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ABSTRACT

This study aimed to test the hypothesis that lymphovascular invasion adds prognostic
information to histological grade and tumour size in node-negative invasive carcinoma
of the breast. Lymphovascular invasion was assessed in haematoxylin and eosin tumour
sections from 2760 patients with node-negative invasive breast carcinoma treated with
definitive surgery. Patients were divided into two groups: 990 in the no adjuvant therapy
series (diagnosed in 1974-1988) with median follow-up of 13 years; and 1765 in the selective
adjuvant therapy series (1988-2000) with median follow-up of 6.8 years. Lymphovascular
invasion was identified in 19% of tumours and was associated with larger tumour size,
higher histological grade and younger age. Overall, survival was associated on multivariate
analysis with lymphovascular invasion, histological grade and tumour size in both patient
series, and with histological type in the no adjuvant therapy series. In conclusion, lympho-
vascular invasion is an independent prognostic factor in node-negative breast cancer and
should be considered in decisions about adjuvant treatment in this group of women.

© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

with most evidence to support them; both of these factors
are of independent prognostic value in women with node-

Axillary lymph node stage is an important prognostic factor
in invasive carcinoma of the breast. The prognosis progres-
sively worsens with increasing number of involved nodes.
However, with long-term follow-up, at least 30% of node-neg-
ative patients develop distant metastases and die of breast
cancer. This has prompted the search for prognostic factors
in node-negative women. One approach has been to search
for nodal metastases missed by conventional haematoxylin
and eosin sections of the nodes; but such occult metastases
do not appear to be an independent prognostic factor [1]. Fur-
thermore, the frequency of lymph node positivity has de-
clined following the introduction of mammographic
screening for breast cancer and greater awareness leading
to earlier presentation.

Histological grade and tumour size are the other patholog-
ical prognostic factors in invasive carcinoma of the breast

negative tumours [2-4]. When used in combination, the three
strongest prognostic factors in invasive breast cancer (nodal
status, histological grade and tumour size) provide more pow-
erful information than any individual factor used alone. The
Nottingham Prognostic Index (NPI) [5] uses these three fac-
tors, with appropriate weighting for each factor, and has been
externally validated by multiple studies [6-9]. The current fac-
tors that we use in guiding adjuvant systemic treatment in
node-negative patients are the NPI (i.e., histological grade
and tumour size) and oestrogen receptor status.
Lymphovascular invasion shows a clear relation with
nodal status [2,10] and local recurrence [2,11-13]. It is also re-
lated to distant metastasis and overall survival in node-nega-
tive breast cancer [11,14,15], but most studies have been small
or only used univariate analysis. This study aims to test the
hypothesis that lymphovascular invasion adds prognostic

* Corresponding author: Tel.: +44 115 9691169x47204; fax: +44 115 962 7768.

E-mail address: aleel@ncht.trent.nhs.uk (A.H.S. Lee).

0959-8049/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.

doi:10.1016/j.ejca.2005.10.021


mailto:alee1@ncht.trent.nhs.uk

358 EUROPEAN JOURNAL OF GANCER 42 (2006) 357-362

information to histological grade and tumour size in node-
negative invasive carcinoma of the breast.

crine treatment or adjuvant chemotherapy. Time to local
recurrence has been analysed in previous studies [2,24,25].

2. Patients and methods

The study included patients with primary operable invasive
breast carcinoma that was clinically less than 5 cm and trea-
ted with definitive surgery at Nottingham City Hospital be-
tween 1974 and 2000. All the patients were less than 71
years at the time of initial surgery. Some of these patients
were included in a previous study of vascular invasion [2].

Tumours were received fresh in the pathology laboratory
and incised immediately to ensure good fixation. From 1974
to 1991 the standard axillary procedure was triple node biopsy
(sampling of low and high axillary and internal mammary
nodes). From 1991, four node axillary sample was the stan-
dard procedure; this method has been validated by compari-
son with axillary clearance [16]. A small proportion of
women had axillary clearance. Assessment of axillary nodal
status was based on haematoxylin and eosin sections.

Lymphovascular invasion was assessed in the peritumoral
tissue on haematoxylin and eosin sections. It was defined as
carcinoma cells present within a definite endothelial lined
space. Only definite lymphovascular invasion was regarded
as positive. Possible lymphovascular invasion was scored as
negative. No attempt was made to distinguish between blood
vessels and lymphatics.

