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FIRST TREATMENT ACTIVITY AND OUTCOME OF RADIOIODINE
THERAPY IN THYROID CANCER PATIENTS WITH METASTASES
IN LYMPH NODES: MATHEMATICAL CORRELATION AND CLINICAL
IMPLICATIONS
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Aim: The aim of the work was to estimate the strength of influence of the first 3'I activity on the outcome of the first course of
radioiodine treatment as compared with other variables such as remnants volume, size and number of metastases in lymph nodes.
Patients and Methods: 68 adult patients with differentiated thyroid cancer have been treated with radioiodine after thyroidectomy.
All patients had metastatic lesions in lymph nodes accumulating *'I. Activities administered amounted from 1000 to 6000 MBq.
From 1 to 4 courses of radioiodine therapy were necessary for total ablation of metastases and remnants. Logistic function has
been used to describe the probability of the total ablation of metastases and thyroid remnants after the first course. Results: It was
shown that the value of the first activity has the decisive influence on the treatment outcome. In patients included into analysis the
outcome of the first course actually does not depend on level of radioiodine accumulation in pathological lymph nodes and effec-
tive half-time of 3'I excretion in remnants. Conclusion: As a result, in the case of metastatic lesions in lymph nodes accumulating
radioiodine the first activity should not be less then 5000 MBq with the aim of minimizing the number of courses. Outcome of the

treatment only slightly depends on such factors as histology, the number and the size of metastases in lymph nodes.
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Question of correct choice of the first therapeutical
activity in differentiated thyroid cancer after thyroidec-
tomy is still under discussion. The decisions are often
based on empirical approach. Several factors, such as
thyroid remnants volume, the number and the size of
pathological sites accumulating radioiodine, histology
of the tumor may be taken into accountin the choice of
the activity value [1, 5]. Nevertheless the factors as-
sociated with ablation failure are not fully understood.
In particular, itis not certain whether the use of activi-
ties higher than 3.7 GBq would result in any additional
benefit [7]. Meanwhile several researches have been
yet focused on the use of low activities for ablating
the thyroid remnants upon thyroidectomy. Even the
possibility of low activities fractionation by successive
treatment courses is still discussed [6]. Standardized
regimens of ®'l therapy in fact have several advantages
over the attempts of individual selection of the activi-
ties based on accounting preliminary kinetics data [ 14,
15]. Either administering an empirically chosen fixed
dose or using dosimetry — guided techniques, can
achieve remnants ablation. Because of the technical
and logistic difficulties, most centers have adapted the
fixed dose or standard-dose technique for remnants
ablation using ®'I [2]. In [8] the individual activity value
A, was calculated for the cases without metastatic le-
sions and when only thyroid remnants were present.
A, could be estimated based on the kinetics of ¥l
distribution assessed in diagnostic scintigraphy. As a
rule, inthe case of metastases in lymph nodes revealed
in diagnostic scintigraphy the therapeutical activities
amounted approximately to 3600 MBq [13]. Neverthe-
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less, the relative contribution of thyroid remnants size
to the outcome of the first course of radioiodine treat-
ment has not been yet established. It has not been also
established which factors are more decisive in terms of
the influence on treatment outcome, namely the first
activity administered or thyroid remnants volume and
the number and the size of metastatic lymph nodes.

The aim of the study was to estimate the relative
contribution of the first activity to the outcome of the
first course of radioiodine treatment as compared with
othervariables such as remnants volume, size and the
number of metastases in lymph nodes.

PATIENTS AND METHODS

68 adult patients (aged from 46 to 76, 55+ 7 in aver-
age) with differentiated thyroid cancer have been treated
with radioiodine after thyroidectomy. Patients have been
operated in different clinics in Ukraine. In every patient
the scope of the surgery comprised resection of regional
lymph nodes with possible metastases. Nevertheless,
only patients with metastases in lymph nodes accumulat-
ing radioiodine have been enrolled into the study.

