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Abstract Background. Colorectal cancer occurs in ap-
proximately 150,000 people each year in the United
States. Prognostic assessment influences the treatment of
patients with colorectal cancer, including decisions about
adjuvant therapy. We evaluated chromosome 18q allelic
loss, a genetic event associated with tumor progression,
as a prognostic marker for this disease.

Methods. We. developed procedures to examine the
status of chromosome 18q with microsatellite markers and
DNA from formalin-fixed, paraffin-embedded tumors. Al-
lelic loss of chromosome 18q was assessed in 145 con-
secutively resected stage Il or lll colorectal carcinomas.

Results. Among patients with stage Il disease, the
five-year survival rate was 93 percent in those whose
tumor had no evidence of alielic loss of chromosome
18g and 54 percent in those with allelic loss; among
patients with stage lll disease, survival was 52 and 38
percent, respectively. The overall estimated hazard ratio

ITH about 150,000 cases and 60,000 deaths an-

nually, colorectal cancer is one of the common-
est causes of death from cancer in the United States.!
Currently, determining prognosis and selecting pa-
tients for postoperative adjuvant therapy rely mainly
on pathological and clinical staging.?® Patients with
TNM stage I cancer (Dukes’ stage A: tumor confined
within the bowel wall, with no lymph-node metasta-
sis) usually have a normal life span, whereas pa-
tients with stage IV disseminated disease have a
very poor survival rate. However, predicting outcome
in patients with intermediate stages is difficult. Pa-
tients with stage II colorectal cancer (Dukes’ stage
B: tumor extending through the bowel wall, with-
out lymph-node metastasis) have a five-year survival
rate of about 70 percent, and those with stage III
disease (Dukes’ stage C: regional lymph-node metas-
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for death in patients whose tumor had chromosome
18q allelic loss was 2.83 (P = 0.008) according to uni-
variate analysis. Furthermore, chromosome 18q allelic
loss remained a strong predictive factor (hazard ratio
for death, 2.46; 95 percent confidence interval, 1.06 to
5.71; P = 0.036) after adjustment for all other evaluated
factors, including tumor differentiation, vein invasion,
and TNM stage.

Conclusions. The status of chromosome 18q has
strong prognostic value in patients with stage Il colorectal
cancer. The prognosis in patients with stage Il cancer and
chromosome 18q allelic loss is similar to that in patients
with stage Il cancer, who are thought to benefit from adju-
vant therapy. In contrast, patients with stage Il disease
who do not have chromosome 18q allelic loss in their tu-
mor have a survival rate similar to that of patients with
stage | disease and may not require additional therapy.
(N Engl J Med 1994;331:213-21.)

tasis) have a rate of only 40 to 50 percent.* Ad-
juvant therapy improves the outcome in subgroups
of patients, but it leads to substantial morbidity.>?
Better means of formulating the prognosis in patients
with colorectal cancer would improve the selection
of patients for adjuvant chemotherapy and radia-.
tion therapy.

Colorectal cancers result from the accumulation of
several distinct genetic alterations involving the K-ras
oncogene on chromosome 12 and tumor-suppressor
genes on chromosomes 5, 17, and 18.1%'2 The short
arm of chromosome 17 (17p) and the long arm of
chromosome 18 (18q) are frequently lost in colorectal
tumors. This observation led to the discovery that
inactivation of the p53 and DCC genes (located on
chromosomes 17p and 18q, respectively) probably
contributes to the neoplastic transformation of colo-
rectal epithelial cells.'®!* Although studies of the bio-
chemical mechanisms underlying the development of
colorectal cancer are just beginning, the genes in-
volved in this process have the potential to serve as
markers in diagnosis and prognosis.

We have previously shown that distant metastasis
of colorectal cancer is associated with deletions of
chromosomes 17p and 18q and more generally with
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chromosomal losses throughout the genome.'>!'¢ Oth-
er studies have also indicated that loss of chromosome
17p or chromosome 18q has prognostic value.'”!8
However, several problems have prevented the appli-
cation of these findings in a routine clinical setting.
The analyses have required fresh-frozen tissues, rela-
tively large quantities of DNA, and special procedures
to isolate cancer cells from stromal and inflamma-
tory cells within the tumor mass. In addition, South-
ern blot analysis depends on the heterozygosity of re-
striction-fragment—length polymorphisms (RFLPs),
which are often absent in the chromosomal region of
interest.