The Nottingham modification of the Scarff Bloom and
Richardson method was used for histological grading [17]. Tu-
mour size was based on macroscopic measurement in the
early part of the study and microscopic measurement of the
greatest diameter of the invasive carcinoma latterly. Histolog-
ical type was categorised as described previously [18]. Mucin-
ous [18-20] and tubular carcinoma [18,21] have the strongest
evidence of good prognosis. Although the evidence is more
limited, invasive cribriform carcinoma appears to have an
excellent prognosis [21,22] like the histologically similar tubu-
lar carcinoma. These three histological types with a good
prognosis were grouped together and compared with all other
types. Oestrogen receptor status was assessed using the dex-
tran coated charcoal method (cut-off 10 fmol/mg) or immuno-
histochemistry (cut-off H score of 10) [23].

The NPI was calculated using the following formula [5]:
NPI = histological grade + lymph node stage + (tumour size/
cm x 0.2). All tumours in the present series were node-nega-
tive and therefore scored 1 for lymph node stage.

For survival analysis, the patients were divided into two
series. The first was patients who presented in the period be-
fore either adjuvant chemotherapy or endocrine treatment
was used in the Nottingham Breast Unit (1974-1988). In the
second series, selected patients received adjuvant treatment
(1988-2000). Univariate survival analysis was performed using
Kaplan-Meier curves and log-rank significance testing. Multi-
variate analysis of breast cancer related survival and time to
distant metastases was performed using Cox’s proportional
hazards method. The following variables were included in
multivariate analysis: lymphovascular invasion, histological
grade, tumour size, histological type (mucinous, tubular and
cribriform versus other types), oestrogen receptor status, pa-
tient age, and whether the patient received adjuvant endo-

3. Results

There were 2760 node-negative patients treated between 1974
and 2000 that satisfied the inclusion criteria. In the no adju-
vant therapy series there were 990 patients with median fol-
low-up of 13.0 years (range 0.3-29.9) and 417 breast cancer
related deaths. In the selective adjuvant therapy series there
were 1765 patients with median follow-up of 6.8 years (range
0-15.4) and 189 breast cancer related deaths. There was a
clear relationship between lymphovascular invasion and no-
dal status in the whole series of 5038 patients with invasive
carcinoma treated between 1974 and 2000: lymphovascular
invasion was present in 19% of the node-negative tumours
and 47% of node-positive tumours. All subsequent results
presented relate only to node-negative tumours.

Lymphovascular invasion was associated with increasing
tumour size (y* =40, P <0.0001; Table 1), higher histological
grade (¢*>=55, P <0.0001), less favourable Nottingham Prog-
nostic Index group (;* =48, P <0.0001), younger age (> =32,
P <0.0001), and was less common in tubular, cribriform and
mucinous type carcinomas (;* = 23, P < 0.0001).

On univariate analysis, lymphovascular invasion was
associated with a worse survival in both series of patients
(Fig. 1), but the survival was better for patients in the selective
adjuvant therapy series. In the no adjuvant therapy series, the
10-year survival was 47.5% for patients with tumours with

Table 1 - Relation of lymphovascular invasion to
pathological features and to patient age

Feature Lymphovascular invasion
Absent Present
Tumour size
1-10 mm 474 57 (11%)
11-20 mm 1138 261 (19%)
21-30 mm 475 146 (24%)
31-40 mm 108 41 (28%)
>40 mm 45 13 (22%)
Histological grade
1 583 62 (10%)
2 788 184 (19%)
3 865 271 (24%)
Nottingham Prognostic Index
Good Prognostic Group 1079 173 (14%)
(NPI < 3.40)
Moderate Prognostic Group 1 708 180 (20%)
(NPI 3.41-4.40)
Moderate Prognostic Group 2 447 164 (27%)
(NPI 4.41-5.40)
Histological type
Tubular, cribriform, mucinous 213 16 (7%)
Other 2025 502 (20%)
Patient age
<36 years 86 31 (26%)
36-49 years 626 201 (24%)
50-70 years 1530 286 (16%)
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Table 2 - Multivariate analysis of breast cancer-related
survival in the series of patients with no adjuvant

systemic therapy

Factor Relative (95% P value

risk Confidence

interval)

(a) All survival data included
Tumour size/cm 1.35 (1.24-1.47) <0.0001
Histological grade 1.22 (1.06-1.40) 0.004
Lymphovascular invasion 1.64 (1.28-2.09) <0.0001
Histological type 0.37 (0.19-0.73) 0.004
(b) Only including first 5 years of follow-up
Tumour size/cm 1.36 (1.20-1.54) <0.0001
Histological grade 1.80 (1.40-2.30) <0.0001
Lymphovascular invasion 1.79 (1.27-2.52) 0.001
Histological type 0.24 (0.03-1.49) 0.12

