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1. INTRODUCTION 
 

This background information was developed for the Advisory Committee meeting called 

by the US Food and Drug Administration (FDA) for April 12, 2007.  The Committee will 

discuss clinical trial designs for products that seek indications for the prevention and/or 

treatment of disease caused by Shiga toxin-producing bacteria. 

 

This background information will cover the following topics: 

- Shiga toxins, symptoms and pathogenesis of Shiga toxin mediated disease 

- Therapeutic approach  

- Proposed indication and clinical endpoints 

 

2. SHIGA TOXINS 
 

Shiga toxins (Stx) represent a group of bacterial toxins that are involved in disease.  

Shiga toxins are mainly produced by Escherichia coli (E. coli) and Shigella dysenteriae 

type 1 and sporadically, by Aeromonas hydrophila, Aeromonas caviae, Citrobacter 

freundii, Enterobacter cloacae, Shigella flexneri and Shigella sonnei1, 2, 3.   

 

There are multiple sources of Stx producing pathogens involved in sporadic cases and 

outbreaks of disease.  Shiga toxin producing bacteria (STPB) are associated with a broad 

spectrum of clinical manifestations in humans ranging from asymptomatic colonization to 

life threatening hemolytic uremic syndrome (HUS)4. 

 

2.1 SIGNS AND SYMPTOMS OF SHIGA TOXIN-MEDIATED DISEASE 
 

In North America, most cases and outbreaks of infection by STPB have been associated 

with Shiga toxin – producing Escherichia coli (STEC) and more specifically the single E. 

coli serotype O157:H7.  These endemic or epidemic cases begin through the ingestion of 

STEC.  Although STEC infection may be asymptomatic, it typically begins with an onset 

of watery diarrhea between 2 and 12 days after STEC ingestion and is frequently 

associated with abdominal pain and occasionally with nausea and vomiting5, 6.  In a large 
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outbreak of E. coli O157:H7 in children <16 years old in Washington state the mean 

interval between STEC ingestion and onset of diarrhea was 3.7 days and the median was 

3 days7.   

 

Watery diarrhea lasts for 1-3 days after which, in 90% of the cases, it progresses to 

bloody diarrhea5.  When bloody diarrhea first develops, a patient has a normal platelet 

count, creatinine concentration and packed-cell volume with no red-cell fragmentation 

but approximately 15% of the STEC-infected subjects go on to develop HUS (Figure 1)5.  

Early in the illness, there is evidence that thrombin generation is increased, fibrin 

deposition is occurring and plasminogen activation is suppressed5, 8.  Additionally, 

humans with STEC infection are frequently found to have fecal leukocytes6, 9, high white 

blood cell counts early in the illness and elevated c-reactive protein levels10.   

 

The course of the disease between bloody or non-bloody diarrhea and HUS is not well 

defined but the HUS is defined as microangiopathic haemolytic anemia (fragmented red 

blood cells in the peripheral blood smear (schistocytes) and hemoglobin < 105 g/L), 

thrombocytopenia (platelet count < 150 x 103/μL) and nephropathy (serum creatinine > 

upper normal range adjusted for age and sex and/or hematuria (>1+ by dipstick analysis) 

and/or proteinuria (≥ 0.3 g/L)).  Other extrarenal complications of HUS also subsequently 

develop such as seizures (in ~14%), intracranial infarction or hemorrhage, retinal 

hemorrhage and encephalopathy (in ~20%), acute pancreatitis (in ~1%), glucose 

intolerance (in ~10%), cardiomyopathy (in ~1%) and death (in ~4%)11. 
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Figure 1 Progression of E. coli O157:H7 (adapted from Tarr et al. 2005)5
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Long-term health effects observed after an outbreak of diarrheal disease associated with 

E. coli O157:H7 and Campylobacter have recently been described12.  Approximately 3.7 

years after the outbreak, in an evaluation of 1958 adults who had no previous history of 

hypertension or kidney disease, Garg et al. (2005)12 found hypertension in 27% of 

individuals who had been asymptomatic during the outbreak and in 32% and 36% of 

those who had moderate to severe symptoms of acute gastroenteritis, respectively.  These 

data raise serious concerns about the long term risks of E. coli O157:H7 infections even 

in asymptomatic individuals.  In children however, gastroenteritis which presented for 

medical attention during the outbreak was not associated with renal sequelae 4 years 

later13.  The difference between adults and children is uncertain however it is possible 

that longer follow-ups would be required for determining the risk of nephropathy after 

childhood E. coli O157:H7 bacterial gastroenteritis. 

 

Predicting which individual will suffer from Shiga toxin-mediated HUS and related 

complications based on clinical features of illness is impossible early in infection.  One of 

the biggest clinical issues is that no clinical or biological sign or symptom will allow the 

treating physician to predict the outcome of the illness in an individual patient.  Therefore 

all infected patients must be considered at risk of HUS5.   
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2.2 PATHOGENESIS OF SHIGA TOXIN-MEDIATED DISEASE 
 

The Stx pathogenic cascade begins with bacterial fimbrial attachment to enterocyte 

receptors.  The mechanism by which colonization of the lower gastrointestinal (GI) tract 

occurs is best described for STEC such as E. coli O157:H7 that contains the locus of 

enterocyte effacement or “LEE region”.  The LEE region encodes genes involved in 

stimulating intestinal epithelial cells to build a pedestal on the cell surface to which the 

bacteria intimately adhere, called the attaching and effacing lesion, “A/E lesion”.  STEC 

that do not contain the LEE region to mediate colonization is not well understood4, 6.  It is 

thought that Stx must be absorbed from the intestine to cause disease.  How this occurs 

during STEC infection is unknown6.  Stx within the intestinal tract crosses the epithelial 

barrier and enters the bloodstream.   

 

Stxs are 70-kilodalton holotoxins that comprise a single enzymatically active A-subunit 

and five receptor binding B-subunits.  The B-subunits recognize and bind to a family of 

glycolipids called Glycolipid Globotriaosylceramide (Gb3).  Gb3 resides in the plasma 

membrane of certain eukaryotic cells, such as the kidney, with the carbohydrate directed 

towards the outside of the cell where it interacts with Stx.  The Stx-Gb3 complex is 

internalized and enters the cytoplasm where the A-subunit inhibits protein synthesis and 

induces apoptosis.  Proximal tubule and mesangial cells, as well as 

macrophase/monocytes respond to Stxs with an increase in active cytokines and 

chemokines.   

 

Cytokines and chemokines generated locally in the kidneys are likely to have two 

separate actions.  These are to activate glomerular endothelial cells to express Gb3, so 

that they can bind and respond to Stxs, and to make the endothelial cell surface more 

prothromic and adherent to neutrophils (Figure 2)14.  The process of neutrophil migration 

from the systemic circulation across the intestinal epithelium to the gut lumen can cause 

transient epithelial barrier damage, allowing systemic uptake of gut luminal contents6.  

Recently, STEC-induced neutrophil migration has been shown to enhance Stx uptake 

across intestinal epithelium in vitro6, 15, suggesting that inflammation occurring within 
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the host GI tract during STEC infection may promote systemic Stx uptake.  

Lipopolysaccharide is also absorbed from the gut during STEC infection, and may play a 

role in pathogenesis of HUS6, 14, 16.  Additionally, it has been shown that Stxs may 

indirectly activate platelets14.  It has been hypothesized that intestinal absorption of Stx 

does not occur as a one time event but is continuous even after the onset of disease17. 

 

Figure 2 Pathogenesis of STEC (adapted from Andreoli et al. 2002)14

1. Ingestion of STPB 

Colonization of the gut (Stx independent) 
Watery diarrhea 

2. Bloody diarrhea 

Tissue damage (Stx-dependent) 
3. Hemorrhagic colitis 

Systemic toxaemia 
 

4. Host cytokines and chemokines generated 

Stx and cytokine action on endothelium 
 

5. Microvascular thrombosis in target organs (primarily kidney) resulting in HUS 

 

One study suggests that the sequence of events leading to initiation of the thrombotic 

cascade precedes renal tubular injury and therefore, may underlie the initial 

pathophysiologic events leading to renal injury8.  This is likely due to the fact that the 

processes of inflammation and coagulation are intimately linked through tissue factor.  

This is supported by the finding of elevated tissue factor circulating levels in children 

with STEC-induced HUS18 and by studies demonstrating upregulation of tissue factor 

activity in proximal tubular epithelia and glomerular endothelial cell cultures in response 

to Stx19, 20.  These studies also indicate that kidney damage may be due to both the direct 

and indirect action of Stx on renal cells. 

