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ABSTRACT

Background Colorectal cancer can arise through
two distinct mutational pathways: microsatellite in-
stability or chromosomal instability. We tested the
hypothesis that colorectal cancers arising from the
microsatellite-instability pathway have distinctive clin-
ical attributes that affect clinical outcome.

Methods We tested specimens of colorectal can-
cer from a population-based series of 607 patients (50
years of age or younger at diagnosis) for microsatel-
lite instability. We compared the clinical features and
survival of patients who had colorectal cancer char-
acterized by high-frequency microsatellite instability
with these characteristics in patients who had colo-
rectal cancers with microsatellite stability.

Results We found high-frequency microsatellite
instability in 17 percent of the colorectal cancers in
607 patients, and in a multivariate analysis, microsat-
ellite instability was associated with a significant sur-
vival advantage independently of all standard prog-
nostic factors, including tumor stage (hazard ratio,
0.42; 95 percent confidence interval, 0.27 to 0.67; P<
0.001). Furthermore, regardless of the depth of tumor
invasion, colorectal cancers with high-frequency mi-
crosatellite instability had a decreased likelihood of
metastasizing to regional lymph nodes (odds ratio,
0.33; 95 percent confidence interval, 0.21 to 0.53; P<
0.001) or distant organs (odds ratio, 0.49; 95 percent
confidence interval, 0.27 to 0.89; P=0.02).

Conclusions High-frequency microsatellite insta-
bility in colorectal cancer is independently predictive
of a relatively favorable outcome and, in addition, re-
duces the likelihood of metastases. (N Engl J Med
2000;342:69-77.)
©2000, Massachusetts Medical Society.

OLORECTAL cancer is the third most

common cancer in Western society.2 De-

spite advances in screening, diagnosis, and

treatment, it is still the second leading cause
of cancer-related death in North America.> Much
has been learned over the past decade about the mo-
lecular genetic alterations that give rise to colorectal
cancer. However, this knowledge has yet to affect its
clinical management substantially, and pathological
staging remains the basis for prognostication and de-
cisions about therapy.?

It is now commonly believed that all cancers arise
as a result of the accumulation of genetic alterations
that allow the growth of neoplastic cells.4+5 However,
the rate of random mutational events alone cannot
account for the number of genetic alterations found
in most cancers in humans.¢ For this reason, it has
been suggested that destabilization of the genome
may be a prerequisite early in carcinogenesis.®” This
“mutator phenotype” is best understood in colorec-
tal cancer, in which there are two separate destabi-
lizing pathways.®® The more common of these mu-
tational pathways involves chromosomal instability?1°
characterized by allelic losses (loss of heterozygos-
ity), chromosomal amplifications, and translocations
in colorectal-cancer cells. In the second mutational
pathway, colorectal cancers display increased rates of
intragenic mutation, characterized by generalized in-
stability of short, tandemly repeated DNA sequences
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known as microsatellites.!13 High-frequency micro-
satellite instability (instability at 40 percent or more
of microsatellite loci) has been found in most cases
of hereditary nonpolyposis colorectal cancer'* as
defined by the Amsterdam criteria (which require that
at least three persons from at least two successive gen-
erations have colorectal cancer and that the disease
be diagnosed in at least one of these persons by the
age of 50).15 In addition, high-frequency microsatel-
lite instability occurs in approximately 15 percent of
sporadic cases of colorectal cancer.12-14

Normally, mismatches of nucleotides that occur
when DNA polymerase inserts the wrong bases in
newly synthesized DNA are repaired by mismatch-
repair enzymes. Defects in mismatch repair lead to
high-frequency microsatellite instability in colorec-
tal cancer.’6-20 Inherited germ-line mutations of mis-
match-repair genes have been found in approximately
50 percent of persons with a family history that fulfills
the Amsterdam criteria.?!2 Alterations of the MSH2
and MLHI mismatch-repair genes account for more
than 90 percent of these cases.52! In addition, ac-
quired, noninherited alterations of the MLHI gene
occur in most sporadic cases of colorectal cancer with
high-frequency microsatellite instability.23.24

