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ABSTRACT

Background—Helicobacter pylori (HP) infection has been repeatedly
reported to be associated with human gastric cancer (GC). However,
Epstein Bar virus (EBV) has been found in gastric cancer tissues too. It
is therefore not surprising that it proved difficult to establish a causal
relationship between Helicobacter pylori and gastric cancer. A
systematic review and meta-analysis of observational studies was
performed to re-investigate the relationship between Helicobacter
pylori and gastric cancer.

Material and methods—The electronic database PubMed was
searched for titles and abstracts of studies which investigated the
relationship between HP and GC. Four eligible Japanese studies were
included in this meta-analysis (196 incident gastric cancers among a
total of 14792 individuals). The data available were analysed by
new statistical methods. This study considers 5% as a reasonable cut-
off for statistical significance.

Results—The studies reviewed provided highly significant evidence
that a HP infection is a necessary condition of GC. In everyday
language, without a helicobacter pylori infection, no human gastric
cancer (P Value < .004). In the same respect, the causal relationship
between HP and GC was highly significant too.

Conclusion—In a systematic review and meta-analysis, it was
possible to establish a causal relationship between HP and GC.
Helicobacter pylori is the cause of human gastric cancer.

Keywords: Helicobacter pylori; human gastric cancer; cause effect
relationship;
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INTRODUCTION

Helicobacter pylori shares a very infimate
coevolutionary history with humans for longer than
previously thought!:2 and is meanwhile a valuable
tool for tracking34 human migration over more than
the last 100,000 years and possibly longer. In point
of fact, HP, first described by Marshall and
Warren5 in the 1980s, is a spiral-shaped gram-
negative human gastric bacterium able to withstand
harsh  environmental conditions. The global
prevalence® of HP infection is varying between
24.4% and 70.1%. It has been repeatedly
reported that the prevalence of HP is particularly
higher in countries with inferior socioeconomic
conditions”. Various authors favour the faecal-oral
and oral-oral transmissions8 of HP while even the
sexual transmission? route of HP has been discussed
too. In particular, well established and growing
evidence indicates that this microorganism is mainly
related with different extra gastric manifestations!©
and several gastroduodenal disturbances like
peptic ulcer’, mucosa- associated lymphoid tissue
lymphoma''.12 (MALT), and even human gastric
cancer'314, “There is sufficient evidence in humans
for the carcinogenicity of infection with Helicobacter
pylori... Infection with Helicobacter pylori is
carcinogenic to humans (Group 1).”15(p220)

Even against the backdrop of various
systematic review'® and meta-analysis'” of the
relationship between HP and GC, an ultimate and
generally accepted solution of the nature of the
relationship between HP and GC is still not in sight.
Uncertainty grew in particular as a result of the fact
that Epstein-Barr virus (EBV), discovered 1964 by
Michael Anthony Epstein, Bert Geoffrey Achong
and Yvonne M. Barr'8, has been demonstrated in
about 10% of the malignant epithelial cells of
gastric cancer!? too. Thus far, the contradictions
came to a head by a systematic review and meta-
analysis of Chen et al. which came to the conclusion
that “... tissue-based ISH methods strongly suggest
an association between EBV infection and gastric
cancer ..."20, |t seems to be our human fate to deal
with never-ending contradictions. Therefore it is
certainly natural, human and understandable that it
burns sometimes on our soul to ask even at this place
a recurring question once again. Which came first,
the chicken or the egg?'? In other words, is HP a
pathogen which changes or damages human gastric
mucosa i.e. in order fo survive in exceptionally harsh
living conditions or is it more likely that HP itself is
only a kind of a secondary invader of an already
pre-damaged human gastric mucosa? Finally, with
this background in mind, it is not the intent of this
article to provide another systematic2223 review
and meta-analysis of the relationship between HP
and GC based on maximum articles possible. This
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work has already been done several times before
by various?425 authors, including Barukgiél3.14
himself. The primary task of this article is to provide
a final, reliable and credible clarification of the
causal relationship between HP and GC and to
overcome any thinkable doubt with regard to this
relationship by reviewing some excellent and
extraordinary studies while equally disproving the
causative significance of EBV in relation to gastric
cancer.

MATERIAL AND METHODS

Material

This meta-analysis was performed in a
manner consistent with the Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses 22
(PRISMA) guideline.

Search strategy

The published literature was identified by
searching the electronic database PubMed. The
search strategy was as follows: (Helicobacter

pylorifMeSH Term]) AND (gastric
cancer[MeSHTerm]) AND (lgG[MeSHTerm]).
Reference lists of the identified articles were

manually screened by the author in order to identify
further relevant studies. In toto, 538 titles and
abstracts were identified and screened against
inclusion criteria.

