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Abstract
Nonsmall cell lung cancer (NSCLC) is the most common type of lung cancer. This study aimed to categorize the microvessels in
advanced NSCLC and determine the relationship between intratumoral microvascular density (MVD) and the efficacy of anlotinib for
NSCLC.
The clinical data of 68 patients receiving anlotinib as third-line treatment or beyond for advanced NSCLC were retrospectively

collected. Microvessels were stained for CD31 and CD34 by using immunohistochemical staining and were classified as
undifferentiated (CD31+CD34�) and differentiated vessels (CD31+CD34+). The relationship between MVD and anlotinib efficacy
and patient prognosis was analyzed.
Patients were divided into the high or low MVD groups according to the median MVD of differentiated (9.4vessels/field) and

undifferentiated microvessels (6.5vessels/field). There were significantly more patients with high undifferentiated-vessel MVD in the
disease control group than in the disease progression group (72.7% vs 16.7%, P< .001). Patients with high undifferentiated-vessel
MVD had significantly longer median progression-free survival than those with low undifferentiated-vessel MVD (7.1 vs 3.7months,
P< .001).
Anlotinib as third- or beyond line therapy is safe and effective for advanced NSCLC. Patients with a higher density of

undifferentiated microvessels have better response to anlotinib and longer progression-free survival.

Abbreviations: CI = confidence interval, MVD =microvascular density, NSCLC = nonsmall cell lung cancer, PFS = progression-
free survival, VEGF = vascular endothelial growth factor.
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1. Introduction

Angiogenesis is essential for development and metastasis of
malignant tumors.[1] Microvascular density (MVD) is a primary
biomarker for assessing tumor angiogenesis.[2] Higher MVD is
associated with metastasis in breast cancer and nonsmall cell lung
cancer (NSCLC).[3,4] In addition, MVD can predict patient
survival and efficacy of antiangiogenic therapy in NSCLC.[5,6]

There are differentiated and undifferentiated microvessels in
clear cell renal cell carcinoma and NSCLC.[6,7] The differentiated
microvessels have supporting pericytes and are characterized by
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the expression of CD34. The undifferentiated microvessels have
no supporting pericytes and are characterized by the expression
of CD31 but no CD34. A higher density of undifferentiated
microvessels was associated with shorter survival in patients with
clear cell renal cell carcinoma who were treated by surgery
alone,[7] but was associated with good response to antiangiogenic
therapy in NSCLC,[6] suggesting that undifferentiated micro-
vessels may be more sensitive to antiangiogenic agents and
predict better treatment outcomes.
Anlotinib is a novel multi-target antiangiogenic-tyrosine kinase

inhibitor and has obtained good outcomes in treating advanced
NSCLC.[8] However, there is still no proved predictive
biomarkers of response to anlotinib, which are essential to
choose patients who can gain the most from this drug.
The present study aimed to determine the relationship between

intratumoral MVD and treatment efficacy of anlotinib in patients
with advanced NSCLC.

2. Materials and methods

2.1. Patients

This is a retrospective study analyzing the patients with advanced
NSCLC treated between 2018 and 2020 at our hospital. The
inclusion criteria were: pathological evidence of NSCLC; disease
progression after second-line treatment, with at least one
evaluable tumor according to the RECIST (version 1.1); 18 to
80years of age; Eastern Cooperative Oncology Group perfor-
mance status of 0 to 1; and received anlotinib as third-line
treatment or beyond. Patients with the following conditions
were excluded: active bleeding of the primary lesion within the
last 3 months; uncontrollable hypertension or diabetes; renal
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Figure 1. A flow chart of the patient inclusion process.
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insufficiency or liver dysfunction; and having other types of
malignancy. The patient inclusion flowchart is shown in Figure 1.
The study was approved by the Ethical Committee of our hospital
(approval number: Ethical review of Medicine [2021] No. 31).
Informed consent was waived due to the retrospective nature of
the study.

