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Abstract

Objective: The aim of this study was to evaluate the relative error (RE) in the thyroid absorbed dose (TD) of
iodine-131 ("”'l) in patients with Graves' disease comparing the simplified Quimby-Marinelli-Hine formula
method (sQMHF) and the Standard Operational Procedures for dosimetry (SOPD) recommended by the
European Association of Nuclear Medicine. Patients and Methods: This study included 45 patients with
Graves' disease 12 men and 33 women; age 44.1+12.8 years. Thyroid mass (TM) was measured using ultra-
sound. Uptake of *'I (RAIU) was tested at 2, 4-6, 24, 48-72, and 96-168h after its administration and the half-
life (T, ,.) and resident time (RT) of "'l were computed. According to the sSQMHF, a prescribed TD of 75Gy re-
quired 3.7MBq/g of "I, correction based on the RAIU,,, and T, ... Subsequently, the therapeutic TD was
computed according to the SOPD and the RE was recorded. The data were analyzed using t-tests. Results:
The TM, RAIU,,,, therapeutic TD, and RE were 36.5+23.9g, 0.54+0.14, 89.4+9.4Gy, and -0.01+0.02, respecti-
vely. There was a significant difference (t-value 9.84, P<0.01) between the prescribed and therapeutic TD
because the SQMHF ignores the absorbed dose deposited in the thyroid during the first 24h, which is inclu-
ded in the SOPD. In addition, the RE was significantly smaller than the variable coefficient (VC) of the thera-
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peutic TD (t=-39.6, P<0.01). Conclusion: When the activity of "'| was calculated using the simplified Q-M-H
formula, the therapeutic absorbed thyroid dose was significantly higher than what was expected for the
prescribed dose. Precision of the individualized therapeutic absorbed dose could be improved by compu-
ting the activity of 'l using the standard operational procedures for dosimetry of the EANM
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Introduction

odine-131("'l) is the first-line treatment for hyperthyroidism in adults with Graves' di-

sease [1-4]. Up to a level, the higher activity of the administered ™'l, the higher the cu-

re rate of hyperthyroidism [2]. According to the simplified Quimby-Marinelli-Hine for-
mula method (sQMHF), the thyroid absorbed dose (TD) is determined based on the 'l
activity, thyroid mass, radioiodine uptake (RAIU) at 24h, and the half-life time (T, ,.,) of 'l
in the thyroid [5]. That is to say, the higher the I activity, the higher the TD received.
However, the clinical results of some cases that received 1311 doses determined using
clinical formulae did not match the physician expectations [6-7]. We hypothesized that
theTD error might be too large to cause this situation; therefore, this study evaluated the
relative error (RE) of TD calculated using the SQMHF.

Patients and Methods

Participants

Patients with Graves' disease treated with "*'l in our department from December 2013 to
April 2017 were included in this retrospective study. The inclusion criteria were a low-io-
dine diet for two weeks before the RAIU test, discontinuation of methimazole for >3d of
propylthiouracil for >14d before the RAIU test [1],age =20 years [2] and the last RAIU me-
asured >4d after administration [8]. Pregnant and lactating women were excluded. A to-
tal of 45 patients (33 women and 12 men. 44.1+12.8 years), were included in this study.
All patients signed an informed consent before receiving treatment.
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Thyroid mass measurement

The thyroid volume was measured using an ultrasonography
scanner (iU-Elite, Philips) with an 8.5MHz linear array transdu-
cer and computed using the ellipsoid volume formula as pre-
viously described [9]. As the density of thyroid tissue is appro-
ximately 1.0g/mL, the thyroid mass was thus numerically equ-
altoits volumein these units[1].

RAIU andT, ,.,measurement

Atotal of 50uL of 'l solution, with activity ranging from 74 to
185kBg, was drawn using a Finnpipette® F1 single channel va-
riable volume (5-50+0.5uL) pipette (Thermo Fisher Scientific,
Finland), and dropped into each patient's mouth. Another
50pL of that solution was dropped into a tube that contained
25mL of water as a standard source. The patients fasted for 2h
before and after the ™'| administration. The RAIUt tests were
performed using a thyroid probe (Beijing Hehai Advanced
Technology CO. LTD, China) at 2, 4-6, 24, 48-72 and 96-168h
afteradministration [10].

ThyCounts, — Bg, 1)
(StaCounts, — Bg,)-e"**""*¥

RAIU, =

ThyCountst: thyroid counts at time t, Bg,: air counts at time
t and StaCounts,: standard source counts at time t. RAIU,,,
and the last RAIU (RAIU) were used to determine the T, ,.«in
the one compartment model, recorded asT, .. Q[11]:

(4, —1)-In(2)
In(RAIU,,,) — In(RAIU,) @

TI/Zeﬂ _Q =
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The RAIUl was not measured until 4d after *'1administration

(8.

