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Rapid Communication
Vimentin Expression Appears to Be
Associated with Poor Prognosis in Node-
negative Ductal NOS Breast Carcinomas
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Vimentin expression in tumorsfrom 83 node-neg-
ative and 112 node-positive patients with infiltra-
tive ductal not otherwise specified (NOS) breast
carcinomas has been compared with 5-year sur-
vival. For node-negative, but notfor node-positive
patients, there was a significant inverse relation be-
tween vimentin expression and survival. Five-year
survival of node-negative patients with vimentin-
positive tumors was significantly worse compared
with vimentin-negative tumors (P < 0.0001). In
the node- negative group, only 36% ofpatients with
vimentin-positive tumors but 82% ofpatients with
vimentin-negative tumors survived 5years. Tumors
ofall eight node-negative patients with ductalNOS
cancer who died in the first 27 months expressed
vimentin. Multivariate analysis of the node-nega-
tive group showed a strong correlation ofvimentin
expression and overall survival, but weak and not
significant correlation between histologic grade or
size and overall survival at 5 years. Thus vimentin
expression seems to be a strong indicator ofpoor
prognosis in node-negative ductal NOS breast car-
cinomas. (AmJ Pathol 1990, 13 7:1299-1304)

Recently we showed that vimentin is preferentially ex-
pressed in infiltrative ductal not otherwise specified (NOS)
breast carcinomas with low estrogen receptor and high

Ki-67 growth fraction.1 A positive correlation between vi-
mentin and estrogen receptor-negative, epidermal growth
factor receptor-positive human breast carcinomas has
been documented.2 In addition, preferential expression of
vimentin in high-grade infiltrative ductal NOS breast car-
cinomas has been reported.>5 Thus vimentin expression
in infiltrative ductal NOS breast cancer seems to be
strongly associated with several poor prognostic indica-
tors.6-10 Therefore prognostic significance of vimentin
expression in infiltrative ductal NOS breast carcinomas
has been suggested1' 45 but not proved. To test this hy-
pothesis, vimentin expression in breast cancer biopsy tis-
sues that were formalin fixed and paraffin embedded is
compared with survival curves for a 5-year period.

Materials and Methods

Specimens

Formalin-fixed and paraffin-embedded biopsies from 195
unselected mastectomy specimens from patients with
primary infiltrative ductal NOS breast cancer and for whom
survival data was available were examined. These were
retrieved from the files of the Department of Oncology,
Medical Academy of Lodz, Poland, where the patients
had been examined between 1980 and 1985. On patho-
logic examination, 83 patients had negative lymph nodes
and 112 had positive lymph nodes, with 1 to 20 nodes
involved. Of 1 12 with positive lymph nodes, 25 had 1, 16
had 2, 14 had 3, 8 had 4, and 49 had 5 or more lymph
nodes involved. All cases were reviewed histologically and
representative sections were selected for immunocyto-
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chemical examination. The histologic classification of in-
filtrative ductal NOS carcinoma was performed according
to published criteria."1 Clinical information about the pa-

tients, including survival data for a period of 5 years, was

obtained from hospital records.

Immunohistochemistry

The indirect immunoperoxidase method was used to de-
termine positivity for keratin with the KL1 broad specificity
mouse monoclonal antibody12 (Dianova, Hamburg, FRG)
and for vimentin with the mouse monoclonal V9 antibody'3
(for further details see Domagala et a15).

Statistical Analysis

To test the significance of the Kaplan-Meier survival plots,
Chi-square values were calculated by log-rank statistics'4
(generalized Savage test). Because there were indications
that the various parameters were noncumulative, multi-
variate analysis was performed by calculation of the coef-
ficients of correlation in certain subgroups. Significance
of correlation was determined by the t statistic.

Results

Vimentin and Keratin Expression

Table 1 presents data on the vimentin and keratin content
of the 195 infiltrative ductal NOS breast carcinomas in-
cluded in this study. Approximately 90% of these cases

were included in our previous study of vimentin expression
and histologic type.5 Eighty-three cases were node neg-

ative, while in 112 cases metastases were found in one
or more axillary lymph nodes. All were positive with the
broad specificity keratin antibody (KL1), although not all
tumor cells in every specimen were keratin positive (more
than 75% in most cases).