2.2. Treatment protocol

All included patients had disease progression after second- or
later-line therapy for NSCLC. Anlotinib (12mg a day) was orally
administered 30 minutes before breakfast for 2 weeks, followed
by discontinuation for 1 week. A treatment cycle consisted of
21days. Doses of anlotinib were reduced to 10, then 8mg, if
severe adverse events occurred, or discontinued if disease
progressed. All patients had follow-up.
2.3. Evaluation of treatment response

To assess patient response to anlotinib treatment, chest computed
tomography images after 2 cycles of treatment were compared
with that before the treatment. According to the RECIST (version
1.1), treatment response was classified into complete remission,
partial remission, stable disease, and progressive disease. The
objective response rate was the sum of the complete remission
rate and partial remission rate. The disease control rate was the
sum of the rates of complete remission, partial remission, and
stable disease. Progression-free survival (PFS) was the time
between the initiation of anlotinib therapy and disease progres-
sion or death. Adverse events were graded as I to IV according
to the Common Terminology Criteria for Adverse Events
(version 4.0).
2.4. Immunohistochemical staining

All tumor specimens were biopsied by using bronchoscopy before
the anlotinib therapy. The tissue was fixed in 10% neutral
formalin, dehydrated in graded ethanol, embedded in paraffin,
and cut into 4-mm sections. Two continuous sections were
stained for CD31 and CD34 separately. Briefly, the section was
dewaxed in xylene, rehydrated in graded ethanol, and heated in
EDTA for 30 minutes. The section was incubated with the
primary antibody (mouse antihuman CD31 or CD34 monoclo-
nal antibody,MXBBiotechnologies, Fuzhou, China) overnight at
4°C. The second antibody was added for 40 minutes and stained
with DAB. Nuclei were counter-stained with hematoxylin.
2

Negative controls were obtained by omitting the primary
antibody.
2.5. Quantification of microvessels

The microvessels were counted according to Wang et al[9] and
Weidner et al.[10] Any tube-like structure or endothelial cell
cluster that was stained as brownish-yellow was considered a
microvessel, as long as it had no contact with other cells.
Branches of the same vessels were regarded independent
microvessels. Three “hotspots” of 400� fields with the most
CD31+endothelial cells were selected in a CD31-stained section.
The corresponding 3 areas in the continuous CD34-stained
section were found. The identical areas in the 2 continuous
sections were analyzed to evaluate the differential expression of
CD31 and CD34. The CD31+ and CD34+ microvessels in the 3,
400� field of each section were counted separately. The MVD of
differentiated microvessels was the mean number of CD34+
microvessels of the 3 fields. The MVD of undifferentiated
microvessels was calculated by subtracting the mean number of
CD34+ microvessels of the 3 fields from that of the CD31+
microvessels. The microvessels were counted by 2 pathologists
independently who did not know the diagnosis and treatment
protocol. The mean values of the 2 raters were used for analysis.

2.6. Statistical analysis

The relationship between MVD and treatment response to
anlotinib was analyzed by using the Chi-square test. Survival
was analyzed by using the Kaplan–Meier method, which was
compared by using the log-rank test. A two-tailed P-value
<.05 was considered statistically significant. All analyses were
performed by using SPSS 22.0 (IBM Corp., Armonk, NY,
USA).
3. Results

3.1. Patient general information

A total of 68 patients with advancedNSCLCwere included in our
study (Fig. 1). The demographic and clinical characteristics of the
patients is shown in Table 1.

3.2. Treatment response

The median follow-up time was 5months (range, 1–16months).
At the last follow-up visit, complete remission was obtained in 0



Figure 2. The Kaplan–Meier curve of pro

Table 1

Demographic and clinical characteristics of the patients (n=68).

Characteristics No. of patients %

Sex
Male 59 86.8
Female 9 13.2

Age, yr
<65 33 48.5
≥65 35 51.5

Smoking status
Smoker 29 42.6
Nonsmoker 39 57.4

Histology
Adenocarcinoma 46 67.6
Squamous cell carcinoma 22 32.4

Clinical stage
IIIB 14 20.6
IV 54 79.4

ECOG performance status
0 24 35.3
1 44 64.7

EGFR gene mutation
Yes 7 10.3
No 61 89.7

Brain metastasis
Yes 27 39.7
No 41 60.3

ECOG=Eastern Cooperative Oncology Group, EGFR= epidermal growth factor receptor.
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patient, partial remission in 7, stable disease in 37, and
progressive disease in 24. Disease control (complete remission,
partial remission, and stable disease) was obtained in 44 patients.
The objective response rate (complete remission and partial
remission) was 10.3% and the disease control rate was 64.7%.
The median PFS was 5.0months (95% confidence interval [CI]:
3.6–6.4months) (Fig. 2).

