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ABSTRACT

The Changing Pattern of Urine lodine Excretion with Low lodine Diet during
Preparation for RAI Ablation in Thyroid Cancer Patients; A Prospective
Comparative Study of Thyroxine Withdrawal vs. rhTSH using Groups
Sang-Wook Kang

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Woong Youn Chung)

Background: Radioactive iodine ablation (RAI) is usually performed after
total thyroidectomy for well-differentiated thyroid cancer to reduce disease
relapse and disease-related death in high risk group. However, RAI treatment
requires many weeks of preparation, including thyroxine withdrawal and low
iodine diet (LID), which may be very uncomfortable for some patients. This is
especially noticeable in Korea and Japan, where iodine intake is relatively high.
Adhering to the strict and complex LID diet is often difficult because the diet is
unpalatable for many patients. With this in mind, we investigated the optimal
period of iodine restriction for RAI treatment in an area with iodine rich diet
through analyzing the changing pattern of urine iodine excretion (UIE) during
LID, and evaluated whether there is any difference in the UIE levels between
two differently prepared groups.

Materials: A total of 94 patients who underwent total thyroidectomy and RAI
ablation were enrolled in the study. All patients were prospectively allocated
into the two study groups according to the patient’s preference (thyroxine
withdrawal or using rhTSH for TSH stimulation). Informed consent was

obtained from all patients. For the evaluation of the changing patterns of UIE,



we collected 6 and 7 separate spot urine specimens during the LID period (0,
3rd, 5th, 7th, 10th, 14th days in the withdrawal and 0, 3rd, 7th, 10th, 11th, 12th,
14th in the rhTSH group) accordingly. We also analyzed the pattern and
differences in UIE during LID between the two groups.

Result: There was no statistically significant difference in the
clinicopathologic characteristics except for the tumor size and lymph node (LN)
status between the two groups. In the withdrawal group, the median values of
the morning UIE (I/Cr ratio) serially reduced with time, and the I/Cr ratios on
the 7" and 14" day were 18.3 (4.2-908.6) and 17.9 ug/gCr (4.3-190.4),
respectively. The adequate preparation rate on the 7" and 14" day for UIE
(cutoff value 100 pg/gCr) were 93.3% and 93.3%, respectively. In rhTSH group,
I/Cr ratios on the 7" day and 14" day were 48.0 (10-95) and 45.7 (19.2-388.8),
and the adequate preparation rates were 91.8% and 93.8%, respectively.

Conclusion: One week of strict LID is sufficient preparation for RAI ablation
in areas with iodine rich diet. The one-week schedule of LID can be safely
applied to patients prepared with either thyroxine withdrawal or patients using
rhTSH.

Key words: low iodine diet (LID), radio-active iodine (RAI) ablation, urine
iodine excretion, thyroid cancer.
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using Groups

Sang-Wook Kang

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Woong Youn Chung)

I. INTRODUCTION

The prevalence of differentiated thyroid cancer is high and rising globally.*
Following total thyroidectomy for well-differentiated thyroid cancer, RAI
treatment is given to high risk patients to reduce disease relapse and disease
related death. Apart from ablating the remaining thyroid and cancer cells, RAI
is also used to diagnose the presence of remnant thyroid or metastatic disease.? 4

RAI treatment however, requires many weeks of preparation which causes
some discomfort to the patients. For optimal RAI treatment, serum thyroid
stimulating hormone (TSH) level should be above 30uU/ml prior to the
treatment. In order to reach this level, the administration of thyroid hormone has
to be stopped, and a dietary program that limits the intake of iodine should be
implemented.>” The iodine restriction diet prior to RAI treatment should be
given to all patients for a period of 1-2 weeks or more.® The purpose of iodine
restriction is to increase the expression of the sodium-iodine symporter (NIS) in
the thyroid follicular cells by lowering the iodine concentration within the body.
It also minimizes the competitive handling by NIS of non-radioactive iodine

instead of the radioactive iodine.?