Inclusion criteria

Systematic errors (bias) or random errors are
determined by various factors and are present to
some degree in all experimental i.e. interventional
(Phase I-IV study, Intervention study, Field study,
Group study) and observational i.e.
noninterventional (Prospective study, Case-control
study, Cohort Study, Cross-sectional study) research.
Therefore, it is not surprising that the design of a
medical study and the choice of a study type are
major determinants of the quality of the data of a
study and of its clinical value. In order to prevent us
from being confronted with erroneous statistically
significant results which could negatively influence
future studies and which could possibly lead to
completely wrong expectations, several effective
counter-measures are necessary. One of these
counter-measures is the use of a more robust
mathematical-logical methodology as partially
presented in this publication. Clarity can be
provided too by lowering the significance level
for every single test performed. A clinical study
based on a randomized controlled trial (RCT)
cannot always be conducted. Observational studies
can be a valuable alternative to randomized
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controlled trial in such circumstances. However, the
potential weaknesses of observational data need
to be counteracted and can be reduced i. e. by
increasing the sample size. Prospective not
exclusively immunoglobulin G (IgG) based studies
with more than 1000 participants were included. In
order to reduce the impact of bias or random error
of IgG based observational studies with smaller
sample size, IgG based observational studies with
less than 3000 participants were excluded. There
was no restriction on age, sex or ethnicity et cetera
of the enrolled subjects.

Helicobacter Pylori is the Cause of Human Gastric Cancer

Data sources and studies

After exclusion of inappropriate records, the
following studies were included in this review and
meta-analysis. In this part, it is A = E(Us) and B =
E(Wh).

Uemura et al. 26 at the Kure Kyosai Hospital,
Japan, investigated the relationship between HP
and GC by a prospective, long-term study of a large
group of patients with a mean duration of follow-
up of 7.8 years. The base-line data and the
statistical analysis are shown by table 3. The exact
one-sided right tailed P Value according to the

hypergeometric  distribution is P Value =
0.0006161496354787965 and has been
calculated as
(A) (N—A)
a—1 . .
0 B—i
(X >a)=1-— —_—
p(X > a) ; -
B
(1246) (1526—1246)
36-1 . .
i 36—
f— ]_ —
Z 1526
=0 )
36
Table 3: HP and GC (Study Uemura et al., 2001)
Gastric cancer
YES NO
HP positive YES 36 1210 1246
NO 0 280 280
36 1490 1526

STATISTICAL ANALYSIS.

Causal relationship k =

+ 0.07368483

P Value right tailed (HGD) = 0.0006161496
p (without HP no GC) = 1.0000000000
X2 (SINE— B;) = 0.0000
X"2(SINE— As) = 0.0000
P Value right tailed (HGD) = 0.0006
P Value (SINE) = 0.0000000000
RELATIVE RISK (RR).
RR (nc) = Div. by zero
RR (sc) = +1.2314
ADDITIONAL MEASURES.
OR = +0.2071
IOR = +0.2247

STUDY DESIGN.

p(IOU)=

+0.159895151

p(IOl)=  +0.792922674
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Kazumasa Miki?” used serum anti-
Helicobacter pylori immunoglobulin antibodies to
evaluate the relationship between HP and GC. The
base-line data of the study of Kazumasa Miki and
the statistical analysis are shown in table 4. The

(
(
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exact one-sided right tailed P Value according to
the hypergeometric distribution is P Value
0.0018314551185057003 and has been

calculated as

(»)

42101 (5290-4210
i 63—

5290
63

Table 4: HP and GC (Study Kazumasa Miki, 201 1)

Gastric cancer

YES

NO

YES
NO

HP positive

5

4

9 4151

1076

4210
1080

63

5227 5290

STATISTICAL ANALYSIS.

Causal relationship k =

P Value right tailed (HGD) =
p (without HP no GC) =

X 2(SINE— By) =

X 2(SINE— Ay =

P Value right tailed (HGD) =
P Value (SINE) =

+
0.0383122936
0.0018314551
0.9992438563
0.2540

0.0148

0.0018
0.0007558579

RELATIVE RISK (RR).

RR (nc) = +3.7838

RR (sc) = +1.1793

ADDITIONAL MEASURES.

OR =
IOR =

+0.2146
+0.1768

STUDY DESIGN.

p(IOU)=

+0.192249527

p(I0l)= +0.783931947

Yoshida et al.28 measured serum HP antibody
titres using enzyme-linked immunosorbent assay
(ELISA) in order to investigate the relationship
between Helicobacter pylori and gastric cancer. In
general, it is more or less difficult to confirm an
accurate cut-off value to diagnose HP infection
while using some commercial serology kits. Gastric
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cancer cases have been reported with present/past
HP infection while the serum HP-IgG antibody titres
were below the cut-off value2é. An inappropriate
cut-off value might contribute decisively to overlook
many gastric cancer subject which are effectively
HP positive. Yoshida et al.28 classified subjects as
HP-infected, (HP antibody titre > 50 U/ml); HP-
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negative (HP antibody titre < 30 U/ml) and
indeterminate (HP antibody titre = 30 U/ml but <
50 U/ml) their own way. The sensitivity and
specificity of the ELISA used Yoshida et al.28 has
been 93,5% and 92,5%. The original data of the
study of Yoshida et al. and the statistical analysis
are illustrated by table 5. The exact one-sided right

