Accurate Reference Standards for Accurate Quantitation of Thyroid Hormones: Impact on Clinical Reference Ranges
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Disorders of thyroid metabolism affect millions of patients worldwide. Clinical diagnosis and

_ _ ect _ _ - .. L o . . . "
treatment requires testing and monitoring of patient thyroid hormone levels. Reference | - - - !_alf_)Corp evaluate_c! the C_er.llllant rTC_% Certified Spiking So_lutlon If_)y LC/MS/MS at two sites, BL_Jrllngton, NC (CET), and Esote_rlx, Inc (ES(_)). Initial _results
ranges for thyroid hormones vary among patient sub-groups and disease states. . T3 synthesized and T3 purified by Cerilliant were certified for use as CRMs by full Indicated the Cerilliant spiking solution was 30 to 50 % high relative to a calibrators prepared in-house from powder rT3 obtained from Sigma-Aldrich.
Trilodothyronine (T3) and thyroxine (T4) are the most commonly tested thyroid hormones. characterization for chromatographic purity, identity, residual solvent, residual water and CET Prep Scheme for Cerilliant Material ESO Prep Scheme for Cerilliant Material
Reverse trilodothyronine (rT3) is an inactive isomer of T3 formed primarily by enzymatic de- resrdual Inorganic content, determined by sulfated a_Sh and by_IC/IC_P-MS_._A mass balance . N . . - | uL__ QS (mL) Matrix Using [ng/dL] _Final [ng/dL]
jodination at the 5-position of Thryoxine (T4).1 Currently most thyroid hormone assays are purity factor was assigned based on chromatographic and residual impurities. Spiking Comamt o el Matrix Bias difference between LabCorp sites 200 10 CSS (ampoule) 200,000
by radioimmunoassay (RIA) which can be expensive, have limited shelf life, and lack solutions were prepared using mass balance purity values. 100 ug/mL 0.5 mL 100 ng/mL 500 mL  MeOH - Different lots of Sigma neat material 528 13 g:z zgg’ggg 12’383
specificity.? The available RIA assay for rT3 is designated for research use only in the - Neat materials were also assayed by quantitative NMR against maleic acid used as an oo Tongdl  iomi ces > DU e e @ehelleis (e Wbl 1000 25 CSS 10,000 400
USA.2 There is a significant clinical diagnostic need for robust and accurate methods for Internal standard. Quantitative NMR provides an orthogonal, independent direct _ o _ - Different preparation schemes for stock 750 25 CSS 1,000 300
determining thyroid hormone levels in general and particularly for rT3. In recent years there measurement of the mass fraction of the analyte of interest, calibrated with an internal CET Analysis of Cerilliant Material solutions 250 25 CSS 1,000 100
has been significant push to develop LC/MS/MS methods for quantitation of thyroid standard, based on molar response of protons in the NMR spectrum. . TS 220 Rlleccd il + Noclinicalimpact asipracliction calibrators were - S oo o
J i ] T Replicate  10ng/mL 100ng/mL 10ng/mL 100ng/mL 10ng/mL 100ng/mL prepared at one site and shared between sites 250 25 CSS 1,000 10
hormones with the potential for higher accuracy even on the low end, better specificity, and | - TRC T3 1 15004 159.609 14.822 153.170 15.001  148.793 ' : - :
i . . . Analviical Test Method Cerilliant rT3 | SigmarT3* Cerilliant T3 eation |+ The larger 5 15267 155020 14105 148417 15220 141454 Analysis of ESO Prepared Cerilliant Material by CET
