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Abstract

Reliable activity measurements of Yttrium-90 (Y-90) microspheres are critical for quantitative
dosimetry and patient safety in liver radioembolization. Recent multicentre studies have
identified systematic discrepancies between vendor-stated and independently measured Y-90
activities for both glass and resin microspheres, suggesting inconsistencies in calibration
traceability across institutions. The NRC developed a mock glass microsphere standard
designed to replicate the geometry and composition of clinical sources to address these
metrological challenges. This paper summarizes the background of observed discrepancies,
outlines the NRC approach for mock standard development and discusses implications for
future standardization efforts.
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1 Introduction

Yttrium-90 (Y-90) microsphere radioembolization is an established therapy for primary and
metastatic liver cancer [1]. Activity assays underpin treatment planning, dosimetry and post-
therapy imaging, yet recent studies have shown that these calibrations may not be fully
traceable or consistent between vendors and reference laboratories. The National Institute of
Standards and Technology (NIST) developed the original Y-90 glass microsphere standard in
1991, but subsequent transfers to newer ionization chambers revealed geometry-dependent
biases and increased uncertainties. Bergeron, Cessna, and Zimmerman [2] demonstrated that
changes in source geometry and shielding introduced biases of approximately 4—8%, affecting
dose calibrator readings across systems.

More recently, Gnesin et al. (2023) [3] conducted a multicentre PET/CT study comparing
vendor-specified activities with quantitative PET measurements of Y-90 microsphere vials.
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They reported that glass microspheres (TheraSphere) exhibited measured activities averaging
0.79 of the manufacturer’s declared value, an overestimation by roughly 21-29%, while resin
microspheres (SIR-Spheres) showed the opposite trend, with measured activity averaging 1.15
of the stated value, indicating an underestimation of 13-25%. These systematic differences,
corroborated by independent national metrology results, reveal that clinical activity calibrations
are not uniformly traceable to a common reference standard.

2 NRC Mock Glass Microsphere Standard

To help address the lack of traceable calibration geometries for microsphere-based
radiopharmaceuticals, the NRC Metrology Research Centre developed a mock Y-90 glass
sphere standard. The design replicates the physical and radiological properties of clinical
microsphere vials while using non-radioactive (“cold”) glass spheres surrounded by a
standardized Y-90 solution. This configuration enables calibration of ionization chambers and
imaging systems without handling active microspheres.

Monte Carlo modeling using the EGSnrc [4] code was employed to simulate the electron and
photon transport behaviour in the mock assembly, accounting for variations in glass mass
(100—600 mg), solution volume (0.25—-0.5 mL) and shielding configuration. The mock standard
includes a silicone separator to maintain physical separation between the active solution and
cold saline layer, with visual verification provided by dyed saline.

Initial measurements indicated agreement within approximately 5% across multiple calibration
methods, including TDCR, CIEMAT/NIST and ionization chamber assays, demonstrating that
the mock geometry provides a robust surrogate for the real clinical source. However, the
question of metrological traceability is still unanswered.

2.1 Custom radionuclide standard

A request was fulfilled by producing a mock standard using cold (non-irradiated) glass spheres
surrounded by standardized Y-90 solution. The physical model incorporated glass masses
between 100 mg and 600 mg, solution volumes from 0.25 mL to 0.5 mL and configurations
both with and without a beta shield. Monte Carlo modeling was performed using the EGSnrc
code system [4] to evaluate electron and photon transport for these configurations.

Figure 1 shows the EGSnrc model and a photograph of one of three mock standards prepared,
demonstrating the physical separation of the hot and cold sections. A silicone separator was
used to divide the radioactive lower section from the dyed saline upper section, allowing visual
verification of isolation.
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Figure 1: Left: EGSnrc model of the mock Y-90 glass microsphere standard. Right: photograph of one of three

standards prepared at NRC.

2.2 Activity determination and uncertainty

Experimental measurements of Y-90 activity were performed using multiple standardized
methods. Table 1 summarizes the relative measured activities and combined uncertainties for

the NRC mock standard compared with other reference methods.

Method

Measured Activity (relative to

Combined Expanded

calibration)

primary (TDCR)) Uncertainty (%)
TDCR method 1.000 —
CIEMAT/NIST method 0.997 +1.9
NRC mock glass sphere geometry 0.990 5
Shipping value 0.932 +10
Clinical microsphere vial (manufacturer 0.79-1.15 +13-25

Table 1: Measured activity and estimated combined uncertainty for Y-90 solution and mock standards.

The average agreement among NRC calibration methods was within approximately 1%,
demonstrating reproducibility, however confirming that the mock geometry provides a faithful
surrogate for the real clinical source is still elusive. The experimental uncertainty budget
considered contributions from detector response, solution activity assay, geometry correction,

and Monte Carlo modeling.
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2.3 Uncertainty analysis

In order to calibrate an ion chamber for the real clinical source using the mock standard, MC
simulations are invoked to apply a correction factor:

