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products in the US. As such a full review of all the applicable clinical studies was conducted at 
the time of the first NDA submission. The regulatory challenges posed by this application are 
the lack of a reference listed drug and the lack of clinical studies conducted by or for the 
Applicant with the proposed commercial products. In the case of E-Z-HD the referenced 
literature consists of studies published from 1976 to 2005. E-Z-HD became commercially 
available in 1980 and similar barium sulfate products had been under development and in in use 
in the 1970’s. To bridge the current product with the historical product on which the published 
studies and other clinical experience is based, the CMC reviewers relied on a quality standards 
framework. The quality attributes within this framework included product formulation, drug 
substance particle size and viscosity. 

The descriptions of the product used in the referenced studies were compared with the 
description in the E-Z-HD NDA. The CMC reviewers examined the manufacturing quality 
history and concluded, based on these data that E-Z-HD product manufactured from 1980 to 
2015 are comparable from the standpoint of quality and are expected to have comparable 
clinical performance characteristics. A similar bridging approach was used for the Ready-Cat 2 
products.

In the absence of a reference listed drug, the evaluation of the history of quality standards is the 
general approach to be used to evaluate the comparability of proposed commercial barium 
sulfate products and the unapproved historical products referenced in the literature. 

A critical objective of the review of these marketed unapproved products is to verify the quality of 
the drug substances and final products and to ensure that the manufacturing process and controls 
yield a consistent product. Of particular importance is the assessment of potential impurities in the 
drug substance including related substances, degradants, inorganic impurities, residual solvents, 
reagents and genotoxic impurities. 

Sources of clinical data. 
Efficacy reports from the scientific literature. A total of 151 publications were selected for 
assessment of efficacy based on the review of each publication’s abstract. A total of 103 
publications were excluded based on inclusion and exclusion criteria. The remaining 48 
publications were reviewed in detail and are included in this submission.

The focus of the clinical efficacy review of the literature was to verify the utility of the various 
barium sulfate products for enhancing the visualization of various region of the GI tract. 
Published studies of barium sulfate products evaluated the performance of barium sulfate in 
detection of normal and abnormal anatomy relative to a reference standard or to other diagnostic 
tests. Various study limitations and lack of access to patient-level data do not allow verification 
of quantitative performance of barium sulfate. Quantitative performance data are considered 
descriptive and supportive of the reliability of barium sulfate to provide for clinically useful 
delineation and visualization of GI structure. 

Safety reports from the scientific literature and from practice guidelines. The Applicant 
conducted a review of the literature and also summarized the safety profile of barium sulfate  
described in the Manual on Contrast Media issued by the American College of Radiology 
(ACR), the Guidelines on Contrast Agents of the European Society of Urogenital Radiology, 
and the ACR Practice Parameters for performance of imaging procedures with barium sulfate.
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Marketing data. The Applicant provided their safety database for the time period of 1/1/2009 to 
7/31/2014 and historical records of spontaneous reports from 7/1/1997 to 12/31/2008.

Pediatric use survey. The Applicant conducted a survey among users and medical experts to obtain 
information about current methods of use and special precautions for all barium sulfate products in 
pediatric patients. On September 14, 2015 the applicant amended the pending applications by 
submitting the report of the results of the pediatric survey to  E-Z-HD NDA before the 
Prescription Drugs User Fee Act (PDUFA) action date of October 11, 2015. FDA classified the 
amendment as major, determined that it would be reviewed during the present review cycle and that 
it would extend the PDUFA action date. FDA also agreed to use this information in considering 
requests for waiver or deferral of studies in pediatric patients  

.

Quality of clinical data
Given the long history of clinical use of barium sulfate, adequate and well controlled studies are not 
available in the literature and are not required in support of these NDAs.  The available studies are 
primarily retrospective and therefore subject to selection bias; in addition independence of readers 
and blinding to clinical information including results of other diagnostic tests cannot be assured. 
Because most of the publications provided in the submission did not give details on the specific 
barium products used in the studies, the clinical reviewer conducted literature searches to identify 
studies that specifically used the applicant’s barium products.

The clinical reviewer classified the quality of the studies into three categories: primary, supportive 
and evaluable for safety. The reviewer relied on the primary publications for the assessment of 
efficacy.

