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ABSTRACT

Allelic loss, detected as a loss of heterozygosity (LOH) on the long arm
of chromosome 16, is an early and frequent event in breast cancer. Despite
this, the clinical significance of LOH on 16q has been very poorly studied.

In this study, corresponding blood and tumor samples from 199 clini
cally well-characterized primary breast cancer patients were analyzed for

LOH with the highly polymorphic microsatellite marker D16S51ÃŒ,located
at 16q23.2-24.2. 61% of 168 informative tumors showed LOH. Univariate

and multivariate analysis found a highly significant association between
LOH at 16q23.2-24.2 and freedom from distant mÃ©tastases,disease-free

survival, and overall survival, respectively. No association was found with
other clinical parameters such as menopausa! status, tumor size, lymph
node status, histopathology, and lymph node capsule invasion.

This makes allelic loss of 16q23.2â€”24.2an independent marker of good

prognosis for primary breast cancer.

INTRODUCTION

Breast cancer is a heterogenous disease, histologically, clinically,
and genetically. A total of 5-10% of breast cancers are considered to

be inherited due to defects in BRCAI. BRCA2. and probably one or
more as-yet-undefmed genes. However, the majority of cases are of

sporadic origin.
In breast tumors, a large number of chromosomes are affected by

either the loss or gain of genetic material (allelic imbalance). Despite
comprehensive studies, only a few tried to correlate allelic imbalance
in the genome with clinical parameters. Allelic loss of a region on
chromosome 7q has been correlated with significantly shorter metas
tasis-free and overall survival (1), although this finding may be
questionable (2). Amplification of HER-2/nen/c-erhB-2 is considered
to have a moderate predictive value in both node-positive and -neg

ative breast cancer patients (3, 4). One strong independent prognostic
parameter is mutations in the tumor suppressor gene p53, which are
associated with an aggressive phenotype (large size, high proliferation
rate, high grade of anaplasia, and ER negativity), early relapse, and
death (Ref. 5; reviewed in Ref. 6).

LOH on 16q is frequent, affecting 51-67% of informative tumors
(7-9), and is considered to be an early event in tumor development
(10-12), which was also confirmed via cytogenetic analyses (13, 14).

The genetic alterations affecting 16q are partial loss, chromosome
deletions, or rearrangements; no amplifications have been observed
(15, 16).

Few correlations have been done between LOH on 16q in sporadic
breast cancer and clinicopathological parameters, and none were
found to associate significantly (9, 11, 17). LOH on 16q has been
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found to correlate with distant metastasis but not with lymph node
positivity or tumor size in familial breast cancer (18).

To analyze genetic alterations in the genome correlated to the
prognosis of the disease, we have collected a large, clinically well-

defined panel of 199 breast tumors and corresponding blood samples.
We chose the highly informative marker D16S5I1, located on

16q23.2-24.2 (an area with a high LOH score), performed LOH

analysis, and correlated the findings with the clinicopathological data
of the 199 patients.

MATERIALS AND METHODS

Patient Material. Tumor material and matching blood samples were col
lected from 199 patients with sporadic breast cancer whose tumor biopsies
were submitted for ER analysis. The material was collected between August
1992 and January 1994 from patients fulfilling the following criteria: (a)
primary unilateral breast carcinoma with no evidence of disseminated disease;
(b) complete clinical, histopathological. and biological information available;
(r) no other malignancies; and (d) full history of follow-up.

Treatment was either lumpectomy or radical modified mastectomy with
auxiliary node sampling. Patients with advanced disease after radical mastec
tomy and all patients treated by lumpectomy were given adjuvant radiotherapy.
Adjuvant systemic hormone therapy and/or chemotherapy were given to all
patients at high risk, i.e., those with positive axillary nodes. The patients were
treated according to the national Danish treatment policy according to the
DBCG (DBCG 89) protocols. The patients were followed-up according to the

DBCG principles published previously (19, 20).
Tumor and Normal DNA. The tumors were examined by a pathologist

immediately after surgery. Part of the tumor was stored at â€”¿�80Â°C,and the rest

of the tumor was used for hormone receptor analysis. The pellet obtained after
the receptor measurement was treated with lysis buffer and proteinase K and
incubated at 55Â°Cfor at least 90 min. DNA was purified according to standard

procedures as described in Ref. 21.
PCR Amplification. The primer sequence for the microsatellite marker

was described in Ref. 22. PCR amplification of tumor and normal DNA was
carried out in microtiter wells as described previously (21).

