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Esophageal Cancer in Kashmir (India): An Enigma for Researchers
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Abstract: About 90% of esophageal cancers worldwide are Squamous Cell Carcinomas (SCC), mostly occurring in defined
high-incidence areas of low and middle-resource countries. Historically, the highest incidences are reported in regions of Central
Asia. One such region is Kashmir Valley in Northern India. In this review, we summarize a large body of epidemiological,
toxicological and observational information on occurrence, dietary patterns and lifestyles to discuss factors that may be involved
in the etiology of SCC in Kashmir Valley. To date, no single factor can be identified as the main cause of the excess incidence
of SCC as compared to other regions of India. Three main components emerge as important factors: a societal component with
poor, rural lifestyle and general deprivation, status in particular in vitamins and oligoelements; a lifestyle component with the use
of copper utensil in cooking, the consumption of spicy, deep fried foodstuffs, and the drinking of hot salty tea; and an
environmental component with exposure to high levels of dietary nitrosamines from diverse sources. Overall, these three
components are similar to the general pattern of factors that have been involved in causing SCC in other high-incidence area in
the so-called “esophageal cancer belt’, namely in central China (Cixian, Lixian) and in Northern Iran (Golestan). Further
comparative studies between these regions are needed to identify the contributions of these various components.
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Introduction

Esophageal cancer is the eighth most
common cancer and sixth leading cause of
cancer deaths in the world, with the majority
of cases occurring in developing countries
M Most of the tumours of esophagus are
malignant and the diagnostic symptom,
dysphagia, occurs very late. The
overwhelming majority of esophageal
malignancies are classified as either
squamous cell carcinoma (SCC) or
adenocarcinoma (ADC). Worldwide, 90% of
esophageal cancers are SCC and about 5%
are ADC. The remaining 5% represent rare
malignancies and metastases from other
organs ¥®. The aetiology of esophageal
cancer is diverse and complex. There is no
clear pattern of familial aggregation for
esophageal cancers and the main cause
appears to be combinations of
environmental, dietary and lifestyle factors.

Adenocarcinoma usually develops in
the lower third of the esophagus from a
metaplastic lesion, Barrett's esophagus, in
which squamous epithelium of esophagus is
replaced by glandular columnar epithelium
®) Barrett’'s esophagus is a common
condition but prospective evaluation has
suggested that the incidence of
adenocarcinoma in patients with Barrett's
esophagus is 40 to 125 times that expected
in the general population ®®. There is
evidence that the incidence of ADC is
currently increasing in several western
countries, including the USA, UK, Norway
and Denmark. In some instances, ADC also
develops either from the very small,
junctional mucosa at the eso-gastric
junction, or from microscopic segments of
Barrett’s esophagus. These ADC are prone
to misclassification with ADC of the gastric
cardia.

SCC develops according to a classical
hyperplasia -dysplasia- carcinoma sequence.
It occurs mostly in the upper 2/ 3 of the
esophagus. There are remarkable geo%raphic
variations in SCC incidence worldwide ™. The
incidence of esophageal cancer ranges from
10 to 50 /10®/year in Sri Lanka, India, South
Africa, France and Switzerland. The disease
is less common (average incidence less than
10/10®)/year) in most areas within Japan,

Europe and Canada, M, Regions with high

incidence are generally located in poor parts
of the world (Table 1). High incidence areas
have been identified within the Caspian littoral
region of northern Iran (8), Central Asia and
northern China where 60% of world's cases
occur annually and where the high incidence
is clustered in sharply demarcated
geographical areas. In Central Asia there is
an esophageal ‘cancer belt’ extending from
northern Sin-Kiang (China) through the
Republics of Kazakhstan, Uzbekistan and
Turkmenistan  and including northern
Afghanistan to northern area (Caspian littoral)
of Iran. Incidences above 100/10¢ )/year have
been consistently reported in both males and
females in some of the populations of this
area ®. Kashmir Valley lies at the southern
edge of this high incidence region.

Descriptive epidemiology of esophageal
cancer in Kashmir

The Jammu and Kashmir state of India,
situated in the extreme north of India, has
three distinct geographical regions: Kashmir,
Jammu and Ladakh. Kashmir Valley lies to
the north of Jammu region and the south of
Ladakh region at the altitude of 1800-4000 m
above sea level. It is famous for its
temperate climate with a severe winter and a
moderate summer. The inhabitants of the
three parts have different socio-religious
backgrounds, life-styles and dietary habits,
the features which could be helpful in
aetiological/epidemiological studies of
malignancies.

The region has no cancer registry, the
hospital  statistical data are largely
unclassified and any assessment is largely
based on published and unpublished hospital
data  available  from local medical
professionals. The first study on the
incidence of esophageal cancer in Kashmir
is by Matto and Kaul, who reported that
esophageal cancer accounted for 21.5% of
the patients diagnosed histopathologically for
various malignancies at Shri Hari Mehtab
Sing (SHMS) Hospital, Srinagar during 1962-
1970 @. In another study, covering over 5
years, 480
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Table(1). Incidence of esophageal cancer in various reg

ions of the world.

