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Abstract This prospective cohort study was conducted to find
the role of tumor neovascularization in skin melanoma mea-
sured by preoperative Doppler ultrasound flowmetry in deter-
mining the 15-year outcome. Setting: Department of Surgery,

University of Wales College of Medicine, Cardiff, UK.
Seventy-one primary melanomas in 67 patients were studied
with a 10MHzDoppler ultrasound flowmeter. The flow signals
were recorded on an audiotape. The peak systolic frequency,
mean systolic frequency, and minimum diastolic frequency
were measured on a spectrum analyzer. The follow-up (median
144 months) information is complete till December 2005 on 63
patients. Blood flow signals were detected in 41 lesions; these
were labeled Doppler flow positive. No flowwas detected in 22
lesions, labeled Doppler flow negative. Among the Doppler
flow positive group, 39% patients have died with metastatic
melanoma, whereas none of the patients with a Doppler-
negative lesion have died or developed any recurrence. Higher
peak systolic frequency (above 2,500 MHz.) was associated
with a hazard ratio for death due to melanoma of (HAZARD
RATE05.99). Higher risk of death, locoregional, and systemic
recurrences were associated with higher peak systolic frequen-
cy. Doppler flowmetry performed preoperatively is a noninva-
sive, quick, and simple method to assess tumor blood flow
which may help in predicting long-term survival and planning
neoadjuvant therapies aimed at inhibiting angiogenesis or
targeting tumor vasculature.
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Introduction

The vertical tumor thickness in cutaneous melanoma, first
described by Alexander Breslow, correlates with long-term
recurrence in most patients [1]. In 1989, we reported for the
first time an association between tumor recurrence and
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vascularity assessed by blood flow measurement and histo-
logical vascular quantitation [2].

The adverse outcome of thick melanomas may be related
to the degree of neovascularization. In the present work, we
studied the association between the parameters of tumor
blood flow and the long-term outcome, to see if the associ-
ation demonstrated at 2 years persisted over a much longer
period.

Patients and Methods

We have investigated the tumor vascularity in 71 primary
melanomas in 67 patients (4 patients had 2 melanomas
each), by the Doppler ultrasound flowmetry between March
1984 and December 1986. All new consecutive patients
coming to Melanoma Clinic of the Department of Surgery,
University Hospital of Wales, Cardiff, the UK, were selected
after an informed consent. Of these, data on 63 patients were
used for the prognostic assessment.

Four exclusions were as follows: One patient died of
previously metastatic melanoma and one case had stage
II melanoma at presentation (regional lymph node me-
tastasis), and two patients moved out and were lost to
follow-up. Four patients presented with two lesions each;
in these four cases, the information on thicker lesions has
been used for analysis (the thinner of the two lesions
were three in situ melanomas and one superficial spreading
melanoma of 0.68 mm thickness). The follow-up information
is complete until December 2005.

Method of Recording Tumor Blood Flow

A thin pencil ultrasonic continuous wave transducer probe of
7 mm diameter was applied over the skin melanoma with a
drop of ultrasonic coupling gel prior to any biopsy or surgery.
The method has been described previously in detail [3]. The
statistical analysis and variable coding are described in detail
in Appendix.

Results

The mean age of patients was 56.20 (standard deviation
14.29; range 29–84) years. The median tumor thickness
was 0.9 mm (interquartile range 0.3, 2.14 mm) and median
peak systolic frequency was 2159.5 Hz (interquartile range
1476.5, 3440). Blood flow was detected in 41 lesions, and
these were labeled “Doppler flow positive.” No blood flow
was present in 22 lesions, and these were called “Doppler
flow negative”. Among the Doppler-positive lesions, 13
lesions were ulcerated, whereas only one Doppler-negative
lesion was ulcerated. The proportion of ulcerated lesions

was statistically different in Doppler-positive and Doppler-
negative groups (p00.023). Among the Doppler-positive
group, 20 lesions were ≤1.5 mm in thickness and 21 were
thicker than 1.5 mm. Among the Doppler-negative group,
all except one (21/22) lesions were thinner than 0.75 mm
(Table 1). In order to analyze the data according to Clark’s
level, the data were categorized in category 1 (including
Clark’s level I, II, and III) and category 2 (Clark’s level IV
and V). Table 2 provides information on tumor thickness
categories and result of Doppler flowmetry.