Table 3 - Multivariate analysis of breast cancer-related

survival in the series of patients with selective adjuvant
systemic therapy (all variables included)

Factor Relative (95% P value
risk  Confidence
interval)

Tumour size/cm 1.46 (1.21-1.77) <0.0001
Histological grade 2.31 (1.64-3.26)  <0.0001
Lymphovascular invasion 1.66 (1.17-2.35) 0.004
Adjuvant chemotherapy 0.45 (0.25-0.82) 0.009
Adjuvant endocrine treatment 0.65 (0.43-0.98) 0.04
Oestrogen receptor status 0.69 (0.47-1.02) 0.06
Patient age 1.02 (0.998-1.03) 0.07
Histological type 0.56 (0.16-1.87) 0.34
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Fig. 1 - Lymphovascular invasion and breast cancer specific
survival of women with node-negative operable invasive
carcinoma of the breast: (a) no adjuvant therapy group; (b)
selective adjuvant therapy group.

lymphovascular invasion and 71.2% for patients with tu-
mours without lymphovascular invasion; the equivalent fig-
ures for the selective adjuvant therapy series were 75.8%
and 88.0%. Tumours of patients from the selective adjuvant
therapy group tended to be smaller (P<0.0001, Mann-
Whitney U) and of lower grade (°>=5.6, P=0.06) and were
more often oestrogen receptor positive (;*=81, P <0.0001),
of tubular, cribriform or mucinous histological type (;*= 10,
P =0.002) and in the good prognostic group of the Nottingham
Prognostic Index (% = 19, P < 0.0001).

In the no adjuvant therapy series, multivariate analysis
showed that worse overall survival was associated with larger
tumour size, higher histological grade, presence of lympho-
vascular invasion and histological type other than tubular,
cribriform or mucinous (Table 2a). Similar results were ob-
tained for all three methods of entering variables: all in-
cluded, stepwise forward and stepwise backwards.

In the selective adjuvant therapy series, multivariate anal-
ysis showed a consistent association of overall survival with
tumour size, histological grade, vascular invasion and receipt
of adjuvant chemotherapy for all three methods of entering
variables. Oestrogen receptor status, receipt of adjuvant
endocrine treatment and patient age just reached statistical
significance in some analyses (Table 3).

In both the no adjuvant therapy and selective adjuvant
therapy series the presence of vascular invasion was associ-
ated with a relative risk of death of about 1.7 in all three
NPI subsets (Table 4). In the selective adjuvant series the pro-
portion of patients receiving adjuvant chemotherapy was
0.1% in the Good Prognostic Group, 11% in Moderate Prognos-
tic Group 1 and 30% in Moderate Prognostic Group 2. The
equivalent figures for adjuvant hormone therapy in the three
Prognostic Groups are 4%, 55% and 53%.

The relative risk for histological grade was higher in the
selective adjuvant therapy series (2.31) than in the no adju-
vant therapy series (1.22). Also histological type was an inde-
pendent prognostic factor in the adjuvant series, but not in
the no adjuvant therapy series. A potential explanation of
these discrepancies is the longer follow-up and greater statis-
tical power in the no adjuvant therapy series. This hypothesis
was tested by analysing only the first 10 years of follow-up
(312 deaths) in the no adjuvant therapy series; all follow-up
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Table 4 - Overall survival in Nottingham Prognostic Index subsets according to the presence or absence of lymphovascular

invasion

Nottingham Prognostic 5-year survival 10-year survival Relative risk® Number of
Index Group Whole VI VI Whole VI VI for L;/SIcyp%slltlve deaths
group negative positive group negative positive (95% CI)
(%) (%) (%) (%) (%) (%)
No adjuvant therapy series
Good Prognostic Group 92.1 93.5 80.0 80.7 82.9 62.4 1.83 (1.07-3.11) P =0.03 108
Moderate Prognostic Group 1 83.3 84.7 75.1 67.1 69.5 52.8 1.73 (1.15-2.59) P = 0.008 156
Moderate Prognostic Group 2 68.8 71.3 58.6 50.1 54.6 344 1.63 (1.13-2.35) P = 0.009 150
Selective adjuvant therapy series
Good Prognostic Group 97.6 97.8 96.0 92.4 93.2 87.9 1.73 (0.82-3.65) P =0.15 39
Moderate Prognostic Group 1 90.0 90.6 88.4 78.8 82.8 66.3 1.92 (1.22-3.02) P = 0.004 82
Moderate Prognostic Group 2 82.0 84.0 77.6 73.4 76.0 68.5 1.45 (0.89-2.36) P=0.14 68

LVI, lymphovascular invasion.
a Based on whole survival curves.