 

There is limited evidence for complement-mediated injury to the host in STEC-associated 

HUS.  This may be attributed to the rapid internalization of toxin, as demonstrated with 

Vero cells21, and that large amounts of Stx-antibody complexes may not be formed. 
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Although HUS can occur in persons of any age, young children are most often affected.  

HUS is the most important cause of acute renal failure in children17 and may lead to end-

stage renal disease requiring dialysis or kidney transplantation.  The reason for increased 

sensitivity of children to HUS is not known.  Explanations such as stage of development 

of the intestinal epithelium22 or compromised immune system as is seen in Factor H-

related HUS23 have been postulated however the role of any or all of these factors is yet 

to be clearly elucidated.  

 

Infecting strains of bacteria can produce either Stx type 1 (Stx1), Stx type 2 (Stx2) or 

both.  Stxs do not appear to carry equivalent risks of causing disease.  Strains that 

produce only Stx1 have the lowest risk, while strains that make only Stx2 have the 

highest risk and strains that produce both Stx1 and Stx2 carry an intermediate risk. 

However, the association is far from absolute5,10.  In a prospective point of care study in 

Seattle, Washington of children with STEC, stx1 was detected in 26% of the patients, stx2 

in 23% of the patients and stx1 and stx2 in 51% of the patients24.  HUS has been reported 

with each toxin alone or in combination25. 

 

2.2.1 Evidence from Animal Models 
 

The mechanism of action of the toxins has been evaluated in animal models, but none of 

these models reproduce the pathophysiology of the human disease.  The relevant animal 

models for this section are summarized below: 

 

Enteropathic and encephalopathic manifestations: 

- In rabbits, intravenous Stx administration results in lesions in the gut, spinal cord and 

central nervous system, corresponding to the location of Gb3 in rabbits.  In one study, 

24 hours after injecting Stx2 intravenously, all rabbits developed hemorrhagic 

diarrhea and limb paralysis.  Severe hypotension developed within 35 hours and 

circulatory failure subsequently provoked the death of the rabbits26. 
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Enteropathic and nephropathic manifestations 

- Dutch Belted rabbits can be infected with STEC (Enterohemorrhagic E. coli (EHEC) 

O153 or O157:H7) to induce an illness with both enteric and systemic/renal 

pathology.  The dose of organisms required to cause illness is massive compared to 

the human infection, diarrhea is seen in all animals though bloody diarrhea is 

infrequent, clinical pathological assessment and composite scoring of renal 

histopathology are variable, and the pace of illness is very different with some 

animals ill enough to be euthanized by day 3 post inoculation27. 

 

Nephropathic and encephalopathic manifestations: 

- Mice fed STEC, or given Stxs intravenously develop acute tubular necrosis28, 29.  For 

example, mice infected with a non pathogenic mouse E. coli strain transformed with a 

plasmid carrying the stx1 gene exhibited neurological signs as well as 

histopathological changes of the intestine and the kidneys within 3 days after 

infection as well as elevated serum cytokines including interleukin-1beta (IL-1β) and 

Tumor Necrosis Factor Alpha (TNFα); the control group fed the control strain did not 

exhibit any pathological sign or symptom30.  Although colonic mucosal damage can 

be detected in mice fed the strain transformed with a plasmid carrying stx1, mice do 

not develop hemorrhagic diarrhea. 

 

Nephropathic and/or thrombotic manifestations: 

- In the greyhound toxaemia dog model, thrombocytopenia and acute renal failure are 

the direct consequence of STEC administered orally through contaminated food14.  

- In the baboon model, injection of Stx1 results in thrombocytopenia and 

microangiopathic haemolytic and acute nephropathy that is similar to that observed in 

humans with Shiga toxin-mediated HUS14, 31.  Although GI mucosal damage can be 

detected, baboons do not develop hemorrhagic diarrhea. 

- A murine toxaemia model of HUS uses intraperitoneal co-injection of purified Stx2 

plus lipopolysaccharide (LPS)32.  The time course of disease is rapid with severe 
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alteration of white blood cells (WBCs) and renal platelet aggregation occurring in the 

first 12 hours, haemolytic anemia and severe thrombocytopenia within 12 to 36 hours, 

and renal function and fibrin deposition increasing over 12 to 72 hours.  Biological 

processes (apoptosis, immune and inflammatory response, etc.) and molecular 

functions (complement, chemokine/cytokine, receptor binding activity, etc.) as 

determined by microarray expression analysis are immediately induced (2 to 4 hours).  

- Piglets infected in the first few hours of life with STEC (mostly Stx2 producers) by 

oral gavage present with renal lesions similar to the histopathological lesions 

observed in human HUS in more than 2/3 of the cases.  Control animals fed Stx 

negative E. coli never presented such lesions.  The mapping of the renal lesions in 

STEC infected animals coincided with the distribution of Gb3 receptors in piglets.   

- In another study, left kidneys of rats were perfused with Stx1 from the renal artery 

through the renal vein and then revascularized; right kidneys would serve as controls.  

On day 1, apoptosis and induction of TNFα gene expression were noticed to occur in 

the medulla of the Stx1-perfused kidneys.  On day 3, extensive tubular injuries were 

observed by light microscopy.  In addition, aggregated platelets and monocytic 

infiltrates in both glomeruli and the medullary interstitium were detected by 

immunostaining.  These results indicate that Stx1 caused glomerular platelet 

aggregation, tubular damage, and acute deterioration of renal function by acting 

directly on renal cells33.  

 

None of the animal models precisely mimic human infection in timing, dose of organism, 

pace of disease, and development of enteropathic, nephropathic and thrombotic 

manifestations.  The lack of a suitable animal model exhibiting all the cellular events 

associated with Shiga toxins poses challenges to investigate the early cellular events 

following enteric colonisation leading to HUS.   

 

2.3 SHIGA TOXIN DETECTION 
 

Currently there is no analytical method to detect circulating levels of either toxin in the 

blood.  Diagnostic procedures are based on the detection of Stx in fecal extracts or 
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cultures.  Procedures for Stx detection differ in complexity, speed, sensitivity, specificity 

and cost4.  Strain heterogeneity makes diagnostic testing problematic, because a common, 

inexpensive, but relatively insensitive way of screening stool samples for STEC O157:H7 

takes advantage of its inability to ferment sorbitol (using Sorbitol MacConkey agar 

(SMAC)) but detects only 50% to 60% of the cases caused by STEC O157:H7 and 

misses the remaining 50% to 40% of the cases along with all of the non-O157:H7 STEC 

strains34. 

 

Other non-serotype restricted diagnostic methods have been developed such as screening 

of stool specimens for the presence of Stxs by either plate Enzyme Linked 

Immunoabsorbant Assay (ELISA) or latex agglutination, enhancing sensitivity to the 80-

90% range although at significantly increased expense.  Polymerase Chain Reaction 

(PCR) based methods for detecting Stx genes in stool samples are in the research phase6.  

These procedures generally require at least 24 to 72 hours to obtain results, and 

difficulties in isolating the colony at the clinical site, a pre-requisite for PCR, have been 

encountered rendering the feasibility of such a test questionable on a large scale.   

 

A rapid point of care stool assay has been developed by Inverness Medical – Biostar Inc.  

The Biostar OIA
® 

SHIGATOX assay takes approximately 15 minutes to conduct and 

involves the qualitative detection of Stx1 and/or Stx2 in fecal samples by optical 

immunoassay technology but does not differentiate between the toxins 

(http://www.fda.gov/cdrh/pdf6/K061889.pdf.).  This test however has proven to be very 

sensitive and specific when compared to a commercial ELISA test (Meridian Premier™ 

EHEC) and a cytotoxic assay35.   

 

An ELISA that could differentiate between the two toxins has been recently approved by 

the FDA (ImmunoCard STAT® EHEC) but unlike the Biostar OIA
® 

SHIGATOX Assay, 

results are available within 20 minutes after overnight broth enrichment 

http://www.mdeur.com/products/751630.htm. 
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In conclusion, compared to other commercially available assays, the Biostar OIA
® 

SHIGATOX is the only test that can cost-effectively and rapidly detect Shiga toxins in 

human diarrheal fecal specimens without the need of a laboratory facility. 