To develop a practical molecular genetic test for
assessing the prognosis of patients with colorectal can-
cer, we used formalin-fixed paraffin-embedded sec-
tions as a source of DNA and highly polymorphic
microsatellite markers to determine the status of chro-
mosome 18q. Microsatellite markers are short-tan-
dem-repeat DNA sequences located throughout the
genome.'? They are readily assayed by polymerase-
chain-reaction (PCR) amplification of small amounts
of DNA and gel electrophoresis.?>?? The two allelic
forms of the microsatellites in normal cells, one inher-
ited from each parent, migrate on gel electrophoresis
as two bands of nearly equal intensity but different
sizes. Chromosomal losses in tumor tissues cause a
loss of one of the two PCR products or a change in
their relative intensities (Fig. 1). We used this tech-
nique to determine whether chromosome 18q loss is a
prognostic marker in colorectal cancer.

METHODS
Patients

One hundred forty-five samples of stage II or III sporadic colo-
rectal carcinoma were obtained for evaluation of the loss of chromo-
some 18q. They were obtained consecutively from curative surgical
resections of primary colorectal tumor performed at the Johns Hop-
kins Hospital between July 1986 and December 1990. This period
was studied because postoperative adjuvant chemotherapy was not
administered routinely to patients at this institution until 1991. The
tumor stage was based on pathological and clinical evaluation,
which included preoperative radiography, computed tomography,
and abdominal exploration at laparotomy.

Patients were excluded from the analysis if they had evidence of
hereditary non-polyposis colorectal cancer syndrome according to
the criteria of the International Collaborative Group,? had had
malignant tumor outside the colon within the previous five years,
had synchronous adenocarcinoma of the large bowel, had carcino-
ma associated with idiopathic inflammatory bowel disease, or had
received preoperative radiation or chemotherapy. Follow-up was
carried out through the Johns Hopkins Tumor Registry and was
based on chart reviews and yearly contacts with the physician or
patient. Follow-up findings were confirmed in all patients as of
September 1993. The clinical and pathological characteristics of the
tumors were determined by a gastrointestinal pathologist without
knowledge of the status of chromosome 18q, according to conven-
tional criteria.*

Tissue and DNA Preparation

In the pilot study for development of the method, DNA was
prepared from microdissected cryostat sections of frozen tumor tis-
sues as previously described.!® For the prospective study, DNA was
purified with modified methods for assessing allelic loss with
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PCR.%% Tissue sections 6 sm thick were obtained from surgical
specimens that had been fixed in formalin and embedded in paraffin
for routine histopathological examination. The slides were stained
with hematoxylin and eosin, dehydrated in graded ethanol, and
then dried without a cover glass. Regions containing at least 70
percent neoplastic cells were inked with a black marker (Sharpie,
Sanford Corp., Bellwood, Ill.) under a dissection microscope. The
black marking ink increased the density of the tissue and kept it at
the bottom of the tube after centrifugation. Tissues from 2 to 10
slides, each containing a blackened region of tumor 0.2 to 1 cm? in
area, were scraped off with a razor blade and transferred to a 1.5-ml
Microfuge tube. Non-neoplastic tissue from the same slide was then
marked and placed in another Microfuge tube. The collected tissue
samples were deparaffinized in 400 ul of xylene for 15 minutes and
pelleted by centrifugation at 10,000Xg for 2 minutes. After the xy-
lene was removed by pipette, the tissues were heated at 58°C for 15
minutes to remove the remaining xylene and incubated overnight at
58°C in a buffer containing 0.5 M TRIS (pH 8.9), 20 mM EDTA,
10 mM sodium chloride, 0.5 mg of proteinase K per milliliter, and
1 percent sodium dodecyl sulfate. The samples were boiled in a
water bath for 10 minutes at 100°C, cooled to room temperature,
and then extracted twice with an equal volume of phenol and chlo-
roform, as previously described.?’ DNA was precipitated with eth-
anol and dissolved in 30 ul of buffer containing 3 mM TRIS
(pH 7.5) and 0.3 mM EDTA.