73

) i Incidence (10°/year )
Continent Region Area
Men Women
Linxian 132 120
China Yang cheng 130 84
Tianjin 16 8
Kashmir 43 27
India Mumbai 11 9
. Bangalore 6 5
Asia
Gonbad 165 195
Iran Ardebil 45 24
Gilan 20 7
Turkmenistan 51 33
Central Asia Kazakhstan 47 26
Uzbekistan 28 13
Sweden 3.
Poland 5
Europe
France Calvados 26 -
United Kingdom 7 3
. Uraguay 40 -
South America -
Brazil Porto Alegre 26 7
Los Angeles 16
North America United states Washington,DC, black 17
Washington,DC, white 4
Africa Transkei 37 21

Data from reference 1, 2,4 and 8

diagnosed cases (aged between 21 and
76 years; male-female ratio 2: 1) of
esophageal cancer were reported. It was noted
that the majority of the patients were using red
chillies and spices in their food and consumed
about 15-20 cups of hot salted tea per day °.
At the same hospital, out of 8060 pathology
specimens, 2340 malignant lesions were
reported over a period of 3 years time (1982-
1985) . Gastrointestinal malignancies
constituted 68.7% of all tumours, with
esophageal cancer comprising 46.1% Y.
More recently, a report based on hospital
registration has detected incidence rates of
43.6 for men and 27 for women (age-
standardized incidences/10® individuals/
year)*?. In a period of three years (July, 1986
to June, 1989), 1515 cases of esophageal
cancer (1050 men and 465 women) were

registered “®. In a limited population-based
study, Gulzar and Zargar reported an
incidence of esophageal cancer in the valley of
52.85/10®) individuals (unpublished). The
prevalence of precancerous conditions such as
chronic esophagitis and dysplasia, similar to
other high incidence areas in world, is high in
the normal population of the valley. The vast
majority of histologically confirmed esophageal
cancers are SCC (> 95%, unpublished). Over
the past 4 decades, there has been an
increase in the number of detected SCC cases
according to hospital data. In another local
hospital, Sher-i-Kashmir Institute of Medical
Sciences, from 2001 to 2003, of the 2233
cancer patients registered, 78% were
esophageal cancer cases (unpublished data).
In addition, a high rate of gastric cancer has
also been reported in Kashmir valley “#*¥. The
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incidence of gastro-intestinal malignancy in
general and esophageal in particular is very
low in the other two regions, Jammu and
Ladakh.

Risk factors
Tobacco and alcohol

Smoking or chewing of tobacco, as
well drinking of alcoholic drinks, are common
and synergistic risk factors for SCC in many
parts of the world “*™. In Kashmir, the
situation appears different. The region is
almost devoid of alcohol consumption and
tobacco or betel nut chewing. However
smoking in form of water pipe or cigarette is
widespread in the general male population.
Other variants of tobacco such as snuff
("Naass”- lime based tobacco powder) are
frequently used by the locals especially the
rural male population. Snuff has also been
reported to be a common form of tobacco
consumption in other high-incidence areas,
as for example in northern Iran. However,
studies so far have not provided enough data
to determine the exact excess of ESCC risk
in relation with snuff taking.
Dietary factors

Lifestyle in Kashmir  valley is
characterised by specific dietary habits. The
ingredients used in food and beverages as well
as the method of preparation are entirely
different from those found in neighbouring
areas or in rest of the country. One of the most
peculiar habits that needs to be considered
with respect to aetiology of SCC is the use of
large amounts of salt and spices with deep
frying in oil and then boiling for longer time in
copper utensils. Here we will discuss the food
practices into two groups according to
daily/frequent  or  occasional/  seasonal
consumption.
Most common or daily dietary practices

Salted tea (‘Noon Chai’): Salted tea is
the most popular beverage and freely
consumed, most commonly twice a day
(morning and afternoon) by almost everyone,
irrespective of gender or age. The method of
preparation is typical and exclusively practised
in the region. Green tea leaves are brewed in
the presence of sodium bicarbonate until a
thick red-brown coloured extract is obtained.
The extract is then diluted with water according
to personal preferences, and salt and milk are
added. The tea, which has a pink colour on

addition of milk and tastes strong and salty, is
repeatedly boiled or kept hot in “Samawar™ (a
local version of copper kettle operated on
burning charcoal) before it is served. The per
capita daily consumption ranges from 200 ml
to 2500 ml. Most of the population like to take it
at high temperature particularly during chilly
winters.

Brassica  olerecea  (‘Hakh’): A
cruciferous leafy vegetable of the Brassica
genus, locally known as ‘Hakh’ forms an
important component of the staple diet of
native population. It is available throughout the
year as some of its variants are resistant to
subzero temperatures.