Although colorectal cancer continues to be re-
garded as a single disease, it is possible that colorectal
cancers with high-frequency microsatellite instability
constitute a clinically distinct subtype. A number of
studies have shown that high-frequency microsatel-
lite instability occurs relatively frequently in colorectal
cancers that arise proximal to the splenic flexure,!2.13
in poorly differentiated cancers or those of the mu-
cinous-cell type, and in cancers with peritumoral lym-
phocytic infiltration.?s Furthermore, it has been sug-
gested that the survival of patients with colorectal
cancers that have arisen from the high-frequency mi-
crosatellite-instability pathway is longer than the sur-
vival of patients with cancers that have microsatellite
stability.12:26-29 (‘The latter cases constitute the major-
ity of colorectal cancers.) However, these results were
obtained from small, uncontrolled, or potentially bi-
ased analyses. We therefore conducted a population-
based study to determine whether high-frequency mi-
crosatellite instability is an independent predictor of
improved survival in patients with colorectal cancer.

METHODS

Study Population

Through the Ontario Cancer Registry, we identified a popula-
tion-based series of all newly diagnosed cases of histopathologi-
cally confirmed colorectal adenocarcinoma in patients 50 years of
age or younger who were residing in Central-East Ontario (an area
with a population of approximately 4.7 million) between January
1, 1989, and December 31, 1993. Identification through the On-
tario Cancer Registry has been estimated to identify 96 percent
of all Ontario residents with a diagnosis of colorectal cancer.3° Af-
ter obtaining permission to contact subjects from the physicians
who treated the patients, we collected information on family his-
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tory and clinical screening from the patients or their next of kin,
or by reviewing medical charts.

We excluded patients from the study if they did not undergo
resection of the primary colorectal adenocarcinoma or if patho-
logical review did not confirm invasion of the tumor to at least
the level of the submucosa (stage T1 or higher). In total, 640 pa-
tients treated at 41 hospitals were eligible for inclusion in the
study. Specimens of colorectal cancer from 607 of the patients
(95 percent) were available for retrieval and testing. The study
was approved by the Human Ethics Committee of the University
of Toronto.

Clinical Data Base

A clinical data base was prepared by persons with no knowl-
edge of the results of molecular genetic testing of each patient’s
cancer. The date of the patient’s first biopsy or resection that pro-
vided a histologic diagnosis of adenocarcinoma of the colon or
rectum was recorded as the date of diagnosis of cancer.

We classified cancers according to several gross and histologic
features. With the exception of the preoperative level of serum car-
cinoembryonic antigen, we included all College of American Pa-
thologists category I factors (pathological stage, tumor cell type, tu-
mor grade, and presence or absence of extramural venous invasion),
which are well supported by the literature and are generally used
in patient care.3! All specimens underwent histopathological review
by a single pathologist, who was unaware of the results of molec-
ular genetic testing. In accordance with the classification of tumors
by the World Health Organization,?? we defined tumors as signet-
ring cell or mucinous if 50 percent or more of the tumor dis-
played the specified cell type and as undifferentiated if features of
tumor-cell differentiation were absent. Other tumors were classi-
fied as “adenocarcinoma, not otherwise specified” or, in rare cas-
es, adenosquamous carcinoma, if malignant squamous and glan-
dular components were present. Distant metastases were judged
to be present if they appeared in a histopathological specimen or
if they were identified by the Ontario Cancer Registry within 120
days after diagnosis. In total, 103 of the 138 cases of distant-organ
metastases (75 percent) were confirmed by histopathological ex-
amination.

Radiation treatment in Ontario is provided exclusively at nine
specialized oncologic-treatment centers that report to the Ontario
Cancer Registry. Data on radiation treatment initiated within 120
days after diagnosis were extracted from Ontario Cancer Registry
records and were available for all study patients. Chemotherapy
for cancer may be administered either in oncologic-treatment
centers or in other hospitals and clinics in the province. Informa-
tion on chemotherapy initiated within 120 days after diagnosis
was acquired from the data bases of both the Ontario Cancer Reg-
istry and the Ontario Institute for Clinical Evaluative Sciences and
was available for 392 of the 607 study patients (65 percent).

