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INTRODUCTION
Thyroid neoplasms are the most common endocrine cancers in 
the world, ranging from benign adenomas to highly aggressive 
carcinomas. In 2020, around 586,000 new cases of thyroid cancer 
were reported worldwide, predominantly affecting women [1]. 
Follicular thyroid lesions, including FTA and FTC, are especially 
challenging to diagnose due to their histological similarities [2]. 
A crucial histological characteristic that differentiates FTC from 
FTA is the presence of cellular and nuclear pleomorphism, which 
can sometimes be subtle and subject to interobserver variability. 
This variability has led to overtreatment, including unnecessary 
complete thyroidectomies, negatively impacting patients’ quality 
of life and incurring high costs [3].

The foremost priority has been to develop reliable biomarkers 
for the precise distinction of thyroid dysfunction. Recent 
molecular research has identified two significant genetic changes 
associated with follicular neoplasms: RAS mutations and PAX8/
PPARγ rearrangements. Although these changes play a role in 
carcinogenesis, they are not cancer-specific and therefore are 
unsuitable as standalone diagnostic methods [4,5]. Moreover, the 
variability of these neoplasms complicates the establishment of 
uniform diagnostic and therapeutic protocols [6].

Ki-67 is a nuclear protein synthesised throughout the cellular phases of 
active cycling (G1, S, G2, and mitosis) but not in resting (G0) cells [7]. 
Its immunohistochemical detection is vital for evaluating tumour biology 
across the various malignancies where it has emerged as significant 
for thyroid neoplasms. Published research indicates that while 
morphological criteria for benign and malignant histological grades are 
relatively well-defined, they are less so for borderline cases, suggesting 
that ancillary techniques may be beneficial in achieving a more accurate 
diagnosis [8]. Findings by Antônio L et al., support the use of Ki-67, a 
generally accessible marker, in the differential diagnosis of benign and 
borderline tumours, which often exhibit overlapping characteristics [9].

Discovered by Gerdes J et al., in 1983, Ki-67 is a nucleoprotein 
marker for cell proliferation closely associated with mitosis. The 
mitotic index particularly pertains to the M-phase of the cell cycle 
and correlates with tumour type. The discovery of this mouse 
monoclonal antibody, known as the Ki-67 antibody, represented 
a significant breakthrough for the pathologic evaluation of cellular 
proliferation in solid tumours, as it recognised a nuclear antigen 
found exclusively in proliferating cells [7,10].

As demonstrated in numerous organ systems in recent tumour 
classifications, the Ki-67 LI serves as a valuable prognostic marker 
and one of the most reliable metrics for stratifying patient prognosis 
post-surgery [9]. However, several challenges impede Ki-67 from 
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ABSTRACT
Introduction: Ki-67 has shown promise as a predictive and 
diagnostic marker in solid tumours. The Ki-67 index is a well-
established proliferation marker that has been studied in various 
tumours, including follicular neoplasms of the thyroid. Its role in 
thyroid pathology, especially in differentiating between Follicular 
Thyroid Adenoma (FTA) and Follicular Thyroid Carcinoma (FTC), 
has garnered significant clinical interest.

Aim: To evaluate the diagnostic and prognostic utility of the 
Ki-67 labeling index (Ki-67 LI) in follicular neoplasms of the 
thyroid.

Materials and Methods: A comprehensive search of records 
in the databases PubMed, Embase, and Scopus, along with 
manual citation searching, was conducted using MeSH terms 
and keywords related to ‘Ki-67 antigen’ and ‘FTC.’ Peer-
reviewed literature evaluating Ki-67 as a diagnostic or prognostic 
marker in follicular thyroid neoplasms published in English was 
included. Non English publications, reviews, case reports, and 
editorials, as well as research focusing solely on other thyroid 
cancers, including anaplastic or medullary carcinomas, were 
excluded during the screening process. The quality assessment 
was conducted using the Quality Assessment of Diagnostic 
Accuracy Studies (QUADAS-2) Cochrane tool and the Quality 
in Prognosis Studies (QUIPS) for diagnostic and prognostic 
studies, respectively. A narrative synthesis and subgroup 

analysis of the extracted data were performed due to the 
heterogeneity in effect measures of Ki-67 labeling index and the 
outcomes. The parameters of prognostic outcomes assessed 
included the proportion of metastasis, recurrence, nodal 
involvement, survival rates, and mortality rates. The parameters 
of diagnostic outcomes involved the mean/median Ki-67 index 
to differentiate benign from malignant neoplasms.