Due to the complexity of the low iodine diet (LID), it is not easy for patients to
follow the instructions while living their ordinary lifestyles. This is a significant
issue especially in Korea and Japan, where iodine intake is relatively high.
Many patients have difficulty following the complex LID schedule because the
menu is devoid of food that constitute their daily diet. It is also not a diet that is
particularly palatable to the patients. Therefore, recently, the suggestion of a
more moderate and less stringent dietary menu, as well as opinions regarding
the reduction in the period of the strict dietary restriction, are being considered.
10, 11

The recommended period of iodine restriction diet prior to RAI varies
depending on several major guidelines, and there is no uniform standardized
method till this day. Although there are a great number of on-going researches
both within and outside of Korea to find the optimal period for iodine restriction,
59712 there is limited reliable clinical data on the internal iodine accumulation
level before and after the RAI treatment and their association with the iodine
restriction dietary program. Therefore, the primary purpose of this research was
to investigate the urinary iodine excretion pattern during the 2-week period of
iodine restriction. This research could suggest the optimal period of iodine
restriction from the current 2 weeks to a shorter period by investigating the
changes in iodine excretion. We also evaluated whether there is any difference

in the UIE level between two differently prepared groups.

Il. MATERIALS AND METHODS

1. Study design
Patients from Seoul and Gyeonggi provinces who were planned to receive RAI
treatment after total thyroidectomy at Yonsei University Health System, Seoul,

Korea from May 2013 to October 2013 were enrolled. The enrolled patients



were divided into two groups. One group, which is the withdrawal group,
discontinued administration of the levothyroxine for 4 weeks before the RAI
treatment. The other group, the recombinant human thyroid stimulating
hormone (rhTSH) group, continued to receive levothyroxine, but were
administered 0.9 mg rhTSH injections for 2 days before receiving the RAI
treatment. Both groups went through the iodine restriction diet for 2 weeks
before the RAI treatment.

The number of research subjects was initially calculated to be 50 patients for
each group, based on the results from similar researches regarding the changes
of iodine excretion measured during LID, and also after discussion with our
department statistician. During the study period, 5 patients in the withdrawal
group and 1 in the rhTSH group could not reach the target point (failed to gather
the urine samples), and dropped off from this study. Hence the final number of
subjects for the thyroxine withdrawal group and the rhTSH group were 45 and
49, respectively.

During the 2 weeks of iodine restriction diet, the withdrawal group visited the
hospital 6 times on the Oth, 3rd, 5th, 7th, 10th, and 14th days, whereas the
rhTSH group visited the hospital on the Oth, 3rd, 7th, 10th, 11th, 12th, 14th day,
for the spot urine collection. The simple urine iodine and iodine/creatinine
ratios were measured and the mean and median values and standard deviation
from the results of all patients were calculated. The change in iodine excretion
level was analyzed. The points where its level fall below the cut off value (I/Cr
ratio < 100 (ug/gCr)), as suggested by major guidelines, were noted. All
subjects underwent the RAI treatment afterwards. The Institutional Review
Board (IRB) of Yonsei University College of Medicine reviewed and approved
the protocol for this prospective study (IRB number 4-2012-0431). Research
participants gave signed, informed consent, which was confirmed by the IRB,

after receiving an explanation of the study purpose.



2. Inclusion and exclusion criteria

According to the Revised American Thyroid Association management
guidelines (2009) and the Revised Korean Thyroid Association Management
Guidelines (2011), the inclusion criteria for this clinical research was defined as
patients who were newly diagnosed with differentiated thyroid cancer,
underwent total or near total thyroidectomy and were going to receive the
radioactive iodine treatment. The patients who have significant medical disease
such as renal dysfunction, or take medications which contain iodine or affect the
renal function were excluded. Cases with extra-thyroidal invasion (T4), lateral
neck node metastasis (N1b), and distant metastasis (M1) were also excluded
from this study.

