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Abstract. Gliomas are the most common primary brain 
tumor, the diagnosis of which is challenging. In this respect, 
the use of immunohistochemical proliferation markers may 
aid diagnosis; survivin, also known as Baculoviral IAP Repeat 
Containing 5, is one such marker. Survivin is a unique member 
of the inhibitors of apoptosis protein gene family, and is known 
for its dual function as an apoptosis inhibitor and mitosis 
regulator. Furthermore, survivin has been demonstrated to be 
overexpressed in a number of malignancies. The purpose of 
the present literature review was to gain an overview of studies 
published on the diagnostic and/or prognostic use of survivin 
in gliomas. Using PubMed, 19 studies matching the inclu-
sion criteria were ultimately included in the present review. 
The majority of the studies identified revealed that survivin 
was significantly associated with other proliferation markers, 
histological malignancy grade, and inversely associated with 
prognosis. However, there were a number of inconsistencies 
between studies, which suggests a requirement for standard-
ization of immunohistochemical procedures.

Introduction

There is a multitude of histological types of brain tumors, 
which are classified according to the World Health Organiza-
tion (WHO) (1). Gliomas are one such entity, and consist of 
astrocytomas, oligodendrogliomas, ependymomas and gangli-
ogliomas. Overall, gliomas are the most common primary 
malignant intracerebral neoplasm with an incidence rate of 
6.03 per 100,000 individuals every year (2). Classification and 
malignancy grading may be challenging, and there is constant 
investigation for improved methods to aid neuropathologists. 
In this respect, immunohistochemistry has received a lot of 

attention, and is a fundamental tool in the daily routine of the 
majority of pathology departments. Immunohistochemistry 
remains an important modality for glioma diagnosis, since 
it is a robust, convenient and affordable method, with which 
the majority of laboratories have considerable experience. 
Other relevant methods for diagnosing gliomas are molecular 
genetics, including fluorescence in  situ hybridization and 
polymerase chain reaction. Indeed, all these techniques in 
combination are essential for classifying tumors in accordance 
with the newly published classification scheme of tumors of 
the central nervous system by the WHO (1).

Survivin, also known as Baculoviral IAP Repeat 
Containing 5, is a member of the inhibitors of apoptosis protein 
gene family. It is considered unique for its dual function as 
an apoptosis inhibitor and mitosis regulator (3,4). Survivin 
is generally only expressed during tissue development, and 
although it is observed in certain normal tissues with high 
proliferative activity, it is scarce in the majority of adult 
tissues (3). By contrast, survivin is overexpressed in numerous 
malignancies, including lung, pancreatic, breast, ovarian and 
colon cancer (3,5‑8). Therefore, survivin has clinical potential; 
not only is it considered as an immunohistochemical diag-
nostic and prognostic marker, but it has also been identified as 
a potential target for therapy (3).

The aim of the present study is to provide a literature 
review on the use of survivin as an immunohistochemical 
marker in gliomas.

Materials and methods

Inclusion criteria. The present literature review was restricted 
to studies concerning human gliomas published in English 
during the last 10 years; therefore covering 2004‑2014. Other 
inclusion criteria consisted of studies that focussed either 
on the prognostic and/or diagnostic value of survivin, and 
included a minimum of 15 patients.

Search terms. Studies were identified using the search engine 
PubMed (www.ncbi.nlm.nih.gov/pubmed). To identify relevant 
studies a meticulous set of search terms was constructed. The 
final search parameter included the terms ‘survivin’, ‘gliomas’, 
‘astrocytomas’, ‘oligodendrogliomas’, ‘ependymomas’ and 
‘gangliogliomas’.

The full search code used is as follows and this yielded 
202  studies: Survivin[All Fields] AND ((“glioma”[MeSH 
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Terms] OR “glioma”[All Fields] OR “gliomas”[All Fields]) OR 
(“astrocytoma”[MeSH Terms] OR “astrocytoma”[All Fields] OR 
“astrocytomas”[All Fields]) OR (“oligodendroglioma”[MeSH 
Terms] OR “ol igodendrogl ioma”[Al l  Fields]  OR 
“oligodendrogliomas”[All Fields]) OR (“ependymoma”[MeSH 
Terms] OR “ependymoma”[All Fields] OR “ependymomas”[All 
Fields])  OR (“gangl iogl ioma”[MeSH Terms] OR 
“ganglioglioma”[All Fields] OR “gangliogliomas”[All 
Fields])) AND ((“2004/01/01”[PDAT] : “2014/12/31”[PDAT]) 
AND English[lang]).

Exclusion criteria. Based on title and abstracts 183 studies were 
excluded, leaving 19 studies for further evaluation. Exclusion 
criteria were animal studies, meta-analyses, tumors that were 
not gliomas, such as medulloblastomas, and studies where the 
primary focus was the detection of survivin by means other 
than immunohistochemistry.

Results

Survivin expression. Table  I presents a summary of the 
19 studies included in the present review (9‑27). The majority 
of studies observed nucleic and cytoplasmic immunoreactivity 
for survivin expression in gliomas; however, there were differ-
ences in which expression was used for analysis. Whereas 
certain studies included, and even separately considered, the 
two forms of expression (9‑14), other studies focused solely on 
nuclear staining (15‑21). Furthermore, certain studies did not 
explicitly state which form was assessed (22‑27).

In general, the studies used one of three methods for 
quantifying survivin in gliomas: Labeling index (LI), staining 
intensity (SI) or immunoreactivity score (IRS). LI, defined as 
the percentage of immunoreactive tumor cells out of the total 
number of cells, was used by 10/19 (52.6%) studies (14‑16,18‑24). 
The majority of studies that used SI applied a four‑tiered system 
as follows: 0, negative staining; 1, weak staining; 2, moderate 
staining; and 3, strong staining (10‑14,17,25). Okada et al (26) 
and Yeung et al (27) used variations of this system, as detailed 
in Table I. Survivin IRS was determined by the multiplication 
of the percentage of survivin‑positive cells (0, <1%; 1, 1‑25%; 
2, 26‑50%; 3, 51‑75%; 4, >75%) and the values for survivin 
SI (13,17,25). Saito et al (9) focused specifically on the local-
ization of survivin as being cytoplasmic and/or nuclear. In 
addition, that study recorded the staining as positive or nega-
tive, defined as >5 and ≤5%, respectively.

Survivin and Ki67/MiB‑1. In total, 10 studies (52.6%) investi-
gated whether there was an association between Ki67/MiB‑1 
expression and survivin in gliomas. The results varied as 
certain studies identified a significant association (14,15,18‑22), 
while others did not (14,24,27). Saito et al (9) investigated 
whether the subcellular localization of survivin was associated 
with Ki67/MiB‑1 expression, and demonstrated that it was 
not. Liu et al (14) reported a significant and a non‑significant 
association with Ki67/MiB‑1 for nuclear‑survivin and cyto-
plasmic‑survivin, respectively.

Survivin and tumor grades. The expression of survivin across 
histological malignancy grades was evaluated by 12/19 
(63.2%) studies. A total of 8 out of the 12 studies (66.7%) 

revealed that there was a greater survivin immunoreactivity 
with increasing tumor grade, and reported statistically signifi-
cant differences in survivin expression across histological 
grades of gliomas (13,14,16,20‑22,24,25). However, 4 studies 
(33.3%) identified no significant association between survivin 
and tumor grade (9,17,26,27).

Survivin and survival. Out of the 19 studies, 14 (73.7%) inves-
tigated the prognostic value of survivin. In total, 6 studies 
(42.9%) were unable to demonstrate that survivin was signifi-
cant in survival analysis (15,18,19,21,25,26). By contrast, 8/14 
studies (57.1%) reported that a high expression of survivin was 
inversely associated with prognosis (9,11,12,16,20,22‑24).

Discussion

The purpose of the present literature review was to provide 
an overview of the diagnostic and prognostic findings of 
survivin as an immunohistochemical marker in gliomas. In 
the majority of studies reviewed by the present study, survivin 
was positively associated with other proliferation markers, 
including Ki67/MiB‑1, and histological malignancy grade, 
and inversely associated with prognosis. However, the data 
was encumbered with several elements of uncertainty that 
illustrate the requirement for a standardization of immunohis-
tochemical procedures.

Expression and quantification of survivin. Cellular immuno-
reactivity for survivin is observed in the cytoplasm and nuclei, 
and it is very likely these forms of expression are associated 
with the dual function of survivin as an apoptosis inhibitor 
and a mitosis regulator, respectively (9‑11). It has also been 
suggested that the difference in the subcellular localization 
of survivin varies according to the antibody used (18). The 
different immunohistochemical antibodies and the working 
dilutions used by the respective studies are listed in Table I. 
Kogiku et al (22) and Uematsu et al (24) did not use a commer-
cial antibody, but prepared their own.