Calculation of "'l activity

In China, Europe, and the United States, 2.6-4.4, 3.7-5.6, and
5.6MBq of "'l per thyroid gram, respectively, are typically ad-
ministered for Graves' disease [1-3]. A fixed dose per thyroid
gram; i.e. 3.7MBq, was prescribed using formula (3) in this stu-
dy[5],

3.7(MBq/g)xM(g)

AMBG) =21
U24/7 (TVI/ZEff 7Q/5)

(3)
where A=prescribed ™'l activity, M=thyroid mass and the
T, Qwas corrected for 5 days.

Calculation of residence time (RT)and TD

According to the SQMHF, the RT could be calculated by for-
mula (4),and recorded as RT_Q[12].

RT 0=1.44T,,, OxRAIU,,, (4)

According to the converted sSQMHF [5], the TD could be
calculated using the following formula (5)

4.05x AMBq)*T, .y _O(d) RAIU,,,
M(g)

TD(Gy) = (5)

When A is substituted for the right side of the formula (3),
we can see that the prescribed TD is identical to 75Gy as long
as 3.7MBq "'l per gram is administered and is not relevant to
the thyroid mass.

The area under the curve (AUC) of the RAIU was compu-
ted using a two-compartment model solved via a least-squ-
are curve fit [13]. The AUC was equal to the RT, recorded as
RT_S;i.e.formula (6), as described in the SOPD prior to radi-
oiodine treatment of benign thyroid disease that was re-
commended by European Association of Nuclear Medicine
(EANM) [8, 12]; the RE of the personal RT_S was recorded.
And the T,,.; calculated using the method of SOPD was
recordedasT,,.._S[8].

RT _S = [ RAIU(t)dr ©)
0
The average energy, E deposited in the thyroid per decay
of ™' [8]; is a constant for each thyroid and is associated with

the thyroid mass, asdescribed in detail in reference 8.

MY +18 Gyv-g
72 MBg-d

E= )

Thus, the personal therapeutic TD can be calculated using
thefollowing formula (8), described in the SOPD [8].

_E-ART_S
M

D (8)

Finally, the RE of the personal therapeutic TD was equal to
the RE of the personal RT_S.

Statistical Analysis

The activity of the prescribed "'l was calculated using formula
(3) and then the personal therapeutic TD was computed us-
ing formulas (6)-(8) following the SOPD [8]. The results were
analyzed using Student's t-tests. P<0.05 was taken as an indi-
cating a statistically significant effect.

Results

The average thyroid mass, E, and RAIU,,, were 36.5+23.9q,
2.83+0.05Gy * g * d” * MBq", and 0.54+0.14, respectively.
The average T, QandT,,._S were 3.47+0.89d and 3.65+
0.96d. There was not significant difference between them
(t=1.22, P >0.05). As we know that T, is high correlation
with RT.When T, ,.._S>T,,.._Q (n=21), RT_S was larger than
RT_Q (shown in Figure 1). When T, .« S=T,,.,_Q (n=3), RT_S
was also larger than RT_Q (shown in Figure 2), because the
RT calculated using the sSQMHF only included the area un-
der the curve from 1d to infinity and ignored the area under
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the curve during the first day. When T, .. S<T,,.«_Q (n=21),
it was relatively complex. RT_S may also larger than RT_Q
(n=17), or may not larger than RT_Q (n=4) (shown in Figure
3). Thus, the RT_S (3.15+1.14d) was significant larger than
RT_Q(2.92+1.01d) (t=8.78,P<0.01).

0.45

0.4

0.35

the prescribed TD (75Gy) (t=9.84, P<0.01). The RE of the the-
rapeutic TD (intra-person) was -0.01+0.02, significantly less
than the VC (0.105) of therapeutic TD (inter-person) (t=-39.6,
P<0.01). However, four patients' therapeutic TD were not lar-
gerthan 75Gy (listedin theTable 1).BothT, ... S<T,,.._Qand
RT_S<RT_Q were the outstanding features of them. For the
sample size was too small (n=4) to gain a statistical signifi-
cant difference neither betweenT, ... QandT,,._S nor bet-
weenRT_QandRT_S.

Table 1. The effect half-life time and residence time in patients
whose therapeutic TD<75Gy

Num T,.,Q T,+S RT-Q RT-S Therapeutic

g (d) (d) (d) (d) TD (Gy)
Time(d)

1 4.57 3.55 4.21 3.92 70.7
Figure 1. A female patient with T S (3.87d)>T, ,,,_Q (3.33d). The area under
the curve from 1d to infinity calculated by SOPD and sQMHF was presented as 2 286 1.86 168 1.60 722
(blue+red) and red region. It is obvious that her RT_S (2.61d)>RT_Q (2.01d). (In
fact, the time would extent infinity, however the infinity is hard to present, the last 3 4.32 397 404  4.01 74.4
time pointwas setas day 12).