3. Assessment

The spot urine specimens were collected 6 to7 times for 2 weeks between the
starting day of iodine restriction diet and the final day. The simple I and I/Cr
ratios were measured.12 Although the method has some disadvantages in
showing diurnal changes compared to the 24-hour urine specimen, it was
decided that measuring the iodine excretion volume with Chemical method
(Sandell-Kolthoff reaction) by using the microplate format based on discussion
with Laboratory Medicine Department of Severance Hospital would overcome
the issue. This method was adopted by the EQUIP (Ensuring the Quality of
Urinary lodine Procedures) of CDC (Centers for Disease Control and
Prevention) and validated.13 According to the Vanacor et al., when compared
with the 24-hour urine specimen, the spot urine specimen collected between
lunch and dinner is least affected by the diurnal changes. Hence the clinic
visiting time during the research was set between 1p to 5pm.14 To identify the
change in iodine excretion pattern during the 2-week period of iodine restriction
diet, iodine excretion volumes in both the withdrawal and rhTSH groups were

measured.



I1l. RESULTS

Figure 1 shows the schedule of urine sample collection during the 14-day LID
period. In the thyroxine withdrawal group, the spot urine specimens were
collected 6 times for 2 weeks from the starting day of iodine restriction diet
until the final day. The first morning urine was collected on Day 0,3,5,7,10 and
14 in the thyroxine withdrawal group. In the rhTSH treated group, the first urine
samples were obtained on Day 0,3,7,10,11,12 and 14. Adequate urine iodine
excretion (UIE) was defined as I/Cr ratios below 100 pg/gCr.

Thyroxine Withdrawal Group

LI i 1 B

Day 0 (1) Day 3 (2) Day 5 (3) Day 7 (4) Day 10 (5) Day 14 (6)

Urine collection on Day (0, 3, 5, 7, 10, 14)

thTSH Group
Day 0 (1) Day 3 (2) Day 7 (3) Day 10 (4) Day 11 (5) Day12(6) Day 14 (7)

Urine collection on Day (0, 3, 7, 10, 11, 12, 14)

Figure 1. Schematic urine sample collection schedule

There was no statistically significant difference in the clinicopathological
characteristics except the tumor size and LN status between the rhTSH group
and the withdrawal group, suggesting that the patient participants were
well-balanced between the two groups (Table 1). The tumor size was bigger in
withdrawal group (withdrawal vs. rhTSH; 1.47+1.12 vs 1.10+0.62, P=0.006),

and LN positive rate was higher in withdrawal group (withdrawal vs. rhTSH;



71.1% vs. 46.9%, P=0.029) compared to the rhTSH group. The discrepancy in
pathologic status between the two groups was a result of the group allocation.
The study group allocation was mainly decided by the patient’s preference after
the operation, and the patients who had advanced disease had shown the

tendency to choose the withdrawal group for the RAI treatment preparation.

Table 1. Clinicopathological characteristics of two groups

rhTSH(N=49) Withdrawal (N=45) P-value

Age (mean) 41.6+8.3 43.2+9.8 0.135
Gender 4 (8.2%) 4 (8.9%) 0.594

Male 45 (91.8%) 41 (91.1%)

Female
BMI 23.78+3.45 23.44+3.20 0.484
Peak TSH (mU/L) 110.8+38.1 82.1+49.7 0.107
Just before ablation
Tumor size (cm) 1.10+£0.62 1.47+1.12 0.006
Histology 45 (91.8%) 42 (93.4%) 0.281

PTC 4 (8.2%) 1(2.2%)

FTC 1(2.2%)

FVPTC 1 (2.2%)

SVPTC (solid variant)
LN status 26/23 13/32 0.029

Negative 26 (53.1%) 13 (28.9%)

Positive 23 (46.9%) 32 (71.1%)
Stage | 36(73.5%) 24(53.3%) 0.058

I 12(24.5%) 21(46.7%)
v 1(2%)

Table 2 and 3 display the UIE patterns during the two weeks of LID. The
median values of the spot UIE serially reduced with time. Median values of the
I/Cr ratio on the 7th and on the 14th day were 48.0g/gCr (range 10-95) and
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45.7 (range 19.2-388.8), respectively in the rhTSH group, whilst they were 18.3
(range 4.2-908.6) and 17.9 (range 4.3-190.4) respectively, in the withdrawal
group. The rate of adequate UIE for RAI treatment were 91.8% vs. 93.8% (7™
vs. 14" day) in the rhTSH group, and 93.3% vs. 93.3% in the withdrawal group,

respectively.