Although the majority of studies mentioned the localization 
pattern of the antibody, certain studies do not state this explic-
itly. Furthermore, as shown in Table I, there were differences 
as to which form of expression was registered (cytoplasmic or 
nuclear), how the expression of the marker was quantified and 
how this was considered statistically. Three primary quanti-
fication methods were used: LI, SI and IRS. Additionally, 
Saito et al (9) simply registered the subcellular localization of 
survivin as cytoplasmic, nucleic or both.

Notably, even between studies using LI there were certain 
discrepancies, such as the minimum number of cells that were 
evaluated ranged between 500 and 1,000. In addition, there are 
differences in the percentage of immunoreactive cells defined 
by the studies as ‘high’ or ‘low’ expression of survivin. As 
an example, one study used </≥3% as a low/high expression, 
while another used a cut‑off of ≤/>80%; these studies were 
conducted on astrocytomas grades II‑IV (16,24). In numerous 
studies, the chosen cut‑off appeared to be an arbitrary value.

The differences alluded to here, regarding expression and 
quantification, demonstrate the requirement of a standardiza-
tion of procedures. The lack of specific guidelines allows 
for a variation of methods, which consequently renders it 



ONCOLOGY LETTERS  12:  1679-1686,  2016 1681
Ta

bl
e 

I. 
Su

m
m

ar
y 

of
 st

ud
ie

s i
nc

lu
de

d 
in

 th
e 

pr
es

en
t l

ite
ra

tu
re

 re
vi

ew
.

A
ut

ho
r, 

da
te

	
To

ta
l p

at
ie

nt
s, 

n	
H

is
to

lo
gi

ca
l t

yp
es

	
A

nt
ib

od
y	

Q
ua

nt
ifi

ca
tio

n 
of

 e
xp

re
ss

io
n	

R
es

ul
ts

	
(R

ef
.)

Sa
ito

 e
t a

l, 
20

07
	

51
	

A
A

, 1
9;

 G
B

M
, 3

2	
G

oa
t p

ol
yc

lo
na

l a
nt

i‑s
ur

vi
vi

n	
N

uc
le

ar
 a

nd
 c

yt
op

la
sm

ic
 st

ai
ni

ng
 w

er
e 

ev
al

ua
te

d.
 	

Im
m

un
or

ea
ct

iv
e 

ca
se

s, 
51

/5
1 

(1
00

%
): 

C
yt

op
la

sm
ic

, 2
3 

ca
se

s (
45

%
);	

(9
)

			



(S

an
ta

 C
ru

z 
B

io
te

ch
no

lo
gy

, I
nc

.,	
≥1

,0
00

 tu
m

or
 c

el
ls

 w
er

e 
co

un
te

d/
sa

m
pl

e 
in

 ra
nd

om
ly

	
nu

cl
ea

r, 
10

 c
as

es
 (2

0%
); 

bo
th

, 1
8 

ca
se

s (
35

%
). 

Lo
ca

liz
at

io
n 

su
rv

iv
in

			



D

al
la

s, 
TX

, U
SA

; d
ilu

tio
n	

se
le

ct
ed

 fi
el

ds
 (m

ag
ni

fic
at

io
n,

 x
40

0)
. +

ve
, >

5%
 c

el
ls

	
vs

. K
i6

7/
M

iB
‑1

 e
xp

re
ss

io
n,

 P
=0

.6
79

8;
 su

rv
iv

in
 n

uc
le

ar
 +

ve
 v

s.
			




1:
10

0)
	

im
m

un
op

os
iti

ve
; ‑

ve
, ≤

5%
 im

m
un

op
os

iti
ve

. +
ve

	
cy

to
pl

as
m

ic
 +

ve
, P

=0
.7

96
; n

uc
le

ar
/c

yt
op

la
sm

ic
 g

ro
up

 su
rv

iv
al

 ti
m

e
				





sa

m
pl

es
 c

la
ss

ifi
ed

 a
s f

ol
lo

w
s:

 N
uc

le
ar

 +
ve

; 	
w

as
 sh

or
te

r v
s. 

nu
cl

ea
r o

r c
yt

op
la

sm
ic

 a
lo

ne
 (P

=0
.0

00
1)

; s
ur

vi
vi

n
				





cy

to
pl

as
m

ic
 +

ve
; a

nd
 n

uc
le

ar
/c

yt
op

la
sm

ic
 +

ve
.	

lo
ca

liz
at

io
n 

(n
uc

le
ar

/c
yt

op
la

sm
ic

 v
s. 

nu
cl

ea
r o

r c
yt

op
la

sm
ic

 a
lo

ne
)

					






as

so
ci

at
ed

 w
ith

 O
S 

(P
<0

.0
01

).
X

ie
 e

t a
l, 

20
06

	
56

	
Pr

im
ar

y 
G

B
M

, 3
0;

	
R

ab
bi

t p
ol

yc
lo

na
l a

nt
i‑s

ur
vi

vi
n 

	
St

ai
ni

ng
 w

as
 e

va
lu

at
ed

 se
m

i‑q
ua

nt
ita

tiv
el

y.
 S

ta
in

in
g	

Im
m

un
or

ea
ct

iv
e 

ca
se

s:
 C

yt
op

la
sm

ic
, 3

7/
56

 c
as

es
 (6

6%
); 

nu
cl

ea
r,	

(1
0)

		


se
co

nd
ar

y 
G

B
M

, 2
6	

(c
at

al
og

 n
o.

, N
B

‑5
00

‑2
01

 K
3;

	
sc

or
e 

w
as

 o
bt

ai
ne

d 
as

 th
e 

pr
op

or
tio

n 
of

	
43

/5
6 

ca
se

s (
77

%
). 

Su
rv

iv
in

‑C
 e

xp
re

ss
io

n 
in

 p
rim

ar
y 

vs
. s

ec
on

da
ry

			



N

ov
us

 B
io

lo
gi

ca
ls

 L
LC

, 	
im

m
un

op
os

iti
ve

 c
el

ls
: ‑

, n
eg

at
iv

e;
 +

, s
ta

in
in

g 
in

 <
25

%
	

G
B

M
, 8

3%
 v

s. 
46

%
 (P

<0
.0

01
); 

su
rv

iv
in

‑N
 e

xp
re

ss
io

n 
pr

im
ar

y 
vs

.
			




Li
ttl

et
on

, C
O

, U
SA

; d
ilu

tio
n,

 	
ce

lls
; +

+,
 st

ai
ni

ng
 in

 2
5‑

50
%

; +
++

, s
ta

in
in

g 
in

 5
1‑

75
%

;	
se

co
nd

ar
y 

G
B

M
, 7

3%
 v

s. 
81

%
 (P

=0
.5

1)
. O

ve
ra

ll 
ex

pr
es

si
on

 o
f

			



1:

30
0;

 c
yt

op
la

sm
ic

 d
et

ec
tio

n)
; 	

++
++

, s
ta

in
in

g 
>7

5%
. 	

cy
to

pl
as

m
ic

 a
nd

 n
uc

le
ar

 su
rv

iv
in

 in
 1

5 
ca

se
s w

as
 c

on
co

rd
an

t
			




ra
bb

it 
po

ly
cl

on
al

 a
nt

i‑s
ur

vi
vi

n		


be
tw

ee
n 

pr
ec

ur
so

r l
es

io
n 

vs
. s

ec
on

da
ry

 G
B

M
; e

xp
re

ss
io

n 
le

ve
l o

f
			




(c
at

al
og

 n
o.

, s
c‑

10
81

1;
 S

an
ta

		


su
rv

iv
in

‑C
 w

as
 h

ig
he

r i
n 

se
co

nd
ar

y 
G

B
M

, n
o 

di
ffe

re
nc

e 
in

			



C

ru
z 

B
io

te
ch

no
lo

gy
, I

nc
.;		


su

rv
iv

in
‑N

. S
ur

vi
vi

n‑
N

 v
s. 

cl
in

ic
op

at
ho

lo
gi

ca
l f

ea
tu

re
s, 

P>
0.

