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Back ground and introduction
Though man has been using asbestos for ages1,2 but the potentially 

carcinogenic airborne asbestos fibers, contaminating the environment, 
have been neglected till recent past.3,4 Naturally occurring asbestos 
deposits are located in the Himalayan zone, in the north-west of 
Pakistan.5,6 The major rock belts containing asbestos are in the KP 
province and adjacent FATA of Pakistan. Around 90% of the natural 
asbestos deposits of Pakistan are in the KP province and the FATA 
as shown in the map (Figure 1). Asbestos fibers find their way into 
the environment during the process of freeing it from the rocks by 
crushing and blowing. Asbestos also occurs, in close association, 
with marble in rocks. Quarrying for marble, done extensively in 
the KP, leads to airborne asbestos fibers in the surroundings.7 The 

concentration of respirable asbestos fibers in the mining fields in 
Pakistan are higher than the permissible limits.8 In addition to mining, 
there are large number of manufacturing units of local and imported 
asbestos in the KP. Asbestos has many commercial uses because of 
its long fibers and its heat and electric insulator properties. To count 
a few of its multiple commercial uses, asbestos is used in cement, 
flooring, ceiling, tiles, corrugated sheets, tapes and insulations 
industries.9 Moreover, asbestos is commonly used for white washing 
houses in the rural areas surrounding asbestos mines. Risk assessment 
for environmental asbestos has only been done in the FATA and the 
KP province of Pakistan. The first study reporting the occurrence 
of asbestos deposits in Pakistan was published in 1967.10 Mainly, 
occurrence studies have been done since then till 2004.11‒14 The 1st study 
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Abstract

Background: Mesothelioma was first reported in the Khyber Pakhtunkhwa 
(KP) in 1990’s. The diagnosis was made on the basis of histopathology but no 
Immunohistochemical (IHC) markers were applied. So a need was felt to conduct a 
more authentic study to establish a cause and effect relationship between environmental 
asbestos exposure and mesothelioma.

Aims: Aims of the present study is to confirm the presence of mesothelioma with 
a more authentic diagnosis, using histopathology and IHC-markers together and to 
know the overall burden of mesothelioma as a cause of exudative pleural effusions. 

Material and methods: It was a prospective study and conducted at the department 
of Pulmonology, Medical teaching Institute, Lady Reading Hospital Peshawar, KP, 
Pakistan. The hospital receives patients for consultation and admission from all over 
the KP, the Federally administrative tribal areas (FATA) and Afghanistan. The study 
period was three years from January 2015 to December 2017. All the patients with 
exudative effusions were biopsied after a verbal and written informed consent. Three 
or four pieces of pleural biopsies were taken on an average, using Abram’s pleural 
biopsy needle. Ultrasound guidance was used for biopsy-site selection in cases of 
smaller and/or loculated effusions. Two percent (2%) injectable lignocain was used as 
local anesthetic. Intravenous dormicum and/or tramadol was/were used in excessively 
apprehensive cases.

Results: A total of 11,056 were admitted to the department during the 3 years, 6274 
(56.75%) being male and 4782 (43.25%) being female. Of these, 1667 (15.07%) 
patients had exudative pleural effusions and were biopsied. A total of 136 (08.15%) 
cases out of all the cases undergoing pleural biopsies turned out to be malignant, out 
which 33 (24.30%) were mesothelioma. Male to female ratio for mesothelioma was 2 
(65.20% cases):1 (34.80% cases). Age distribution showed no cases below the age 20, 
18.20% cases between the age-range 21-40 and 81.80% cases above the age 40. All 
the mesothelioma cases were histologically proven and supported by positive IHC-
markers for pleural mesothelioma and negative IHC-markers for other malignancies.