15 patients had follicular thyroid cancer, 40 — papil-
lary, 12 — mixed form, in one patient histological data
were not available. Therapeutical activities amounted
from 1000 to 6000 MBq. From 1 to 4 courses of ra-
dioiodine treatment were necessary for total thyroid
tissue ablation. If the first course failed, the following
successive courses were appointed. 55 patients had
full ablation of metastases and remnants after the first
course of the treatment. The following parameters of ™|
kinetics in remnants and lymph nodes were measured
in 25 random patients from the first day of treatment
activity administration: the effective half- life in remnants
and pathological lymph nodes and level of radioiodine
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accumulation in remnants in 24 h after activity admin-
istration. Calculations were made on gamma camera
6400 (Hungary) and SPECT E. Cam (Siemens).

Regression analysis has been applied for estimating
the relative contribution of the first activity to the outcome
of the first course of radioiodine treatment as compared
with individual peculiarities of the patient such as thyroid
remnants volume, number of lymph nodes metastases
and histological type of the tumor. Logistic function was
used in regression analysis for describing the probability
of full metastases ablation after the first course.

RESULTS
For evaluating the relative contribution of the first
activity on the outcome of the first course, the whole
interval of the activities administered was divided in
1000 MBq subintervals. In every subinterval p has
been calculated as the ratio of the number of patients
with full thyroid tissue ablation after the first course
of the treatment to the total number of patients being
treated in such activity interval. p value as a function
of activity is plotted in Fig. 1.
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Fig. 1. p as a function of the first activity value A. The number
of patients being treated in every activity 'l interval is indicated
in brackets.

From Fig. 1 it is obvious that the probability of full
ablation of metastases and remnants increases with
increasing value of the first activity. The relationship
is approximated by linear function. p does not take
the zero value throughout all the range of activities
administered even in the lowest activity of 1100 MBq.
This fact suggests that individual values of the optimal
activity for each patient do exist.

p = 1in the activity interval from 5000 MBq to
6000 MBg. The plotted function reflects the overall p
increment with the increasing activity, not taking into
account the individual features of each patient.

The total number of patients required one or more
than one courses for complete ablation of remnants
and metastases for every histology group is indicated

in Table 1.
Table 1. The number of patients treated with 1 or > 1 courses in different
histology groups

Total number of courses Papillary cancer Follicular cancer Mixed form
1 33 1 1

>1 7 4 1

From Table 1 it could be seen that the relative
percentage of cases requiring more than 1 course,
seems to be the same whatever the histological type
of thyroid cancer.

For comparing the strength of the influence of param-
eters of radioiodine distribution in thyroid remnants and
metastases on treatment outcome the regression analy-
sis has been applied in 25 randomly selected patients.

Parameters of radioiodine distribution in thyroid tis-
sue were as follows: average value of the first treatment
activity A_ =3631 MBq; effective half-time of radioiodine
excretioninremnants T_ = 3.28 days; level of thyroid rem-
nants accumulation relative to its background value in 24
h after activity administration o, = 25.68. In metastasesin
lymph nodes average value in 24 h after beginning of the
treatment "= 12.06 (from 0.6 to 54). Effective half-life
of ¥'l excretionin lymph nodesin average was equal 2.7 +
1.6 days (from 0.5 days to 6.19 days).

In 17 of 25 patients remnants and metastases were
completely ablated after the first course of the treat-
ment. 8 patients were subjected to several courses of
radioiodine treatment.

In principle, the radioiodine therapy outcome may
be reduced to two discrete values — 1 or 0 (ablation
success or failure). Nevertheless, the outcome depends
on several continuous parameters such as therapeutic
activity, parameters of radioiodine distribution in thyroid
tissue and other factors. All of them may be aligned in
certain hierarchy depending on the strength of their
influence on the outcome of the first course of the treat-
ment. We have attempted to isolate those factors which
are decisive ones and to clear up whether it is possible
toindicate such activity value which could overcome the
effects of individual factors such as the number and the
size of metastatic lesions in lymph nodes.

Logistic function depending on measured param-
eters of radioiodine distribution in thyroid tissue was
chosen as treatment outcome function of the first
course. This function has two asymptotic values which
were assigned as 1 — related to full metastases and
remnants ablation after the first course or 0 — in case
of the necessity of several courses of radioiodine treat-
ment (the failure of the first course).

