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ABSTRACT
Objective: To assess the outcomes of low-risk differentiated thyroid cancer (DTC) with tumour size 1 to 4 cm post-thyroidectomy in
patients who never received radioactive iodine (RAI) ablation and to compare the outcomes with those who received RAI therapy.
Study Design: Observational study.
Place and Duration of the Study: Department of Nuclear Medicine, Karachi Institute of Radiotherapy and Nuclear Medicine (KIRAN)
Hospital, Karachi, Pakistan, from January 2016 to December 2020.
Methodology: A total  of  130 consecutive patients of  low-risk DTC of both genders aged between 18-75 years were identified who
underwent thyroidectomy. Patients were classified as either being treated or not treated with RAI, based on RAI data post-thyroidec-
tomy.  Patients were followed up for  two to five years depending on their  date of  diagnosis  from 2016 to 2020,  using thyroglobulin
(Tg), anti-thyroglobulin (anti-Tg), and thyrotropin (TSH) levels and ultrasound neck. Association between patients who received RAI
and who did not receive RAI was determined and a p-value <0.05 was considered as statistical significance.
Results: Patients had mean age of 34.5 ± 10.4 years with majority of females (75.4%). Majority of the patients (94.6%) had total
thyroidectomy with no neck dissection (83.1%). RAI therapy was conducted among 70.8% participants, of which, 56.9% participants
received a dose of 100 mci. Most of the patients had positive outcomes as there was no recurrence among 96.2% participants. There
was a significant difference in RAI therapy with total thyroidectomy as compared to subtotal, RAI dose, tumour stage, neck dissection,
and lymph node involvement (p ≤0.001).
Conclusion: After complete tumour resection, a highly selected group of patients with low-risk local disease have shown low rate of
recurrence when managed without RAI. Interestingly, the disease recurrence was also only seen in patients who received RAI therapy
in comparison to those who did not receive RAI therapy.
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INTRODUCTION

Thyroid  malignancies  are  the  most  common  endocrine
neoplasms, and 90% of them are comprised of differentiated
thyroid  cancers  (DTC).  It  could  be  papillary  or  follicular  in
histology, which arises from thyroid follicular cells.1
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Long-term survival  of  most  patients  with  DTC  is  excellent,
whereas a significant number of patients might have recur-
rence or persistent disease, and some eventually die because
of thyroid malignancy.2

The low-risk DTC is defined as tumours <4cm in size, without
lymphadenopathy, and extrathyroidal or local invasion.3 The
outcomes in patients with low-risk DTC have not shown much
improvement  after  RAI  ablation  therapy,  and  there  is  no
comparable  survival  benefit.  Hence,  the  American  Thyroid
Association (ATA) guidelines do not encourage routine use of
RAI ablation therapy in patients with low-risk DTC.4

A review of different studies has shown needless use of RAI
ablation therapy, irrespective of tumour size, specifically for
low-risk DTC who are harbouring Stage I and II tumours without
distant  metastases,  and  most  of  these  patients  are  over-
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treated.5-7 Several studies have proved that post-thyroidec-
tomy RAI ablation therapy does not affect the end result of low-
risk DTC without distant metastases, as they already have an
overall excellent outcome.5 Besides, there are grave conse-
quences of RAI ablation therapy with increased risk of infertility
and second primary malignancies (SPMs).8

In accordance with previous research, the calculated risk for
SPMs after RAI is 27%, which might increase with increased
doses  of  RAI.9  In  females,  there  are  chances  of  temporary
secondary  amenorrhea,  oligomenorrhea,  and  early  meno-
pause after RAI therapy.8 The unwanted use of RAI ablation
therapy also increases the healthcare costs related to thyroid
cancer treatment.6 Due to uncertain results of RAI administra-
tion, previous studies have wide variation regarding the risk
and benefits of RAI ablation.7,10 With the rising prevalence of
low-risk DTC, it is better to consider and analyse the outcomes
of this low-risk category for future practices in terms of RAI abla-
tion therapy.11

In patients with microcarcinoma, there is lack of evidence in
support of the benefits of RAI therapy.4 However, studies also
described a reduction in tumour recurrence and decreased
mortality following RAI ablation for tumours larger than 1cm
but less than 2cm.12 Thus, this study aimed to analyse the out--
comes of low-risk DTC with tumour size between 1 and 4 cm in
the patients who never received RAI ablation and to compare
the outcomes with those who received RAI therapy.

METHODOLOGY

It was an observational retrospective chart review of patients
with DTC enrolled from January 2016 to December 2020, at the
Karachi  Institute  of  Radiotherapy  and  Nuclear  Medicine,
(KIRAN)  Hospital.  Following  the  approval  from  Institutional
Review Board, 130 consecutive patients out of 441 were iden-
tified and recruited for the study.