 

2.4 COST AND EPIDEMIOLOGY OF SHIGA TOXIN DISEASE 
 

Even though approximately half of STEC infections do not require medical care a small 

percentage of cases go on to develop HUS with sequelae such as chronic kidney failure 

requiring lifelong dialysis or a kidney transplant.  The average cost per case varies greatly 

by severity of illness, ranging from $26 for an individual who does not obtain medical 

care, $1,142 for an individual that seeks medical care but does not develop HUS and to 

$211,084 for an individual who develops HUS (± End Stage Renal Disease).  The cost 

for a patient who dies from HUS is approximately $6,6 million.  For STEC O157, the 

average cost per case in 2005 was estimated to be $5,872.36, 37.  The high cost of illness 

due to STEC infections suggests that additional efforts to control this pathogen are 

warranted.  However, despite much effort, outbreaks continue to occur. One such 

outbreak reported in 2006 in the US resulted in 102 hospitalization (51%), 31 cases of 

HUS (16%) and 3 deaths (1.5%).   

 

The natural history of STPB disease is brief with only approximately one week between 

ingestion of the bacteria and the occurrence of HUS (with some cases lasting up to two 

weeks)5.  Therefore, the prevalence, the number of cases of disease present in a 

population at any given time, of both Shiga toxin producing bacterial infections and HUS 

is low in the US because of the low rate of occurrence of infection and the acute nature of 

the condition.  

 

One key publication by the Centers for Disease Control and Prevention (CDC) provides 

epidemiological figures of the number of incident STEC infections38.  Mead et al.38 

evaluated the total number of STEC infections annually to be 110,220.  The estimated 

number of STEC infections is based on a correction factor of 20 fold to take into account 

under reporting.  The incidence of E. coli O157:H7 infection is decreasing according to 
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CDC FoodNet (Center for Disease Control (A) 2006).  Comparing 1996-1998 with 2005, 

the estimated incidence of STEC O157:H7 decreased by 29%. 

 

Since 1995 more than two dozen reports of outbreaks of HUS due to STEC infections in 

the US have been reported in the literature but nationwide estimates can not be derived 

from these reports.  Estimates of HUS incidence are derived from notification and 

epidemiological surveillance systems.  According to the CDC April 22nd, 2005 issue of 

Morbity and Mortality Weekly Report (MMWR) (Center for Disease Control (B) 2005), 

a total of 178 cases of post-diarrheal HUS were reported from 32 states during 2003; of 

these, 118 (66%) occurred among children aged <10 years. 

 

Rangel et al.39 reviewed all E. coli O157:H7 cases reported to CDC from 1982 to 2002.  

In that period, 49 states reported 350 outbreaks, representing 8,598 cases, 1,493 (17%) 

hospitalizations, 354 (4%) hemolytic uremic syndrome cases, and 40 (0.5%) deaths. The 

transmission route for 183 (52%) outbreaks was foodborne, 74 (21%) unknown, 50 

(14%) person-to-person, 31 (9%) waterborne, 11 (3%) animal contact, and 1 (0.3%) 

laboratory-related.  The paper also acknowledges the high under reporting rate. 

 

Due to the low prevalence of STEC infection, the hospitalization, HUS and death rates 

are mostly based on estimates.  For example, the HUS rate was estimated to be 1.5% for 

all STEC infected cases in the US40 and 15% in STEC infected children in an outbreak5.  

The under reporting rates and the definition of HUS used in registries can influence these 

estimates.  Nevertheless, it is recognized that children are more susceptible to developing 

the disease.   

 

3. THERAPEUTIC APPROACHS 
 

For a therapeutic intervention, the natural approach would be to treat or prevent HUS, 

especially in children.  However, there are important challenges to the development of a 

therapeutic intervention: 
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1) The number of HUS cases is extremely low.  Choosing prevention of HUS as the 

primary efficacy endpoint requires a very large and costly trial of approximately 870 

patients, excluding drop-outs (435 treated and 435 placebo patients for a z-test with one-

sided significance level of 0.025 to have 80% power, assuming a HUS incidence rate of 

10% in placebo patients and 50% reduction in HUS incidence in treated patients).  These 

considerations render the feasibility of such a study questionable, particularly since 

detection of STEC infections requires screening of 50-100 diarrhea episodes for every 

case meeting entry criteria.  

 

2) Treating patients with manifest HUS may be an option however, at this stage the 

disease is already well established and the chances of reversing it and thereby showing 

treatment benefits are very low.   

 

From these issues, it is apparent that studying HUS, the end spectrum of the disease, is 

not the most appropriate avenue.  We therefore propose to aim at the earlier stages of 

STEC disease.  The advantages of targeting STEC disease rather than established HUS 

are: 

 

1) Subjects with STEC diarrhea prior to the development of extraintestinal manifestations 

and HUS are more likely to benefit from with Stx neutralizing antibodies. 

 

2) There is good experimental and pathological evidence to suggest that STEC-associated 

hemorrhagic colitis is mediated by Stx.  Amelioration or prevention of Stx-induced 

colitis, if accompanied by a similar trend towards reduction of rates of HUS (mild, 

“incomplete” and full-blown), can be used as an indication of efficacy of the product.  

This is substantiated by the fact that severity of enteritis was associated with the 

prognosis of HUS.  In a retrospective review of children (n = 509) hospitalized with 

HUS, the analysis of Kaplan-Meier survival curves demonstrated a better prognosis for 

return of normal renal function in the children with watery diarrhea but without prolapse 

(p = 0.009) than in children with bloody diarrhea or prolapse41.  
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3) The incidence of STEC diarrhea is greater than that of HUS.  Therefore, a study 

evaluating the effect of antibody therapy on the course of STEC disease, instead of the 

prevention of HUS, is more feasible.  

 

In conclusion, early interruption of the Stx-mediated cascade is expected to alleviate the 

severity of the illness, the rate of complications and the incidence/ duration of 

hospitalizations even if sample size considerations make it difficult to prove statistically 

whether HUS can be prevented.  Therefore, we propose to target the early phases of the 

disease, i.e. children who seek medical care for STEC infection prior to HUS.   

 

3.1 SHIGA TOXIN MEDIATED EVENTS 
 

As described in sections 2.1 and 2.2, STEC infection is strongly associated with colitis 

(enteropathy) and thrombotic microangiopathy and other extra-intestinal manifestations 

typical of STEC disease.  We call these manifestations “Shiga toxin mediated events” 

(STME).  The methodology for the definition and grading of the STMEs was presented in 

three different international meetings last year42, 43, 44.  In the absence of practical 

methods to detect circulating or tissue-bound Stx in affected patients, STMEs are 

proposed as markers of Shiga toxemia, i.e. evidence of local (colon) and systemic effects 

of biologically active toxin.  The list of STMEs and the STME grading system are 

presented in two categories in Figure 3.  The proposed scale of STMEs is an adaptation 

of the “Common Terminology Criteria for Adverse Events” ((CTCAE version 3.0) 

universally used in oncology trials for the grading of drug toxicity).  We named this scale 

the STPB Disease Severity and Progression Scale: 
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Figure 3 STPB Disease Severity and Progression Scale 

Enteropathy (hemorrhagic colitis) 
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Moderate Severe  
or requiring 

pain 
medication 

Unbearable 

Bloody 
diarrhea  

No visible 
blood 
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of blood 
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fresh blood 

Frank blood 
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Hemorrhage 
requiring 

colonoscopy 
or surgery 
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Thrombotic Microangiopathy and Nephropathy (TMAN) 
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deficiency (microcytic anemia, low mean corpuscular volume) and hemoglobinopathies, 6 Transfusion of 
packed red blood cells (PRBC) 7 Or: Red blood cells (RBC) per μl urine (0 = ≤ 5, 1 = >5-10, 2 = >10-30, 
4 = >30) 
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To evaluate the utility of the proposed STMEs, Caprion conducted a prospective 

observational study in subjects with STEC infection last year, under conditions similar to 

the proposed pivotal trial (Section 6).  At two sites in South America (Santiago, Chile and 

Cordoba, Argentina children from 1-18 years of age (mean 4 +/- 3.3 years) with bloody 

or non-bloody diarrhea for no more than 3 days were eligible to participate in this study.  

The evaluation included laboratory tests (biochemistry, haematology and urinalysis at 

Days 0 (recruitment), 1, 2, 3, 7 and 56) and the description of the signs and symptoms for 

a period of up to 56 days.   

 

Data from 33 subjects with STEC infection were analyzed.  The stools of these subjects 

were Shiga toxin positive as demonstrated by two independent tests (Biostar OIA
® 

SHIGATOX Assay and Meridian Premier™ EHEC) which use different antibodies to 

detect the Shiga toxins.  All these cases were SMAC negative (STEC non-O157:H7).  

There were more male subjects (55%) compared to female subjects (45%), and all were 

Hispanic in origin.  Twenty-six subjects (79%) had non-bloody diarrhea, seven (21%) 

subjects had bloody diarrhea and none had HUS at the start of the study.  