DNA Preparation, Microsatellite Testing, and Analysis

Blocks of surgically resected cancerous tissue that had been fixed
in formalin and embedded in paraffin were requested from the
relevant pathology departments for all patients. For each speci-
men, regions of invasive cancer with the highest proportion of neo-
plastic cells (median, 80 percent; range, 40 to 100 percent) and
normal tissue were microdissected, and DNA was extracted by pro-
teinase K digestion.3? Samples of genomic DNA were used to am-
plify sequences (by the polymerase chain reaction [PCR]) from 5 to
10 of the following mononucleotide and dinucleotide microsat-
ellite loci: BAT-25, BAT-26, D5S346, D2S123, D17S250, BAT-40,
TGF-B RII, D18S58, D18S69, and D175787 (Human MapPairs,
Research Genetics, Huntsville, Ala.). These specific microsatellite
loci were derived from the National Cancer Institute reference and
alternative loci panel in order to ensure standardized findings.3*
Primer sequences and conditions of the PCR assay and gel elec-
trophoresis have been published previously.33:3

The presence of additional bands in the PCR product from tu-
mor DNA, not observed in DNA from normal tissue from the
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Figure 1. Colorectal Cancers with High-Frequency Microsatellite Instability (MSI) and Microsatellite Stability (MSS).
The MSI colorectal cancer displays shifted bands in tumor DNA (T) as compared with normal DNA (N) at the BAT-25,

BAT-26, D2S123, D5S346, and D17S250 microsatellite loci.

The MSS colorectal cancer has identical bands in tumor and

normal DNA at the BAT-25, BAT-26, D2S123, and D5S346 microsatellite loci. In addition, the MSS colorectal cancer dis-
plays loss of heterozygosity at the D17S250 locus — that is, a loss of the top (larger) allele in tumor DNA as compared

with normal DNA.

same patient, was scored as instability at that particular locus. In
accordance with the National Cancer Institute consensus on mi-
crosatellite instability,3 any pair of samples of normal DNA and
tumor DNA that displayed instability at two or more of five loci was
scored as having high-frequency microsatellite instability, whereas
a sample pair with no instability at five loci was scored as having
microsatellite stability. Any sample pair observed to have instabil-
ity at one of five microsatellite loci underwent a second test at that
locus. If instability was confirmed, additional loci, up to a maxi-
mum of 10, were tested to determine whether the phenotype of
the sample was low-frequency microsatellite instability — instabil-
ity at 1 to 3 of 10 loci assayed — or high-frequency microsatellite
instability — instability at 4 or more loci.

Statistical Analysis

The primary outcome of this study was overall survival, meas-
ured from the date of histologic diagnosis of colorectal cancer.
The study was designed to determine the prognostic importance
of high-frequency microsatellite instability in addition to known
prognostic factors. Because the genetic basis of low-frequency mi-
crosatellite instability remains poorly understood,3* and because
the incidence of low-frequency microsatellite instability was too
low in our series to allow for meaningful statistical testing, we ex-
cluded from the study 20 patients (3 percent) with colorectal can-
cers characterized by low-frequency microsatellite instability be-
fore we performed the statistical analysis.

The univariate associations between the presence or absence of
high-frequency microsatellite instability and base-line prognostic
factors were analyzed with a chi-square test for categorical vari-
ables and an unpaired Student’s t-test for continuous factors. The
associations of microsatellite status and the depth of tumor inva-
sion with metastases to regional lymph nodes and distant organs
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were evaluated with multivariate logistic regression. Survival curves
were prepared according to the method of Kaplan and Meier,3¢
and univariate survival distributions were compared with use of
the log-rank test. All patients were followed from diagnosis until
death or until data were censored (and the patient considered to
be alive) as of September 30, 1998. A multivariate survival analysis
was evaluated according to the Cox proportional-hazards mod-
el.37 A model obtained with step-down variable selection, in which
all prognostic factors were initially entered into the model and in
which nonsignificant factors (P>0.1) were successively rejected,
was compared with the primary model, which included all prog-
nostic factors regardless of their measured significance. All factors
were treated as simple categorical variables with the exception of
age at diagnosis, which was analyzed as a continuous variable. All
reported P values are two-sided, and P values of less than 0.05
were considered to indicate statistical significance.

