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Abstract
Distinguishing benign from malignant adrenocortical tumors (ACT) is not always easy, particularly for tumors with unclear 
malignant potential based on the histopathological features comprised of  the Weiss score. Previous studies reported the 
potential utility of immunohistochemistry (IHC) markers to recognize malignancy, in particular the Insulin-like growth fac-
tor 2 (IGF2) and the proliferation marker, Ki-67. However, this information was not compiled before. Therefore, this review 
aimed to collect the evidence on the potential diagnosis utility of IGF2 and Ki-67 IHC staining. Additionally, a meta-analysis 
was performed to assess the Ki-67 accuracy to identify adrenocortical carcinoma. The systematic review and meta-analysis 
were conducted according to the PRISMA guidelines. From the 26 articles included in the systematic review, 21 articles 
provided individual data for IGF2 (n = 2) or for Ki-67 (n = 19), while 5 studies assessed both markers. IGF2 staining was 
positive in most carcinomas, in contrast to adenomas. However, the different immunostaining evaluation methods adopted 
among the studies impeded to perform a meta-analysis to assess IGF2 diagnostic accuracy. In contrast, for the most com-
monly used cut-off value of 5% stained cells, Ki-67 showed pooled specificity, sensitivity and log diagnostic odds ratio of 
0.98 (95% CI 0.95 to 0.99), 0.82 (95% CI 0.65 to 0.92) and 4.26 (95% CI 3.40 to 5.12), respectively. At the 5% cut-off, Ki-67 
demonstrated an excellent specificity to recognize malignant ACT. However. the moderate sensitivity observed indicates 
the need for further studies exploring alternative threshold values. Additionally, more studies using similar approaches are 
needed to assess the diagnostic accuracy of IGF2.
Registration code in PROSPERO: CRD42022370389.
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AUC​	� Area under the curve
CI	� Confidence interval
CT	� Computerized tomography
DOR	� Diagnosis odds ratio
DTA	� Diagnostic test accuracy
FP	� False positives
FN	� False negatives
HU	� Hounsfield units
IGF2	� Insulin-like growth factor 2
IHC	� Immunohistochemistry
LI	� Labelling index
MAPK	� Mitogen-activated protein kinase
mTOR	� Mammalian target of rapamycin
NA	� Not available
NPV	� Negative predictive value
PI3K	� Phosphatidylinositol 3-kinase
PPV	� Positive predictive value
PRISMA	� Preferred Reporting Items for Systematic 

Reviews and Meta-Analysis
QUADAS-2	� Quality Assessment of Diagnostic Accu-

racy Studies 2
RevMan	� ReviewManager
ROC	� Receiving operating characteristic curve
SA	� Stained area
SD	� Standard deviation
SEM	� Standard error of the mean
SF-1	� Steroidogenic factor 1
SROC	� Summary Receiving operating characteris-

tic curve
TP	� True positives
TN	� True negatives
VF	� Volume fraction

1  Introduction

Adrenocortical tumors (ACT) can be categorized as 
adrenocortical adenomas (ACA) and carcinomas (ACC) 
depending on the tumor’s biology [1]. In contrast to 
ACA, ACC are rare tumors, with an estimated incidence 
of approximately 0.5–1 cases per million people per year 
[2, 3]. Most of these tumors are usually very aggressive 
with a 5-year overall survival less than  15%, in advanced 
ACC [4, 5]. An accurate diagnosis is crucial for the most 
appropriate clinical strategy, namely adjuvant therapy and 
follow-up time, as well as for predicting outcomes. Cur-
rently, the determination of ACT malignancy is based 
on unspecific imaging characteristics and histopathologi-
cal features. Preoperatively, the malignant potential of 
ACT is predicted by tumor size and radiological density 
measured in Hounsfield units (HU) on computed tomog-
raphy. After tumor removal, the differential diagnosis 
between benign and malignant ACT is mainly based on 

