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Zusammenfassung
Hintergrund: Ziel dieser Studie war es, die Beziehung 
zwischen der mittels Doppler-Ultraschall detektierten 
Blutversorgung und dem Nottingham Prognostic Index 
(NPI) bei Brustkrebspatientinnen zu untersuchen. Patien-
ten und Methoden: 137 chirurgisch behandelte Brust-
krebspatientinnen, bei denen eine Farbdoppler-Sono
graphie zur Messung des Blutflusses (color Doppler flow 
imaging, CDFI) durchgeführt worden war, wurden in 
diese retrospektive Studie aufgenommen. CDFI wurde in 
4 Grade unterteilt: abwesend (Grad 0), minimal (Grad 1), 
moderat (Grad 2) und ausgeprägt (Grad 3). Der NPI 
wurde nach folgender Formel berechnet: NPI = 0,2 × 
Tumorgröße (cm) + Grad (I–III) + Lymphknoten-Score 
(1–3). Alle Patientinnen wurden bis zum Studienende 
(Juli 2010) bzw. bis zum Zeitpunkt des Todes nachver-
folgt. Der Überlebensstatus der Patientinnen wurde in  
3 Kategorien eingeteilt: gesundes Überleben, Metasta-
sen und Tod. Ergebnisse: Der CDFI-Grad war positiv mit 
dem NPI (Spearman r = 0,55926, p < 0,0001) und dem 
Überlebensstatus (c2 = 9,0248, p < 0,01) korreliert. Patien-
tinnen mit einem starken Blutfluss-Signal (Grad 2–3) 
hatten ein signifikant kürzeres Gesamtüberleben als Pati-
entinnen mit einem geringen Blutfluss-Signal (Grad 0–1) 
(c2 = 5,0384, p = 0,0248). Schlussfolgerung: Die Messung 
des Blutfluss-Signals mit Doppler-Ultraschall könnte ein 
nützlicher Prognosewert bei Brustkrebspatientinnen sein.
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Summary
Background: The purpose of this study was to investi-
gate the relationship between blood supply detected by 
Doppler ultrasound and the Nottingham Prognostic 
Index (NPI) in breast cancer patients. Patients and 
Methods: 137 patients with breast carcinoma, who had 
undergone color Doppler flow imaging (CDFI) and sur-
gery, were involved in this retrospective study. CDFI was 
divided into 4 levels: absent (grade 0), minimal (grade 1), 
moderate (grade 2), and marked (grade 3). NPI was 
calculated as: NPI = 0.2 × tumor size (cm) + grade (I–III) + 
lymph node score (1–3). All patients were followed until 
the final observation (July 2010), or until the time of 
death. The survival state of the patients was divided into 
3 categories: healthy survival, metastasis, and death. 
Results: Blood signal grades were positively correlated 
with NPI (Spearman r = 0.55926, p < 0.0001) and survival 
state (c2 = 9.0248, p < 0.01). Patients with abundant blood 
flow signal (grade 2–3) had a significantly shorter overall 
survival than did those with limited blood flow signal 
(grade 0–1) (c2 = 5.0384, p = 0.0248). Conclusion: Flow 
signal measured by Doppler ultrasound may be useful 
as a prognostic indicator for patients with breast 
carcinoma.
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Introduction

Tumor growth and the formation of metastases require the 
development of new blood vessels, a process known as angio-
genesis. Breast cancer tends to produce angiogenic factors 
that influence blood vessel growth [1]. Neovascularization can 
be found inside the tumor and in the peritumoral tissue. 
Blood vessels in tumors are known to be highly disorganized, 
tortuous, and dilated, with uneven diameters and excessive 
branching [2]. Color Doppler flow imaging (CDFI) allows to 
visualize tumor vascularity, and it is an established technique 
for evaluation of angiogenesis [3]. CDFI can show neovascu-
larization of carcinomas with an irregular vascular pattern, 
artery-venous shunts, and a lack of autoregulation in contrast 
to normal vessels in the breast parenchyma. Many researchers 
have studied the relationship between the vascularization of 
breast tissue detected by Doppler ultrasound (US) and pa-
tient prognosis [4–7]. A positive association has been found 
between metastasis and higher flow velocity in breast tumors 
[5–7]. Sonographic measurement of tumor vascularity also 
correlates well with microvessel density, confirmed by post
operative immunohistochemical analysis, which was shown to 
be a prognostic factor of breast cancer [5]. High vascular 
grades have been associated with shorter disease-free survival 
[8]. The Nottingham Prognostic Index (NPI) was established 
by Haybittle et al. [9] in 1982 and is still one of the most 
important biological predictors for breast cancer today [10].  
A few papers have researched the relationship between CDFI 
and NPI [11]. This study will explore the relationship between 
CDFI and NPI, in order to roughly judge and predict the 
prognosis of patients suffering from breast cancer.