RESULTS

Clinical Characteristics Associated with High-Frequency
Microsatellite Instability

Of the 607 specimens of colorectal cancer that we
tested, 102 (17 percent) were characterized by high-
frequency microsatellite instability, 20 (3 percent) had
low-frequency microsatellite instability, and 485 (80
percent) had microsatellite stability (Fig. 1). Colorec-
tal cancers with high-frequency microsatellite insta-
bility were more likely to be poorly differentiated and
located proximal to the splenic flexure than were can-
cers with microsatellite stability (Table 1). The pa-
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TABLE 1. CHARACTERISTICS OF 587 PATIENTS WITH COLORECTAL CANCER EVALUATED FOR MICROSATELLITE INSTABILITY.*

ALL PATIENTS  PATIENTS
PATIENTS  wiTH MSS  witH MSI
CHARACTERISTIC (N=587) (N=485) (N=102) P VALuet
Patient
Sex — no. (%) 0.71
Male 295 (50) 242 (50) 53 (52)
Female 292 (50) 243 (50) 49 (48)
Mean (=SE) age at  43.1+0.3 43.5+0.3 41.3x0.7 0.004
diagnosis — yr
Coexisting illness
— no. (%)
Inflammatory bowel 0.60
disease
No 571 (97) 471 (97) 100 (98)
Yes 16 (3) 14 (3) 2(2)
Familial adenoma- 0.19
tous polyposis
No 579 (99) 477 (98) 102 (100)
Yes 8 (1) 8(2) 0
Extracolonic cancer 0.70
No 566 (96) 467 (96) 99 (97)
Yes 21 (4) 18 (4) 3(3)
Synchronous or 0.006
metachronous
colorectal
cancer
No 556 (95) 465 (96) 91 (89)
Yes 31 (5) 20 (4) 11 (11)
Site of tumor rela-
tive to splenic
flexure —
no. (%)
Colon <0.001%
Proximal 198 (34) 126 (26) 72 (71)
Distal 186 (32) 177 (36) 9(9)
Total 384 (65) 303 (62) 81 (79) 0.001§
Rectum 203 (35) 182 (38) 21 (21)

ALL PATIENTS  PATIENTS
PATIENTS  wiTH MSS  witH MSI
CHARACTERISTIC (N=587) (N=485) (N=102) P VaLuet
Histologic features — no. (%)
Cell type 0.14
Adenocarcinoma, not other- 530 (90) 444 (92) 86 (84)
wise specitied
Mucinous 28 (5) 21 (4) 7(7)
Signet ring 19 (3) 13 (3) 6 (6)
Undifterentiated 8 (1) 5(1) 3(3)
Adenosquamous 2(<1) 2(<1) 0
Grade <0.001
Well ditterentiated 53 (9) 45 (9) 8(8)
Moderately differentiated 405 (69) 354 (73) 51 (50)
Poorly differentiated 129 (22) 86 (18) 43 (42)
Extramural venous invasion 0.62
No 552 (94) 455 (94) 97 (95)
Yes 35 (6) 30 (6) 5(5)
Tumor invasion{ 0.006
T1 34 (6) 30 (6) 4 (4)
T2 65 (11) 53 (11) 12 (12)
T3 462 (79) 387 (80) 75 (74)
T4 26 (4) 15 (3) 11 (11)
Pathological stageq 0.001
73 (12) 59 (12) 14 (14)
II 173 (29) 127 (26) 46 (45)
I 207 (35) 180 (37) 27 (206)
v 134 (23) 119 (25) 15 (15)
Treatment — no. (%)
Resection 0.07
Segmental colectomy 561 (96) 467 (96) 94 (92)
Subtotal colectomy 26 (4) 18 (4) 8 (8)
Chemotherapy 0.07
No 116 (20) 97 (20) 19 (19)
Yes 268 (46) 230 (47) 38(37)
Not known 203 (35) 158 (33) 45 (44)
Radiotherapy 0.08
No 510 (87) 416 (86) 94 (92)
Yes 77 (13) 69 (14) 8 (8)
Outcome — no. (%) <0.001
Alive 315 (54) 242 (50) 73(72)
Dead 272 (46) 243 (50) 29 (28)

*Twenty patients who had colorectal cancers with low-frequency microsatellite instability were excluded from the analysis. MSS denotes colorectal cancer
with microsatellite stability, and MSI colorectal cancer with high-frequency microsatellite instability.

tWe used the chi-square test to compare all variables except mean age at diagnosis, for which we used an unpaired t-test.

