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Abstract: 
Kotb Detoxification Defect Diseases (DDDs) are a group of diseases that share a 
common etiology, in which a person falls sick when subjected to a subclinical dose of 
a toxin -offender chemical- because of the person’s innate inability to detoxify the 
offending toxin.  This inability is the result of a detoxification enzyme(s) defect, that 
might be congenitally deficient, ontogenically silent or acquired malfunction. The 
prototype of Kotb DDD is the Kotb biliary atresia disease, where neonates with this 
disease suffer from aflatoxin-induced extrahepatic bile duct inflammation, adhesions, 
fibrosis and obliteration of extrahepatic bile ducts, due to congenital inability to 
detoxify the aflatoxins.  They all have null glutathione S transferase (GST)M1, 
disruption of GSTPi and p53. Yet, as the detoxification enzymes are numerous, 
aflatoxins affect those with detoxification enzyme(s) defect differently; potentially 
inducing different clusters of disease, with some margin of overlap: e.g., bleeding, 
hepatitis, biliary atresia, liver cirrhosis, liver cell failure, neurotoxicity, renal disease, 
hepatocellular carcinoma (HCC) and others. Humans have major detoxification 
superfamilies of enzymes, but the minor details of function of every enzyme in these 
superfamilies makes the detoxification ability of every subject unique and 
individualized, almost like a fingerprint. This is a case report that provides proof of 
concept that HCC is a Kotb DDD, and discusses the implications.  
 
Keywords: Kotb Detoxification Defect Diseases; glutathione S transferase; aflatoxin; 
elemental sulfur; hepatocellular carcinoma 
 
Case report:  

A female aged 64 year- old suffering from hepatitis C virus (HCV) infection 
presented to the National Egyptian Center for Clinical and Environmental 
Toxicologic Research, Cairo University, Egypt to participate in a trial of nutritional 
support and conservative management for HCV (1). She consented to participate in 
the trial. At the initial examination and evaluation hepatocellular carcinoma (HCC) 
was diagnosed and she dropped out to seek surgical removal of the tumor. Bone scan 
revealed that the HCC was limited to the liver without bone metastasis. The HCC 
was on top of a coarse cirrhotic liver, in the hepatic dome, it measured 6.5x6cm in 
diameter. It showed heterogeneous enhancement in the early post-contrast series 
with wash out of contrast on delayed liver computed tomography (CT). Her blood level 
of alfa-feto protein was 18,940 IU/ml. During the pre-operative assessment she was 
noted to have essential hypertension and mild concentric left ventricular 
hypertrophy, with mild dilation of left atrium. Apart from previous bilateral surgical 
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intervention for cataract, her past history was irrelevant. She had not received 
interferon for her HCV, but received silymarin and ursodeoxycholic acid for variable 
durations. She had no history of previous blood transfusions.  

Tissue pathology of the surgically excised tumor revealed HCC grade 2 (Figure 1), 
compressing rather than invading the capsule, permeating the vessels, with free 
surgical margins associated with established cirrhosis.  
 

 
Figure 1. The initial surgically removed HCC from our studied case. 

 
A month following the surgical hepatectomy the HCC mass recurred. The mass 

enlarged after another month. Abdominal ultrasonography revealed that the 
recurrent HCC measured 7x6 cm, it was detected in segment IV at medial side of the 
middle hepatic vein without evidence of invasion on top of liver cirrhosis. Polymerase 
chain reaction (PCR) for HCV infection was positive with a load of 83,2000 copies /ml. 
Sixty-four slice triphasic CT confirmed that the HCC recurred as a diffuse infiltrative 
lesion seen involving most of the lateral segment of the left lobe with similar scattered 
lesions on the right lobe that demonstrated very early enhancement at the arterial 
phase and washout at the later phases, consistent with recurrent multicentric HCC 
(Figure 2).  
 
 

   
Figure 2. Multi-slice CT Images of the recurrent HCC mass 2 months after initial surgical removal. 
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The recurrent HCC  was complicated by main portal vein branch thrombosis as 

