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Abstract. Non-Hodgkin's intravascular large B-cell lymphoma
is a highly invasive extranodal lymphoma. The proliferating
tumor cells invade the small vessels and capillaries of different
organs. The clinical symptoms are atypical, there is lack of
specificity, and the molecular and biological behaviors are
not clear, thus, the present study aimed to improve the current
understanding of non-Hodgkin's intravascular large B-cell
lymphoma (IVL) and provide an accurate basis for clinical
treatment and prognosis, by retrospectively analyzing and
summarizing the clinicopathological features, immunohisto-
chemical findings and molecular characteristics of 17 patients
with IVL. The Kaplan-Meier method and log rank test were
implemented to determine survival outcomes. Fisher's exact
test was used to determine the association between clinico-
pathological features and the expression levels of Ki-67, c-Myc,
B-cell lymphoma 6 (Bcl-6) and B-cell lymphoma 2 (Bcl-2),
while multivariate Cox regression analysis was performed to
identify the independent risk factors that affect the survival
rates of patients with IVL. P<0.05 was considered to indicate
a statistically significant difference. Among the 17 patients
with IVL, 13 cases (76.47%) occurred in the adrenal gland
and four cases (23.53%) occurred on the skin demonstrated
positive IgH gene rearrangement. FISH analysis indicated
that cleavage of the c-Myc gene was closely associated with
sex, hypertension status and tumor size, while cleavage of the
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Bcl-6 gene was closely associated with tumor size parameters.
Overall, the results suggest that the Ki-67 proliferation index
is an independent risk factor for the prognosis (survival time)
of patients with IVL.

Introduction

Non-Hodgkin's intravascular large B-cell lymphoma
(IVL) is an extremely rare subgroup of diffuse large B-cell
lymphoma, accounting for only 1% of the total cases of the
disease (1). According to the latest histological classification
of lymphomas, the World Health Organization (WHO) classi-
fied IVL as an extranodal lymphoma in 2001 (1-3). IVIBCL,
together with primary effusion lymphoma and large B cell
lymphoma of the mediastinum, was classified as a subtype
of DLBCL (2,3). According to the new classification stan-
dard (2), IVLBCL belongs to extranodal lymphoma, which
is characterized by diffuse and obliterative proliferation of
lymphoma cells in tissues, organs and lumens of small and
medium vessels (terminal arteries, veins, capillaries and blood
sinusoid), and involvement of different extranodal organs
and tissues, including the central nervous system, skin, lung,
kidney, adrenal gland and bone marrow (2-5). It does not
involve lymph nodes and peripheral blood, and has several
clinical manifestations, including fever, large liver and spleen,
hemocytopenia, disseminated intravascular coagulation and
organ damage (2-5). The reported incidence rate of men and
women worldwide is ~1:1, the median age of onset is ~60 years
and the average survival time is ~6-9 months (1-5). Most
patients die within 1 year, and it is a malignant tumor with
poor prognosis (1-5). IVL is a highly invasive and extremely
rare malignant hematological disease, with poor prognosis and
a lack of specificity in the clinical setting (1,2,4). The stable
immunohistochemical expression of CD34,CD20 and PAXS5 is
considered beneficial to the diagnosis and differential diagnosis
of IVL (2,3), which may occur in various organs and tissues,
though are most commonly found in the adrenal gland and skin
tissue (3). As the nomenclature and biological characteristics
of IVL remained unclear for a long period of time, diagnosis
and treatment strategies for IVL were not standardized in the
clinical setting, including imaging and pathological method-
ologies (3). The principle clinical manifestations included:
Fever in 13 cases (76.47%), nephrotic syndrome in four
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cases (23.53%), hypertension in six cases (35.29%), elevated
serum lactic dehydrogenase in nine cases (52.94%), increased
interleukin 6 expression in seven cases (41.18%), tumor size
<2 cm in five cases (29.41%) and tumor size >2 cm in 12 cases
(70.59%). Immunohistochemistry analysis demonstrated that
the positive expression rates of CD34,CD20, paired box protein
PAXS5,CD10,Mum-1, Bcl-2, Bel-6 and c-Myc in the 17 patients
were 17/17, 17/17, 17/17, 8/17, 9/17, 7/17, 8/17 and 9/17, respec-
tively. The positive expression rates of Ki-67 were >60% in all
patients, and >70% in 11 patients. No expression was observed
for CD3, CD6, granzyme B, EBER, CD113, CD33, CD117,
CKpan and HMB-45. Fluorescence in situ hybridization
(FISH) analysis demonstrated that of the 17 patients with IVL,
seven cases (41.18%) exhibited c-Myc cleavage, eight cases
(47.06%) revealed Bcl-2 cleavage, seven cases (41.18%) exhib-
ited Bcl-6 cleavage and 16 cases (94.12%) Thus, the present
study aimed to improve the current understanding of IVL and
provide an accurate basis for clinical treatment and prognosis,
via HE morphology, immunohistochemistry, FISH detection
and gene rearrangement, by retrospectively analyzing and
summarizing the clinicopathological and pathologic features,
and follow-up data of 17 patients with IVL.