1The P value is for the comparison of the proximal colon, distal colon,

§The P value is for the comparison of the colon and rectum.

and rectum.

{Tumor invasion and pathological stage were classitied according to the criteria of the American Joint Committee on Cancer3 Tumor invasion was clas-
sified as follows: T1, tumor invading submucosa; T2, tumor invading muscularis propria; T3, tumor invading through the muscularis propria; and T4,

tumor invading other organs or perforating the visceral peritoneum.

tients with colorectal cancer with high-frequency mi-
crosatellite instability were more likely to have multiple
synchronous or metachronous colorectal cancers and
received a diagnosis at a younger age than the patients
with colorectal cancers with microsatellite stability.
Although colorectal cancers with high-frequency
microsatellite instability were diagnosed at a signifi-
cantly greater depth of tumor invasion, these tumors
had a significantly lower overall pathological stage
than cancers with microsatellite stability (Table 1).
Multivariate logistic regression demonstrated that

72 January 13, 2000

both high-frequency microsatellite instability and a
lesser depth of tumor invasion were independently
associated with a decreased likelihood of metastases
to either regional lymph nodes or distant organs
(Table 2).

To ensure that treatment did not differ in an era
when the benefits of adjuvant therapy were still be-
ing established, we compared the use of chemother-
apy and radiation therapy in patients with colorectal
cancer with high-frequency microsatellite instability
with their use in patients whose cancers had micro-

Downloaded from www.nejm.org on December 8, 2009 . For personal use only. No other uses without permission.
Copyright © 2000 Massachusetts Medical Society. All rights reserved.



TUMOR MICROSATELLITE INSTABILITY AND CLINICAL OUTCOME IN YOUNG PATIENTS WITH COLORECTAL CANCER

TABLE 2. MULTIVARIATE ANALYSIS OF PREDICTIVE FACTORS FOR
METASTASES TO REGIONAL LYMPH NODES OR DISTANT ORGANS
IN 587 PATIENTS WITH COLORECTAL CANCER.*

Obbs RATIO
VARIABLE METASTASES (95% CI)t P VALUET
ABSENT PRESENT
no. of patients
Lymph-node metastases
Microsatellite status <0.001
MSS§ 206 279  1.00
MSI 66 36 0.33(0.21-0.53)
Tumor invasiony <0.001
T1§ 31 3 1.00
T2 44 21  5.29 (1.45-19.3)
T3 190 272 16.1 (4.86-53.5)
T4 7 19  43.4(9.67-195)
Distant-organ metastases
Microsatellite status 0.02
MSS§ 366 119 1.00
MSI 87 15 0.49 (0.27-0.89)
Tumor invasion{ 0.003
T1 34 0 NA
T2§ 61 4 1.00
T3 340 122 5.45(1.94-15.3)
T4 18 8 8.08 (2.15-30.5)

*CI denotes confidence interval, MSS colorectal cancer with microsatel-
lite stability, MSI colorectal cancer with high-frequency microsatellite in-
stability, and NA not assessed.

tAn odds ratio of less than 1.00 represents a decreased likelihood of me-
tastases, whereas an odds ratio greater than 1.00 represents an increased
likelihood of metastases.

1The P values resulted from the hypothesis that the odds ratio as deter-
mined by multivariate logistic regression equaled 1.0.

§Patients in this category served as the reference group.

Tumor invasion was classified according to the American Joint Com-
mittee on Cancer, as described in a footnote to Table 1.

satellite stability. Although a trend toward more fre-
quent use of chemotherapy and radiation treatment
was evident in the care of patients whose cancers had
microsatellite stability (Table 1), we found no signif-
icant differences in treatment patterns after control-
ling for pathological stage (P=0.60 for chemother-
apy and P=0.14 for radiation therapy, according to
logistic-regression analysis).