the ability to quantitate the different thyroid hormones separately. nalytical Tes etho erilliantrT3 | ot 091M1695V) | (post purification) | (PrePuIT o) SSeEEEy : oa  1ovacs 14450 161136 wia "
e b ' ' ' ' Replicate  10ng/mL  50ng/mL 100ng/mL 300ng/mL 400ng/mL
! 4 16.333 158.349 14.511 151.451 NA NA 2 - - y 2
. .. Chromatographic Purity by USP<621>, 98.4% 91.6% 99.5% 96.2% between purlty Average 15.658 157.811 14.473 151.044 15.111 145.124 Bias ~ 50% Bi 1 13.729 69.906 145534 437.324 629.449
. ) . . . . . . . . . . las ~ 30%
Calibrators for LC/MS/MS methods are critical to accuracy of results and must be carefully MPLC/PDAAnalysis SP1D-0102 factor and gNMR Bias (%) 56578 57.811  44.725 51044 51105 45124 2 13.335  70.613 145594 491.225 619.899
evaluated. The importance of proper selection and certification of materials and their impact Chromatographic Purity by|  USP<7365, 08 606 1005 06,04 04 204 assay for rT3 is o Average 13532 70260 145564 464275 624.674
on calibrator accuracy and resulting clinical decisions is illustrated in this poster with rT3. LCIMS Analysis SP10-0107 | | | attributed to When samples were shared between LabCorp facilities and analyzed by Bias (%) 35320 40519 45564 54758  56.169
r'T3 was developed as a certified solution reference standard and evaluated at Cerilliant and denity by LC/MS Analysis|  USP<736>  |Consistentwith  Consistentwith | Consistentwith | Consistent vith impurities that Esoterix, Inc.: Bias observed was ~30%
I I I i I Tal SP10-0107 Structure Structure Structure Structure
Ige?el?eggsrp, demonstrating the impact of calibrator certification on clinical reference ranges. o o ] i o o h e I Analysis of CET Prepared —
I . H-NMR U P 7 1 ’ . . . . . . . . . i i i . . . . . y71.06r;25zi0.421\) L ao1ix - 04111 )
1. \(/:Vr?ng, 28;18|E]alnd%%gtolrggl-lleig\g M., Analysis of Thyroid Hormones In Serum by Liquid Chromatography-Tandem Mass Spectrometry, Anal Bioanal entlglnarySiS Sp10<_0112 oréstlrit;ztr;vlt Ogstlrit;:g\”t Ogﬂiﬁmg\m Ogﬂiﬁﬂmn CINMR monitor Cerilliant Material by ESO Analys|s of ESO Prepared Cerilliant Material by ESO Y =13011x - - low end expansion
em. uly; : = . - i 125.000 - . oA e
2. ALPCO reverse T3 RIA Product Literature Residual Solvent Analysis AM1087 0.020 0.36% N Detected 0.07% SlgnaIS for rT3. Replllcate 1](_)297/(;?)'_ 153&%/6%L Replicate  10ng/mL  50ng/mL 100ng/mL 300ng/mL 400ng/mL - Analysis at ESO = Lo600x + 12072 -
by GC/FID Headspace | Validated method a7 ~o070 one Letecte R . While CINMR IS not ' ' 1 13.3 67.6 136 419 546 < 100000 - om0+ 0025 5 i
2 13.100  132.000 " -0 o
Residual Water Analysis by|  USP <921>, as accurate for Average 12.900 130.000 A,Verage 13.300 67.600 136.000 419.000 546.000 g 75.000 - S Seowemease” : :
Karl Fischer Coulometry SP10-0103 0.70% 0.87% 0.28% 0.38% sam ples Wlth Bias (%0) 29.000 30.000 Bias (%) 33.000 35.200 36.000 39.667 36.500 g A EEZ:ZrE::'?:nZtPrep
. o . . . . | USP<281 T , « corcentiantirer
+ While the individual thyroid hormones are widely available, the level to which they are nOGENOCONENDY | Sufwegash | 1033% | 0.585% < 0.2% 0.255% SITEa: Bias ~ 30% e
tested varies significantly. Most are offered as research grade chemicals with limited SP10-0135 e impurities, this Lnea EscerxCalSet2)
certification. Often, purity Is assigned by non-specific techniques such as TLC and no RSN 0.36% sodium 0%763/ chlorine rﬁchlnlque qr)nflrms Stock material from Sigma was not available for co-analysis between Cerilliant and I T T
