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THYROID

Predicting excellent response to radioiodine in
differentiated thyroid cancer using machine learning

Cover figure. Predicting the success of radioidine therapy using machine learning (A: rem-
nant thyroid tissue on the postablation scintigraphy; B: no remnant thyroid tissue on the control
scintigraphy).

Summary

Objective. If excellent response (ER) occurs after radioactive iodine (RAI) treatment in patients
with differentiated thyroid carcinoma (DTC), the recurrence rate is low. Our study aims to predict
ER at 6-24 months after RAI by using machine learning (ML) methods in which clinicopathological
parameters are included in patients with DTC without distant metastasis.

Methods. Treatment response of 151 patients with DTC without distant metastasis and who
received RAI treatment was determined (ER/nonER). Thyroidectomy + neck dissection pathology
data, laboratory, and imaging findings before and after RAI treatment were introduced to ML
models.

Results. After RAI treatment, 118 patients had ER and 33 had nonER. Before RAI treatment, TgAb
was positive in 29% of patients with ER and 55% of patients with nonER (p = 0.007). Eight of the
ML models predicted ER with high area under the ROC curve (AUC) values (> 0.700). The model
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with the highest AUC value was extreme gradient boosting (AUC = 0.871), the highest accuracy shown by gradient boosting (81%).
Conclusions. ML models may be used to predict ER in patients with DTC without distant metastasis.

Key words: machine learning, excellent response, prediction, radioactive iodine, differentiated thyroid cancer

Introduction

Differentiated thyroid cancer (DTC) is the most common
malignant endocrine neoplasm. The incidence of DTC has
increased due to the increased frequency of use of ultrasonog-
raphy !. The most crucial component of the treatment of DTC
is total or near-total thyroidectomy. According to preopera-
tive evaluation, central and/or lateral neck dissection can be
performed. Ablation/adjuvant therapy/metastasis treatment
can be performed using radioactive iodine (RAI) according
to the disease stage and risk assessment after surgery 2.

The American Thyroid Association (ATA) recommends
evaluating treatment response after RAI under four head-
ings: 1) excellent response (ER), 2) biochemical incomplete
response (BIR), 3) structural incomplete response (SIR),
and 4) indeterminate response (IDR). The recurrence rate in
patients with ER at one end of the treatment response scale
is 1-4%; distant metastases can be seen in 50% of patients
with SIR at the other end. Structural disease may also occur
in patients with BIR and IDR 2.

During follow-up, patients with ER and physicians follow-
ing these patients are more comfortable psychologically;
this is the opposite for BIR, SIR, and IDR. Therefore, it is
crucial to predict ER after RAI There are some established
clinicopathological predictors for ER 3%, ablation suc-
cess 7, and treatment failure %! after RAI treatment. Our
study aims to predict ER 6-24 months after RAI by using
machine learning (ML) methods in which clinicopathologi-
cal parameters are included in patients with DTC without
distant metastasis.

Materials and methods

Patients

All patients who received RAI treatment in our department
between 2019 and 2022 due to DTC were identified (436
patients). The following patients were excluded: 1) patients
with distant metastasis, 2) patients with missing thyroglob-
ulin (Tg), antithyroglobulin antibody (TgAb), neck ultra-
sonography (USG) data in the hospital registry system dur-
ing the follow-up period, 3) patients exposed to iodinated
contrast material in the three months before RAI. Finally,
151 patients were included in the study.

262

Radlioactive iodine treatment protocol

Levothyroxine was discontinued for four weeks in patients
who started using levothyroxine after total/near total thy-
roidectomy + central/lateral neck dissection, while some
patients used triiodothyronine in the first two weeks. TSH
measured on the day of RAI treatment was > 30 IU/mL in
all patients. An iodine-restricted diet was applied for two
weeks before RAI treatment. RAI doses were determined
according to the recurrence risk of the patients (30-200
mCi). Whole body scintigraphy (WBS) images were ob-
tained using Mediso AnyScan 2013-2016 dual-head gam-
ma cameras on days 5-9 after RAI (with high-energy col-
limators, peak 364 keV; window 15%).