The products were analyzed by electrophoresis through a 6% denaturing
polyacrylamide gel and autoradiographed overnight (Fig. 1). Two independent
reviewers visually analyzed the autoradiograms for LOH. A complete loss of
one alÃelewas never seen, probably due to contamination by normal mammary
epithelium and blood vessels. Only substantial losses were scored.

Statistical Analysis. The probability of treatment failure was calculated for
the end point of loco-regional failure (chest wall, axilla, and supra-/infracla-

vicular area), freedom from distant metastasis, disease-free survival (any

recurrence, tumor in the other breast, or death from a cause other than breast
cancer), and overall survival by the Kaplan-Meier product-limit analysis. The
Mantel-Cox test was used for comparison, and a test for trend with equal

weighing was performed if more than two groups were compared. All time
estimates were done using the date of primary surgery as the initial value.

A multivariate Cox proportional hazards analysis was used to evaluate the
prognostic parameters and treatments with respect to the risk of distant me
tastasis, death from disease, and overall death. Parameters were included in the
model using forward selection, and statistical analysis was performed using the
Wald test. The level of statistical significance was 5%. The Ps estimated are
those for a two-tailed test. The statistical analysis was performed using the

BMDP (1L,2L,4F) program package.
The date for the evaluation of outcome was February 1, 1997, which gives

a median potential observation time of 46 months (range, 36-54 months).
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Fig. 1. LOH analyzed with the microsatellite marker D16S511 on normal (AO and
tumor (7*)DNA from patients with primary breast cancer.

RESULTS

Consecutive samples of tumor and lymphocyte DNA from 199
patients with primary breast cancer were analyzed for LOH with the
highly informative marker DÃŒ6S511.Thirty-one patients were ho-

mozygous or provided no signal from either tumor or lymphocyte
DNA, whereas 168 patients were heterozygous, and 103 patients
showed a loss of one alÃele(61%).

The 31 noninformative patients were excluded from the subsequent
analysis. The median age of the remaining 168 patients was 58 years
(range, 29-88 years). A total of 43 patients had a lumpectomy, and

125 patients had a mastectomy. A total of 72 patients had positive
lymph nodes in the axilla, and 137 patients had ductal carcinomas.
The patient and tumor characteristics are given in Table 1.

In general, there was no difference in the patient and tumor char
acteristics as a function of allelic loss with respect to menopausa!
status, age, tumor size, nodal status, and histopathology. However,
patients with a positive ER status and patients with low-grade anapla-

sia in ductal carcinoma showed a significantly more frequent allelic
loss.

At the time of analysis, 17 patients had achieved loco-regional

failure, and 28 had developed distant mÃ©tastases;the overall failure
rate including tumor in the opposite breast and the development of
other malignancies was 25% (42 of 168 patients). Twenty-nine pa

tients have died, and all but two of these died as a consequence of their
disease. Table 2 shows the relationship between prognostic parame
ters and outcome and demonstrates that positive lymph nodes, node
capsule invasion, and allelic loss of 16q, particularly, and, to a lesser
extent, tumor size were related to the failure pattern, especially when
expressed as freedom from distant metastasis or disease-free survival.

Loss of the region harboring DI6S5II was associated with a
significantly better outcome, with univariate odds ratios for freedom
from distant metastasis of 4.31 (95% confidence interval, 2.77-6.72),
univariate odds ratios for disease-free survival of 2.95 (95% confi
dence interval, 2.07-4.20), and univariate odds ratios for overall
survival of 2.26 (95% confidence interval, 1.50-3.42). This is also

apparent from Fig. 2, which shows that patients with allelic loss at 16q
had a disease-free survival probability of 81% at 4 years compared to
a disease-free survival probability of 57% if no loss occurred. The

benefit of allelic loss was even more pronounced using distant failure
as an endpoint (Fig. 3). This, in turn, influenced the 4-year survival

probability, which was observed to be 88 and 73% (P = 0.05) for the

patient groups with and without allelic loss, respectively. The influ
ence of allelic loss on prognosis was observed in all subgroups
analyzed and was not found to be associated with other prognostic
factors (Table 3).