The normalization of the parameters to the average
values allows us to compare their relative contribution
to the treatment outcome:

An =A/Aav; Gn= G/Gav

After the normalization of the parameters included
into calculations, the function f of treatment outcome
was determined (Statistics 5.5):

f=exp(-3.2+4.46-A -0.29-c6,)/[1+exp(-3.2+
4.46-A -0.29-5,)](1)

p=0.04.

fwas equal 0.76 + 0.18 in patients with total thyroid
tissue ablation after the first course of the treatment;

and f=0.50 + 0.16 in the case of the necessity of
the several courses (upon failure of one course).

Fig. 2 shows the fraction of patients with the total
thyroid tissue ablation after the first course in the every
activity interval and f value for 25 randomly selected
patients under study. f was calculated on the basis
of equation (1); the mean value of ¢ for the patients
treated in this activity interval and average activity value
have been used in the calculations.
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Fig. 2. The actual fraction of patients with total thyroid tissue
ablation as compared with calculated f values in the treatment
activity interval. The number of patients in every activity interval
is indicated in the brackets

It could be seen that calculated f values coincide
with the fraction of the patients treated with not more
then one course with the high accuracy.

From the equation (1) it could be concluded that the
greater is remnants volume reflecting in o, the greater
treatment activity is necessary for increasing the prob-
ability of the treatment outcome after the first course
(negative o, term of equation — 0.29). It should also
bear in mind that o reflects indirectly also the functional
activity of thyroid remnants. According to our data % of
radioiodine accumulation in remnants in 24 hours after
activity administration correlates highly with o (k= 0.8).

Activity value has the decisive influence on the treat-
ment outcome as compared with 6 (4.46 vs 0.29). Includ-
ing other parameters (effective half-time of radioiodine
excretion in remnants and metastatic lymph nodes, level
of radioiodine accumulation in them) into analysis does
not increase the confidence of the model (p = 0.04).
Thus, treatment outcome does not depend on half-time
of radioiodine excretion from remnants as well as level of
radioiodine accumulation in lymph nodes (normal thyroid
tissue is more radio resistant then lymph nodes [11]).

To assess the predictive strength of the model pro-
posed, the relationship between fand the real values of
o has been plotted for different therapeutic activities.

In Fig. 3 the function f{g) is represented under the
assumption that all patients were given the same activ-
ity value (it could be plotted since ¢ does not correlate
with activity value) —

A, =5000 MBgq;

A, = 3631 MBq (average value);

A,=3000 MBgq;

A,=2000 MBq.

From Fig. 3 it could be seen that f > 0.7 at
A=5000 MBq. Thus, probability to pass only one course
is rather high after administration of 5000 MBq. When
the activity exceeds 5000 MBq, the individual clinical
features do not appear to affect significantly on the
outcome of the first course. Activity of 2000 MBq is
insufficient whatsoever value of o (f < 0.5). Nevertheless,
in reality even one course may be sufficientin rather low
activities approximately 1100 MBq.

With the aim to show the difference in the patterns
of scintigramm in patients included into analysis three
patterns of scintigram are given in Fig. 4, 5, 6.

—o— A = 5000 MBq —— A - 3631 MBq
—A— A = 3000 MBg —0— A = 2000 MBq

Fig. 3. f(0) calculated at different activities value A, = 5000 MBq,
A,=3631 MBq (average value); A, = 3000 MBg; A, =2000 MBq

Fig. 4. Patient N. Follicular thyroid cancer. Thyroid remnants
and metastases in lymph nodes of the neck are visualized on
scintigram. The first activity was 3330 MBq

Patient N, Fig. 4, has undergone one course for
total thyroid tissue ablation that coincided with the
calculated value f of the proposed model.

In spite of the significant individual differences in the
size of remnants, the number and the size of the affect-
ed lymph nodes, as shown in the scintigrams (Fig. 4-6)
in all the cases the first radioiodine activity turned out to
be decisive factor for radiotherapy outcome.