a multiparametric system, the Weiss score, that com-
bines nine histopathological criteria related with tumor 
structure, cell characteristics and tumor invasion [6–8]. 
A Weiss score of ≥ 3 suggests malignancy, whereas an 
ACT with a Weiss score of 0–2 is classified as benign [1, 
6, 9] Nevertheless, a Weiss score of 2–3 presents chal-
lenges in accurately predicting the biological behavior of 
ACT, as tumors with this score often fall into a 'gray zone' 
between benign and malignant [6, 10–13]. Although this 
misclassification appears to be rare [10], it can result in 
both over- and under-diagnosis. Over-diagnosis can lead 
to extensive monitoring and increased costs, whereas 
under-diagnosis delay the timely determination of the 
most appropriate treatment strategy, potentially result-
ing in a fatal outcome due to the aggressive behavior of 
ACC [14].

There is an unmet need for biomarkers to accurately 
identify malignancy in ACT, particularly for tumors with 
unclear malignant potential based on the Weiss scoring. On 
this context, previous studies reported the potential utility 
of several immunohistochemistry (IHC) markers to rec-
ognize malignancy, notably the Insulin-like growth factor 
2 (IGF2) and the proliferation marker, Ki-67, which have 
been extensively investigated in ACT [11]. Indeed, IGF2 
is one of the main oncogenes implicated in ACC tumori-
genesis, while Ki-67 marker has a prognostic role and is 
routinely assessed in clinical practice. To our knowledge, 
the diagnostic accuracy of IGF2 and Ki-67 has never been 
systematically assessed for validation. Therefore, the aim 
of this review was to collect the evidence on the potential 
diagnostic value of IGF2 and Ki-67 IHC staining to dis-
criminate ACA from ACC. Additionally, a meta-analysis 
was performed to assess the accuracy of Ki-67 as diagnos-
tic marker for ACC.

2 � Methods

2.1 � Protocol and registration

The present systematic review and meta-analysis were 
conducted according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis (PRISMA) 2020 
statement and PRISMA of Diagnostic Test Accuracy 
(PRISMA-DTA) [15–17]. This study was submitted to the 
international database of prospectively registered systematic 
reviews (PROSPERO) and can be accessed with the registra-
tion number CRD42022370389.

2.2 � Data sources and search strategy

A systematic search was performed in three electronic data-
bases, including PubMed, Scopus, and Web of Science, 
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using key words and word variants for ACT, IGF2, Ki-67, 
IHC expression, and diagnosis. No limitations regarding 
publication date were applied. The last search was conducted 
in March 2024. The full search string used for each database 
is presented in Supplementary File 1. Additionally, the refer-
ence lists of eligible articles were manually searched to iden-
tify relevant studies that had not been previously retrieved.

2.3 � Study selection and criteria

After removing duplicates, two authors (SBO and MQM) 
screened titles and abstracts independently for eligibility, 
followed by full-text reading of potentially relevant studies. 
When necessary, a third author (SSP) was consulted in the 
case of disagreement.

Eligible articles included observational studies (cohort, 
prospective, and retrospective studies) assessing IGF2 and/
or Ki-67 expression using IHC in human ACC and ACA tis-
sues. Only studies that reported or provided sufficient data to 
predict the diagnostic utility of IHC markers were included.

The exclusion criteria included articles published in lan-
guages other than English, reviews, abstracts, and confer-
ence proceedings. The authors of studies whose full text 
could not be accessed were contacted. In case of no response 
in 90 days, the manuscripts were excluded. Studies report-
ing data regarding ACC variants (oncocytic, myxoid, and 
sarcomatoid variants), tumors metastasis, and tumors from 
pediatric patients were excluded unless the data regarding 
adult conventional ACC and ACA were able to be retrieved. 
Articles not describing the IHC technique for Ki-67 and/or 
IGF2 were also excluded. Additionally, studies not present-
ing IHC results or not allowing comparisons between ACA 
and ACC IHC expression were considered ineligible.