Table 5 - Multivariate analysis of distant metastasis free
survival

Factor Relative (95% P value

risk Confidence

interval)

(a) No adjuvant therapy series
Tumour size/cm 1.36 (1.25-1.49) <0.0001
Histological grade 1.26 (1.09-1.47) 0.002
Lymphovascular invasion 1.51 (1.16-1.96) 0.002
Histological type 0.58 (0.31-1.08) 0.08
(b) Selective adjuvant therapy series
Tumour size/cm 1.42 (1.18-1.70) 0.0002
Histological grade 1.75 (1.34-2.28) <0.0001
Lymphovascular invasion 2.01 (1.43-2.82) <0.0001
Adjuvant chemotherapy 0.47 (0.27-0.82) 0.007
Oestrogen receptor status 0.61 (0.42-0.89) 0.01

after 10 years was censored. A similar analysis with a 5 year
cut-off was also performed (173 deaths). These analyses
showed a higher relative risk for histological grade of 1.53
with only 10 years follow-up and of 1.80 with only 5 years fol-
low-up (see Table 2b). The relative risk for histological type
was approximately constant, but it was an independent prog-
nostic factor in the 10 year analysis and not in the 5 year
analysis.

There was a consistent relationship between distant
metastasis free survival and tumour size, histological grade
and vascular invasion in both the no adjuvant therapy and
selective adjuvant therapy series (Table 5).

4, Discussion

Lymphovascular invasion was associated with a worse overall
survival on univariate analysis consistent with previous stud-
ies [10,11,15]. The survival was better in the selective adjuvant
therapy series than in the no adjuvant therapy series. Adju-
vant systemic treatment was one factor contributing to im-
proved survival. Also the differences in tumour size, grade,
histological type and oestrogen receptor status all favoured

better prognosis in the selective adjuvant therapy series. Fi-
nally, there is a risk of under staging with the triple node sam-
ple, which was the standard procedure during the time of the
no adjuvant series.

The association of lymphovascular invasion with tumour
size, histological grade, histological type and patient age is
consistent with previous studies [2,10]. These associations
emphasise the importance of multivariate analysis in prog-
nostic studies of lymphovascular invasion.

In multivariate analysis of the no adjuvant therapy series
overall survival was associated with tumour size, histological
grade, lymphovascular invasion and histological type. In the
selective adjuvant therapy series multivariate analysis
showed a consistent association of overall survival with tu-
mour size, histological grade, vascular invasion and receipt
of adjuvant chemotherapy. Patients in the no adjuvant ther-
apy series received homogeneous treatment. However in the
selective adjuvant therapy series there was increasing use
of adjuvant chemotherapy, and to a lesser extent of adjuvant
endocrine treatment with time. Also with the shorter follow-
up and better survival there were fewer deaths in this group
and therefore less statistical power. Despite these reserva-
tions, lymphovascular invasion was consistently associated
with worse survival independent of tumour size and histolog-
ical grade. Also the relative risk of death associated with lym-
phovascular invasion was similar in the different NPI groups.
The effect of lymphovascular invasion was significant in all
the NPI groups in the no adjuvant therapy series, but not in
all the groups in the selective adjuvant series. The major rea-
son for this is statistical power: the number of deaths in the
selective adjuvant series is less than half that of the no adju-
vant therapy series (the relationship of survival with lympho-
vascular invasion is significant in all groups with at least 80
deaths; Table 4).

Most of the larger studies have shown that vascular inva-
sion is an independent prognostic factor in node-negative
breast cancer (Table 6). Some of these studies only included
invasive carcinomas of no special type and some distin-
guished lymphatic and blood vessel invasion. Only one large
study (by Fisher and colleagues of 950 patients) has not found
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Table 6 — Studies of the relation of lymphovascular invasion and other pathological factors with overall survival on

multivariate analysis

Study [Ref.] Number of patients Number of deaths Overall survival multivariate analysis
Association No association RR for LVI/LI

Clayton (1991)[26] 378 111 Size, mitoses, LI, skin/deep fixation 1.7
Lauria (1995)® [10] 377 55 Size, LI Grade 2.26
de Mascarel (1998)? [15] 1320 129 Size, grade, LVI ER 1.65
Millis et al. (2002) [1] 477 153 Size, grade LVI (P = 0.07) 1.5
Present study 990° 417 Size, grade, LVI, type ER 1.6

