
O R I G I N A L  R E S E A R C H

Risk Factors That Influence Surgical Decision- 
Making for Patients with Low-Risk Differentiated 
Thyroid Cancer with Tumor Diameters of 1–4 cm

This article was published in the following Dove Press journal: 
Cancer Management and Research

Xiangming Wang,1,* 
Chao Zhang,1,* 
Akanksha Srivastava,2 

Wenbin Yu,3,* Chuan Liu,4 

Dongmin Wei, 5 

Yuncheng Li,6 

Jianming Yang 1

1Department of Otolaryngology Head and 
Neck Surgery, The Second Hospital of Anhui 
Medical University, Hefei, People’s Republic 
of China; 2Department of Head and Neck 
Surgery, University of Texas MD Anderson 
Cancer Center, Houston, TX, USA; 3Key 
Laboratory of Carcinogenesis and 
Translational Research (Ministry of 
Education/Beijing), Department of Head and 
Neck Surgery, Peking University Cancer 
Hospital and Institute, Beijing, People’s 
Republic of China; 4Department of 
Otorhinolaryngology, The First Affiliated 
Hospital of Chongqing Medical University, 
Chongqing, People’s Republic of China; 
5Department of Otorhinolaryngology, Qilu 
Hospital of Shandong University, Shandong, 
People’s Republic of China; 6Department of 
Otorhinolaryngology, Union Hospital, Tongji 
Medical College, Huazhong University of 
Science and Technology, Wuhan, People’s 
Republic of China  

*These authors contributed equally to this 
work  

Background: There are several controversies between thyroid lobectomy and total thyroi-
dectomy for surgical management of low-risk differentiated thyroid cancer (DTC) with 
a tumor diameter of 1–4 cm.
Patients and Methods: In this study, we explore the factors related to selection of type of 
surgical procedure for 103 low-risk DTC patients with a tumor diameter of 1–4 cm.
Results: Among 103 low-risk DTC patients with tumor diameters of 1–4 cm, 43 patients 
underwent total thyroidectomy and 60 patients underwent thyroid lobectomy based on post-
operative pathology. A ROC curve showed that the optimal diagnostic threshold for selecting 
surgical modality was a tumor diameter of 2.15 cm. For these low-risk DTC patients, the 
sensitivity and specificity for predicting thyroid lobectomy when tumor diameter <2.15 cm 
while total thyroidectomy when tumor diameter ≥2.15 cm are 46.5% and 78.3%, respec-
tively. There were significant differences between the selection of type of surgical procedure 
in patient groups with 1) tumors with multiple foci group vs a single focus (P<0.05), and 2) 
tumor diameter of ≥2.15 cm vs <2.15 cm (P<0.05). There was no significant difference 
between gender and age groups (P>0.05). Multivariate analysis confirmed that tumors with 
multiple foci and diameter ≥2.15 cm were the primary risk factors for implementation of total 
thyroidectomy (P<0.05).
Conclusion: The diameter and multifocal nature of low-risk DTC tumors are the primary 
factors related to preferred surgical modality. This study revealed that thyroid lobectomy is 
more applicable to patients with tumor diameter <2.15 cm and a single focus, whereas, total 
thyroidectomy was preferred in patients with tumor diameter ≥2.15 cm and/or multiple foci.
Keywords: differentiated thyroid cancer, cancer metastasis, operation type, factor analysis

Introduction
In recent years, the incidence of differentiated thyroid cancer (DTC) has increased 
rapidly and has become one of the most common malignant tumors.1 DTC mostly 
grows inert and has a good prognosis.2 Nevertheless, a small proportion of DTC 
patients have recurrence and cancer-related mortality, as shown in long-term follow- 
up studies.3 Surgery is the first choice for treatment of DTC. Current surgical guidelines 
by the American Thyroid Association recommend the optimal surgical modality for 
DTC tumors with a diameter ≤1 cm and tumor diameter >4 cm.4 However, there are no 
clear recommendations regarding the surgical management of low-risk DTC with 
tumor diameters of 1–4 cm, with many controversies reported in the literature between 
thyroid lobectomy and total thyroidectomy.5 Low-risk DTC refers to those tumors with 
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no high-risk characteristics of thyroid cancer such as extra-
thyroid invasion, clinically visible local or distant metastasis, 
head and neck radiation history, and positive family history. 
It is recommended that the above two surgical modalities 
should be selected according to disease features and the 
patient’s choice for low-risk DTC.4 Total thyroidectomy is 
conducive to further radioactive iodine treatment and post-
operative follow-up monitoring, which can reduce the risk of 
recurrence of cancer and secondary surgical procedures,6 

whereas thyroid lobectomy can preserve the contralateral 
normal thyroid tissue function and reduce the risk of injury 
of recurrent laryngeal nerve and parathyroid gland.