Patients of both genders, aged 18-75 years, who were not diag-
nosed with any other comorbidity and categorised with low-
risk DTC with either papillary or follicular thyroid carcinoma,
were included in the study. They had no aggressive histology
(e.g., tall cell, hobnail variant, columnar cell carcinoma), no
local or distant metastases, and no tumour invasion of loco-re-
gional tissues or structures, and no vascular invasion, with all
macroscopic tumour completely resected. If 131-iodine was
given,  there  were  no  RAI-avid  metastatic  foci  outside  the
thyroid bed on the first post-treatment whole-body RAI scan.
Further  features  include;  clinical  N0  or  <5  pathologic  N1
micrometastases  (<0.2cm  in  largest  dimension),  intrathy-
roidal,  well  differentiated  follicular  thyroid  cancer  with
capsular invasion, and no or minimal (<4 foci) vascular inva-
sion with tumour size between 1 and 4 cm (Stage T1b - T2).4

However, patients with tumour size >4 cm (T3 and T4), with
local or distant metastases, and patients with missing data
were excluded.

As per ATA-defined structural and biochemical responses, the
study outcomes were defined. Excellent response was no struc-
tural disease recurrence defined as both clinical absence of
local lymph nodes or palpable thyroid tissue and absence of
abnormal  lymph  nodes  or  thyroid  tissue,  in  addition  to  no
biochemical disease with suppressed serum thyroglobulin (Tg)
<0.2 ng/mL or thyroid stimulating hormone (TSH)-stimulated
(Tg) <1 ng/mL.13 Biochemical incomplete response was serum
Tg  >1ng/mL  or  rising  anti-thyroglobulin  (anti-Tg)  antibody
levels in the absence of localisable disease, negative imaging,
and suppressed Tg >1ng/mL or TSH-stimulated Tg >10ng/mL
or  rising  anti-Tg  antibody  levels.  Structural  incomplete
response was persistent or newly identified loco-regional or
distant metastases and structural  or  functional  evidence of
disease with any Tg level with or without anti-Tg antibodies.13

Indeterminate response was non-specific biochemical or struc-
tural findings which could not be classified as either benign or
malignant.13

Sample  size  was  calculated  using  Open  Epi,  version  3,
open-source calculator. Keeping 97% confidence interval (CI)
and recurrence-free survival of 92% in pT1/T2 N0, as reported
in a previous study, and margin of error as 5%, the current study
sample size was calculated to be 139 patients.3

Out of 441 patients, the data of 130 patients who underwent
thyroidectomy and fulfilled the inclusion criteria were collected
through  medical  chart  reviews,  retrospectively  for  age,
gender, and ethnicity. Any history of comorbid illness such as
diabetes, hypertension, cardiovascular disease, or malignancy
was noted for  exclusion  criteria.  Moreover,  pathologic  data
were  also  reviewed  in  detail  and  staged  according  to  the
tumour, node, and metastasis (TNM) staging system, eighth
edition American Joint Committee on Cancer (AJCC) / TNM clas-
sification for differentiated thyroid carcinoma.14

Patients were followed up with similar protocol. On follow-up
examination, TSH (off-thyroxin / stimulated), Tg, Anti-Tg, and
ultrasound were included post-thyroidectomy. The first follow-
up was at 6 months and then each year, for 5 years, after the
initial  treatment.  A  highly  selected  group  of  patients  with
pT1b-2 tumours without ultrasonography evidence of  suspi-
cious  lymph  nodes  and  favourable  histopathology  features
were  managed  with  observation  without  RAI  and  with
careful  monitoring  of  thyroglobulin  levels  and regular  ultra-
sound out of all  130 patients. For patients treated with RAI,
a  diagnostic  131-iodine  whole-body  scan,  and  a  stimulated
serum Tg and Tg antibody determination were also performed if
there was rising Tg or  anti-Tg (suppressed /  on-thyroxin)  at
follow-up visit. In the presence of a significantly elevated level of
Tg and / or Tg antibodies, recurrences were searched and docu-
mented using various imaging modalities and histological proof
when necessary.

Patients were classified as either being treated or not treated
with RAI based on RAI data from the KIRAN and ATA RAI guide-
lines.
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Patients were followed up for almost 2 to 5 years, depending on
their date of diagnosis from 2016 to 2020. Long follow-up corre-
sponds to the recurrence rates and treatment strategies among
the patients to be included in this study. However, this study
does not report the recurrence data of those patients who had
less follow-up years, specifically those diagnosed from 2019
onwards.