 

The number of subjects at each evaluable timepoint who experienced a STME with a 

score greater than zero, based on the STPB Disease Severity and Progression Scale 

(Figure 3), is presented in Figures 4 through 9. Bars represent the number of patients with 

the indicated sign or symptom. Day 0 equals the day of enrolment (within three days after 

the onset of diarrhea). It is noteworthy that none of the patients became 

thrombocytopenic.   
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Figure 4 Number of Subjects with Diarrhea 
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Figure 5 Number of Subjects with Abdominal Cramps 
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Figure 6 Number of Subjects with Bloody Diarrhea 
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Figure 7 Number of Subjects with Abnormal* Hemoglobin 
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* Abnormal is defined as ≥grade 1 on the STPB Disease Severity and Progression Scale 
 

Figure 8 Number of Subjects with Hematuria 
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Figure 9 Number of Subjects with Abnormal* Creatinine 
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* Abnormal is defined as ≥grade 1 on the STPB Disease Severity and Progression Scale 
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In addition to evaluating the number of patients with a STME at any given time, we also 

recorded the worsening of signs and symptom (STME progression). STME progression 

was defined as: 

• STMEs that occurred for the first time at a grade ≥1 following Day 0, that is, the 

STME was not observed on Day 0 (STME of grade 0), but after Day 0; 

• STMEs that were present on Day 0 (STME grade ≥1) but increased in severity 

following Day 0. An increase in severity was defined as a ≥2 point increase on the 

STPB Disease Severity and Progression Scale. 

 

Based on this definition, Figure 10 below illustrates the number of patients with 

documented STME progression during the first two weeks of the observational study. 

The time of evaluation was limited to the first 14 days of the study because of the acute 

nature of the disease.   

 

Figure 10 Progression of STMEs in the STEC Observational (Epidemiology) Study 

(n=33) 
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For the evaluation of a therapeutic intervention in this indication, we propose to examine 

the number of subjects who experience progression of one or more STMEs. A subject 

experiencing multiple progressive STMEs will be counted only once. In the South 
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American epidemiology study, a total of 21/33 subjects (64%) experienced at least one 

STME that progressed during the first 14 days of the study, based on the above 

definition. 

 

In this study, STMEs were relatively mild, typically qualifying as grade 1 or 2 on the 

STPB Disease Severity and Progression Scale.  None of the bloody diarrhea episodes 

were severe, and no case of HUS was observed.  Although the number of subjects in this 

study was too low to represent the complete spectrum of STEC disease manifestations, 

the findings are informative with respect to the following points: 

1) The STPB Disease Severity and Progression Scale has been applied to describe 

the natural STEC disease in the setting of a prospective study; 

2) The low morbidity of the identified STEC cases from Chile and Argentina, as 

reflected in the low STPB scores, contrasts with the degree of severity expected 

from reports in peer-reviewed literature, particularly from North America. It is 

possible that the severity of STEC infection varies among different regions, e.g. 

due previous exposure/pre-existing immunity.   

3) The STEC disease susceptible age group in South America may extend to 

children younger than 1 year and should be included in a future treatment trial; 

 

In conclusion, if the disease course of STEC infections could be interrupted (i.e. reduce 

the worsening of STMEs, including enteropathic STMEs) with a therapeutic intervention, 

it is believed that one could impact on HUS, a life-threatening condition which can 

currently not be prevented.   

 

3.2 TREATMENT OF SHIGA TOXIN-MEDIATED DISEASE 
 

To date, there is no proven, safe treatment for STEC infections and the prevention of 

Shiga toxin-mediated complications. Antibiotics do not decrease the risk of HUS and, in 

fact, may exacerbate the condition by inducing the production and release of Stx and, 

possibly, other bacterial toxins. It is generally acknowledged that antibiotics (specifically 
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Deoxyribonucleic Acid (DNA)-damaging antibacterials) and antimotility agents are 

contra-indicated in case of STEC infection5.   

 

In a small prospective study, early parenteral volume expansion with isotonic saline 

during E. coli O157:H7 infections was associated with attenuated renal injury failure in 

children who developed HUS. The authors suggested this approach, which implies few 

days of hospitalization and careful monitoring, for all children diagnosed with STEC 

infection in their hospital46. 

 

Anti-toxin therapeutic strategies to date have included those targeting toxin in the 

gastrointestinal tract, toxin vaccines (parenteral toxoids, live oral attenuated vector 

vaccines, and parenteral lipopolysaccharide vaccines), and neutralizing monoclonal 

antibodies.  Synsorb-Pk, which targeted toxins in the feces, was unsuccessful in affecting 

the outcome of HUS, likely because it was administered too late in the course of the 

disease and also did not intervene at the systemic level47.  Several vaccine approaches 

using toxoids and toxin subunits48, 49, 50, 51 have been successful in protecting against 

lethal toxin doses in animal studies.  While these results are promising, a directed 

therapeutic approach for a rare acute clinical condition may have a more acceptable 

risk/benefit ratio than preventative vaccination of the general public.  

 

Neutralization of toxins by passive immunization in STEC-infected and at risk subjects 

with monoclonal antibodies offers a realistic approach to abrogation of STEC disease. 

The challenge in treating this disease is early intervention before the pathological process 

becomes irreversible.  It is not clear whether the kidney damage is due to the direct action 

of Stx on renal cells, to the induction by Stx of a harmful cytokine response, or to a 

combination of the effects of Stxs and cytokines (See Section 2.2).  However, the 

stimulation of proinflammatory cytokine by Stx and the cytokine up-regulation of Gb3 

receptors by both Stx1 and Stx2 in in vitro studies, support the toxin injury model 

wherein there is an increasing amount of toxin binding to the target tissues such as renal 

endothelial and epithelial cells in an auto amplification-like manner52.  This suggests that 
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early intervention with neutralizing antibodies, even after initiation of the cascade and 

perhaps before a threshold is reached, may have therapeutic benefit.   

 

Since fecal shedding is prolonged in patients who develop HUS53, early intervention with 

neutralizing agents such as antibodies that have a long half life, could impact disease 

progression.  Neutralizing antibodies have been developed by several groups and have 

demonstrated protection in murine and piglet models of infection and toxaemia when 

targeting Stx1 B subunit or Stx2 A or B subunits54, 55, 56.  These studies demonstrated 

protection at 24 to 48 hours post infection at doses 2.5 and 0.4 mg/kg in mouse and piglet 

studies, respectively.   

 

If the incidence of STMEs can be reduced by the neutralization of circulating toxins in 

the presence of monoclonal antibodies, it is expected that this treatment also reduces the 

incidence or severity of HUS. 

 

The importance of a safe therapeutic approach is paramount in a clinical setting where 

most STEC infections resolve spontaneously. Monoclonal and polyclonal antibodies 

against foreign proteins have gained wide acceptance and are considered generally safe. 

Many of the approved products are chimeric antibodies that demonstrate minimal 

antibody-associated toxicity when injeted intravenously. There were no serious adverse 

events (SAEs) in a 5 and subsequent 6 year study when BabyBig, a human botulism 

immune globulin, was administered intravenously at 50 mg/kg to infants within three 

days of admission57.  Palivizumab (Synagis®), a monoclonal antibody, is administered 

intramuscularly in 5 injections at 15 mg/kg to children for the prevention of Respiratory 

Syncytial Virus in the Impact-RSV trial.  In the clinical trials and post-marketing safety 

surveillance of >250,000 children, SAEs were non-fatal and limited to hypersensitivity 

and anaphylaxis in <0.001%58.  In addition, the safety profile of other therapeutic 

antibodies administered intravenously which target host antigens is in general acceptable 

(Baselaga 2000 - C225, Davis 2000 - Rituximab, Kon 1998 - αCD20, Hommes 2006 - 

αIFNγ)59, 60, 61, 62.  Reported adverse events were mild to moderate and SAEs either non-

existent or minimal for doses ranging from 3 to 10 mg/kg in multiple dose regimens. 
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Hypersensitivity and anaphylactic reactions for those antibodies have been minimal and 

manageable. 

 

The activation of complement by monoclonal antibodies has been raised as a potential 

safety concern.  The evidence of the relevance of complement-mediated cytotoxicity with 

anti-cancer antibodies is currently limited to a few in vitro and in vivo studies63, 64.  There 

is also limited evidence for complement-mediated injury to the host in STEC-associated 

HUS and the low level, short-lived binding of Stx to the Gb3 expressing endothelium 

may negate complement activation because of the limited amount of Stx-antibody 

complexes that would be formed.  There was no additional pathology in limited, albeit 

not controlled, studies using intravenous (IV) pooled gamma globulin for treatment of 

STEC-induced HUS65, 66. 