(
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tailed P Value according to the hypergeometric
distribution is P Value
0.0007194143339914171 has

calculated as

and been

(5)

3738\ [4655-3738
i 87—

4655
87

Table 5: HP and GC (Study Yoshida et al., 2014)

Gastric cancer

YES NO
HP positive YES 81 3657 3738
NO 6 911 917
87 4568 4655
STATISTICAL ANALYSIS.
Causal relationship k = +0.0444235636
P Value right tailed (HGD) = 0.0007194143
p (without HP no GC) = 0.9987110634
X2 (SINE— B:) = 0.4138
X2(SINE— A/) = 0.0393
P Value right tailed (HGD) = 0.0007
P Value (SINE) = 0.0012881063
RELATIVE RISK (RR).
RR (nc) = +3.3118
RR (sc) = +1.1630
ADDITIONAL MEASURES.
OR = +0.2131
IOR = +0.1594
STUDY DESIGN.
p(lOU)= +0.1783029
p(lOl)= +0.784317938

Shuto et al.2? conducted a prospective GC
screening study in residents of a rural city in Japan.
Endoscopy in positive HP patients detected 10 GC
cases out of a total of 3321 patients. The original
data of the study of Shuto et al. and the statistical
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analysis are illustrated by table 6. The exact one-
sided right tailed P Value according to the
hypergeometric distribution is P Value
0.00354621182756425 and has been calculated
as
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A\ [(N-A

l B—i

1891 (3321-1891
7 10—

10-1

:1*2

1=0 (

3321

10 )

Table 6: HP and GC (Study Shuto et al., 2017)

Gasstric cancer

YES NO
HP positive YES 10 1881 1891
NO 0] 1430 1430
10 3311 3321
STATISTICAL ANALYSIS.
Causal relationship k = +0.0477906199
P Value right tailed (HGD) = 0.0035462118
p (without HP no GC) = 1.0000000000
X"2(SINE — B:) = 0.0000
X2 (SINE— A;) = 0.0000
P Value right tailed (HGD) = 0.0035
P Value (SINE) = 0.0000000000
RELATIVE RISK (RR).
RR (nc) = Div. by zero
RR (sc) = +1.7602
ADDITIONAL MEASURES.
OR = +0.4336
IOR = +0.7562
STUDY DESIGN.
p(lOU)= +0.427582054
p(I0l)= +0.566395664

Ethics and dissemination
The ethical approval is not required because
no primary data are collected.

Methods
Basic Definitions

In the following, we will describe in more detail
the logical-mathematical methods used to analyze
the data in this study. A more extended and
detailed philosophical, logical and other scientific
justification as well as the mathematical proofs of

the methods which are described next can be found
in detail3° elsewhere31-35,

Definition: Cause Us

Let U: denote a cause (Latin: causa; German:
Ursache) or a condition or an event et cetera at a
(certain period of) time / Bernoulli3¢ trial t. Let p(Uy)
denote the probability of Ui at the same (certain
period of) time / Bernoulli trial t. Let E(Ur) denote
the expectation value of U: at the same (certain
period of) time / Bernoulli trial t. In general, it is

E(U) _ (Uy) X E(Uy) _ E(Utz) _ E(U:) X E(Uy) _ E(U.)?

p(Up) =

Medical Research Archives | https:

W) — W) xWU) — WU)?*  (U)xEWU) _E(Utz)
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or
p(U )2 _ E(Ut)z
L))o=
(U)?
or

W) x(1-pW) _ W) —EW) _, EWU) _EW:)
W) W) W) W)

The variance of U: at one single Bernoulli trial t is given as
U(Ut)z = E(Utz) - E(Ut)z
= ((Ut)z X P(Ut)) — ((U)* xpUYH
= (Up)? x p(U) x (1 - P(Ut))
=Wy xpU) X Up) X (1 - P(Ut))
= E(U) x E(U;)

1-pU) =

Furthermore, it is

a(Up)

[p) % (1 - pw)

U =

The relationship before is normalized as

EWU.)?  a(U)? _

Ew) B

In contrast to Chebyshev’s3537 inequality, the exact probability of a single event is given as

U, EU,)? a(U)? a(U,)?
p t = —_— = —_ = —_
E(U?) E(U?) (Up) X E(Uy)
Under conditions, where an associated standard error on the mean is given by the relation
O'(U ) _ U(Ut)
L) = —=
/WD
the exact probability of a single event is given as
— |2
p(U) =1— a(Up)? 1 U(Ut)
‘ E(U?) E(Up)
Definition: Effect W; of W: at the same (certain period of) time /
Let W: denote an effect (Latin: effectum; Bernoulli trial t. Let E(W:) denote the expectation
German: Wirkung) or a conditioned or another value of W; at the same (certain period of) time /
event et cetera at a (certain period of) time / Bernoulli trial t. In general, it is

Bernoulli3¢ trial t. Let p(W1) denote the probability

EW,) W) XEW) E(Wtz) _EW)XEW,) _ E(W,)?