Microsatellite Markers and PCR Amplification

Oligonucleotide primers for microsatellite markers from the
long arm of chromosome 18 were designed on the basis of pub-
lished sequences.” The following dinucleotide-repeat markers
and primers were used in the prospective study: D18S55,
5'GGGAAGTCAAATGCAAAATC3' and 5’AGCTTCTGAGTA-
ATCTTATGCTGTG3'; S18858, 5’'GCTCCCGGCTGGTTTT3’
and 5’GCAGGAAATCGCAGGAACTTS'; D18S61, 5'ATTTCT-
AAGAGGACTCCCAAACTS3' and 5’ ATATTTTGAAACTCAG-
GAGCATS3'; D18S64, 5’AACTAGAGACAGGCAGAA3’ and
5'ATCAGGAAATCGGCACTG3’; and D18869, 5'CTCTTTC-
TCTGACTCTGACC3' and 5'GACTTTCTAAGTTCTTGCCA-
G3'. The sequences of other primers used in the pilot study are
available from us on request. It was important to use primers that
produced a PCR product less than 180 base pairs in size, because
longer fragments did not amplify consistently with DNA purified
from paraffin-embedded sections. PCR-based dinucleotide-repeat
assays were carried out in 96-well plates for 30 cycles; each cycle was
carried out at 95°C for 30 seconds, 50°C for 1 minute, and 70°C for
1 minute, with primers end-labeled with 2P-labeled ATP to a specific
activity of more than 10® cpm per microgram of DNA and under the
PCR conditions previously described.” Two volumes of stop buffer
(95 percent formamide, 20 uM sodium hydroxide, and 0.05 percent
bromophenol blue and xylene cyanate) were added at the end of the -
amplification, and the samples were loaded onto 7 percent polya-
crylamide gels containing 32 percent formamide and 5.6 M urea.*
The relative positions of the DCC gene and other chromosome 18
markers were determined by typing CEPH (Centre d’Etude du
Polymorphisme Humain) reference families 1331, 1332, 1347, 1362,
and 1416 for DCC?' and using the Clinik program of the Linkage
program package®? to compute the best placement of the gene on a
fixed map.

In the pilot study, the status of chromosome 17p was analyzed in
the same way as that of chromosome 18q, with the microsatellite
markers D17S804, D17S786, and D175796%® and a marker in the
p53 gene.>

Determination of Chromosome 18q Status

We defined chromosome 18q loss as the complete or partial loss
of the long arm of chromosome 18. Loss of a chromosome 18q allele
in a tumor was considered to be present when the PCR assay of
adjacent non-neoplastic tissue showed heterozygosity of the micro-
satellite markers on the long arm of chromosome 18, and the rela-
tive intensity of the two alleles in the tumor DNA differed from the
relative intensity in the non-neoplastic tissue DNA by a factor of at
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Figure 1. Strategy for Determining the Allelic Status of the Long Arm of Chromosome 18.

Neoplastic tissue and non-neoplastic control tissue were separated by microdissection of routine histopathological sections from
resection specimens. Total genomic DNA was isolated from each tissue sample. The polymerase chain reaction (PCR) was used to
amplify polymorphic microsatellite markers capable of distinguishing between the maternal and paternal copies of chromosome 18.
Allelic loss (alleles are designated as A and B on chromosome 18) was observed as absence or a relative reduction of the PCR product
corresponding to the lost chromosomal arm. (On the slide label, JHH stands for Johns Hopkins Hospital.)

least 1.5.%* When the loss of the allele was not obvious on visual
inspection, the intensities of the bands were quantitated with a
PhosphorImager (Molecular Dynamics, Sunnyvale, Calif.). Some
tumors (6 of 43 in the pilot study and 18 of 137 in the prospective
study) yielded PCR products of abnormal sizes with two or more
microsatellite markers. These tumors were considered to be in the
previously described replication error (RER) subclass.?>8 It is diffi-
cult to ascertain allelic loss of chromosome 18q with microsatellite
markers in RER-positive tumors because of the instability of the
repeats. However, such tumors infrequently lose any chromosomes,
including chromosome 18q.*” In the pilot study reported here,
Southern blot analysis showed that none of the RER-positive tu-
mors had lost chromosome 18q.% Therefore, tumors of the RER
type were included among the tumors with no loss of chromosome
18q in the survival and other statistical analyses.

In the prospective study, two dinucleotide-repeat markers from
chromosome 18q (D18S61 and D18S58) were sufficient to deter-
mine the status of the chromosome in 110 of the 135 paraffin-

embedded tumor specimens (81 percent). Additional markers
(D18869, D18S64, and D18855) were required only when no heter-
ozygosity in either D18S61 or D18S58 was present in the non-neo-
plastic tissue, or when atypical bands indicating a potential RER
phenotype were observed in either marker.