It is interesting to pay attention to the patients who
were given several courses of the treatment but ac-
cording to the model the total ablation should have
taken place after the first course (4 patients) and vise
versa — according to the model patients should have
gone few courses but total ablation was revealed after
the first course (2 patients). Thus, the model failed in 6
patients. 4 patients had follicular cancer, 2 — papillary
one. No peculiar characteristics have been evident in
scintigrams of these patients and individual ¢ values did
not differ from o, . Upon analysis of the scintigrams of
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these patients small remnants volume (o =3.04 and ©
=7.16) and low level of 'l accumulation in pathological
lymph nodes were revealed in patients after one course
(2 patients) in the first treatment activities A = 2364 MBq
and A =2368 MBq, while in the cases of the necessity of
few courses activities were equal 3700 MBq in average
but parameters of 'l kinetics in remnants varied a little
from average meanings. Thus, such results could rather
be referred to individual radiosensitivity.

Fig.5. Patient Z. Papillary thyroid cancer. Thyroid remnants
and metastases in lymph nodes are visualized. 2 courses of
radioiodine treatment were necessary. 4300 MBqg — the first
therapeutical activity. According to the model total ablation
should have take place after 1 course

Fig. 6. Patient M. Papillary cancer of thyroid. Thyroid remnants
and metastases in lymph nodes. First activity was 4500 MBqg.
Patient has undergone 1 course of the treatment which coincided
with calculations

DISCUSSION

Activity value is the only variable parameter that
could be changed during the treatment. As arule, inthe
case of metastases in lymph nodes accumulating radio-
iodine the activities amount from 3600 to 7400 MBq [1].
There are cases when the volume of thyroid remnants
after the surgery is large and thus pathological lymph
nodes are not visualized during scintigraphy. Although
81l accumulation in metastatic lymph nodes as a rule
is less then in remnants (as wellas T__ . ), metastatic
lymph nodes require less doses for their eradication
— approximately 80 — 100 Gy as compared with 300
— 1000 Gy for remnants [12]. The higher radiosensitiv-
ity of the pathological thyroid tissue as compared to
the normal one [10] may be helpful to explain the data
cited above. May be due to the same difference in ra-
diosensitivity, the volume of the remnants has decisive
influence on the treatment outcome of the first course.
The model proposed in this study states that the treat-
ment outcome of the first course is determined by the
first activity value and the level of | accumulation in
remnants but does not depend on T in remnants. It
is possible that predominant part of the dose (whether
sufficient or not enough for ablation) is absorbed in
remnants within the first day of the treatment.

The results of this analysis do not exclude the at-
tempts of the individual approach to the treatment that
could be useful in understanding the radiobiological
effects of thyroid tissue ablation and "'l distribution
in remnants and metastases. Several researches are
attempting to correlate the first treatment activity of
radioiodine with the neck uptake in 24 or 48 h after
administration of the low diagnostic activity (approxi-
mately 74 MBq). Meanwhile, effectiveness of 1100
MBq of ™'l in producing ablation did not correlate
with ®'l uptake by the thyroid remnants, surgeon’s
estimate of remnant size, or dose delivered to the
remnant, calculated using reasonable assumptions.
These findings emphasize the difficulty of dosimetric
measurements and calculations [4, 9, 14]. It was also
shown that such factors as age, gender, tumor histol-
ogy, stage, pre—therapy neck uptake of **'l, diagnostic
dose, TSH — level, ablation dose, time between di-
agnostic and therapeutic dose, etc. have rather low
influence on the treatment outcome [7]. Nevertheless
higher therapeutic activities are associated with higher
rates of successful ablation, even when administered
to patients with more advanced cancer.

Meanwhile, the optimal ™'l activity necessary to
achieve total ablation of remnants and metastases
remains uncertain [11].

Some authors indicate that to achieve ablation is
more difficult with increasing individual percentage
of ¥l uptake that confirms our data. Nevertheless, in
[3] the conclusion has been made that in the percent-
ages of successful ablation, there were no significant
differences between ®'l activities of 3700-5500 MBq,
5500-6500 MBq, 6600-7300 MBq, and 7400 MBq
or more. The 3700-5500 MBq ablative activity may
furnish adjuvant therapy for occult metastases.