PO ="y = W X W) WE T W) XEWD)  E(W,?)
w2 = EOR’
p t - (Wt)z

Medical Research Archives | https://esmed.org/MRA /index.php /mra/article /view /3555 7
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EW) _ W) —EW) _ W) x(1-pWy) _ E(W,)
W) W) W) W)

The variance of W; at one single Bernoulli trial t is given as

1-p(Wp) =1-

U(Wt)z = E(Wtz) - E(Wt)z
= ((Wt)z X p(Wt)) — (W)* x p(Wp)?)
= (Wp)? x p(W,) x (1 - p(Wt))
=W) XpW)x W) X (1 - p(Wt))
= EW,) x E(W;)

Furthermore, it is

a(W)
W) = )
[pw) x (1 p()
Definition: Cause and effect (U:, W1) Bernoulli trial t. Furthermore, let E(U: , W:) denote
Let (U:, Ws) denote cause and effect at a the expectation value of cause and effect at the
(certain period of) time / Bernoulli3¢ trial t. Let p(U: same (certain period of) time / Bernoulli trial t. In
, Wi) denote the joint probability of cause and general, it is

effect at the same (certain period of) time /

E(Ut'Wt)
p(Ue, W) = ——=
pre Up, W)
or
E(Ue, Wp)?
U, Wp)? = ———5
N (TR TAR
or

E(U, W) _ U, W) — E(U, W)

1—p(U, W) =1- =
Pl e U, W) U, W)

The co-variance of cause and effect at one single Bernoulli trial t is given as

o(Up,We) =EU, W) — (E(Ut) X E(Wt))
= (W W) xpUu W) = (V) x W) X (W) X p(W,))
= U W) % (p(Ue W) — (p(W) X p(W)) )

Furthermore, it is

o(Up, W)

(0 W) = (W) X p W)

(Ut: Wt) =

Extended Definitions
The coincidence or the occurrence of cause and effect at a (certain period of) time / Bernoulli3¢ trial t is
given as

Medical Research Archives | https://esmed.org/MRA /index.php /mra/article /view /3555 8
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p(a;) = p(U, W)

In the following, we consider the following identities. It is

p(U) = p(ay) + p(be)

and
p(U:) = pc) +p(dy)

and
g p(W,) =p(ay) + p(ce)
p(W;) = p(by) + p(dy)

and

p(ay) + p(be) + p(c) + p(de) = p(Up) + p(gt) =p(W) + p(M) =+1

The basic relationships as described before are illustrated by the following contingency table (table 1).

Table 1: The relationship between cause and effect.

Effect
YES NO
Cause YES p(ar) p(b+) p(Ui)
NO p(ci) p(d:) p(Ur)
p(Wh) p(W) +1

Conditions

Definition: Conditio sine qua non

Conditio sine qua non or the necessary38:3? condition relationship between cause and effect, denoted as p
(Ut < W), at a (certain period of) time / Bernoulli3¢ trial t is defined as

p(Uy « W) = p(ay) +p(by) +p(d,) = p(Up) + p(dy) = play) + p(W;) = +1

Example. Without gaseous oxygen (Ui), no human life (Wh).
Under conditions of a Binomial distribution with a population or sample size N, it is

E(U, « W) =N xp(U, « Wp) = N x (p(a,) + p(be) + p(dy))
= (E(a) +E(b) +E(dy)) =N

Definition: Conditio per quam

Conditio per quam or the sufficient40 condition relationship between cause and effect, denoted as p (Ur =
Wi), at a (certain period of) time / Bernoulli3¢ trial t is defined as

p(Uy » W) = play) +plc) + p(de) = p(W,) + p(dy) = play) +p(U;) = +1

Example. If it is raining (Ui), then the street is wet (Wh).