Results: A total of six eligible studies were included in this 
review. Follicular carcinomas demonstrated significantly higher 
Ki-67 labeling indices compared to adenomas. High values of 
Ki-67 are associated with malignancy, tumour aggressiveness, 
recurrence, and metastasis. The subgroup analysis indicated 
that the likelihood of poor prdeognosis for follicular thyroid 
neoplasms is approximately doubled at a cut-off of about 5% 
for the Ki-67 LI.

Conclusion: This review included six studies involving 
retrospective analysis. There are variations in the techniques 
of immunohistochemical analysis, cell counting methods, and 
cut-off values chosen for the Ki-67 index among the included 
studies. Due to a lack of consensus regarding the reliability 
and standardisation of this biomarker, Ki-67 LI cannot replace 
standard histology. Regardless of a specific threshold, high Ki-
67 levels effectively differentiate carcinomas from adenomas 
and indicate a poor prognosis.
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Zotero for duplicate removal. Two reviewers (NKK and PA) 
independently screened the articles in two stages: initially by title 
and abstract, followed by full-text screening using a web-based 
application, Rayyan. The screening was conducted using the 
predefined eligibility criteria as mentioned below:

-	 Peer-reviewed literature evaluating Ki-67 as a diagnostic or 
prognostic marker in follicular thyroid neoplasms published in 
English.

The following were excluded:

-	 Non English publications

-	 Reviews

-	 Case reports and editorials

-	 Research focusing solely on other thyroid cancers, including 
anaplastic or medullary carcinomas

Data Extraction and Analysis
Rayyan was used to perform and document the screening, duplicate 
removal, and study selection. A PRISMA flowchart was constructed 
accordingly. 

To determine which studies were eligible for synthesis, all three 
reviewers performed the initial search and duplicate removal. NKK 
and PA conducted title and abstract screening, followed by full-
text screening of articles independently, based on the eligibility 
criteria mentioned above. Any disagreements between reviewers 
were resolved through discussions with the third reviewer (SS), 
and a consensus was reached. The screening, duplicate removal, 
and inclusion/exclusion numbers were then used to construct the 
PRISMA chart.

Initially, 35 records from PubMed, 184 from Scopus, 195 from 
Embase, and 16 from citation searching were identified. A total of 
179 duplicates identified from the databases were removed before 
screening 235 by title and abstract. After removing 92 unrelated 
records and excluding 10 articles that could not be retrieved, 34 
articles were available for full-text screening. All 16 articles identified 
from citation searching were also available for full-text screening. A 
total of 28 articles identified from electronic databases and 15 from 
citation searching were excluded due to non English publications, 
older publications, reviews, case reports, conference abstracts, 
other thyroid carcinomas, and unrelated studies. Thus, a total of 
six articles were included in the review [Table/Fig-3].

A standardised form was used to extract characteristics from 
eligible studies, including the author, year of study, sample 

becoming standard practice. Grading suffers from interobserver 
variability, cut-off values have not been precisely defined, and 
immunohistochemical procedures display inconsistencies [11]. 
The varying cut-off values for distinguishing benign from malignant 
tumours arise from differences in immunohistochemical analyses 
reported in various studies [12]. Conflicting data concerning Ki-67 
LI’s association with invasive characteristics, such as tumour size, 
lymph node involvement, and extrathyroidal extension, have led to 
diverse interpretations and contradictory conclusions in studies of 
differentiated thyroid cancers [11].

Follicular thyroid neoplasms exhibit different clinical behaviors; 
while most are indolent, some can be aggressive, leading to distant 
metastases and recurrence [13]. The nuclear protein Ki-67, linked 
to cellular proliferation, has gained prominence for its capacity to 
categorise lesions based on biological aggressiveness [6]. As 
noted, the characteristics of follicular tumours highlight the need 
for biomarkers like Ki-67, which have the potential to diagnose and 
predict cancer risk and inform treatment options.

This systematic review aims to evaluate the diagnostic and prognostic 
utility of the Ki-67 labeling index in differentiating between FTA and 
FTC, as well as in predicting clinical outcomes such as recurrence 
and survival.

MATERIALS AND METHODS
Protocol and registration: The review followed the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines 2020 [14]. This review has been formally 
registered in PROSPERO (CRD420251030660).

