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SIGNIFICANCE
Peripheral neutrophil, lymphocyte and platelet counts and 
their ratios are readily available, and are reported to be 
useful to predict the prognosis of patients with various 
malignant tumours. In patients with primary cutaneous 
angio sarcoma, pretreatment high neutrophil count and 
high neutrophil-to-lymphocyte ratio are independently as-
sociated with shorter lifespan. Since the prognosis of cu-
taneous angiosarcoma is very poor, and aggressive treat-
ments of patients with low life expectancy can sometimes 
reduce their quality of life, prognostic prediction may help 
us choose the best therapeutic options for patients with 
primary cutaneous angiosarcoma.

Systemic inflammatory response markers, including 
neutrophil-to-lymphocyte ratio, platelet-to-lympho-
cyte ratio and monocyte-to-lymphocyte ratio, are use-
ful prognostic factors for various malignant tumours. 
The aim of this study was to investigate the clinical 
relevance of these markers in primary cutaneous an-
giosarcoma. Twenty-six patients were retrospectively 
divided into 2 groups according to pretreatment peri-
pheral blood cell counts or systemic inflammatory re-
sponse marker levels; overall survival and progres-
sion-free survival were compared. Univariate analysis 
found that high neutrophil count (> 3.1×109/l), high 
neutrophil-to-lymphocyte ratio (> 2.4), high platelet-
to-lymphocyte ratio (> 175) and low lymphocyte count 
(≤ 1.3×109/l) were related to shorter overall survival, 
while high neutrophil and low lymphocyte groups 
had shorter progression-free survival. In multivariate 
analysis, high neutrophil count and high neutrophil-to- 
lymphocyte ratio (hazard ratio 7.44 and 5.04, 95% con-
fidence interval 1.48–37.2 and 1.26–20.1, respectiv-
ely) were identified as independent prognostic factors 
for poor overall survival. These results indicate that 
systemic inflammatory response markers serve as 
prognostic predictors in primary cutaneous angiosar-
coma, as well as in other types of soft-tissue sarcoma.

Key words: cutaneous angiosarcoma; systemic inflammatory 
response; neutrophil, neutrophil-to-lymphocyte ratio; prog-
nostic factor; overall survival.
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Cutaneous angiosarcoma (cAS) is a rare, aggressive 
soft-tissue sarcoma. The prognosis of cAS is 

unfavour able due to its high propensity for local recur-
rence and distant metastasis, with 5-year overall survival 
(OS) reported to be 33.5% (1). Prognostic prediction of 
cAS patients, therefore, helps in selection of the best 
therapeutic options, in which quality of life is considered 
a more valuable goal than life expectancy. At present, 
the neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR) and monocyte-to-lymphocyte 
ratio (MLR) serve as markers of systemic inflammatory 

response (SIR), and are useful as prognostic factors in 
many types of cancer (2–5). Owing to their availability 
in clinical settings, an increasing number of studies on 
SIR markers has been reported. Several investigations in 
soft-tissue sarcoma have identified high NLR and PLR as 
independent factors for poor prognosis (6–9). For angi-
osarcoma, a few studies have been performed to date. 
Suzuki et al. (10) reported that high PLR was associated 
with shorter distant metastasis-free survival in 17 Japa-
nese patients with angiosarcoma of the face and scalp. 
Wang et al. (11) found that high NLR and high serum 
lactate dehydrogenase (LDH) were independent factors 
for poor prognosis for primary angiosarcoma, including 
visceral subtypes. Thus, among SIR markers, high NLR 
and PLR seem to be potential predictive factors for poor 
prognosis in angiosarcoma. On the other hand, it is gene-
rally accepted that the subtype of angiosarcoma affects 
its prognosis (12, 13), suggesting that there is a need for 
further studies on the clinical significance of SIR markers 
in patients with cAS. The aim of the current study was 
to examine the relationship of pretreatment peripheral 
blood cell counts, NLR, PLR, MLR and biochemical 
examination values, with prognosis of cAS.

MATERIALS AND METHODS

Study design and population

This study was performed according to the principles of the De-
claration of Helsinki and was approved by the ethics committee of 
the University of Tokyo Graduate School of Medicine (approval 
number 695). Written informed consent was obtained from all 
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patients. Patients who were histologically diagnosed with primary 
cAS and underwent treatment at the University of Tokyo Hospital 
between 1 April 2005 and 31 March 2018, were enrolled and re-
viewed retrospectively. Their baseline clinical status, pretreatment 
blood test values, presence of metastasis evaluated radiologically, 
types of treatment, and date of last follow-up were investigated. 
NLR, PLR and MLR were calculated as follows: NLR=absolute 
neutrophil count (×109/l)/absolute lymphocyte count (×109/l); 
PLR= absolute platelet count (×109/l)/absolute lymphocyte count 
(×109/l); MLR=absolute monocyte count (×109/l)/absolute lymp-
hocyte count (×109/l). 

