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EXECUTIVE SUMMARY 

The applicant is seeking approval for Potassium Chloride KCl Powder for Oral Solution, USP, 
20 mEq, by a 505 (b) (2) NDA submission. The 505 (b) (2) NDA is based upon the referenced 
listed drug (RLD) potassium chloride extended release tablet 10 mEq, Klor-Con® [Upsher-
Smith Laboratories (NDA 19123)], a  based tablet. The submission requests a waiver 
for a bioavailability/bioequivalence (BA/BE study) and a waiver for the Pediatric Research 
Equity Act (PREA) requirements. In support of the request for a BA/BE biowaiver the sponsor 
submitted 5 published studies that compared the bioavailability of solid and liquid formulation 
containing KCl and data from the Summary Basis of Approval (SBA) for NDA 19123 for Klor-
Con® sustained release tablet, the reference listed drug.  

The proposed indications for KCl powder for solution in adults and children is to  
treat patients with hypokalemia with metabolic alkalosis. In support of the pediatric waiver the 
sponsor submitted  

 

The Clinical Pharmacology Review focused on the submitted publications and the SBA of NDA 
19123  for 
their product. An additional goal of the review was to identify supplemental literature with 
information on the bioavailability and pharmacokinetics of potassium after administration of 
solid and liquid formulations containing KCl to healthy subjects. The Reviewer’s data analysis 
used mean data as individual data of the subjects in the different studies were not consistently 
available.  

 

1.1 Summary of Important Clinical Pharmacology Findings 

• Administration of therapeutic doses of potassium does not result in a commensurate 
increase of the plasma levels. Thus, the traditional exposure measures, AUC and Cmax, 
are not useful in determining bioavailability and pharmacokinetics of potassium. Instead, 
the cumulative amounts excreted in urine, the peak excretion rates and the corresponding 
times, must be used in assessing bioavailability/bioequivalence of preparations containing 
KCl.  

• Potassium, after oral administration of liquid is primarily eliminated by renal excretion 
(70-90% of the dose). Smaller amounts (10% of the dose) are eliminated by the fecal 
route. Although the inter-study variability of the cumulative amounts of potassium 
excreted is greater than the intra-study variability, absolute bioavailability, peak rates and 
corresponding times of potassium with liquid formulations are fairly consistent among 
different studies.  
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• The mean absorption efficiency of potassium with solid formulations relative to liquid 
formulations containing KCl is similar and ranges between 80 and 120 %. 

• Liquid KCl formulations do not show a food effect 

• Distribution and elimination of potassium deviate from linear kinetics. In order to obtain 
accurate estimates for bioavailability/bioequivalence of KCl containing formulations the 
collection of urine samples should be extended until the amounts of potassium remaining 
to be excreted are negligible. The collection of total volumes of urine is a pre-condition 
for obtaining accurate estimates for the rate and extent of absorption of potassium.  

• Many extrinsic and intrinsic cofactors impact the disposition of potassium, including the 
content of potassium and sodium in the diet, food- and caloric intake, hormones (insulin, 
aldosterone), β2-agonists, physical activity and posture. Protocols of bioavailability 
studies must control for these covariates.   

Issues 

Biowaiver 

• The sponsor has not provided persuasive evidence supporting a biowaiver for their 
product.  The five publications submitted reported urinary excreted amounts of total (net 
+ dietary) potassium instead of net potassium after administration of liquid and solid KCl 
formulations (1-5).  Estimating bioavailability based on amounts of total potassium 
excreted is not appropriate. Only two of the five publications reported also bioavailability 
based on the amounts of net potassium excreted 24 h and 48 h after administration of 
potassium chloride products.  One of the two publications demonstrated a lower than 
80% bioavailability of net potassium with a solid dosage form relative to a solution. It 
appears that the sponsor has not analyzed the raw data sets reported in the publications 
and has not differentiated between the amounts excreted in urine of net and total 
potassium.  