Materials and methods

Patient data. A total of 17 IVL samples (13 men and 4 women;
age range, 38-82 years; median age, 59 years; mean age,
57.2 years) were collected following surgical resection at
the Yantai Yuhuangding Hospital (six cases), Shandong
Provincial Hospital (five cases) and the Affiliated Hospital
of Qingdao University (six cases) between January 2000 and
December 2018. Diagnoses were pathologically confirmed by
three senior pathologists from the Department of Pathology,
Yantai Yuhuangding Hospital of Qingdao University (Yantai,
China), using a BX53 multi-head light microscope (Olympus
Corporation), set at magnifications of x4, x100 and x200. The
clinical data and general findings were acquired from clinical
medical records and specimen delivery forms. The follow-up
information was obtained by telephone, from medical record
rooms in the aforementioned hospitals and from the household
registration department of the Public Security Bureau (Yantai,
Qingdao and Jinan; China).

Immunohistochemistry (IHC). IVL tissue samples were fixed
in 4% neutral formaldehyde for 6-48 h at room temperature,
embedded in paraffin and cut into 4-um-thick sections, prior
to staining with hematoxylin for 90 sec at room temperature
and eosin for 3 sec at room temperature. For each case,
representative wax blocks were selected for histochemical
staining, using the detailed steps of immunohistochemistry,
as follows: The sections were deparaffinized with xylene at
room temperature for 10 min and washed twice with buffer
for 3 min. The sections were incubated with hydrogen
peroxide at room temperature for 10-15 min to inhibit endog-
enous peroxidase activity, washed twice with buffer for 5 min
and subsequently incubated with ultra V block (Guangzhou
Anbiping Pharmaceutical Technology Co., Ltd.) at room
temperature for 5 min. Tissue sections were re-washed twice
with buffer for 5 min, prior to incubation with primary
antibody dilution (Guangzhou Anbiping Pharmaceutical