Other components of staple diet:
There is a large consumption of boiled rice
brought from other parts of India or grown
locally. Each person irrespective of socio-
economical status eats rice at lunch and
dinner. Locally grown, sun dried red chillies are
frequently consumed either in the form of Wur
or mixed with vegetables during the cooking. In
addition lotus stem and yoghurt are also
frequently consumed. The flowers of Celosia
argentea, locally known as "Mawal™ and saffron
are used as colourants in various food
preparations

Other exposures associated with
nutrition: Increasing exposure of local
population, particularly rural inhabitants and
fruit growers, to diverse types of fungicides and
insecticides indiscriminately used in apple
orchards, is a source of concern. The animals
and aquatic life are also exposed to these
hazardous chemicals, which can lead to
biological magnification. Although studies on
detailed health effects are lacking, there is
concern that such exposures might synergize
with other factor and impact on the incidence
of various malignancies.

Seasonal/ occasional food items

Owing to long severe winter, there is no
agricultural activity for about half of the year.
As a result there is short growing season. Thus
locally grown fresh vegetables are available for
only a few months and are preserved and
stored for consumption during the rest of the
year. Plant-based foods are either sun-dried or
pickled, whilst fish is preserved by sun drying
or by smoking on grass. Preserved foodstuffs
may be stored for several years because of
uncertainty of harvest and their availability prior
to being consumed.
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Dried and pickled vegetables (‘Hokh
Seun and Anchar’): Locally grown fresh
vegetables, which include aubergine, gourd,
tomato, cabbage, cauliflower and turnip are
sliced and preserved by sun drying in the
open. Dried spinach leaves are also frequently
consumed. Several vegetables are also pickled
by addition of salt, mixed spices, food
colourants from flowers and mustard oil prior to
their curing in the sun. Dried and pickled
vegetables are generally stored for periods
extending up to several months.

Sun-dried and smoked fish: Fish
constitutes an important component of the
Kashmiri diet. Besides the fresh fish, sun-dried
(‘Hu Gaard’) and smoked fish (‘Phari’) are
consumed quite commonly. The process of
sun drying is simple and similar to that
practiced in many other places. However the
method of preparation of smoked fish appears
to be unique to Kashmir. The fishes are not
cleaned or gutted prior to smoking, which is
carried out on slow burning green grass.

Mixed Spice cake: A mixture of
commonly used dried spices with food
colourants, mashed onions, garlic and red
chillies which is held together by addition of
mustard oil and compressed into flat circular
cakes, is dried and stored. The dried spice
cake (‘Wur’) is a ready source of spices and is
used as a base for most Kashmiri food dishes.
There is concern that these foodstuffs may
frequently be contaminated by mycotoxins.
Awareness of this, as well as better availability
of fresh vegetable from the rest of the country,
has resulted in a decrease in the consumption
of sun-dried foodstuffs.

Spiced green tea (‘Kehwa’): The
‘Kehwa™ is prepared by boiling green tea
leaves in water in the presence of cardamon,
cinnamon and saffron and then sugar is added.
‘Kehwa’ is taken with out milk and has a mild
taste with spicy flavour. Its consumption is
moderate and occasional.

Trace elements copper and zinc

In several areas of high incidence of
SCC, a general deprivation in vitamins A, E, C,
in beta-Carotene and in trace elements such
as zinc or selenium, has been reported “®. To
date, the status of most of these elements has
not been assessed in the Kashmiri population.
One of the main sources of vitamins and trace
elements is the consumption of fresh fruits.
Although Kashmir is a fruit growing areas, fruit

production is very seasonal and there is
adequate intake of locally grown seasonal
fruits for only a few months per year. In a
recent study @”, we have observed
significantly elevated levels of plasma copper
in patients as compared to controls (p<0.0001)
with a mean concentration of 169 pg/dl and
149 ug/dl for patients and controls,
respectively. The average level of zinc in
patients was significantly lower than in controls
(p<0.0001) with a mean concentration of 86.8
+ 9.9 pg/dl and 96.1 + 13.9 pg/dl in patients
and controls respectively. This imbalance
between pro- (copper) and anti- (zinc) oxidant
trace elements creates a situation wherein
cells may undergo excess DNA damage. The
cause of this imbalance is unknown but may
be linked with the widespread use of copper
utensils by general population. Water and milk
samples stored in copper vessels and salted
tea prepared in copper vessels showed
markedly high levels of copper, which may be
responsible for the high plasma copper levels
@8 Zinc deficiency may be due to low meat
and high whole grains consumption “**%. our
observations are in agreement with earlier
studies on zinc deficiency in cancer patients in
populations at high-risk for SCC “*#. Low
plasma levels of zinc have been reported in the
Indian subcontinent %

In our study, ®” we also observed that
patients with poorly differentiated tumours had
higher plasma copper levels than patients with
moderately or well differentiated tumour
(p<0.0001). On the other hand, we found a
positive correlation between zinc deficiency
and presence of a TP53 mutation in the tumour
(the median zinc level was 81.5 and 88 ug/dI
for patients with and with out p53 mutations,
respectively, p=0.03). Thus, alteration in
plasma levels of trace elements may have an
impact on the aggressiveness of cancer.
Experimentally, zinc deficiency has been
shown to enhance esophageal cell proliferation
by disrupting cell cycle checkpoints ¢ and/or
by weakening apoptosis ©®, facilitating the
formation of esophageal SCC in rats exposed
to nitrosamines. Accumulation of copper may

also enhance tumour angiogenesis “*.

