
Introduction
The histological classification of urinary bladder tumours
is simple and majority of bladder tumours are of epithelial
origin. In 2008 about 386,000 new cases of bladder
cancer were reported worldwide and approximately
150,000 deaths resulted from urothelial tumour of
bladder. According to World Cancer Report 2003 and
World Health Report 2004, urothelial carcinoma was
among the most frequent causes of death. According to
reports published by the tumour registry at the Armed
Forces Institute of Pathology (AFIP), Rawalpindi, Pakistan,
tumours of urinary bladder have been listed among top
10 tumours.1,2 In addition to tumour stage, histological

grade, extent of invasion, lymph node metastasis, Vascular
endothelial growth factors (VEGFs) are also being studied
as independent prognostic and therapeutic markers.
Tumour angiogenesis, as assessed by microvessel density
(MVD), shows significant correlation with poor prognosis
in several human cancers, including urological cancers.
Angiogenesis is a necessary process for growth,
development and repair. The vasculature is kept in a
stable state by the intricate balance between pro-
angiogenic and anti-angiogenic factors.3 The process of
tumour vascularisation can be divided into initial
prevascular phase known as angiogenic switch, leading to
the phase of neovascularisation. The mechanism of
tumour lymphangiogenesis and angiogenesis is complex.
It has been observed that VEGFs play a apivotal role in
tumour neovascularisation and tumour progression. The
vascular growth factor family includes VEGF-A, C, D and
placental growth factor. These factors bind their
respective receptors located on the endothelial cells
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Abstract
Objective: To study the immunohistochemical expression of vascular endothelial growth factors in urothelial
tumours of bladder and its possible association with tumour characteristics and microvessel density.
Methods: The cross-sectional descriptive study was conducted at the Histopathology Department of the Armed
Forces Institute of Pathology, Rawalpindi, Pakistan, from July 2011 to December 2012, and comprised cases of non-
invasive and invasive urothelial tumours of the bladder. The microvessel density and expression of vascular
endothelial growth factors A, C, D were evaluated by immunohistochemistry. Specimens of transurethral bladder
biopsies and surgical resection were examined. The cases were classified into non-invasive (stage pTa ) and invasive
groups as well as low-grade and high-grade groups. The presence of in-situ component was evaluated in each
category. To assess the microvessel density, highly vascularised foci ('hot spots') after immuno-staining with CD34
were quantified for number of vessels per square millimetre and for vascular surface area density. No distinction was
made between lymphatic and blood vessels. Vascular endothelial growth factor staining was scored semi-
quantitatively.
Results: The study examined 100 histopathology specimens, including 90(90%) transurethral bladder biopsies and
10(10%) surgical resection specimens of bladder. There were 45(45%) non-invasive (stage pTa) cases and 55(55%)
invasive (stage pT1-4) cases. Besides, there were 43(43%) low-grade (grades 1 and 2) cases, and 57(57%) high-grade
(grade 3) cases. Vascular endothelial growth factors A, C and D staining scores showed positive association with
stage (p=0.02;p<0.01; p<0.01)and grade (p=0.007;p=0.004; p=0.002) of the tumour. Tumours with in-situ
component showed association with number of vessels per square millimetre (p<0.01) and vascular surface area
density (p=0.02).
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(VGEF receptor,VEGFR-1, VEGFR-2 and VEGFR-3).4 The
VEGFs expression and MVD is increased in various
tumours. The assessment of MVD has shown strong
correlation with worse prognosis in tumours like breast
carcinoma, carcinoma of prostate, renal cell carcinoma
and ovarian cancers.5,6 VEGFs are being tried as
proangiogenic factor to treat ischaemic processes and
anti-VEGFs have proved a role in the treatment of certain
cancers. Although VEGF-C and VEGF-D are considered
primary lymphangiogenic factors, but they also play some
role in angiogenesis like VEGF-A. Each member of VEGF
family play some role both in lymphangiogenesis and
angiogenesis.7 The inhibition of VEGF-C and VEGF-D
receptor, signal transduction may prevent the possible
development of metastasis in cancer.8 The assessment of
microvasculature can be done by immunohistochemical
(IHC) staining of selected formalin-fixed paraffin-
embedded tumour sections. CD34 and anti-VEGF
antibodies can be used to study MVD and VEGF
expression respectively. The images can be analysed for
quantitative estimation of MVD in terms of vascular
surface area density (VSD)and number of vessels per
square millimetre (NVS) in selected tumour foci.8 There are
conflicting reports about the correlation of MVD and
tumour prognosis. The observed discrepancies are
probably due to different methods used by investigators
for the quantitative assessments.