Table 2. Patterns of UIE during 14 days of LID.

0 day 3rd day 5th day 7th day 10th day 11th day 12th day 14th day
I/Cr ratio I/Cr  ratio I/Cr ratio I/Cr ratio I/Cr  ratio I/ICr ratio I/Cr  ratio 1/Cr ratio
(ug/gCr) (ug/gCr) (ug/gCr) (ug/gCr) (ug/gCr) (ug/gCr) (ug/gCr) (ug/gCr)
rhTSH
(N=49)
Mean 519.7+£718.7 92.2+141.8 49.3£20.3 61.7+37.2 106.8+232.3 80.3+118.7 59.5+56.9
Median 282.1 56.6 48.0 52.9 54.3 48.6 45.7
Range (40.5~4546.2)  (18.4~773.6) (10~95) (20.5~173.8)  (18.8~1414.6)  (25.7~802.2)  (19.2~388.8)
Adequate
45 (91.8%) 46 (93.8%)
UIE
Withdrawal
(N=45)
Mean 822.9+1104.3 56.7+132.2 24.6£16.3 51.6+137.5 40.5£56.6 32.6£39.2
Median 350.9 311 220 183 212 17.9
Range (27.5~5410.2) (8.9~901.1) (2.0~80.0)  (4.2~908.6) (4.5~263.6) (4.3~190.4)
Adequate 42 (93.3%) 42 (93.3%)
UIE

Table 3. Urinary I/Cr ratio at the day of 7" and 14" of LID

I/Cr ratio (ug/g Cr)
7" day of LID

Adequate UIE

portion at 7" day

1/Cr ratio (ug/g Cr)
14" day of LID

Adequate UIE

portion at 14" day

rhTSH Mean : 49.3+20.30 45 (91.8%) Mean : 59.5+56.9 46 (93.8%)
(N=49) Median : 48.0 Median : 45.7
Range : 10~95 Range
19.2~388.8
Withdrawal Mean : 51.6+137.5 42 (93.3%) Mean : 32.6+39.2 42 (93.3%)




(N=45) Median : 18.3

Range : 4.2~908.6

Median : 17.9
Range : 4.3~190.4

There were several patients who broke the LID schedule due to poor
compliance. The notable increase in their UIE (3 in the rhTSH and 3 in the

withdrawal group) indicates that the patients consumed food with high iodine

content more than once during the LID period. All the patients admitted to that

during follow-up interviews. (Table 4). After analysis of the 88 patients who

were compliant with their diet and hence had appropriate UIE levels, we found

that the pattern of UIE was quite dramatic without much difference between the
two groups. (Table 5). This is highlighted in Figure 2, where a significant drop
in median UIE is seen during the LID period, suggesting that adequate UIE

level required for RAI can be achieved within 3 days after starting LID in both

groups.

Table 4. Patterns of UIE in inadequately prepared patients (N=6)

0 day 3rd day 5th day 7th day 10th day 11th day 12th day 14th day
I/Cr ratio 1/Cr ratio 1/Cr ratio 1/Cr ratio 1/Cr ratio 1/Cr ratio 1/Cr ratio 1/Cr ratio
(ug/gCr) (ug/gCr) (ug/gCr) (ug/gCr) (ug/gCr) (ug/gCr) (ug/gCr) (ug/gCr)
rhTSH
A 850.50 125.00 205.20 160.00 140.00 91.70 177.60
B 291.90 96.20 66.70 59.70 38.30 57.90 388.80
C 229.90 70.70 60.30 56.10 32.30 75.80 167.10
Withdrawal
D 3448.10 901.10 133.90 908.60 254.70 190.40
E 81.60 140.70 69.60 242.70 263.60 161.40
F 353.80 16.40 29.20 16.70 24.70 114.50
Table 5. Patterns of UIE in adequately prepared patients (N=88)
0 day 3rd day 5th day 7th day 10th day 11th day 12th day 14th day
I/Cr ratio 1/Cr ratio I/Cr ratio 1/Cr ratio 1/Cr ratio I/Cr ratio 1/Cr ratio 1/Cr ratio
(Hg/gCr) (g/gCr) (Hg/gCr) (g/gCr) (glgCr) (Hg/gCr) (glgCr) (Hg/gCr)
rhTSH
(N=46)
Mean 523.8+738.6 91.9+146.4 49.4+20.3 59.8+35.5 90.3£204.2 74.3+116.0 47.4+£18.4