The most common local metastasis of DTC is to cervi-
cal lymph nodes, and is reported to be between 20% and 
50%,7,8 while the micrometastasis rate approaches 90%.9 

A large number of studies have found that lymph node 
metastasis is an independent risk factor for recurrence and 
prognosis of DTC patients after primary surgical 
management,10,11 indicating tumor metastasis could be an 
important factor for selection of type of surgical procedure 
for low-risk DTC with tumor diameter of 1–4 cm. 
However, some lymph node metastasis cannot be found 
during preoperative examination. For instance, Zhao et al12 

found that 61.9% thyroid cancer lymph node 
metastasis were undiagnosed in ultrasound examination. 
Subsequently, the diagnosis of lymph node metastasis 
prior to primary surgical management is not a criterion 
of choosing between thyroid lobectomy and total thyroi-
dectomy. Some studies have shown that tumor diameter, 
gender, age, and the multifocal nature of the tumor are 
relevant factors for DTC lymph node metastasis.13,14 

Therefore, we retrospectively analyzed clinical data and 
postoperative pathology of low-risk DTC with tumor dia-
meter of 1–4 cm for patients treated at the Department of 
Otolaryngology Head and Neck Surgery of the Second 
Hospital of Anhui Medical University and to ascertain 
the selection criteria between the two surgical modalities, 
namely thyroid lobectomy and total thyroidectomy.

Patients and Methods
Study Patients
The clinical data and postoperative pathological data of 378 
patients with malignant thyroid tumors who underwent sur-
gical treatment from January 2014 to May 2020 in the 
department of Otolaryngology Head and Neck Surgery of 
the Second Hospital of Anhui Medical University were col-
lected. Inclusion criteria for data analysis: 1) the primary 

surgical treatment of thyroid nodule was performed at the 
Second Hospital of Anhui Medical University, Hefei, China 
with availability of complete clinical and pathological data; 
and 2) a diagnosis of DTC was confirmed by postoperative 
pathology with the tumor diameter of 1–4 cm. Exclusion 
criteria: 1) the post-operative pathological diagnosis of 
patients with thyroid nodules after operation was not DTC 
or was unclear; 2) the patient was found to have any high-risk 
characteristics of thyroid cancer before surgery; and 3) tumor 
diameter was ≤1 cm or >4 cm.

According to current surgical guidelines by the American 
Thyroid Association, when cancer metastasis is found in 
DTC patients’ postoperative pathology, the total thyroidect-
omy is needed; while no cancer metastasis is found in DTC 
patients’ postoperative pathology, the thyroid lobectomy is 
recommended. Therefore, the review and analysis of post-
operative pathology of DTC patients may provide the sur-
geons with new information to help select the appropriate 
surgical modality for these patients. All DTC patients 
included in the study were divided into six groups according 
to the tumor diameter confirmed by postoperative pathology, 
namely group A (1.0–1.5 cm), B (1.6–2.0 cm), 
C (2.1–2.5 cm), D (2.6–3.0 cm), E (3.1–3.5 cm), and 
F (3.6–4.0 cm). All DTC patients included in the study 
were divided into two groups according to age ≤45 years 
old and age >45 years old. Furthermore, DTC with ≥2 cancer 
foci within the thyroid gland were included in the multiple 
foci group, while DTC with one cancer focus were included 
in the single focus group. Informed consent was obtained 
from the study participants prior to study commencement. 
The study protocol was approved by the Second Hospital of 
Anhui Medical University Ethics Committee.

Statistical Analysis
For ROC curve analysis, the type of surgery according to the 
postoperative pathology was selected. The sensitivity, speci-
ficity, and optimal diagnostic threshold of surgery type 
according to tumor diameter were calculated. Univariate 
analyses using χ2 test were conducted to evaluate relation-
ships between the type of surgical modality and tumor 
diameter, gender, age, single focus and multiple foci. All 
the factors used for univariate analysis were incorporated 
into binary logistic regression equations to determine 
the relevant factors for selection of the surgical modality in 
low-risk DTC with tumor diameter of 1–4 cm. SPSS 22.0 
software was used for data management and analysis. Alpha 
level of 0.05 was chosen for statistical significance.
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Results
Clinical and Pathological Data of Patients
A total of 103 low-risk DTC patients with tumor diameter 
of 1–4 cm were included in this study (Table 1) with 
a mean age of 43.79±14.18 years (range=19–77 years). 
Based on postoperative pathology, 40 patients (38.83%) 
had lymph node metastasis, four patients (3.88%) had 
extraglandular invasion of thyroid gland, one patient 
(0.97%) had lymphatic vessel invasion, and two patients 
(1.94%) had evidence of two or more types of thyroid 
cancer metastasis. Based on this postoperative pathology 
information, the total thyroidectomy should have been 
recommended for 43 patients with metastasis (41.75%), 
while thyroid lobectomy should have been recommended 
for 60 patients (58.25%) without metastasis.