The current study was planned to observe the IHC
expression of VEGFs in urothelial tumours of bladder
and its possible association with tumour characteristics
and MVD.

Material and Methods
The cross-sectional descriptive study was conducted at
the Histopathology Department of AFIP, Rawalpindi,
Pakistan, from July 2011 to December 2012, and
comprised cases of non-invasive and invasive urothelial
tumours of the bladder. The MVD and expression of VEGF-
A, C, D were evaluated by IHC. Specimens of transurethral
bladder biopsies and surgical resection were examined.

Patients with a history of any other malignancy, including
a prior history of urinary tract malignancies and patients
who received neoadjuvant therapy were excluded. The
selected cases were evaluated by two pathologists using
tumour grading and staging according to the World
Health Organisation (WHO) and International Society for
Urological Pathology (ISUP) classification system.9 The
cases were classified into non-invasive urothelial
carcinoma (stage pTa) and invasive urothelial carcinoma
(pT1-4 ) groups as well as low-grade (grades 1 and 2) and
high-grade (grade 3) groups.

After receiving approval from the AFIP ethical committee,
all biopsies were fixed in 10% neutral buffered formalin
and embedded in paraffin using standard tissue
processing protocols. Diagnoses were established after
examining Haematoxylin-Eosin (H&E)-stained slides.
Olympus DPX12 camera was used for digital micrographs
and image J was used for analysis of selected foci in
tumour and in adjacent urothelium showing in-situ
changes. VEGF-A, VEGF-C and VEGF-D staining expression
in tumour cells was studied by using polyclonal
antibodies (Gene Tex, Inc). CD34 expression was studied
in endothelial cells by using monoclonal anti bodies
(Vision Biosystems Novocastra). On routine examination
sections were selected for various grades of urothelial
carcinoma, presence or absence of lamina propria and
muscle invasion, vascular, lymphatic and neural invasion.
Foci with maximum vascular density, including blood
vessels and lymphatics, were selected as hot spots. IHC
was performed on a single representative block from each
case. Direct microscopy and Image analysis was done on
sections immuno-stained with CD34, VEGF-A, C and D
antibodies. The tumour 'hot spot' were chosen at low
magnification and vessels stained with CD34 endothelial
cells were counted in a representative high magnification.
In addition to stained micro vessels, single endothelial
cells or small clusters immuno-stained with CD34 were
considered individual microvessel. The large vessels were
disregarded. As CD34 cannot differentiate between
lymphatic and blood vessel tumour, MVD was analysed
without discrimination between lymph vessels and micro-
blood vessels. The average number of microvessel per
high magnification after examining three representative
foci was calculated. For quantification of NVS, Image J was
used on selected photomicrographs. The area occupied
by CD34-positive microvessel and total tissue area per
section were quantified for VSD. The staining expression
of VEGF-A, VEGF-C, and VEGF-D was assessed semi-
quantitatively. The percentage of positive cells was
calculated (approximately 500 neoplastic cells were
examined in each case). Tumour foci were considered
positive when more than 50% of cells were clearly
stained.10 The staining intensity was divided into four
grades, none, weak, moderate, and strong, scoring 0 to 3
respectively.11,12

Sample size determination was based on non-invasive
tumour stage in low-grade urothelial tumours reported as
36.4%13 with margin of error 9.5% and 95% confidence
interval (CI). A total sample size of 100 patients was
calculated.

Data was analysed using SPSS 21. Descriptive statistics
was used to summarise the continuous variables like age,
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NVS and VSD. And they were reported as mean± standard
deviation (SD). While categorical variables like tumour
characteristics, histological grade, classification, muscular,
vascular, lymph node, and perineural invasion, were
presented as frequencies and percentages. To compare
the mean difference, independent" test and analysis of
variance (ANOVA) were used for continuous variables. For
categorical variables Fischer's Exact test and Chi-Square
independent test were used to compare the proportion
difference between variables. Multiple logistic regression
test was applied to determine possible association
between VEGF-A, C, D staining scores and MVD. For
statistical analysis the staining expression was divided in
two groups. Cases with s0 and 1 (none and weak IHC
staining) were considered insignificant expression and
cases with score 2 and 3 (moderate, and strong IHC
staining) were considered with significant expression.
P<0.05 was considered significant.