mformatlon reg_ardlng iImpurity profile is provided. Cerllllant’_s testing of commercially Chiomatograshy o IGpvg  Outsourced (1.2:2§t2?;ium 0.20% phosphate | < 100 ppM <100 ppm rT% r())l\j\:cphuar;gdo LabCorp, therefore a new lot of material was obtained and analyzed by each company.
0.07% sulf . . . .
available thyroid hormones showed that some were low purity by HPLC, and some had 0.019% mitrate tom Siama and Each company used their respective protocol to prepare stock solutions and it was shared
significant amount of residual inorganic impurities. _ 96.48% (USing g . - : . . . 0 |
Purity = [(100- | 70,40 1 indicates the between labs. Bias of Cerilliant material was consistent with previous data (~30%).
. (WE%OVI) — (Wt% o sodium | e
Mass Balance Purity Factor H,0) — (WI%ROI)] * acetate from 90.28% 99.22% 95.5% material is not - : g e - R
. The challenges with developing thyronine Certified Reference Materials (CRMs) are the (Chrom Purity100) |'CPH Instead suitable for Use as CET Prep Scheme for Cerilliant Material LabCorp Prep Scheme for New lot of Sigma Material E T e
low solubllity of the neutral species, the zwitterionic properties of the amino-acid, and USP<761> L Spi - - - . f
! ! - pike Spike Final Final i . 4.82 mg rT3 (Lot PN121611-01) weighed out on balance. : e
the compounds’ tendency to accumulate inorganic salts and acetate salts as impurities. Assayby Quantiaive NMR) - SPL0-016, | 98.15% 83.42% 99.52% 96.38% 2 GUEUIENE (R Concentration _ Volume __Concentration _ Volume "™ grT3 (Lot P ) weighec ) f T
100 ugmL 0.5 mL 100 ng/mL___ 500 mL__ MeOH » Ethanol volume adjusted for 90.28% purity* = 4.3514 mL (added w/ 4mL T N
| _ _ _ _ _ *determined unsuitable for intended use 100 ng/mL 0.5mL 100ng/dL 50mL  CSS Class A volumetric pipette and Eppendorf research pipette) 2 | N Hf;ﬁ;
- Itis essential to have high purlty,_properly h(_)m(_)genlzepl ar_ld well-characterized . Analytical verification and certification of spiking solutions comprised accuracy, consistency 100 ng/dL 1mL 10 ng/dL 10mL  CSS v -
Reference Materials (RMs) for critical quantitative applications. homogeneity, and purity testing of the solution via HPLC/UV. *As determined by Cerilliant e
- Accuracy of the prepared concentration was verified by comparison to a independently- CET Prep of cerhan’ Matena : o s e W
prepared calibration curve. Replicate 10ng/mL 100ng/mL
. I " " 1 14.156 131.744 _ o o o _
. C il ilable rT3 hased f S Aldrich and tested at Cerilliant Homogerrelty W{’}S confirmed across each F’atCh of rgference solution r)repared. 2 12.814 137.612 Calibrator prepared from Cerilliant Certified Spiking Solution ® was
ommercially available rT3 was purchased from Sigma Aldrich and tested at Cerilliant.
. . . - The solution purity was evaluated for consistency with the neat material to rule out 3 13.266 138.328 - - -
Material was found to have low purity and deemed unsuitable for use as a RM. : . . ) 5 determined to be more accurate and more suitable for use than the calibrator
Cerilliant svnthesized rT3 by selective de-iodinati fT2. bv hvd tion. followed b JEgER e EME SomEmIVENE CUT [PIEpElElo: AveArfage 1431.6421? igggg prepared from Sigma neat rT3. Calibrator was changed to use Cerilliant
» weriiant synthesized r y selective de-lodination or 1.z, by nydrogenation, 1ollowed by . Cerilliant rT3 and T3 spiking solutions were certified at concentration of 100+0.6 pug/ml. Bias (%) 36.213 35.274