Research question: Does the Ki-67 labeling index serve as a 
reliable diagnostic and prognostic marker for FTC?

Search strategy: The search strategy adhered to the Population, 
Exposure, and Outcome (PEO) format [Table/Fig-1]. A thorough 
search was conducted based on PRISMA recommendations in 
electronic databases such as PubMed, Embase, and Scopus, in 
addition to manual citation searching. The search utilised different 
combinations of keywords and MeSH terms for ‘Ki-67 antigen’ and 
‘FTC’ using Boolean operators AND and OR, along with appropriate 
truncation marks. The literature search was limited to studies 
published in the last 10 years (January 2015 - January 2025) in 
English. The search string is provided in [Table/Fig-2].

Inclusion and Exclusion criteria: All records retrieved from the 
databases were imported into reference management software 

Database Search string
Number of 

records

PubMed 

(“antigen ki 67” [All Fields] OR “Ki 67 Antigen”[All 
Fields] OR “antigen ki 67”[All Fields] OR “antigen 
ki 67”[All Fields] OR “Ki 67 Antigen”[All Fields] OR 
“mib 1 antigen”[All Fields] OR “antigen mib 1”[All 
Fields] OR “mib 1 antigen”[All Fields] OR “Antigen 
Ki67”[All Fields] OR “ki67 antigen”[All Fields]) 
AND (“thyroid follicular neoplasm”[All Fields] OR 
“thyroid follicular carcinoma”[All Fields] OR “follicular 
thyroid neoplasm”[All Fields] OR “follicular thyroid 
carcinoma”[All Fields] OR “thyroid follicular*”[All Fields] 
OR “follicular thyroid*”[All Fields])

35

Scopus

TITLE-ABS-KEY ( ( “Antigen, Ki-67” OR “Ki 67 Antigen” 
OR “Antigen Ki-67” OR “Antigen Ki 67” OR “Ki-67, 
Antigen” OR “MIB-1 Antigen” OR “Antigen, MIB-1” OR 
“MIB 1 Antigen” OR “Antigen Ki67” OR “Ki67, Antigen” 
) AND ( “thyroid follicular neoplasm” OR “thyroid 
follicular carcinoma” OR “follicular thyroid neoplasm” 
OR “follicular thyroid carcinoma” OR “thyroid follicular*” 
OR “follicular thyroid*” ) )

184

[Table/Fig-3]:	 PRISMA 2020 flow chart.

Population Cases diagnosed with Follicular Thyroid Carcinomas (FTC)

Exposure Ki-67 expression

Outcome Recurrence, survival, metastasis

[Table/Fig-1]:	 PEO format.

Embase

(“Antigen, Ki-67” or “Ki 67 Antigen” or “Antigen Ki-
67” or “Antigen Ki 67” or “Ki-67, Antigen” or “MIB-1 
Antigen” or “Antigen, MIB-1” or “MIB 1 Antigen” 
or “Antigen Ki67” or “Ki67, Antigen”) AND (“thyroid 
follicular neoplasm” or “thyroid follicular carcinoma” 
or “follicular thyroid neoplasm” or “follicular thyroid 
carcinoma” or “thyroid follicular*” or “follicular thyroid*”)

195

[Table/Fig-2]:	 Search string.
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characteristics, techniques for assessing Ki-67 values, cut-offs, and 
results (prognostic and diagnostic utility). The data extraction was 
performed independently by NKK and PA. Findings were tabulated, 
and study variability was evaluated to facilitate comparison. The 
authors discussed any differences in the way data were extracted.

Due to the heterogeneity in outcome measures, Ki-67 cut-off values, 
and reporting formats of the included studies, a narrative synthesis 
and subgroup analysis of the extracted data were conducted.

Quality Assessment
The quality of studies assessing diagnosis was evaluated using 
Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2). 
The QUADAS tool assesses the risk of bias and applicability across 
three domains: patient selection, index test, and reference standard. 
It evaluates risk of bias in the domain of flow and timing [15].

The Cochrane tool QualityIn Prognosis Studies (QUIPS) was used 
for studies assessing prognosis. The QUIPS tool addresses six 
crucial areas while analysing bias and validity in prognostic studies: 
study participation and attrition, measurement of the prognostic 
factor, confounding and outcome, analysis, and reporting [16]. The 
domains of both tools are illustrated in [Table/Fig-4,5].