Statistical Analysis

The primary statistical outcome in this study was overall survival
measured from the date of surgery. Event-time distributions were
estimated with the product-limit method.** Differences between
prognostic factors were tested for statistical significance with the
log-rank statistic.*' More generally, we estimated the hazard (risk)
ratio per unit of change in each level of a potential prognostic factor
relative to a specific base-line level. For example, the risk of death
among patients with chromosome 18q loss was compared with the
risk among patients with no loss, for all follow-up time and
all patients. For prognostic factors that were continuous vari-
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ables (e.g., tumor size), the risk ratio was expressed per unit of
change (e.g., per centimeter of increase in size). Hazard ratios and
associated 95 percent confidence intervals were estimated with the
proportional-hazards model.*? All reported P values are two-sided.

The simultaneous effects of more than one prognostic factor were
estimated by multiple regression in the proportional-hazards mod-
el.*? In this analysis, all factors that were potentially prognostic
when considered alone (i.e., the P value was less than 0.15) were
entered into a multiple regression model from which hazard ratios
and significance levels were estimated. A factor that was not statisti-
cally significant or that had an estimated hazard ratio near 1.0 was
removed from the model. Hazard ratios and significance levels were
then estimated again to derive a more parsimonious model. This
step-down procedure was continued until all remaining factors were
significant. In some cases, we retained factors that were not signifi-
cant solely to illustrate their lack of effect in the presence of other
factors. In addition, the effects of prognostic factors were controlled
by stratified proportional-hazards regression (e.g., rectal vs. colonic
tumors) to avoid the assumption of proportional hazards.

REsuLTs
Microsatellite Markers for Chromosome 18q Allelic Loss

To establish the reliability of dinucleotide-repeat
((CA),) markers for determining chromosomal loss,
we tested 43 pairs of tumor and non-neoplastic DNA
samples from fresh-frozen tissues in a pilot study. The
chromosomal status of 36 of these tumors had been
analyzed in detail by hybridizing Southern blots with
DNA probes capable of detecting RFLPs of chromo-
some 18q.* Ten dinucleotide-repeat markers span-
ning the entire length of chromosome 18q were used to
assess the loss of genetic material in this chromosomal
region of the tumors. The results obtained with the
dinucleotide-repeat assays corresponded perfectly to
the available data on RFLPs. Twenty-seven tumors in
which Southern blot analysis showed total or partial
loss of chromosome 18q had similar losses according
to the (CA),-repeat assay, and nine tumors that
showed no loss of RFLP markers on Southern blot
analyses also retained all informative (CA), markers.
The status of chromosome 18q in the remaining seven
tumors (16 percent) was determined with use of (CA),
markers (four of the tumors had loss of chromo-
some 18q, and three had no loss), but no compari-
son with Southern blot data was possible because
of the lack of informative RFLP markers in these
tumors.

We then examined the association between the re-
gion of chromosome 18q that was lost and the pres-
ence of metastasis in the 43 patients, all of whom had
been followed at least five years (Fig. 2). Metastases
were found in 19 of the 25 patients whose tumors had
lost all the markers studied and all 5 patients with loss
of the six most distal markers but not markers more
proximal. In contrast, the 1 patient whose tumor had
lost only the most distal marker (D18S70) and 11 of 12
patients whose tumor had not lost any marker were
free of metastasis. Thus, the dinucleotide markers
D18S69, D18S64, D18S55, D18S61, and D18S58 (Fig.
2) were most closely associated with the presence of
metastatic disease. The markers were found to be
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Figure 2. Chromosome 18q Markers and Their Association with
Metastasis in the Pilot Study.

Chromosome 18q markers are listed from centromere (top) to
telomere (bottom). The estimates of genetic distances between
each marker and the one directly above it are shown in centiMor-
gans (cM) and are based on recombination frequencies averaged
for sex. The odds in favor of the listed order of markers relative to
each other, against pairwise inversion (i.e., reversed order of the :
pair of markers), were greater than 1 million to 1 in every case.
The extent of chromosomal loss in the tumors is indicated by the
shaded area. The presence of metastases in patients was deter-
mined as previously described.'>'¢ In 25 patients there was loss
of all studied markers, and in 5 patients there was loss of the
six most distal markers; in 1 patient the tumor had lost only the
most distal marker. The DCC gene lies between markers D18S65
and D18S69. -

highly polymorphic and produced robust signals in
the PCR-based dinucleotide-repeat assay.