 

3.3 CHIMERIC MONOCLONAL ANTIBODIES 
 
Caprion has developed chimeric antibodies to Stx1 and Stx2.  The chimeric monoclonal 

anti-shiga toxin antibody for Shiga toxin 1 (cαStx1) targets the B subunit of Stx1 whereas 

chimeric monoclonal anti-shiga toxin antibody for Shiga toxin 2 (cαStx2) binds to the A 

subunit of Stx2.  There is sequence diversity in the Stx2 B-subunit among Stx 2 variants; 

however, the greater homology in the A-subunit may provide an advantage of better 

coverage against a broader spectrum of variants.  There are no Stx1 variants and 

therefore, there is homology in the Stx1 B-subunit which is targeted by cαStx1.  Efficacy 

of the antibodies has been demonstrated both singly and in combination in various 

murine models as well as in vitro studies.  Safety of single and combination modalities is 

supported by non-clinical and clinical studies. 

 

3.3.1 Pharmacology 
 

In vivo Studies 

Pharmacology studies have been conducted using several mouse models.  The cαStx2 

antibody provided complete or nearly complete protection of mice from an otherwise 

lethal infection (Survival time: 6-8 days) with an orally administered E. coli strain, B2F1, 
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which produces Stx2d-activatable, when administered at 0, 24, or 48 h post-infection at 

doses as low as 0.1 mg/kg with partial protection also evident when antibody was given 

as late as 72 h post-infection (Table 1).   

 

Table 1 Survival of Male CD-1 Mice Given a Moderate Oral Dose of B2F1 and Low 
Intravenous Dose of cαStx2 

Survival of mice given cαStx2 at the indicated times post-infection*  Dose of 
B2F1 

Dose of 
cαStx2, mg/kg No Injection 24 h 48 h 72 h 
0.1 ND 7/8 7/8 3/8 

0.01 ND 4/8 2/8 3/8 

0.001 ND 2/8 2/8 1/8 

0.9 % saline ND 1/8 1/8 3/8 

2 x 106 

0 2/11 ND 
ND-not done 
* Final evaluation day = Day 28 
 

The cαStx1 antibody provided complete or nearly complete protection of mice from an 

otherwise lethal Stx1 toxin injection  (Survival time: 48-72 hours) when administered one 

hour post injection in a dose range from 0.2 – 0.75 mg/kg (Table 2 and Table 3). 

 

Table 2 Survival of Male CD-1 Mice Injected with Stx1 (intraperitoneal) and/or cαStx1 
(intravenous) 

Dose of Stx1 
ng Dose of cαStx1 mg/kg Timing of cαStx1 injection 

relative to Stx1 injection Survival 

250 0 (formulation buffer) - 1 h 0/5 

250 0.5 - 1 h 5/5 

250 0.05 - 1 h 0/5 

250 0.02 - 1 h 0/5 

250 0.005 - 1 h 0/5 

250 0 (formulation buffer) + 1 h 0/5 

250 0.75 + 1 h 5/5 

250 0.5 + 1 h 3/5 

250 0.2 + 1 h 2/5 

250 0.05 + 1 h 1/5 

 

Caprion Background Information version 12/MAR/2007                     Page 29 of 55 



FDA Advisory Committee Meeting April 12, 2007 

 

Table 3 Survival of Female CD-1 Mice Injected with Stx1 (intraperitoneal) and/or 
cαStx1 (intravenous) 

Dose of Stx1, ng Dose of cαStx1, mg/kg Timing of cαStx1 injection 
relative to Stx1 injection Survival 

250 0 (formulation buffer) - 1 h 0/5 

250 0.5 - 1 h 5/5 

250 0.05 - 1 h 5/5 

250 0.02 - 1 h 0/5 

250 0.005 - 1 h 0/5 

250 0 (formulation buffer) + 1 h 0/5 

250 0.75 + 1 h 4/5 

250 0.5 + 1 h 5/5 

250 0.2 + 1 h 5/5 

250 0.05 + 1 h 1/5 

 

In a pilot dual toxemia/dual anti-toxin study, concomitant administration of cαStx1and 

cαStx2 provided protection from otherwise lethal concomitant toxin injections of Stx1 

and Stx2 (survival time: ~48 hours) when antibodies were administered one hour pre-

injection.   Neither antibody alone protected when both toxins were present, (no survivors 

in Group 6 with cαStx1 alone nor in Group 7 with cαStx2 alone, as compared with both 

antibodies in Group 8 with 4/5 survivors), thus demonstrating that both antibodies are 

required for protection in the presence of both toxins (Table 4). 
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Table 4 Survival of Mice Injected with One or Both Toxins and One or Both Antibodies 

 

Grp 
# 

Stx1 
dose, 

ng 

Stx2 
dose, 

ng 

cαStx1, 
mg/kg 

cαStx2, 
mg/kg 

Timing of 
antibody dose 

relative to toxin 
dose 

Survivors 

1 250 0 0 (Fb) 0 NA 0 

2 0 3 0 (Fb) 0 NA 2 

3 250 3 0 (Fb) 0 NA 0 

4 250 0 5 0 - 1 h 5 

5 0 3 0 5 - 1 h 3 

6 250 3 5 0 - 1 h 0 

7 250 3 0 5 - 1 h 0 

8 250 3 5 5 - 1 h 4 

9 0 0 5 5 NA 5 

 

In a model adapted from the in vivo toxin neutralization model for evaluating mixed 

botulinum anti-toxins in mice67, antibodies and Shiga toxins were co-incubated in vitro 

prior to inoculation into mice.  There were only 1/10 survivors in Group 8 with cαStx1 in 

the presence of both toxins and 2/10 survivors in Group 9 with cαStx2 in the presence of 

both toxins as compared with 7/10 survivors in Group 10 with cαStx1 and cαStx2 in the 

presence of both toxins.  This study demonstrates that both cαStx1 and cαStx2 are 

required to protect when both toxins are present (Table 5). 
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Table 5 Survival of Mice Injected with Pre-incubated Toxin/Anti-toxin Doses 

 
 

Group # 
# 

male 
mice 

Stx1 
dose 
ng 

Stx2 
dose 
ng 

caStx1 μg caStx2 μg Survival 

1 10 250 0 0 (Fb) 0 1/10 

2 10 0 5 0 0 (Fb) 0/10 

3 10 250 5 0 0 (Fb) 0/10 

4 10 250 0 0 400 0/10 

5 10 0 5 200 0 0/10 

6 10 250 0 200 0 10/10 

7 10 0 5 0 400 4/10 

8 10 250 5 200 0 1/10 

9 10 250 5 0 400 2/10 

10 10 250 5 200 400 7/10 

11 5-8 0 0 200 400 9/9 

12 5 0 0 Fb Fb 5/5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In vitro Studies 

In the in vitro cell cytotoxicity assay, it was calculated that 82.8 ng of cαStx2 neutralizes 

1 pg of pure Stx2 (1 pg of Stx2 is equivalent to a 50% cytotoxic dose [CD50]) while 26 ng 

of cαStx1 neutralizes 1 pg of pure Stx168.  FACS analysis indicates that Stx2 can bind to 

Gb3 receptors of human microvascular endothelial cells (hMVEC) in culture either as a 

pre-formed Stx2/cαStx2 complex or sequentially with cαStx2 binding to Stx2 after 

binding of the toxin to Gb3.   

 

Conclusions of Pharmacology Studies 

We have demonstrated that cαStx1 and cαStx2 protect animals in toxaemia or infection 

model studies, respectively, at the low doses of ≤0.75 mg/kg.  Partial protection was even 

possible with treatment at 72 hours post infection with cαStx2, illustrating that 

intervention at this late stage of disease in this model was still possible.  Protection was 
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only possible when both antibodies were administered in a dual toxaemia study, 

demonstrating that both antibodies contribute to protection against STEC strains 

producing Stx1 and Stx2.  Though the availability of the toxin may be short-lived we 

have demonstrated in in vitro studies that antibody is capable of binding to either free or 

Gb3 receptor-bound toxin, thus increasing the opportunity for neutralization. 

 

3.3.2 Toxicology 
 

Safety studies conducted with the anti-toxin antibodies have included tissue cross-

reactivity, in vitro crossreactivity, studies in healthy mice and marmosets, and studies in 

mouse models. 