Conclusion: North-Western areas of Pakistan, the FATA and adjacent areas of the 
KP province, have histopathologically and immunohistochemically proven cases 
of pleural mesothelioma. The burden of mesothelioma is quite high, accounting for 
almost two percent and one-fourth of all the exudative and the malignant pleural 
effusions, respectively.
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on physical properties of asbestos deposits in Pakistan was published 
in 2005. Mainly 03 types of asbestos were discovered, chrysotile, 
tremolite and anthophyllite. Their physical dimensions were less than 
3 micrometers in diameter and more than 8 micrometers in length, 
well within the range of asbestos fibers with carcinogenic potential.15 
The dose of environmental asbestos fibers in and around the asbestos 
mining field was more than 100 times the permissible limit.9 Since 
2009, international standards are available for asbestos16,17 workers but 
workers in the KP use shovels for extraction and bare hands for spread 
of asbestos for drying. There is no concept of occupational safety and 
industrial hygiene.18 Mesothelioma was first reported in the KP in 
1990’s. The diagnosis was made on the basis of histopathology but no 
Immunohistochemical (IHC) markers were applied.19 Moreover, there 
was no history of asbestos exposure in the ship breaking industry. 
Additionally, the medical fraternity was largely unaware of the 
facts that mesothelioma could develop as a result of environmental 
asbestos exposure and that environmental asbestos exposure was 
very high in various parts of the FATA and the KP. Therefore the 
regulating fraternity needed a pinch of salt to swallow the results of 
the studies reporting mesothelioma secondary to asbestos exposure. 
With increasing awareness regarding mesothelioma developing due to 
environmental asbestos exposure, a need was felt to conduct a more 
authentic study to establish a cause and effect relationship between 
environmental asbestos exposure and mesothelioma.

Aims
The aim of the study was:

1.	 To estimate the overall burden of mesothelioma as a cause of 
exudative pleural effusions. 

2.	 To confirm the diagnosis of mesothelioma using more authentic 
diagnostic procedures like histopathology and IHC-markers 
together.

Inclusion criterion

All patients with exudative pleural effusions (pleural protein 
>3gm/dl, ratio of pleural protein and serum protein >0.5, ratio of 
pleural lactate dehydrogenase (LDH) level to serum LDH level >0.6 
or pleural LDH level two thirds of the serum LDH)

Exclusion criterion

Patients lab profile with negative exudative effusion or positive 
transudative effusion.

Material and methods
The study was conducted at the department of Pulmonology, 

Medical teaching Institute, Lady Reading Hospital Peshawar and 
Khyber Pakhtunkhwa, Pakistan. The hospital receives patients for 
consultation and admission from all over the KP, the FATA and 
Afghanistan. The study period was three years from January 2015 
to December 2017. All the patients with exudative effusions were 
biopsied after a verbal and written informed consent. Three or four 
pieces of pleural biopsies were taken on an average, using Abram’s 
pleural biopsy needle. Ultrasound guidance was used for biopsy-site 
selection in cases of smaller and/or loculated effusions. Two percent 
(2%) injectable lignocain was used as local anesthetic. Intravenous 
dormicum and/or tramadol was/were used in excessively apprehensive 
cases. No serious complications were observed. The commonest 
side effect was mild localized pain and occasional faintness in over 
apprehensive patients. Small pneumothorax was also observed 
occasionally. None of the patients needed an invasive intervention to 
treat any complication of the procedure. Patients with larger effusions 
but occupying less than half of the hemithorax were therapeutically 
aspirated. While patients with very large effusions, occupying more 
than half of the hemithorax, were also chest intubated which was used 
for future pleurodesis, if needed.

Results
A total of 11,056 patients were admitted to the department during 

the 3 years, 6274 (56.75%) being male and 4782 (43.25%) being 
female (Table 1). Of these, 1667 (15.07%) patients had exudative 
pleural effusions and were biopsied. A total of 136 (08.15%) cases out 
of all the cases undergoing pleural biopsies turned out to be malignant, 
out of which 33 (24.30%) were mesothelioma (Table 2). Male to 
female ratio for mesothelioma was 2 (65.20% cases):1 (34.80% 
cases) (Table 3). Age distribution showed no cases below the age 20, 
6 (18.20%) cases between the age-range 21-40, 13 (39.4%) between 
41 to 60 years of age. Fourteen (42.4%) cases were seen above the age 
of 60 years (Table 4). All the mesothelioma cases were histologically 
proven and supported by positive IHC-markers for mesothelioma and 
negative IHC-markers for other malignancies. A list of various IHC 
markers applied to the histopathology specimens is shown in Table 5. 

Table 1 Total no. of admissions to the department of pulmonology

Gender N Percent

Male 6274 56.75

Female 4782 43.25

Total 11056 100%

Table 2 Overall burden of mesothelioma in patients with exudative pleural effusions

  N Percent

Total No. of patients with positive exudative pleural effusions (EPE) 1667 15.07% of total admissions
Total No. of patients positive for malignancy after biopsy test 136 8.15% of total cases who underwent pleural biopsy

Total No. of patients positive for mesothelioma among malignant cases 33 24.3% of total malignant cases