As shown in Figure 1, with the increase of tumor 
diameter, the percentage of total thyroidectomy recom-
mended in each group showed an overall upward trend, 
while the percentage of thyroid lobectomy recommended 
in each group showed an overall downward trend. The 
ROC curve analysis was applied to calculate the optimal 
diagnostic threshold (Figure 2). The area under ROC curve 

was 0.655 (95% CI=0.548–0.761). The tumor diameter 
value corresponding to the largest Youden index is the 
optimal diagnostic threshold for judging the operation 
type selection. As shown in Figure 2, the optimal diagnos-
tic threshold for tumor diameter was 2.15 cm. For low-risk 
DTC with a tumor diameter of 1–4 cm, the sensitivity and 
specificity for predicting completion thyroid lobectomy 
when the tumor diameter was <2.15 cm while completion 
total thyroidectomy when the tumor diameter was 
≥2.15 cm were 46.5% and 78.3%, respectively.

As shown in Table 2, the univariate analyses revealed that 
there was a significant difference between the types of surgi-
cal modality opted for based on the number of tumor foci, 
and tumor diameters of ≥2.15 cm vs <2.15 cm (P<0.05). 
There were no significant differences between the surgery 
type based on gender and age groups (P>0.05). Four factors, 
including tumor diameter, tumor multifocal nature, age, and 
gender were incorporated into the logistic regression equa-
tion. As shown in Table 3, the multivariable analysis showed 
that the tumor diameter and multifocal nature were important 
clinical factors, which affected the selection of surgical pro-
cedure for low-risk DTC patients with a tumor diameter of 
1–4 cm (OR=3.251, 95% CI=1.293–8.174 for tumor multi-
focal feature and OR=3.443, 95% CI=1.386–8.554 for tumor 
diameter). Thus, thyroid lobectomy might be more applic-
able to patients with a tumor diameter <2.15 cm and a single 
focus, while total thyroidectomy might be preferred in 
patients with a tumor diameter ≥2.15 cm and/or multiple foci.

Discussion
Differentiated thyroid cancer has an overall good treatment 
prognosis and long-term outcomes. However, guidelines on 
optimal surgical management are sparse, due to difficulties in 
carrying out prospective clinical research. Consequently, 
there are many disputes in the treatment scheme of DTC, 
especially between selection of a thyroid lobectomy vs total 
thyroidectomy in low-risk DTC tumors ranging in diameter 
between 1 and 4 cm. Patient and tumor characteristics that 
may predict the optimal surgical modality are largely unex-
plored in the literature. Our study results revealed that the 
metastatic rate of low-risk DTC with a tumor diameter of 
1–4 cm was 41.75% (43/103), which is similar to the 
44–49% reported in other literatures.15,16

Injury of recurrent laryngeal nerve (RLN) is one of ser-
ious complications of thyroid surgery, which may signifi-
cantly affect the quality-of-life of the patients. Unilateral 
RLN injury may cause hoarseness or irritating cough in the 
patients. Bilateral RLN injury is a rare and more serious 

Table 1 Distribution of Clinical and Pathological Factors in 103 
Low-Risk DTC Patients with Tumor Diameter of 1–4 cm

Factors Low-risk DTC 
Patients, N (%)

Tumor diameter (cm)

Group A (1.0–1.5) 47 (45.63)
Group B (1.6–2.0) 22 (21.36)

Group C (2.1–2.5) 13 (12.62)

Group D (2.6–3.0) 15 (14.56)
Group E (3.1–3.5) 5 (4.85)

Group F (3.6–4.0) 1 (0.97)

Age (years)

≤45 59 (57.28)

>45 44 (42.72)

Gender
Male 25 (24.27)

Female 78 (75.73)

Tumor multifocal nature

Multiple foci 31 (30.10)

Single focus 72 (69.90)

DTC with metastasis (Found in 

postoperative pathology)
Yes 43 (41.75)

No 60 (58.25)
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complication and may cause dyspnea and even endanger 
life.17,18 A previous study reported that unilateral RLN injury 
was observed in 55 (2.3%) patients and bilateral RLN injury 
in four (0.2%) patients among 2,365 patients after thyroid 
surgery.19 Moreover, with the significant increase in 

incidence of DTC in the past two decades, the number of 
thyroidectomy operations and the number of cases of RLN 
injury has increased significantly. Meanwhile, the injury of 
RLN was also the most common complication caused by 

Figure 1 Percentage of cases recommended for total thyroidectomy and thyroid lobectomy in each group by tumor diameter.

