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Radiopharmaceutical Supply Chain 

Ra dio nucli dic Pu ri ty  QA 

Mea surements

A  T R U S T E D  P A R T N E R  A T  E V E R Y  S T A G E  O F  T H E V A L U E  C H A I N
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▪ Production is by proton bombardment of a O-18 enriched 

water in a cyclotron.

▪ Many potential impurities can be created as by-products

▪ Indirect production is by irradiation of Ytterbium with neutrons

▪ Impurities include Yb-169 and Yb-175

Examples of Radio-isotopes 
with Impurities of Concern

L u-1 77  P ro duct io n:F-1 8 Produc t ion:
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Radionuclidic Purity Measurements

Objective

Determine if the activities of a 
set of radionuclide impurities 
are below a percent limit of the 
primary radionuclide activity. 
This activity ratio is called the 
Radionuclidic Purity.

Measurement

For impurity radionuclides: Gamma 
spectrometry (or potentially Alpha 
Spec, Mass Spec, or LCS)

For primary radionuclides: Gamma 
spectrometry or other

Challenges

Quantifying the Impurity 
Radionuclides (i.e., which emission 
lines to use in gamma spec)

Managing the measurement 
uncertainties

Reporting on radionuclidic impurity 
when the impurity is not detected.
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HPGe Gamma Spectrum of Lu-177
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Components of 
the Gamma Spectrometry Solution
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Apex-Guard Software: An Option with Apex-Gamma

• Part 11 Compliance is commonly 

required for radiopharmaceutical 

applications and samples with 

oversight by the FDA or similar 

local requirements

• Part 11 Compliance is all about 

data integrity, specifically when 

applied to “electronic records”

• Builds on top of existing & mature 

Apex-Gamma product

7

• Developed to satisfy the evolving needs related to US FDA 21 CFR Part 11 Compliance
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Apex-Gamma Software: 
Advanced Spectroscopy Management

Sample Procedures

•Manage count parameters, 
analysis, reporting, and approval 
requirements

Sample Definition

•Define manually or import from 
LIMS system for greater efficiency 
gains

Sample Counting Interface

•Automated to reduce time, 
mistakes, and end user training 
requirements for operators

Data Review

•Dedicated environment to approve 
and/or reanalyze sample counts

•Powerful database search
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▪ User-login management via Windows 

Credentials

▪ Auto logouts

▪ Granular Role-Based Security Features

▪ Change Control Authorization

▪ Powerful Audit Log

▪ Secured control outside of application

▪ Electronic Signatures for Change Review

▪ Enforceable Instrument QA

▪ Database driven records and analysis history

Apex-Guard Data Integrity Features
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1. Count Duration

2. Analysis

▪ Peak Area Analysis

▪ Nuclide Library Selection

▪ Geometry (for efficiency calibration)

▪ Activity, MDA, and Impurity Calculations

3. Reporting Selection

4. Approval Requirements

5. Scripting Components

Apex-Guard Spectrum Analysis

APE X-GU ARD PR OCED UR E
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➢Always possible to force a peak area

▪ (add photo of peak area reports)

➢Peak Areas are determined with a 

measurement uncertainty

Reporting Peak Areas

Ra dio nucli de  i den t ifi ed in  Spectrum Ra dio nucli de  no t  i den t ifi ed in  Spectrum
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A New Algorithm: Determining a ratio including uncertainties

Consider a measurement of an impurity radionuclide and a primary 

radionuclide, each with an activity and activity uncertainty:

• The uncertainties of the activity measurements are normally distributed

• The measured value is the most likely value 

• 68% probability that the true value is within the +/-1𝜎 uncertainty of the 

measured value

Since the true value for the activities 
is not known, the true value of the 
impurity-to-primary activity ratio is 
not known either.

That said, it is known that the true 
radionuclide activity cannot be 
negative  - although one may 
measure a negative activity.

=
÷
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A New Algorithm: Determining a ratio including uncertainties

The probability distribution of ratio of the two activity measurements provides a range of potential values for 

the true impurity ratio: 

• The most likely value of the true impurity ratio is the calculated ratio of the measured activity values

• The possible true values of the ratio follows the probability distribution, which can be greater than the calculated ratio

Introducing the Maximum Potential 
Percent Impurity (MPPI) Value

▪ An impurity ratio value that is greater 
than the true activity ratio with 95%* 
confidence
* This is the 1 – α confidence, which can be specified

▪ If the MPPI is less than or equal to a 
maximum impurity percentage, one can 
conclude that the impurity activity is less 
than this limit with at least 95% 
confidence.
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Apex-Guard Impurity Analysis Results
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Apex-Guard Report Results

AC CEP TAB LE RE SU LTS H IGH IMP UR ITY RESU LT
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▪ To configure, select the “Dual Counting” 

sample setup in the procedure

▪ When defining a sample, enter two 

reference dates (e.g., date of assay and 

future injection date)

▪ The Impurity Report will decay-correct the 

activities, MDAs, and MPPI to each 

reference date

▪ The assessment of impurity limits will be 

done for each date

Impurity Calculations 
at Two Reference Dates
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▪ An external reference activity can be measured 

with any equipment, such as dose calibrator

▪ Activity is entered at time of sample definition

▪ Assessment of impurities will be done using 

the external reference activity & activity 

uncertainty

Impurity Calculations 
using External Reference Activity
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1. Use a scripting option (configured with the 

Apex-Gamma Procedure) to export results to 

CSV file

2. Configure preferred batch record options in 

BioTrax QMS Software

3. Import batch results into BioTrax QMS for 

review and QA records management.

4. Review results individually or as batch 

summary (next slide)

Closing the Loop:
Storing results in BioTrax QMS

Apex-Gua rd to  Bi oTrax QMS process
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Radionuclidic Impurity Results in BioTrax QMS
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MPPI and MDA as a function of measurement time
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