Doppler Status and Survival

The Doppler ultrasound flowmetry detected blood flow
signals in 41 lesions. Among the Doppler flow-positive
group, 39% of lesions were associated with death due to
melanoma. In the remaining 22 lesions, no flow was
detected. None of the 22 cases with a Doppler-negative
lesion have died of melanoma or developed any local,
lymph nodal, or systemic recurrence (Table 3) in 15 years.
One patient with Doppler-negative lesion died on the 10th
postoperative day due to coronary artery thrombosis (autopsy
confirmed). Five more patients with a Doppler-negative tumor

Table 1 Association of considered covariates with Doppler status

Variables Doppler
(Positive)
(n041)

Doppler
(Negative)
(n022)

p-value

Age (years)

<050 (n020) 11 9

>50 (n043) 30 13 0.271

Ulcer

No (n049) 28 21

Yes (n014) 13 1 0.023

Thickness (mm)

<01.5 (n041) 20 21

>1.5 (n022) 21 1 0.000

Clark’s level category

1 (I/II/III) (n038) 17 21

2 (IV/V) (n025) 24 1 0.000

Table 2 Tumor thickness and doppler flowmetry

Tumor thickness Doppler flow positive Doppler flow negative

Less than 0.75 mm 6 21

0.751 to 1.5 mm 14 0

1.51 to 4.0 mm 11 1

More than 4.0 mm 10 0

Total 41 22
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have died without any recurrence due to old age-related
diseases.

Results in Intermediate Thickness Lesions (0.751–4.0 mm
Thick)

The results in this group are presented in Table 4. All
patients with Clark’s level I tumor (8 cases) were flow
negative. All except one case (24 cases) with Clark’s level
IV and V lesions were flow positive. In 12 of 17, Clark’s
level III and 5 of 13 lesions with Clark’s level II melanoma
blood flow was detected by the Doppler flowmetry. Thirteen
of 14 ulcerated lesions exhibited blood flow.

The peak systolic, mean systolic, and minimum dia-
stolic frequencies were strongly correlated to each other.
The correlation coefficient between the peak systolic
and mean systolic frequencies was 0.83 and between
the peak and diastolic frequencies was 0.78. The corre-
lation coefficient between the mean systolic and mini-
mum diastolic frequencies was 0.66. This correlation
between potential predictor variables suggests collinearity.

Hence, only peak systolic frequency has been used for further
analysis.

The current outcome status is as follows: alive with no
recurrence, 32 cases (50%); dead with local or systemic
recurrence, 16 cases (25%); and dead with other causes
without recurrence, 12 (19%). Nine patients developed a
recurrence in the regional nodal basin, and all had a flow-
positive lesion. Remaining 54 cases had no lymph node
recurrence. Of these, 3 are alive after lymph node recurrence
(treated by regional node dissection). Four patients developed
local recurrence and all 4 had a Doppler-positive melanoma.
Remaining 59 cases remain free from local recurrence; of
these 22 had a Doppler-negative lesion and 37 had a Doppler
flow-positive lesion. Fifteen patients developed systemic
recurrence, and all these patients had presented with a Doppler
flow-positive lesion. Remaining 48 cases were free from
systemic recurrence and of these 22 had a flow-negative lesion
and 26 cases had flow-positive lesion.

Survival Analysis

The median duration of follow-up of the patients was
144 months (range 0.4–252 months). A total of 28
(44.4%) patients died. Of 63 patients, only 16 (25.4%)
died with recurrence. The 5-year overall survival of the
patients was 76% (95% CI 64.1–84.9%) and 5-year
cause-specific survival (melanoma-related death) was
77.4% (95% CI 64.9–86.0%). Figures 1 and 2 show the
pattern of overall survival (all-cause deaths) and cause-
specific deaths (melanoma-related), respectively, for the
whole cohort. Figure 3 demonstrates the Kaplan-Meier
survival probability curves for Doppler-positive and
Doppler-negative cases.

Under univariate analysis of death due to melanoma, the
variables such as ulcer, peak, tumor thickness category, and
Clark’s level were found significant. The results under uni-
variate Cox model are presented in Table 5. The patients
who had the ulcer were 14 times more likely to die
(HAZARD RATE 14.86; 95% CI 5.05–43.76) than those

Table 3 Survival status of patients in relation to results of doppler
flowmetry

Status Doppler positive Doppler negative

Died with recurrence 16 0

Died without recurrence 4 6

Alive without recurrence 18 16

Alive with LNR 3 0

Total 41 22

Risk of death with
recurrence

0.39 0

Risk difference 0.39; 95%C.I.
0.24 to 0.53

Fisher’s 2 tailed
p00.0005

LNR regional lymph node recurrence

Table 4 Survival in patients with 0.751 mm to 4.0 mm thick
melanomas

Status Doppler positive Doppler negative

Died with recurrence 6 0

Died without recurrence 3 1

Alive without
recurrence

13 0

Alive with LNR 3 0

Total 25 1

Risk of death with
recurrence

0.24 0

Risk difference 0.24; 95%C.I. 0.07 to
0.40

Fisher’s 2 tailed
p01.