Definition: Necessary and sufficient conditions
A necessary and sufficient condition relationship between cause and effect, denoted as p (Ur <-> W), at a
(certain period of) time / Bernoulli3¢ trial t is defined as

p(U & W) = p(a) +p(dy) = +1

Definition: Either or conditions

Medical Research Archives | https://esmed.org/MRA /index.php /mra/article /view /3555 9
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An either U; or W; condition relationship between cause and effect at a (certain period of) time / Bernoulli3é
trial t is defined as

p(Us > —<Wy) = p(by) +p(c) = +1
Definition: Exclusion relationship
An exclusion4! relationship between cause and effect or Ui excludes W: at a (certain period of) time /
Bernoulli3é trial t is defined as

p(Ue TW,) = p(b) +p(ce) +p(dy) = +1—p(ay) = +1

Example. Being a man (U:) and being a pregnant human being (W:) excludes each other. Another example.
A year-long use of the drug atorvastatin42r24) (U;) excludes lung cancer (W1) (p(U; T W) = 0,99944391;
P Value = 0,00055594) almost as effective as BionTech’s ® mRNA41(? Cvoid-19 vaccine35r9 (U;) excludes
Covid-19 infection (W1) (p(Us T W;) = 0,99981625; P Value = 0.0001837475309).

Under conditions of a Binomial distribution table 1 is multiplied by the population or the sample size N and
becomes table 2.

Table 2: Cause and effect under condition’s of a Binomial distribution.

Effect
YES NO
Cause YES E(ai) E(b1) E(Ut)
NO E(ct) E(dh) E(Us)
E(W1) E(Wi) N

Definition: The Chi-square goodness of fit test of a necessary condition relationship

Under some certain circumstances, a hypothesis about the conditio sine qua non relationship

between cause (Ui) and effect (W:) can be tested by the chi-square distribution, first described by the
German statistician Friedrich Robert Helmert43 and later rediscovered by Karl Pearson44 in the context of a
goodness of fit test. The Chi-square goodness of fit test of a conditio sine qua relationship (degrees of
freedom 1) has been derived3’ as

E(c)?
2 —
X (Ut < Wt) E(Bt)z
and equally as
E(cy)?
P w) = 24
E(A)

The calculated chi-square value is compared with a theoretical chi-square value at a certain level of
significance. The use of Yate’s4> continuity correction was neglected in this regard.

Definition: The left-tailed P Value of a necessary condition relationship
The left-tailed P Value of a necessary condition relationship calculated for a larger sample size has been
derived4 as

P Valueese taiea(Uy « W) = 1 — e~ (17PWUeWD) = 1 — = (EC/N)
Definition: Risk ratio RRnc (Ur, W)
Under some circumstances, the original risk ratio?7-49 between cause (U:) and effect (W), denoted as RRqc (Ut

, Wi), provides some slight and inferior evidence of a necessary condition (RR.c (Ui, Wi) > +1) or of a
mutually exclusive relationship (RRnc (Ur, Wi) < +1) and is defined as

Medical Research Archives | https://esmed.org/MRA /index.php /mra/article /view /3555 10
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_ E(a.) X E(gt)
RRnc(UD Wt) - m

Definition: Risk ratio RRs (Ur, W)

Furthermore, under some circumstances, the extended risk ratio4-4° between cause (U:) and effect (W),
denoted as RR« (Ur , W), provides some slight and inferior evidence of a sufficient4?(18) condition (RRs« (U:
, Wi) > +1) and equally of a mutually exclusive relationship (RRs (Ur, Wi) < +1) and is defined as

E(a;) X E(B;)

RRs(Up, W) = E(b,) x E(B;)

Under conditions where the quality of data is very restricted or where the study design is very problematic,
or due to other justifiable reasons, a statistically significant RRnc (Ui , Wi) with RRnc (Ut , Wi) > +1 and a
statistically significant RR« (Ut , Wi) with RRs (Ui, Wi) > +1 calculated on the same data body would point
to some very slight extent to the possibility of a necessary and sufficient condition which itself is a very vague
and purely preliminary pre-stage of a causal relationship between the factors investigated.

Definition: Odds ratio OR(U: , W)
The Odds 50-52 ratio, a re-formulation of Yule’Q53, between cause (Ui) and effect (W), denoted as OR(U:,
W) is defined as

_ E(ay) XE(dy)
ORWL W = 505X F )

Definition: Index of relationship IOR(U: , W1)
The index54 of relationship, denoted as IOR(U: , W), between cause (Ui) and effect (W), is a very simple
and robust mathematical alternative to risk ratio and odds ratio, and defined as

IOR(U,, W,) = N x E(a,) 1
YUY EWU) X EW)
Study design
Definition: Index33 of unfairness (IOU)
The index of unfairness between cause (Ui) and effect (W) is denoted as IOU(U: , Wi) and defined as

E(Uy) + E(We) _1

10U(U, W) = N

The p(IOU(U:, Wh)) is given as

p(I0U(U,, W;)) = Absolute <w - 1)

N

A design®¢ of a study which aims to support an investigation of a necessary or of a sufficient condition
relationship between cause (U:) and effect (Wi) or both relationships between cause (U:) and effect (Wh)
should assure as much as possible a p(IOU(U: , W1)) near to zero or at best p(IOU(U: , Wi)) = 0.