Potential Sources of Carcinogen Exposures
In high-incidence areas, the

prevalence of non-cancerous esophageal

lesions such as esophagitis is high in the
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general population [*®]. While it is unclear
whether mild or moderate forms of
esophagitis carry an increased risk of SCC,
this observation is compatible with the
hypothesis that these populations are
chronically exposed to pro-inflammatory
agents that cause injury in the esophageal
mucosa. Occurrence of a premalignant
lesion and progression towards malignancy
is believed to be further enhanced by factors
such as coarse or abrasive food, hot
beverages and irritant dietary components
@930) " In the following sections we will
discuss possible exposures to a number of
toxic and mutagenic chemicals present in the
foodstuffs and lifestyle risk factors of
Kashmiries as described above.
Salted tea

A potential source of irritants is the
high consumption of hot tea prepared using
sodium bicarbonate at the time of boiling tea
leaves and containing added common salt
(NaCl). NaCl is a well known epithelial
irritant that has been considered as risk
factor for gastric cancer ®V. This salted tea
exhibits a high methylating activity
(equivalent to 3 p.p.m N-methylnitrosourea
(NMNU)), wupon in vitro nitrosation of
caffeidine  [1-methyl-4-(methylamino)-5-(N-
ylcarbamoyl)imidazole] and caffeidine acid
[N-[4-(5-carboxy-1-methylimidazolyl)]-N,N'-
dimethylurea], the hydrolysis products of
caffeine under alkaline conditions ©?.
Nitrosition of caffeidine in acidic conditions
produces mononitrosocaffeidine (MNC) [1-
methyl-4-(N-methyl-N-nitrosoamino)-5-(N-
thylcarbamoyl) imidazole], an asymmetric
nitrosamine and dinitrosocaffeidine (DNC)
[1-methyl-4-(N-methyl-N-nitrosoamino)-5-(N-
methyl-N-nitrosocarbamoyl) imidazole], a N-
nitrosamide. Nitrosation of caffeidine acid
under acidic conditions produces N,N'-
dimethylparabanic acid (DMPA, N,N'-
dimethylimidazolidinetrione) as a major
product, with low amounts of
mononitrosocaffeidine and N,N'-dimethyl-N-
nitrosourea. In experimental animals, DNC
is highly mutagenic both with and without
metabolic activation, whereas MNC, like
several other aromatic asymmetric
nitrosamines, does not exhibit genotoxic or
mutagenic properties ®***. The range of
tumour histologies detected in rats include
neuroeptithelioma of the olfactory bulb and

squamous cell carcinomas of the nasal
cavity and of the forestomach ©%. In view of
the well-known structure-activity
relationships of these N-nitroso compounds,
their possible endogenous formation due to
high consumption of salted tea may be a
critical risk factor for the high occurrence of
esophageal and gastric cancers in Kashmir.

'Salted tea' prepared according to local
method also formed considerable amounts of
N-nitrosoproline (NPRO) (360
micrograms/kg) and N-nitrosopipecolic acid
(NPIC) (5870 micrograms/kg) along with 3
yet unidentified non-volatile  N-nitroso
compounds besides the presence of
preformed N-nitrosodimethylamine (NDMA),
on nitrosation of tea extracts under
conditions simulating the fasting human
stomach ®*3®_ Tannins isolated from salted
tea have been found to give a positive result
in ribosomal degranulation tests and extract
showed genotoxicity to rat hepatocytes in
alkaline elucidative assays ©°.

‘Salted tea’ is usually consumed at
high temperature and may cause thermal
injury to the esophageal mucosa. This
hyperthermic effect may contribute to the
general inflammatory state of the epithelium,
favouring the production of potentially
damaging oxygen and nitrogen species and
reasonably contribute to enhanced
mutagenesis ©7.

Sun-dried and smoked foodstuffs

Sun drying of spices and vegetables is a
widely used strategy for preservation and
storage of foodstuffs in Kashmir. Presence of
trace levels of several volatile and non-volatile
N-nitroso compounds has been reported in a
variety of stored foodstuffs from Kashmir ¢,
including the presence of NDMA and N-
nitrosopyrrolidine (NPYR) in dried and smoked
fish, dried and pickled vegetables, red chilies
and spice cake. NDMA was also detected in
Mawal. Studies have shown that considerable
human exposure to N-nitroso compounds may
result from the consumption of staple dietary
items in Kashmir (Table 2). The practice of
drying raw foodstuffs in open sun or shade

under humid conditions, and storage
procedures that may be subject to bacterial or
fungal growth, appear to be the main reason
for the presence of preformed N-nitroso
compounds in preserved foods.
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Table (2). Average daily consumption of various chemical through food items/ beverages.