2.4 � Data extraction and synthesis

The eligible studies were divided among two authors (SBO 
and MQM) for independent data extraction in a cross-
over manner and later reviewed by a third one (SSP). Data 
included study details (name of the first author, publication 
year, country, and study design), clinical characteristics 
of tumors (biological behavior, functionality, and sample 
size), demographic characteristics of study patients (age and 
sex), diagnostic criteria (clinical, imaging and pathological 
diagnosis), follow-up time, IHC quantification method, IHC 
results (IGF2 and/or Ki-67 expression and group compari-
sons) and diagnosis performance measures [as sensibility, 
sensitivity, positive and negative predictive values, positive 
and negative likelihood ratios, and area under the receiving 
operating characteristic (ROC) curve (AUC)] when reported. 
If two or more articles reported the same data, only the data 
which included a higher number of ACT was considered.

Data extracted was summarized and presented separately 
for each marker in Tables 1 and 2.

A systematic review was produced for both IGF2 and 
Ki-67 studies. The quantitative synthesis was only per-
formed for Ki-67 findings, due to the high heterogeneity 
regarding IGF2 immunostaining evaluation among the 
included articles. For the meta-analysis, eligible studies 
evaluated and reported Ki-67 expression labelling index 
(LI), i.e., the percentage of Ki-67 stained nuclei in a cell 
population. A cut-off value of 5% was considered for the 
meta-analysis since it was the most widely used threshold 
among the included studies. For studies that did not use this 
threshold, they were only included in the meta-analysis if 
the articles presented the Ki-67 expression data for each 
case available for analysis, i.e., sufficient data to produce 
a two x two contingency table, that includes the number of 
true positives (TP) (ACC with a Ki-67 LI superior to 5%), 
false positives (FP) (ACC with a Ki-67 LI inferior to 5%), 
false negatives (FN) (ACA with a Ki-67 LI superior to 5%), 
and true negatives (TN) (ACA with a Ki-67 LI inferior to 
5%). The studies that reported different cut-offs were only 
analyzed qualitatively due to the limited number of articles.

2.5 � Quality assessment

The methodological quality of included studies was assessed 
by three reviewers (SBO, MQM and SSP) using the revised 
Quality Assessment of Diagnostic Accuracy Studies 2 
(QUADAS-2), which includes four key domains: “patient 
selection”, “index test”, “reference standard” and “flow and 
timing” [42]. Each domain comprises signaling questions, 
customized to suit this review (Supplementary File 2), to 
assist the judgment of the risk of bias, rated as high, low, 
and unclear. Whereas concerns of applicability, which refer 
to whether the study’s findings can be applied to the context 
of the present review, was evaluated for the patient selection, 
index test and reference standard. A study with a low risk 
of bias or low concern regarding applicability was judged 
as a high-quality study, whereas a report with a high-risk 
concerning bias and applicability, was rated as a low-quality 
study. For each domain, when insufficient data was provided 
to allow a judgment, it was rated as unclear. Any disagree-
ments were resolved by involving a third reviewer in the 
discussion. The studies’ quality protocol was performed 
using ReviewManager (RevMan) 5.4 software (The Nordic 
Cochrane Centre, The Cochrane Collaboration).

2.6 � Statistical analysis

The collected values of TP, FP, FN, and TN for a cut-off 
value of 5% were used to calculate sensitivity, sensibility, 
and log diagnosis odds ratio (DOR) with 95% confidence 
interval (CI) for each study. The random effects model 
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meta-analysis was adopted due to sample and diagnosis 
method diversity across the studies. A univariate random 
model was used to extract the pooled estimate of Ki-67 sen-
sitivity, specificity, and log DOR. The results were graphi-
cally presented as forest plots with 95% CI. Additionally, the 
Summary Receiver Operator Characteristics (SROC) curve 
was constructed by plotting the “sensitivity” and “false posi-
tive rates” of each study, and curve fitting was performed 
using proportional hazards model approach (PHM). The 
AUC of SROC was used to determine Ki-67 diagnosis accu-
racy to discriminate ACA from ACC. AUC value ranging 
from 0.90 to 1.00, test was considered excellent, good for 
0.80 to 0.90, poor for 0.60 to 0.70 and the test failed when 
AUC was below 0.60. Heterogeneity was assessed using 
Higggin’s I2, and Tau squared (τ2). A value I2 > 50% implied 
a substantial heterogeneity between the elegible studies [43]. 
Meta-analysis was conducted in R software version 4.3.0 
(R Foundation for Statistical Computing, Vienna, Austria) 
using “meta” and “mada” packages [44].