Table 3 Gender wise distribution of Mesothelioma cases

Sex N Percent

Male 22 65.20%

Female 11 34.80%

Total 33 100%

Table 4 Age wise distribution of Mesothelioma cases

Age (in years) N Percent

1 to 20 0 0

21 to 40 6 18.2

41 to 60 13 39.4

61 and above 14 42.4

Total 33 100%
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 Table 5 List of IHC markers applied to the histopathology specimens 

Commonly applied 
markers

Uncommonly/Occasionally applied 
markers

Pancytokeratin CK7

Calretinin LCA

WT1 CK20

TTF1 Mesothelin

CK5/6 Desmin

  ER

  CAM5.2

  CD45

  CD3

  CD56

  BerEP4

Discussion
Environmental asbestos exposure has not received the attention 

it deserves because of its potentially fatal consequences. Asbestos 
exposure related to ship breaking had been the main focus of attention 
till a few decades ago and even recently.20−23

 It was after the 1990 
when mesothelioma, due to environmental asbestos exposure, was 
first reported form Turkey,24 other studies reported an association 
between environmental exposure to asbestos and mesothelioma.25‒27 

Many studies have reported the presence of asbestos deposits in the 
north-west of Pakistan.11‒14 In the year 2005, a study from Mohmand 
Agency of the FATA, reported the presence of chrysotile, tremolite 
and anthophyllite asbestos deposits. This study also showed that 
the physical size of asbestos fibers in the area was well within the 
potentially carcinogenic asbestos-fiber size (i.e. within the range of 
less than 3.5micrometer in diameter and more than 5 micrometer 
in length). The dose of the airborne asbestos fibers was more than 
100-times the permissible level of 0.1f/cc.15 A cause and effect 
relation between environmental asbestos exposure and mesothelioma 
in the FATA and the KP province of Pakistan was first established 
in the 1990s and was published in the year 2001.19 The histological 
diagnosis of mesothelioma reported in this study was questioned 
because IHC-makers were not applied. Biopsy specimens obtained 
via closed pleural biopsies are small and pose difficulty in reaching a 
definitive diagnosis of mesothelioma. Moreover, the three histological 
types of mesothelioma; namely epithelioid, sarcomatoid and mixed 
variety can resemble other malignancies. This issue can be resolved 
by simultaneously applying positive IHC-markers for confirmation 
of mesothelioma and negative IHC-markers for ruling out other 
malignancies.28−33 In this study, various IHC-markers were applied to 
the histopathology specimens. 

Thus a definite diagnosis of mesothelioma was made and a cause 
and effect relationship between environmental asbestos exposure and 
mesothelioma was reconfirmed. The overall burden of mesothelioma 
was found to be high, almost one-fourth (24.30%) of all the malignant 
pleural effusions. Any other study mentioning burden of mesothelioma 
as percent of malignant pleural effusion could not be found for 
comparison, both nationally and internationally. Traditionally, the 
grown up females belonging to the rural population of the FATA 
and the KP province are house bound, most of the time. The male to 

female ratio of 2:1 for mesothelioma strongly suggest the presence 
of airborne asbestos in the houses and villages around asbestos 
mines. No mesothelioma under the age of 20 years, less than 20% 
between the ages 21-40 years and more than 80% above the age of 
40 years, highlights the long latent period between asbestos exposure 
and development of mesothelioma. The latent period usually ranges 
between 20 to 40 years and sometimes up to 60 years.34−36 The overall 
burden of mesothelioma as a cause of exudative pleural effusion and 
malignant pleural effusion might have been under-estimated in the 
study. Various geological and environmental surveys have reported 
asbestos deposits and environmental asbestos exposure in certain 
specific parts of the KP and the FATA5−15 as shown in the map. Rest 
of the KP and the FATA, include rocky, plain and sandy areas. These 
areas have not been surveyed and may or may not have asbestos 
deposits and sources of asbestos exposure. If cases of effusion from 
areas with no reported asbestos deposits and asbestos exposure 
are excluded from the study, the total number of mesothelioma as 
percentage of total exudative effusions and as percentage of total 
malignant effusions might increase well above the current reported 
Figure 1 of 1.98% and 24.30%, respectively. 

Figure 1 Map showing areas of KP province (formerly known as North 
West Frontier province) in Pakistan. Asbestos occurrence shown in red 
circles.(Source: physical maps of Pakistan, Ezilon map).

Conclusion
North-Western areas of Pakistan, the FATA and adjacent areas of the 

KP province, have histopathologically and immunohistochemically 
proven cases of pleural mesothelioma. The burden of mesothelioma is 
quite high, accounting for almost two percent and one-fourth among 
all the exudative and the pleural effusion patients, respectively.
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