terminal ring iodination with iodine and potassium iodide, and purification by reverse Certified Spiking Solution®.
phase column chromatography. Challenges to purification included separation of

related impuritiesT2 and T4, and removal of inorganic content.

i i | I - LabCorp evaluated the Cerilliant rT3 Certified Spiking Solution® by LC/MS/MS at two LabCorp | | | | | - | o
HOQIWOH EIOH NHOH ”OQ Q/\KLOH 1 K1, 3% ag, ENH “‘j@ Q/\KLOH sites. - The change in calibrator necessitated change in reference intervals for the method, requiring transformation and verification
T2 | | !

. LabCorp testing indicated the Cerilliant spiking solution was 30 to 50% high relative to - A study over multiple days and multiple batches was conducted to obtain a transform equation for LabCorp current reference intervals using the EP Evaluator shown below.
calibrators prepared in-house from powder rT3 obtained from Sigma-Aldrich. - The resulting slope and intercept difference (y= 0.721x - 0.51) was used to transform the existing reference intervals (based upon Sigma calibration) of adults (>16 years)
. Commercially available T3 was purchased from TRC and was purified by reverse phase . An investigational study was initiated at Cerilliant and LabCorp. from 13.5 — 34.2 ng/dL to 9.2 — 24.1 ng/dL and for children (1-15 years) from 12.2 — 32.4 ng/dL to 8.3 — 22.9 ng/dL.
column chromatography. - Transformed reference intervals were verified using 80 healthy adult specimens and 80 healthy children specimens.
? O
HO | o - HO | g . : .
j@\ L Purification D\ o Reverse T3 Verification of the transformed reference intervals using 80 healthy adult
| o] | e o - The Cerilliant rT3 Certified Spiking Solution® made from Cerilliant neat material was R TR S S Slope (Deming) = 0.721 specimens and 80 healthy children specimens
. In both cases, control of inorganic impurity profile was achieved by extensive washing of compared to LabCorp stock solutions prepared from Sigma rT3 material and to a Cerilliant Alternate (Quantitative) Method Comparison Intercept = - 0.51 e — netrament: LCMSIMS
] . . H e - nstrument: - nsoument: -
h . I ” d H f4 5 Th I | f ) .. : d ) d b prepared Check-standard made from Slgma rT3 materlal X Method: Sigma Cals Y Method: Cerilliant Cals ) o _ rT3 <16 yrs rT3 >16 yrs
the materials at controlle PR Of 4-o. € 1evel Ol Inorganic Impurlty was determine y . . - . . ; : Correlation Coefficient= 0.9993 Verification of Reference Interval Verification of Reference Interval
i i - Solutions were analyzed at 100 ug/mL against a Cerilliant calibration curve by both HPLC/UV — e
microash and ion chromatography. By i y H9 9 y e = ‘. Bias* = 29.66% e w5 T cae: 04 ep 2012
- . . . . r ' 7 | i " Reference Interval Statistical Analysis Reference Interval Statistical Analysis
- Solutions were analyzed in two diluents to rule out diluent effects. PR = *Calculated as (bias divided by x-mean) N ot g P oz i g
% Difference from 3 - h g o g ) Bias %=(8.4812 / 28.5923) * 100 P ves E:;T 2 598 1o 37882 Passas ves | O E:;;T 7407 125578
i 1/ | < el el R
Sample nominal Concentration ' S ' ' ..--.1-,.;:].: : ' S ' Reference Interval Histogram Results Distribution Reference Interval Histogram Results Distribution
HPLC LC/MS/MS . . . Example ChrOmatogramS :: I::;:aul Fer:ent {:-D:ﬂi :: I::?r:aul_ Fer:ent {.‘-D:ni
- Cerilliant synthesized rT3 and T3 were certified along with testing of commercially Cerilliant rT3: T-075 (100 ug/ml in Methanol/NH;) 0.1 -1.6 Regression Analyss . . ) ol pmio E 1 e L7
available materials. Cerilliant rT3 (100 pg/ml in Ethanol) 0.7 5.1 B S Panris HHOR SNl JLoReRongl: £ pt R £ e
- Ampouled spiking solutions of T3 and rT3 were developed as Certified Reference LabCorp stock solution prepared from a different lot of Sigma material 146 6.0 et DSIO0(OSHT b L4 DS (DSE21 o 0457 s nl I l Is ey - ; II I l g petive
Material solutions from the Cerilliant synthesized neat materials. received ~4/24/12 (1 mg/ml_in Ethanol, diluted to 100 pug/mi) . - IR i s e 8 > R S
. A mass balance purity factor was assigned based on characterization of the neat ::Cbe?:erg S;gii fg'”t'on prepared from Sigma material (100 ug/mi, Ethanol) 9.0 5.5 —
materials. s i e N
o _ _ _ _ . o _ Sigma rT3 (100 pg/ml, Methanol/NH,) -7.5 -6.1 Kl sS0: 2058234 2650 Ok iTesed N - _ 0 _ — —
- Spiking solutions were prepared gravimetrically, using qualified weighing techniques and Sigma 173 (100 rg/ml, Ethanol) 05 > rmre
i | , -10. -/
balances calibrated to NIST standards. J a
. Spiking solutions were dispensed into amber ampoules, purged with argon, and flame - LabCorp solutions (prepared from Sigma neat material with small weighings) were 9
sealed. to 14% low to the Cerilliant curve by HPLC. Difference by LC/MS/MS was ~5%-8%.
. Validated process controls were used to ensure accuracy, batch homogeneity and + The check-standard prepared from Sigma research grade material was ~7%-10% low
consistency . despite adjustment for inorganic impurities and chromatographic purity by HPLC.

- Proper characterization and certification of Reference Materials is critical for use in clinical diagnostic applications. The comparison of materials from various sources
demonstrates that unless complete certification is performed, it is not possible to fully evaluate whether a material is suitable for use as a calibrator.

- Insufficient characterization and /or use of low purity research grade materials can result in incorrect therapeutic reference ranges and negatively impact clinical

. Spiking solutions were certified against an independently-prepared calibration curve. - The concentration difference can be attributed to the low purity and the impurity profile
of the Sigma neat material.

- HPLC purity assignment assumes equivalent UV absorbance of impurities. For low

. . ® = purity materials such as Sigma rT3 neat material, differing UV response of the LRSS, N 3 . - 3
e r1 1 a n '__! a orp impurities and the parent analyte can become important and could be a contributor to - The calibrator for the LarbCorp method was changed to the Cerilliant Certified Spiking Solution ® and reference ranges were re-qualified.
An0|yﬁca| Reference Standards }_;* L aboratory Corparation of America th_e pbserved concentration difference. For high purity materials, the impact is - Transformed reference intervals for z_idults (>16 years)_ (_:hang_ed from _13.5 — 34.2 ng/dL to0 9.2 — 24.1 ng/dL and for chl_ldren (1-15 years) from 12.2 — 32.4 ng/dL to 8.3 —
minimal. 22.9 ng/dL. Transformed reference intervals were verified using specimens from 80 healthy adults and 80 healthy children.
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