3 � Results

3.1 � Search results

The selection process of the studies for the qualitative and 
quantitative synthesis is depicted in Fig. 1. A total of 1722 
articles were retrieved from a systematic search of the lit-
erature in PubMed, Scopus, and Web of Science. After 
elimination of duplicates (n = 765), 957 articles underwent 
title and abstract examination, resulting in the exclusion of 
900 studies that were out of scope for the current review. 
For the remaining 54 reports, full text was collected and 
assessed for eligibility. A total of 33 studies were excluded 
due to the reasons presented in Fig. 1. Additionally, 2 stud-
ies were identified from screening references list of eligi-
ble studies. Thus, 26 studies met the pre-defined inclusion 
criteria and were included in the systematic review. The 
full text of the included studies was again reviewed in 
detail by two authors and, 10 reports were identified as 
eligible for the Ki-67 meta-analysis.

3.2 � Characteristics and quality of the studies

All original articles selected for qualitative analysis were 
observational studies with retrospective (n = 24) [12, 18, 
20–39, 41, 45] and prospective (n = 2) data [19, 36]. The 
diagnosis method was identified in most of the studies 
including imaging modalities [21, 33], histopathological 
scores, including Weiss [12, 20, 21, 25, 27, 30, 31, 36, 37, 
41, 45], van Sloten [24] and Lin-Weiss-Bisceglia [33, 45] 
scores, and the evidence of malignant features, as local inva-
sion, or distant metastasis [26, 28, 29]. The diagnosis tool AC
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was not clearly stated or not reported in five studies [19, 
23, 34, 38, 39]. Among the twenty-six studies included in 
the systematic review, twenty-one articles provided data 
for IGF2 (n = 2) [21, 23] or for Ki-67 (n = 19), in separate 
[24–41, 45], while five studies contained data for both mark-
ers [12, 18–20, 22]. The individual characteristics of the 
included studies are summarized in Table 1 and Table 2.

QUADAS-2 criteria revealed that the overall quality of 
the included studies was acceptable (Fig. 2), as the percent-
age of articles with a high risk of bias and applicability con-
cerns did not exceed 25%. Missing information regarding 
blinding interpretation of IHC staining from ACT diagnosis 
and lack of description of ACC and ACA classification using 
the same diagnosis criteria were the main reasons for the 
unclear risk of bias in reference standard and flow and tim-
ing domains, respectively. The tumor origin was confirmed 
by one study through the evaluation of markers of adrenal 
cortical differentiation, as steroidogenic factor 1 (SF-1), 
melan-A and alpha-inhibin. In the remaining studies n = 25, 
this assessment was not directly reported, therefore, appli-
cability concerns in patient selection domain were rated as 
unclear for most of the studies. High applicability concerns 
were detected for studies that performed IGF2 and/or Ki-67 
IHC not aiming to assess the accuracy of these markers for 
ACT diagnosis. The quality assessment of each study within 
the four domains is presented in Supplementary File 3.

3.3 � Evaluation of IGF2 for ACC diagnosis

Solely seven out of twenty-six studies assessed IGF2 expres-
sion by IHC in both benign and malignant ACT (Table 1). 
IGF2 immunostaining was evaluated by three different meth-
ods: qualitative [18], semi-quantitative [12, 19, 21, 22] and 
quantitative analysis [20, 23].

A qualitative method was employed by one study, con-
sidering a positive staining when a perinuclear dot-like sig-
nal or Golgi pattern immunoreactivity was observed. This 
immunohistochemical staining pattern demonstrated a sensi-
tivity and specificity of 76.5% and 95.5%, respectively [18].