2. CMC

 I concur with the assessment made by the FDA microbiology reviewer, Dr. Cole, that this 
submission may be approved from the standpoint of product quality microbiology.  The 
Microbial Limits specifications for E-Z-HD (Barium sulfate for suspension, 98% (w/w)) and 
Readi-Cat 2 and Readi-Cat 2 Smoothies (Barium sulfate suspension, 2% w/v) are acceptable 
from a product quality microbiology perspective. 

 I concur with assessment by the FDA biopharmaceutics reviewer Dr. Noory and Wu that no 
biopharmaceutics issues are posed by either the drug substance or the drug product in the 
present applications.

 I concur with the assessments of the FDA process and facility quality reviewers (Drs. Hsieh    
and Nguyen) that based on the results of validation batch runs, the manufacturing process 
yields a product consistently and reproducibly within the established product specifications 
and within the CGMP requirements. The pre-approval inspection of the drug product 
manufacturer (E-Z-EM Canada, Inc.) and the drug substance manufacturer  (Barium Sulfate 
USP producer ) revealed no GMP deficiencies.

 I make reference to the drug substance information in NDA 208036 and to the review by Dr. 
Haber. I concur with Dr. Haber’s assessment that from the drug substances perspective the 
CMC information provided in the application is satisfactory. The most important issue 
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 I concur with the recommendation by the clinical, statistical and labeling review teams that the 
scientific publications on which the findings of efficacy are based need not be cited in the 
products’ prescribing information. The reviewers identified the following strengths and 
limitations in the data presented.

 Given the well-established clinical use of barium sulfate, adequate well controlled studies with 
current commercial product are not available. A product quality approach was used to establish 
the comparability of the commercial and historical product and bridge the clinical data submitted 
(see Section 2 of this summary review). For this reason new clinical studies with commercial 
product are not required for this submission. 

The pharmacologic/pharmacodynamic effects of barium sulfate have been established through 
long clinical experience (see Section 4 of this summary review). Radiologic contrast is necessary 
for the visualization of the GI tract. Barium sulfate increases the attenuation of x-rays and 
enhances the delineation of the GI tract.  The clinical utility of enhanced visualization is 
considered self-evident.  Nevertheless, Dr. Ye’s review summarizes the evidence of the utility of 
barium sulfate for diagnostic purposes such as the detection of GI masses, ulcers, strictures, 
diverticula, inflammation, infection, altered motility.   

The objective of the clinical review was not to establish diagnostic performance characteristics 
for a specific radiologic procedure or for a comparative diagnostic procedure. Instead the 
evidence of diagnostic use was considered supportive of the proposed indication of  
delineation. The approach of Dr. Ye’s review was to substantiate the efficacy of barium sulfate 
for at least one diagnostic use per region of the gastrointestinal tract. The findings are judged to 
be applicable to other diagnostic indications based on similar mechanisms of action.

Quantitative data suitable for statistical analyses were limited and the summary data could not be 
verified at the patient level. Because of these and other study design issues the values of several 
available imaging parameters such as sensitivity and specificity reported in the clinical and 
statistical reviews are to be considered descriptive.

 I conclude that despite the limitations discussed above, the totality of the evidence demonstrates the  
clinical utility of bariums sulfate for visualization of the GI tract. 

7. Safety

 I concur with the FDA Clinical Reviewer (Dr. Ye) that the safety profile of barium sulfate is well 
understood based on published reports of clinical use,  marketing surveillance,  and practice 
guidelines  and that the risks are acceptable for patients requiring visualization of the GI tract. 

Marketing surveillance reports. As summarized by Dr. Ye, during the period from January 1, 2009 
to July 31, 2014, approximately   patients received barium sulfate products. A total of 
308 spontaneous reports were considered related to the administration of  barium sulfate; 50 of 
these reactions were classified as serious. The most common serious reactions were aspiration 
(n=14), barium impaction (n=4), and dyspnea (n=4).  During the period from July 1, 1997 to 
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December 31, 2008, a total of 370 reports were considered related to the administration of barium 
sulfate; 70 of these reactions were classified as serious. The most common serious reactions were: 
aspiration (n=10); urticaria (n=7); large intestine obstruction (n=6); dyspnea (n=5); rectal 
perforation, vomiting, or aspiration pneumonia (n=4, each). 