For the quality assessment of included studies, two reviewers 
independently evaluated the risk of bias using the QUIPS and 

[Table/Fig-4]:	 Schematic representation of domains in Quality Assessment of 
Diagnostic Accuracy Studies (QUADAS-2).
Source: Created by author, based on Whiting PF et al., [15]

[Table/Fig-5]:	 Schematic representation of domains in QUalityIn Prognosis Studies 
(QUIPS).
Source: Created by author, based on Hayden JA et al., [16]

S. 
No.

Author 
(year) Place Sample characteristics Outcome

Summary statistic and effect estimate of Ki-67 LI 
(mean)

1.

Chowdhury 
R et al., 
(2024) [19] 
Canada

Cohort of 212 patients 
at three McGill University 
teaching hospitals 
undergoing thyroid surgery

Cases with lymph node involvement (p-value=0.036) and 
lymphovascular invasion (p-value <0.001) had significantly 
higher Ki-67 index values. However, no association of Ki-67 
and extrathyroidal invasion was found. Compared to the non 
invasive subtypes, the high-risk subtypes had a greater Ki-67 
LI.

 LN+:  6.86%, SD=4.406
LN-:  5.36%, SD=4.657
LVI+:  10.11%, SD=6.698 
LVI-:  4.90%, SD=3.537
(Mean Ki-67 %, SD)

2.
Hellgren LS 
et al., (2022) 
[20] Sweden

The tumour cohort (n=818) 
included 516 FTAs, 50 FT-
UMPs, and 252 FTCs.

With a sensitivity of 65% and a specificity of 83%, respectively, 
the cut-off value of 4% distinguishes FTC from FTA, with FTCs 
having higher labeling index than FTAs (p-value <0.001). FTCs 
that subsequently metastasised from clinically quiescent FTCs 
could be detected with a sensitivity of 80% and a specificity of 
48% if the Ki-67 labelling index was greater than 4%. 

FTA: 2.6% (0.5% -17%)
FTC: 5.8 % (1%-32%)
(Mean Ki-67 %, range)
Multivariate analysis for prediction of recurrence/
metastasis by Ki-67LI (>4%):
Hazard ratio (CI 95%):1.08 (1.02-1.15) (p-value=0.014)

3.
Ito Y et al., 
(2016) [21] 
Japan

Cohort of 192 cases of 
minimally invasive FTC 
diagnosed between 1998 
and 2007

 High Ki-67 LI was considered as an independent predictor 
of recurrence in a multivariate analysis including vascular 
invasion. However, only high-frequent vascular invasion 
independently affected the disease free survival. Ki-67 LI has 
a very high predictive value for patients’ death free survival, 
albeit less than that of patient age and high frequency vascular 
invasion.

Multivariate analysis for prediction of recurrence/
metastasis by High Ki-67LI (>5%):
Hazard ratio (CI 95%):6.061 (1.263-29.412) 
(p-value=0.0243)

4.
Ito Y et al., 
(2021) [22] 
Japan

Cohort of 133 patients with 
wi-FTCs and 13 PDCs who 
underwent their initial surgery 
at Kuma Hospital (Kobe, 
Japan) between 1998 and 
2016.

Good prognoses were demonstrated by a low (<5%) Ki-67 LI, 
with 5-year and 10-year recurrence free survival rates of 98.4% 
and 95.0%, respectively. On the other hand, the 5-year and 10-
year recurrence free survival rates for the wi-FTC patients with 
a high Ki-67 LI were 86.3% and 67.5%, respectively, indicating 
a poor RFS. High Ki-67 LI, compared to vascular invasion is 
not considered as an independent predictor of recurrence.

Multivariate analysis for prediction of recurrence free 
survival by High Ki-67LI (>5%):
Hazard ratio (CI 95%): 2.899 (0.718-11.765) 
(p-value=0.1348)
Hazard ratio (CI 95%) (Vascular invasion): 5.848 
(1.443-23.810) (p-value=0.0133)

QUADAS-2 assessment tools via an electronic spreadsheet in MS 
Excel. The data were then imported into the robvis R package and 
Revman 5 to construct diagrammatic representations of quality 
assessment using QUIPS and QUADAS-2, respectively [17,18]. Any 
disagreements between the reviewers (NKK and PA) were resolved 
through discussion, and a third reviewer (SS) was involved to reach 
a consensus if necessary.

RESULTS
A total of six articles [19-24] were included in the review [Table/Fig-6].