Four studies used a semi-quantitative method to evaluate 
IGF2 expression, yet different score systems were employed. 
Two studies used a scoring system ranging from 0 to 4. 
Soon et al., classified a score 0–1 as negative, whereas a 
score ranging from 2 to 4 translated as a positive staining. 
This study demonstrated that 100% of ACAs were negative 
whereas 78% of ACCs were positive (score 2 + or more), 
showing a perinuclear accumulation with or without sig-
nificant cytoplasmatic staining. In addition, IGF2 demon-
strated to be a good marker to distinguish ACC from ACA 
with an AUC of 0.863 [19]. The other study found a higher 
number of ACC with elevated IGF2 expression when com-
pared to ACA. Wang et al., aiming to validate the diagnostic 
accuracy of IGF2, evaluated its expression in 15 borderline Ta
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tumors, i.e., tumors with a Weiss score of 2 or 3. However, 
this marker could not predict the malignant potential accu-
rately [12]. A different scoring system was adopted by Zhu 
et al., comprising the combination of the percentage of cells 
with positive staining (score 0 to 3) and the intensity of the 

staining, using intensity grades of 0 (absence) to 3 (strong). 
IGF2 staining was observed in 25% of the benign versus 
70.83% of malignant ACT cases [21]. Similarly, Babinska 
et al., presented IGF2 expression as H-score values, which 
translates in the product of the percentage of cells with 

Fig. 1   Flowchart illustrating the literature search and the selection process for the studies included in the systematic review and meta-analysis

Fig. 2   Risk of bias and applicability concern of the included studies according to Quality Assessment of Diagnostic Accuracy Studies 2 (QUA-
DAS-2)
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positive reactivity (0–100%) and the intensity of reactiv-
ity (0–3). Both ACC and ACA showed a median H-score 
of 100. In benign ACT, the 25th and 75th percentile range 
spanned from 0–110, while for malignant ACT ranged from 
50 to 100. In addition, a unit increase in H-score was asso-
ciated with 22% higher odds ratio of an ACC diagnosis, 
adjusted for age, gender, tumor size, and hormonal activity 
[22].

On an opposed approach, IGF2 expression was reported 
as the percentage of stained area quantified using a morpho-
metric analysis tool. Pereira et al., found that the percentage 
of IGF2 stained area was significant higher in ACC when 
compared to ACA, including non-functioning ACA (ACAn) 
and ACA with Cushing’s Syndrome (ACAc). IGF2 dem-
onstrated to be a good marker to differentiate ACC from 
ACA [20]. In addition, IGF2 expression was also found to 
be significant higher in ACC comparing to ACAn. Indeed, 
this IHC marker showed an excellent discriminative power 
between these two entities, with 100% of sensitivity and 
specificity for a cut-off value of 27.1% stained area [23].

To summarize, regardless the immunostaining evalu-
ation method adopted, the studies unanimously described 
the presence of IGF2 expression in most of ACC when com-
pared to ACA, suggesting the specificity for malignant ACT. 
However, due to the differential immunostaining analysis 
methods employed within the studies, it was not feasible to 
conduct a meta-analysis to assess the accuracy of IGF2 in 
identifying malignant ACT.

3.4 � Evaluation of Ki‑67 for ACC diagnosis: 
a descriptive approach

Tumor proliferation activity was assessed by Ki-67 IHC in 
benign and malignant ACT in twenty-four studies (Table 2). 
Most of the studies quantified Ki-67 expression prolifera-
tion index by calculating the percentage of positive cells by 
manual or automated count of the hot spot or random areas 
[22]. Specifically, this involved counting almost or at least 
500 cells, minimum or about 500 [29, 45] or 1000 cells [18, 
26, 28, 32], or 2000 cells [24, 40] and therefore presenting 
the proliferation activity of the tumors as LI. All included 
studies found a higher Ki-67 expression in ACC when com-
pared to ACA [12, 18–20, 22, 24–41, 45].