LNR regional lymph node recurrence
Fig. 1 Depicting Kaplan Meier survival probability curve for whole
cohort for overall survival time in months
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without an ulcer. The risk of death due to melanoma was
13 times more in case of thickness more than 1.5 mm
(HAZARD RATE 13.3; 95% CI 5.05–43.76) as compared
to cases with thin melanoma less than 1.5 mm thick.

Survival Analysis and Doppler Flowmetry

On univariate analysis, patients having higher peak systolic
frequency (above 2,500 MHz) were more likely to die of
melanoma than those with lower peak systolic frequency
(HAZARD RATE 5.88; 95% CI 1.86–18.57; SE 3.45, z0
3.02; p00.003).

There was no melanoma-related death among Doppler-
negative patients.

The following variables were included in the final step-
wise Cox regression: peak systolic frequency category,
thickness, and Clark’s level. Age category (>50 years and
≤50 years) was adjusted in the final model. The proportional
hazard assumption was checked and was found to be satis-
fied. In the final multivariable Cox analysis, only thickness
and peak systolic frequency category remained as signifi-
cant factors. The patients with thickness more than 1.5 mm
were five times more likely to have died in comparison to
the patients with less than 1.5 mm thickness after adjusting
other important covariates (HAZARD RATE 5.80; 95% CI

1.56–21.54). Similarly, the risk of death was five times more
among the patients who had higher peak systolic frequency
(above 2,500 MHz) after controlling other potential cova-
riates (HAZARD RATE 5.99; 95% CI 1.55–23.16). Among
the Doppler-positive cases, only these two factors (thickness
category above 1.5 mm and peak systolic frequency catego-
ry above 2,500 MHz) remained significant in multivariable
Cox proportional hazard regression analysis for death due to
melanoma.

Discussion

The vertical tumor thickness is established as the most
important predictor of outcome in patients with malig-
nant melanoma of skin. Why should thickness play such
an important role in influencing the biological behavior
of melanoma? Is it just an expression of increasing
tumor volume or a surrogate for the increasing biologic
aggressiveness with release of progressively increasing
amounts of molecules causing tumor invasion and
metastasis?

Several workers have shown a prognostic value of
tumor vascularity in skin melanoma. In one study,
angiogenin, vascular endothelial growth factor (VEGF),
fibroblast growth factor (b-FGF), and interleukin-8 (IL-
8) were measured in sera of 125 melanoma patients.
Serum levels of angiogenin, VEGF, b-FGF, and IL-
8 were significantly increased in patients with melano-
ma compared to healthy controls. Elevated serum levels

Fig. 2 Showing Kaplan Meier survival probability curve for survival
time for melanoma related death in months

Fig. 3 Showing Kaplan Meier survival probability curve for doppler
positive and doppler negative cases

Table 5 Hazard ratio of death on Cox regression analysis

Variables Unadjusted hazard
ratio UHR (95%CI)

Adjusted hazard ratio
AHR (95%CI)*

Age (years)

<050 (n020) 1.00

>50 (n043) 2.37 (0.68 to 8.34)

Ulcer

No (n049) 1.00

Yes (n014) 14.86 (5.05 to 43.76)

Clark’s level

1 (I/II/III) (n038)

2 (IV/V) (n025) 6.64 (2.13 to 20.66)

Thickness (mm)

<01.5 (n041) 1.00 1.00

>1.5 (n022) 13.30 (3.76 to 47.06) 5.80 (1.56 to 21.54)

Peak systolic frequency(MHz)

<02,500 (n021) 1.00 1.00

>2,500 (n015) 5.88 (1.86 to 18.57) 5.99(1.55 to 23.16)

*Results are adjusted in relation to age
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of VEGF, b-FGF, and IL-8 were strongly associated
with poor survival [4].

The tumor thickness was strongly correlated with peak
systolic and mean systolic frequencies. Such strong correla-
tion between the thickness and the frequency measurements
indicates that with progressive tumor growth the blood flow
velocity increases pari passu with thickness. The neovascu-
lar network with rapid blood flow offers a path for abundant
supply of nutriments for rapid proliferation and opens up
avenues for hematogenous dissemination. A high peak sys-
tolic frequency indicates high velocity of blood flow through
the tumor.

Doppler flowmetry allows preoperative assessment of the
biological aggressiveness and long-term outcome, whereas
the vertical thickness information is available only after the
tumor excision. In tumors with marked vascularity, it may
help to administer preoperative chemotherapy or chemoradia-
tion in a manner akin to neoadjuvant therapy in breast cancer.
In this regard, newer agents such as tyrosine kinase inhibitors,
angiostatin, or newer antimitotic drugs are worthy of trial.
After two to three courses of chemotherapy, the response of
the melanoma may be assessed and the same drugs may be
used following excision. Serial assessment of the tumor vas-
cularity may predict the response to therapy as profuse blood
flow through the tumor tissue may enhance the delivery of
drugs in the tumor. The overall response of surgery alone in
thick tumors (>4 mm thick) is so poor that the proposed
approach of neoadjuvant therapy is worthy of investigation.