High-Frequency Microsatellite Instability and Standard
Clinical Prognostic Factors for Survival

In total, 272 of the 587 patients (46 percent) died
during a mean follow-up period of 7.2£0.1 years af-
ter diagnosis. The survival of patients with colorectal
cancers with high-frequency microsatellite instability
(mean [*SE] five-year survival, 76+4 percent) was
significantly better than that of patients with cancers
with microsatellite stability (five-year survival, 54+2
percent; P<<0.001) (Fig. 2). Colorectal cancers with
mucinous, signet-ring, and undifferentiated cell types,
poorer grade, higher pathological stage, or extramu-
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ral venous invasion were associated with significantly
lower survival (Table 3).

Information on family history was available for 84
(82 percent) of the 102 patients who had colorectal
cancer with high-frequency microsatellite instability,
including 21 of the 29 patients (72 percent) who
died during follow-up. In total, 13 of these 84 pa-
tients (15 percent) had family histories that fulfilled
the Amsterdam criteria for hereditary nonpolyposis
colorectal cancer. Among the patients who had can-
cer with high-frequency microsatellite instability, no
significant difference in survival was found between
those who fulfilled the Amsterdam criteria (five-year
survival, 77+12 percent) and those who did not (five-
year survival, 78 +5 percent; P=0.41). Of the 84 pa-
tients, only 1 (whose family history did not fulfill the
Amsterdam criteria) was asymptomatic when a diag-
nosis was made by clinical screening.

In a step-down multivariate analysis, the microsatel-
lite status, pathological stage, tumor grade, and histo-
logic type of the cancer were found to be significantly
and independently associated with survival (Table 4).
The survival advantage of high-frequency microsat-
ellite instability over microsatellite stability was sim-
ilar in the model that included all 12 prognostic var-
iables listed in Table 3, regardless of their measured
significance (hazard ratio, 0.42; 95 percent confidence
interval, 0.27 to 0.67; P<<0.001). The proportionality
of the survival advantage associated with high-fre-
quency microsatellite instability can be seen in Kap-
lan—Meier survival curves stratified according to dis-
case stage (Fig. 2).

DISCUSSION

Because most cancers are thought to arise from an
accumulation of genetic alterations, it is not surpris-
ing that cancers that emerge from different mutation-
al pathways should differ clinically. We have found
this to be the case for the subgroup of colorectal can-
cers that are characterized by high-frequency micro-
satellite instability. In our population-based series,
high-frequency microsatellite instability was associat-
ed with prolonged survival independently of classic
clinical prognostic factors, including the disease stage.
Eighty-five percent of the patients who had cancer
with high-frequency microsatellite instability did not
have a family history suggestive of hereditary nonpoly-
posis colorectal cancer. For this reason, the consid-
erable survival advantage conferred by high-frequen-
cy microsatellite instability appears to be applicable to
both heritable and sporadic types of colorectal can-
cer. Furthermore, in only one of the patients whose
cancer had high-frequency microsatellite instability
was the cancer diagnosed by clinical screening when
he was asymptomatic; this fact eliminates lead-time
bias as a likely cause of the survival advantage.

The association of high-frequency microsatellite
instability with improved clinical outcome has been
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suggested previously.122629 In other studies, howev-
er, no survival advantage was detected,3¥4! and a re-
cent National Cancer Institute workshop concluded
that microsatellite instability had not yet been shown
conclusively to be an independent predictor of prog-
nosis.>* Furthermore, since the first descriptions of
high-frequency microsatellite instability,!!13 the liter-
ature has been complicated by inconsistent and con-
fusing definitions of this molecular phenotype.3* The
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Figure 2. Kaplan—Meier Survival Curves for Patients with Colo-
rectal Cancer, Stratified According to Microsatellite Status.