Despite most of the studies presented Ki-67 LI as a con-
tinuous value, the most proposed cut-off value within the 
studies was 5%. Overall, the number of ACAs with a Ki-67 
LI < 5% was greater when compared with ACC [18, 24–26, 
28–31, 33]. For this cut-off value, the specificity and the 
sensitivity reported by the different studies, varied between 
95.4%−100% and 87.5%−100%, respectively [18, 41, 45].

To validate the diagnostic potential of this cut-off value, 
Wang et al., evaluated Ki-67 expression in borderline tumors 
(Weiss score = 2 or 3). Among the six tumors with a Weiss 

score of 3, only two showed malignant behavior during fol-
low-up, with one presenting a Ki-67 LI > 5% and the other 
a Ki-67 LI < 5%. The remaining patients showed no signs 
of disease during the follow-up, despite being classified 
as ACC, according to the Weiss score. However, based on 
Ki-67 LI (< 5%), these tumors were correctly identified as 
ACA. For the five borderline tumors with a Weiss score of 
2 and available follow-up data, all were correctly classified 
by both Weiss score and Ki-67 [12]. In contrast, Schmitt 
et al., reported two ACT that were classified as benign by 
the Weiss score that indeed demonstrated benign behavior 
during follow-up time. However, in one of these cases, Ki-67 
LI was higher than 5% and so it did not support the ACA 
diagnosis [18]. Soon et al. reported an ACC with a Weiss 
score of 3 and Ki-67 LI < 5% that showed a benign biologi-
cal behavior after 6 years of follow-up [19].

A higher threshold was setting at 10% Ki-67 LI by Gupta 
et al., showing a sensitivity and specificity of 87% [26]. In 
contrast, a higher sensitivity of 97.00% was demonstrated for 
a cut-off value of 9.73%, with a specificity of 84.73% and 
an AUC of 0.984 [39]. Five different Ki-67 thresholds—3%, 
10%, 20%, 25% and 30%—were evaluated in 76 ACA and 
70 ACC. Ki-67 LI ≥ 3% was able to identify the highest 
number of ACC (57%) when compared to the remaining 
Ki-67 thresholds. All the evaluated cut-offs showed high 
specificity ranging from 99–100%. However, various tumors 
classified as ACC according to the Weiss score had a Ki-67 
LI < 3% (sensitivity = 57%) [40]. Indeed, all the cut-off 
values showed a low sensitivity varying between 14 and 
57%. In contrast, Aubert et al., demonstrated that a cut-off 
value ≥ 4% for malignancy achieved 95.7% sensitivity and 
91.7% specificity [28].

Deviating from conventional diagnostic performance 
measures, Babisnka et al., verified that the probability of 
ACC diagnosis increased 0.29 times for every percentage 
point of Ki-67 increase. Nevertheless, this study found that 
Ki-67 is not an independent factor in the malignant diagno-
sis, since excluding the tumor size variable from the odds 
ratio assessment led to an overestimation of the influence of 
Ki-67 in ACT diagnosis [22].

In a different approach, Ki-67 expression was also pre-
sented as stained area or volume quantified using morpho-
metric computerized analysis tools, by three studies [20, 37, 
38]. Ki-67-stained area was significant higher in ACC when 
compared to ACA [20, 38], with an AUC value of 0.96 [20]. 
The authors suggested that a cut-off value of 0.50% of Ki-
67-stained area was the best threshold for the differential 
diagnosis of ACT [20]. In addition, the same studies verified 
a higher AUC of 0.98 for the differential diagnosis of ACC 
from ACAn. Ciaramella et al., analyzed the volume frac-
tions occupied by Ki-67 positive and negative cells (nuclei 
and cytoplasm) and found that the volume fraction of Ki-67 
positive cells in ACC was higher than in ACA. However, no 
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Ki-67 cut-off values, sensitivity or specificity was evaluated 
[37].