05
;

			



di

lu
tio

n,
 1

:4
00

; n
uc

le
ar

	
 	

su
rv

iv
in

‑C
 v

s. 
tu

m
or

 si
ze

, P
<0

.0
1;

 su
rv

iv
in

‑C
 v

s. 
ot

he
r c

lin
ic

o‑
			




de
te

ct
io

n)
		


pa

th
ol

og
ic

al
 fe

at
ur

es
, P

>0
.0

5;
 m

ea
n 

pr
og

re
ss

io
n 

tim
e 

(m
on

th
s)

					






be

tw
ee

n 
pr

ec
ur

so
r l

es
io

n 
an

d 
se

co
nd

ar
y 

G
B

M
 w

as
 sh

or
te

r i
n

					






cy

to
pl

as
m

ic
 +

ve
 v

s. 
‑v

e 
ca

se
s (

P<
0.

05
); 

su
rv

iv
in

‑C
 v

s. 
A

I,
					







P<
0.

00
1;

 su
rv

iv
in

‑N
 v

s. 
A

I, 
P>

0.
05

.
Sh

ira
i e

t a
l, 

20
09

	
66

	
G

B
M

, 6
6	

A
nt

i‑s
ur

vi
vi

n 
an

tib
od

y 
(N

ov
us

	
C

el
l n

uc
le

i a
nd

 c
yt

op
la

sm
s o

f >
50

0 
ce

lls
 e

va
lu

at
ed

.	
Im

m
un

or
ea

ct
iv

e 
ca

se
s:

 C
yt

op
la

sm
ic

, 5
8/

66
 (8

7.
9%

); 
nu

cl
ea

r, 
47

/6
6	

(1
1)

			



B

io
lo

gi
ca

ls
 L

LC
; d

ilu
tio

n,
 	

N
uc

le
ar

 a
nd

 c
yt

op
la

sm
ic

 su
rv

iv
in

 sc
or

es
 e

va
lu

at
ed

 w
ith

	
(7

1.
2%

). 
Su

rv
iv

in
‑C

 sc
or

e 
of

 0
, 8

 p
at

ie
nt

s (
12

.1
%

); 
1,

 4
7 

pa
tie

nt
s

			



1:

30
0)

	
ce

ll 
po

si
tiv

ity
 a

nd
 S

I: 
0,

 n
o 

st
ai

ni
ng

; 1
,<

50
%

 o
f c

el
l	

(7
1.

2%
); 

2,
 6

 p
at

ie
nt

s (
9.

1%
); 

3,
 5

 p
at

ie
nt

s (
7.

6%
); 

su
rv

iv
in

‑C
 n

ot
				





po

si
tiv

ity
 a

nd
 a

ny
 in

te
ns

ity
; 2

, >
50

%
 o

f c
el

l p
os

iti
vi

ty
	

as
so

ci
at

ed
 w

ith
 p

ro
gn

os
is

. S
ur

vi
vi

n‑
N

 sc
or

e 
of

 0
,1

9 
pa

tie
nt

s (
28

.8
%

);
				





an

d 
w

ea
k 

to
 m

od
er

at
e 

in
te

ns
ity

; 3
, >

50
%

 c
el

l p
os

iti
vi

ty
	

1,
 2

6 
pa

tie
nt

s (
39

.4
%

); 
2,

 9
 p

at
ie

nt
s (

13
.6

%
); 

3,
 1

2 
pa

tie
nt

s (
18

.2
%

); 
				





an

d 
st

ro
ng

 in
te

ns
ity

.	
3‑

ye
ar

 O
S 

ra
te

 o
f s

ur
vi

vi
n‑

N
 lo

w
er

 fo
r s

co
re

 3
 v

s. 
2 

(P
=0

.0
00

3)
;

					






su

rv
iv

in
‑N

 +
ve

 p
re

di
ct

or
 o

f O
S 

(P
=0

.0
03

; m
ul

tiv
ar

ia
te

 a
na

ly
si

s)
.

Ju
ng

 e
t a

l, 
20

12
	

62
	

G
B

M
, 6

2	
A

nt
i‑s

ur
vi

vi
n 

(L
ab

 V
is

io
n 

C
or

p,
	

SI
 sc

or
e 

(0
, ‑

ve
; 1

, w
ea

k,
 b

ut
 d

et
ec

ta
bl

e;
 2

, m
od

er
at

e;
 	

Im
m

un
or

ea
ct

iv
e 

ca
se

s:
 u

nc
er

ta
in

. H
ie

ra
rc

hi
ca

l c
lu

st
er

in
g 

of
 th

e	
(1

2)
			




Fr
em

on
t, 

C
A

, U
SA

; c
at

al
og

 n
o.

, 	
3,

 st
ro

ng
) a

nd
 p

er
ce

nt
ag

e 
of

 im
m

un
or

ea
ct

iv
e 

st
ai

ns
	

pa
tie

nt
s i

nt
o 

tw
o 

gr
ou

ps
; n

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
 in

 c
lin

ic
al

 
			




M
S‑

12
02

; d
ilu

tio
n,

 1
:2

5;
 	

w
er

e 
au

to
m

at
ic

al
ly

 a
na

ly
ze

d 
by

 T
is

su
e 

M
in

e.
	

ch
ar

ac
te

ris
tic

s, 
bu

t d
iff

er
en

ce
 in

 su
rv

iv
al

 ra
te

. S
ur

vi
vi

n‑
N

 id
en

tifi
ed

			



m

ic
ro

w
av

e;
 c

yt
op

la
sm

ic
/n

uc
le

ar
	

H
‑s

co
re

 =
 S

um
 o

f p
er

ce
nt

ag
es

 o
f p

os
iti

ve
ly

 st
ai

ne
d	

as
 1

/1
0 

pr
ot

ei
ns

 w
ho

se
 e

xp
re

ss
io

n 
w

as
 si

gn
ifi

ca
nt

ly
 d

iff
er

en
t

			



de

te
ct

io
n)

	
ce

lls
 x

 w
ei

gh
te

d 
st

ai
ni

ng
 in

te
ns

ity
.	

be
tw

ee
n 

th
e 

tw
o 

gr
ou

ps
 (P

=0
.0

29
5;

 S
tu

de
nt

's 
t‑t

es
t).

Zh
en

 e
t a

l, 
20

05
	

83
	

PA
, 1

7;
 D

A
, 1

6;
	

G
oa

t p
ol

yc
lo

na
l a

nt
i‑s

ur
vi

vi
n	

IR
S 

= 
pe

rc
en

ta
ge

 o
f s

ur
vi

vi
n 

+v
e 

ce
lls

 (0
, <

1%
; 1

,	
Im

m
un

or
ea

ct
iv

e 
ca

se
s, 

48
/8

3 
(5

7.
8%

); 
IR

S 
in

 8
3 

ca
se

s, 
3.

75
±3

.8
9.

	
(1

3)
		


EP

A
II

, 5
; O

A
II

, 4
;	

(S
an

ta
 C

ru
z 

B
io

te
ch

no
lo

gy
, I

nc
.;	

1‑
25

%
; 2

, 2
6‑

50
%

; 3
, 5

1‑
75

%
; 4

, >
75

%
) x

 S
I (

0,
 n

o	
IR

S 
by

 W
H

O
 g

ra
de

: G
ra

de
 I,

 1
.2

9±
2.

62
; g

ra
de

 II
, 2

.5
6±

3.
44

; 
		


A

A
, 1

1;
 O

A
II

I, 
4;

	
di

lu
tio

n,
 1

:1
00

)	
st

ai
ni

ng
; 1

, w
ea

k;
 2

, m
od

er
at

e;
 3

, s
tro

ng
).	

gr
ad

e 
II

I, 
4.

78
±3

.8
9;

 g
ra

de
 IV

 6
.0

4±
3.

78
. S

ur
vi

vi
n 

IR
S 

gr
ad

e 
I v

s.
		


EP

A
, 3

; G
B

M
, 1

2;
			




gr
ad

e 
II

I, 
P=

0.
02

3;
 g

ra
de

 II
 v

s. 
gr

ad
e 

IV
, P

=0
.0

11
; g

ra
de

 I 
vs

. 
		


M

B
, 9

; N
B

, 2
.			




gr
ad

e 
IV

, P
<0

.0
01

. S
ur

vi
vi

n 
IR

S 
as

so
ci

at
ed

 w
ith

 P
C

N
A

 P
I (

P<
0.

00
1)

.
					







PC
N

A
 P

I w
as

 h
ig

he
r i

n 
su

rv
iv

in
 +

ve
 g

ro
up

s (
P<

0.
00

1)
. A

I e
xp

re
ss

io
n

					






in

 su
rv

iv
in

 +
ve

 v
s. 