Chemical Consumption Source
(ug /day)
Nitrate 237 Hakh

Methylamine 1200 Noon chai
Ethylamine 14320 Noon chai
Dimethylamine 150 Noon ghai
280 Red chillies
Diethylamine 400 Noon chai
Pyrrolidine 517 Red chillies
Methylbenzylamine 40 Red chillies

Data from references 41-42

The presence of N-introso compounds was
analysed in food stuffs frequently consumed in
Kashmir, including dried, pickled and smoked
foodstuffs. Nine out of11 food items were
found to contain low concentrations of NDMA,
NPYR, N-nitrososarcosine (NSAR), NPRO and N-
nitrosothaizolidine-4-carboxylic acid (NTCA). This
survey showed a widespread contamination of
raw foodstuffs from Kashmir by N-nitroso
compounds ®. Analysis of levels of volatile N-

nitrosamines revealed relatively high levels of N-
NDMA (20 pg/kg), N-nitrosopiperidine (NPIP) and
NPYR in smoked fish, sun-dried spinach (5.8 ug
NDMA/kg; 23.8 ug NPIP /kg), sun-dried pumpkin
(24.6 yg NPYR /kg) and dried, mixed vegetables
(10 g NDMA /kg) (Table 3) ©®. Hakh (Brassica
olerecea) was analysed for nitrosatable aliphatic
amines, N-nitrosamines (prior to and after
nitrosation) and alkylating activity due to N-
nitrosamides following nitrosation.

Table (3). Concentration of different chemicals present in local food stuffs under different conditions.

Food/item Active Ingredients Concentration Nature/Condition
Beverage (ng/kg)
NDMA 20 Uncooked
NPIP - Uncooked
Smoked fish NPYP - Uncooked
NTCA 3294 N|trosat|Aon und_er_smu_lated gastric c_ondltlons
with realistic nitrite concentration
Sun dried fish NDMA 20 N|trosat|Aon und_er_smu_lated gastric c_ondltlons
with realistic nitrite concentration
Fresh NDMA 11 Cooked
NDMA 69.9 N|trosat|Aon und_er_smu_lated gastric c_ondltlons
Sun with realistic nitrite concentration
Hakh dried NPYR 21 Cooked
NMNU 1200 Nitrosation under chemical condition
. . NDMA 10 Uncooked
Sun dried mixed Nit o Jer smulated o a
vegetables NDMA 35.6 itrosation under simulated gastric conditions
with realistic nitrite concentration
Spinach NDMA 5.8 Uncooked
p NPIP 23.8 Uncooked
Pumpkin NPYR 24.6 Uncooked
Red chilies & wur NPIC 43115 N|trosat|Aon und_er_smu_lated gastric c_ondltlons
with realistic nitrite concentration
Pickled Nitrosation under simulated gastric conditions
NDMA 7.7 R TR !
vegetables with realistic nitrite concentration
NPRO 360 N|t(osat|qn of tea extract under conditions
simulating the fasting human stomach
NPIC 5870 N|t(osat|qn of tea extract under conditions
simulating the fasting human stomach
3 non-volatile unidentified } Nitrosation of tea extract under conditions
Noon chai nitrosamines simulating the fasting human stomach
Methylating activity 3ppm of NMNU In vitro nitrosation
Under simulated gastric conditions with realistic
Kehwa NDMA 92 nitrite concentration

NDMA= N-nitrosodimethylamine; NMNU = N-methylnitrosourea; NPIC = N-nitrosopipecolic acid; NPYR =N-nitrosopyrrolidine;
NPIP = N-nitrosopiperidine; NPRO =N-nitrosoproline; NTCA = N-nitrosothaizolidine-4-carboxylic acid

Data from references 35, 36, 38, 39.
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The cooked vegetable contained 11 pg /kg
nitrosodimethylamine  and 21 Mg kg
nitrosopyrrolidine.  Nitrosation under chemical
conditions yielded 1200 pg /kg of NMNU €9,

Several foodstuffs from Kashmir were
studied under simulated gastric conditions with a
realistic nitrite concentration for the formation of N-
nitroso compounds. NDMA, NPRO, NTCA and
NPIC were the main products in different
foodstuffs. Significant amounts of NDMA were
formed from dried fish (20 pg /kg), dried and
pickled vegetables (35.6 pg /kg and 7.3 ug /kg),
Hakh leaves (69.9 micrograms/kg), and the
traditional tea 'Kehwa' (9.2 pg /kg). The highest
level of NTCA was formed in smoked fish (3294
Mg /kg). High values of 4315 ug /kg NPIC were
also obtained following nitrosation of red chilies
and mixed spice cake (‘Wur) under simulated
gastric conditions (Table 3). These results suggest
an appreciable endogenous formation of N-nitroso
compounds from local foods in Kashmir ©°.
Dietary amines, nitrite and nitrate

The population is also exposed to dietary
amines, nitrite and nitrate, “>*? (Table-3). In
different age groups, the mean levels of salivary
nitrate/nitrite ranged between 21-36 ppm and 12-
17 ppm, respectively (Table 4) “. Exposure
estimates for the adult population show that high
consumption of boiled Hakh leads to a high nitrate
intake of 237 mg/day. The frequent consumption
of hot salted tea results in exceptionally high
exposure to methylamine (1200 pg/day),
ethylamine (14,320 pg /day), dimethylamine (150
Mg /day) and diethylamine (400 pg /day). The
excess use of red chilies leads to exposure to
dimethylamine (280 g /day), pyrrolidine (517 Pg
/day) and methylbenzylamine (40 pg /day) “
(Table 2). These studies provide evidence of a
chronic exposure to methylbenzylamine of
Kashmiri population at high risk of esophageal
cancer .