Tumors were considered positive for vimentin when
there was distinct brown cytoplasmic staining. Positive

staining in fibroblasts, endothelial cells, lymphocytes, and
macrophages and negative staining of epithelial cells in
non-neoplastic tubules served as 'built-in' positive and
negative controls, respectively. The percentages of vi-
mentin-positive tumor cells were estimated semiquanti-
tatively. As in previous studies,"4 tumors were considered
positive when vimentin expression was detected in more
than 10% of tumor cells. Thus the eight cases in which
very small numbers of tumor cells (7 cases, less than 1 %;
and 1 case, less than 5%) were vimentin positive are not
included in the vimentin-positive category in the tables.
Of these eight cases, five were node negative and three
were node positive. As shown in Domagala et al,5 in the
majority of vimentin-positive cases, more than 50% of the
tumor cells stained for vimentin.

Vimentin and Survival

Tumor cells in 17% (34 of 195) of the cases expressed
vimentin. Among node-negative patients, vimentin was

present in 27% (22 of 83) of the cases (Table 1). In this
group the survival curves of patients with vimentin-positive
tumors and those with vimentin-negative tumors were sig-
nificantly different (P < 0.0001; Figure 1 A). All node-neg-
ative patients who died of cancer within the first 27 months
were vimentin positive. Vimentin expression was found in
14% (8 of 58) of tumors of patients who survived 5 years

while it was expressed in 56% (14 of 25) of tumors of
those who died of the disease within 5 years (Table 2).
On the other hand, among vimentin-positive cases, only
36% (8 of 22) survived 5 years, while 82% (50 of 61) 5-
year survivors were found among vimentin-negative cases.

The survival curves of node-positive patients did not
differ significantly with respect to vimentin expression
(Figure 1 B).

Histologic Grade and Survival

The difference in the effect of histologic grade on survival
of the node-negative and node-positive groups is shown
by the survival curves in Figures 2A and 2B. In these plots

Table 1. Vimentin Expression and Histologic Grade in Node-negative and Positive Infiltrative
Ductal NOS Breast Carcinomas

Vimentin* Histologic grade

Axillary lymph nodes No. of cases + (%) - II Il/Ill III

Negative 83 22 (27) 61 5 43 2 33
Positive 112 12 (11) 100 3 50 1 58

Total 195 34 (17) 161 8 93 3 91
* To be counted as vimentin positive, 10% or more of tumor cells had to express vimentin (see text).
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Figure 1. Effect of vimentin content on survival curves ofpa-
tients with infiltrating ductal NOS breast carcinoma. A: Node-
negative cases. B: Cases with involvement ofone or more ax-
illary lymph nodes. V+ vimentin positive, V- vimentin negative.

survival of patients with histologic grades 1, 11, and 11/111 is
compared with that of histologic grade ll. Comparison of
Figures 1A and 2A for the node-negative group and of
Figures 1 B and 2B for the node-positive group shows that
vimentin is the better prognostic parameter in the node-
negative group, while tumor grade is the better parameter
in the node-positive group.

Multivariate Analysis

The tables of cross-correlations between the various fac-
tors shown in Table 3 show considerable differentiation
after segregation by lymph node status. When the total
patient group is considered, grade and size correlate with
survival (both 0.27) and there is a weaker but still significant
correlation between vimentin expression and survival
(0.19). In the node-positive patient group there is still a
significant correlation of grade with survival (0.30), and of
tumor size with survival (0.29), but there is no significant

Table 2. Vimentin Expression and Survival in 82
Node-negative Infiltrative Ductal NOS Breast
Carcinomas

Dead AliveTime
(years) No. Vim+ (%) No. Vim+ (%)

2 4 4/4 (100%) 79 18/79 (23%)
3 14 9/14 (64%) 69 13/69 (19%)
4 22 13/22 (59%) 61 9/61 (15%)
5 25 14/25 (56%) 58 8/58 (14%)

correlation between vimentin and survival (0.10). However
the node-negative group shows a strongly significant cor-
relation of vimentin with survival (0.51). In contrast, in this
group tumor grade no longer correlates significantly with
survival (0.17). Therefore grading appears to be the better
prognostic factor in the node-positive group and vimentin
is the better parameter in the node-negative group. The
two factors are not cumulative.
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Figure 2. Effect ofhistologic grade on survival curves ofpatients
with infiltrating ductal NOS breast carcinomas. A: Node-neg-
ative cases. B: Cases with involvement ofone or more axillary
lymph nodes. I + II: histologic grades, I, II, IIIIII. III: histologic
grade III.
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Table 3. Coefficients ofCorrelation Between Survival, Histologic Grade, Tumor Size, Lymph Nodes Involved,
and Vimentin in Ductal NOS Breast Carcinomas

Months Grade Size Nodes Vimentin

A All Patients (n = 195)