Practice guidelines. Practice guidelines also cite the following as serious risks: aspiration of orally 
administered barium with potential for fatal respiratory compromise or pneumonia; intestinal 
perforation or intravasation of barium from rectal administration due to procedural complications 
(including trauma, catheter misplacement, increased hydrostatic pressure) and associated with high 
mortality; rare hypersensitivity reactions to barium products; aggravation of toxic dilatation of the 
colon by barium; intestinal obstruction. Common non serious reactions to barium sulfate products 
are nausea and vomiting, abdominal pain, constipation, diarrhea, vasovagal reactions from viscous 
distention. The contraindications and warning sections of the labeling will address these risks.

8. Advisory Committee Meeting

A meeting of Advisory Committee was not considered necessary because the NDA did not raise 
new scientific or clinical issues.  

9. Pediatrics

 I concur with the assessment and recommendations by the FDA Pediatric and Maternal Health 
Reviewer and the Clinical Reviewer (Drs. Khurana and Ye) that the efficacy of barium sulfate 
for delineation of the GI tract can be extrapolated from adults to pediatric patients. This 
conclusion is generally supported by the published literature (see Dr. Ye’s summary of pediatric 
studies), practice guidelines by Radiology professional groups, and by the Applicant’s pediatric 
use survey data. 

The low response rate limits the generalizability of the results of the pediatric survey conducted 
by the Applicant. Nevertheless the survey suggests that barium sulfate products are used in all 
pediatric age groups. Limitations of the use of barium sulfate products are not drug-specific but 
are imposed by procedural difficulties and need for patient cooperation. 

With regard to E-Z-HD there is limited applicability of use in the pediatric population (other 
than in adolescents) for the double contrast examinations of the upper GI tract. The radiologic 
studies are difficult to perform in pediatric patients and are associated with exposure to higher 
radiation doses. Therefore use in patients younger than 12 years of age is not recommended. 

With regard to Ready-Cat 2 products, the use is applicable to  pediatric patients across all age 
groups.

 I concur with the assessment by Dr. Khurana that there are insufficient data on which to base dosing 
recommendations for barium sulfate in pediatric patients. In the absence of study data or clinical 
guidelines, institutional protocols have been in use. However I do not believe that further more 
comprehensive surveys of existing pediatric imaging protocols are needed. Dosing 
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recommendations would have to be based on medical expert review of the information. It is not 
clear if such consensus recommendations on barium sulfate dosing would provide an acceptable 
basis for drug labeling. Consequently labeling will recommend only scaling down the volume of 
barium sulfate to reflect the volume of the GI tract in the relevant pediatric age groups. 

 I concur with the assessment by Dr. Ye that the safety profile of barium sulfate preparations is 
similar in pediatric patients and adults. The most commonly reported reactions in the Applicant’s 
surveillance database are nausea, vomiting, abdominal pain, diarrhea, barium impaction, intestinal 
obstruction, barium aspiration, hypersensitivity reactions. Fluid overload might occur in pediatric 
patients with intestinal motility disorders. Perforation of the GI tract is a serious, rare complication

 

10. Other Relevant Regulatory Issues
No restrictions to ensure safe use are needed.

11.  Labeling

The DMIP associate director for labeling Dr. Todd led the revisions of the prescribing information.  
To make it be consistent with current PLR format.  (see appended final labeling).   
.

12.  Decision/Action/Risk Benefit Assessment

 I concur with the unanimous recommendation by the FDA reviewers that the pending 
applications be approved to provide an indication for E-Z-HD barium sulfate powder for 
suspension (98% w/w) for double contrast radiography of the upper GI tract in adult and 
adolescent patients and for Readi-Cat 2 and Readi-Cat 2 Smoothies for computed 
tomography to delineate the GI tract in adults and pediatric patients across all age groups.

 The totality of the data strongly supports the value of barium sulfate for visualization of the GI 
tract using various radiologic procedures. There are very few data on which to base 
recommendations for the doses of barium sulfate that have been in established clinical use. 
However, there is no evidence in the literature or marketing surveillance to suggest that new 
studies are needed to optimize or standardize dosing of barium sulfate products currently in use. 

 The safety of barium sulfate is well established and serious reactions are uncommon.
Serious adverse reactions are usually caused by complications related to the procedures required for 
the barium administration. These include mediastinitis or peritonitis due to perforation of the GI 
tract, respiratory distress and pneumonia due to aspiration of barium, and venous intravasation due 
to trauma or displacement of the barium enema tip. Other serious reactions related to the drug 
include anaphylactoid reactions to barium sulfate and excipients.
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