Results
The study examined 100 histopathology specimens,
including 90(90%) transurethral bladder biopsies and
10(10%) surgical resection specimens of bladder. Overall
mean age of the patients was 51.08±10.84 years (rang: 30-
79 years) (Table-1). There were 45(45%) non-invasive
(stage pTa) cases and 55(55%) invasive (stage pT1-4) cases.
Besides, there were 43(43%) low-grade (grades 1 and 2)
cases, and 57(57%) high-grade (grade 3) cases.

The foci of micro-vessels, including blood vessels and
lymphatic vessel, were highlighted in CD34 IHC staining.

As no specific marker like D2-40 antibody for lymphatics
was used, vessels stained with CD34 and without any red
blood cell (RBC) in their lumen were considered to be
lymphatic and assessed along with other vessels in hot
spots. VEGF-A, C and D showed cytoplasmic staining in
tumour cells only. The normal urothelium did not show
any staining. All tumour sections stained positively, and
staining intensity varied between very weak and strong.
The majority of high-grade urothelial tumours stained
heterogeneously and showed variable intensity within
same section and tumour cell foci compared to low-
grade tumours (Figures-1 and 2). Among the non-
invasive cases, low-grade papillary urothelial neoplasm
were 37(82.3%) and high-grade urothelial carcinoma
8(17.7%). Among the invasive cases low-grade were
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Table-1: Clinico-pathological characteristics (n=100).

Variables Mean (±S.D) N (%)

Age (years) 51.08 (± 10.48) - -
Gender

Male - 76 (76.00)
Female - 24 (24.00)

Specimens
TUR - 90 (90.00)
Others - 10 (10.00)

Tumour grade/stage
Invasive - 55 (55.00)
Noninvasive 45 (45.00)
High grade - 57 (57.00)

Invasive - 49 (86.00)
Noninvasive - 8 (14.00)
Low grade - 43 (43.00)

Invasive - 6 (14.00)
Noninvasive 37 (86.00)
VSD 148.22 (±8.35) - -
NVS 59.38 (±5.19) - -
VEGF-A

Score 1 - 31 (31.00)
Score 2 - 39 (39.00)
Score 3 - 30 (30.00)

VEGF-C
Score 1 - 3 (3.00)
Score 2 - 63 (63.00)
Score 3 - 34 (34.00)

VEGF-D
Score 1 - 3 (3.00)
Score 2 - 70 (70.00)
Score 3 - 27 (27.00)

In-situ
Yes - 18 (18.00)
No - 82 (82.00)

TUR: 9 SD: Standard deviation
NVS: Number of vessels per square millimetre of tumour
VSD: Vascular surface area density VEGF: Vascular endothelial growth factor.

H&E: Haematoxylin-Eosin
IHC: Immunohistochemical
VEGF: Vascular endothelial growth factor

Figure: Low grade papillary urothelial neoplasm. a) H&E stain (x20). b) VEGF-A IHC
expression (x40). c) VEGF-C IHC expression (x40). d) VEGF-D IHC expression (x10). e)
CD34 IHC expression (x20).



6(11%) and high-grade 49(89%). Invasive group
included tumours with sub-mucosal invasion (pT1) and
tumours with invasion of muscularispropria (pT2
and3).Metastasis in a single lymph node of less than 5cm
in size (stage pN2) was seen in 5(9%) cases. The presence
of vascular and lymphatic invasion was seen in 29(53%)
cases and out of these, 23(80%) were high-grade
invasive urothelial carcinoma.

In-situ component was seen in 18(18%) cases (3[16.6%]
low grade and 15[83.3%] high grade tumours). Presence
of In-situ component did not show significant correlation
with tumour grade (p>0.05). Grade of the tumour and
presence of In-situ component was significantly
associated with NVS and VSD values (p<0.05 each).
Significant correlation was observed between presence of
tumour invasion and tumour grade (p<0.01). VEGF-A,C
and D staining expression scores showed significant
correlation with stage of the tumour (p=0.02;p<0.01; and

p<0.01 respectively). Similar association was seen
between VEGF-A,C and D staining scores and grade of the
tumour (p=0.007; p=0.004; and p=0.002 respectively)
(Table-2). Association between VEGF-A, C, D staining
expression and MVD was also noted (Table-3).