M 1.00
G 0.27 1.00
S 0.27 0.05 1.00
N 0.49 0.21 0.26 1.00
V 0.19 0.20 0.00 0.01 1.00
All 46.66 1.43 44.49 2.84 0.17
V- 48.22 1.37 44.50 2.82 0.00
V+ 39.24 1.68 44.41 2.91 1.00

B At Least One Node Affected (n = 112)

M 1.00
G 0.30 1.00
S 0.29 -0.04 1.00
N 0.51 0.22 0.27 1.00
V 0.10 0.11 -0.08 0.28 1.00
All 42.63 1.49 46.96 4.94 0.11
V- 43.31 1.47 47.45 4.54 0.00
V+ 36.92 1.67 42.92 8.25 1.00

C No Nodes Affected (n = 83)

M 1.00
G 0.17 1.00
S 0.15 0.12 1.00
N 0.00 0.00 0.00 0.00
V 0.51 0.35 0.15 0.00 1.00
All 52.10 1.34 41.14 0.00 0.27
V- 56.28 1.21 39.67 0.00 0.00
V+ 40.50 1.68 45.23 0.00 1.00

Table 3A-C give the coefficients of correlation between the prognostic variables grade (1, 2, 3), size of tumor (in mm), number of nodes affected, and
vimentin (0 = negative, 1 = positive) and survival in months after diagnosis (censored to 60 months, coefficients taken positive). The correlations are given
in A for all patients, in B for those with at least one affected lymph node, and in C for those without affected lymph nodes, n = patients at nsk. At 95%
significance by t-test, correlations of 0.14, 0.185, and 0.215 are required as evidence against the hypothesis of noncorrelation for n = 195, 112, and 83,
respectively. We list the average values of each parameter overall in the group and segregated for V- and V+ below the correlation coefficients in each
group.

Discussion

Prognosis in Breast Carcinoma

Metastatic tumor in axillary lymph nodes has long been
regarded as the most powerful indicator of poor prognosis
in breast carcinomas.15 High nuclear or histologic grade
of the tumor16 and increased proliferative activity as mea-
sured by the size of S-phase fraction by means of thy-
midine labeling index79 also have been correlated with
poor prognosis. Histologic type of the tumor also plays a
role because prognosis in ductal carcinomas is known to
be worse than, for instance, in medullary cancer.17'18 Re-
cently biologic grading of breast cancer using antibodies
specific to proliferating cells and to other markers provided
additional parameters that may be used to assess prog-
nosis in breast carcinoma. These include Ki-67
antibody6'1920 and antibody to bromodeoxyuridine,21 which
detect growth fraction and S-phase fraction, respectively,
estrogen receptor (ER)10'22-3 and epidermal growth factor

receptor (EGFR) status,' as well as expression of the c-
erbB-2 (or neu/HER2) oncoprotein.24 Quantitation of im-
munohistochemical staining by image analysis is an ad-
ditional advantage of these markers because it provides
an objective method of assessment.25

Vimentin and Prognosis

Vimentin expression in breast carcinoma was linked orig-
inally to three biological poor prognostic indicators, ie, low
estrogen receptor level,12 positive EGFR status,2 and high
proliferative activity of the tumor1'4 and one histologic in-
dicator of poor prognosis, ie, high histologic grade of duc-
tal NOS carcinomas.' 35 Recently, in two studies of renal
cell carcinomas, a correlation between vimentin expression
and high nuclear grade was found,2'27 with a particularly
unfavorable course for vimentin-positive nuclear grade 3
tumors. Therefore we1' 5 and Raymond and Leong4 sug-
gested that vimentin might be an indicator of poor prog-
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nosis in a subset of infiltrative ductal NOS breast carci-
nomas. The results of the current study suggest that vi-
mentin expression is indeed associated with poor
prognosis in node-negative ductal NOS breast cancer.
The eight node-negative patients with ductal NOS carci-
nomas in this series who died of cancer within 27 months
had tumors that expressed vimentin. Only 36% of patients
with vimentin-positive tumors survived 5 years, as com-
pared to 82% of those who had vimentin-negative tumors.
Thus vimentin seems to join the list of biological markers
that are associated with poor prognosis in node-negative
ductal NOS breast carcinomas. However because we
have found vimentin expression in tumor cells of 78% of
medullary and in two of four mucinous breast carcinomas,5
we again make the point that vimentin per se cannot be
regarded as a predictor of behavior for all types of breast
carcinomas, although it is more likely a feature of tumors
undergoing rapid growth (for further discussion of vimentin
expression and differences in biological behavior between
ductal NOS and medullary carcinoma, Domagala et a15).