F NRCYQOsph = FNRC ook % [ RYQOsph / Rmock ]MC

(1)

where FNRCiock is the Y90sph mock standard experimental calibration factor for the NRC
Secondary Standard lonizing Radiation Chamber System (SSIRCS) [5] and [Rygosph/Rmock]VC is
the response ratio for the SSIRCS of the Y90sph and mock Y90sph geometries determined
using Monte Carlo. The correction factors were between 1.17 and 1.20 and are specific to the
MC models used in the SSIRCS. The determination of FNRCygospn has to be done in this way as
the experimental determination of FNRCygosph would require the dissolution of the Y90sph
microspheres in order to perform the primary standardization. This was not within the scope of
this study and should be pursued in future work. While FNRCy o« is a traceable measurement,
the application of a fully determined MC correction factor prevents, in this case, the FNRCygospn
from being traceable. There are metrological examples of fully MC-calculated correction factors
that can be applied and still result in a traceable measurement, but in those cases a well
validated and benchmarked MC is utilized [6,7,8]. In this case, the absolute activity
determination of a clinical Y-90 microsphere source, which necessarily requires its full
dissolution, would be required. The calibration factors ‘F’ can be individually determined with
and without a B-shield. The uncertainty of any Y-90 microsphere clinical dose is dominated by
the uncertainty of the Monte Carlo calculations. This calibration value is presented as
reference only’ and used to provide some context as to how large a correction factor can be to
approximate the Y-90 activity of the clinical source.

" Reference values are those for which insufficient data are available to provide a comprehensive estimate of uncertainty.

Uncertainty Component | Type LS calibration (%) F(mock) (%) F(mock B-shield) (%)
Counting statistics A 0.02 1.3 0.8
Calibration B 0.3 0.3 0.3
Dilution B 0.7 — —
Weighing B 0.03 0.03 0.03
Decay correction B 0.1 0.1 0.1
Impurities B < 0.001 < 0.001 < 0.001
Background A 0.01 0.01 0.01
Monte Carlo B — 2 2

Total 0.8% 2.4% 2.2%
Total @ k=2 1.6% 4.8% 4.4%

Table 2: Uncertainty budget for the activity measurements. All uncertainties are given at k=1 unless otherwise

stated.

The uncertainty determined for the calibration factor of the mock standard in Table 2 is likely
underestimated, as there is far more geometric variability in the prepared Y-90 dose
preparation than is considered in this MC study. Hence, when typical values are substituted
(10—-20% for manufacturer, 4—8% for calibration, 5% geometry, 3-5% measurement, 5%
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transfer), the total propagated uncertainty exceeds 20-30%, consistent with inter-laboratory
variations reported by [3].

2.4 Observed discrepancies and traceability implications

Recent multicentre studies have revealed systematic differences between vendor-stated and
independently measured Y-90 microsphere activities [2,3]. These discrepancies are attributed
to differences in vial geometry, microsphere material, and calibration conditions, affecting both
ionization chamber and PET measurements. Figure 2 illustrates the chain of calibrations
leading to large uncertainties that can explain these observed discrepancies, and another
route to the true primary determination of activity, which can lead to standards with low
uncertainties propagating to a better determination of administered activity.

Mock Standard Pharmaceutical

|
J-
- Uncertainty 10% Uncertainty 20% =]
— -
E ﬂ Uncertain dose delivery
9] |
o =
2
2
& True Standard Pharmaceutical
|
o o ']
Uncertainty 1% Uncertainty 5-10% Prescribed dose delivered
= el
NRC Manufacturers Patients

(National Metrology Institute)

Figure 2: Schematic representation of uncertainty propagation in Y-90 activity calibration and dose delivery.

Consistent with [3], NRC measurements showed that glass microspheres tend to yield
measured activities lower than manufacturer values (by roughly 20-30%), while resin
microspheres show the opposite trend, with measured activities higher by 13-25%. When
propagated through calibration chains, total activity uncertainties can range from 5-10% for
laboratory standards and up to 20-30% for uncorrected clinical calibrations.

2.5 Interpretation

Geometry-specific factors—such as vial wall thickness, microsphere density, and beta
shielding—can significantly influence ionization chamber readings and imaging quantification.
The NRC mock standard reduces these effects by reproducing the clinical geometry in a
controlled, traceable configuration. While the mock standard itself contributes about 5%
systematic uncertainty, it offers a practical solution for inter-laboratory consistency until a fully
dissolved microsphere standard (with activity known to better than 1%) is completed.
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3 Discussion

The cumulative evidence from NIST, NRC and international studies suggests that Y-90
microsphere activity measurements can deviate by up to 20—-30% depending on geometry,
material composition, and calibration technique. These discrepancies are not trivial: they
directly impact absorbed dose estimates and inter-clinic comparability in patient treatments.

Differences between resin and glass microsphere activity calibrations are particularly
pronounced, with a relative offset of approximately 46% between manufacturer systems as
reported by Gnesin et al. The root causes include variations in vial design, microsphere
density, Bremsstrahlung photon spectrum, and ionization chamber response. Further
complicating this picture are historical calibration transfers that may not fully account for
shielding or impurity effects.

The NRC mock standard represents a practical step toward resolving these issues by
providing a reproducible geometry that can serve as an intermediate calibration reference.
Ultimately, a true primary standard, requiring complete dissolution of the irradiated glass
microspheres, will be necessary to achieve the < 1% uncertainty typical of national
radionuclide standards.

4 Conclusions

Accurate Y-90 activity measurement remains a cornerstone of quantitative nuclear medicine.
Systematic differences between vendor-stated and independently measured activities highlight
the need for geometry-specific calibration standards and harmonized traceability chains. The
NRC mock glass sphere standard provides a practical and traceable solution for current
calibration needs, while ongoing efforts toward full dissolution-based standards will further
reduce uncertainty and strengthen the metrological foundation of Y-90 microsphere dosimetry.

Future work will focus on intercomparison studies between NRC, NIST, and international
metrology institutes to unify calibration approaches and support improved patient-specific
dosimetry in radioembolization therapies.
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