Data were entered and analysed in SPSS version 24. Mean and
standard  deviation  were  calculated  for  numerical  variables
such as age, duration of disease, and postoperative baseline
parameters  and  their  association  was  confirmed  through
Shapiro-Wilk's test. Frequencies and percentages were calcu-
lated for categorical variables such as gender, tumour size, and
involvement of lymph nodes and their association were anal-
ysed through Chi-square and Fisher’s exact test. Odds ratio with
95% CI was calculated to compare the patients who received
RAI and those who did not receive RAI. A p-value <0.05 was
considered for statistical significance.

RESULTS

Out of 441 patients, total 130 patients’ data were included in
terms  of  RAI  received  and  RAI  not  received  in  this  study.

Patients' characteristics of the follow-up parameters of DTC are
detailed in Table I.

Majority of the participants were females (75.4%). Most of the
patients had total thyroidectomy (94.6%) with no neck dissec-
tion (83.1%) as per the records. Patients had a mean tumour
size of 1.91 (0.69) cm. Lymph nodes were not available in 83.1%
participants.  Additionally,  most  of  the  patients  had T2NxMx
tumour  stage  (66.2%).  RAI  therapy  was  conducted  among
70.8% participants,  of  which,  59.2% participants received a
dose of 30-100 mci. It was found that there was a significant
difference of RAI therapy with total thyroidectomy as compared
to subtotal (p = 0.012), decreased RAI dose (p = 0.0001), lower
tumour stage (p = 0.006), no neck dissection (p = 0.003), and no
lymph node involvement (p = 0.018, Table II). Moreover, RAI
therapy had strong positive odds ratio or significant difference
with gender and neck dissection among the patients.

Additionally, disease recurrence rate was not significantly asso-
ciated with the RAI therapy (p = 0.342), further odds ratio of
0.69 determined the negative association; that is the patients
who did not receive RAI therapy had less chance for recurrence
of DTC (Table III).

Table I: Description of the participants as per the retrospective chart review (n = 130).

 
Description Mean ± SD RAI therapy

RAI received
(n = 92)

RAI not received
(n = 38)

Mean age (years) 34.57 ± 10.42 35.61 ± 11.16 32.05 ± 7.91
Mean follow-up duration (years) 3.09 ± 1.27 2.90 ± 1.27 3.55 ± 1.17
Tumour Size (cm) 1.91 ± 0.69 1.96 ± 0.69 1.79 ± 0.70
Mean TGB (ng/ml) (post-thyroidectomy) 29.25 ± 100.5 38.68 ± 118.39 6.42 ± 7.23
Mean anti-Tg (IU/mL) (post-thyroidectomy)
(Reference ranges of Anti-Tg <40 IU/ml)

73.47 ± 235.5 79.26 ± 253.66 59.45 ± 186.94

Mean TSH (IU/mL) (post-thyroidectomy) 65.83 ± 36.72 72.59 ± 29.09 49.47 ± 47.34
Applied Shapiro-Wilk's test.

Table II: Frequency distribution of individuals who received / not received RAI therapy.

Frequency distribution RAI therapy Odds ratio* p-value
RAI received
(n = 92)

RAI not received
(n = 38)

Gender Male 25 (27.2%) 7 (18.4%) 1.652 0.292
Female 67 (72.8%) 31 (81.6%)

Thyroidectomy Total 90 (97.8%) 33 (86.8%) 6.818 0.012
Subtotal 2 (2.2%) 5 (13.2%)

Neck Dissection Yes 21 (22.8%) 1 (2.6%) 10.944 0.003
No 71 (77.2%) 37 (97.4%)

Tumour size 1 cm - 2 cm 76 (82.6%) 34 (89.5%) 0.559 0.324
2 cm - 4 cm 16 (17.4%) 4 (10.5%)

Lymph node N/A 71 (77.2%) 37 (97.4%) N/A 0.018
Negative 10 (10.9%) 1 (2.6%)
Positive 11 (12.0%) 0 (0.0%)

Tumour stage T1bN1aMx 1 (1.1%) 0 (0.0%) N/A 0.006
T1bN1Mx 1 (1.1%) 0 (0.0%)
T1bN1Mx 2 (2.2%) 0 (0.0%)
T1bNoMx 2 (2.2%) 0 (0.0%)
T1bNxMx 8 (8.7%) 15 (39.5%)
T2N1aMx 2 (2.2%) 0 (0.0%)
T2N1bMx 4 (4.3%) 0 (0.0%)
T2NoMx 8 (8.7%) 1 (2.6%)
T2NxMx 64 (69.6%) 22 (57.9%)

RAI dose (n = 92) 30 – 100 mci 77 (83.7%) 0 (0.0%) N/A 0.0001
>100 mci 15 (16.3%) 0 (0.0%)

*Applied Chi-square and Fisher’s exact test.
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Table III: Comparison of RAI therapy with outcomes.