• The sponsor has no right to refer to the bioavailability data reported in the SBA of the 
RLD Klor-Con 

 
Resolution of the Issues 

• The identification of additional publications by the Reviewer and the information 
provided in NDA 208019 allowed determination of the urinary excreted amounts of net 
potassium for liquid and solid dosage formulations containing KCl. The results show not 
only consistency of the bioavailability and pharmacokinetics among liquid KCl 
formulations but also between liquid and solid formulations containing KCl including 
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Klor-Con allowing bridging of the sponsor’s product, KCl powder for Oral solution, 
USP, 20 mEq, to Klor-Con. 

 

1.2 Recommendations 

The Office of Clinical Pharmacology recommends granting a biowaiver for KCl Powder for Oral 
Solution, USP, 20 mEq.  

 

1.3 Post-marketing Requirements  

None 

2. QUESTION BASED REVIEW 

2.1 General Attributes of the Drug 
2.1.1 History of Regulatory Development 
 
Potassium chloride containing formulations 
KCl containing products for intravenous infusion and oral administration are approved for 
marketing in the US.  Oral formulations include liquid and solid products. The initial solid 
preparations with delayed release characteristics were removed from the market in the 1960s 
because of gastrointestinal toxicity. Later, wax matrix based and microencapsulated formulations 
as well as coated microcrystal containing preparations with extended release characteristics were 
introduced.  
 
Regulatory meetings for NDA 208019 
A Type B Meeting for P-IND 115294 for KCl Powder for Oral Solution, USP, 20 mEq per 15 
mL, was held on May 23, 2012, with the previous sponsor, Lehigh Valley Technologies, Inc. 
Allentown, PA. At the meeting the Agency stated that if the sponsor chooses the 505 b(2) path a 
biowaiver for their product is feasible.  
 
2.1.2 What are the highlights of the chemistry and physical-chemical properties of the drug 
substance and the formulation of the drug product? 
KCl is a  of a molecular mass of 74.55 dalton. It is highly soluble in water (360 
mg/mL). The formulation is a powder containing 20 mEq KCl which is to be diluted with 4 
ounces of cold water before ingestion. 
 
2.1.3 What are the proposed mechanism of action and therapeutic indications? 
K+ is the principal intracellular cation in most tissues. An electro-chemical gradient across the 
cell membranes characterized by a 30 fold higher intra-cellular than extracellular concentration 
of K+ is required for the functioning of the cells in sustaining intracellular tonicity, the 
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The exposure response relationship for efficacy for K+ is not well understood. The efficacy 
endpoint in patients with hypokalemia is the serum level of K+, a biomarker. It is assumed that a 
normal K+ level indicates a normal extra-/intracellular gradient of K+. The dose of KCl is titrated 
against the serum level of K+. In adults the normal serum level ranges between 3.5 and 5.5 
mEq/L. In children the normal range of serum K+ levels is age dependent.   
 
2.2.4.2 What are the characteristics of the exposure-response relationships for safety? 
The serum K+ is also used as biomarker for safety. Additional biomarkers for safety include the 
PQ-, QRS- and QT/QTc intervals and the T wave of the ECG (6). A roughly linear dose-
response relationship for K+ is known for the T wave. With increasing levels of K+ the QT 
interval becomes shorter, the PQ interval longer and the QRS interval wider. The dose regimen 
of KCl is adjusted to the degree of hypokalemia. In clinical practice the serum K+ levels are 
monitored routinely.  
 
Single oral doses of up to 140 mEq KCl and daily oral doses of up to 500-1000 mEq KCl from 
dietary sources have reportedly been tolerated (7). Two of three healthy subjects receiving 167.6 
mEq of KCl orally experienced paresthesia starting about 60 min after administration and lasting 
60-90 min (8).  
 
2.2.4.3 Does this drug prolong QT/QTc Interval? 
No QT/QTc study was performed with KCl containing formulations. No evidence for a 
prolongation of the QT/QTc interval after administration of KCl formulations is available (see 
section 2.2.4.2)   
 
2.2.4.4 Is the dose and dosing regimen selected by the sponsor consistent with the known E-R 
relationship? 
Yes. The dose and dose regimen proposed for KCl Powder for Solution is consistent with 
previous reported experience. The potassium levels are to be monitored. 
 