10



Median 271.5+515.6 55.9£38.6 47.0£30.5 50.9£30.8 54.3+26.9 4714329 45.0£20.7

Range (40.5~4546.2)  (18.4~773.6) (10~95) (20.5~173.8)  (18.8~1414.6)  (25.7~802.0)  (19.2~94.0)
Adequate 43 (93.3%) 46 (100%)
UIE

Withdrawal

(N=42)

Mean 789.3+1058.6 35.5+26.3 23.7¢15.2 27.5+29.4 30.4+31.6 23.8+19.9
Median 300.4+807.7 30.4+22.8 22.0£20.9 18.2+25.1 20.5+20.1 16.2+24.5
Range (27.5~5410.2)  (8.9~141.0)  (2.0~80.0)  (4.2~170.8)  (4.5~157.6) (4.3~94.0)
Adequate 41 (97.6%) 42 (100%)
UIE

Figure 2 dramatically shows the changing patterns of the median UIE values
during the LID period, and it reveals that the adequate UIE level can be
achieved within 3 daysafter starting LID on both groups.

Urine
I/Cr ratio
(hg/gCr) /Cr ratio < 100(ug/gCr)
300 - 300
250 300 4
500 250 o
200
150 -
150 o
100 -
100 -
50 - 50 4
0 T T T T T T T O T T T T T T
0 3rd T7th 10th 11th  12th  14th 0 3rd 5th 7th 10th 14th
rh TSH group (N=46) Withdrawal group (N=42)

Figure 2.Changing patterns of the UIE on both groups

IV. DISCUSSION

RAI ablation is frequently performed worldwide to reduce the recurrence rate

and prolong survival of moderate to high risk patients with well-differentiated

11



thyroid cancer.®

For optimal RAI treatment, proper elevation of TSH level and iodine
restriction are prerequisites. Normal thyroid tissue has preferential capability to
accumulate iodine via the sodium-iodine symporter (NIS), whereas thyroid
cancer cells have decreased expression of NIS and relatively reduced I uptake
compared to normal follicular cells.*>! In order to overcome this problem,
iodine restriction and TSH elevation are used to increase the expression of the
sodium-iodine symporter (NIS) and hence augment the I accumulation in the
thyroid cancer cells.'"8

Thyroxine withdrawal should be conducted to increase the serum TSH to an
appropriate level before RAI treatment. This however results in symptoms of
hypothyroidism which are quite debilitating for the patients. Thus in recent
practices, rhTSH injections are used to achieve similar TSH elevation without
rendering the patients hypothyroid.t”*® Many research papers have shown that
the efficacy of RAI treatment after the injection of rhTSH is similar to the
withdrawal group.5”1"%8 In addition, many clinical researches are currently
actively investigating and proving that the rhTSH is effective in maintaining the
euthyroid status as well as retaining the patients’ quality of life.®"1718

lodine restriction with a LID is always necessary 1-2 weeks before RAI
treatment.®° Even though there are a number of on-going studies trying to
determine the most optimal period and extent of iodine restriction world-wide,
there is no standardized protocol for the LID prior to RAI which takes account
of the racial differences, endemic dietary habits, and composition of iodine in
the local food yet. Duration of the diet is also an important factor that needs to
be tailored to the local people's dietary preferences. Most Koreans and Japanese
usually consume significant amount of seafood and regional food which are rich
in iodine. Therefore, for these people, LID is one of the most troublesome and

difficult process to follow during RAI treatment regardless of the dosage.

12



Patients often complain of difficulties in maintaining the LID for extended
periods of time. Thus, attempts to reduce the duration of LID are of clinical
importance, especially in iodine-rich areas.