Our data suggest that vimentin may be a convenient
predictor of biological behavior for node-negative ductal
NOS breast carcinomas. While some markers (eg, Ki-67)
require fresh frozen tissue, vimentin expression can be
assessed on formalin- (or alcohol-) fixed paraffin-embed-
ded breast tumors if an appropriate vimentin antibody is
selected. Vimentin, like ER or Ki-67 growth fraction, also
may be assayed on fine-needle aspirates of breast
tumors1 2831; hence the prognostic information it carries
may be available before surgical treatment.

In the node-negative breast carcinomas, ideally adju-
vant therapy should be reserved for patients at high risk
of relapse.3233The current difficulty, however, is to know
which factors are most useful in identifying this group of
patients so that recommendations can be made for treat-
ment. Our data suggest that vimentin expression in node-
negative ductal NOS breast cancer is significantly asso-
ciated with poor survival at 5 years. Therefore vimentin
seems to be a good prognostic factor because it is easily
measurable and allows wide separation of prognostic
groups. Further research is needed to determine whether
vimentin and/or other strong poor prognostic indicators,
such as Ki-67 growth fraction and EGFR status, can serve
as discriminating factors in treatment decisions in node-
negative ductal NOS breast cancer patients.

References

1. Domagala W, Lasota J, Bartkowiak J, Weber K, Osborn M;
Vimentin is preferentially expressed in human breast carci-
nomas with low estrogen receptor and high Ki67 growth
fraction. Am J Pathol 1990, 136:219-227

2. Catoretti G, Andreola S, Clemente C, D'Amato L, Rilke F:
Vimentin and p53 expression on epidermal growth factor

receptor-positive, oestrogen receptor-negative breast car-
cinomas. Br J Cancer 1988, 57:353-357

3. Raymond W, A Leong AS-Y: Coexpression of cytokeratin
and vimentin intermediate filament proteins in benign and
neoplastic breast epithelium. J Pathol 1989, 157:288-306

4. Raymond W, A Leong AS-Y: Vimentin-a new prognostic
parameter in breast carcinoma? J Pathol 1989, 158:107-
114

5. Domagala W, Wozniak L, Lasota J, Weber K, Osborn, M:
Vimentin is preferentially expressed in high grade ductal and
medullary, but not in lobular breast carcinomas. Am J Pathol
137:1059-1064

6. Charpin C, Andrac L, Vacheret H, Habib MC, Devictor B,
Lavaut MN, Toga M: Multiparametric evaluation (SAMBA) of
growth fraction (monoclonal Ki67) in breast carcinoma tissue
sections. Cancer Res 1988, 48:4368-4374

7. Meyer JS, Lee JY: Relationships of S-phase fraction of breast
carcinoma in relapse to duration of remission, estrogen re-
ceptor content, therapeutic responsiveness and duration of
survival. Cancer Res 1980, 40:1890-1896

8. Sainsbury JR, Farndon JR, Needham GK, Malcolm AJ, Harris
AL: Epidermal growth-factor receptor status as predictor of
early recurrence of and death from breast cancer. Lancet
1987, :1398-1402

9. Silverstrini R, Diadone MG, Casparini G: Cell Kinetics as a
prognostic marker in node-negative breast cancer. Cancer
1985, 56:1982-1987

10. Thorpe SM, Rose C, Rasmussen BB, Mouridsen HT, Bayer
T, Keiding N, on behalf of the Danish Breast Cancer Co-
operative Group. Prognostic value of steroid hormone re-
ceptors: Multivariate analysis of systematically untreated pa-
tients with node negative primary breast cancer. Cancer Res
1987, 47:6126-6133

11. Millis RR, Girling AC: The breast. In Sternberg SS, ed. Di-
agnostic Surgical Pathology. New York, Raven Press, 1989,
pp 253-313

12. Viac J, Reano A, Brochier J, Staquet M-J, Thivolet J: Reactivity
pattern of a monoclonal antikeratin antibody (KL1). J Invest
Dermatol 1983, 81:351-354

13. Osborn M, Debus E, Weber K: Monoclonal antibodies specific
for vimentin. Eur J Cell Biol 1984, 34:137-143

14. Kalbfleisch JD, Prentice RL: The statistical analysis of failure
time data. John Wiley, New York

15. Fisher ER: Prognostic and therapeutic significance of patho-
logical features of breast cancer. Natl Cancer Inst Monogr
1986,1:29-34