Technology Co., Ltd.) at 37°C for 1-2 h, and subsequently
washed twice with buffer for 5 min. Subsequently, tissue
sections were incubated with primary antibody enhancer
(Guangzhou Anbiping Pharmaceutical Technology Co.,
Ltd.) at room temperature for 20 min, and washed twice
with buffer for 5 min. This was followed by incubation with
enzyme labeled secondary antibody (Guangzhou Anbiping
Pharmaceutical Technology Co., Ltd.) at room temperature
for 30 min, and sections were subsequently washed twice with
buffer for 5 min. DAB Plus Chromogen (1-2 drops) was added
to 1 ml DAB Plus Substrate (both purchased from Guangzhou
Anbiping Pharmaceutical Technology Co., Ltd.). The mixture
was added to the slides and incubated at 37°C for 3-15 min.
The slides were flushed with distilled water for 3 min, and
counterstained with hematoxylin (10:100) for 4 min and
lithium carbonate aqueous solution (5:100) for 10 min at room
temperature. Subsequently, the sections were dehydrated with
85% alcohol, 95% alcohol and 100% alcohol for 2 min each
at room temperature. The slides were flushed with xylene
at room temperature for 2 min and subsequently mounted
onto coverslips, using mounting medium (all purchased from
Guangzhou Anbiping Pharmaceutical Technology Co., Ltd.)
Cells were observed under the BX53 multi-head light micro-
scope (Olympus Corporation; magnification,x100). Antibodies
against CD34 (1:200; cat. no. MAB-0532), CD20 (1:200;
cat.no. MAB-0594), PAX-5 (1:400; cat. no. MAB-0332), CD10
(1:200; cat. no. MAB-0542), Interferon regulatory factor 4
(IRF4; 1:200; cat. no. MAB-2232), B-cell lymphoma 2 (Bcl-2;
1:400; cat. no. MAB-2532), B-cell lymphoma 6 (Bcl-6; 1:200;
cat.no. MAB-0323), c-Myc (1:200; cat. no. MAB-7932), Ki-67
(1:200; cat. no. MAB-1132), CD3 (1:200; cat. no. MAB-0212),
CD56 (1:400; cat. no. MAB-0582), granzyme B (GrB; 1:600;
cat.no. MAB-6332), EBER (1:200; cat. no. MAB-8232), CD13
(1:200; cat.no. MAB-2132), CD33 (1:200; cat. no. MAB-2132),
CDI117 (1:200; cat. no. MAB-9932), CKpan (1:200;
cat.no. MAB-8742) and HMB-45 (1:400; cat. no. MAB-5332),
and kits (cat. no. MAB-00153) were purchased from
Guangzhou Anbiping Pharmaceutical Technology Co., Ltd.,
using known positive sections as the positive control. The
experimental steps were performed according to the protocol
for each kit. CD34, CD20, CDI10, CD3, cdl3, CD33, CD56
and Bcl-2 were all membrane-positive, while Pax-5, mum-1,
c-Myc, Ki-67, EBER, cdll7 and bcl-6 were expressed in the
nucleus, and GrB, CKpan and HMB-45 in the cytoplasm.

Fluorescence in situ hybridization (FISH). Tissue samples
were cut into 3-4 um-thick sections and heated at 60°C for 2 h.
Sections were deparaffinized with xylene at room temperature
for 10 min and incubated with 3% H,O, methanol solution in
a humidified box at room temperature for 15 min to inhibit
endogenous peroxidase activity, and subsequently washed
three times with distilled water, for 3 min each time. Tissue
sections were incubated with proteinase K (Guangzhou
Anbiping Pharmaceutical Technology Co., Ltd.) in a humidi-
fied box at room temperature for 15 min, and subsequently
washed three times with PBS (pH 7.4) specialized for in situ
hybridization, for 5 min each time. Sections were then washed
twice with distilled water, for 3 min each time. The pre-hybrid-
izing solution (40:100, Guangzhou Anbiping Pharmaceutical
Technology Co., Ltd.) was added and the box was incubated
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Figure 1. Histopathological analysis of IVL by hematoxylin & eosin staining. Representative images of (A) adrenal IVL and (B) skin IVL (magnification,

x100). IVL, Hodgkin's intravascular large B-cell lymphoma.