 

In Vivo Studies 

Neither cαStx1 nor cαStx2 were associated with any overt or systemic toxicity or 

histopathological findings when anti-toxins were administered individually or 

simultaneously at repeat doses up to 60 mg/kg and single dose administration of 30 

mg/kg in four acute toxicity studies in healthy CD-1 mice (rodent) and one study in 

healthy marmosets (primate).  No biologically relevant difference in weight, clinical 

chemistry, hematology or urine parameters were observed between control and test article 

groups, whether the anti-toxins were administered singly or concomitantly.   

 

In B2F1 (Stx2dact producer)-infected mice, no evidence of gross toxicity was observed 

in the presence of cαStx2 compared to the control group which was administered B2F1 

only.  Renal histopathology was equivalent between control and delayed treatment groups 

in the presence of protection suggesting that initiation of renal injury did not preclude 

protection nor was there exacerbation of injury with treatment.   

 

The Mean Time to Death (MTD) was evaluated in the pharmacology studies described 

above to ascertain if the presence of the either or both antibodies accelerated the MTD for 

those animals not protected by the anti-toxins.  The range of MTD of treatment groups in  
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the Stx1 and Stx2 protection studies (2.7-3.0 and 4.3-4.5, respectively) were similar to 

those of the control groups for each toxin (2.8-3.0 and 4.6, respectively), suggesting that 

the presence of antibody did not increase the toxicity of either toxin as defined by MTD 

(Table 6).   

 

Table 6 Mean Time to Death of Non-surviving Mice in Controls and Treated Groups 

 

Toxin Controls 
MTD 

Mab Dose 
mg/kg 

Mab Treatment 
MTD 

0.75 3.0 

0.5 3.0 
0.2 2.7, 2.75 

0.05 2.8, 3.0 

Stx1  
(Toxemia Study,  

Stx1-14.0-02) 
2.8-3.0 

0.005 2.8, 3.0 
30 4.3, 4.5 Stx2  

(Infection Study, 
GSAW103) 

4.6 30 x 2 4.5 

*Time in days 
 

In Vitro Studies 

Neither cαStx1 nor cαStx2 indicated tissue cross-reactivity with a panel of 39 different 

human tissues.  ELISA and BiaCore studies have demonstrated that each antibody does 

not cross-react with the target of the other, supporting the need for both antibodies in 

neutralizing both toxins. 

 

There was no induction of complement activation in preliminary studies when Vero cells 

(Green monkey kidney cells) were exposed to cαStx2 alone or in combination with Stx2.  

Figure 11 below shows that the use of a pre-formed Stx2 toxin/cαStx2 antibody complex 

does not induce complement lysis of Vero cells.  U937, a macrophage-like human cell 

line, served as the control in that they expressed major histocompatibility complex 

(MHC) class I antigens and not Gb3 receptors. 
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Figure 11 Complement Cytotoxicity Assay of U937 and Vero Cells: % Lysis 

(duplicate wells) 
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Conclusions of Toxicology Studies 

Toxicology studies demonstrate that cαStx1 and cαStx2, alone or in combination, are safe 

and well-tolerated in healthy and infected animals, did not exacerbate disease as 

evidenced by MTD and did not activate complement in a kidney cell culture model. 

 

3.3.3 Clinical Studies 
 
Four Phase I clinical trials involving a total of 50 healthy volunteers have been completed 

and provide evidence that cαStx1 and cαStx2 are safe to administer, either individually or 

concomitantly, to humans.  No serious adverse events were reported in any of the studies 

including a trial where 10 volunteers received up to 3 mg/kg of each anti-toxin (for a final 

dose of 6 mg/kg) in a concomitant manner.  The following table summarizes the 4 Phase 

1 trials conducted to date: 
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Table 7 Phase I Studies 

 

Phase Monoclonal 
Antibody* 

Number of subjects 
who received the drug 

per dose 

Total 
number of 

participants 
Safety results 

I (Healthy adult 
volunteers) 
 
DMID NIH 

cαStx2 0.1 mg/kg (n=3) 
1 mg/kg (n=3) 
1.5 mg/kg (n=2) 
3 mg/kg (n=6) 
10 mg/kg (n=3) 

N=17 NO SAE 
REPORTED IN 
ALL DOSE 
COHORTS 

I (Healthy adult 
volunteers) 
 
DMID NIH 

cαStx1 0.1 mg/kg (n=5) 
1 mg/kg (n=2) 

N=7 NO SAE 
REPORTED IN 
ALL DOSE 
COHORTS 

I (Healthy adult 
volunteers) 
Study 
CTP_STX003A 
 
CAPRION 

cαStx1 and 
cαStx2, 
administered 
individually  

cαStx1: 1 mg/kg (n=4) 
cαStx1: 3 mg/kg (n=4) 
cαStx2: 1 mg/kg (n=4) 
cαStx2: 3 mg/kg (n=4) 

N=16 NO SAE 
REPORTED IN 
ALL DOSE 
COHORTS 

I (Healthy adult 
volunteers) 
Study 
CTP_STX002B 
 
CAPRION 

cαStx1 and 
cαStx2, 
administered 
concomitantly 

cαStx1+ cαStx2: 1 
mg/kg of each mAb 
(n=5) 
cαStx1+ cαStx2: 3 
mg/kg of each mAb 
(n=5) 
 

N=10 NO SAE 
REPORTED IN 
ALL DOSE 
COHORTS 

* The monoclonal antibodies were administered by IV single infusion 

 

As depicted above, two studies were sponsored by the NIH Division of Microbiology and 

Infectious Disease and one study was published in 200569.  The two other studies (26 

subjects) were sponsored and recently completed by Caprion and the findings are 

summarized below: 

There were no clinically relevant findings related to the study medication from the safety 

parameters that were evaluated (i.e. safety laboratory parameters, ECGs, vital signs 

adverse event reporting, physical examinations).   

Pharmacokinetic (PK) parameters for cαStx1 and cαStx2 were well characterized and 

findings were as expected for monoclonal antibodies.  The antibodies appeared to be 

roughly dose proportional based on the pharmacokinetic parameters maximum observed 

concentration (Cmax), area under the concentration-time curve from time zero to the last 
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non-zero concentration (AUC0-T) and area under the concentration-time curve from time 

zero to infinity (extrapolated) (AUC0-∞).  The time until the maximal concentration, time 

of maximum observed concentration (Tmax), appeared to be unchanged between the two 

doses of each antibody and half-life time (T½el) was estimated at approximately 9 days, 

which is consistent with the long half life expected for monoclonal antibodies.  Clearance 

was low for both cαStx1 and cαStx2 at both doses which is also expected for monoclonal 

antibodies.  Volume of distribution was low as well for both cαStx1 and cαStx2 which is 

indicative that the monoclonal antibodies are retained within the blood volume. 

In conclusion, chimeric monoclonal antibodies cαStx1 and cαStx2, administered 

individually to healthy male and female adults at doses of 1 mg/kg or 3 mg/kg, are safe 

and well tolerated.  The products tested in these two studies sponsored by Caprion will be 

used for the future trials.  These products are manufactured from mammalian cells (CHO 

– Chinese Hamster Ovary cells), without animal-derived products, and in compliance 

with Good Manufacturing Practices and the FDA guidance document: Points to Consider 

in the Manufacture and Testing of Monoclonal Antibody Products for Human Use 

(published 2/28/97). 

 

4. RISK TO BENEFIT ANALYSIS 
 

The risk to benefit ratio for the development of therapeutic antibodies for the treatment of 

STME is of great importance given the treatment population will primarily be children 

and the rate of progression to nonreversible events is unpredictable.  However, some of 

the constraints surrounding the development of such treatment are listed below:   

1) The fact that a validated surrogate efficacy biological endpoint is not available.   

2) Shiga toxin-producing bacterial infections are acute conditions in otherwise 

healthy children.   

3) Other limitations are with respect to the logistics of study conduct: 

a. Pediatric population: difficulties in recruitment, limited blood sampling; 

b. Product administration is via infusion; 
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Despite the challenges listed above, Caprion believes that the benefits outweigh the risks 

and justify the development of the two monoclonal antibodies. The following benefits 

associated with developing this product have been identified: 

1) There is no available therapy for preventing this life-threatening condition (i.e. 

HUS and its related complications) thereby representing a unique treatment for 

STPB bacterial infection and protection against HUS in high-risk populations.   

2) Two monoclonal antibodies are being developed against the two toxins that can 

be produced by the infecting agent, mostly E. coli.  This is important since 

approximately 2/3 of the STEC strains are capable of producing both toxins and 

both toxins have been associated with HUS.   