Variables RAI therapy Odds ratio p-value
RAI received
(n = 92)

RAI not received
(n = 38)

Disease outcome 0.69 0.342
      Expired 1 (1.1%) 0 (0.0%)
      No recurrence 87 (94.6%) 38 (100.0%)
      Recurrence 4 (4.3%) 0 (0.0%)
*Applied Chi-square test.

Nevertheless, it was found that all four individuals who had
recurrence  were  females,  had  total  thyroidectomy,  had
advanced tumour stage with tumour size between 1.5 and 4
cm, and also received RAI ablation therapy of doses 100 mci
and 150 mci initially. Second dose of RAI was given in 2nd-3rd

year of  follow-up after recurrence. Thus,  it  was observed
that patients who received RAI were found to be at higher
risk  of  disease recurrence,  specifically  those with advanced
stages of  tumour,  increased ages,  and female  gender  in
particular.

DISCUSSION

The prognosis of DTC has become excellent in recent years
through  the  evolution  of  better  treatment  options  and
increasing use of RAI therapy for the ablation of remnant
thyroid tissues postoperatively.5,15,16 However, the evidence
of selective use of RAI ablation therapy is still  in contro-
versy.17 Therefore, this particular study was conducted with
an aim to assess and compare the outcomes of low-risk DTC
with tumour size 1 to 4 cm post-thyroidectomy in patients
who never received RAI ablation and those who received RAI
therapy.  Many  studies  have  demonstrated  the  significant
effect  of  RAI  therapy  in  the  survival  of  high-risk  group
patients,  while  some  other  studies  showed  no  significant
differences  in  overall  outcomes.12,15,16,18-20

Additionally, studies regarding the recurrence rates are vari-
ably  reported  where  some  studies  showed  improved
outcomes21  while others did not.15,20,22  Similarly,  this study
also showed that RAI ablation therapy significantly improved
outcomes in less advanced stages of tumour. The disease
recurrence rate was less but occurred only in individuals
who  received  RAI  ablation  and  had  advanced  stage  of
tumour at initial therapy. Another study conducted to assess
the survival benefits among the low-risk DTC patients found
non-significant difference between disease-free survival and
overall  survival  among  patients  who  received  RAI  in
comparison to those who did not receive RAI.21

Nevertheless, it has been stated in international guidelines
that RAI therapy should be considered for tumours above 1
cm and that are metastasised outside the thyroid gland.23,24

Thus, most patients included in this study had tumour sizes
above  1  cm,  with  or  without  extrathyroidal  extension.
Following the international guidelines, the majority of patients
received RAI therapy. It has also been established in the litera-
ture that detectable Tg levels could be found in patients who

did  not  receive  RAI  therapy,  possibly  coming  from  the
remnant  thyroid  gland  tissue.  In  these  circumstances,
disease-free survival  could be attained by following stable
levels of Tg over time. In this study, patients with tumour
stage T2 received RAI therapy because of the high risk of
recurrence with increasing size of tumour, whereas patients
with tumour stage T1 without any high-risk features of recur-
rence in histopathology and low Tg level post-thyroidectomy
did not receive RAI therapy. This was considered due to the
underlying  risk  of  malignancies,  acute  and  sub-acute side
effects  and  unclear  effects  of  RAI  on  the  DTC  outcomes,  as
reported in a study by Sacks et al.25

This study had some limitations. It was based on the retro-
spective study design where patient  and physician-related
selection biases could occur. Moreover, the outcomes of the
patients are reported for both papillary as well as follicular
thyroid carcinomas. Finally, due to the low sample size, the
generalisability  of  the  results  could  not  be  attained  and
comparison of RAI could not be reported. However, this study
included data from a single cancer referral institute which is
managed with a uniform histopathological, baseline, postoper-
ative, and follow-up reporting system. This study reinforces
the results of Sawka et al. and suggests that low-risk patients
should not be overtreated. The rare complications and side
effects  of  RAI  should  also  be  considered,  and  after  surgery,
RAI treatment should be reserved only for high-risk patients.19

For further validation of this study’s results,  a prospective
cohort study should be performed to obtain more conclusive
data about the clinical benefits of RAI in low-risk patients and
to observe the effects of RAI ablation therapy on the patients’
outcome in the long-term, in addition to longer follow-up dura-
tion to assess the significance of RAI on the survival rates and
recurrence of disease among the patients.

CONCLUSION

This study concluded that following complete tumour resec-
tion,  with  total  thyroidectomy,  highly  selected  group  of
patients with low risk local disease have low rates of recur-
rence when managed without RAI. Interestingly, the disease
recurrence was also only seen in patients who received RAI
ablation therapy as compared to those who did not receive
the RAI therapy. Moreover, it could be predicted that patients
who received RAI were found to be at higher risk of disease
recurrence as compared to those who did not receive RAI
therapy, specifically because of advanced stage of tumour at
the initial stage of therapy.
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