Evaluation of treatment response

In our clinic, non-stimulated thyroglobulin (nsTg) measure-
ments are used in the routine follow-up of patients with DTC
after RAI to avoid hypothyroidism caused by levothyroxine
withdrawal and due to the high cost of recombinant human
TSH (thTSH). Patients were divided into two groups (ER
and nonER) according to the treatment responses obtained
after RAI treatment. For ER, it was necessary to have the
following criteria, also specified in the ATA 2015 guideline:
negative imaging (WBS and neck USG) and nsTg < 0.2 ng/
mL in the absence of TgAb. According to the ATA 2015
guidelines, patients with BIR, SIR, or IDR were classified
as nonER %

Laboratory measurements

An automated immunoassay (Centaur Systems, Siemens)
method was used to measure TSH and TgAb, and the en-
zyme immunoassay method was used to measure Tg.

Statistical analysis

IBM SPSS 27 (IBM Corp. Released 2020. IBM SPSS
Statistics for Macintosh, Version 27.0. Armonk, NY: IBM
Corp) was used for statistical analysis.

The conformity of the variables to normal distribution was
evaluated using the Kolmogorov-Smirnov test. Categorical
variables were expressed as numbers and percentages. Con-
tinuous variables were expressed as the mean + standard
deviation (SD) or the median and minimum-maximum. The
effect of continuous variables on ER was analysed using the
“independent groups t-test” or the “Mann-Whitney U” test.
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Figure 1. Workflow of patient selection and machine learning process. RAI: radioactive iodine; ER: excellent response.

The effect of categorical variables on ER was analysed us-
ing the chi-square test.

Continuous variables in our study were patient age, tumour
size, and RAI dose. The categorical variables in our study
were: gender, presence of aggressive histopathological sub-
type, multifocality, lymphatic invasion, vascular invasion,
perineural invasion, positive surgical margin, presence of his-
topathologically proven cervical lymph node metastasis, ATA
risk group (low, moderate or high), stimulated thyroglobulin
(sTg) before RAI (< 10 ng/mL or > 10 ng/mL) and TgAb
(positive or negative), time between total thyroidectomy and
RAI treatment (titRAI) (< 3 months or > 3 months), and pres-
ence of thyroid tissue on WBS after RAI treatment.

Machine learning

The ability of ML methods to predict ER was evaluated
with the Orange data mining toolbox (Version 3.34.0). The
Synthetic Minority Over-Sampling TEchnique (SMOTE),
one of the oversampling methods, was used to eliminate
the imbalance between the number of patients with nonER
(n=34)and ER (n=119) 2.

Eighty percent of the patients were randomised to the train-
ing group and 20% to the testing group. Ten-fold cross-
validation was used in the training group. In the preproc-
essing stage, the data were normalised between 0 and 1.
The 10 variables that best predicted ER were determined
by the ANOVA method. Using the mentioned 10 variables,

the predictive power of k-nearest neighbors (kNN), random
forest, gradient boosting, extreme gradient boosting, naive
Bayes, decision tree, logistic regression, neural network,
and AdaBoost methods for ER was investigated on the
training group. The knowledge that ML models learned to
predict ER in the training group was validated in the testing
group. The workflow of the design of our study is summa-
rised in Figure 1.

Results

In all, 110 of the patients were females and 41 were males.
All patients had papillary carcinoma. While 118 patients
had ER after RAI treatment, 33 had nonER. Detailed in-
formation about the patient population is shown in Table 1.
TgAb was positive in 55% of patients with ER and 29%
with nonER before RAI treatment (p = 0.007). Other con-
tinuous or categorical variables did not significantly differ
between patients with and without ER (Tab. I).

ML methods learned the relationships between the training
group data and the ER status and used the learned relation-
ships on the testing group data (Tab. II). Tree, random for-
est, neural network, naive Bayes, logistic regression, gra-
dient boosting, extreme gradient boosting, and AdaBoost
were able to identify patients with ER with high AUC val-
ues (> 0.700) (Tab. III). The model with the highest AUC
value was extreme gradient boosting (AUC = 0.871). The
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Table I. Detailed characteristics of patients with ER and nonER.