at 38°C for 3 h. Subsequently, hybridizing solution (40:100,
Guangzhou Anbiping Pharmaceutical Technology Co., Ltd.)
was added and the wet box was incubated at 38°C for 3 h
to block the non-specific background staining. Following
removal of excess liquid, the hybridizing liquid (40:100,
Guangzhou Anbiping Pharmaceutical Technology Co., Ltd.)
was added, the tissues were overlaid with special FISH cover-
slips (Guangzhou Anbiping Pharmaceutical Technology Co.,
Ltd.), and the humidified box was incubated at 38°C overnight,
then washed twice with 2X SSC buffer (Guangzhou Anbiping
Pharmaceutical Technology Co., Ltd.) at 37°C, for 5 min each
time. Sections were subsequently washed with 0.5X SSC
buffer for 15 min at 37°C, and then re-washed twice with 0.2X
SCC buffer, for 5 min each time, prior to adding blocking
buffer (Guangzhou Anbiping Pharmaceutical Technology Co.,
Ltd.) at -20°C for 30 min.

c-Myec, Bcl-2 and Bcl-6 fracture probes and kits (cat.
no. MCB-00153) from Guangzhou Anbiping Pharmaceutical
Technology Co., Ltd., were used to confirm the cleavage of
c-Myc, Bcl-2 and Bcl-6. Multicopy patient samples were used
as positive controls, while normal lymph nodes were used as
negative controls. The experiment was performed according to
the manufacturers' protocols. In the case where separation of
red and green signals was >2 signal points, it was considered a
cleavage. A total of 200 tumor nuclear signals were recorded in
the high-power visual field, and the ratio of isolated signaling
cells to counting cells was =30%, suggesting that the gene was
broken. If the ratio of isolated signaling cells to counting cells
was <10%, it suggested that the gene was not broken. When the
ratio of isolated signaling cells to counting cells was =10% and
<30%, a further 200 counting cells were added. The ratio of
isolated signaling cells to counting cells was then recalculated
and was confirmed to be positive if =15%, and negative if
<15%.

Gene rearrangement detection. DNA was extracted from the
tissue samples using nucleic acid extraction buffer (Amoy
Diagnostics Co., Ltd.) to detect gene rearrangement of the
immunoglobulin heavy chain (IgH). The detection fragments
were selected according to the van Krieken method (4) and

PCR capillary electrophoresis was performed according to
the instructions of the Gene Rearrangement Detection kit
(Shanghai Yuangqi Co., Ltd.). The following thermocycling
conditions were used for PCR: Initial denaturation at 95°C for
7 min, low temperature annealing at 60°C for 45 sec and 72°C
for 90 sec for a total of 40 cycles, and elongation at 72°C for
10 min. The total reaction system was 20 ul and the denatured
products were analyzed via capillary electrophoresis on the
gene analyze r (room temperature extension). Results were
interpreted according to the instructions on the kit purchased
from Amoy Diagnostics Co., Ltd.

Statistical analysis. An Excel database of patients was estab-
lished, and statistical analysis was performed using SPSS
software (version 17.0; SPSS, Inc.). The association between
clinicopathological features and the expression levels of
Ki-67, c-Myc, Bcl-6 and Bcl-2 was evaluated using Fisher's
exact test. Survival curves were generated and the survival rate
was calculated using the Kaplan-Meier method. Multivariate
Cox regression analysis was performed and the log-rank test
was used to determine the independent risk factors affecting
the survival of patients. P<0.05 was considered to indicate a
statistically significant difference.

Results

Clinicopathological data. Of the 17 patients with IVL, 13 cases
(76.47%) occurred in the adrenal gland (Fig. 1A), while four
cases (23.53%) occurred on the skin (Fig. 1B). The principle
clinical manifestations included: Fever in 13 cases (76.47%),
nephrotic syndrome in four cases (23.53%) and hypertension
in six cases (35.29%).