1765¢ 189 Size, grade, LVI Type, ER 1.7

LVI, lymphovascular invasion; LI, lymphatic invasion; ER, oestrogen receptor status, RR, relative risk.
a All tumours of no special type.

b No adjuvant systemic treatment.

c Selective adjuvant systemic treatment.

an association between survival and lymphatic or blood ves- 3. Reed W, Hannisdal E, Boehler PJ, et al. The prognostic value of
sel invasion on univariate analysis [27]. In our previous study p53 and c-erb B-2 immunostaining is overrated for patients
of 776 patients, lymphovascular invasion was associated with with lymph node negative breast carcinoma: a multivariate

analysis of prognostic factors in 613 patients with a follow-up
of 14-30 years. Cancer 2000;88:804-13.
4. Hery M, Delozier T, Ramaioli A, et al. Natural history of

survival on univariate, but not on multivariate analysis; a
reflection of the smaller number of patients and shorter fol-

low-up compared with the present study. node-negative breast cancer: are conventional prognostic
A great advantage of lymphovascular invasion as a prog- factors predictors of time to relapse? Breast 2002;11:442-8.

nostic factor is that it can be assessed in routinely processed 5. Blamey RW. The design and clinical use of the Nottingham

paraffin embedded haematoxylin and eosin sections. Good Prognostic Index in breast cancer. Breast 1996;6:156-7.

6. Brown JM, Benson EA, Jones M. Confirmation of a long-term
prognostic index for breast cancer. Breast 1993;2:144-7.

7. Balslev I, Axelsson CK, Zedeler K, et al. The Nottingham
Prognostic Index applied to 9,149 patients from the studies of

fixation is essential to avoid retraction artefact, which ham-
pers interpretation. In this study, we incised breast carcino-
mas immediately on receipt in the laboratory to ensure

good fixation. With clear criteria it is possible to achieve good the Danish Breast Cancer Cooperative Group (DBCG). Breast
concordance in the diagnosis of lymphovascular invasion Cancer Res Treat 1994;32:281-90.

[2,28]. We do not believe it is appropriate to try to distinguish 8. Sauerbrei W, Hubner K, Schmoor C, et alfor the German Breast
lymphatics and blood vessels, but rather to classify the pro- Cancer Study Group. Validation of existing and development

of new prognostic classification schemes in node negative
breast cancer. Breast Cancer Res Treat 1997;42:149-63.

9. Sundquist M, Thorstenson S, Brudin L, et alSouth East
Swedish Breast Cancer Study Group. Applying the

cess as lymphovascular invasion, in agreement with UK and
USA guidelines [29,30].
In conclusion, this study supports our hypothesis that

lymphovascular invasion adds prognostic information to his- Nottingham Prognostic Index to a Swedish breast cancer
tological grade and tumour size in women with node- population. Breast Cancer Res Treat 1999;53:1-8.

negative invasive carcinoma of the breast. It is simple and 10. Lauria R, Perrone F, Carlomagno C, et al. The prognostic value
cheap to determine. We suggest that lymphovascular inva- of lymphatic and blood vessel invasion in operable breast

cancer. Cancer 1995;76:1772-8.
11. Veronesi U, Marubini E, Del Vecchio M, et al. Local
recurrences and distant metastases after conservative breast

sion should be considered in decisions about potential adju-
vant treatment in this group of women. Lymphovascular

invasion should also be included in addition to histological cancer treatments: partly independent events. J Natl Cancer
grade and tumour size in studies of new prognostic factors Inst 1995;87:19-27.
in node-negative breast cancer. 12. Sundquist M, Thorstenson S, Klintenberg C, et al. Indicators

of loco-regional recurrence in breast cancer. Eur J Surg Oncol
2000;26:357-62.

13. Voogd AC, Nielsen M, Peterse JL, et al. Differences in risk
factors for local and distant recurrence after

None declared. breast-conserving therapy or mastectomy for stage I and II
breast cancer: pooled results of two large European
randomized trials. J Clin Oncol 2001;19:1688-97.

14. Rosen PP, Groshen S, Saigo PE, et al. Pathological prognostic
factors in stage I (TINOMO) and stage II (TIN1MO) breast
carcinoma: a study of 644 patients with median follow-up of
18 years. ] Clin Oncol 1989;7:1239-51.
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