Definition: Index5> of independence (IOI)
The index of independence5” between cause (Ui) and effect (W;) is denoted as IOI(U: , Wi) and defined as
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101(U, W) =

The p(IOI(U:, Wh)) is given as

p(101(U;, W;)) = Absolute <

A study which aims to investigate a causal®”
relationship between cause (U:) and effect (W) or
a mutually exclusive relationship between cause (Us)
and effect (W:) should be designed such that
p(IOI(U: , W) is as much as possible near to zero
or at best p(IOI(U:, W1)) = 0.

Causal relationship k
Definition: Causal relationship k

Let U: denote a cause (Latin: causa; German:
Ursache) or a condition or an event et cetera at a
(certain period of) time / Bernoulli3¢ trial t. Let p(Ur)
denote the probability of U: at the same (certain
period of) time / Bernoulli trial . Let W: denote an

Helicobacter Pylori is the Cause of Human Gastric Cancer

EWU) +EW,) )

N

E(U) +E(W,) .
N

effect (Latin: effectum; German: Wirkung) or a
conditioned or another event et cetera at a (certain
period of) time / Bernoulli3¢ trial t. Let p(W:) denote
the probability of W: at the same (certain period
of) time / Bernoulli trial t. Let (Ur, W4) denote cause
and effect at a (certain period of) time / Bernoulli
trial t. Let p(Ur, W1) denote the joint probability of
cause Ui and effect W; at the same (certain period
of) time / Bernoulli trial . The causal relationship
k(Ui , Wi) between cause (Ui) and effect (W) is
derived and proofed30-35 at every single run of an
experiment t, at the same (certain period of) time /
Bernoulli trial t, as

p(Ue, W) — (p(Ut) X P(Wt))

k(UtJ Wt) =

i/(P(Ut) x (1=pUp)) x (pW) x (1 - pW,)))

The statistical significance of the causal
relationship can be tested by the Chi-square
distribution, by the hyper-geometric385° distribution
and by other distributions. Usually, the hyper-
geometric distribution (HGD) is practically applied
only in analysis of small samples (Fisher’s5! test) but
actually the same distribution is valid for all sample
sizes. However, according to the central limit
theorem®0, for a large sample size (n>30), the
sampling distribution is approximately normal.
Multi-causality®!, causal chains3!, time series32 (after
A comes B, B before A et cetera), n-dimensional32
probability  functions and  conditions, n-
dimensional32 cumulative distribution functions and
causality, causality under conditions of Einstein’s
generalé? theory of relativity and much more can
be found in literature.

Statistical methods

The causal3’ relationship k between HP and
GC has been tested. The necessary condition3>
(SINE) relationship (conditio sine qua non) has been
used to test the hypothesis: without HP infection no
GC. The index of relationship34 (IOR) indicated
whether there could be any kind of a relationship
between HP and GC at all. The relative risk (RR
(nc))#?, used for demonstrational purposes only,

Medical Research Archives |https:

provided some evidence of a necessary condition
relationship. The relative risk4” (RR (sc))4?, used for
demonstrational purposes only, provided some
evidence of a sufficient condition relationship.
Odds5! ratio (OR) has been listed for completeness
only. The quality of the study design was assessed
by an index of unfairness55 (IOU) and an index of
independenceé3 (IOIl). The P Values have been
calculated for each single study. The Chi-square
itself is sensitive®4 to large sample size. Therefore,
the Chi-square goodness of fit test of a necessary
condition relationship to test the discrepancy
between observed values and the values expected
under the model in question has been used for
demonstration purposes only. The P Value has been
calculated according to the hypergeometric58:59
distribution and based on the law of large
numbers4¢. The significance level is set to oo = 0.05.
The Null-hypothesis: without HP infection no GC has
been rejected, if P Value > 0.0125.

Bonferroni Correction

The given significance level oo = 0.05 may
be appropriate for each individual statistical test
but not for the set of all investigations being
performed simultaneously. Theoretically, there are
circumstances under which it may appear
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reasonable to avoid a lot of spurious positive
results. One measure in this regard is the need to
lower the alpha value in order to account for the
number of tests being performed. One of the most
simplest and conservative approaches to this issue is
the Bonferronié> correction. Let o = 0.05 denote the
significance level for the entire set of n tests being
performed on a data body. Let ai denote the alpha
value for each single test. In this publication, the
alpha value for each single test is given as ai = a
/ n=0.05/4 = 0.0125. In other words, only P
Values less than 0.0125 will be considered as
statistically significant.

RESULTS
Without HP infection no human gastric cancer

Claim.

Null-hypothesis:

The relationship without a helicobacter pylori
infection no human gastric cancer is true.
Alternative-hypothesis:

The relationship without a helicobacter
infection no human gastric cancer is not true.
P-Value: 0.0125 (for each single study)
Proof.