‑v
e 

gr
ou

ps
, P

=0
.1

08
; s

ur
vi

vi
n 

w
as

 in
ve

rs
el

y
					







as
so

ci
at

ed
 w

ith
 A

I (
P<

0.
00

1)
. O

ve
ra

ll 
da

ily
 g

ro
w

th
 si

gn
ifi

ca
nt

ly
					







hi
gh

er
 in

 su
rv

iv
in

 +
ve

 v
s. 

‑v
e 

gr
ou

p 
(P

=0
.0

01
), 

w
ith

 +
ve

 
					







as
so

ci
at

io
n 

w
ith

 su
rv

iv
in

 IR
S 

(P
<0

.0
01

).



VARUGHESE and TORP:  SURVIVIN AND GLIOMAS: A LITERATURE REVIEW1682
Ta

bl
e 

I. 
C

on
tin

ue
d.

A
ut

ho
r, 

da
te

	
To

ta
l p

at
ie

nt
s, 

n	
H

is
to

lo
gi

ca
l t

yp
es

	
A

nt
ib

od
y	

Q
ua

nt
ifi

ca
tio

n 
of

 e
xp

re
ss

io
n	

R
es

ul
ts

	
(R

ef
.)

Li
u 

et
 a

l 2
00

6	
10

2	
D

A
, 1

9;
 A

A
, 1

6;
	

R
ab

bi
t p

ol
yc

lo
na

l a
nt

i‑s
ur

vi
vi

n	
C

yt
op

la
sm

ic
 a

nd
 n

uc
le

ar
 st

ai
ni

ng
 w

er
e 

sc
or

ed
	

Im
m

un
or

ea
ct

iv
e 

ca
se

s:
 u

nc
er

ta
in

. M
ea

n 
va

lu
e 

su
rv

iv
in

‑C
: D

A
, 	

(1
4)

		


G
B

M
, 4

3;
	

(c
at

al
og

 n
o.

, B
IR

C
5;

 R
&

D
	

se
pa

ra
te

ly
. S

ur
vi

vi
n‑

C
, 0

‑3
 sc

or
in

g 
us

ed
 (c

om
bi

ne
d	

0.
7±

0.
9;

 A
A

, 0
.7

±0
.6

; G
B

M
, 1

.4
±0

.9
. M

ea
n 

va
lu

e 
su

rv
iv

in
‑N

: D
A

,
		


N

B
T,

 2
4	

Sy
st

em
s, 

In
c.

, M
in

ne
ap

ol
is

, 	
in

te
ns

ity
 a

nd
 e

xt
en

t o
f c

el
ls

 st
ai

ne
d)

. S
ur

vi
vi

n‑
N

 L
I: 

	
0.

6±
0.

7;
 A

A
, 2

.5
±2

.5
; G

B
M

, 7
.2

±6
.4

. S
ur

vi
vi

n‑
C

: D
A

 v
s. 

A
A

, 
			




M
N

, U
SA

; d
ilu

tio
n,

 1
:5

00
)	

+v
e 

ce
lls

 in
 1

,0
00

 tu
m

or
 c

el
ls

 st
ar

tin
g 

fr
om

 th
e	

P=
0.

06
78

; D
A

 v
s. 

G
B

M
, P

=0
.0

23
3;

 A
A

 v
s. 

G
B

M
, P

=0
.0

21
6.

 
				





hi

gh
es

t l
ab

el
in

g 
re

gi
on

.	
Su

rv
iv

in
‑N

: D
A

 v
s. 

A
A

, P
=0

.0
03

0;
 D

A
 v

s. 
G

B
M

, P
=0

.0
00

1;
 A

A
					







vs
. G

B
M

, P
=0

.0
24

1.
 S

ur
vi

vi
n‑

C
 a

nd
 su

rv
iv

in
‑N

 v
s. 

tu
m

or
 g

ra
de

,
					







P=
0.

02
8 

an
d 

P<
0.

00
01

, r
es

pe
ct

iv
el

y.
 S

ur
vi

vi
n‑

C
 v

s. 
K

i6
7/

M
iB

‑1
,

					






P=

0.
02

98
; s

ur
vi

vi
n‑

N
 v

s. 
K

i6
7/

M
iB

‑1
, P

<0
.0

00
1.

H
ab

be
rs

ta
d 

et
 a

l,	
27

	
A

A
, 2

7	
R

ab
bi

t m
on

oc
lo

na
l a

nt
i‑s

ur
vi

vi
n	

LI
 =

 p
er

ce
nt

ag
e 

of
 im

m
un

or
ea

ct
iv

e 
ce

lls
/to

ta
l c

el
ls

. 	
Im

m
un

or
ea

ct
iv

e 
ca

se
s:

 2
7/

27
 (1

00
%

). 
Su

rv
iv

in
 lo

ca
te

d 
in

 c
yt

op
la

sm
	

(1
5)

20
11

			



(c

lo
ne

, E
P2

88
0Y

; A
bc

am
,	

D
et

er
m

in
ed

 b
y 

co
un

tin
g 

≥1
00

0 
tu

m
or

 c
el

ls
 o

r 3
 H

PF
s.	

an
d 

nu
cl

eu
s;

 o
nl

y 
nu

cl
ea

r p
os

iti
vi

ty
 w

as
 re

co
rd

ed
. S

ur
vi

vi
n 

			



C

am
br

id
ge

, M
A

, U
SA

; d
ilu

tio
n,

 		


as
so

ci
at

ed
 w

ith
 m

ito
tic

 a
ct

iv
ity

 (P
=0

.0
10

), 
K

i6
7/

M
iB

‑1
 (P

<0
.0

01
)

			



1:

25
0)

		


an
d 

ot
he

r m
ar

ke
rs

 [p
H

H
3,

 m
ito

si
n 

an
d 

D
N

A
 to

po
is

om
er

as
e 

II
α

					






(P

<0
.0

5)
]. 

Su
rv

iv
in

 n
ot

 a
ss

oc
ia

te
d 

w
ith

 su
rv

iv
al

 (P
>0

.0
5)

.
H

ua
ng

 e
t a

l, 
20

11
	

91
	

D
A

, 2
5;

 A
A

, 1
7;

	
R

ab
bi

t p
ol

yc
lo

na
l a

nt
i‑s

ur
vi

vi
n	

Su
rv

iv
in

‑N
 L

I: 
Po

si
tiv

el
y 

st
ai

ne
d 

nu
cl

ei
 in

 1
,0

00
 c

el
ls

. 	
Im

m
un

or
ea

ct
iv

e 
ca

se
s:

 D
A

, 1
0/

25
 (4

0.
0%

); 
A

A
, 9

/1
7 

(5
2.

9%
); 

	
(1

6)
		


G

B
M

, 3
1;

 N
B

T,
 1

8	
(R

&
D

 S
ys

te
m

s, 
In

c.
; d

ilu
tio

n,
 	

Su
rv

iv
in

‑N
 c

ha
ra

ct
er

iz
ed

 in
to

 tw
o 

gr
ou

ps
: <

3%
 	

G
B

M
, 2

5/
31

 (8
0.

7%
); 

N
B

T,
 0

/1
8 

(0
%

). 
Su

rv
iv

in
‑N

 si
gn

ifi
ca

nt
ly

			



1:

60
0)

	
st

ai
ne

d 
nu

cl
ei

 o
r ≥

3%
 st

ai
ne

d 
nu

cl
ei

.	
hi

gh
er

 in
 G

B
M

 (1
0.

3±
5.

3)
 a

nd
 A

A
 (3

.1
±2

.2
) v

s. 
D

A
 (1

.6
±2

.3
)

					






(P

<0
.0

01
). 

Su
rv

iv
in

‑N
 w

as
 a

 p
ro

gn
os

tic
 fa

ct
or

 in
 d

is
ea

se
‑s

pe
ci

fic
					







su
rv

iv
al

 (l
og

 ra
nk

, P
<0

.0
01

; C
ox

 re
gr

es
si

on
 a

na
ly

si
s, 

P=
0.

02
3)

					






an

d 
in

 p
ro

gr
es

si
on

‑f
re

e 
su

rv
iv

al
 (l

og
 ra

nk
, P

<0
.0

01
; C

ox
 re

gr
es

si
on

					






an

al
ys

is
, P

=0
.0

32
).