A Cox proportional hazards analysis was performed including the
parameters of allelic loss at 16q, menopausal status, tumor size,
positive lymph nodes, histopathology, ER status, and lymph node
capsule invasion. In the final model, using any failure or death (i.e.,
disease-free survival) as an end point, the following parameters were

found to have independent prognostic importance: (a) tumor size
(>20 mm), relative risk of 2.16 (95% confidence interval, 1.08-

4.30); (b) incidence of positive lymph nodes (none versus 1-3 versus
4 or more), relative risk of 1.59 (95% confidence interval, 1.12-2.25);
and (c) allelic loss at 16q, relative risk of 0.43 (95% confidence
interval, 0.24-0.78). Using the risk of distant mÃ©tastasesas an end

point gave similar results with a relative risk of 9.06 (95% confidence
interval, 2.14-38.34) for tumor size, a relative risk of 2.72 (95%
confidence interval, 1.25-5.92) for the incidence of positive lymph
nodes, and a relative risk of 0.25 (95% confidence interval, 0.11-

0.56) for allelic loss at 16q. Despite the relatively short observation
time, the same parameters were also of independent significance for
the overall survival outcome [tumor size had a relative risk of 3.02
(95% confidence interval, 1.14-8.05), the incidence of positive

lymph nodes had a relative risk of 1.73 (95% confidence interval,
1.12-2.68), and allelic loss had a relative risk of 0.47 (95% confidence
interval, 0.22-0.99), respectively]. No other parameters were found to

express independent significance.

DISCUSSION

We found a high frequency of LOH (61%) in the region 16q23.2-

24.2, defined by DI6S511. Allelic loss of this chromosomal region
correlated significantly with freedom from metastasis in patients

Table 1 Patients and tumor characteristics in lÃ²fiÂ¡writ-nts\\-ilh the

informative genotype

AllPremenopausalPostmenopausalAge

(yr)<4040-4950-5960-69>69Tumor

size<21
mm21-50>50Positive

nodesNone1-3>3Hislopathology

(WHO)DuctalOtherAnaplasia

(ductalcarcinoma)Grade
IGrade

11 +111Not
determinedERNegativePositive

(>IOfmol)Node
capsuleinvasionNoYesUnknownNo.16846122739hi32298173149639331373134931052lift123432No.

with
no LOH651352113311283327538131451144407313448161No.

with
LOH103337062630202\48469582619861730Â°5332182"75271

' Significantly more frequent in the LOH group.
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Table 2 Local control, freedom fnÂ»ndistant mÃ©tastases,disease-free sun-ival. and overall sur\'i\'dl in 168 patients with ihe informative genotype
(4-year actuarial values are percentages)

AllPremcnopausalPostmenopausulTumor

si/e<2I
mm>20

mmPositive
nodesNone1-3>3Hislopathology

(WHO|DuettiOtherERNegativePositive

OH)fmollNode
capsuleinvasionNoYesAllelic

loss onI6qNoYesLocal

control89898987899386808989849191818293NS"NSNSNSNSNSNSNo
distant

metastasis8293

P =0.047879

NS8386

P =0.03866782

NS83SI

NS8387

P =0.0036869

P =0.000591Disease-freesurvival7283

NS6773

NS7178

P =0.01725571

NS7371

NS7276

P =0.015857

P =0.00281Overall

survival82917887778881637994718687687388NSNSP

=0.009NSP

=0.04P

=0.005P

= 0.05

' NS. not significant.
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suffering from primary breast cancer (P = 0.0005). No association

was found between LOH in this region and parameters such as tumor
size, lymph node status, menopausal status, age, or histolÃ³gica! type.
Sato et al. ( 17) analyzed 31 primary breast tumors and found a weak,
not statistically significant (P = 0.1367) association between LOH on