In this pilot study we also assessed the loss of chro-
mosome 17p with four microsatellite markers. There
was a strong concordance between chromosome 17p
and chromosome 18q allelic losses (35 of 43 tumors),
as in our previous study,''® but chromosome 18q
allelic loss was more closely associated with metasta-
sis in patients whose tumor had either chromosome
17p or chromosome 18q allelic loss. All three patients
whose tumor had chromosome 18q allelic loss but
not chromosome 17p allelic loss had metastatic dis-
ease, whereas only one of five patients with chromo-
some 17p allelic loss but not chromosome 18q allelic
loss had metastases. Therefore, the chromosome 18q
markers were chosen for the subsequent prospective
study. Figure 2 shows the relative chromosomal posi-
tion and genetic distance of these 10 dinucleotide-
repeat markers.

Using five chromosome 18q markers, we tested
the applicability of the dinucleotide-repeat assay to
DNA from formalin-fixed paraffin-embedded tumor
specimens in the pilot study (Fig.- 3). The results
of the assays with 17 paraffin-embedded tumor sec-
tions coincided precisely with the results obtained
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D18S58 patients with stage II disease had chromosome 18q
1 5 3 4 5 allelic loss in their tumor than the patients with stage
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Figure 3. Chromosome 18q Allelic Loss in DNA from Formalin-
Fixed Paraffin-Embedded Tumor Sections.

Dinucleotide-repeat assays were carried out on DNA obtained
from tumor and non-neoplastic tissues of the same histopatholog-
ical section. Allelic loss of chromosome 18q was observed when
one of the two alleles present in the non-neoplastic tissue
(N lanes) was absent or reduced in intensity in the tumor
(T lanes). The chromosome 18q markers shown are D18S58
(upper panels) and D18S61 (lower panels). The tumors in panels
2, 3, 5, 6, 8, and 9 showed chromosome 18q loss (arrowheads),
whereas those in panels 1, 4, 7, and 10 did not show loss.

with DNA from cryostat sections of the same fro-
zen tumors (data not shown).

Clinical Characteristics Associated with Chromosome 18q
Allelic Loss

We used this dinucleotide-repeat assay to evaluate
consecutively resected tumors from a cohort of 145
patients. We were able to determine the status of chro-
mosome 18q in 135 of the 145 tumor specimens (93
percent); 6 specimens were not analyzed because of
insufficient amounts of tumor or non-neoplastic tis-
sue, and 4 specimens could not be analyzed because of
failed PCR amplifications. Table 1 lists relevant clini-
cal characteristics of all 145 patients and the 135 pa-
tients whose tumors were analyzed for chromosome
18q allelic loss. Of the 135 tumors we studied, 90 (67
percent) had either complete or partial loss of chromo-
some 18q (examples are shown in Figure 3). Fewer

I1I disease (P = 0.007). More than two thirds of the
tumors with chromosome 18q allelic loss were in the
patient’s left colon (i.e., distal to the splenic flexure),
whereas two thirds of the tumors without chromo-
some 18q allelic loss were on the right (P<0.001). The
frequency of 18q allelic loss among patients with colon
cancers was not significantly different from the fre-
quency among those with rectal cancers (P = 0.12).
Patients receiving adjuvant therapy were more com-
mon in the group with chromosome 18q allelic loss
(P = 0.026) because adjuvant therapy was given more
frequently for stage III cancer than for stage II cancer
(28 of 76 patients and 6 of 69 patients, respectively).
At the close of this study, 83 percent of the patients
without chromosome 18q allelic loss and 58 percent of
the patients with chromosome 18q allelic loss were still
alive at the time of the last follow-up evaluation
(P = 0.005). The mean follow-up time was 33 months
in the patients with chromosome 18q allelic loss and
38 months in those without such loss.

Status of Chromosome 18q and Survival

Clinical stage was a significant prognostic factor for
survival (Fig. 4A). In this cohort of patients the over-
all five-year survival rate was 74 percent in those with
stage II disease and 42 percent in those with stage I1I

Table 1. Clinical Characteristics of All Patients with Colorectal
Cancer and Patients Whose Tumors Were Evaluated for
Chromosome 18q Status.

ALL PATIENTS

VARIABLE CATEGORY (N = 145) PATIENTS EvaLUATED (N = 135)
NO 18q LOSS  18q LOSS P VALUE*
w. no. (%)

Sex Male 74 20 (44) 48 (53) N
Female 71 25 (56) 42 (47 $

Race White 103 35(78) 62 (69) NS
Othert 4?2 10 (22) 28 (31)

Mean age *SD 65.3 65.1 65.8 NS

—yr *12.7 *156 *109

Tumor site Rectum 27 51 20 (22) NS
Colon 118 40 (89) 70 (78)

TNM stage 11 69 29 (64) 36 (40) 0.007
il 76 16 (36) 54 (60) .