IHC analysis. The positive expression rates of CD34 (Fig. 2A),
CD20 (Fig. 2B), paired box protein PAXS5 (Fig. 2C), CDI10,
IRF4, Bcl-2, Bel-6 and c-Myc in the 17 patients with IVL were
17/17, 17/17, 17/17, 8/17, 9/17, 7/17, 8/17 and 9/17, respectively.
The positive expression rates of Ki-67 were >60%. Conversely,
the expression rates of CD3, CD56, GrB, EBER, CD13, CD33,
CD117, CKpan and HMB-45 were negative (data not shown).
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A

Figure 2. Protein detection via immunohistochemistry. Representative results of (A) CD34, (B) CD20 and (C) paired box protein PAXS (all magnification,
x200). Detection of gene cleavage by FISH. Representative results of (D) c-Myc, (E) Bcl-2 and (F) Bcl-6 (all magnification, x100). Bcl, B-cell lymphoma. FISH,
Fluorescence in situ hybridization.
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Figure 3. Detection of immunoglobulin gene rearrangement by PCR capillary electrophoresis.

Molecular characteristics. FISH analysis demonstrated that  Bcl-2 cleavage (Fig. 2E), seven cases (41.18%) exhibited Bcl-6
of the 17 patients with IVL, seven cases (41.18%) exhibited cleavage (Fig. 2F) and 16 cases (94.12%) exhibited positive
c-Myc cleavage (Fig. 2D), eight cases (47.06%) exhibited IgH gene rearrangement (Fig. 3).
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Table I. Continued.

Bcl-2

Bcl-6

c-Myc

Ki-67

Positive Negative P-value Positive Negative P-value Positive Negative P-value

<80 P-value

>80

Patient, n

Feature

0.253 0.208 0.110

0.331

Chemotherapy

15 10

Insensitive
Sensitive

0.110

0.110

0.761

0.218

Radiotherapy

14

Insensitive
Sensitive

Bcl, B-cell lymphoma.

Association between Ki-67, c-Myc, Bcl-2 and Bcl-6 expres-
sion and clinicopathological features. The association
between expression levels of c-Myc, Bcl-2 and Bcl-6 and clini-
copathological features are presented in Table I. FISH analysis
demonstrated that c-Myc exhibited statistical significance with
regards to sex, hypertension status and tumor size (all P<0.05),
while the difference in Bcl-6 expression among tumor groups
with different tumor sizes was statistically significant (P<0.05).

Association between clinicopathological features and prog-
nosis. The follow-up period was 7.5-24.8 months, from the
date of diagnosis of the disease (January 2019). The median
follow-up time was 13.6 months. A total of 12 patients (70.6%)
died during the follow-up period. The average survival time was
13.2 months, and the overall survival rates of the 3 years were
75.6, 20.6 and 0.00%, respectively. The 1- and 2-year survival
rates in the low Ki-67 expression group (<80%) were 83.3 and
31.3%, respectively, which were significantly higher than those
(60 and 0%) in the high Ki-67 expression group (>80%) (P<0.05;
Fig. 4A). The survival time of the positive c-Myc group (the
1- and 2-year survival rates were 66.7 and 0.7%, respectively)
was significantly shorter compared with the negative group
(the 1- and year 2-year survival rates were 81.80 and 35.1%,
respectively) (P<0.05; Fig. 4B). The survival time of the posi-
tive Bcl-2 group (the 1- and 2-year survival rates were 53.70 and
0.93%, respectively) was significantly shorter compared with
the negative group (the 1- and year 2-year survival rates were
65.80 and 25.10%, respectively). Furthermore, the survival time
of the positive Bcl-6 group (the 1- and 2-year survival rates
were 68.70 and 0.80%, respectively) was significantly shorter
compared with the negative group (the 1- and year 2-year
survival rates were 80.80 and 33.10%, respectively) (P<0.05;
Fig. 4C and D). The results demonstrated no significant asso-
ciation between survival time and age, sex, tumor size, tumor
location, nephrotic syndrome, fever, hypertension, metastasis,
bone marrow invasion, radiotherapy, chemotherapy and IgH
rearrangement (all P>0.05; Fig. 5A-L).