Statistical analysis

OS was defined as the time interval between the date of diagnosis 
and death, and, when death could not be confirmed, it was defined 
as the time until the final confirmation of survival. Progression-free 
survival (PFS) was defined as the length of time from the start of 
treatment to disease progression or death. Optimal cut-off values 
for blood cell counts, NLR, PLR, MLR, and serum chemical 
biomarkers, such as LDH and alkaline phosphatase (ALP) levels, 
were calculated by receiver operating curve (ROC) analysis, and 
all the patients were divided into 2 groups according to cut-off 
values. The high NLR + MLR group was defined as patients with 
high NLR and high MLR. High NLR + PLR, and high PLR + 
MLR groups were also represented. The association of baseline 
clinical status and pretreatment haematological values with OS or 
PFS were analysed using Kaplan–Meier methods and compared 
using log-rank test. Cox-regression multivariate analyses were 
performed to take into consideration the effect of covariates pre-
viously reported to be prognostic factors: age, baseline tumour 
size, metastatic status, and history of surgical treatment (1, 14). 
To confirm the fit of the Cox-model, Wald test and likelihood ratio 
test were also performed. All statistical analyses were performed 
using JMP® Pro15.0.0 (SAS Institute Inc., Cary, NC, USA) and 
GraphPad Prism 8.3.1 statistical software package (GraphPad 
Software, Inc., San Diego, CA, USA). Statistical significance was 
defined as a p-value < 0.05.

RESULTS

Patient data at baseline
A total of 26 Japanese patients were enrolled in the study. 
Baseline patient data are summarised in Table I. Median 
age was 72 years (range 31–96 years), and median OS 
and PFS were 14.0 months (range 3–72 months) and 
8.0 months (range 1–50 months), respectively. Survival 
curves for all the patients for OS and PFS are shown in 

Fig. 1. Seventeen patients (65%) were 70 years of age or 
over, 20 patients (77%) had large tumour size (≥ 5 cm), 
19 patients (73%) had metastasis, and 5 patients (19%) 
had undergone surgical treatment. 

Optimal cut-off values for blood test data
ROC curves for blood test data are shown in Fig. 2. The 
area under the curve (AUC) and optimal cut-off values 
were calculated by the ROC curves shown in Table II. 
All patients were divided into 2 groups according to the 
cut-off values.

Pretreatment high neutrophil count and neutrophil-to-
lymphocyte ratio are associated with shorter overall 
survival in cutaneous angiosarcoma
In univariate analysis, OS was significantly shorter in 
the high neutrophil count group (median survival 13.0 
vs 50.0 months, p = 0.0035), high NLR group (10.0 vs 

Table I. Baseline clinical status of the 26 patients with cutaneous 
angiosarcoma

Characteristics
Patients 
n (%)

Age
  < 70 years   9 (35)
  ≥ 70 years 17 (65)
Sex
  Male 23 (88)
  Female   3 (12)
Tumour site
  Scalp 18 (69)
  Face 5 (19)
  Other 3 (12)
Tumour size
  < 5 cm   6 (23)
  ≥ 5 cm 20 (77)
Metastasis
  No 19 (73)
  Yes   7 (27)
Surgery
  No 21 (81) 
  Yes   5 (19)
Chemotherapy
  No   5 (19)
  Yes 21 (81)
Radiotherapy
  No   8 (31)
  Yes 18 (69)
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Fig. 1. Survival curves in 
26 patients with cutaneous 
angiosarcoma. (a) Overall 
survival. (b) Progression-
free survival. Dotted line 
represents 50% survival rate.
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50.0 months, p = 0.0025), high PLR group (9.0 vs 16.0 
months, p = 0.014), and low lymphocyte count group 
(10.0 vs 24.0 months, p = 0.014) (Fig. 3). In multivariate 
analysis, high neutrophil count (hazard ratio (HR) 7.44, 
95% confidence interval (95% CI) 1.48– 37.2, p = 0.015) 
and high NLR (HR 5.04, 95% CI 1.26–20.1, p = 0.022) 
proved to be independent factors for poor prognosis 
(Table III). Other markers, such as absolute platelet, 
monocyte, eosinophil and basophil counts, eosinophil-
lymphocyte ratio, and haemoglobin level, were also 
evaluated; however, none of these were associated with 
OS (data not shown).