Tumor sidet Right 59 31(69) 26(29)
Left 86 14 31) 64 (71) <0.001

Tumor differentiation Well 14 6 (13) 8(9)
Moderate 109 26 (58) 74 (82) 0.005
Poor 22 13 (29) 8(9)

Adjuvant therapy Yes 34 5(11) 25(28) 0.026
No 111 40 (89) 65 (72) .

Vital status Alive 9 37(82) 52 (58) 0.005
Dead 49 8(18) 38 (42) !

Mean follow-up 354 38.7 33.1 NA

*SD — mo +16.9 *17.6 =164

*A chi-square test of equality was used in comparisons of variables that had two categories,
and a test of homogeneity was used in the comparison of the one variable with three categories
(tumor differentiation). NS denotes not significant, and NA not applicable.

+This category contained 40 black patients, 1 Asian patient, and 1 Hispanic patient.
$The tumor side was based on the position of the tumor relative to the splenic flexure.
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Figure 4. Overall Survival of Patients with Colorectal Cancer, According to TNM Stage Alone (Panel A) and Both TNM Stage and
Chromosome 18q Allelic Loss (Panel B).
The survival rate of patients with stage Il disease was significantly better than that of patients with stage |l disease (P = 0.006).
However, when the patients were subclassified according to their status for chromosome 18q, the survival rate of patients with stage I
disease whose tumor had chromosome 18q allelic loss was similar to that of patients with stage Ill disease, whereas patients with stage |l
disease whose tumor retained both alleles of chromosome 18q had a significantly better outcome (see Table 3).

disease. However, when the status of chromosome 18q
was considered, the five-year survival rate was 93 per-
cent in patients with stage II disease whose tumor had
no chromosome 18q allelic loss and 54 percent in pa-
tients in the same stage whose tumor had chromosome
18q allelic loss (Fig. 4B). The survival rate in the latter
group of patients did not differ significantly from the
survival rate among patients with stage III tumors.
The survival rate among patients with stage III colo-
rectal cancer was independent of their status for chro-
mosome 18q. Similar results were obtained when dis-
ease-free survival was the end point and when colonic
and rectal tumors were analyzed independently. Adju-
vant therapy had no significant effect on the outcome
in this study (Table 2).

Chromosome 18q Allelic Loss and Other Prognostic
Factors

Besides chromosome 18q allelic loss, other fac-
tors were associated with a higher or lower risk of
death when these factors were considered individual-
ly. Chromosome 18q allelic loss, advanced tumor
stage, extramural vein invasion, perineural invasion,
and poor tumor differentiation were all associated
with a significantly poorer prognosis, whereas white
race and female sex were associated with a better
prognosis (Table 2). However, as is frequently the
case in such analyses, there were correlations among
the various prognostic factors we analyzed. As exam-
ples, patients in an advanced stage of disease had a
higher frequency of poorly differentiated tumors, and
poorly differentiated tumors were more likely to in-
volve veins and nerves. In such situations, individual
factors are only partially independent with respect to
their ability to predict survival.

To study the independent effects of the prognostic
factors in the presence of correlations, we used a mul-

tiple regression proportional-hazards model. Table 3
shows three representations of multiple regression
models. The first model illustrates the fit of a roughly
optimal set of prognostic factors in the cohort of pa-
tients — that is, the addition of any other tecorded
variable did not yield prognostic information inde-
pendent of the information produced by the factors
listed. It is noteworthy that in patients whose tumor
had chromosome 18q allelic loss, the risk of death was
more than doubled, even after adjustment for vein
involvement, grade of tumor differentiation, and race
(Table 3, model 1). When the TNM stage was added
to this set of predictors, this factor seemed to be re-
dundant (i.e., it did not provide additional prognostic
information) in the group studied, which consisted of
patients with stage II and stage III disease only (Ta-
ble 3, model 2). The factors that were redundant with
TNM stage were not easily identifiable, but when vein
invasion was removed from the regression model, the
estimated hazard ratio for TNM stage increased (Ta-
ble 3, model 3); retention of either tumor differenti-
ation or vein involvement decreased the estimated
prognostic effect of TNM stage. In contrast, the signif-
icance of chromosome 18q allelic loss as a prognostic
factor remained nearly the same despite the inclusion
of other factors in the regression analysis. Further-
more, when those models were stratified according to
tumor site (colon vs. rectum), the estimated hazard
ratios, P values, and confidence intervals were essen-
tially unchanged.