M
ed

in
a	

26
	

PA
, 1

; D
A

, 5
; 	

M
ou

se
 m

on
oc

lo
na

l I
gG

2a
 	

IR
S 

= 
pe

rc
en

ta
ge

 o
f +

ve
 c

el
ls

 (0
, <

1%
; 1

, 1
‑2

5%
; 	

Im
m

un
or

ea
ct

iv
e 

ca
se

s:
 P

A
, 0

/1
 (0

%
); 

D
A

, 0
/5

 (0
%

); 
G

B
M

, 1
/5

	
(1

7)
V

ill
aa

m
il 

et
 a

l, 
		


G

B
M

, 5
; G

C
, 1

1;
	

su
rv

iv
in

 (c
lo

ne
, D

‑8
; S

an
ta

 C
ru

z	
2,

 2
6‑

50
%

; 3
, 5

1‑
75

%
; 4

, >
75

%
) x

 S
I (

1,
 w

ea
k;

 2
, 	

(2
0%

); 
G

C
, 2

/1
1 

(1
8%

); 
R

G
, 0

/6
 (0

%
). 

N
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 in
20

11
		


R

G
, 6

	
B

io
te

ch
no

lo
gy

, I
nc

.; 
di

lu
tio

n,
	

m
od

er
at

e;
 3

, s
tro

ng
).	

ex
pr

es
si

on
 o

f s
ur

vi
vi

n 
am

on
g 

th
e 

tis
su

e 
sa

m
pl

es
 (P

>0
.0

5)
.

			



1:

10
0)

M
el

la
i e

t a
l, 

20
08

 	
20

	
G

B
M

, 2
0	

R
ab

bi
t p

ol
yc

lo
na

l a
nt

i‑s
ur

vi
vi

n	
LI

 (e
ac

h 
ar

ea
) =

 p
er

ce
nt

ag
e 

of
 p

os
iti

ve
ly

 st
ai

ne
d 

ce
lls

	
Im

m
un

or
ea

ct
iv

e 
ca

se
s:

 2
0/

20
 (1

00
%

). 
Su

rv
iv

in
 v

ar
ia

bl
y 

st
ai

ne
d	

(1
8)

			



(c

at
al

og
 n

o.
, N

B
‑5

00
‑2

01
 K

3;
	

in
 ≥

1,
00

0 
ce

lls
.	

nu
cl

ei
 in

 v
ia

bl
e 

ar
ea

s;
 c

yt
op

la
sm

ic
 st

ai
ni

ng
 in

co
ns

ta
nt

 a
nd

 ir
re

gu
la

r,
			




di
lu

tio
n,

 1
:5

00
; N

ov
us

		


so
 n

uc
le

ar
 st

ai
ni

ng
 c

on
si

de
re

d 
fo

r c
om

pa
ra

tiv
e 

ev
al

ua
tio

n.
 S

I l
ow

er
			




B
io

lo
gi

ca
ls

 L
LC

)		


fo
r s

ur
vi

vi
n 

ex
pr

es
si

on
 v

s. 
K

i6
7.

 P
os

iti
ve

 a
ss

oc
ia

tio
n 

su
rv

iv
in

 v
s.

					






K

i6
7/

M
iB

‑1
 (P

=0
.0

00
1)

. N
o 

in
ve

rs
e 

as
so

ci
at

io
n 

w
ith

 A
I (

P=
0.

15
47

).
					







N
o 

as
so

ci
at

io
n 

w
ith

 su
rv

iv
al

. 
Pr

eu
ss

er
 e

t a
l, 

20
05

	
10

4	
G

B
M

, 1
04

	
R

ab
bi

t p
ol

yc
lo

na
l a

nt
i‑s

ur
vi

vi
n	

Fr
ac

tio
n 

of
 la

be
le

d 
tu

m
or

 c
el

l n
uc

le
i e

xp
re

ss
ed

 a
s a

	
Im

m
un

or
ea

ct
iv

e 
ca

se
s:

 1
04

/1
04

 (1
00

%
). 

N
o 

su
rv

iv
in

 e
xp

re
ss

io
n 

in
	

(1
9)

			



(c

lo
ne

, F
L‑

14
2;

 c
at

al
og

 n
o.

, 	
pe

rc
en

ta
ge

; 5
00

 tu
m

or
 c

el
l n

uc
le

i w
er

e 
ev

al
ua

te
d 

pe
r	

N
B

T;
 fa

in
t c

yt
op

la
sm

ic
 e

xp
re

ss
io

n 
in

 so
m

e 
ce

lls
. S

ur
vi

vi
n 

in
de

x
			




sc
‑1

08
11

; S
an

ta
 C

ru
z 

	
sp

ec
im

en
 in

 fi
el

ds
 w

ith
 th

e 
hi

gh
es

t d
en

si
ty

 o
f	

ra
ng

e,
 2

.4
‑4

4.
0%

. A
ss

oc
ia

tio
n 

su
rv

iv
in

 in
de

x 
vs

. K
i6

7/
M

iB
‑1

 a
nd

			



B

io
te

ch
no

lo
gy

, I
nc

.; 
di

lu
tio

n,
 	

im
m

un
op

os
iti

ve
 n

uc
le

i. 
C

ut
‑o

ff 
fo

r s
ur

vi
vi

n,
 ≤

/>
14

.	
D

N
A

 to
po

is
om

er
as

e 
II

α 
(P

<0
.0

00
1)

. S
ur

vi
vi

n 
di

d 
no

t a
ss

oc
ia

te
 w

ith
			




1:
30

0)
		


A

I (
P=

0.
49

8)
 o

r O
S 

(P
=0

.6
36

8)
. I

n 
su

rv
iv

in
 e

xp
re

ss
in

g 
ce

lls
, 9

1.
08

%
					







co
‑e

xp
re

ss
ed

 K
i6

7,
 a

nd
 5

8.
85

%
 o

f K
i6

7/
M

iB
‑1

 e
xp

re
ss

in
g 

ce
lls

					






co

‑e
xp

re
ss

ed
 su

rv
iv

in
.

Pr
eu

ss
er

 e
t a

l, 
20

05
	

63
	

EP
A

II
, 4

4;
 	

Po
ly

cl
on

al
 ra

bb
it 

an
ti‑

su
rv

iv
in

 	
Fr

ac
tio

n 
of

 la
be

le
d 

tu
m

or
 c

el
l n

uc
le

i e
xp

re
ss

ed
 a

s a
	

Im
m

un
or

ea
ct

iv
e 

ca
se

s:
 6

3/
63

 (1
00

%
). 

Fa
in

t c
yt

op
la

sm
ic

 e
xp

re
ss

io
n	

(2
0)

		


EP
A

II
I, 

19
	

(c
lo

ne
, F

L‑
14

2;
 c

at
al

og
 n

o.
, 	

pe
rc

en
ta

ge
; 5

00
 tu

m
or

 c
el

l n
uc

le
i e

va
lu

at
ed

 in
 fi

el
ds

	
in

 a
 fe

w
 tu

m
or

 c
el

ls
. E

xp
re

ss
io

n:
 O

ve
ra

ll,
 0

.6
‑4

3.
2%

; g
ra

de
 II

, 
			




sc
‑1

08
11

; d
ilu

tio
n,

 1
:3

00
; 	

w
ith

 h
ig

he
st

 d
en

si
ty

 o
f i

m
m

un
op

os
iti

ve
 n

uc
le

i. 
	

0.
6‑

35
.8

%
; g

ra
de

 II
I, 

2.
8‑

43
.2

%
. M

ea
n 

su
rv

iv
in

‑e
xp

re
ss

in
g 

nu
cl

ei
			




Sa
nt

a 
C

ru
z 

B
io

te
ch

no
lo

gy
, I

nc
.)	

M
ed

ia
n 

cu
t‑o

ff 
va

lu
e:

 L
ow

 (≤
6.

4%
) a

nd
 h

ig
h	

co
‑e

xp
re

ss
in

g 
w

ith
 K

i6
7,

 9
2.

2%
; m

ea
n 

K
i6

7‑
ex

pr
es

si
ng

 tu
m

or
 c

el
l



ONCOLOGY LETTERS  12:  1679-1686,  2016 1683
Ta

bl
e 

I. 
C

on
tin

ue
d.

A
ut

ho
r, 

da
te

	
To

ta
l p

at
ie

nt
s, 

n	
H

is
to

lo
gi

ca
l t

yp
es

	
A

nt
ib

od
y	

Q
ua

nt
ifi

ca
tio

n 
of

 e
xp

re
ss

io
n	

R
es

ul
ts

	
(R

ef
.)

				





(>
6.

4%
) s

ur
vi

vi
n 

ex
pr

es
si

on
.	

nu
cl

ei
 c

o‑
ex

pr
es

si
ng

 su
rv

iv
in

, 6
2.