2.2.5 What are the PK characteristics of the drug? 
 
Facts Relevant for the Kinetics of Potassium 
Potassium is the principal intracellular cation of most body tissues (9). Total K+ in the human 
body is about 3500 mEq. Of the total pool 98% (3400 mEq) resides intra-cellularly in muscular 
tissue, liver and red blood cells and 2.0% (80 mEq) is distributed in the extra-cellular space. The 
gradient is maintained by the activity of the transporter Na+/K+ ATP’ase. Because of the 
magnitude of the gradient, intracellular K+ constantly leaks out into the extracellular space. By 
balancing dietary uptake and loss mainly by renal excretion a quasi-steady-state of K+ is 
achieved in the body.  A normal diet provides between 50 -100 mEq of K+ daily. In healthy 
subjects about 90% and 10% of a dose of K+ is reportedly eliminated by the renal and fecal 
routes, respectively (10-12).  

In humans, K+ is passively absorbed in the gastrointestinal tract. Potassium is not bound to 
plasma proteins (13). The renal clearance of K+ exhibits a circadian rhythm with a peak at 
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midday which is 2 fold greater than the nadir at midnight (14). Based on findings in animals two 
transporters were postulated to be involved in mitigating the increase of the plasma levels of K+ 
after acute administration of KCl: The transporter Na+/K+ATP’ase located in muscle tissue, the 
major pool, and in the splanchnic bed, when activated, shifts K+ from the extracellular to the 
intracellular space and the Na+-K+-Cl– co-transporter located in the distal tubule and collecting 
duct of the kidney, when activated, modulates the renal clearance of K+ by shifting from 
reabsorption to secretion  (15-20). The system regulating activation/inactivation of the 
transporters has not been identified (21). Other covariates that can impact the kinetics of K+ 

include physical activity, caloric intake, insulin, aldosterone, beta2 agonists and sodium 
(12,22,23).  

Pharmacokinetics of Potassium  

The goal of the review was to examine suitable published data in healthy humans after 
administration of liquid and solid dosage formulations containing KCl to determine the 
pharmacokinetics and bioavailability of K+. A literature search covering the period from 1930 to 
2014 was conducted.  

Methods 

Selection and Acceptance Criteria of Publications Reporting on the Pharmacokinetics of 
Potassium 

Publications were of interest if they reported:  

a) the time course of the excretion rate and the excreted cumulative amounts of K+ in urine, 
dAe/dt and Ae(t), respectively, after oral or intravenous single dose administration of KCl. 
Publications were considered that used a randomized cross-over design, included a control 
period of 2-4 days with intake of a fixed K+ diet prior to administration of KCl formulations and 
reported excretion rate- and recovery data of K+ on control and treatment days. A total of 8 
studies in healthy subjects met the acceptance criteria for a) (1,2,24-28). Among these studies, 
two collected urine samples frequently up to 48 h after administration so that plots of dAe/dt vs 
time, and amounts remaining to be excreted in urine, Ae(∞)-Ae(t), versus time could be obtained 
and peak excretion rates, dAe/dtmax, and corresponding times, tmax, determined. From the 
remainder 6 studies only partial information was obtainable including e.g. recovery of K+ 24 h 
after administration, Ae(0-24), and dAe/dtmax and tmax. 

b) mid time plasma/serum concentrations and dAe/dt of K+ after intravenous infusion or oral 
administration of KCl . Four (4) publications were identified allowing calculations of CLr (12, 
14,29,30). They reported mean data from cohorts of 4-14 healthy subjects obtained on control- 
and treatment days with single dose administration of liquid and solid KCl formulations, during 
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2.3.1 What intrinsic factors influence exposure and/or response, and what is the impact of any 
differences in exposure on efficacy or safety responses? 
Age, renal impairment, heart failure and liver cirrhosis are intrinsic factors that may impact the 
safety of KCl containing products. The dose selection should start at the lower end in these 
populations.  
 
2.3.2 Based upon what is known about E-R relationships and their variability, what dosage 
regimen adjustments are recommended for each group? 
 