Table (4). Concentration of different chemicals in
saliva and tobacco.

Medium Constituents | Concentrations
. Nitrate 21-36 ppm
Saliva Nitrite 12-17 ppm

68-730 ng/c* (PF)

NNN 11-156ng/c (MSS)
Different brands of NNK 19-174 ngl/c (PF)
Indians tobacco 7-173 ng/c (MSS)
NAB/NAT 98-519 ng/c (PF)

12-146ng/c (MSS)

NNN=N-Nitrosonornicotine;NNK=4-(N-
Nitrosomethylamino)-1-(3-pyridyl)-1-butanone;NAB=N-
Nitrosoanabasine; NAT= N-Nitrosoanatabine, PF =
preformed; MSS = Main smoke stream.

*: ng/c: nanograms per cigarette

Data from references 42 and 43

Tobacco products

Tobacco is consumed either as snuff
or in the form of “Hukka” or cigarette
smoking in Kashmir. Heavy smokers smoke
20-30 cigarettes or up to 375 g tobacco
through ‘Hukka’ smoking a day. Different
brands of Indian cigarettes have been
analysed, by gas chromatography-thermal
energy analysis, for the presence of
carcinogenic tobacco-specific N-
nitrosamines (TSNA) in both tobacco and
mainstream smoke “®. Preformed TSNA in
cigarette tobacco ranged between 68 and
730 ng N-nitrosonornicotine (NNN)/cigarette,
between 19 and 174 ng 4-(N-
nitrosomethylamino)-1-(3-pyridyl)-1-
butanone (NNK)/cigarette and between 98
and 519 ng N-nitrosoanabasine (NAB)
together with N-nitrosoanatabine
(NAT)/cigarette. The amounts of NNN, NNK
and NAB/NAT in mainstream smoke were
11-156, 7-73 and 17-146 ng/cigarette,
respectively “® (Table 4).
Genetic alterations and cancer progression

Alterations in the genetic make-up or
rearrangement of the cell genome can produce
profound changes in cell functions, their
differentiation and in the control of their
proliferation and lifespan. Genetic changes
common in esophageal cancer include
mutations in TP53 (overall, in over 50% of
advanced cancers), alterations in
P16/CDKN2a (promoter methylation, deletions,
mutations and/or loss of expression, in 40 to
75%), amplification of CyclinD1 (15-20%) or
MYC (10%), HST (10%). In ADC, over
expression of Cyclin E and of Cyclooxygenase-
2 (Cox-2) is common and is often detectable in
Barrett's mucosa. In SCC, over expression of
Cox-2 occurs at variable rates, depending
upon the general, pro-inflammatory context in
which the tumour occurs. Amplification of
TP63, a homologue of TP53 involved in the
regulation of squamous differentiation, is a
specific alteration in SCC, not detected in
ADC. Other, common genetic changes include
loss of alleles (LOH) at 5q, 13q, as well as over
expression of EGFR. Interestingly, mutation in
RAS genes, a common occurrence in many
cancers including in particular adenocarcinoma
of the lung, breast, colon and pancreas, is
extremely rare in esophageal cancers. In
Barrett's mucosa, genomic instability often
precedes the appearance of histologic
abnormalities “**°.
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Studies on TP53 mutations have

shown that the distribution along the coding
sequence and type of mutations vary in
esophageal cancers, depending upon the
geographic origin or the patient. These
variations have been interpreted as the
consequence of different mutagenic
mechanisms, reflecting the heterogeneity of
the factors involved in the aetiology of
esophageal cancers. In Kashmir valley,
mutations in the TP53 gene (exons 5 to 8,
containing all common mutation hotspots)
have been analysed by us in SCC of 55
atients from different districts of the valley
6 This study revealed the presence of
mutations in 36.36% (20/55) tumours. The
20 mutations included 17 single-base
substitutions (11 transitions + 6
transversions, of which 12 missense
mutations, 2 non-sense mutations and 3
sequence variations in intron 6) and 3
deletions. Mutations were more common in
women than in men (p = 0.016; OR = 4.13;
95% ClI = 1.26-13.46). Overall, the
mutation frequency in Kashmir was
comparable with countries such as Thailand
(41%) “", Southern Brazil (34.8%) ©®” and a
previous report from India (39.0%) “® but
was much lower than in other well-
documented areas of high risk for ESCC in
Western  Europe (Normandy 60-70%,
Northern Italy 50 —70%) “9°% |ran (50-65%)
(3152) and China (40-77%) ©¥.