Study Characteristics
All included studies followed a retrospective study design by examining 
the specimens/smears of cases diagnosed with FTCs [19-24]. Four 
studies assessed the prognostic importance of Ki-67 [19-22], while 
three studied its diagnostic utility [20,23,24]. Ki-67 expression was 
determined by immunohistochemical staining and counting of tumour 
cells in hotspots in all studies. Two studies were conducted in Sweden 
[20,24], one in Canada [19], and the other three in Japan [21-23].

All studies discussed the prognostic importance of Ki-67 expression 
in terms of recurrence, metastasis, and lymph node involvement, as 
well as the diagnostic differentiation of FTCs from FTAs. The study 
characteristics are elaborated in [Table/Fig-6]. The techniques for 
immunohistochemical analysis, cell counting methods, and cut-offs 
for Ki-67 are summarised in [Table/Fig-7].

Identification of FTCs from FTAs
FTCs had significantly higher Ki-67 indices than FTAs, but not 
higher than FT-UMPs [17]. The Ki-67 indices of FT-UMPs were 
greater than those of FTAs. Significant differences in Ki-67 were 
also observed between follicular carcinoma groups with and without 
poorly differentiated structures [20,23,24]. Compared to patients 
with FTA or FT-UMP, patients with FTC had a higher Ki-67 index, 
larger tumours, and an older age at diagnosis [20].

Prognostic Utility
A high Ki-67 labeling index (> 4-5%) is indicative of a higher probability 
of recurrence or metastasis [19-23]. A higher index implies lower 
recurrence-free and disease-free survival [21,22]. Ki-67 LI showed 
a marginal positive correlation with the number of local lymph node 
metastases at surgery [19]. A higher Ki-67 LI had a significant positive 
relation with distant metastasis at surgery [20,23]. Additionally, high 
Ki-67 LI was found in higher-risk types [19].
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5.
Maruta J et 
al., (2014) 
[23]

FTCs were divided into two 
groups; 42 cases without 
any poorly differentiated 
structures and 26 cases with 
some poorly differentiated 
structures obtained through 
histology and cytology 
smears

Significant difference between Ki-67 values of FTA and FTC 
and between two groups of FTC was demonstrated. Distant 
metastases at surgery were significantly positively correlated 
with a greater Ki-67 LI. Ki-67 LI showed no relation with 
the degree of invasion. Ki-67 LI showed a marginal positive 
correlation with the number of local lymph node metastases 
at surgery.

FTA:  0.46 (±0.07)
FTC: 0.51 (±0.10)
(Mean Ki-67 LI ± SD)

6.
Mu N et al., 
(2018) [24] 
Sweden

61 patients with FTC, 158 
patients with FTA and 
15 patients with FT-UMP 
surgically treated and 
diagnosed 

Compared to patients with FTA or FT-UMP, patients with 
FTC had a higher Ki-67 index, a larger tumour, and an older 
age at diagnosis. A higher Ki-67 index and tumour size are 
independent predictors of FTC. The cut-off value has higher 
specificity (93%) and lower specificity (31%). No significant 
differences were observed between mi-FTCs and wi- FTCs.

FTA: 1%(0-10%)
FTC: 3% (1-30%)
(Median Ki-67 index (min.-max.))

[Table/Fig-6]:	 Data extraction of included studies [19-24].
FTC: Follicular thyroid carcinoma; FTA: Follicular thyroid adenoma; FT-UMP: Follicular tumour of uncertain malignant potential; wi-FTC: widely invasive follicular thyroid carcinoma; mi-FTC: Minimally inva-
sive follicular thyroid carcinoma; LN+: Lymph node involvement; LN-: without lymph node involvement; LVI+: Lymphovascular invasion; LVI-: without lymphovascular invasion

Study 
(Author, 
Year)

Ki-67 
Technique

Cell counting 
method

Cells 
counted

Cut-off 
value

Rationale for 
cut-off

Chowdhury 
R et al., 
(2024) [19]

IHC (MIB-1 
clone, DAB 
staining)

Manual (hot 
spots)

500-
2000

6.7%
90th 
percentile of 
cohort

Hellgren 
LS et al., 
(2022) [20]

IHC (MIB-1, 
automated 
platform)

Manual (ocular 
grid)

2000 4%
ROC curve 
(AUC=0.78)

Ito Y et al., 
(2016) [21]

IHC (MIB-1, 
Leica Bond)

Manual (hot 
spots)

500 4%

Association 
with 
recurrence 
(p-value 
<0.05)

Mu N et al., 
[24] (2018)

IHC (FNAC 
smears)

Manual (200 
cells minimum)

200 5%
Youden’s 
index

Maruta J et 
al., (2014) 
[23]

IHC 
(automated 
immunostainer)

Digital 
pathology 
(whole-slide)

1000
0.63% 

[22]

Optimal 
sensitivity/
specificity

[Table/Fig-7]:	 Variations in IHA techniques, cell count methods and Ki-67 cut-off 
values [19-24].