Materials and Methods

Clinical Data
We retrospectively reviewed the records of 137 consecutive breast carci-
noma patients hospitalized in Nantong Tumor Hospital between 2003 and 
2007. Examination of the patients was performed with the approval of the 
ethics committee of our hospital. Written consent for this research was 
obtained from the patients or their relatives. The records, files, images, 
and follow-up data were all obtained with the approval or informed 
consent of the patients or their relatives. The patients ranged in age from 
28 to 81 years (mean 56 years), and the breast carcinomas ranged in 
diameter from 0.8 to 5.5 cm (mean 2.7 cm). There were 124 palpable can-
cers in this study. 123 patients underwent modified radical mastectomy, 
with the other 14 cases undergoing radical operation.

Nottingham Prognostic Index
Pathologic results were reviewed to evaluate tumor size, lymph node 
status, and histological grade. The NPI was calculated using the equa‑ 
tion NPI = 0.2 × tumor size (cm) + grade (I–III) + lymph node score (1–3) 
[12]. NPI are typically stratified into 3 major groups: NPI < 3.4 (good 
prognosis), NPI 3.4–5.4 (moderate prognosis), and NPI > 5.4 (poor 
prognosis) [13].

CDFI Studies
US diagnosis was performed by 2 operators, each having more than  
10 years of experience with CDFI examinations. All examinations were 
recorded digitally on video. Color flow images of the breast masses were 
obtained using an HDI 5000 scanner (Philips Medical Systems, Bothell, 
WA, USA). For this study, sensitivity of the instrument was set at low 
velocity in order to display low blood flow signal. Only the intratumoral 
blood signal was evaluated. The degree of blood flow signal within the 
breast carcinomas was subjectively classified into 1 of 4 levels, according 
to Adler’s method [14]: absent (grade 0), minimal (grade 1), moderate 
(grade 2), or marked (grade 3).

Statistical Analysis
The correlation between blood signal grade and NPI was analyzed using 
the Spearman’s rank correlation coefficient (Spearman’s r). Survival state 
of the patients was divided into 3 categories: healthy, metastasis, and de-
ceased. Survival outcomes were obtained using telephone calls and letters 
sent out from our hospital. At the time of the final observation (July 
2010), all patients had been followed for a minimum of 31 months (me-
dian 62 months, range 31–91 months). The relationship between CDFI 
grade and survival state was determined using the χ2 test. Patients were 
divided into 2 groups: Group 1 comprised patients with lower blood flow 
signal (grades 0–1), and Group 2 comprised patients with higher blood 
flow signal (grades 2–3). Survival time was calculated based on informa-
tion gathered during follow-up, and related to the date of surgery and the 
date of death. If a patient was still alive at the end of July 2010, survival 
time was calculated using a right censoring survival model. The survival 
curves were calculated using the Kaplan-Meier method and were ana-
lyzed using the log-rank test. All statistical analyses were performed  
with SAS 8.5 software (StatView; SAS Institute Inc., Cary, NC, USA).  
A p value of less than 0.05 was considered statistically significant.

Results

Pathological Findings after Surgery
In the following, a summary of the pathological findings for 
tumor size, histological grade, and degree of metastasis is 
given. There were 2 cases with tumor size <  1 cm, 35 cases 
measuring 1–2 cm, 53 cases measuring 2–3 cm, 34 cases meas-
uring 3–4 cm, and 13 cases > 4 cm, including the largest one 
with a nodule size of 5.5 cm. Histological grading of the tu-
mors yielded 41 cases with grade 1, 47 cases with grade 2, and 
49 cases with grade 3. Pathological findings for lymph node 
metastasis were as follows: 45 patients were negative for 
lymph node metastasis; 15 patients had 1 lymph node metas-
tasis; 13 patients had 2 metastases; 24 cases had 3 metastases; 
16 cases had 4 metastases; and 24 cases had more than  
5 lymph node metastases, including 1 case with up to 13 in-
volved lymph nodes.