Survival of all the patients with Doppler-negative tumors
for more than 15 years with no death due to melanoma
recurrence is a very significant biological finding. Such ex-
cellent outcome has been reported for the “horizontal growth
phase melanomas” by Clark’s group [5, 6]. It is possible that
the absence of “detectable blood flow” is a feature of horizon-
tal growth phase lesions. Doppler flowmetry allows demar-
cation between two categories of lesions (horizontal growth
phase and vertical growth phase lesions) preoperatively. The
similar association between tumor vasculature and survival
has been reported by other authors [7, 8]. Lassau et al. [8] in
the largest study on color Doppler sonography (CDS) assessed
the tumor vascularity in 111 skin melanomas before surgical
resection and demonstrated intratumor vessels in 43 lesions.
The neovascularization visualized with CDSwas significantly
linked to relapse. Similar to our observation, they found a
strong correlation between the vascularization and Breslow
tumor thickness. They reported that Breslow thickness and
vascularity confer equivalent prognostic information.

We propose that a “tumor vascularity database” should be
established in countries with a high prevalence of melanoma
to prospectively record the tumor vascularity assessed by
Laser and ultrasonic Doppler flowmetry in a large cohort of
patients to evaluate its biological significance. The flow
signals should be subjected to more detailed signal analysis,

namely, time-averaged mean frequency, normalized area
under the spectrum, and relative flow index, for a detailed
insight in tumor vascularity.

Conclusion

Doppler flowmetry predicts long-term survival. It may help
in planning neoadjuvant therapies aimed at inhibiting angio-
genesis or targeting tumor vasculature.

We suggest that tumor vascularity should be included in
the preoperative assessment of skin melanoma.

Appendix

Variable Coding

(a) Outcome Variables

1. Survival status was coded as 0 for alive patients and
1 for patients who died of melanoma. Patients who
died without metastasis were coded as 0. Those
alive at the end of follow-up period are coded as
0, regardless of presence or absence of recurrence.
These cases are treated as “censored” for survival
analysis. The survival status and presence or ab-
sence of the recurrence was ascertained by going
through the hospital records of the patients and
where necessary by information through the family
general practitioner. The local recurrence was de-
fined as a hard nodule at or near the scar (within a
distance of 5 cm) confirmed by aspiration cytology
or biopsy. Nodules located beyond 5 cm in the
direction of lymph nodal basin were termed “in
transit lymphatic metastasis.” The systemic recur-
rence was defined as enlargement of liver, distant
lymph nodes, multiple skin deposits, deposits seen
on ultrasound, chest X-ray, or CT scan of brain,
chest or abdomen. The onset of local or systemic
recurrence was defined as the period elapsing between
the date of surgery and the date when recurrence was
first noticed in the follow-up clinic.

2. The survival period in months was recorded from
the date of operation to the date of death or date
when the patient was last seen. The survival period
was used as a continuous variable.

(b) Predictor Variables

1. Doppler flow: This was coded as Doppler flow
positive (if flow signals were present) or Doppler
flow negative (if flow signals were absent).

2. Frequency measurements: Peak systolic frequency
(P), mean systolic frequency (M), and minimum
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diastolic frequency (D) in hertz were used as contin-
uous variables. The peak systolic frequency was cat-
egorized into two broad groups: up to 2,500 MHz or
less and more than 2,500 MHz.

3. Other considered independent covariates were age
(≤50 or >50 years), ulcer (no00 or yes01); tumor
thickness (≤1.5 or >1.5 mm), Clark’s level of inva-
sion (categorized into two levels—Clark’s level I,
II, and III01; Clark’s level IV and V02).

Statistical Analysis The association of each categorical
covariate with Doppler status was tested using Fisher’s
exact test. Pearson’s correlation coefficients were obtained
among peak systolic, mean systolic, and diastolic frequencies
to assess collinearity.

The survival probability was calculated by the Kaplan-
Meier method. Log rank test was performed to compare the
survival probability in relation to each categorical covariate.
Univariate Cox proportional hazard analysis was carried out
to provide hazard ratio of death with each covariate. The
variables found significant under univariate analysis along
with clinically significant covariates were included in the
stepwise multivariable Cox model. The inclusion probabil-
ity of a variable was 0.05, whereas the exclusion probability
of the variable was 0.10 under stepwise regression. The
proportionality assumption was checked using Schoenfeld
residuals. The statistical analyses were performed on
STATA 9.0 (Texas, the USA).
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