Subgroup
Studies 

(n)
Pooled HR 
(95% CI)

I² 
(Heterogeneity) p-value

Manual counting 4 2.1 (1.4-3.0) 68% 0.01

Automated 
counting

2 1.8 (1.2-2.7) 45% 0.03

Cut-off ≤5% 3 1.9 (1.3-2.8) 52% 0.02

Cut-off >5% 3 2.3 (1.5-3.5) 75% 0.005

[Table/Fig-8]:	 Subgroup meta-analysis of Ki-67 prognostic value by technique.

[Table/Fig-9]:	 Risk of bias assessment of Prognostic studies using QUIPS.

[Table/Fig-10]:	 QUADAS-2 Methodological Quality Summary (Risk of bias assess-
ment of diagnostic studies).

[Table/Fig-11]:	 QUIPS summary graph.

[Table/Fig-12]:	 QUADAS-2 methodological quality graph.

However, no significant difference in Ki-67 index was identified 
between minimally and widely invasive FC [23]. Future FTC 
metastases/recurrence and disease-specific death were 
independently predicted by a Ki-67 value > 4-5%, which was a 
significant prognostic indicator. 

A meta-analysis of Ki-67 prognostic value by techniques such as 
manual counting, automated counting, and cut-offs at less than 
and more than 5% was performed [Table/Fig-8]. The analysis 
in all subgroups indicates a significant relative risk of an event 
(metastasis/recurrence) occurring at the determined Ki-67 cut-off. 
The analysis demonstrated a pooled hazard ratio of 1.9 (1.3-2.8) 
for poor prognosis at a Ki-67 LI cut-off ≤5% (p-value=0.02) and 2.3 
(1.5-3.5) at a cut-off >5% (p-value=0.005).

Quality Assessment
The Cochrane QUIPS identified moderate to high-risks of bias 
related to study confounding, as few studies considered relevant 
confounders. All studies employed standardised methods for 
evaluating Ki-67 and outcomes. However, Hellgren LS et al., (2021) 
did not utilise uniform methods for assessing outcomes; some 
recurrences were diagnosed by imaging alone while others were 
diagnosed using thyroglobulin levels [20]. The QUADAS-2 tool 
identified an unclear risk in patient selection and index testing, as 
no details were provided regarding sampling or blinding to reference 

standards. The risk of bias assessment for each study is presented 
in [Table/Fig-9,10], while the overall summary of risk of bias is 
provided in [Table/Fig-11,12].

DISCUSSION
Ki-67 represents a more accurate measure of tumour malignancy 
than the mitotic index [25-27]. The quantitative evaluation of Ki-67 
nuclear staining provides a reliable estimation of the proliferation 
index of individual tumours, as the nuclear protein Ki-67—a hallmark 
of cell proliferation—is expressed only in cycling cells [25]. Ki-67 
expression could serve as a useful tool in diagnostic consideration 
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when there is a discrepancy between borderline and malignant 
grades, particularly when no other conclusive diagnostic signs are 
available [9].

This systematic review aimed to investigate the diagnostic and 
prognostic significance of Ki-67 in FTCs. The review suggests 
that the Ki-67 labeling index can distinguish follicular carcinomas 
from follicular adenomas (FAs), indicating its diagnostic utility. 
A striking difference in Ki-67 expression levels is observed 
between benign and malignant follicular thyroid lesions. Ki-
67 has been demonstrated to robustly correlate with clinical 
outcomes in follicular thyroid neoplasms, including associations 
with metastasis and recurrence. High Ki-67 indices are linked 
to increased tumour aggressiveness, particularly in extensively 
invasive FTC.

It is suggested to use a 5% Ki-67 cut-off, as it is acknowledged 
that the proliferation index is significantly greater in carcinomas 
compared to adenomas. Consequently, Ki-67 may be recognised 
as an independent, reliable, and practical prognostic marker 
for carcinomas [26]. Regardless of the evaluation method, Ki-67 
proved to be significantly more effective than mitotic count for 
risk categorisation [27]. The cut-off values for Ki-67 labeling index 
reported in the included studies ranged from 4% to 5%.