DiscussION

Our study demonstrates that chromosome 18q allel-
ic loss is an important prognostic marker in patients
with stage II colorectal cancer. The subgroup of all
patients with stage II disease whose tumor had re-
tained both alleles of chromosome 18q (45 percent of
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Table 2. Estimated Hazard Ratios for Selected Individual
Prognostic Factors in All 145 Patients Studied.

HazArRD 95% CONFIDENCE

FacTorR CATEGORY RaTtiO INTERVAL P VaLue*

Chromosome 18q Loss vs. no loss 2.83 1.32-6.08 0.008

TNM stage OIvs. I 2.33 1.27-4.28 0.006
Vein invasion Yes vs. no 3.29 1.83-5.91 <0.001
Perineural invasion  Yes vs. no 3.08 1.73-5.48 <0.001
Tumor differentiation Moderate vs. well 2.43 0.57-10.3 0.24
Poor vs. well 4.28 0.94-19.4 0.06
Race White vs. other? 0.61 0.34-1.10 0.10
Sex Male vs. female 1.30 0.74-2.29 0.36
Tumor side} Left vs. right 1.63 0.87-3.05 0.13
Tumor site Colon vs. rectum  0.83 0.41-1.66 0.59
Adjuvant therapy Yes vs. no 0.74 0.40-1.38 0.34

*P values result from a test of the hypothesis that the hazard ratio equals 1.0.

+The “other™ category contained 40 black patients, 1 Asian patient, and | Hispanic pa-
tient.

$The tumor side was based on the position of the tumor relative to the splenic flexure.

all these patients) had an excellent outcome (five-year
survival of 93 percent), whereas survival in patients
with stage II disease whose tumor had lost one allele
of chromosome 18q was similar to that in patients
with stage III disease (five-year survival of 54 per-
cent) (Fig. 4B). Although the majority of the patients
we studied had colon cancer, our results suggest that
the prognostic value of allelic loss of chromosome 18q
also pertains to rectal cancer. Our study suggests that
adjuvant therapy with levamisole and fluorouracil,
which reportedly benefits patients with stage I1I dis-
ease,® may also be appropriate for patients with stage
IT disease whose colonic tumors have lost chromo-
some 18q.

Patients with stage III disease had a significantly
higher frequency of chromosome 18q allelic loss than
did those with stage II disease (77 percent vs. 55 per-
cent) (Table 1), but chromosome 18q allelic loss had
no significant prognostic value in patients with stage
I1I disease. This finding may relate to the complexity
of the metastatic process; allelic loss of chromosome
18q is clearly not a prerequisite for metastasis in colo-
rectal cancer. It is thus possible that some stage III
tumors have a worse prognosis through pathways that
do not involve chromosome 18q.

In addition to the status of chromosome 18q, sever-
al conventional factors also had prognostic value in
our study. These included invasion of extramural
veins by tumor cells, perineural invasion, and poor
tumor differentiation. These factors, however, can
vary considerably within the same tumor and can be
perceived differently from observer to observer.

Rapid advances in the molecular genetics of colo-
rectal cancer have stimulated attempts to use molecu-
lar markers for assessing prognosis in patients with
this disease. Altered total DNA content (aneuploidy),
assessed by flow cytometry, can correlate with ad-
vanced tumor stage, poor tumor differentiation, and
relatively poor survival,*® but the technical difficulties
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of flow cytometry have led to conflicting results.**

Fractional allelic loss, assayed by Southern blot analy-
sis, has been used as a measure of chromosomal loss
throughout the genome.'>'%* High fractional allelic
loss is associated with poor survival, but the large
number of chromosomal sites needed for analysis ren-
ders the method impractical for routine use.

Microsatellite instability, a manifestation of the
RER phenotype, has been described in sporadic colo-
rectal carcinomas®** and hereditary non-polyposis
colorectal cancer.’”*® In our study, the five-year sur-
vival rate of the 18 patients with RER-positive tumors
was indistinguishable from that of the 28 patients
whose tumors had retained chromosome 18q and were
RER-negative. These results agree with other reports
that RER-positive tumors have a lower tendency to
metastasize than RER-negative tumors and that pa-
tients with RER-positive tumors have relatively good
survival.>*’ Our pilot study showed that RER-posi-
tive tumors do not often lose any allele of chromosome
18q. It is possible that the better outcome in patients
with RER-positive tumors is a result of retention of
both alleles of chromosome 18q.