CDFI Results
US demonstrated that the level of angiogenesis varied  
with different NPI scores (figs. 1–2). The CDFI grade was 
positively correlated with NPI (Spearman’s r = 0.55926,  
p < 0.0001). Table 1 shows the relationship between flow 
signal grade and NPI score.
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Follow-Up Results
During the follow-up period, 103 patients survived, among 
which 87 patients had disease-free survival (63.5%); disease 
spread occurred in 16 women (11.68%). The mortality rate 
was 24.82% (34 patients). The metastatic sites for patients 
with disease spread are shown in table 2. Table 3 shows that 
there was a trend towards significance for correlation between 
blood flow signal and survival state (χ2 = 9.0248, p = 0.0027). 
Postoperative survival rates for all patients are shown in 
figure 3. Patients with higher signal had a significantly shorter 
overall survival than those with low blood signal (χ2 = 5.0384, 
p = 0.0248).

Fig. 1. Ultrasonic image of a breast mass with CDFI flow signal grade 1 
and a diameter of 17 mm. Pathology indicated the mass had a histologic 
grade of 2 and was negative for axillary node metastasis with an NPI  
of 3.3.

Fig. 2. Ultrasonic image of a breast mass with CDFI flow signal grade 3 
and a diameter of 21 mm. Pathology indicated the mass had a histologic 
grade of 3 and 6 metastastic axillary lymph nodes with an NPI of 6.4.

Table 1. Distribution of NPI scores for each flow signal grade shows a 
relationship between blood flow level and NPI (r = 0.55926, p < 0.0001)

CDFI grade NPI

< 3.4 3.4–5.4 > 5.4

0 18 15 2
1 14 16 4
2 5 13 11
3 3 8 28

CDFI = Color Doppler flow imaging,  
NPI = Nottingham Prognostic Index.

CDFI grade Metastatic site

supraclavicular lung skeleton chest wall liver lumbar

0 1 1
1 2 2
2 1 3 1
3 3 1 1

CDFI = Color Doppler flow imaging.

Table 2. Patient follow-up revealed a number 
of metastases to various locations; table lists 
the number of cases to each metastatic site, 
within each CDFI classification

Table 3. Distribution of survival state according to CDFI grade; 
significanct correlation between blood flow signal revealed by  
CDFI and survival state (χ2 = 9.0248, p = 0.0027)

CDFI grade Survival state

healthy metastasis deceased

0 26 2 7
1 25 4 5
2 20 5 4
3 16 5 18

CDFI = Color Doppler flow imaging.

Fig. 3. Survival distribution of the patients. Group 1 (black curve) was 
composed of patients with tumor CDFI grades 0–1, while group 2 (red 
curve) was composed of patients with tumor CDFI grades 2–3. Patients 
of group 2 had a significantly shorter overall survival than did those of 
group 1 (log-rank test, χ2 = 5.0384, p = 0.0248).
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comes.The overall survival rate of patients with 0–1 grade 
blood signal was compared to that of patients with 2–3 grade 
signal. An association between vascular grade and overall 
survival was studied using Kaplan-Meier survival curves, and 
a significant correlation was revealed between high vascular-
ity and increased probability of death. Patients with higher 
blood signals had shorter survival periods (fig. 3). Therefore, 
angiogenesis, which can be detected by color-coded sonogra-
phy, is an important prognostic indicator. This finding is con-
sistent with other reports [7, 26]. Anti-angiogenic therapies, 
such as bevacizumab (an adjuvant chemotherapy for breast 
cancer), have been shown to prolong survival [27]. Angiogen-
esis affects tumor growth and metastasis, thus determining the 
patient’s prognosis. CDFI therefore may provide important 
prognostic information for breast cancer patients.

Compared with some other studies [7], the breast tumors 
included in our study were relatively large. There are 2 rea-
sons for this: First, early breast cancer has no obvious symp-
toms such as pain, and this absence of symptoms can make 
patients negligent in seeking medical treatment. Second, due 
to economic conditions and poor sense of self-care, many pa-
tients in the rural areas came to the outpatient clinic only 
when the tumor was obviously palpable. Therefore, one dis-
advantage of this study is that it did not include early breast 
cancer patients. However, tumor vascularization detected by 
Doppler US appears to be also an independent predictor of 
overall survival in women with early breast cancer [7], and our 
results may be a useful complement to prior research.