16. Bloom HJG, Richardson WW: Histologic grading and prog-
nosis in breast cancer. Br J Cancer 1957, 11:359-377

17. Wargotz ES, Silverberg SG: Medullary carcinoma of the
breast: A clinicopathologic study with appraisal of current
diagnostic criteria. Hum Pathol 1988, 19:1340-1346

18. Bloom HJG, Richardson WW, Field JR: Host resistance and
survival in carcinoma of breast: A study of 104 cases of
medullary carcinoma in a series of 1,411 cases of breast
cancer followed for 20 years. Br Med J 1970, 3:181-188

19. Gerdes J, Pichertz M, Brotherton J, Hammerstein J, Weitzel
M, Stein H: Growth fractions and estrogen receptor in human
breast cancers as determined in situ with monoclonal anti-
bodies. Am J Pathol 1987, 129:486-492



1304 Domagala et al
AJP December 1990, Vol. 13 7, No. 6

20. McGurrin JF, Doria Ml, Dawson PJ, Karrison T, Stein MO,
Franklin WA: Assessment of tumor cell kinetics by immu-
nohistochemistry in carcinoma of the breast. Cancer 1987,
59:1744-1750

21. Sasaki K, Matsumura K, Tsuji T, Shinozaki F, Takahashi M:
Relationship between labeling indices of Ki-67 and BrdUrd
in human malignant tumors. Cancer 1988, 62:989-993

22. Charpin C, Martin PM, Jacquemeier J, Lavaut MN, Pourreau-
Schneider N, Toga M: Estrogen receptor immunocytochem-
ical assay (ER-ICA) computerized image analysis system,
immunoelectron microscopy and comparisons with estradiol
binding assays in 115 breast carcinomas. Cancer Res 1986,
46:4271-4277

23. Osborne CK, Yochmowitz MG, Knight WA, McGuire WL:
The value of estrogen and progesterone receptors in the
treatment of breast cancer. Cancer 1980, 46:2884-2888

24. Wright C, Angus B, Nicholson S, Sainsbury JRC, Cairns J,
Gullick WJ, Kelly P, Harris AL, Horne CHW: Expression of
c-erbB-2 oncoprotein: a prognostic indicator in human breast
cancer. Cancer Res 1989, 49:2087-2090

25. Bacus SS, Goldschmidt R, Chin D, Moran G, Weinberg D,
Bacus JW: Biological grading of breast cancer using anti-
bodies to proliferating cells and other markers. Am J Pathol
1989,135:783-792

26. Donhuijsen K, Schulz S: Prognostic significance of vimentin
positivity in formalin fixed renal cell carcinomas. Pathol Res
Practice 1989, 184:287-291

27. Medeiros LJ, Michie SA, Johnson DE, Warnke RA, Weiss
LM: An immunoperoxidase study of renal cell carcinomas:
Correlation with nuclear grade, cell type, and histologic pat-
tern. Human Pathol 1988, 19:980-987

28. Domagala W, Lasota J, Chosia M, Szadowska A, Weber K,
Osbom M: Diagnosis of major tumor categories in fine needle

aspirates is more accurate when light microscopy is com-
bined with intermediate filament typing: a study of 403 cases.
Cancer 1989, 63:504-517

29. LeII6 RJ, Heidenreich W, Strauch G: Growth fraction as de-
termined in cytologic specimens of breast carcinomas: A
study with the monoclonal antibody Ki67. In Goerttler K,
Feihter GE, Witte S, eds. New Frontiers In Cytology: Modern
Aspects of Research and Practice. Berlin, Springer Verlag,
1988, pp 212-215

30. Kuenen-Boumeester V, Blonk Dl, Van Der Kwast TH: Im-
munocytochemical determination of the proliferation fraction
in fine-needle aspiration smears of breast tumors and their
metastases. In Goerttler K, Feihter GE, Witte S, eds. New
Frontiers in Cytology: Modern Aspects of Research and
Practice. Berlin, Springer Verlag, 1988, pp. 206-211

31. Marchetti E, Bagni A, Querzoli P, Durante E, Marzola A, Fabris
G, Nenci I: Immunocytochemical detection of estrogen re-
ceptors by staining with monoclonal antibodies on cytologic
specimens of human breast cancer. Acta Cytol 1988, 32:
829-834

32. McGuire WL: Adjuvant therapy of node negative breast can-
cer. N Engl J Med 1989, 320:525-527

33. O'Reilly SM, Richards MA: Node negative breast cancer.
Adjuvant chemotherapy should probably be reserved for
patients with high risk of relapse. Br Med J 1990, 300:346-
348

Acknowledgment

The authors thank Susanne Isenberg for help in staining the
specimens.