In this study, we attempted to confirm the optimal period of iodine restriction
for RAI treatment in iodine rich diet through analyzing the changing pattern of
UIE during LID, and evaluated whether there is any difference in the UIE level
between two differently prepared groups. There is some limitation using spot
urine I/Cr compared to the 24-hour urinary iodine analysis. The 24-hour urine
iodine analysis is the gold standard method for evaluating iodine status in the
body.?® However, this method is really inconvenient patients, and practically
impossible to be used for measurement of the changing pattern of UIE
throughout the LID period. It is true that the spot urine iodine concentration can
be influenced by diurnal variation, urinary volume, fluid intake, and renal
function.®! In order to compensate for the limitation of spot urine, the iodine
to creatinine ratio (I/Cr) of spot urine can alternatively be used for the
evaluation of iodine status in the body, and it has been proven to reflect the
24-hour urinary iodine concentration.?? By using the I/Cr ratio of spot urine,

iodine status of the patient can be easily and reliably evaluated.

In terms of the timing of the urine collection, Kim et al. used the morning spot
urine for the evaluation of the iodine status of the body. 22 However, UIE usually
follows a circadian rhythm and is lowest between the hours of 8:00 AM and
11:00 AM; thus, a morning spot urine could potentially result in an
underestimation of iodine status.?>?® According to the Vanacor group, when
compared with the 24-hour urine iodine analysis, spot urine specimen collected
during the afternoon time has the best correlation with the 24-hour value. Hence

we set the urine collection time between 1pm to 5pm. 4

In this study, the cutoff value of the adequate UIE for RAI treatment was

chosen as urine I/Cr ratio <100ug/gCr based on major guidelines.!*122425 The
13



European Association of Nuclear Medicine Therapy Committee recommended
adequate UIE level for RAI treatment as urine iodine concentration <100 mcg/I
or urine 1/Cr < 100 mcg/gCr, and many other studies have also suggested using
the same value as a reflection of adequate LID preparation.tt.122425

In this study, we found that there was a decreasing pattern of UIE (spot urine
I/Cr ratio) during the 2 weeks of low iodine diet. The changing pattern of UIE
demonstrated that adequate UIE (<100 pg/gCr) was achieved within several
days, and the UIE was maintained at this low level to the end of the LID period
in both groups. Our study corresponds with previous reports which were also
from Korea. 2% Lee et al. showed that 95.9% (187/195) of patients can achieve
adequate UIE for RAI treatment after 1 week of LID. Kim et al. also revealed
that satisfactory UIE level can be achieved within 6 days of LID, suggesting
that for RAI ablation preparation, one week of strict LID might be sufficient.
2425 In our study, considering the changing pattern of the UIE, we argue that
one-week schedule of LID can be also safely applied to the patients using
rhTSH.

We assessed the median value rather than the mean value for the purpose of
maintaining the accuracy of the data. The drastic increase in I/CR ratio in the
middle of the LID was due to the failure of compliance to the LID schedule by
several participants in both groups. This explains the abnormality of the mean
value of the rhTSH group on the 11"& 12" day (Table 2 & 4). The violation of
diet schedule was confirmed through follow-up phone calls by a nurse. To
prevent data distortion by skewed distribution when using the mean, the data

generation through the median values was inevitable (Figure 2).

Since this study was mainly done through simple urine collection, there was no
potential harm or any adverse reactions involving the subjects during the study

period. However, we conducted a safety assessment for further evaluation.

14



Based on the regular check-ups and consultations by physicians and nurses
during each visit, no adverse reactions or serious adverse events were reported.
Even though we were unable to show any difference in the UIE pattern between
the two groups, from the physicians’ perspective, the withdrawal group
experienced more discomfort and fatigue compared to the rhTSH group due to

hypothyroidism.

V. CONCLUSION

Further study regarding the therapeutic outcome- ablation success rate is
necessary to check the effect of one week LID. However, in terms of total body
iodine level, one week of strict LID is sufficient preparation for RAI ablation in
an area with iodine rich diet. This one-week schedule of LID can also be safely
applied to patients prepared with rhTSH.
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