Discussions
Bladder cancer is among the top 10 tumours in Pakistan.
Urothelial carcinoma has been reported as the most
frequent subtype. For superficial tumours treatment is
challenging as there is high risk of recurrence and tumour
progression. Bladder preservation with effective
transurethral resection (TUR) and intravesical therapy is
preferred to radical surgery. Angiogenesis is a constant
feature of tumour pathogenesis. It is considered an
essential component of tumour progression, making it a
possible therapeutic target. Development of new vessels
play important role in the development of metastasis.14-16

Angiogenesis or neoangiogenesis depends upon balance
between pro- and anti-angiogenic factors. The study of
lymphangiogenesis has been limited due to less
knowledge about specific lymphangiogenic growth
factor. It is considered that angiogenesis and
lymphangiogenesis start together during tumour growth.
All the members of VEGF family play a role in this process.
To our knowledge there is scant data about the role of
VEGFs in urothelial carcinoma. Definite correlation
between serum VEGF level and invasiveness of bladder
cancer has been observed. It has been observed that in
low-grade papillary tumours and carcinoma in situ of
urinary bladder there is increased vascularity. This
observation indicates that angiogenesis is acquired
relatively early during bladder tumour growth.17 It is
considered that VEGF-targeted therapy may be effective
in treating invasive bladder cancers. In our study the low-
grade papillary urothelial neoplasm as well as high-grade
invasive urothelial carcinoma showed increased
neovascularisation in terms NVS and VSD. Similar
correlation was observed in tumours with in-situ
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Table-2: Comparison of vascular parameters NVS, VSD with grade and stage of tumour (n=100).

Tumour stage /grade NVS Mean (±S.D) Mean difference p-value VSD Mean (±S.D) Mean difference p-value

Noninvasive 140.67 (±4.43) -13.73 <0.01 53.5 (±2.47) -10.68 <0.01
Invasive 154.40 (±5.05) 64.18 (±2.82)
High 63.14 (±4.42) 8.74 <0.01 153.35 (±5.96) 11.93 <0.01
Low 54.40 (±3.61) 141.42 (±5.83)

In-situ
Yes 156.94 (±5.45) 10.38 <0.01 62.50 (±3.01) 3.71 0.02
No 146.56 (±7.77) 58.79 (±8.20)

NVS: Number of vessels per square millimetre of tumour VSD: Vascular surface area density
VEGF: Vascular endothelial growth factor P value according to independent sample t 2- Tail test
SD: Standard deviation.

Table-3: Relationship between VEGF staining expression and vascular parameters VSD
and NVS (n=100).

Variables B p-value OR 95% C.I

VEGF-A
VSD -0.033 0.541 0.96 0.86 - 1.07
NVS 0.171 0.032 1.18 1.01 - 1.38

VEGF-C
VSD 0.197 0.002 1.217 1.07 - 1.38
NVS -0.090 0.282 0.914 0.77 - 1.07

VEGF-D
VSD 0.228 0.001 1.25 1.09 - 1.44
NVS -0.129 0.159 0.87 0.73 - 1.07

VEGF: Vascular endothelial growth factor. Multiple logistic regression.
NVS: Number of vessels per square millimetre of tumour
VSD: Vascular surface area density
CI: Confidence Interval



component. It has been reported that invasive bladder
tumours with higher MVD are associated with recurrence
and low survival.18,19 A study observed significant
increased microvessel count in invasive tumours of
urinary bladder.20 Another study pointed out difficulty in
the assessment of MVD in papillary urothelial carcinoma
as it was hard to decide which part of the tumour
vasculature to be counted. They studied only solid areas
with high-grade tumours. Consequently tumour
vascularity was found to be significantly related to
survival and grade of tumour.21 We evaluated the tumour
by using hot spot method and observed CD34-stained
micro vessels both in papillary and solid areas. In some of
the studies, sections were selected to measure
intratumoral areas as well as peritumoral areas to
quantitate the micro vascular density.22,23 In our study the
expression of VEGF-A, C, D in terms of staining score
showed definitive correlation with the stage and
histological grade of bladder tumour. The main objective
of our study was to evaluate the VEGF-A, C and D
expression and its possible association with tumour
characteristic and MVD in terms of NVS and VSD in
urothelial tumours of bladder.