Experimental Oncology 28, 75-79, 2006 (March)

79

The results of our study suggest that therapeutical
activities for treatment of thyroid cancer with metasta-
ses in lymph nodes should be not less then 5000 MBq
if other restrictions are absent.

Within the activities exceeding 5000 MBq, the
number and the volume of the affected lymph nodes
as well as histology of the tumor do not appear to con-
tribute substantially to the outcome of the treatment
after the first activity administration in patients with
metastases in lymph nodes. The choice of the activi-
ties exceeding 5000 MBq as well as those inferior to
this value is rather doubtful.
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BJINAHUE TEPANEBTUYMECKOWU AKTUBHOCTM 1-131 HA PE3Y/IbTAT
PAANOUOAOTEPANNN ANDDEPEHLUPOBAHHOIO PAKA
LLIUTOBUAHOWN XXEJIE3bl MPU METACTATUMECKOM NOPAXEHUMU
JINMMOOY3J10B: MATEMATUHECKAYA KOPPEJIALUNA U
KJIMHWYECKOE NPUMEHEHUE

I[eab: oueHUTh BJIMSAHHE NEPBOii Je4eOHON akTUBHOCTH ' HA pe3yJIbTaT PaaUOONOTEPANNH MO CPABHEHHIO C Pa3MepamMu
OCTATOYHO!W TKAHH IMUTOBHIHOI XKeJjie3bl, KOJIMIECTBOM M pa3MepaMu MeTacTa3oB B mmdboysiaax. Mamepuaaot u memooot:
68 6osbHBIM ¢ M depeHTUPOBAHABIM PAKOM MIUTOBHIHO# JKeJIe3bl IPOBOIWIIN JIeYeHHEe PATMOI0I0M NOCJIe THPEOUTIKTOMUN. Y
BCEX MALUEHTOB ObLIO BbISBJIEHO NATOIOTHYECKOE HaKomienue 311 B nopakeHHbIX MMdoy3iax. BeeneHHbie AKTHBHOCTH IPUHAMAJIH
3nadenne ot 1000 10 6000 MBk. /I151 m0oaHOr0 YHMYTOKEHNS THPEOUTHOI TKAHH, BKITIOYAS METACTATHYECKHE 0YATH MOPAKEHNS,
Heo0xommmMo 0bu10 TpoBectH OT 1 10 4 KypcoB paauoiionoTepanun. J1isi OeHKH BePOSATHOCTH MOJTHOTO YHHYTOXKEHHSI METACTA30B
¥ OCTATOYHOI TKAHM MOCJIE IEPBOT0 Kypca paanoiiogoTepaniu ObLIa BeIOpana joructuaeckas pynkuus. Pesyromamot: pe3yabrat
npuMeHeHus I Kypca paauoiiofioTepaniy He 3aBUCHT OT YPOBHS HakomieHus '1 B mumdoysiiax, a Takxke ot 3(h(heKTHBHOrO nepuona
MOJTYBBIBEJICHHSI PAIMO0Ii0/Ia U3 OCTATOYHON TKAHM IUTOBUIHOI JKeJie3bl. Bbigodee: y 60ibHBIX ¢ AU (epeHIMPOBAHHBIM PAKOM
HMIMTOBMIHO JKeJie3bl B CIy4ae HAIMYHS MOPAKEHHBIX JMGOY3/I0B, B KOTOPHIX HAKAIUIMBAETCS PAXNOI0], MepBas JiedeOHas
AKTHBHOCTH He oDKkHA ObITh MeHbIe 5000 MBK — /1151 yMeHbIIeHHsI KOJIMIeCTBA KyPCOB PATMOHOI0TEPANIHH 10 MUHUMYMA.
Pe3ynsraT npuMeHeHnsI paaMOiioA0TEPANHH CJIA00 3aBHCHUT OT TaKUX (haKTOPOB, KAK THCTOJIOTHS, A TAKKE OT KOJIHYECTBA
NOpakeHHbIX JMGOY3JI0B U YPOBHS HAKOIUIEHHS PAINOH0IA B HIX.

Karouesvle cao6a: pak muTOBHAHOM XKejie3bl, MeTacTassl, 31, Kunernka.
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