well as left branch, but right portal branch was spared and patent. The liver was 
cirrhotic; and spleen was enlarged with minimal ascites. She had bilateral basal 
pulmonary metastatic deposits. She presented again to National Egyptian Center for 
Clinical and Environmental Toxicologic Research, Cairo University, Egypt two 
months following the initial surgical removal of the initial HCC, by the recurrent 
multicentric HCC mass, with pulmonary deposits. She had no agility, she was weak, 
had dyspnea at rest, hepatomegaly, (spleen was not felt) mild to moderate ascites, no 
jaundice and her alfa-feto protein was 46,408 ng/ml. No surgical management or 
otherwise was indicated and she was indicated for palliation. Her earlier consent 
entitled her to the conservative management without sharing in the study. She was 
advised proper hydration, meal planning that included organic foods, green leafy 
vegetables, olive oil and abundance of natural honey, avoiding  any foods that were 
processed, or had additives, or foods known to be cultivated using pesticides, 
margarine, carbonated beverages, food containing coloring agents, or preservatives. 
She was advised vitamins, iron, calcium and other elements such as magnesium, zinc, 
potassium and elemental sulfur (ES) (300mg/day in divided doses with meals for at 
least 2 months, then once a week for 2 years). The plan included daily exercise as 
well. She was instructed to walk half an hour daily. She did not receive any other 
medications. 
Two months after initiation of the management plan the liver masses completely 
disappeared and the portal vein and its left branch reanalyzed (without cavernoma) 
upon sonographic imaging (Figure 3), the alfa-feto protein dropped to 33,390 ng/ml. 
Four months later her alfa-feto protein dropped to 85 ng/ml (lab normal up to 13 
ng/ml). She did not report any complications or adverse effects.  During the 13 years 
of follow up the HCC did not recur, her HCV PCR is still positive, her essential 
hypertension is controlled by medications and her general condition is fine with very 
good quality of life.  
 
Discussion: 
 
Why Did the Case With HCC Respond to Elemental Sulfur?  

ES is one of the safest elements known (2), it is relatively inert and is absorbed 
intracellularly. It is the tenth most common abundant element in the crust of the 
Earth. It is readily available over the counter. In the mid-twentieth century, there 
was an initial interest in it as a medicine and ES was extensively studied. Studies 
were abrupted by the disappointment that ES lacked an effect on disease, despite 
being generally safe without any side-effects (3) (4). More interest was invested in the 
sulfates as they are all water soluble except for calcium, mercury, barium, strontium 
and lead sulfates, and in any case sulfates enhance solubility. Magnesium sulfate and 
its medicinal effects took the spot light (5–7).  
So what went wrong? It is a difficult question, but at least four things went wrong. 
We need to revise some facts first. The GST superfamily of enzymes are ES dependent 
(8, 9), hence, an ES deficiency would result in depression of GST functions (10, 11). 
However, the clinical picture of depressed GST would definitely not be unique. It 
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presents along a spectrum of diversity, as it depends on the type of toxin, its dose, 
concomitant exposure to other toxins, the residual activity of the enzyme, the type of 
tissue damage, etc. The clinical picture of ES deficiency can therefore vary from 
asymptomatic, when the subject is not exposed to (specific) toxins (in the triggering 
dose), up to hepatitis, renal failure, neurotoxicity, HCC, etc. 
 
 

  
a b 

  
c d 

  
e f 

Figure 3. Sonographic Images of the liver with complete dissolution of HCC mass 2 months after 
initiation of conservative management, nutritional support, supplemented ES.  
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Looking at HCC specifically, it seems to be a programmed smart tissue response 

to aflatoxicosis that entails a lot of detailed mechanisms (12). The main aim of this 
tissue response is a deliberate decision to build cells that incarcerate the aflatoxins 
intracellularly. This incarceration is to prevent the distant dissemination of 
aflatoxins to other tissues, thereby protecting other valuable tissues from damage. 
This incarceration of aflatoxin is temporary, and aflatoxin B1 remains in HCC 
biopsies of patients with HCC (13), until totally metabolized by the innate rate of 
CYP and glutathione S transferases in the presence of adequate ES.  
In our case the HCC resolved following the adequate ES chelation, and adequate 
healthy nutrition that supported the regeneration and abrupted the proliferation for 
the cells needed to incarcerate and imprison the aflatoxins within the HCC.  
 
So What Went Wrong?   

The researchers in the mid twentieth century were oblivious to the role of ES as a 
chelation agent in diseases not considered toxin-induced, hence they were very 
disappointed that ES use in rheumatoid arthritis patients resulted in increase of 
urinary sulfates and no disease cure (3). They were not aware of the Kotb DDD 
concept.  
The researchers were disappointed that the ES whether orally provided or 
parenterally was so inert, it did not even trigger side-effects, and did not cause 
regeneration of damaged cartilage by the erosive rheumatoid disease. They were 
oblivious to the fact that while ES is an integral component of cartilage, it is 
ubiquitous in all our cells, hence, there is relative tissue uptake dynamics within our 
bodies, as ES will replenish needs of tissues sequentially. Which is a fact known for 
all multipurpose nutrients as folic acid, iron, calcium, etc. (14). The scientists were 
also oblivious to the fact that regeneration is another role of ES, that depends on 
regeneration potential of the patients and substrate abundance. 
Finally, ES needs to be in a composition to enhance its tissue uptake, i.e. a vector (8, 
8), as ES when delivered in formulation and composition within MSM achieved some 
success in prevention of erosive disease of cartilage in arthritis (15). ES in specific 
composition (8, 9) achieved cure in our HCC patient, and was capable of change of 
aggressive behavior of HCC during the two months of HCC self-annihilation.  
There are a multitude of answers to what went wrong that are beyond the scope of 
this case report. Now that we have a glimpse of ES potential, it is high time to explore 
ES potential.  
 