With regard to NLR, PLR and MLR, which have been 
reported to be associated with prognosis in various types 
of malignant tumours, including soft-tissue sarcoma, 
the study evaluated whether the combination of these 
markers shows more specific association with prognosis. 
However, as shown in Table III, the combinations of 
any 2 of high NLR, PLR and MLR were not relevant to 
poor prognosis. 

In some reports, larger tumour size at baseline (≥ 5 
cm) are reported to be associated with poor prognosis 
(1), and therefore the current study examined the rele-

vance of pretreatment tumour size with peripheral neu-
trophil count and NLR. Although the median peripheral 
neutrophil count and NLR were elevated in the larger 
tumour size group, neither peripheral neutrophil count 
nor NLR at baseline was statistically relevant with regard 
to their tumour size (p = 0.371 and 0.335, respectively; 
Student’s t-test).

Pretreatment peripheral blood cell counts and systemic 
inflammatory response markers are not associated with 
progression-free survival in cutaneous angiosarcoma
Regarding PFS, the high neutrophil count group (6.0 vs 
13.5 months, p = 0.047) and low lymphocyte count group 
(6.0 vs 10.0 months, p = 0.047) were associated with 
shorter PFS in univariate analysis. Multivariate analysis 
revealed that neither of these had significant correlation 
with PFS. NLR, PLR and MLR were not associated with 
PFS in univariate analysis (Table III).

Types of treatment were not statistically associated with 
overall survival, progression-free survival, neutrophil 
count or neutrophil-to-lymphocyte ratio
These results indicate that pretreatment neutrophil count 
and NLR are important for predicting the prognosis of 
patients with cAS. However, types of treatment can affect 
the survival time. Thus, the correlation between the type 
of treatment and OS, PFS, pretreatment neutrophil count 
and NLR were evaluated further. The OS, PFS, neutrophil 
count and NLR of patients in each treatment group are 
summarized in Table IV. As for OS and PFS, the com-
bined intensive therapy group, namely the surgery + 
chemotherapy + radiotherapy group, appeared to have 
longer survival, although significant correlations were 
not observed in the log-rank test. In terms of pretreatment 

Markers AUC

Neutrophil 0.854

Lymphocyte 0.799

NLR 0.913

PLR 0.785

MLR 0.674

LDH 0.653

ALP 0.733

Fig. 2. Receiver operating curve (ROC) curves of the 
representative markers for overall survival (OS). Peripheral 
absolute neutrophil and lymphocyte counts, neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), 
monocyte-to-lymphocyte ratio (MLR), lactate dehydrogenase 
(LDH) and alkaline phosphatase (ALP) were analysed. Optimal 
cut-off values were calculated using Youden index. AUC: area 
under the curve.

Table II. Receiver operating characteristic (ROC) curve analysis 
and optimal cut-off values for blood test data

Marker Median [IQR] AUC
Optimal cut-
off values

Neutrophil count (×109/l) 4.25 [3.10–5.88] 0.854 3.1
Lymphocyte count (×109/l) 1.30 [1.0–1.53] 0.799 1.3
NLR 3.19 [2.11–5.77] 0.913 2.4
PLR 145 [129–227] 0.785 175
MLR 0.326 [0.225–0.435] 0.674 0.31
LDH (U/l) 208 [161–233] 0.653 208
ALP (U/l) 243 [190–293] 0.733 219

IQR: interquartile range; AUC: area under curve; NLR: neutrophil-to-lymphocyte 
ratio; PLR: platelet-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio; 
LDH: lactate dehydrogenase; ALP: alkaline phosphatase.
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neutrophil count and NLR, no significant correlations 
with type of treatment were observed.

DISCUSSION

The current study revealed that pretreatment high abso-
lute neutrophil count and NLR were independent factors 
for poor prognosis in primary cAS. This is consistent with 
the results of a study of angiosarcoma by Wang et al. 
(11). The report by Suzuki et al. (10), in which baseline 

peripheral absolute neutrophil count in the angiosarcoma 
patient group was higher than those in the healthy control 
group, also supports the current result. Serum LDH and 
ALP values, previously reported to be prognostic factors 
in angiosarcoma (11), were not associated with OS or 
PFS in the current patient population.

In general, inflammatory response is a hallmark of 
malignant neoplasm and is related to tumour initiation, 
promotion, and metastatic progression (6). As shown in 
SIR marker investigations, neutrophils, lymphocytes and 
platelets are closely associated with systemic inflamma-
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Fig. 3. Overall survival (OS) 
curves of 2 groups divided 
according to the cut-off values 
of the markers. The OS of the 2 
groups divided by the cut-off values 
was compared and analysed by log-
rank test.