Clinicopathological features. The clinicopathological features
were included as variables in the Cox regression model
analysis, which demonstrated that the prognosis of the patients
was associated with the Ki-67 proliferation index, c-Myc
cleavage and Bcl-6 cleavage. Multivariate regression analysis
demonstrated that the Ki-67 proliferation index was an inde-
pendent risk factor for prognosis (survival time), as presented
in Table II.

Discussion

IVL is a rare subtype of diffuse large B-cell lymphoma, char-
acterized by selective growth of lymphoma cells in the small
vascular cavity. It was first reported by Pfleger and Tappeiner
in 1959 as hemangiomatosis proliferation syndrome, and is
thought to have originated from the endothelium (1,2). In
1982, Ansell et al detected immunoglobulins on the surface
of tumor cells, suggesting that this was the origin of lympho-
cytes. In 1985, leukocyte common antigen was detected on
the surface of tumor cells, and in 1986, Wick et al confirmed
its lymphoma-like characteristics. Other historical appella-
tions include hemangioendothelioma proliferation syndrome,
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Figure 4. Kaplan-Meier survival curves for (A) Ki-67, (B) c-Myc, (C) Bcl-6 and (D) Bcl-2 of patients with Hodgkin's intravascular large B-cell lymphoma.
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Figure 5. Continued. The Kaplan-Meier curves with or without (G) hypertension, (H) metastasis, (I) bone marrow invasion, (J) radiotherapy, (K) chemothera-

pyand, and (L) immunoglobulin heavy chain rearrangement.

malignant hemangioendothelioma, malignant endothelial
proliferation, intravascular lymphoma, angiophilic endothelial
(intravascular) lymphoma (Kiel's classification), angiophilic
large cell lymphoma (Luke-Collins's classification) and diffuse
large B-cell lymphoma (2-4). According to the recent WHO clas-
sification (2), IVL is a rare subtype of extranodal diffuse large
B-cell lymphoma and has independent disease entity (2-8). Due
to the fact that proliferating tumor cells only invade the small
vessels and blood capillaries of different organs, they demon-
strate a diversity and non-specificity of clinical symptoms, and
the cause of disease still remains unclear (7-9). As there is no
lymph node enlargement, no detection of abnormal peripheral
blood and no notable abnormality in the bone marrow in the
early stages of disease, early diagnosis was difficult, and the
majority of cases were diagnosed in the late stages of disease
or during autopsy (1). Fluorodeoxyglucose ('*F-FDG) PET/CT
ha been reported to be beneficial for early diagnosis (9). As
the incidence of the disease has increased in previous years,
researchers in Japan have proposed the concept of ‘Asian
variants’, based on the pathological features of large intravas-
cular B-cell lymphoma (8). It has previously been reported
that that the majority of tumors occur in middle-aged men,
primarily aged 40-80 years, 80% of which are >60 years of

age (8). Among the 17 patients with IVL in the present study,
13 were men and four were women, aged 38-82 years (median
age, 59 years; mean age, 57.2 years), indicating that the male
patients had a younger age of onset, which was consistent with
previous findings (7-9). A previous study demonstrated that the
majority of patients in Europe and the United States possess
tumors involved in the central nervous system and skin, which
primarily invade the kidney, lung, adrenal gland, skin and soft
tissue, and rarely involve the lymph nodes. Asian patients were
dominated by hemophilic syndrome and bone marrow inva-
sion (10). Of the patients in the present study, 13 cases were
observed in the adrenal gland, while four cases were reported
on the skin, and eight cases included bone marrow invasion,
which was consistent with previous findings (2,8). The clinical
symptoms of each patient were not uniform, obvious or typical,
and the majority of symptoms were observed following physical
examination. The final diagnoses were confirmed following
histopathological analysis. A previous study demonstrated that
there are often symptoms of fever of unknown origin, weight
loss or systemic inflammation of the whole body for a long
period of time. Disease progression results in more central
system injuries, including nephrotic syndrome, hypertension,
leukopenia and pancytopenia, increased levels of serum lactic
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Table II. Univariate and Multivariate Cox regression analysis on the prognosis of patients with Hodgkin's intravascular large

B-cell lymphoma.