3) The proof of concept in the mice models has been well established.  Protection 

was demonstrated for both monoclonal antibodies in otherwise lethal animal 

models.  Since the monoclonal antibodies are specifically directed against the 

toxins, there is a strong probability that a high level of efficacy can be 

demonstrated provided that the therapy is administered at the right time (i.e. not 

too late in the disease process). 

4) Pre-clinical toxicity studies in infected and healthy animals indicate that the 

monoclonal antibodies are safe.  In addition, the safety of cαStx1 and cαStx2 was 

established in Phase I trials with healthy volunteers and indicate that the 

monoclonal antibodies are safe in humans.   

5) The two monoclonal antibodies will be administered only once in the early phases 

of the infection (i.e., in a single infusion).  Administration by a single infusion 

will reduce the likelihood of an undesired immunogenic response.  In addition, 

chimeric antibodies have been used successfully in multiple administrations (such 

as Palivizumab).  

 

It is recognized that to date there is no safety data available in the target patient 

population.  For this reason, any study aiming at testing the monoclonal antibodies in 

children will be designed carefully to allow the appropriate evaluation of the safety.  For 

example, the establishment of Independent Data Monitoring Committee (IDMC) 

meetings at appropriate time points during the course of the disease will be done 
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concurrently with the agency.  An interim safety and efficacy analyses will be planned to 

decide with the agency and the IDMC whether the study should be continued or not.  

Specific stopping rules for the trial should also be in place.  In addition, during the 

administration of the products, evaluations of acute hypersensitivity reactions will be 

performed by the Investigator during and after study drug administration.  Evaluations for 

delayed hypersensitivity reactions will also be performed after product administration.   

 

In conclusion, challenges are associated with the development of this product.  The use of 

monoclonal antibodies against the toxins is a therapeutic approach that can be tested in 

the target patient population with the appropriate design and efficacy endpoints.  

Adequate safety measures in the clinical studies should also be in place to protect the 

participating subjects and to allow for the continued evaluation of the risk to benefit ratio.   

 

5. PROPOSED INDICATION  
 

The chimeric monoclonal antibodies cαStx1 and cαStx2 are being developed by Caprion 

to prevent the worsening of Shiga toxin-related complications induced by Shiga toxin-

producing bacteria (STPB) infection in children as indicated by STME progression.  

Specifically, these monoclonals are being developed for: Treatment of Shiga-Toxin 

Producing Bacterial Infections.  Caprion has received Orphan indication and fast track 

status by the FDA for this indication. 

 

The proposed administration schedule is one single dose by IV infusion.  The final dose 

will be determined from the pivotal trial (described below) but should not exceed 3 

mg/kg of each monoclonal antibody. 

 

6. PROPOSED PHASE II/III TRIAL 
 
This study design (i.e. a hybrid Phase II/III) is proposed because of the rarity of the 

patients and because it will require screening approximately 50-100 patients to recruit 1 

patient positive for Shiga toxins in the stools.  This design does not in any way 

compromise the safety of the patients however it will maximize the quantity of data 

Caprion Background Information version 12/MAR/2007                     Page 39 of 55 



FDA Advisory Committee Meeting April 12, 2007 

captured by evaluating efficacy on as many randomized patients as possible.  The 

objectives of the first part of the study will be the safety evaluation and dose finding.  The 

objectives of the second part of the study will be safety and efficacy. 

 

6.1 STUDY SYNPOSIS 
 
Protocol Title:   

A Safety and Efficacy Phase II/III Study of Chimeric Monoclonal Antibodies to Shiga 

Toxins 1 (cαStx1) and 2 (cαStx2) Administered Concomitantly to Children with Proven 

Shiga Toxin-Producing Bacterial (STPB) Infection. 

Objectives:  

Part A 

Primary Objectives: 

• To evaluate the safety and tolerability of different intravenous doses of cαStx1 

and cαStx2 administered concomitantly in children presenting with early signs of 

proven STPB infections.  Safety indicators will include frequency and severity of 

treatment-emergent adverse events and clinical and biological indicators such as 

vital signs, physical exam, ECGs and laboratory parameters, including 

complement activity evaluations. 

• To determine, based on the safety analysis of Part A, the dose to be administered 

in Part B. 

Part B 

Primary Objectives: 

• To evaluate, in a larger sample, the safety and tolerability of the intravenous dose 

of cαStx1 and cαStx2 selected from Part A. 

• To evaluate the efficacy of cαStx1 and cαStx2 by clinical monitoring of the 

progression of toxin effect.  Toxin effect will be evaluated through the monitoring 

of STMEs.  The primary efficacy endpoint will be the number of subjects who 

had a STME that progressed during the study up to study Day 14 (as described in 

Section 3.1).  STMEs will be graded according to the STPB Disease Severity and 

Progression Scale. 
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Secondary Efficacy Objectives: 

• To compare the severity and duration of STMEs between groups. 

• To compare the incidence and duration of hospitalization between groups. 

• To compare the incidence of Hemolytic Uremic Syndrome (HUS) between groups 

and in patients defined as “very high risk of developing HUS” based on 

coagulation parameters [D dimer, tPA, and prothrombin fragment 1+2]8.   

Other Objectives: 

• To assess the frequency of development of human anti-chimeric antibodies 

(HACA), including immunoglobulin class and subclass. 

• To describe the patterns of resource use in children presenting with STPB 

symptoms using a pharmacoeconomic instrument. 

• To evaluate the pharmacokinetic characteristics of cαStx1 and cαStx2 in a subset 

of subjects. 

Study Design:   

Phase II/III, international, multiple dose, randomized, double blinded, placebo-controlled 

study.  A total of approximately 315 study participants will be randomized. 

Part A will include two cohorts.  An initial cohort of 20 participants will be randomized 

to either placebo or 1 mg/kg per antibody cαStx1 and cαStx2.  Following an Independent 

Data Monitoring Committee (IDMC) review of the safety data once all participants 

complete Day 14, a second cohort of 25 participants will receive either placebo or 3 

mg/kg per antibody cαStx1 and cαStx2.  Once all participants in Part A receive treatment 

and complete follow-up to Day 14, the data will be examined by an IDMC.  

In Part B, approximately 270 eligible pediatric participants will be randomized in equal 

proportions to receive either placebo or cαStx1 and cαStx2 at the final dose selected 

from Part A. 

The following diagram depicts the general study design: 
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Figure 12 Study Design 
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6.2 STUDY POPULATION AND RECRUITMENT 
 

The target study population will be children aged between 6 months and 18 years 

inclusive and presenting with diarrhea (bloody or non-bloody by visual inspection) for no 

more than 3 consecutive days prior to baseline.  Diarrhea is expressed as a change from 

usual bowel pattern.  Change in usual pattern is defined as a change to a looser 

consistency with an increase of at least 2 additional stools per day. 

 

In order to detect and treat STEC infected patients as early as possible in the disease 

course, the Biostar OIA
® 

SHIGATOX Assay, a rapid point of care commercial diagnostic 

test (that has been recently approved by the FDA) will be used to screen for the presence 

of Shiga toxin (Stx1 and/or Stx2) in stool (see Section 2.3).  Compared to the currently 

available commercial tests, the time to result is much faster, i.e. less than 15 minutes, and 

can be performed without intervention of a microbiology laboratory.   
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6.3 METHODS OF EVALUATION 

he visit schedule is presented in the table below (Table 8): 

able 8 Visit Schedule 

 Day 
0* 

Day 
1 

Day 
2 

Day 
3 

Day 
5 

Day 
7 

Day 
10 

Day 
14 

Day 
20 

Day 
28 

Day 
42 

Day 
56/ 

f 
y 

Month 
6 

Month 
12 

 

T

 

T

 

End o
Stud

Site Visit x x x x  x  x  x  X   

Telephone 
Contact     x x   

 
 x  x  x  x  

 

 

6.3.1 Safety Measures 

ad event reporting by trained site staff, evaluations of acute 

A of the study. 

In dition to adverse 

hypersensitivity reactions will be performed by the Investigator or delegate at 

baseline (Day 0), during study drug administration, and 1, 2, 6 and 12 hours after the 

initial study drug administration.  Signs of anaphylaxis will be continuously 

monitored for 12 hours following study medication administration.  These adverse 

events will be documented in the corresponding section of the Case Report Form 

(CRF).  Sites will be equipped with adrenergics and must make it available for 

treatment of acute allergic symptoms during administration of study medication.  