Variable (mean = SD) Patients with ER Patients with nonER
Age 46 +12 45+12 0.547
Largest diameter of tumour (mm) 19.8+124 16.9+10.7 0.197
Preablation sTg (ng/mL) 53+10.2 58+12.38 0.090
Radioactive iodine dose (mCi) 97 +32 110 + 37 0.058
Variable N (%) Patients with ER Patients with nonER p value
Sex 0.178
Female 89 (75) 21 (64)
Male 29 (25) 12 (26)
Histology 1.000
Papillary 118 (100) 33(100)
Other
Subtype with poor prognosis * 0.587
Yes 37 (31) 12 (36)
No 81 (69) 21 (64)
Multifocality 0.986
Yes 86 (73) 24 (73)
No 32 (27) 9(27)
Positive surgical margin 0.226
Yes 24 (20) 10 (30)
No 94 (80) 23 (70)
Lymphatic invasion 0.146
Yes 28 (24) 12 (36)
No 90 (76) 21 (64)
Vascular invasion 0.547
Yes 11 (9 2 (6)
No 107 (91) 31 (94)
Perineural invasion 0.421
Yes 8(7) 103
No 110 (93) 32 (97)
Extrathyroidal extension 0.700
Yes 4(3) 13)
No 114 (97) 32(97)
ATA 2015 risk group 0.119
Low 61 (52) 11 (23)
Intermediate 53 (45) 21 (64)
High 4(3) 13)
T category 0.620
T1-T2 112 (95) 32 (97)
T3-T4 6 (5) 1)
N category 0.138
NO 102 (86) 25 (76)
N1a/N1b 16 (14) 8 (24)
TgAb 0.007
Positive 34 (29) 18 (55)
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Table I. continues

Variable (mean = SD) Patients with ER Patients with nonER p value
Negative 82 (71) 15 (45)

titRAI 0.223
< 3 months 87 (74) 21 (64)
= 3 months 31 (26) 12 (36)

Remnant tissue on postablation WBS 0.783
Yes 109 (92) 30 (91)
No 9(8) 309

* Like tall cell, hobnail variant, columnar cell carcinoma.

ER: excellent response after radioactive iodine, nonER: treatment response patterns other than excellent response, SD: standard deviation, sTg: stimulated thyroglobulin, ATA: Ameri-
can Thyroid Association, TgAb: thyroglobulin antibody, titRAI: time interval between radioactive iodine and thyroidectomy, WBS: whole body scintigraphy.

model that determined the ER as having the highest accu-
racy (81%) was gradient boosting (Cover figure).

Discussion

If ER is obtained after initial treatment (total or near-total
thyroidectomy + RAI) in DTC, the recurrence rate is 1-4%.?
There are studies in the literature aiming to predict the suc-
cess or failure of RAI treatment using classical statistical
methods. In this study, we aimed to predict ER using differ-
ent ML methods after RAI treatment.

Barres et al. followed 1093 patients with DTC for a median
of 5 years. Predictors of ER were found to be sTg < 1 pg/L
before RAI treatment and more than a 60% decrease in Tg
after RAT treatment *. The same study determined a cor-
relation between sTg and disease persistence, locoregional
recurrence, and distant metastasis.

Giovanella et al. ablated 193 low-risk DTC patients using 1.1
GBq (30 mCi) RAI They found that the rate of no residue in
Tc-99m pertechnetate thyroid scintigraphy was higher in pa-
tients with successful ablation (52-96%, p < 0.001). They also
determined that sTg values before RAI treatment were lower in
patients with successful ablation (2.7-5.8 ng/mL, p < 0.010) °.
In the study by Yun et al. on 1228 patients with DTC, nonER
was more frequent after RAI treatment if there were more
than 5 metastatic lymph nodes. In addition, if the metastatic
lymph node ratio (metastatic lymph node number/number
of dissected lymph nodes) was greater than 0.3, nonER was
more frequent after RAI treatment .

Park et al. tried to predict failure of RAI therapy in 132
patients with DTC. Although univariate analysis showed
T category, tumour size, and the preablation sTg to be as-
sociated with therapeutic failure, only preablation sTg was
identified as an independent risk factor indicating treatment
failure in the multivariate analysis 3.

Prpic et al. investigated the causes of RAI treatment failure
in 704 DTC patients.'* Treatment failure was more common
in younger patients (< 53 years), patients with preablation
sTg > 2.4 ng/mL, patients with N1a, and those with extraca-
psular invasion of the metastatic lymph nodes.

Dong et al. ablated 506 patients with low/intermediate risk
DTC with 1.1 GBq (30 mCi) or 3.7 GBq (100 mCi). They
reported that preablation sTG > 10 ng/mL is a risk factor for
incomplete response. They concluded that RAI dose is not a
risk factor for incomplete response in low/intermediate risk
patients, and that 1.1 GBq RAI dose can be used for ablation.’
lizuka et al. showed that preablation sTg > 4 ng/mL was as-
sociated with ablation failure in their study of 119 interme-

Table Il. The results of machine learning models in predicting ER on
the training group.