 
2.3.2.1 Elderly 
 
Clinical studies of KCl did not include sufficient numbers of subjects aged ≥65 years to 
determine whether they respond differently from younger subjects. In general dose selection for 
elderly patients should be cautious, usually starting at the low end of the dosing range, reflecting 
the greater frequency of decreased hepatic, renal or cardiac function, and of concomitant disease 
or other drug therapy. 
The drug is known to be substantially excreted by the kidney, and the risk of toxic reactions to 
this drug may be greater in patients with impaired renal function. Because elderly patients are 
more likely to have decreased renal function, care should be taken in dose selection, and it may 
be useful to monitor renal function. 
 
2.3.2.2 Pediatric Patients 
The language used in the label for NDA 206814 should be used as follows: Treatment of 
hypokalemia: Pediatric patients aged birth to 16 years old: The initial dose is 2 to 4 mEq/kg/day; 
do not exceed as a single dose 1mEq/kg or 40 mEq, whichever is lower; maximum daily doses 
should not exceed 100 mEq. If deficits are severe or ongoing losses are great, consider 
intravenous therapy 
Maintenance or prophylaxis: Pediatric patients aged birth to 16 years old: Typical dose is 1 
mEq/day. Do not exceed 3 mEq/kg/day 
 
2.3.2.3 Race 
No impact reported 
 
2.3.2.4 What pregnancy and lactation use information is there in the label? 
Animal reproduction studies have not been conducted with KCl. It is unlikely that KCl 
supplementation that does not lead to hyperkalemia would have an adverse effect on the fetus or 
would affect reproductive capacity. 
The normal K+ content of human milk is about13 mEq/L. Since oral K+ becomes part of the K+ 
pool, so long as the body K+ is not excessive, the contribution of KCl supplementation should 
have little effect on the level in human milk.  
 
2.4 Extrinsic Factors 
2.4.1 What extrinsic factors influence exposure and/or response, and what is the impact of any 
difference in exposure on efficacy or safety responses? 
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Co-administered drugs including potassium sparing diuretics, ACE inhibitors, ARBs, and 
sodium can impact the K+ plasma/serum levels. Insulin and beta2 agonists are known to 
redistribute K+ from the extracellular space to the intra-cellular space.  
 
2.4.2 What are the drug-drug interactions? 
Potassium sparing diuretics: Use with K+-sparing diuretics can produce severe hyperkalemia. 
Avoid concomitant use. 
 
Angiotensin- converting enzyme inhibitors: Use with angiotensin converting enzyme (ACE) 
inhibitors produces potassium retention by inhibiting aldosterone production. Potassium 
supplements should be given to patients receiving ACE inhibitors only with close monitoring.   
 
Angiotensin Receptor Blockers 
Use with angiotensin receptor blockers (ARBs) produces K+ retention by inhibiting aldosterone 
production. K+ supplements should be given to patients receiving ARBs only with close 
monitoring.  
   
2.4.2.1 Is there an in vitro basis to suspect in vivo drug-drug interactions?  
The transporter Na+/K+ATP’ase pushes extracellular K+ into tissue cells. The Na+-K+-Cl– Co-
transporter is responsible for the secretion of K+ in the distal convoluted tubule and collecting 
duct of the kidney. Theoretically, inhibitors or inducers of the Na+-K+-Cl– Co-transporter or the 
Na+/K+ ATPase transporter could impact distribution and elimination of K+, respectively. 
Digoxin is a mild inhibitor of the Na+/K+ ATP’ase. No inducers of the Na+/K+ ATP’ase are 
known at present. Inducers or inhibitors of the Na+-K+- Cl- Co-transporter are not known.  
 
2.4.2.2 Is the drug a substrate of CYP enzymes? Is metabolism influenced by genetics? 
K+ is not a substrate of CYP enzymes. K+ is not metabolized.  
 
2.4.2.3 Is the drug an inhibitor and/or an inducer of CYP enzymes? 
There is no evidence that K+ is an inhibitor or inducer of CYP enzymes. 
 