Univariate analysis

Multivariate analysis

Feature HR (95% CI) P-value HR (95% CI) P-value
Ki-67 proliferation (>80 vs. <80) 7.610 (1.413-40.989) 0.018 7.610 (1.413-40.989) 0.018
c-Myc expression (Positive vs. Negative) 7.146 (1.373-37.184) 0.019 20.783 (3.782-27.451) 1.657
Bcl-6 expression (Positive vs. Negative) 4.138 (1.022-16.747) 0.046 29.126 (14.300-46.900) 0.845

HR, hazard ratio; CI, confidence interval; Bcl, B-cell lymphoma.

dehydrogenase and interleukin 6 (IL-6), recurrence and even
death. Furthermore, the diversity of clinical symptoms (along-
side atypical symptoms) can lead to delayed diagnosis (10,11).
In the present study, there were 13 cases of fever, six cases of
hypertension, four cases of nephrotic syndrome, nine cases of
increased serum lactic dehydrogenase, seven cases of increased
IL-6 expression, eight cases of bone marrow invasion and seven
cases of distant metastasis. Fever, hypertension, nephrotic
syndrome, increased serum lactic dehydrogenase, increased
IL-6 expression, bone marrow invasion and distant metastasis
were analyzed via univariate, multivariate and survival anal-
ysis, and were demonstrated to not be statistically significant.
A larger sample size is required for future studies.

In the present study Fisher's exact test was used to deter-
mine the difference between c-Myc, Bcl-2 and Bcl-6 expression
and clinicopathological features. FISH analysis revealed that
the presence of c-Myc, regardless of sex, hypertension status
or different tumor size, Bcl-6 was also significantly different
between the groups, with regards to tumor size. Multivariate
analysis demonstrated that the Ki-67 proliferation index was
an independent risk factor for prognosis (survival time). The
positive rate of Ki-67 was >60%, among which the rates in
11 cases were >70%, and the rates in five cases were >80%.
High Ki-67 expression had certain clinical significance for the
diagnosis and prognosis of IVL. The Ki67 proliferation index
of different types of tumor has a certain guiding significance
for the prognosis of patients, including IVL (10-12). The 1- and
2-year survival rates of the low Ki-67 expression group were
83.30 and 31.30%, respectively, which was significantly higher
compared with the high expression group (60.00 and 0.00%,
respectively) To the best of our knowledge, the effect of Ki-67
expression on survival rate has not yet been investigated,
thus further verification is required by increasing the sample
size. It has been reported that when one, two or three of the
FISH-c-Myc, Bcl-2 or Bcl-6 proteins break at the same time,
it suggests poor prognosis (11-13), which is inconsistent with
the results of the present study. This may be due to the small
sample size used in the present study. Previous studies have
reported that IgH heavy chain gene clonal rearrangement was
is observed in IVL tumor cells (12,13), and chromosome trans-
location has also been exhibited in a few cases (13). Deficiency
of the adhesion molecules, CD29 (Bl integrin) and CD54
(ICAM) in IVL tumor cells may be associated with their
inability to break free from blood vessels. These adhesion
molecules, which are involved in the migration of intravascular

leukocytes, have been considered a factor in intravascular
localization and can assist in diagnosis (14-17). In the present
study, the rearrangement rate of large B-cell lymphoma was
>85%, while 16 cases in this group were rearranged, which was
consistent with the currently published literature. However, the
molecular mechanism of IVL generation may be multifaceted
and requires further investigation.

The present study was not without limitations. Firstly,
the sample size used was too small. However, as IVL is an
extremely rare disease it was difficult to attain sufficient
samples. Regardless, a total of 17 cases of IVL were success-
fully collected, analyzed and summarized over a 10-year
period, aiming to improve the understanding of the disease,
and to provide a basis for clinical diagnosis and treatment.