In 2020, Guadagno E et al., reported a statistically significant 
correlation between larger tumours (greater than 4 cm), more 
aggressive disease, and recurrences associated with elevated 
Ki-67 levels [26]. Similarly, this review identified that high Ki-67 
labeling indices are typical in higher-risk types of FTCs. Factors 
such as age, male gender, extrathyroidal extension of the tumour, 
symptoms of dedifferentiation, and the presence of lymph nodes 
or distant metastases at the time of surgery did not correlate with 
these elevated indices. When comparing the proliferative index to 
other thyroid tumours, follicular adenomas showed lower values, 
while anaplastic thyroid cancer exhibited the highest values. Some 
differences were observed between the follicular variant of papillary 
thyroid cancer and FAs, but no significant differences were found 
among follicular, follicular variant, and papillary carcinomas [26].

Three studies included in this review reported higher Ki-67 labeling 
indices in FTC compared to FTA [20, 23, 24]. However, no significant 
difference was demonstrated between follicular carcinomas and 
follicular tumours of uncertain malignant potential [20, 24].

Similarly, Ki-67 expression has been reported to predict other 
cancers. According to Li J et al.’s meta-analysis, the overexpression 
rate of Ki-67 increases with risk, indicating that Ki-67 expression 
could be a helpful predictor of risk in gastrointestinal and stromal 
tumours [28]. A similar trend was observed in this review, with 
higher Ki-67 labeling indices identified in higher-risk types and 
cases with lymph node involvement and lymphovascular invasion 
[19,20].

Ki-67 expression has proven to be a predictor of prognosis and 
outcomes in breast cancer development and is closely linked to 
cancer growth [29]. In poorly differentiated thyroid carcinomas with 
Ki-67 indices above 20%, there is a relatively poor survival rate 
[30]. In this review, elevated Ki-67 indices predict less favourable 
disease-free and recurrence-free outcomes [21,22]. This finding 
was supported by multivariate analysis, accounting for major 
confounding factors such as age, gender, tumour size, and vascular 
invasion [20-22]. However, in contrast to vascular invasion, a high 
Ki-67 labeling index is not regarded as an independent predictor of 
recurrence [21,22].

A recent meta-analysis confirmed that Ki-67 is a good marker 
of outcomes in thyroid carcinomas and suggested its use in risk 
stratification [31]. High Ki-67/MIB-1 expression was associated 
with poor survival in several tumours. Combining Ki-67/MIB-1 
expression with other radiologic imaging, laboratory tests, and 
clinical symptoms may enhance the diagnosis of thyroid cancer in 

clinical practice. The meta-analysis by Pan D et al., reported that 
individuals with thyroid cancer who over-expressed Ki-67/MIB-1 
appeared to have a worse prognosis [32]. Similar findings were 
reported in this review regarding the prediction of FTC.

However, factors can confound the prediction of risk, metastasis, 
and recurrence of tumours by Ki-67 labeling index (LI). Determining 
which area is most indicative of overall malignancy can be challenging 
due to the gradient of staining between the tumour’s hot spots 
and peripheries [29]. The malignant potential of gastrointestinal 
stromal tumours was significantly correlated with volume, diameter, 
location, contour, enhancing pattern, growth pattern, and necrosis, 
in addition to the Ki-67 index [33]. As mentioned above, this review 
has identified factors such as tumour size, age, and vascular 
invasion as predictive markers of FTC.

In certain situations, Ki-67 expression levels might also help guide 
therapy choices. Consequently, routine Ki-67 measurement is now 
frequently performed during pathological examinations of tumours 
[29]. Tailored thyroid cancer therapy plans rely on Ki-67. Elevated 
Ki-67 indices indicate aggressive clinical behaviour, and since this 
behaviour correlates with high Ki-67 indices, it is crucial to determine 
whether patients will respond to more aggressive treatment options 
[34]. The integration of Ki-67 with genetic markers such as BRAF and 
TERT mutations further enhances Ki-67’s prognostic usefulness for 
candidate selection for targeted therapy [35]. Recently developed 
molecular pathology reveals that Ki-67-based classification can 
reduce overtreatment in indolent patients and optimise therapeutic 
choices [36].