2.4.2.4 Is the drug an inhibitor and/or an inducer of Pg-P transport processes? 
There is no evidence that K+ is an inhibitor or inducer of P-gp. 
 
2.4.2.5 Are there other metabolic/transporter pathways that may be important? 
The Na+-K+-Cl- Co-transporter is responsible for the tubular secretion of potassium. The shift 
between net reabsorption to net secretion in the renal tubule is critical for the regulation of the 
homeostasis of K+.   
 
2.4.2.7 What other co-medications are likely to be administered to the target population? 
Digoxin in patients with congestive heart failure, ACE-inhibitors, angiotensin receptor blockers, 
diuretics, K+ sparing diuretics in hypertensive patients. 
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2.4.2.8 Are there any in vivo drug-drug interaction studies that indicate the exposure alone 
and/or exposure-response relationships are different when drugs are co-administered? 
See Section 2.4.2 
 
2.4.2.9 Is there a known mechanistic basis for pharmacodynamic drug-drug interactions? 
The toxicity of digoxin (cardiac arrhythmias) in patients with hypokalemia can be reduced by co-
administration of KCl. Digoxin is a mild inhibitor of the transporter Na+/K+-ATP’ase 
 
2.4.2.10 Are there any unresolved questions related to metabolism, active metabolites, 
metabolic drug interactions, or protein binding? 
No 
 
2.4.2.11 What issues related to dose, dosing regimens, or administration are unresolved and 
represent significant omissions? 
None 
 
2.5 General Biopharmaceutics 
2.5.1 Based on the biopharmaceutics classification system principles, in what class is this drug 
and formulation? What solubility, permeability and dissolution data support this 
classification? 
KCl formulations have not been classified definitively using the BCS classification system. 
However, KCl is highly soluble in water and the absorption efficiency of K+ with liquid and 
solid formulations containing KCl is 70- 90%.  
 
2.5.2 What is the relative bioavailability of the proposed to-be-marketed formulation relative to 
the service formulation used in the adequate and well controlled studies?   
 
The sponsor requests a biowaiver for their product 
 
2.5.6 What is the effect of food on the bioavailability of the drug from the dosage form? 
No food interaction is anticipated for K+ when administered as KCl solution.  
 
2.6 Analytical Section 
2.6.1 How are the active moieties identified and measured in the plasma? 
K+ is the active moiety. K+ is measured by flame-photometry in urine and plasma/serum 
 
2.6.2 Which metabolites have been selected for analysis and why? 
K+ is elemental. There are no metabolites  
 
2.6.3 For all moieties measured, is free, bound, or total measured? 
Total K+ is measured, but K+ is not plasma bound so that total and free concentrations of K+ are 
identical.  
 
2.6.4 What bioanalytical methods are used to assess concentrations? 
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Flame-photometry was identified by 6 of the 7 published bioavailability studies as the assay 
method used to measure K+ in urine and plasma 
 
2.6.5 What is the range of the standard curve? How does it relate to the requirements for 
clinical studies? What is the curve fitting technique? 
The seven publications used in the data analysis published between 1970 and 1990 used assay 
procedures that did not meet today’s standards (1, 29-33). Only one publication (1) reported 
coefficients of variation of 13% and 21% for the high and low concentration standards, 
respectively, assayed in duplicate with the assay of each urine pool. However, the flame 
photometric Method can be considered a relatively simple assay that has been used routinely for 
a long time. Therefore, this deficiency is not considered a major issue.  
 
2.6.6 What are the lower and upper limits of quantitation? 
None of the publications provided information on the lower and upper limits of quantitation for 
K+.  
 
2.6.7 What are the accuracy, precision, and selectivity at these limits? 
Only one publication reported that the precision ranges between 13-21%. No information on the 
accuracy and selectivity of the assay method was provided. 
 
2.6.8 What is the sample stability under conditions used in the study? 
None of the publications reported on the sample stability and identified the sample conditions 
 
 
2.6.9 What is the QC sample plan? 
Only one publication used high and low standards in duplicate together with each sample with 
unknown K+ concentrations.  
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