The concepts of morphometery for the quantitative
methods are evolving. Methodology of microvessel
assessment as used by various investigators has been
blamed for the discrepancies between results from
different studies and the controversial data obtained in
cases of superficial bladder tumours. Presently there is
scant and conflicting data about the role of the VEGF
family in urothelial tumours. Most of the studies focused
only on VEGF-A as proangiogenic factor. The possible role
of VEGF-C and VEGF-D both in angiogenesis and lymph-
angiogenesis is being reported. Increased expression of
VEGF-C in tumours has been reported to correlate with
regional lymph node metastasis. Presently most of the
researchers believe that VEGF-A also has some role in the
development of lymphatics.24 Investigators reported that
VEGF-C and VEGF-D were positively associated with MVD
in cancer tissues without giving any separate account of
lymphatics and blood vessels.25 We studied MVD without
discrimination between blood vessels and lymphatics.
VEGF-A showed association with NVS whereas VEGF-C
and D were associated with VSD. We speculate that VEGFs
play a role in tumour neovascularisation. A study on
colorectal tumours observed increased VEGF-D
expression associated with lymph vessels density only.16

Another reported correlation of VEGF-C and VEGF-D with
lymph vessel density in breast cancer.26 It is also
suggested that any divergent results are possibly
because of difference in the various antibodies used,
immunostaining techniques and difference in

microvascular quantification.27 Further studies are
required to standardise these research tools to get more
conclusive results.

Conclusion
VEGFs are expressed by tumour cells both in invasive and
non-invasive urothelial tumours. MVD showed significant
correlation with grade and stage of urothelial tumours.
Significant association of micro-vascular density with in-
situ component of urothelial carcinoma possibly correlate
with tumour progression both in invasive and non-
invasive urothelial carcinoma. VEGF- A expression is
associated with NVS whereas VEGF-C and D showed
association with VSD. We speculate that possible
regulation of VEGFs may provide a useful way of inhibiting
the process of tumour lymphangiogenesis and
angiogenesis in low-grade as well as high-grade urothelial
tumours at early stages.

Acknowledgement
We are grateful to Mr. Iqbal Mujtaba for statistical analysis,
and to laboratory staff and computer assistants at the
AFIP Histopathology Department for technical support.

References
1. American Cancer Society: Cancer Facts and Figures. Atlanta, GA:

American Cancer Society; 2006.
2. Jamal S, Atique M, Khadim MT. Changing pattern of malignancies:

analysis of histopathology based tumour registry data and
comparison of three decades at Armed Forces Institute of
Pathology Rawalpindi. J Pak Med Assoc 2014; 64: 27-30.

3. Beaglehole R, Irwin A, Prentice T. The World Health Report 2004.
Changing History. Geneva, Switzerland, World Health
Organization; 2004: 122-4.

4. Takahashi Y, Kitadai Y, Bucana CD, Cleary KR, Ellis LM. Expression of
vascular endothelial growth factor and its receptor, KDR, correlate
with vascularity, metastasis and proliferation of human colonic
cancer. Cancer Res 1995; 55: 3964-8.

5. Stewart BW, KleihuesP.eds. World cancer report. IARC Scientific
Publication. Lyon, France: Streeter EH, Harris AL; 2003.

6. Weidner N, Carroll PR, Flax J, Blumenfeld W, Folkman J. Tumour
angiogenesis correlates with metastasis in invasive prostate
carcinoma. Am J Pathol 1993;143: 401-9.

7. Weidner N, Folkman J, Pozza F, Bevilaqua P, Allred EN, Moore DH ,
et al. Tumour angiogenesis: a new significant and independent
prognostic indicator in early-stage breast carcinoma. J Natl Cancer
Inst 1992; 84: 1875-87.

8. Imao T, Egawa M, Takashima H, Koshida K, Namiki M . Inverse
correlation of microvessel density with metastasis and prognosis
in renal cell carcinoma. Int J Urol 2004; 11: 948-53.

9. Yang X, Flaig TW. Noval targeted agents for the treatment of
bladder cancer: Trans laboratory advances into clinical
application. Int Braz J Urol 2010; 36: 334-8.

