while itremains possible that the addition Interferon alpha-2a and 5-fluorouracil for advanced colorectal carcmomoa

IFN to the 5-FU + LV regimen could prove effective if delivery  assessment of activity and toxicity. Cancer 1990;66:2470-5.
could be accomplished with substantially less toxicity and bett@p) Pazdur R, Ajani JA, Patt YZ, Winn R, Jackson D, Shepard B, et al. Phie

compliance, exploratory analyses of data from this protocol do study of fluorouracil and recombinant interferon alfa-2a in prewous%
not suggest this to be the case untreated advanced colorectal carcinoma. J Clin Oncol 1991;8:2027-

. . -, Wolmark N, Bryant J, Smith R, Grem J, Hyams DM, Atkins J, etal. T
The data falil t‘? support the hypoth.e5|s _that the addmon gfe) relative efﬂcac;/ofs FU + leucovorin (FU- LX/) and 5-FU-LV + Interferorrlt:
IFN to 5-FU + LV is superior to systemic adjuvant therapy with  aifa-2a (IFN) in patients with Dukes’ B and C carcinoma of the colon: first
5-FU + LV alone. Furthermore, the addition of IFN increases report of NSABP C-05 [abstract]. Proc ASCO 1998;17:255a. S
overall toxicity and adversely affects patient compliance witf7) V\Ilomaka W'etand HSf ROCkettfetHE F;Sheth G'ZSZA '—laV\gincetwg
al. The prognostic significance of tumor location and bowel obstruction
pl’OtOCOl -mandated therapy. Dukes B and colorectal cancer. Findings from the NSABP clinical trla%
Ann Surg 1983;198:743-52.
(18) Dukes CE. The classification of cancer of the rectum. J Pathol Bactemol
(1) Wolmark N, Rockette H, Fisher B, Wickerham DL, Mamounas E. Leu-  1932;35:332-9. 5
covorin-modulated 5-FU (LV-FU) as adjuvant therapy for primary colof19) Zubrod CG, Schneiderman M, Frei E, Brindley C, Gold G, Schnider B, et
cancer: NSABP C-03 [abstract]. Proc ASCO 1993;12:A578. al. Appraisal of methods for the study of chemotherapy in man: comp I
(2) Wolmark N, Rockette H, Fisher B, Wickerham DL, Redmond C, Fisher  tive therapeutic trial of nitrogen mustard and triethylene thlophospho-

ER, et al. The benefit of leucovorin-modulated fluorouracil as postopera- 'amide. J Chronic Dis 1960;11:7-33. =

tive adjuvant therapy for primary colon cancer: results from National suf0) Pocock SJ. Allocation of patients to treatment in clinical trials. B|ometr|(§$
gical Adjuvant Breast and Bowel Project protocol C-03. J Clin Oncol 1979;35:183-97.
1993:11:1879-87. (21) Efron B. Forcing a sequential experiment to be balanced. Biometrika 19%2
(3) Wadler S, Wersto R, Weinberg V, Thompson D, Schwartz EL. Interaction 58:403-17.
of fluorouracil and interferon in human colon cancer cell lines: cytotoxi€22) Swain SM, Lippman ME, Egan EF, Drake JC, Steinberg SM, Allegra (ﬂ
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