9%
. K

i6
7/

M
iB

‑1
 in

de
x 

hi
gh

er
 v

s.
					







su
rv

iv
in

 in
de

x 
(P

<0
.0

01
). 

In
cr

ea
se

d 
su

rv
iv

in
 a

ss
oc

ia
te

d 
w

ith
 g

ra
de

					






II

I (
P=

0.
00

3)
. S

ur
vi

vi
n 

in
de

x 
as

so
ci

at
ed

 w
ith

 K
i6

7/
M

iB
‑1

 a
nd

 D
N

A
					







to
po

is
om

er
as

e 
II

α 
(P

<0
.0

01
). 

Su
rv

iv
in

 in
de

x 
as

so
ci

at
ed

 w
ith

 O
S

					






(P

=0
.0

03
2;

 u
ni

va
ria

te
 a

na
ly

si
s, 

bu
t n

ot
 in

de
pe

nd
en

t p
ro

gn
os

tic
 fa

ct
or

					






in

 m
ul

tiv
ar

ia
te

 a
na

ly
si

s)
.

R
id

le
y 

et
 a

l, 
20

08
	

65
	

EP
A

II
/II

I, 
65

	
R

ab
bi

t p
ol

yc
lo

na
l a

nt
i‑s

ur
vi

vi
n	

LI
 =

 p
er

ce
nt

ag
e 

of
 im

m
un

op
os

iti
ve

 tu
m

or
 c

el
l n

uc
le

i	
Im

m
un

or
ea

ct
iv

e 
ca

se
s:

 6
5/

65
 (1

00
%

). 
M

ea
n 

LI
, 1

.1
%

; m
ed

ia
n 

LI
,	

(2
1)

			



(c

at
al

og
 n

o.
, s

c‑
10

81
1;

 S
an

ta
	

ex
hi

bi
tin

g 
nu

cl
ea

r s
ta

in
in

g 
/ t

ot
al

 n
um

be
r c

el
ls

	
0.

5%
 (r

an
ge

, <
1‑

6%
). 

Lo
w

 e
xp

re
ss

io
n,

 5
1 

tu
m

or
s (

79
%

); 
			




C
ru

z 
B

io
te

ch
no

lo
gy

, I
nc

.; 
	

ev
al

ua
te

d.
 T

um
or

s w
er

e 
ca

te
go

riz
ed

 in
to

 lo
w

 (≤
1%

),	
in

te
rm

ed
ia

te
 e

xp
re

ss
io

n,
 1

1 
(1

7%
); 

hi
gh

 e
xp

re
ss

io
n,

 3
 (4

%
). 

Su
rv

iv
in

			



di

lu
tio

n,
 1

:1
,0

00
)	

in
te

rm
ed

ia
te

 (2
‑4

%
) a

nd
 h

ig
h 

(≥
5%

) s
ur

vi
vi

n	
cl

ea
rly

 a
ss

oc
ia

te
d 

w
ith

 K
i6

7/
M

iB
‑1

 (P
<0

.0
01

). 
Su

rv
iv

in
 h

ad
 n

o
				





ex

pr
es

si
on

 le
ve

ls
.	

pr
og

no
st

ic
 v

al
ue

 (O
S,

 P
=0

.1
10

; E
FS

, P
=0

.3
60

). 
In

cr
ea

se
d 

LI
 su

rv
iv

in
					







as
so

ci
at

ed
 w

ith
 g

ra
de

 II
I t

um
or

s (
P<

0.
00

1)
.

K
og

ik
u 

et
 a

l, 
20

08
	

99
	

LG
A

, 1
8;

 A
A

, 3
4;

	
Pr

od
uc

ed
 o

w
n 

an
tib

od
y;

 se
e	

Su
rv

iv
in

 in
de

x 
= 

pe
rc

en
ta

ge
 im

m
un

os
ta

in
ed

 c
el

ls
 p

er
	

Im
m

un
or

ea
ct

iv
e 

ca
se

s:
 u

nc
er

ta
in

. A
nt

is
er

um
 d

et
ec

te
d 

cy
to

pl
as

m
ic

 	
(2

2)
		


G

B
M

, 4
7	

U
em

at
su

 e
t a

l (
17

)	
20

0 
ce

lls
 in

 5
 fi

el
ds

 o
f v

ie
w.

 L
ow

 in
de

x,
 ≤

50
%

 c
el

ls
	

an
d 

nu
cl

ea
r s

ur
vi

vi
n.

 S
ur

vi
vi

n 
as

so
ci

at
ed

 w
ith

 p
ro

gn
os

is
 (P

<0
.0

00
1;

				





st
ai

ne
d;

 h
ig

h 
in

de
x,

 >
50

%
 c

el
ls

 st
ai

ne
d.

	
un

iv
ar

ia
te

 a
na

ly
si

s)
. M

ed
ia

n 
su

rv
iv

al
 sh

or
te

r f
or

 h
ig

h 
vs

. l
ow

 in
de

x
					







(P
<0

.0
00

1)
. S

ur
vi

vi
n 

w
as

 a
 p

re
di

ct
or

 o
f s

ur
vi

va
l i

n 
hi

gh
‑ (

gr
ad

e 
IV

,
					







P=
0.

02
07

) a
nd

 lo
w

‑g
ra

de
 (g

ra
de

s I
I a

nd
 II

I, 
P=

0.
00

04
) g

lio
m

a.
					







Su
rv

iv
in

 re
m

ai
ne

d 
si

gn
ifi

ca
nt

 in
 th

e 
m

ul
tiv

ar
ia

te
 a

na
ly

si
s (

P<
0.

02
69

).
					







Su
rv

iv
in

 in
de

x 
as

so
ci

at
ed

 w
ith

 a
ge

 (P
=0

.0
01

7)
, K

PS
 sc

or
e 

					






(P

=0
.0

00
6)

, t
um

or
 g

ra
de

 (P
=0

.0
00

2)
 a

nd
 K

i6
7/

M
iB

‑1
 (P

=0
.0

00
2)

					






Su

rv
iv

in
 w

as
 n

ot
 a

ss
oc

ia
te

d 
w

ith
 E

G
FR

 (P
=0

.0
57

3)
.

R
ou

ss
ea

u 
et

 a
l, 

20
06

 	
15

	
G

an
gl

io
gl

io
m

as
, 1

5	
Po

ly
cl

on
al

 a
nt

i‑s
ur

vi
vi

n	
Ev

al
ua

te
d 

us
in

g 
LI

. P
ro

po
rti

on
 o

f i
m

m
un

or
ea

ct
iv

e 
	

Im
m

un
or

ea
ct

iv
e 

ca
se

s:
 6

/1
5 

(4
0%

). 
Su

rv
iv

in
 d

et
ec

te
d 

on
ly

 in
 g

lia
l	

(2
3)

			



(N

ov
us

 B
io

lo
gi

ca
ls

 L
LC

; 	
ce

lls
 fo

r s
ur

vi
vi

n 
w

as
 q

ua
nt

ifi
ed

 a
s a

 p
er

ce
nt

ag
e 

of
	

ce
lls

. R
el

ap
si

ng
 le

si
on

s w
er

e 
al

l (
5/

5)
 im

m
un

op
os

iti
ve

 (2
 o

rig
in

al
ly

			



di

lu
tio

n,
 1

:5
00

)	
th

e 
ne

op
la

st
ic

 g
lia

l c
om

po
ne

nt
.	

no
t i

m
m

un
or

ea
ct

iv
e)

. N
o 

de
te

ct
ab

le
 su

rv
iv

in
/<

1%
 im

m
un

or
ea

ct
iv

ity
					







in
 1

1/
14

 tu
m

or
s (

al
l l

ow
‑g

ra
de

). 
G

an
gl

io
gl

io
m

as
 (n

=5
), 

>5
%

					






im

m
un

op
os

iti
ve

 c
el

ls
: 4

, m
al

ig
na

nt
; 1

, r
el

ap
si

ng
 lo

w
‑g

ra
de

.
					







Im
m

un
op

os
iti

vi
ty

 fo
r s

ur
vi

vi
n 

in
cr

ea
se

d 
w

ith
 th

e 
K

i6
7/

M
iB

‑1
 L

I.
U

em
at

su
 e

t a
l, 

20
05

	
29

	
D

A
, 9

; A
A

, 1
2;

	
Pr

ep
ar

ed
 o

w
n 

an
tis

er
um

:	
Su

rv
iv

in
 in

de
x 

= 
pe

rc
en

ta
ge

 o
f i

m
m

un
os

ta
in

ed
 c

el
ls

	
Im

m
un

or
ea

ct
iv

e 
ca

se
s:

 2
9/

29
 (1

00
%

). 
Su

rv
iv

in
 u

nd
et

ec
ta

bl
e 

ar
ou

nd
	

(2
4)

		


G
B

M
, 8

	
Po

ly
cl

on
al

 a
nt

i‑s
ur

vi
vi

n	
pe

r 2
00

 c
el

ls
 in

 5
 fi

el
ds

 p
er

 se
ct

io
n.