10. Grignon DJ. The current classification of urothelial neoplasms.
Mod Pathol 2009; 22: S60-9.

11. Epstein JI, Amin MB, Reuter VR, Mostofi FK. The World Health
Organization/International Society of Urological Pathology
consensus classification of urothelial (transitional cell) neoplasms
of the urinary bladder. Bladder Consensus Conference Committee.
Am J Surg Pathol 1998; 22:1435-48.

Vol. 65, No. 8, August 2015

Evaluation of Vascular endothelial growth factors A, C and D as indicators of lymphangiogenesis... 855



12. Miyata Y, Kanda S, Ohba K, Nomata K, Hyashida Y, Eguchi K, et al.
Lymphangiogenesis and angiogenesis in bladder cancer
prognostic implications and regulation by vascular endothelial
growth factors-A, C, and D. Clin Cancer Res 2006; 12; 800-6.

13. Esmail RS, Kobaisi MH, El Din AA, Gamal F, Abdel RH, Badawy MA.
Vascular Endothelial Growth factor: Correlation with the
Different Stages of Papillary Bladder Tumours. World J of Med Sci
2012; 7: 255-9.

14. Cheng L, Lopez-Beltran A, Bostwick DG. Bladder Pathology.
Hoboken, NJ: Wiley-Blackwell; 2012.

15. Siegel R, Naishadham D, Jemal A. Cancer statistics. CA Cancer J
Clin 2013; 63: 11-30.

16. White JD, Hewett PW, Kosuge D, McCulloch T, Enholm BC,
Carmicheal J, et al. Vascular endothelial growth factor-D
expression is an independent prognostic marker for survival in
colorectal carcinoma. Cancer Res 2002; 62: 1669-75.

17. Bhurgri Y. Epidemiology of cancer in Karachi 1995-1999. Karachi-
Pakistan: 2001

18. Hasan J, Shunyder SD, Bibby M, Doublr JA, Bicknell R, Jayson GC.
Quantitative angiogenesis assay in vivo a review. Angiogenesis
2004; 7: 1 - 16.

19. Jones A, Fujiyama C. Angiogenesis in urological malignancy:
prognostic indicator and therapeutic target. BJU Int 1999; 83:
535-55.

20. Pinto A, Redondo A, Zamora P, Castelo B, Espenosa E .
Angiogenesis as a therapeutic target in urothelial carcinoma.

Anticancer Drugs 2010; 21: 890-6.
21. Reiher F, Ozer O, Pins M, Jovanovic BD, Eggener S, Campbell SC.

P53 and microvessel density in primary resection specimens of
superficial bladder cancer. J Urol 2002;167: 1469 - 74.

22. Chaudhary R, Bromley M, Clarke NW, Betts CD, Bernard RJ, Ryder
Wd, et al. Prognostic relevance of micro-vessel density in cancer of
the urinary bladder. Anticancer Res 1999; 19: 3479- 84.

23. Jaeger TM, Weidner N, Chew K, Moore DH, Kerschmann RL,
Waldman FM, et al. Tumour angiogenesis correlates with
lymph node metastases in invasive bladder cancer. J Urol
1995; 154: 69-71.

24. Cheng L, Zhang S, MacLennan GT, Williamson SR, Lopazbeltran A,
Montironi R. Bladder cancer: Translating molecular genetic
insights into clinical practice. Hum Pathol 2011; 42: 455-81.

25. Santos L, Koch M, Costa C, Pereira S, Amaro T, Cardoso F, et al
Neovascularisation is a prognostic factor of early recurrence in
T1/G2 urothelial bladder tumours. An Oncol 2003; 14: 1419 24.

26. Ogawa E, Takenaka K, Yanagihara K, Kurozumi M, Manabe T, Wada
H, et al. Clinical significance of VEGF-C status in tumour cells and
stromal macrophages in non-small cell lung cancer patients. Br J
Cancer 2004; 91: 498-503.

27. Choi WW, Lewis MM, Lawson D, Zin-Goen Q, Birdsong GG,
Cotsonis GA, et al. Angiogenic and lymphangiogenic microvessel
density in breast carcinoma: correlation with clinicopathological
parameters and VEGF-family gene expression. Mod Pathol 2005;
18: 143-52.

J Pak Med Assoc

856 M. T. Khadim, S. A. Ahmed, F. A. Khan, et al