Various studies have been conducted in this regard,
while the data of the studies of Uemura et al. 2¢
(table 3), Kazumasa Miki?” (table 4), Yoshida et
al.28 (table 5) and Shuto et al.2? (table 6) were re-
calculated again. The studies of Uemura et al. 2¢ (P
Value = 0.0006161496354787965), Kazumasa
Miki2Z (P Value = 0.0018314551185057003),
Yoshida et al.28 (P Value =
0.0007194143339914171) and Shuto et al.2? (P
Value = 0.00354621182756425) impressed with
a P Value of less than 0.0125. In other words, the
data available do not allow us to reject the null-
hypothesis. It is proofed that without a helicobacter
pylori infection no human gastric cancer (P Value <
0.004).

pylori

Quod erat demonstrandum.

HP infection is the cause of human gastric cancer

The study design of the studies of Uemura
et al. 26 (p (IOl) = +0.792922674), Kazumasa
Miki?7 (p (IOI) = 0.783931947), Yoshida et al.?8 (p
(101) = 0.784317938) and Shuto et al.2? (p (IOIl) =
0.566395664) was highly or even extremely unfair
and not suitable enough to test a cause-effect
relationship between helicobacter pylori and
gastric cancer. Yet despite these significant and
systematic restrictions and shortcomings, all studies
were able to provide evidence of a highly
significant  causal relationship  between a
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helicobacter pylori infection and human gastric
cancer while the sample size has been impressive
enough.

Claim.

Null-hypothesis:

The relationship a helicobacter pylori infection is the
cause of human gastric cancer is not true.
Alternative-hypothesis:

The relationship a helicobacter pylori infection is the
cause of human gastric cancer is true.

P-Value: 0.0125 (for each single study)

Proof.

The studies of Uemura et al. 26 (k = +0.07368483;
P Value = 0.0006161496354787965), Kazumasa
MikizZ (k= +0.0383122936; P Value
0.0018314551185057003), Yoshida et al.28 (k
+0,0444235636 ; P Value
0.0007194143339914171) and Shuto et al.2? (k
= +0.0477906199; P Value
0.00354621182756425) provided evidence of a
highly significant, positive causal relationship k
between a helicobacter pylori infection und human
gastric cancer with a P Value of less than 0.0125.
In other words, the data available do not allow us
to accept the null-hypothesis. We have no other
option in the end but to reject the null-hypothesis
and to accept the alternative hypothesis: a
helicobacter pylori infection is the cause of human
gastric cancer (P Value < 0.004).

Quod erat demonstrandum.

Without GC no EBV infection of human gastric
carcinoma tissues

Epstein—Barr virus infection has been found
frequently in tissues of gastric carcinoma‘® cases.
More and more, EBV positivity in gastric cancer
tissues has been taken as an counter-argument to
the thesis of the causation of gastric cancer by
helicobacter pylori. Chen et al. performed a
systematic review on the relationship EBV and GC
and published that EBV “... positivity determined
by in situé7.68 hybridization (ISH) was significantly
higher in cancer tissues (range 5.0%—17.9%) than
in adjacent mucosa from the same patients or
biopsies from all control groups™.2® Unfortunately,
the group around Chen et al. did not sufficiently
enough appreciated the fact, whether EBV is the
cause of GC or whether EBV is only a secondary
invader of GC tissues.

Epstein—Barr virus'® (EBV) is a double-
stranded deoxyribonucleic®® acid (DNA) human y-
herpes’® virus (HHV4) with a 170-kb-large”!
genome which encodes for various proteins and
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non-coding RNAs. After a generally asymptomatic
primary EBV infection of mainly B-cells and
epithelial cells usually during childhood, EBV resides
latently’2 in resting B73 cells for a lifetime”4.
However, under normal circumstances, an EBV
infection is controlled by human immune system and
individuals carrying EBV do not suffer from the viral
infection. At the end, more than 95% of the adult
population worldwide are infected by EBV at some
time during their life span while EBV
seroprevalence increases’> with age. It is
therefore in no way surprising that even more than
90% of all gastric cancer patients might be
seropositive for EBV too. What does all this have to
do with the relationship between EBV and GC?
Unfortunately, the key role of human immune7é
responses to any cancer progression is still not
known in detail despite reports of tumour
infiltrating”” immune cells which date back to 1863.
As previously outline before, EBV itself resides
latently?2 in resting B73 cells for a lifetime”4. Thus
far, tumour-infiltrating B-cells”® with EBV on board
might enter gastric carcinoma tissues. In this case,
EBV would not be the cause of human gastric cancer
but only a secondary invader of already existing
gastric carcinoma tissues. However, even the most
beautiful theoretical considerations become still a
little more beautiful assumed that at least a hint of
a proof for a certain thesis can be presented. In the
meantime, the question whether EBV is either the
cause of gastric cancer or only a secondary??
invader of gastric cancer tissues has been answered
very convincingly. EBV is a secondary invader of
gastric cancer tissues. In other words, without
gastric cancer no EBV positivity of gastric cancer
fissues.