 L
ow

 su
rv

iv
in

, 	
gl

io
si

s a
nd

 in
 N

B
T.

 M
ea

n 
%

 im
m

un
or

ea
ct

iv
e 

ce
lls

: D
A

, 7
0.

0%
; A

A
,

			



(d

ilu
tio

n,
 1

:2
50

). 
O

bt
ai

ne
d 

fr
om

	≤
80

%
; h

ig
h 

su
rv

iv
in

, >
80

%
.	

81
.3

%
; G

B
M

, 8
5.

0%
. I

nc
re

as
e 

in
 su

rv
iv

in
 +

ve
 c

el
ls

 in
ve

rs
el

y
			




hu
m

an
 n

eu
ro

bl
as

to
m

a 
us

in
g		


as

so
ci

at
ed

 w
ith

 O
S 

tim
e 

(P
=0

.0
49

). 
Su

rv
iv

al
 ti

m
e 

sh
or

te
r f

or
 p

at
ie

nt
s

			



RT

‑P
C

R
 w

ith
 sp

ec
ifi

c 
pr

im
er

s		


w
ith

 a
 h

ig
h 

ex
pr

es
si

on
 v

s. 
lo

w
 e

xp
re

ss
io

n 
(P

=0
.0

03
). 

N
o 

as
so

ci
at

io
n

					






be

tw
ee

n 
su

rv
iv

in
 a

nd
 K

i6
7/

M
iB

‑1
 (P

=0
.0

65
). 

D
iff

er
en

ce
 b

et
w

ee
n

					






su

rv
iv

al
 ti

m
e 

in
 D

A
 a

nd
 A

A
 p

at
ie

nt
s w

ith
 h

ig
h 

vs
. l

ow
 su

rv
iv

in
 in

de
x

					






(P

=0
.0

07
). 

Su
rv

iv
in

 a
ss

oc
ia

te
d 

w
ith

 su
rv

iv
al

 (P
=0

.0
36

; m
ul

tiv
ar

ia
te

					






an

al
ys

is
).

Li
n 

et
 a

l, 
20

12
	

15
4	

PA
, 2

3;
 D

A
, 2

1;
	

G
oa

t p
ol

yc
lo

na
l a

nt
i‑s

ur
vi

vi
n	

Fo
r e

ac
h 

sl
id

e,
 1

0 
H

PF
s w

er
e 

ra
nd

om
ly

 p
ic

ke
d 

fo
r 	

Im
m

un
or

ea
ct

iv
e 

ca
se

s:
 u

nc
er

ta
in

. S
ur

vi
vi

n 
IR

S:
 N

on
‑n

eo
pl

as
tic

 b
ra

in
	

(2
5)

		


A
A

, 4
8;

 G
B

M
, 6

2	
(c

lo
ne

, c
‑1

9;
 S

an
ta

 C
ru

z	
qu

an
tifi

ca
tio

n.
 S

ur
vi

vi
n 

IR
S 

(0
, ‑

ve
; 1

‑3
, w

ea
k;

	
pa

re
nc

hy
m

a,
 0

.1
5±

0.
03

; P
A

, 0
.5

4±
0.

11
; D

A
, 0

.6
6±

0.
08

; A
A

, 
			




B
io

te
ch

no
lo

gy
, I

nc
.; 

di
lu

te
d 

in
	

4‑
12

, m
od

er
at

e‑
st

ro
ng

) w
as

 d
et

er
m

in
ed

 b
y	

2.
56

±0
.1

7;
 G

B
M

, 4
.7

8±
0.

26
. M

ed
ia

n 
IR

S,
 3

.0
2±

0.
48

. S
ur

vi
vi

n
			




0.
1M

 P
B

S,
 1

:2
00

)	
m

ul
tip

lic
at

io
n 

of
 S

I (
0,

 n
o 

st
ai

ni
ng

; 1
, w

ea
k 

st
ai

ni
ng

; 	
ex

pr
es

si
on

 in
cr

ea
se

d 
w

ith
 p

at
ho

lo
gi

ca
l g

ra
de

. S
ur

vi
vi

n 
w

as
 n

ot
 a

				





2,
 m

od
er

at
e 

st
ai

ni
ng

; 3
, s

tro
ng

 st
ai

ni
ng

) a
nd

 p
er

ce
nt

ag
e	

si
gn

ifi
ca

nt
 p

re
di

ct
or

 o
f s

ur
vi

va
l (

P=
0.

08
9;

 m
ul

tiv
ar

ia
te

 a
na

ly
si

s)
.



VARUGHESE and TORP:  SURVIVIN AND GLIOMAS: A LITERATURE REVIEW1684

Ta
bl

e 
I. 

C
on

tin
ue

d.

A
ut

ho
r, 

da
te

	
To

ta
l p

at
ie

nt
s, 

n	
H

is
to

lo
gi

ca
l t

yp
es

	
A

nt
ib

od
y	

Q
ua

nt
ifi

ca
tio

n 
of

 e
xp

re
ss

io
n	

R
es

ul
ts

	
(R

ef
.)

				





of
 +

ve
 tu

m
or

 c
el

ls
 (0

, <
1%

; 1
, 1

‑2
5%

; 2
, 2

6‑
50

%
; 

				





3,
 5

1‑
75

%
; 4

, >
75

%
). 

Su
rv

iv
in

 e
xp

re
ss

io
n 

di
vi

de
d

				





in
to

 tw
o 

gr
ou

ps
: 1

, I
R

S 
≥3

; 2
, I

R
S 

≤2
.

O
ka

da
 e

t a
l, 

20
08

	
27

	
B

SG
, 1

5;
 N

B
SG

, 1
2	

G
oa

t p
ol

yc
lo

na
l a

nt
i‑s

ur
vi

vi
n	

+v
e 

st
ai

ni
ng

 (+
) =

 d
efi

ni
te

, b
ut

 m
od

er
at

e,
 st

ai
ni

ng
	

Im
m

un
or

ea
ct

iv
e 

ca
se

s:
 B

SG
, 8

/1
5 

(5
3.

3%
); 

N
B

SG
, 8

/1
2 

(6
6.

6%
).	

(2
6)

			



(c

lo
ne

, c
‑1

9;
 S

an
ta

 C
ru

z	
in

 th
e 

tu
m

or
. S

tro
ng

 +
ve

 st
ai

ni
ng

 (2
+)

, i
nt

en
se

	
N

o 
as

so
ci

at
io

n 
tu

m
or

 g
ra

de
 v

s. 
su

rv
iv

in
 e

xp
re

ss
io

n.
			




B
io

te
ch

no
lo

gy
, I

nc
.; 

di
lu

tio
n,

	
im

m
un

or
ea

ct
iv

ity
.

			



1:

10
0 

in
 1

%
 B

SA
)

Ye
un

g 
et

 a
l, 

20
13

	
32

	
Pe

di
at

ric
 E

PA
, 1

9;
	

R
ab

bi
t p

ol
yc

lo
na

l a
nt

i‑s
ur

vi
vi

n	
N

eg
at

iv
e 

(0
), 

no
 st

ai
ni

ng
 o

r s
ta

in
in

g 
eq

ua
lin

g	
Im

m
un

or
ea

ct
iv

e 
ca

se
s:

 P
ed

ia
tri

c,
 1

8/
19

 (9
5%

); 
ad

ul
t, 

13
/1

3 
(1

00
%

).	
(2

7)
		


ad

ul
t E

PA
, 1

3	
(c

lo
ne

, F
L‑

14
2,

 S
an

ta
 C

ru
z	

ba
ck

gr
ou

nd
 in

te
ns

ity
 in

 N
B

T;
 m

od
er

at
e 

(1
), 

de
fin

ite
	

Pe
di

at
ric

 re
su

lts
: W

H
O

 g
ra

de
 I,

 3
/1

9 
ca

se
s h

ad
 a

n 
SI

 o
f 1

; g
ra

de
 II

,
			




B
io

te
ch

no
lo

gy
, I

nc
.; 

di
lu

tio
n,

 	
st

ai
ni

ng
 a

bo
ve

 b
ac

kg
ro

un
d 

in
te

ns
ity

 in
 tu

m
or

; s
tro

ng
	

5/
19

 a
nd

 3
/1

9 
ca

se
s h

ad
 S

I o
f 1

 a
nd

 2
, r

es
pe

ct
iv

el
y;

 g
ra

de
 II

I, 
1/

19
, 

			



1:

20
0)

	
(2

), 
in

te
ns

e 
im

m
un

or
ea

ct
iv

ity
.	