16q and lymph node metastasis. The study by Lida el al. ( 11) on the
extended material of 210 primary breast tumors found no correlation
with clinicopathological parameters such as tumor size, lymph node
metastasis, ER and progesterone receptor status, and histopathological
classification with LOH on 16q. This makes the loss of one alÃelein
the 16q23.2-24.2 region an independent prognostic marker of free
dom from metastasis and. consequently, of a better disease-free sur

vival and overall survival rate in primary breast cancer patients.
Despite the high incidence of LOH on 16q. indicating the presence

of one or more tumor suppressor genes, no correlations had previously
been found between survival data and allelic loss in sporadic breast
cancer. In patients suffering from inherited breast cancer, however.

loss of 16q24.3 was correlated with an increased incidence of distant
metastasis 1-13 years after surgery (18), and the authors found no

correlation with other clinical parameters. This loss is distal to
DÃ•6S5Ã•I, and the mechanisms leading to the inherited form of breast
cancer may be different from those that give rise to sporadic breast
cancer, explaining why we find the diametrically opposite correlation
between LOH on 16q and distant metastasis. The patient material was
also generally biased toward good prognosis, because the selected
tumors showed slow progression and late recurrence. This might also
explain the unexpected lack of correlations between pathological
lymph node involvement, tumor size, and recurrence in that report. It
is difficult to relate this study to ours in a meaningful way. due to the
selection of tumors biased toward good prognosis, inherited breast
cancer, and the limited number of samples. LOH on I6q is a frequent
event in small tumors, tumors without lymph node metastasis, tumors
of noninvasive histological phenotype as well as the more advanced
phenotypes (11), and tumors with a low, moderate, or high degree of
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ALLELIC LOSS OF 16q AND PROGNOSIS IN BREAST CANCER

Table 3 Influence of !6q23.2-24.2 alleile loss on distant mÃ©tastases,disease-free survival, and overall sur\-ival (4-year actuarial values are percentages)

No distant mÃ©tastases Disease-freesurvivalAllPremenopausalPostmenopausalTumor

size<21
mm>20

mmPositive
nodesNone1-3>3Histopathology

(WHO)DuctalOtherERNegativePositive

(>10fmol)Node
capsuleinvasionNoYesNo

LOH6985657959768336716475647939LOH919789100829387898910090919385NoLOHP

= 0.000557P
= 0.0017752P

= 0.00056354P

= 0.0005646929P

= 0.00065854P

= 0.00046551P

= 0.0003 6631LOH8l85798575867374798881808374P

=0.1X12P
=0.004P

=0.004P

=0.002P

=0.002P

=0.002P

= 0.001Overall

survivalNo

LOH7392688062808538679364798050LOH8891869283947981869481899276P

=0.05NS"P

=0.04P

=0.05P

=0.04NSP

= 0.05

' NS, not significant.

histolÃ³gica! atypia (7). These data strongly support the observation
that allelic loss on 16q is an early event in tumor development and/or
progression.

We and others (8, 9, 11) have found a high frequency of LOH on
16q, irrespective of the histological phenotype of the tumor. It seems
inconsistent that allelic loss of a region on 16q is associated with
freedom from metastasis and prolonged survival, especially because
the tumors were collected randomly and were not selected for good
prognosis. One explanation of this phenomenon may be that one or
more tumor suppressor genes are functionally inactivated by allelic
loss, which is likely to be an early event leading to tumor development
(7, 11). A metastasis-inducing gene or a housekeeping gene that, in a

reduced dose, will slow down the growth and/or metastatic potential
of the tumor cell could be in the vicinity and could be lost along with
the affected tumor suppressor gene. This would explain the dramatic
effect that loss of 16q23.2-24.2 has on breast cancer prognosis.

This new marker of good prognosis adds valuable information to
our present knowledge of the biology of breast cancer and influences
our understanding of the genetics involved in the development of
sporadic breast cancer.
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