3.3. Adverse effects

All 68 patients were evaluable for adverse effects. No patient died
during the follow-up. The most common adverse effects were
hypertension (38.2%), fatigue (36.8%), and hand-foot syndrome
(36.8%) (Table 2). The dose of anlotinib was reduced to 8mg a
day in 1 patient for resistant hypertension and proteinuria, to 10
mg day in another patient for severe vomiting and fatigue. The
drug was discontinued in 2 patients for gastrointestinal bleeding
and hematuria, respectively.
3.4. Histological results

There was more CD31+ microvessels than the CD34+ micro-
vessels. All microvessels were stained positive for CD31. The
undifferentiated microvessels had small lumens or no lumens and
were positive for CD31 but negative for CD34 (Fig. 3). The
differentiated microvessels were positive for both CD31 and
CD34.
gression-free survival of the patients.
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Table 2

Number of patients who had adverse effects [n (%)].

Adverse effects �Grade II Grade III Grade IV Total (n=68)

Hypertension 25 (36.8) 0 1 (1.5) 26 (38.2)
Fatigue 24 (35.3) 1 (1.5) 0 25 (36.8)
Hand–foot syndrome 25 (36.8) 0 0 25 (36.8)
Proteinuria 6 (8.8) 1 (1.5) 0 7 (10.3)
Hypothyroidism 1 (1.5) 0 0 1 (1.5)
Elevated total bilirubin 1 (1.5) 0 0 1 (1.5)
Elevated alanine aminotransferase 1 (1.5) 0 0 1 (1.5)
Elevated aspartate aminotransferase 1 (1.5) 0 0 1 (1.5)
Elevated total cholesterol 1 (1.5) 0 0 1 (1.5)
Oral ulcer 9 (13.2) 0 0 9 (13.2)
Vomiting 4 (5.9) 0 0 4 (5.9)
Loss of appetite 1 (1.5) 0 0 1 (1.5)
Oral mucositis 5 (7.4) 0 0 5 (7.4)
Gastrointestinal bleeding 0 0 1 (1.5) 1 (1.5)
Hematuria 0 1 (1.5) 0 1 (1.5)
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3.5. Relationship between MVD and treatment response

Patients were divided into the high or low MVD groups
according to the median MVD of differentiated (9.4vessels/field)
and undifferentiated microvessels (6.5vessels/field). No signifi-
cant difference in the various demographic and clinical
characteristics was found between patients with high or low
MVD (Tables S1 and S2, Supplemental Digital Content, http://
links.lww.com/MD2/A845, http://links.lww.com/MD2/A846).
There were significantly more patients with high undifferenti-

ated-vessel MVD in the disease control group than in the disease
progression group (72.7% vs 16.7%, P< .001). No significant
difference was found in the proportion of patients with high
differentiated-vessel MVD between the disease control group and
the disease progression group (52.3% vs 45.8%, P= .612)
(Table 3).
3.6. Relationship between MVD and survival

Patients with high undifferentiated-vessel MVD had significantly
longer median PFS than those with low undifferentiated-vessel
MVD (7.1months [95% CI: 4.3–9.9] vs 3.7months [95% CI:
2.9–4.5], P< .001; Fig. 4A). However, no significant difference in
Figure 3. CD31 and CD34 expression in advanced nonsmall cell lung cancer tis
progressive disease.
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median FPS was found between patients with high differentiated-
vessel MVD and those with low differentiated-vessel MVD (4.7
months [95% CI: 3.1–6.2]) vs 5.0months [95% CI: 3.3–6.7],
P= .514; Fig. 4B).

4. Discussion

Lung cancer now ranks the second most common cancer
worldwide, accounting for 11.4% of new cancer cases and 18%
of cancer mortality.[11] Due to the low availability of early
screening in developing counties, substantial lung cancer patients
are diagnosed at an advanced stage.[12]

Angiogenesis is essential for the development and progression
of lung cancer.[1] Various factors play critical roles in cancer
angiogenesis, including vascular endothelial growth factor
(VEGF) and its receptor.[13] Anlotinib is a multi-target tyrosine
kinase inhibitor targeting VEGFR 2/3, fibroblast growth factor
receptors 1-4 (FGFR1-4), platelet-derived growth factor recep-
tors (PDGFR) a/b, c-Kit, and Ret.[14,15] Two clinical trials
showed significant extend in PFS and overall survival in patients
with advanced NSCLC after treatment with anlotinib as third-
line therapy.[16,17] However, some patients had adverse effects
sue of a patient with PR and a patient with PD. PR = partial remission. PD =
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Table 3

Relationship between MVD and treatment response to anlotinib.