In Kashmir, 25% of the mutations
(n=5) were transitions or transversion at A:T
base pairs, a type of mutation very common
in tumours from western Europe. This type
of mutation is similar to the one
experimentally induced by metabolites of
ethanol such as acetaldehyde in vitro. In
Europe, they have been interpreted as
evidence for a role of alcohol as a mutagen
in esophageal cancer. However, many other
carcinogens may generate mutations at A:T
base pairs and epidemiological
observations do not support the notion that
these mutations might be caused by alcohol
in patients from Kashmir valley. Of the 12
other single nucleotide mutations, 6 were
transversions at G bases (30%; 3 G:C>C:G
transversions and 3 G:C>T:A transversions)

and 6 were G:C to A:T transitions (30%),
two of them occurring at CpG dinucleotide.
Transversions at G:C base pairs are often
caused by the formation of bulky DNA
adducts on guanine. Polymerase bypass of
the adduct results in misincorporation of the
wrong nucleotide and mutation. This type of
mutation is formed, for example, as a result
of adduct formation by the mycotoxin
aflatoxin ~ (in  liver cancers), or by
metabolites or polycyclic aromatic
hydrocarbons (in lung cancers of smokers).
Of note, the 3 G:C to T:A transversions
detected in Kashmiri patients were all found
in male smokers. G:C to T:A transversions
are also a common mutation induced by
oxidative DNA damage leading to the
formation of 8-oxodeoxiguanosine (8-
oxodG). G:C to A:T transitions are, overall,
the most common type of TP53 mutations in
human cancer, irrespective of histology and
site. Mutations at CpG dinucleotide occur
spontaneously at a high rate, enhanced by
exposure to reactive nitrogen species
generated during inflammation. Mutations
occurring at non-CpG sites may have very
diverse molecular causes. For instance,
they may result form the mutagenic action
of nitrosamines. Presence of alkyl
nitrosamine in food stuffs, leading to 0°-
alkyl guanine adducts and base mispairing
during replication, resulting in G>A (or C>T
on the other strand of the DNA) transition
%) has been considered to be a major risk
factor in China ®®. In a previous report from
Delhi (India), a complete absence of
mutations at CpG sites was reported.
Interestingly, in Kashmir, there was a higher
prevalence of G:C>A:T mutation in females
(27.27%) than in males (11.11%) .

Figure (1) compares the proportion of
selected mutation types in tumors from
Kashmir and from other parts of the world
including areas of high (China, Iran, France-
Normandy) and low (France-South East)
incidence. This comparison illustrate the
inverse relationship between the relative
proportion of different types of mutations,
which is consistent across different regions.
Figure 1a shows the inverse relationship
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Figure (1). Comparison between main TP53 mutation types in

other regions of the world.

Esophageal cancer from Kashmir and from selected

1a: Proportion of transversions at G:C base pairs (often resulting from DNA damage by carcinogens forming bulky adducts
or from the formation of 8-oxo-deoxyguanosine) and of transitions at C:C base pairs occurring in a CpG context (mostly resulting

from an endogenous mutagenic process).

1b: Proportion of transitions at G:C base pairs at non-CpG sites (that can be induced by many types of carcinogens
including alkylating agents) and of mutations (transitions and transversions) at A:T bp (often resulting from mutagenesis by

metabolites of alcohol such as acetaldehyde)
Data from IARC TP53 mutation database ©°.

between mutations that may be due to
bulky, environmental carcinogens
(transversions at G:C base pairs) and G:C
transitions at CpG sites, mainly due to
endogenous mutation mechanisms. Kashmir
tumors show the highest rate of G:C
transversions and the lowest rate of CpG
transitions, supporting the hypothesis of a high
impact of exogenous carcinogens. Figure 1b
compares two mutation types that have been
proposed to be associated with smoking and
with the consumption of alcoholic beverages.
None of these mutations are particularly
prevalent in Kashmir. In contrast, they strongly
distinguish between the two sets of tumors
from France. Overall, these results also concur
with the notion that etiologic risk factors in
Kashmir are different than in Western Europe,
where tobacco and alcohol are considered as
main causes.

The same specimens as those screened
for TP53 mutation were also analysed for
BRAF, beta-catenin, EGFR or HER2
mutations, as well as for the presence of
Human Papilloma viruses (HPV16, 18, 33). No
mutation was found in BRAF, beta-catenin or
HER2. However, 3 of 53 SCC were found to
contain mutations in EGFR (1 in exon 18 and 2
in exon 19) ®® identical to those that have
been shown to constitutively activate the
receptor kinase in lung cancers of never-
smokers. Regarding HPV, none of the lesions

were found to contain any of the HPV types
tested. Another study, published in 2005, has
reported results on 33 tumours collected more
than a decade ago (29 SCC and 4 ADC). Only
3 TP53 mutations (9%) were found, but 8/33
tumours (24%) were found to contain
oncogenic HPV types (HPV 16: 6 cases, HPV
18: 2 cases) ®”. Thus, studies conducted on
the two series of specimens analysed so far
have generated divergent results. It is unclear
whether these differences are due to technical
factors in assessing biomarkers or to
differences in patient's recruitment or
sampling. In any case, further studies are
required to provide a more detailed picture of
the pattern of genetic alterations in esophageal
cancers in Kashmi.