What is the potential of ES?  
Detoxification is a metabolic pathway to rid the body of accumulated chemicals that 
are not needed by the body. Detoxification mostly runs in 3 pathways: (1) the 
cytochrome p 450 (CYP) superfamily of enzymes, (2) GST superfamily, cytosolic 
sulfotransferases and N-acetyltransferase, and (3) is the responsibility of the 
multidrug resistance protein elimination. Detoxification depends on the chemical 
nature of the considered toxin. Yet, the effect of the superfamily might increase the 
toxicity of the offending toxin by adding radicals or removing radicals (first pass 
effect) (16). Detoxification is a metabolic process governed by the same factors that 
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govern a biochemical reaction in vivo, the rate is limited by the presence of the 
enzyme, its level of activity, other chemicals competing for the enzyme, presence of 
co-enzyme, temperature, pH, and concentration, energy release or energy need, the 
catalytic rate, etc. However, even if the offending toxin is removed structural tissue 
damage may not be reversible. Structural tissue damage is controlled by tissue 
regeneration potential. Thus, the role of ES as a chelator in Kotb DDDs is 
pivotal/essential, but not the only determinant of outcome.  
The potential of ES might prove to be more than what meets the eye. Future studies 
are needed to define its prevention and adjuvant/main role in treatment of Kotb 
DDDs, HCC or others.   
 
How much does this case report add to our understanding about HCC being 
a Kotb DDD?  
HCC has long been known to be associated with numerous detoxification defects such 
as GSTM1 and others (17–20), and has always been linked to aflatoxin exposure. 
Aflatoxins are the number one carcinogen in the world. The spectrum of aflatoxin 
induced disease is not limited to HCC and carcinogenesis. Aflatoxins are also known 
to cause biliary atresia (21–25), acute fulminant hepatitis, and cirrhosis. The toxicity 
is not limited to liver disease, as aflatoxins are neurotoxic, they can damage DNA, 
mitochondria, myelin sheath, nerves, impair enzymes, and induce apoptosis (26). 
They can damage kidneys, bone, intestines and cause growth retardation. The 
spectrum of clinical diseases induced by aflatoxins is vast (27), but the pathway of 
disease induction is different for each disease. (Figure 4). 
 

 
Figure 4. Aflatoxin Induced Diseases in Subjects Susceptible to Kotb Detoxification Defect Diseases. 
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The Kotb DDD protype is biliary atresia, where neonates with a GSTM1 
detoxification defect develop the disease – biliary atresia (BA) – only if exposed to 
perinatal aflatoxin (21, 22, 24, 24, 25, 28). In BA, aflatoxins transmitted at birth to 
the neonates with null GSTM1 cause progressive inflammation of hepatocytes and of 
extrahepatic biliary radicals resulting in adhesions, fibrosis and obliteration with 
subsequent accelerated cirrhosis (22, 23). The mothers of these neonates are always 
heterozygous for the GSTM1, and despite being exposed to the same aflatoxins they 
do not exhibit the disease as they retain a degree of the GSTM1 detoxification 
capacity (22, 28). Therefore, even when exposed to lesser amounts of the toxin, i.e. a 
subclinical dose, subjects within the Kotb DDD spectrum (DDDs), experience tissue 
damage and disease that will not be evident among those with intact detoxification 
enzymes or those with residual enzyme activity. Again those with DDD do not express 
disease unless exposed to the (specific) toxins that they cannot handle.  
The host response to aflatoxin is decreed by the host – congenital or acquired – 
detoxification genomics (29, 30) or ontogeny which subsequently dictate the clinical 
phenotype. It seems that homozygous enzyme deficiency provides some protection, 
i.e. residual enzyme activity confers some protection against development of disease. 
The spectrum of Kotb DDD ranges from asymptomatic in those with defective 
detoxification but not exposed to toxins, to a severe disease among those with 
detoxification defect and exposed to toxin. The process of aflatoxin detoxification 
involves more than one enzyme and more than one pathway. Humans have 
individualized  detoxification capacity, almost like a fingerprint, which is dictated by 
the degree, type and number of disrupted detoxification enzymes. Kotb DDDs include 
ES deficiency syndromes.  
Conclusion 
This case report provides more questions than answers. This case reports provides 
proof of concept that Kotb DDDs include HCC. This case report widens the scope of 
Kotb DDDs to include ES deficiency syndromes as well. ES in composition with other 
key elements seem to be capable of treating HCC. More studies are needed to validate 
the role of ES in management of Kotb DDDs.  
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