Panel A shows that the survival of patients who had colorectal
cancer with high-frequency microsatellite instability (MSI) was
significantly better than that of patients who had cancers with
microsatellite stability (MSS) (P<0.001). Panels B, C, D, and E
show survival curves for patients with colorectal cancer ac-
cording to the microsatellite status of the cancer and according
to the American Joint Committee on Cancer disease stage. The
survival of patients with cancers with high-frequency microsat-
ellite instability was better than that for patients with cancers
with microsatellite stability at all disease stages.

term “high-frequency microsatellite instability” is
meant to describe a generalized (not occasional) in-
stability of microsatellite DNA in cancers that almost
always lack the ability to repair mismatched bases in
DNA. For this reason, the National Cancer Institute
has defined high-frequency microsatellite instability,
low-frequency microsatellite instability, and microsat-
ellite stability in colorectal cancer in terms of how
many microsatellite loci and which specific loci need
to be tested and shown to be altered.?* In our study
we used these consensus definitions.

We found a 17 percent incidence of high-frequency
microsatellite instability, but in a recent large series
reported by Aaltonen et al.,* a 12 percent incidence
was found. There was a similar difference in incidence
among patients whose family histories fulfilled the
Amsterdam criteria for hereditary nonpolyposis colo-
rectal cancer (15 percent in our series and 11 percent
in the study by Aaltonen et al.1#). Thus, the differenc-
es noted are likely to reflect the fact that our popu-
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lation was relatively young (all received a diagnosis at
50 years of age or younger) and thus may have includ-
ed a greater proportion of patients with hereditary
nonpolyposis colorectal cancer. Despite their relative-
ly young age, less than 10 percent of the patients in
our cohort had colorectal cancer associated with he-
reditary nonpolyposis colorectal cancer, familial ade-
nomatous polyposis, or inflammatory bowel disease.

Previous case—control studies reported that 58 per-
cent*2 and 47 percent?8 of colorectal cancers in pa-
tients 35 years of age or younger and 40 years of age
or younger, respectively, had high-frequency micro-
satellite instability. These results highlight the need
for unbiased methods of case ascertainment to use
as a basis for calculating accurate frequencies of mo-
lecular markers such as high-frequency microsatellite
instability.

In addition to high-frequency microsatellite insta-
bility, we found that the pathological stage of colorec-
tal cancer was an independent and powerful predic-
tor of clinical outcome. This is not surprising, because
the pathological stage is the main determinant of out-
come for most cancers.? The fact that high-frequency
microsatellite instability was strongly associated with
a lower stage of cancer, even after we controlled for
the depth of tumor invasion, is intriguing. These re-
sults indicate that high-frequency microsatellite insta-
bility contributes to improved survival in two separate
ways. First, high-frequency microsatellite instability
is prognostic of improved survival independently of
other prognostic factors, including pathological stage.
Second, high-frequency microsatellite instability is in-
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dependently predictive of lower pathological stage,
thus further contributing to the improved survival
through tumor down-staging.

The mechanism by which high-frequency micro-
satellite instability influences clinical outcome is un-
known, but it may be related to the kinds of muta-
tions or the genetic targets involved in colorectal
cancers that are deficient in DNA-mismatch repair. For
example, colorectal cancers with high-frequency mi-
crosatellite instability have fewer mutations of the
adenomatous polyposis coli (APC)* and p531343
genes and more frequent mutations of the B-catenin
(CTNNBI)*#> and transforming growth factor B re-
ceptor type I1#6 genes than colorectal cancers with mi-
crosatellite stability. Distinct clinical and pathological
features, such as the intense lymphocytic infiltrates
observed in tumors with high-frequency microsatel-
lite instability,2s may result from these unique genetic
alterations and contribute to the less aggressive na-
ture of these cancers.

In addition, the therapeutic effects of DNA-dam-
aging chemotherapeutic agents, such as fluorouracil,
are likely to be influenced by the underlying mutation-
al mechanism. In vitro, cell lines with high-frequency
microsatellite instability are less responsive than cell
lines with microsatellite stability to various chemo-
therapeutic agents.*” Furthermore, the targeting of
DNA cells that are deficient in mismatch repair may
offer a specific intervention that does not affect nor-
mal tissues that retain mismatch-repair function.4

In conclusion, we detected high-frequency micro-
satellite instability in 17 percent of colorectal-cancer

Volume 342 Number 2 - 75

. For personal use only. No other uses without permission.

Copyright © 2000 Massachusetts Medical Society. All rights reserved.