Disease control group (n=44) Disease progression group (n=24) P-value

Undifferentiated vessels (CD31+CD34�) <.001
High MVD 32 4
Low MVD 12 20
Differentiated vessels (CD31+CD34+) .612
High MVD 23 11
Low MVD 21 13

MVD=microvascular density.

Liu and Ding Medicine (2022) 101:3 www.md-journal.com
and poor response to anlotinib. Therefore, predicting treatment
efficacy of anlotinib is greatly needed.
MVD is a widely used parameter for assessing tumoral

microvasculature. High MVD is associated with poor prognosis
in cancers of the breasts, prostate gland, nasopharynx, and
kidneys.[7,18–20] A 2002 meta-analysis found that highMVDwas
associated with poor prognosis in NSCLC, regardless of factor
VIII, CD31, or CD34 being used to label the vessels.[21] However,
this study only included surgically treated patients who had early-
stage NSCLC but no patients with advanced NSCLC who are
treated with antiangiogenic therapy.
Tumoral vessels may arise from bone marrow stem cells or

tissue stem cells. Different origins of tumor vessels lead to
endothelial cell differentiation and vascular variation.[22] Differ-
entially differentiated vessels have been found in cancers of the
prostate gland, kidneys, lungs, and brain by using various
vascular biomarkers.[7,9,19,23] For instance, only the density of
undifferentiated microvessels is associated with the grade and
survival of patients with clear cell renal cell carcinoma.[7] These
studies all demonstrate that the different types of tumoral
microvessels have different prognostic values.
Suppressing VEGF can induce selective ablation of immature

vessels but not mature vessels.[24] Periendothelial cells around the
mature vessels may promote the survival of endothelial cells by
secreting VEGF, which are not present around the immature
vessels.[25,26] Patients with lung adenocarcinoma of high
undifferentiated-vessel MVD were more sensitive to bevacizu-
mab.[6] Another study found that recombinant human vascular
endothelial growth inhibitor significantly reduced the number of
Figure 4. Progression-free survival curves of patients with high or low undifferenti
MVD=microvascular density.
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CD31+ but not CD34+ vessels in a mouse model of lung cancer,
suggesting that the immature microvessels can be inhibited by
endostatin.[27]

Our study analyzed the clinical data of 30 patients with
advanced NSCLC who were treated with anlotinib. The tumoral
vasculature was stained for CD31 and CD34. We found that
there were more CD31+ vessels than CD34+ vessels. Two types
of microvessels were recognized in our study, the differentiated
(CD31+/CD34+) and the undifferentiated (CD31+/CD34�). We
also found that patients with high undifferentiated-vessel MVD
had better response to anlotinib and longer PFS than those with
low-undifferentiated vessel MVD. Therefore, the undifferentiat-
ed-vessel MVD may be used as a predictive factor for beyond-
third-line anlotinib therapy for advanced NSCLC.
The most common adverse effects of anlotinib in our study

were hypertension (38.2%), fatigue (36.8%), and hand-foot
syndrome (36.8%). Our results were consistent with a previous
phase III clinical trial of anlotinib in advanced NSCLC.[28] Most
of the anlotinib-associated adverse effects were manageable, and
only 4 patients required dose reduction or drug discontinuation
in our study.
Our study has some limitations. First, the objective response

rate, disease control rate, and median PFS in our study were all
lower than those in the ALTER0303 study.[17] This may be
attributed to the small number of patients and the beyond-third-
line anlotinib therapy in some patients. Second, the follow-up
time was short and the overall survival was not evaluated. Third,
the included patients were heterogenous in terms of baseline
status and previous chemotherapy and must had an Eastern
ated-vessel (A), and high or low differentiated-vessel (B) microvascular density.

http://www.md-journal.com
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Cooperative Oncology Group score of 0 to 1. This may introduce
bias and limit the representativeness of our patients.
In conclusion, our study confirmed the existence of CD31+

CD34+ differentiated microvessels and CD31+CD34� undiffer-
entiated microvessels in advanced NSCLC. Patients with high
undifferentiated-vessel MVD had better response to third-or
later-line anlotinib therapy and longer PFS.
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