4 2.98 2.88 274 269 75.0

Discussion

6
Time(d)

Figure 2. A female patient with T, ,,,_S (4.75d)=T,,.._Q (4.75d). The area under
the curve from 1d to infinity was the same with these two methods, for the
T e S=T. Q. However, the SQMHF ignored the area under the curve during the
firstday, i.e. blue region, that was included in the SOPD. It is obvious that her RT_S
(3.16d)>RT_Q(2.94d).1]

07

06

05

RAIU

6
Time(d)

Figure 3. A female patient with T, .S (3.55d)<T,,._Q (4.57d). The area under
the curve from 1d to infinity calculated by SOPD and sQMHF was presented as blue
and (blue-+red) region, respectively. The area under the curve during first day was
presented as green region. In this case, the area of green region was smaller than
theredone, thusherRT_S(3.92d) <RT_Q(4.21d).

The prescribed "'l activity was 402.4+293.4MBgq. The the-
rapeutic TD was 89.4+9.4Gy and its variable coefficient (VC)
was 0.105. The therapeutic TD was significantly higher than

lodine-131 is an effective treatment for adult Graves' disease
[1-4, 14]; however, the T, .. is affected by multi-variable fac-
tors and is, therefore, hard to predict [15, 16]. Yet, it is impor-
tantto measure the exact effect of personal treatment[8, 17,
18].Up to a point and if we consider hypothyroidism as a go-
al for treatment, the higher the activity of the 'l absorbed
dose administered, the greater the cure rate [2, 3, 19]. Never-
theless, the clinical results sometimes differ from the expec-
ted prognosis [20, 21]. One important reason for this diffe-
rence might be that the therapeutic TD was quite different
from the prescribed TD when the prescribed activity of "'l
was calculated using clinical formulae (1-5). In this study, we
calculated the personal therapeutic TD using the SOPD [8]
and demonstrated a significant difference between the the-
rapeutic and prescribed TD; this finding confirmed our hy-
pothesis.

The therapeutic TD was 89.4+9.4Gy, significantly higher
than the prescribed TD (t=9.84, P<0.01); 1.19 times that of
the prescribed TD. Because the TD is proportion to RT, it is
obvious to observe the main reason from Figures 1-3, espe-
cially Figure 2. The main reason was that the prescribed TD
when calculated using the sSQMHF included the absorbed
dose accumulated from 1d to infinity and ignored the absor-
bed dose accumulated during the first day [22]. As a result of
this flaw in the sSQMHF methodology, the larger absorbed
dose accumulated during the first day, the greater the diffe-
rence between the therapeutic and prescribed TD. Another
minor reason for the difference in TD is that the therapeutic
TD is affected by the thyroid mass, which is included in for-
mulas (7) and (8) [8], but not in the converted sSQMHF (75Gy
per 3.7MBq/q). TheT,,,.._QandT,,._S was not significantly
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different, which was similarity with prior results [11]. How-
ever, the little but not significant difference between them
may add the variance of RT_Q because of the error propa-
gation rule [23]. As the prescribed ™'l activity determined
using the SQMHF, the VC of the (inter-personal) therapeutic
TD was 0.105 in this study, which may lead to a different re-
sultfrom the anticipated prognosis. If the prescribed "'l acti-
vity was determined using converted formula (8) (A=D-M/
RT/E formula (9)) [3], the personal therapeutic TD could nar-
row the RE to -0.01£0.02, gain similar results with reference
[24], offer more precision, and improve physicians' predic-
tive ability. For calculation of RTandT, .., the same RAIU test
times are required; so, we suggest updating the methodolo-
gy; i.e. the prescribed 'l activity determined using formula
(9).

The limitations of this study are: a) The prescribed activity
of "'l determined using formula (8) requires more RAIU data
than just the corrected 24h RAIU and requires mathematical
skill. This will increase the workload of the medical team,
which may delay adoption of this type of methodology in
clinical practice. Therefore, we designed a software program
based on the SOPD to overcome this weakness. Following
the software we suggest prompts to input data on thyroid
mass, RAIU, and the prescribed TD, the prescribed 'l acti-
vity is output within seconds. Thus, this software may parti-
ally ease the burden on the medical team. b) This type of
methodology prolongs the last RAIU test and postpones "'l
treatment. However, few patients with Graves' disease must
be immediately treated with "'l. In our department, if pos-
sible, propranolol and methimazole are administered to al-
leviate the symptoms of hyperthyroidism. Patients discon-
tinue the methimazole for 3-5d [1-3] and undergo the RAIU
test. Most patients are able to tolerate this approach to treat-
ment.

In conclusion, if the prescribed 'l dose is determined us-
ing the simplified Quimby-Marinelli-Hine formula method
(sQMHF), the difference between therapeutic and prescri-
bed thyroid absorbed dose (TD) will be significant, and the
variable coefficient of the inter-personal therapeutic TD will
be large. This may be an important explanation for the
difference between clinical results and the anticipated prog-
nosis of Graves' disease in patients who shall receive ™'l
therapy. According to formula (8), the personal prescribed
"'l dose can be calculated more precisely and the error of (in-
tra-personal) therapeutic TD can be narrowed. Thus, physi-
cians will better predict the prognosis of therapeutic out-
come.
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