Evaluations for delayed hypersensitivity reactions may include (but not be limited to) 

one of the following adverse events:  cutaneous eruption, arthralgia, or 

lymphadenopathy occurring more than 24 hours after study drug administration. 

Safety evaluations will include standard laboratory tests (biochemistry, hematology, 

and urinalysis).  In addition, in Part A, complement activity (C3, C4 and Ch50) will 

also be assessed before the infusion and 2 and 14 days after the infusion.  This will be 

done only in Part A due to the amount of blood required for these analyses 

(approximately 3 mL per time point).  ECG evaluations will also be performed in Part 
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A complete physical examination along with vital signs (oral or axillary temperature, 

respiratory rate, blood pressure and pulse) and hydration assessments will be 

 
IDM
 

The IDMC will be responsible for the following: 

 two different intravenous doses of the 

• e the safeguard of the participating subjects by regular safety reviews of 

ety data, at a minimum, at the 

 

Regulatory approval will be 

to Part B.  In addition, the results of the interim analysis in Part B will be provided to 

Stopping Rules 
 

he IDMC can stop the trial if the investigational drug appears to be causing 

arm to participants, or if there is evidence that the risks outweigh the 

severe anaphylactic reactions. 

performed during all site visits for both parts of the study.  

C 

• To assess the safety and tolerability of

concomitant administration of cαStx1 and cαStx2; 

• To determine, based on the results obtained from Part A, the appropriate dose to 

administer in Part B of the study; 

• To determine, based on the results of Part A, the appropriateness of the study 

design; 

• To perform a sample size-estimation in Part B; 

To assur

safety data.  The IDMC will review the saf

following intervals: when 50 participants have been enrolled and treated and 

every 100 thereafter.  The IDMC will meet at least semi-annually.  If at any time 

during the trial, the number of HUS cases is greater than 10% of the highest 

expected rate of HUS (i.e. maximum of 30% incidence), the IDMC will convene. 

sought prior to resuming study recruitment from Part A 

the agency for review and approval.  The outcome of each IDMC meeting will also be 

provided to the agency. 

 

T

unexpected h

benefits.  The trial will be stopped, pending IDMC review and approval to continue, 

if one participant in Part A (at any dose) or two participants in Part B experience 
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6.3.2 Efficacy Measures 

Efficacy evaluation will be based on the aggregate clinical data obtained from Parts A 

and B.  To assess efficacy, each participant will be examined for presence of STMEs 

.1.  Signs and symptoms will be captured by medical 

 
6.4
 
6.4 icacy Statistical Methodology

as described in section 3

assessments performed by clinical staff and diaries completed by the patient and/or 

parent.  

 STATISTICAL CONSIDERATIONS 

.1 Eff  

ffic

 a simple comparison of proportions of 

participants who experience a progression of at least one STME during the study (up 

ing the Wilcoxon rank-sum test or, for 

, age, 

6.4.2

 

E acy Analyses 

The primary efficacy analysis will be

to Day 14) as described in Section 3.1.  

For the secondary efficacy analyses, binary endpoints, such as occurrence of HUS, 

will be analyzed as described above for the primary endpoint.  Continuous endpoints, 

such as duration of STMEs, will be analyzed us

analysis of time to an event when there are losses to follow-up, the logrank test. 

Regression modeling will be used to evaluate potential risk factors for the primary 

and selected secondary endpoints, as well as for complications and/or severity of 

endpoint events.  Factors to be evaluated include biomarkers, clinical symptoms

gender, type of strains, and regional variability. 

 

 Interim Efficacy Analysis 
  

he IDMC will review the aggregate STME data (i.e. rate, severity, progression) 

riv Severity and Progression Scale in order to assess, 

nitiating Part B of the trial, the appropriateness of the scale, the selection 

criteria, and sample size.  Following the review, the IDMC will recommend going on 

T

de ed from the STPB Disease 

prior to i
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to Part B or terminating the trial.  If the IDMC recommends continuing, it may 

recommend changes to the protocol, including, but not limited to, modification of the 

scale (e.g., scoring, symptom descriptions), the selection criteria, or the sample size 

required for Part B.  Based on the extent of any protocol changes, the IDMC will also 

recommend either that the Part A data be included in the efficacy evaluation at the 

end of Part B, or that only Part B data be used and that more subjects be randomized 

to provide sufficient power for Part B alone. 

The IDMC will conduct one unblinded efficacy analysis for the purpose of re-

estimating sample size or recommending that the trial be terminated for futility (i.e., 

lack of efficacy).  This analysis will be planned to occur about midway through Part 

B, when Day 14 data should be available for 50% of the participants to be included in 

 

6.4

the efficacy analysis.  The interim analysis will use the approach of Lan and Trost70. 

The IDMC will evaluate unblinded data both for any STME (the primary endpoint) 

and for HUS and will recommend that the study continue as planned, continue with 

an increased sample size, or be terminated due to a very small chance that a 

statistically significant effect of active treatment will be found.  Termination for 

futility would be made on the basis of the STME analysis, but continuation with an 

increased study size might occur because of either endpoint (STMEs or HUS).  

Increased sample size might be recommended if the conditional power for HUS 

analysis was larger than expected, either because HUS rates were higher than 

anticipated or because the observed effect of active treatment on HUS was larger than 

anticipated.  

 

.3 Sample Size Calculation 

For estimatio
 

n of the needed sample size for the primary analysis, we assume an 

STME progression rate of 30%71 in placebo recipients and 15% (i.e., a 50% 

reduction) in participants treated with active drug.  For 80% power and a z-test at the 

e-s vel, approximately 121 participants per group are on ided 0.025 significance le

needed.  To allow for approximately 20% attrition either from ineligibility based on 

post-screening stool testing or loss to follow-up for the primary endpoint, we plan to 
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randomize 150 participants into each of the two groups, or a total of 300 participants.  

Assuming 15 participants in each group will come from Part A of the study, we plan 

to randomize an additional 135 participants into each group, or a total of 270 

participants, in part B.  The increased sample size should be adequate to keep the 

power at or above 80% if there is loss to follow-up and the analysis is therefore a 

comparison of Kaplan-Meier estimates. 

SUMMARY 

C infections are associated with en

 

7. 
 

STE teropathic and thombotic extra-intestinal 

anifestations which can lead to the severe life-threatening condition, HUS, especially in 

o standard treatment for HUS and there are no predictor factors for 

e disease.  STEC infection and HUS rates are extremely low, thereby qualifying them 

d cαStx2) against the Shiga toxins 1 and 2, produced by STEC, that 

ave been associated with the complications of STEC disease from enteropathy to renal 

dition, the monoclonal antibodies were 

dministered to 50 healthy adult volunteers and were found to be generally safe and well 

tolerated and have not caused allergic or hypersensitivity reactions. 

m

children.  There is n

th

as orphan diseases.   

 

The challenge to develop a therapeutic intervention in these indications is not only the 

rarity of patients but the acute condition of the disease.  Caprion developed monoclonal 

antibodies (cαStx1 an

h

dysfunction and encephalopathy.  Caprion proposes to treat the early stages of STEC 

disease because early interruption of the Stx-mediated cascade by monoclonal antibodies 

is likely to have an impact on severity of the illness and associated complications.  For 

this purpose, Shiga toxin-mediated events have been identified and the STPB Disease 

Severity and Progression Scale has been developed for the evaluation of the progression 

of STMEs during the acute phases of the disease. 

 

The proof of concept of Caprion’s monoclonal antibodies has been demonstrated in 

animal models and the toxicology studies have indicated that the products are not 

associated with any overt signs of toxicity.  In ad

a
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Due to the rarity of patients, a Phase II/III design is proposed for the evaluation of the 

monoclonal antibodies in children.  This design does not in any way compromise the 

safety of the patients however it will maximize the quantity of data capture by evaluating 

efficacy on as many randomized patients as possible.  

 

The objectives of the first part of the study are safety and dose finding.  In the second 

part, the objectives are the evaluation of the safety and efficacy of cαStx1 and cαStx2 by 

clinical monitoring of the progression of toxin effect.  Toxin effect will be evaluated 

through the monitoring of STMEs.  The primary efficacy endpoint will be the number of 

bjects who had a STME that progressed during the study up to study Day 14.  STMEs 

on of the 

sk to benefit ratio.   

su

will be graded according to the STPB Disease Severity and Progression Scale.   

 

Caprion’s monoclonal antibodies against the Shiga toxins are a therapeutic approach that 

can be tested in the target patient population with the appropriate design and efficacy 

endpoints.  In addition, adequate safety measures in the definitive clinical study will be in 

place to protect the participating subjects and to allow for the continued evaluati

ri
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