Certain specific genetic alterations have also been
studied as potential prognostic markers. Activating
mutations of ras proto-oncogenes and loss of the nm23
gene have been reported to have prognostic impor-
tance.*5*® One of the most commonly affected genes in
human cancers is p53.**® Mutational inactivation of
the p53 gene often accompanies the loss of chromo-
some 17p, and accumulation of the mutated protein
occurs frequently in colorectal cancers.'®*® Such muta-
tion or loss of p53 has made it potentially useful for
diagnosis and prognosis.!>'#%5% In our pilot study,
chromosome 17p allelic loss was less closely associated

Table 3. Hazard Ratios for Prognostic Factors in Multiple
Regression Models Including All 145 Patients.

HAzARD 95% CONFIDENCE

Factor* CATEGORY RaTio INTERVAL P VaLuet .
Model 1
Chromosome 18q Loss vs. no loss 2.46 1.06-5.71 0.036

Vein invasion Yes vs. no 2.64 1.38-5.08 0.004

Tumor differentiationt Test of trend 2.80 1.41-5.54 0.003

Race White vs. other§ 0.44 0.23-0.83 0.011
Model 2

Chromosome 18q Loss vs. no loss 2.48 1.05-5.84 0.038

Vein invasion Yes vs. no 2.67 1.32-5.40 0.006

Tumor differentiationt Test of trend 2.81 1.41-5.62 0.003

Race White vs. other§ 0.44 0.23-0.83 0.011

TNM stage Il vs. II 0.97 0.48-1.97 0.927
Model 3

Chromosome 18q Loss vs. no loss  3.32
Tumor differentiationt Test of trend 2.89

1.43-7.73 0.005
1.43-5.81 0.003

Race White vs. other§ 0.42 0.22-0.80 0.008
TNM stage Il vs. II 1.40 0.73-2.68 0.307
*The effects of prognostic factors are idered jointly in each multiple regression model.

FP values result from a test of the hypothesis that the hazard ratio equals 1.0.

{The effect of differentiation was modeled as a trend — i.e., the effect of moderately
differentiated tumors as compared with well-diff iated tumors was d to be the same
as the effect of poorly diffe d tumors as compared with mod ly diffe iated tumors.

§The “other” category contained 40 black patients, I Asian patient, and 1 Hispanic pa-
tient.
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with metastasis than chromosome 18q allelic loss. In
our prospective study, overexpression of p53, as as-
sessed by immunohistochemical analysis, was not use-
ful for determining prognosis (data not shown).

Study of the commonly deleted regions on chromo-
some 18q led to the identification of the candidate
tumor-suppressor gene, DCC (deleted in colorectal
cancer).!* The DCC protein has structural features in
common with certain types of cell-adhesion molecules
and may participate with other proteins in cell—cell
and cell-matrix interactions.'***>¢ The loss of chro-
mosome 18q could thus lead to impaired contacts be-
tween cells, thereby contributing to tumor growth and
invasion. Linkage analysis indicates that the DCC
gene lies immediately adjacent to the region of chro-
mosome 18q that we evaluated in our prospective
study (between D18S69 and D18S65) (Fig. 2). Inter-
estingly, expression of the DCC gene was recently
shown to be absent in most colorectal cancers that
were metastatic to the liver, but it was lost only in a
minority of nonmetastatic cancers.”” This finding sup-
ports the idea that the DCC gene is the biologic basis
of the association of chromosome 18q with prognosis.
However, an additional gene (or genes) on chromo-
some 18 and elsewhere in the genome may also play a
part, and further biochemical and genetic studies are
required to resolve this issue.

The prognostic evaluation afforded by the chromo-
some 18q assay is clinically meaningful but imperfect.
Although retention of chromosome 18q is a favorable
finding, the outcome in patients whose tumor has
chromosome 18q allelic loss is unpredictable, and the
prognosis of patients with stage III disease is un-
changed by knowledge of the status of chromosome
18q. In the future, tests for the status of chromosome
18q may be combined with other genetic and bio-
chemical assays to improve prognostic evaluation in
patients with colorectal cancer.

We are indebted to Ms. A. Kammer of the Johns Hopkins Tumor
Registry for assistance, to Dr. L. Grochow for helpful comments,
and to Mrs. T. Gwiazda for help in preparing the manuscript.
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