IVL has a unique histopathological manifestation, and is
primarily located in small vessels of organs or tissues (including
arterioles, venules and capillaries, some of which are in
medium vessels) filled with a large number of heteromorphic
lymphocytic-like cells. The majority of tumor cells are round,
large in volume, or irregular slightly nuclei; the chromatin is
often aggregated, and small nucleolar and mitotic images can
be observed (16-18). In the present study, the tissue originated
from the adrenal gland and the skin, and the vasculature was
observed to be CD34(+), CD20(+) and PAX-5(+).

IVL is characterized by the selective proliferation of tumor
cells in the lumen of blood vessels (particularly capillaries),
the majority of which are derived from NK/T cells. NK/T cell
lymphomas account for only 10-15% of IVLs. Morphologically,
vascular dilatation, a large lumen, distribution of mononuclear
cells with large nuclei and 1-2 small nucleoli may be observed.
Many heteromorphic lymphocytic-like cells are present
(which are large with a rich cytoplasm, with round, oval or
irregular nuclei with dense chromatin) and thrombi may be
present in the vascular cavity (16-19). Immunophenotypic
CD3(+), CD56(+), GrB(+) and EBER(+) in situ hybrids have
also been observed (14). However, in the present study, immu-
nophenotypic CD3, CD56, GrB and EBER expression in situ
was negative.

Intravascular lymphoid retention is a benign lymphoid
lesion with chronic inflammatory changes and fibrosis that
may lead to local lymphatic compression and lymphoid
retention. The morphology of the tissue was similar to that
of IVL, demonstrating a single T cell that was immunophe-
notypical; however, the heteromorphism of the cells was not
notable, exhibiting isolated lesions and no marked malignant
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clinical manifestations. Immunophenotyping confirmed that
the vessels were dilated lymphoid vessels (2,12,14,17,18). The
lymphocytes were primarily T cells, and the Ki-67-positive
index was generally <10% (15-19). Ki-67 expression in all
patients of the present study was >60%, of which 11 cases
were >70%. In anaplastic large cell lymphoma or other
types of DLBCL, primary lesions in the blood infiltrate the
surrounding tissues. However, intravascular lesions are only
part of the tumor, while IVL cells only selectively prolif-
erate in the blood vessels (11,19). The immunophenotypes
of the two can be distinguished by the distribution of tumor
cells (20,21). The clinical manifestations of extramedullary
leukemia are similar to those of IVL, and include fever,
hepatosplenomegaly and multiple organ failure; however, the
peripheral hemogram of leukemia is abnormal, whereas the
peripheral blood image of IVL is not (16-18,20). A variety
of myeloid antigens are expressed (6,18,22); however, no
tumor-cell expression of CD33, CD34 or CDII7 was noted
in the present study. Intravascular metastases, such as
metastatic tumors and metastatic melanoma, are common
primary lesions in vascular metastasis. Immunolabelling
CKpan, HMB-45 and CD20 is useful for differential diag-
nosis (23-26); however, the expression of CKpan, HMB-45
and CD20 was not immunohistochemically identified in the
present study.

In conclusion, the results of the present study demon-
strated that IVL acts invasively and that the course of the
disease progresses rapidly. The prognosis of the majority of
patients was poor; the mean survival time was 6-9 months,
whereas the survival time following non-active treatment
was only 3-5 months, and the response to chemotherapy
and radiotherapy was poor. Only two of the patients were
sensitive to chemotherapy, while three cases were sensitive
to radiotherapy. Previous studies have demonstrated that a
mesna/ifosfamide, mitoxantrone and etoposide regimen is an
effective treatment for recurrent and refractory non-Hodgkin's
lymphoma (13,14,19,27). It has some advantages in improving
survival outcome and the adverse reactions of the digestive
tract (26,27); however, whether the regime is also effective
against IVL has not yet been fully investigated.
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