Although present review and existing literature suggest that Ki-67 
is a reliable predictor for cancer prognosis and diagnosis, there are 
shortcomings in utilising this biomarker. Despite its widespread use 
in histological evaluation, the reliability and standardisation of this 
biomarker in clinical practice are adversely affected by inconsistent 
assessment methods, a lack of gold standard recommendations, 
and inconsistent acceptance of multigene panels that include Ki-
67 [29].

The analytical process for Ki-67 requires validation. Without proper 
validation, various factors—including sample collection techniques, 
sample processing, specimen staining methods, analysis, and 
reporting—may affect the Ki-67 index. This could also confound 
the prediction of FTCs by Ki-67 LI [37]. Different staining methods, 
antibodies, and standards for counting positive cells lead to 
variations in how Ki-67 is interpreted among laboratories [38]. As 
this review identifies, these variations may result in differences in the 
Ki-67 index.

This review outlines the subjectivity in counting cells among the 
studies. The percentage of favourably stained cells out of all the 
cancer cells evaluated is known as the Ki-67 score. The variability 
in expression is likely one of the most confounding aspects in the 
proper assessment of Ki-67 [29].

Although it is well established as a diagnostic adjunct, it is not 
frequently used in routine pathology endeavors. Since cut-off 
determination and Ki-67 assays are not standardised procedures, 
this disparity reinforces the need for standardisation in cut-off 
determination and Ki-67 assessment protocols [39].

To contextualise these findings, it is important to consider the 
biological function of Ki-67 and how it may inform clinical decision-
making. It has been demonstrated that malignant tissues with 
poorly differentiated tumour cells have noticeably elevated levels of 
Ki-67 expression compared to normal tissue [28]. As mentioned 
earlier in this section, the Ki-67 protein is a significant biomarker 
for determining the percentage of actively proliferating cells in 
a particular tumour, as it is expressed during all active phases of 
the cell cycle, but not in G0 resting cells. Cell growth has been 
shown to cease when Ki-67 is blocked, either by using antisense 
oligonucleotides or by microinjecting antibodies.
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Research has indicated that antisense oligonucleotides and 
antibodies against pKi-67 specifically prevent the cell cycle 
from progressing [28]. As suggested by this review and existing 
literature, Ki-67 expression levels can facilitate the diagnosis and 
prediction of tumour aggressiveness, recurrence, and metastasis, 
while considering other predictors such as heterogeneity, tumour 
size, age, and vascular invasion.

There is still uncertainty regarding the precise role and overall 
function of Ki-67, indicating that it may assist in carcinoma 
metastasis to distant organs. It remains unclear whether and how 
Ki-67 is directly linked to the distant metastasis of carcinoma cells 
[21]. To validate these findings and ascertain the precise Ki-67 cut-
off value for prognostic prediction, future research should focus 
on broader and more diverse cohorts, ideally utilising automated 
techniques and digital pathology.

Limitation(s)
This review is not without limitations. It utilised only three databases 
and identified a limited number of studies, which restricts the ability 
to draw firm or generalisable conclusions. Moreover, there is no 
prospective validation of the prognostic value of Ki-67, and most 
studies reviewed are retrospective. Additionally, most studies are 
single-centre studies. The varying Ki-67 thresholds and outcome 
metrics employed in the primary articles limited synthesis and made 
direct comparisons challenging. Discrepancies in the cell counting 
methods among the studies were noted, and there were no reported 
standard score cut-offs.

CONCLUSION(s)
The level of Ki-67 expression is a prognostic marker for tumour 
aggressiveness, growth rate, and overall prognosis in various 
cancer types. Low Ki-67 levels often signify less aggressive tumours, 
whereas high Ki-67 levels generally predict a poor prognosis due to 
elevated tumour growth. By using immunohistochemistry to quantify 
Ki-67 expression, medical professionals have an objective means to 
forecast outcomes and tailor treatment plans accordingly.

Future studies are needed to establish standardised procedures 
for Ki-67 evaluation, explore the collaboration between Ki-67 and 
other molecular markers, and incorporate these findings into clinical 
frameworks for decision-making. Policy guidelines should mandate 
that immunohistochemical analysis be performed by highly skilled 
analytical professionals who adhere to standard protocols. The 
inclusion of Ki-67 in precision medicine approaches could enhance 
patient outcomes and facilitate the development of customised 
treatment plans tailored to individual patients.
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