Model | AUC | Sensitivity (%) | Specificity (%) | Accuracy (%)
KNN 0.731 68 68 68
Tree 0.734 71 66 68
Random 0.809 79 76 77
forest

Neural 0.801 75 73 74
network

Naive bayes | 0.694 80 49 65
Logistic 0.748 77 65 71
regression

Extreme 0.763 74 7?2 73
gradient

boosting

Gradient 0.799 74 74 74
boosting

AdaBoost 0.757 74 67 70

ER: excellent response after radioactive iodine, AUC: area under the curve, KNN: k-
nearest neighbors.

265



O. Bulbul, D. Nak

Table Ill. The results of machine learning models in predicting ER on
the testing group.

Model | AUC | Sensitivity (%) | Specificity (%) | Accuracy (%)
kNN 0.670 48 83 66
Tree 0.755 65 83 74
Random 0.857 57 83 70
forest

Neural 0.864 52 71 62
network

Naive 0.777 87 58 72
bayes

Logistic 0.713 78 58 68
regression

Extreme 0.865 70 83 77
gradient

boosting

Gradient 0.850 83 79 81
boosting

AdaBoost | 0.764 65 88 77

ER: excellent response after radioactive iodine, AUC: area under the curve, kNN: k-
nearest neighbors.

diate/high-risk DTC patients. In the same study, 1100 MBq
(30 mCi) RAI was used in patients with intermediate risk,
and 2960-3700 MBq (80-100 mCi) RAI was used in high-
risk patients for ablation. The authors found that different
RAI doses did not affect ablation success ".

In this study, as a result of classical statistical analysis with
151 patients, only the positivity rate of TgAb differed be-
tween patients with ER and nonER after RAI treatment.
Preablation sTg, which predicts treatment failure with dif-
ferent threshold values in many studies, did not differ be-
tween ER and nonER patients in our study.

The effect of the time between RAI and thyroidectomy (ti-
tRAI) on treatment success is unclear. While some studies
showed that treatment success decreased when titRAI was
more prolonged, some studies reported that titRAI did not
affect treatment success '2!. In our study, no difference was
found in ER rates in patients with titRAI < 3 months and
> 3 months.

Considering the power of ML models to predict ER, which
is the primary purpose of this study (Tab. III), it is seen that
models other than kNN are successful. Extreme gradient
boosting had the highest AUC value (0.871), while gradient
boosting had the highest accuracy (81%). When basic statis-
tical methods were used, we found that the variables other
than TgAb positivity did not differ significantly between
patients with ER and nonER. However, ER could be accu-
rately predicted when these variables were transferred to ML
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models. ML models can produce impressive results from
data that seems unimportant/less important by establishing
complex relationships between independent variables. Some
researchers have shown that ML in different cancer types
produces successful results in diagnosis, treatment response
evaluation, and determining prognosis . ML is not cur-
rently an accepted method for prognostication in the clinical
management of DTC, but it can generate useful prognostic
information for both clinicians and patients. If clinicians can
obtain prognostic information through ML in DTC, they can
be more helpful to patients. For example, higher RAI doses
may be preferred in patients with poor prognosis, and clinical
follow-up may be performed at closer intervals. The opposite
of this situation is also true.

There are some limitations of our study. Due to the retro-
spective design and the small number of patients, the num-
ber of patients with ER and nonER could not be randomised
in a balanced way. For this reason, SMOTE, one of the over-
sampling methods, was used to ensure the dataset was bal-
anced. While evaluating the response of RAI treatment, we
did not use sTg and RAI WBS; instead, we preferred nsTg
and neck USG for these reasons: RAI WBS is not a rou-
tinely recommended method to assess treatment response
under current knowledge 2. The use of thTSH to measure
sTg increases healthcare costs and measurement of sTg
with levothyroxine discontinuation causes symptoms of hy-
pothyroidism in patients. Lastly, measurement of the nsTg
is a reliable method to evaluate treatment response 2%, In
our study, we aimed to predict excellent response using ML
in the early period (6-24 months) after RAI. However, re-
currence in DTC usually occurs after long-term follow-up.
Some of the patients in our study did not have thyroid scin-
tigraphy to determine residual thyroid tissue before RAI, so
the effect of the amount of residual thyroid tissue on ER/
nonER status could not be evaluated.

Conclusions

Although so far not an accepted prognostic tool, ML meth-
ods can successfully predict ER after RAI treatment in
DTC . In patients with TgAb positivity before RAI treat-
ment, nonER may be seen more frequently. The results of
our study should be supported by multicentre studies with
larger numbers of patients.
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