With the exception of a very rare familial
syndrome, Tylosis, there is no evidence of
strong familial aggregation of esophageal
cancers. Familial clusters have been reported
in high-incidence areas in China, but it is
unclear whether these clusters result from
common, widespread exposure rather than
from the Mendelian transmission  of
predisposing gene(s). On the other hand, a
number of genetic polymorphisms in genes of
the xenobiotics metabolism, detoxification,
ethanol metabolism and DNA repair, have
been suggested to carry a low, increased risk
of esophageal SCC. Although none of these
polymorphic genes would result into a familial
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inheritance pattern, their combination in an
individual may result into high susceptibility in
the context of particular exposure patterns.
This aspect has not been studied so far in
patients of the Kashmir valley.

Perspectives: Primary, Secondary Prevention,
Therapy

The results and observations
summarized here support the hypothesis that
the high incidence of esophageal cancer in
Kashmir valley is the consequence of a multi-
factorial process. To date, no single factor can
be clearly identified as the main cause of the
excess incidence of esophageal cancer as
compared to other regions of India. As in most
other regions of central Asia with a high
incidence of SCC, three main component
emerge as important factors: a societal
component with general, deprivation status in
particular with respect to vitamin and other
nutrients, a lifestyle component with specific
practices such the use of copper utensil as well
as the consumption of a typical, very hot tea,
and an environmental component with
potential exposure to high levels of dietary
nitrosamines from diverse sources. In addition,
one cannot exclude the possible contribution of
genetic susceptibility factors, although there is
so far no evidence for familial transmission of
cancer risk. Overall, these three components
are reminiscent of the general pattern of
factors involved in other high-incidence area in
the so-called “esophageal cancer belt”, namely
in central China (Cixian, Lixian) and in
Northern Iran (Golestan). Further comparative
studies between different regions are needed
to identify the respective contributions of these
various components.

In theory, each of the components may
be amenable to several forms of preventive
intervention. However, in practice, such
intervention is difficult to achieve. Surveys in
different regions have shown that trends in
SCC incidence show considerable variations
with time in relation with global changes in
lifestyles. For example, in Normandy, a region
of Western France with traditionally high
incidence of SCC attributed to the consumption
of home made alcohols, a sharp decrease in
incidence has been observed over the past 15
years. In Northern Iran, current figures suggest
that the incidence of SCC may also have
sharply decreased since the initial reports of

very high incidence rates in the 1970’s.
However, the lack of continuous cancer
registration precludes analysis of these trends.
In Central China, incidence rates remain
elevated in both men and women despite
considerable changes in lifestyle. In this area,
several intervention trials based on
supplementation of diet with selenium and
oligoelements have shown some reduction in
the overall risk of SCC.

Addressing the problem of esophageal
cancer in Kashmir valley will require first
proper monitoring of incidence rates and of
time trends through cancer registration. This
must be combined with improved histological
or endoscopy-based diagnosis to Dbetter
identify the exact proportion of SCC versus
ADC of the gastric cardia.

Second, clinical surveys are needed to
determine the prevalence of early esophageal
lesions and to identify whether subjects tend to
develop common, possible precursor lesions.
In particular, the existence of inflammatory
conditions, as well, as a better assessment of
the contribution of inflammatory mechanisms
to carcinogenesis, need better revaluations.
Incorporating molecular markers such as
mutations in TP53 and other genes, or
changes in gene expression, will help to better
understand the sequence of events leading to
cancer in the Kashmiri population and will help
to identify intermediate en-points for diagnosis
or therapeutic intervention.

Third, it will be important to develop
epidemiological studies aimed at better
assessing the contribution of the factors
discussed in this review. This may be
achieved, in first instance, by developing a
case-control study with careful collection of
information on dietary and lifestyle patterns.
Assessing the contribution of factors such as
excess copper or low vitamins/nutrients will
require more complex cohort studies with long-
term follow-up of a large number of subjects. In
the studies above, it will be needed to take
molecular markers into consideration.

Finally, it is important to take advantage
of the experience developed in other parts of
the world in order to achieve better clinical
management of esophageal cancer patients.
For example, Chinese surgeons have
acquired a high level of expertise in resecting
and post-operative management of SCC in
high-risk population, with significant and
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spectacular increase in patient survival. The
availability of novel, endoscopy-guided
techniques for local treatment may also help
to reduce cancer burden. In India, a recent
study on early oral lesions has demonstrated
that early detection of such lesions by simple
visual detection, followed by local treatment,
has a significant impact on oral cancer
mortality ©“**%. The development of such
approach, adapted to esophageal SCC, may
have an immediate impact in the population of
the Kashmir Valley. In the long-term,
however, decreasing the incidence of
esophageal SCC will require a sustained
improvement in the general socio-economical
and health status of the whole region.
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