DISCUSSION

In previous meta-analyses which evaluated
the relationship between HP and GC, the
significance of EBV with respect to GC has not been
discussed to a necessary extent. This meta-analysis
is the first to re-evaluate the relationship between
HP and GC while considering the significance of
EBV with respect to GC in narrative style. The
epistemological shockwaves producing publication
of Chen et al. “strongly suggest an association
between EBV infection and gastric cancer”20,
However, it was possible to invalidate this factually
unfounded scientific attitude, elsewhere’® and at
this place too. In point of fact, this review was
designed to reject the null hypothesis: without HP, no
GC, without taking any losses into account.
Particularly for this reason, only studies with very
large sample sizes were considered for meta-
analysis while the significance level for each single
study was decreased. Nevertheless, and despite all

Helicobacter Pylori is the Cause of Human Gastric Cancer

the artificially erected massive barriers, it was not
possible to reject the null hypothesis: without HP
infection no GC. Nonetheless, it is not very
surprising that even the striking evidence provided
by this publication is based on some limitations. The
studies presented in this publication, with the
exception of the study of Shuto et al.,, 2017, are
largely characterized by a study design that allow
us to identify a necessary condition (p(IOU) < 0.25)
relationship. It is however worth noting that, under
conditions of very unfair (p(IOU) > 0.25),
discriminatory and disadvantageous study design,
even the study of Shuto et al. has been able to
provide evidence of a highly significant necessary
condition relationship (p(SINE) = 1; P Value =
0.0035462118) between HP and GC and equally
of a causal relationship k between HP and GC too.
Nevertheless, a critical reader may still be
somewhat reserved and not fully convinced by the
evidence presented in this publication. The studies
based on  serum  anti-Helicobacter  pylori
immunoglobulin  antibodies (Yoshida et al.28,
Kazumasa Miki?’) were very convincing in the
evidence provided but did not reach the very high
level of significance of the prospective studies. This
is factually comprehensible as the sensitivity and
specificity of the kit used will have been one
important factor in this context. Furthermore, none
of the studies presented could provide evidence of
a sufficient condition relationship between HP and
GC. Such a sceptical remark would be
understandable but is in itself still not conclusive. The
study design of the studies analyzed has been very
discriminatory in relation to the analysis of causal
relationships. This is indicated by a highly or even
extremely unfair index of independence (IOI) of the
studies analysed (p(IOI) > 0.78; p(IOIl) of Shuto et
al. was 0.56). It should be noted, however, that
despite of this massive systematic disadvantage, all
studies provided evidence of a highly significant
causal relationship k between HP and GC. To put it
in a nutshell, we cannot help but must refer to the
prospective study of Uemura2¢ et al.,, 2001 and to
the prospective study of Shuto?? et al., 2017 which
weigh heavily in this respect. Another very
important point on this matter is worth of
consideration. Helicobacter pylori itself is known to
be one dominant species of the human gastric
microbiome and equally the most common8®
bacterial infection worldwide. Colonization with HP
might cause a persistent local inflammatory
response of the stomach. The mechanisms8! through
which HP manipulates the local human immune
system in order to survive on the long run within the
gastric niche is not the topic of this investigation.
Nonetheless, at the end, a small proportion of HP
infected individuals can develop even clinically
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significant outcomes like a gastric malignancy. Thus
far, there is good reason to believe that HP
eradication8? in the long term has the potential to
significantly83 decrease® GC prevalence in the
population and will provide additional evidence of
the causal relationship between HP and GC as
already proven in this publication. In the light of the
above and in the absence of any reference to the
Henle8> - Koch8¢ postulates, it may be permitted to
refer to this potentially last possible critical point,
the lack of any reference to the Henle - Koch
postulates in this publication. We will not be able to
settle the issue of any epistemological validity of
Henle-Koch postulate definitively at this place even
if the same deserve a detailed reflection in the
weeks, months and years ahead. Thus far and
without beating around the bush, it is useful and
necessary to point out that any reference to the
Henle - Koch postulates would be rather misleading,
since it is not the task of this publication to clarify
whether gastric cancer is an infectious bacterial
disease or not. At the end of this investigation we
would like to bring the issue discussed to the point
and would like to solve the same briefly, rapidly
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and efficiently, without wasting any time further.
We were able to prove the key role of HP in the
development of GC beyond any reasonable doubt
under extraordinarily stringent and highly
discriminatory study conditions.

CONCLUSION

The counterarguments based on the role of
EBV in the pathogenesis of gastric cancer have been
invalidated. We have convincing evidence for
supposing that without HP infection, no GC (P
Value < .004). Moreover, it is justified to believe
that Helicobacter pylori is the cause of human
gastric cancer.
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