Table III. Associations of pretreatment blood test data with overall survival (OS) and progression-free survival (PFS)

Markers Cut-off

OS PFS

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

Median survival [IQR] p-value HR (95% CI) p-value Median survival [IQR] p-value HR (95% Cl) p-value

Neutrophil ≤ 3.1 50.0 [14.0–50.0] 0.0035 7.44 (1.48–37.2) 0.015 13.5 [9.0–26.0] 0.047 3.07 (0.920–10.3) 0.068
> 3.1 13.0 [6.0–16.0] 6.0 [2.0–13.0]

Lymphocyte ≤ 1.3 10.0 [6.0–16.0] 0.022 0.542 (0.153–1.92) 0.093 6.0 [2.0–13.0] 0.047 0.486 (0.135–1.75) 0.27
> 1.3 24.0 [11.5–50.0] 10.0 [4.5–20.0]

NLR ≤ 2.4 50.0 [16.0–50.0] 0.0025 5.04 (1.26–20.1) 0.022 10.0 [2.0–26.0] 0.14
> 2.4 10.0 [7.0–16.0] 6.0 [3.0–13.0]

MLR ≤ 0.31 18.0 [10.5–50.0] 0.053 9.5 [4.5–19.0] 0.061
> 0.31 10.0 [6.0–16.0] 6.0 [2.0–13.0]

PLR ≤ 175 16.0 [10.0–50.0] 0.014 4.05 (0.83–19.7) 0.083 10.0 [5.0–19.0] 0.13
> 175   9.0 [6.0–16.0] 3.0 [1.0–13.0]

LDH ≤ 208 13.0 [8.0–16.0] 0.16 6.0 [2.0–13.0] 0.68
> 208 16.0 [7.0–50.0] 10.0 [4.0–17.0]

ALP ≤ 219 16.0 [13.5–50.0] 0.07 9.5 [4.5–19.0] 0.27
> 219 10.0 [6.0–18.0] 10.0 [3.0–14.0]

High
NLR+MLR

No 24.0 [14.5–50.0] 0.0026 2.72 0.097 10.0 [3.0–21.0] 0.092
Yes 10.0 [8.0–30.0]   6.0 [3.0–14.0]

High
NLR+PLR

No 16.0 [10.0–50.0] 0.0143 4.05 0.083 10.0 [5.0–19.0] 0.061
Yes   9.0 [6.0–16.0]   3.0 [1.0–13.0]

High
MLR+PLR

No 24.0 [14.5–50.0] 0.0026 2.72 0.097 10.0 [3.0–21.0] 0.092
Yes 10.0 [6.0–14.0]   6.0 [2.0–10.0]

IQR: interquartile range; HR: hazard ratio; 95% CI: 95% confidence interval; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; MLR: monocyte-
to-lymphocyte ratio; LDH: lactate dehydrogenase; ALP: alkaline phosphatase.
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tory responses. For instance, neutrophilia can occur in 
cancer patients due to the hyperproliferation of myeloid 
cells in response to ectopically overproduced colony-
stimulating factors (15–17). In some tumours, decreased 
populations of tumour-infiltrating lymphocytes (TILs) 
are linked to worse prognosis (17), and lymphopaenia 
is reported to be a simple predictive factor for poor OS 
in advanced sarcoma (18). In breast cancers, cytotoxic 
CD8+ lymphocytes are dominant in TILs and play an es-
sential role in tumour-killing activity by interacting with 
tumour antigens and producing cytokines (19). On the 
other hand, during the process of tumour cell-induced 
platelet aggregation, activated platelets facilitate tumour 
survival, angiogenesis, and immunoevasion, thus pro-
moting the metastatic propensity of tumours and related 
systemic inflammation (20). Although no obvious reason 
has been elucidated, peripheral blood cell counts, NLR, 
PLR and MLR can predict the prognosis of patients with 
malignant tumours. 