3/
19

 a
nd

 4
/1

9 
ca

se
s h

ad
 S

I o
f 0

, 1
 a

nd
 2

, r
es

pe
ct

iv
el

y.
 A

du
lt 

re
su

lts
: 

					






W

H
O

 g
ra

de
 I,

 1
/1

3 
an

d 
2/

13
 c

as
es

 h
ad

 S
I o

f 1
 a

nd
 2

, r
es

pe
ct

iv
el

y;
					







gr
ad

e 
II

, 7
/1

3 
an

d 
3/

13
 c

as
es

 h
ad

 S
I o

f 1
 a

nd
 2

, r
es

pe
ct

iv
el

y.
 N

o
					







as
so

ci
at

io
n 

su
rv

iv
in

 e
xp

re
ss

io
n 

vs
. a

ge
, g

en
de

r, 
lo

ca
tio

n 
or

 K
i6

7.

A
A

, a
na

pl
as

tic
 a

st
ro

cy
to

m
a;

 A
I, 

ap
op

to
tic

 in
de

x;
 B

SG
, b

ra
in

st
em

 g
lio

m
a;

 D
A

, d
iff

us
e 

as
tro

cy
to

m
a 

W
H

O
 g

ra
de

 I
I; 

EG
FR

, e
pi

de
rm

al
 g

ro
w

th
 f

ac
to

r 
re

ce
pt

or
; E

PA
, e

pe
nd

ym
om

as
; G

B
M

, g
lio

bl
as

to
m

a;
 G

C
, g

lio
m

at
os

is
 c

er
eb

ri;
 H

PF
, h

ig
h‑

po
w

er
 fi

el
d;

 I
R

S,
 

im
m

un
or

ea
ct

iv
ity

 sc
or

es
; K

PS
, K

ar
no

fs
ky

 P
er

fo
rm

an
ce

 S
ca

le
; L

G
A

, l
ow

‑g
ra

de
 as

tro
cy

to
m

a;
 L

I, 
la

be
lin

g 
in

de
x;

 M
B

, m
ed

ul
lo

bl
as

to
m

as
; N

B
, n

eu
ro

bl
as

to
m

as
; N

B
SG

, n
on

‑b
ra

in
st

em
 g

lio
m

a;
 N

B
T,

 n
or

m
al

 b
ra

in
 ti

ss
ue

; O
A

, o
lig

od
en

dr
og

lio
m

a;
 O

S,
 o

ve
ra

ll 
su

rv
iv

al
; 

PA
, p

ilo
cy

tic
 as

tro
cy

to
m

a;
 P

C
N

A
 P

I, 
pr

ol
ife

ra
tin

g 
ce

ll 
nu

cl
ea

r a
nt

ig
en

 p
ro

lif
er

at
io

n 
in

de
x;

 p
H

H
3,

 m
ito

si
s‑

sp
ec

ifi
c a

nt
ib

od
y 

an
ti‑

ph
os

ph
oh

is
to

ne
‑H

3;
 R

G
, r

ea
ct

iv
e g

lio
si

s;
 R

T‑
PC

R
, r

ev
er

se
 tr

an
sc

rip
tio

n‑
po

ly
m

er
as

e c
ha

in
 re

ac
tio

n;
 S

I, 
st

ai
ni

ng
 in

te
ns

ity
; S

ur
vi

vi
n‑

C
, 

cy
to

pl
as

m
ic

 su
rv

iv
in

; S
ur

vi
vi

n‑
N

, n
uc

le
ar

 su
rv

iv
in

; W
H

O
, W

or
ld

 H
ea

lth
 O

rg
an

iz
at

io
n;

 +
ve

, p
os

iti
ve

; ‑
ve

, n
eg

at
iv

e.
 



ONCOLOGY LETTERS  12:  1679-1686,  2016 1685

challenging to compare different studies and interpret the 
results in a practical and translatable manner. That said, this 
is one of the well‑known shortcomings of immunohistochem-
istry; the same antibody used by different laboratories may 
often lead to a variety of results, making it challenging to set 
any definite parameters. This can be paralleled to studies using 
with Ki67/MiB‑1 (28,29).

Survivin and Ki67/MiB‑1. Ki67/MiB‑1 is a proliferation marker 
frequently used by pathologists to determine a tumor's prolif-
erative activity. It is used in the diagnosis of various human 
malignancies, including breast cancer, neuroendocrine tumors 
and lymphomas. However, it is not officially recognized in the 
World Health Organization classification scheme of gliomas, 
since there is a considerable overlap in the proliferative indices 
of the marker between malignancy grades (28,30).

The studies reviewed by the present study report posi-
tive (14,15,18‑22) and negative (9,24,27) findings regarding an 
association between Ki67/MiB‑1 and survivin. The majority 
of studies (70%) suggest that there is a positive associa-
tion (14,15,18‑22). A few studies report co‑expression of the 
two markers, and reveal that Ki67/MiB‑1 stained a signifi-
cantly larger fraction of tumor cell nuclei compared with 
survivin (14,18‑20). This is understandable, since survivin is 
only expressed in the G2/M phase, whereas Ki67/MiB‑1 is 
expressed in all phases of the cell cycle (20).

Uematsu  et  al  (24) demonstrated that although the 
Ki67/MiB‑1 index was significantly different between 
low‑grade astrocytomas and glioblastomas, there was no differ-
ence in the LI between anaplastic astrocytomas and low‑grade 
astrocytomas. By contrast, the survivin index was significantly 
different between anaplastic astrocytomas and low‑grade 
astrocytomas, but not between glioblastomas and anaplastic 
astrocytomas. Based on these results the authors concluded that 
perhaps survivin may be a more sensitive marker compared with 
Ki67/MiB‑1 in low‑grade gliomas (24). However, Liu et al (14) 
reported that Ki67/MiB‑1 LI and nuclear‑survivin LI are 
significantly different between all grades of astrocytomas, and 
the differences observed with Ki67/MiB‑1 are more significant 
compared with survivin. It is a point worth considering that 
Liu et al had 102 patients, while Uematsu et al had 29.

Survivin and tumor grades. Histological malignancy grade was 
considered in 12 studies, of which 8 reported that expression of 
survivin was associated with tumor grade (13,14,16,20‑22,24), 
and 4 identified no significant association (9,17,26,27). Notably, 
all studies that report a significant association between survivin 
and grade use LI, except for Lin et al (25), who used IRS, and 
Liu et al (14), who used LI and SI. By contrast, none of the 
studies that reported negative findings used LI, but rather used 
variations of SI, IRS or simply a registration of the subcellular 
localization of immunoreactivity. Therefore, the findings indi-
cate that survivin LI may indeed have some diagnostic potential. 
Future studies should take this into account as it demonstrates 
that objective measures of expression, including LI, are perhaps 
superior in a diagnostic setting. An important point is that, as 
with Ki67/MiB-1, survivin LI alone cannot and should not 
determine histological malignancy grade; the marker should 
always be used in combination with clinical information, which 
may aid pathologists in borderline cases (29).

Survivin and survival. The results regarding survivin and 
survival are ambiguous, and the previously mentioned 
heterogeneity of methods render it challenging to draw any 
clear conclusions. There is a slight majority of studies that 
report that a higher expression of survivin was significantly 
associated with poorer survival; however, these studies 
have various cut‑off values for high and low expression of 
survivin  (9,11,12,16,20,22‑24). Therefore, it is not entirely 
straightforward to interpret the results at face value.

Concluding remarks. Survivin is an immunohistochemical 
marker with potential in tumor diagnostics and prognostics, 
as well as a prospective therapeutic target (3). However, the 
challenges encountered using survivin in gliomas are largely 
the same as those met when utilizing other immunohisto-
chemical markers, including Ki67/MiB‑1 (28,29). For this 
reason, it would be beneficial to standardize immunohisto-
chemical analysis and counting procedures, and establish 
standardized cut‑off values. Ultimately, the end goal is 
to identify markers that may be used in combination with 
clinical information to optimize therapy for each individual 
patient.
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