The New England Journal of Medicine

TABLE 3. UNIVARIATE ANALYSIS OF PREDICTIVE FACTORS FOR
SURVIVAL IN 587 PATIENTS WITH COLORECTAL CANCER.*

No. oF  5-YR SURVIVAL P
ProGNoOsTIC FACTOR PATIENTS (%) VaLuet
Patient
Sex 0.29
Male 295 54+3
Female 292 60£3
Age at diagnosis 0.87
<35 yr 78 53*6
36-40 yr 88 56*5
41-45 yr 184 59+4
46-50 yr 237 56*3
Coexisting illness
Inflammatory bowel disease 0.86
No 571 58+2
Yes 16 57*12
Familial adenomatous polyposis 0.84
No 579 58+2
Yes 8 50+17
Extracolonic cancer 0.83
No 566 58*2
Yes 21 55+11
Synchronous or metachronous 0.47
colorectal cancer
No 556 58*2
Yes 31 55+9
Site of tumor relative to the
splenic flexure
Colon 0.96%
Proximal 198 57+4
Distal 186 59+4
Total 384 58+3 0.92§
Rectum 203 55+3
Histologic features
Cell type <0.001
Adenocarcinoma, not otherwise 530 60£2
specified
Mucinous 28 29+9
Signet ring 19 168
Undifferentiated 8 38*17
Adenosquamous 2 NA
Grade <0.001
Well differentiated 53 75+6
Moderately differentiated 405 59*2
Poorly differentiated 129 42+4
Extramural venous invasion <0.001
No 552 59+2
Yes 35 37+8
Pathological stage{ <0.001
1 73 85+4
ol 173 81=*3
111 207 55+3
v 134 13+3
Microsatellite status <0.001
MSS 485 54+2
MSI 102 76+4

*Plus—minus values are means =SE. MSS denotes colorectal cancer with
microsatellite stability, MSI colorectal cancer with high-frequency micro-
satellite instability, and NA not assessed.

tThe log-rank test was used to calculate P values.

$The P value is for the comparison of the proximal colon, distal colon,
and rectum.

§The P value is for the comparison of the colon and rectum.

{The pathological stage was classified according to the criteria of the
American Joint Committee on Cancer.3
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TABLE 4. SIGNIFICANT PREDICTIVE FACTORS FOR SURVIVAL
IN A COX PROPORTIONAL-HAZARDS ANALYSIS OF 587 PATIENTS
WITH COLORECTAL CANCER.*

Hazarp RATIO

PRoGNOSTIC FACTOR (95% CI)t P VaLue$
Molecular genetics
MSI vs. MSS 0.45 (0.30-0.68)  <0.001

Cell type 0.001
Mucinous vs. adenocarcinoma, not 1.37 (0.85-2.22)
otherwise specified
Signet ring vs. adenocarcinoma, not
otherwise specified
Undifferentiated vs. adenocarcinoma,
not otherwise specified
Adenosquamous vs. adenocarcinoma, NA
not otherwise specified
Grade 0.02
Moderately difterentiated vs. well 1.67 (0.95-2.95)
differentiated
Poorly differentiated vs. well
differentiated
Pathological stage§
ITvs. I
I vs. I
IVvs. 1

2.58 (1.47-4.52)

3.19 (1.33-7.65)

2.27 (1.23-4.17)

<0.001
1.42 (0.74-2.71)
3.30 (1.81-6.03)
12.4 (6.78-22.7)

*CI denotes confidence interval, MSI colorectal cancer with high-fre-
quency microsatellite instability, MSS colorectal cancer with microsatellite
stability, and NA not assessed.

tHazard ratios less than 1.00 represent a decreased risk of death, whereas
hazard ratios greater than 1.00 represent an increased risk of death.

fThe P values result from the hypothesis that the hazard ratio as deter-
mined by a Cox proportional-hazards analysis equaled 1.0.

§The pathological stage was classified according to the criteria of the Amer-
ican Joint Committee on Cancer.?

specimens from a population-based series of relative-
ly young patients. In most of these patients, there
was no family history suggestive of hereditary non-
polyposis colorectal cancer. High-frequency micro-
satellite instability was found to be an independent
predictor of improved survival, and tumors with this
genetic phenotype were less likely to metastasize than
those characterized by microsatellite stability.
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