In terms of TILs, several reports have referred to 
the association between TILs, peripheral blood cell 
counts and survival time. Martin et al. (21) reported 
that pretreatment leukocytosis was associated with a 
lower intraepithelial CD8+ TIL density and pretreatment 
leukocytosis predicted poor prognosis, including OS, in 
patients with anal squamous cell carcinoma. Similarly, 
Yoon et al. demonstrated a significant inverse correlation 
between pretreatment TIL levels and peripheral absolute 
neutrophil count in patients with oestrogen receptor-
negative breast cancer and breast cancer showing high 
Ki-67 expression (22). Furthermore, Fujii et al. (23) 
showed that patients with cAS with higher numbers of 
CD8+ TILs in their primary tumours survived signifi-
cantly longer than patients with lower values. Based 
on this evidence, we consider that there would be some 
correlation between pretreatment inflammatory cells 
infiltrating to the tumours, peripheral blood cell counts 
and the prognosis. Although the current study examined 
the association of the number and type of inflammatory 
cells infiltrating to the tumour with pretreatment blood 
cell counts in the patients, no statistically significant re-
levance was observed, possibly because the study group 
included a relatively small number of patients.

The current results also suggest that neutrophil count 
or NLR has significant influence on OS of patients with 
cAS, compared with PFS. Thus it is associated with the 

choice of first-line treatment strategy, because PFS is more 
relevant than OS to first-line therapy. Indeed, half of the 
patients in the current study group were over 75 years 
of age, and the decision on choice of first-line therapy 
depended on their co-existing diseases, baseline activity 
of daily living, cognitive function, and available social 
support. However, the number of patients in the current 
study group receiving subsequent lines of therapy was 
small (27%), and types of treatment were not statistically 
related to OS, PFS, neutrophil count or NLR, as shown 
in Table IV. These results may indicate that pretreatment 
neutrophil count or NLR at baseline could predict the 
prognosis of patients with cAS irrespective of the thera-
peutic strategy or response to treatment. Therefore, we 
assumed that neutrophil count or NLR reflects the intrinsic 
activity of the tumour cells, which may enable us to ex-
plain the difference between the contribution of neutrophil 
count or NLR to OS and the contribution to PFS.

Regarding some types of carcinomas, meta-analyses 
have demonstrated that, not only NLR, but PLR and 
MLR, are prognostic factors (24, 25). However, most 
investigations of angiosarcoma and other soft-tissue 
sarcomas conclude that NLR is the only marker for 
predicting prognosis (6–8, 11). Since the current study 
showed that absolute neutrophil count was also an inde-
pendent prognostic factor, we consider that neutrophils 
are the most important and sensitive blood cells factor 
in the SIR to cAS. Given that 73% of the current study 
population had no metastatic disease at baseline, SIR se-
ems to be triggered from the initial stage of cAS. Further 
studies are needed to clarify the relationship between 
neutrophils and the prognosis of cAS.

Limitations
This study has some limitations. First, the study was 
retrospective and includes a relatively small number of 
patients. Therefore, inherent biases are not fully exclu-
ded. Secondly, smoking causes neutrophilia and thus can 
be a confounding factor in this study, although smoking 
history was not evaluated because of the lack of data in 
the medical records. Thirdly, there are some differences 
between the studies in the cut-off values of NLR, PLR 
and MLR, and it is difficult to simply compare the cur-
rent result with those of other studies. Although this is 
mainly because the cut-off values are determined by the 

Table IV. Overall survival (OS), progression-free survival (PFS), pretreatment peripheral neutrophil count and neutrophil-to-lymphocyte 
ratio (NLR) in each treatment group

OS (months)
Median [IQR]

PFS (months)
Median [IQR]

Neutrophil (×109/l)
Mean ± SD

NLR
Mean ± SD

Surgery + Chemotherapy + Radiotherapy (n = 5) 33 [16–50] 17 [2–21] 3.36 ± 1.33 2.24 ± 0.92
Chemotherapy + Radiotherapy (n = 11) 16 [8–30]   9 [6–14] 5.20 ± 2.02 4.37 ± 2.82
Chemotherapy (n = 5) 14 [13–6] 10 [6–13] 6.96 ± 4.01 6.59 ± 3.81
Radiotherapy (n = 2) 10 [6–14] 6 [2–10] 3.80 ± 0.99 3.97 ± 0.75
Best supportive care (n = 3)   4 [3–N/A] 2 [1–3] 3.50 ± 2.39 3.02 ± 2.31

IQR: interquartile range; SD: standard deviation.
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ROC curves made from each study population, another 
possible reason is that ethnic differences exist in normal 
values of blood cell counts (26, 27). Therefore, standard 
cut-off values might be determined taking ethnic dif-
ferences into account.

Conclusion
Pretreatment high absolute neutrophil counts and NLR 
were identified as independent factors for poor prognosis 
for cAS, which is consistent with other types of angiosar-
coma and soft-tissue sarcoma investigations. Neutrophils 
appear to have an important role in the SIR associated 
with cAS, and further research is warranted to elucidate 
the relationship between them.
The authors have no conflicts of interest to declare.
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