There are limitations in our research. Power Doppler US 
and 3-dimensional (3D) US can provide better visualization 
of vascular morphology than does color Doppler. However,  
7 years ago, 3D and Power Doppler US were not routinely 
used. At our institute, only a few complicated breast lumps 
have been evaluated using Power Doppler, 3D, and contrast 
US. In the future, we will strengthen our efforts to use these 
up-to-date imaging methods to study the relationship between 
vascularity and prognosis.

Conclusion

Our initial studies showed that vascularization detected by 
CDFI is associated with NPI in breast cancer. Follow-up re-
sults also showed that the degree of blood flow correlated 
with the survival state of the patients. The more abundant the 
blood supply, the worse the prognosis. Blood flow in breast 
lesions reflects the nature of tumor biology, and blood flow 
detection by color Doppler US may provide a simple way to 
predict the prognosis of patients. However, further studies 
should be performed to properly validate the real prognostic 
value of intratumoral blood signal before this method can be 
considered for routine clinical practice in selecting those 
patients with high-risk breast cancer, who may benefit from 
active therapy.

Discussion

The vascular assessment of CDFI aims to provide information 
on the degree of neovascularization which correlates with the 
biological behavior of the tumor. The vascularization of a 
breast lesion can be investigated using color-coded and fre-
quency-based Doppler analysis [15, 16]. Quantification of intra
tumoral vascularity involves a number of measures, including 
peak systolic velocity (Vmax), minimum velocity (Vmin), and re-
sistance index (RI). While these variables have their advan-
tages, measurement of the number of vessels seems to be more 
ideal than that of Vmax with Doppler US [17–19]. The evalua-
tion of blood flow signal grade, however, is relatively simple 
and has shown good reproducibility between different ultra-
sonologists. Therefore, in this paper, we assess tumor vascu-
larity using a sonography-based blood flow grading system [14].

Regarding the relationship between ultrasonic blood signal 
and NPI, rank correlation analysis indicated a statistically 
significant correlation between NPI and color Doppler 
measures of tumor vascularity (r = 0.55926, p < 0.0001), sug-
gesting that with the increase in blood flow, NPI also in-
creased (figs. 1–2). NPI is based on tumor size, histologic 
grade, and lymph node status. CDFI has a close relationship 
with each of these factors. First, tumor growth depends on 
blood supply; the larger the tumor, the more blood supply it 
needs. Chao et al. [4] found that tumor size was associated 
with the number of vessels detected by color Doppler US. 
This is similar to the findings of Cosgrove et al. [20] who dem-
onstrated that the number of vessels in malignant tumors dis-
played on Doppler US was related to tumor size. Second, dif-
ferent grades of invasive ductal carcinomas are associated 
with different blood flow, and vascular index was higher in 
tumors with higher histologic grade [21, 22]. Third, among 
malignant cases, tumor vascularity has been correlated with 
lymph node involvement [7, 23]. Chao et al. [4] reported that, 
of 20 patients showing no tumor vascularity on Doppler US, 
12 (60%) had no lymph node metastases. Of 348 patients  
with tumor vascularity, 160 (46%) had no lymph node metas-
tases. Patients with breast cancer, in whom vessels were not 
revealed by sonography, were unlikely to have lymph node 
involvement or lymphatic vascular invasion [24, 25]. In short, 
the blood flow signal is related to 3 components: tumor size, 
tissue differentiation, and lymph node metastasis. Semi-quan-
titative evaluation of the results indicates that the degree of 
blood flow significantly correlates with NPI. Individuals with 
higher flow signal are linked with increased NPI and poor 
prognosis.

To investigate the relationship between degree of blood 
flow and survival, all patients were followed up for a median 
time of 62 months. There was a correlation between blood 
flow signal grading and survival status, with statistical analysis 
showing χ2 = 9.0248, p = 0.0027 (table 3). Patients with low 
flow signals in the breast neoplasm had better survival out-
comes, while patients with high blood flow had poorer out-
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