Figure 2 The ROC curve for selection of type of surgery in 103 low-risk DTC 
patients by tumor diameter.

Table 2 Univariate Analysis on Association Between Risk 
Factors and Selection of Operation Type in 103 Cases with Low- 
Risk DTC

Factors Surgical Modality P-value

Thyroid 
Lobectomy 
(without 
Metastasis)

Total 
Thyroidectomy 
(with 
Metastasis)

Gender 0.232
Male 12 13
Female 48 30

Age (years) 0.580
≤45 33 26

>45 27 17

Tumor diameter 

(cm)

0.008

<2.15 47 23

≥2.15 13 20

Tumor multifocal 

nature

0.008

Single focus 48 24

Multiple foci 12 19
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surgical malpractice after thyroid surgery.20,21 However, the 
selection of appropriate and reasonable surgical modality for 
DTC patients may reduce the risk of secondary surgery, and 
injury of recurrent laryngeal nerve.

With the increase of tumor diameter, the probability of 
lymph node metastasis, extraglandular invasion, and other 
cancer metastasis of low-risk DTC with tumor diameter of 
1–4 cm increased significantly (Figure 1). When the tumor 
diameter ≥2.15 cm, the metastatic rate of low-risk DTC 
can reach 60.61% (20/33). Univariate analysis and multi-
variate analysis results of relevant factors for the selection 
of surgical modality also showed that low-risk DTC with 
tumor diameter ≥2.15 cm has higher cancer metastasis risk 
than low-risk DTC with tumor diameter <2.15 cm, and 
total thyroidectomy is recommended (OR=3.443, P<0.05). 
Ito et al22 also found that DTC with a tumor diameter 
>2 cm has stronger invasive biological characteristics 
and is more likely to have local recurrence and distant 
metastasis than DTC with a tumor diameter ≤2 cm. 
Therefore, tumor diameter is an important related factor 
for the selection of optimal surgical treatment modality for 
low risk DTC ranging between 1–4 cm.

Clinically, the age of 45 years old is a remarkable cut- 
off point for risk stratification of the DTC patients.23 

However, our results in this study showed that there was 
no statistical difference in metastasis of low-risk DTC 
between the two age groups ≤45 and >45 years 
(P=0.580). The possible reasons for non-significance in 
this study could be because: 1) the research objects are 
different. In this study, the DTC with a tumor diameter 
≤1 cm, DTC with a tumor diameter >4 cm, and high-risk 
DTC with a tumor diameter of 1–4 cm were excluded, and 
such a criteria for patient recruitment could lead to 

a selection bias for metastasis between the two groups in 
this study; and 2) the small sample size could lead to low 
statistical power for statistical analysis. Thus, future larger 
studies are needed to validate our findings.

DTC is more common in females (the proportion of 
females in this study is 75.73%). However, some studies 
have found that the correlation between lymph node 
metastasis of thyroid cancer and gender is not 
significant.24 Univariate and multivariate analysis results 
in this study show that there is no statistical difference in 
cancer metastasis rate and type of surgical management 
between male and female groups (P>0.05).

The results of this study show that multiple foci are the 
relevant factors for cancer metastasis in low-risk DTC 
with a tumor diameter of 1–4 cm, and total thyroidectomy 
was the recommended surgical modality in such cases 
(OR=3.251, P<0.05). This is similar to previous research 
results.25 Presumably, the reason is that multiple cancer 
foci in the thyroid gland may indicate that the thyroid 
cancer has more active biological characteristics, stronger 
invasiveness, and may be more prone to cancer metastasis.

In conclusion, within the limitations of this study, the 
results revealed that the diameter and multifocal nature of 
the tumor are the primary factors related to the selection of 
surgery type between thyroid lobectomy and total thyroi-
dectomy for low-risk DTC, ranging in diameter between 1 
and 4 cm. For tumor diameter <2.15 cm or single focus, 
thyroid lobectomy was more applicable, whereas tumor 
diameter ≥2.15 cm or multiple foci were more likely sub-
jected to total thyroidectomy.
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Table 3 Multivariate Analysis on Associations Between Risk 
Factors with Selection of Operation Type in 103 Cases with 
Low-Risk DTC

Risk Factors Adjusted ORs (95% CI), P-value

Gender

(Male vs Female) 0.523 (0.189–1.449), 0.212

Age (years)

(≤45 vs >45) 0.903 (0.365–2.233), 0.825

Tumor diameter (cm)
(<2.15 vs ≥2.15) 3.443 (1.386–8.554), 0.008

Tumor multifocal nature
(Single focus vs Multiple foci) 3.251 (1.293–8.174), 0.012
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