3.5 � Evaluation of Ki‑67 for ACC diagnosis: 
a meta‑analysis

The diagnostic performance of Ki-67 for the pathological 
discrimination between ACC and ACA was assessed at the 
most widely used threshold (5%) among the included studies 
[12, 18, 19, 27, 30–33, 36, 41]. The meta-analysis included 
a total of 345 ACT, from which 120 were ACC and 225 
ACA. Ki-67 showed a pooled sensitivity of 0.82 (95% CI 
0.65 to 0.92) (Fig. 3a) and specificity of 0.98 (95% CI 0.95 
to 0.99) (Fig. 3b). Heterogeneity was not detected among 
the studies in terms of sensitivity (I2 = 0, τ2 = 7535, p = 0.85) 
and specificity (I2 = 0, τ2 = 0, p = 1.00). The log DOR varied 
between 2.58 (95 CI −0.59 to 5.72) and 6.38 (95 CI 2.38 to 
10.38) among the studies, with a pooled value of 4.26 (95% 
CI 3.40 to 5.12) (Fig. 3c). Through this value, the pooled 
DOR value was calculated, and we found that an ACT with 
a Ki-67 LI superior to 5% is 70.1 times more likely to be 
malignant tumor. Heterogeneity was null between the stud-
ies (I2 = 0, τ2 = 0, p = 0.77). SROC plot displaying the sum-
mary point of each primary study in terms of sensitivity and 

false positive rates, together with the meta-analytic summary 
line (i.e., SROC curve) is present in Fig. 3d. Analyzing the 
SROC curve, Ki-67 for a cut-off of 5% stained cells, dem-
onstrated to be an excellent marker for the differential diag-
nosis between ACA and ACC with AUC of 0.949.

3.6 � Combination of IGF2 and Ki‑67 markers for ACC 
diagnosis

Five studies concurrently evaluated IGF2 and Ki-67 expres-
sion by IHC [12, 18–20, 22]. Nevertheless, only two studies 
reported on the diagnostic utility of using these markers in 
combination [18, 19].

One study verified that the combine use of IGF2 posi-
tive staining, characterized as a perinuclear dot-like, and 
a Ki-67 index > 5% was able to discriminate benign from 
malignant ACT with 100% sensitivity and 95.5% specificity. 
The combination of the two IHC markers yielded a higher 
sensitivity compared to IGF2 (76.5%) and Ki-67 (87.5%) 
alone. Whereas a specificity of 95.5% was found for each 
individually marker and in combination [18].

Similarly, Soon et al., demonstrated that a positive score 
(score 2 +) of IGF2 and/or the high Ki-67 proliferative 
index (≥ 5% stained cells) identified 22 of 23 ACCs (96% 

Fig. 3   Forest plots for sensitivity (a), specificity (b) and log diagnostic odds ratio (DOR) (c) Summary receiver operating characteristics (SROC) 
curve (dashed central line) (d). Summary points and their confidence regions represent each included study in the analysis
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sensitivity) and no ACA (100% specificity). The only ACC 
not identified by the combination of the IHC markers, had 
a Weiss score of 3 and during the 6 years of follow-up, the 
tumor has not recurred or behaved in a malignant manner, 
suggesting that this case potential represents a false positive 
of the Weiss scoring system [19].

Both studies suggested that the combined use of IGF2 
and/or Ki-67 can reliably predict the biological behavior of 
ACT. Of note, Soon et al., recommended the use of both two 
markers, particularly for tumors with a Weiss score of 2–3 
with unclear malignant potential [19].

4 � Discussion

Distinguishing between ACA and ACC is not always easy 
which can cause difficulties in treatment decisions and 
patient follow-up. An ACT with a size superior to 4 cm and 
a radiological density above 10 HU,  suggests malignancy, 
and so it is eligible for adrenalectomy [6]. After tumor 
removal, the differential diagnosis between ACA and ACC 
has relied on histopathological features comprised in scoring 
systems: the Weiss score, the reticulin algorithm and Lin-
Weiss-Bisceglia system [1]. According to the latest clinical 
guidelines, the Weiss score is the most widely used and the 
recommended system to determine the malignant nature of 
ACT in adults [6]. Nevertheless, this pathological system 
has significant limitations: lack of reproducibility and diag-
nostic accuracy, particularly evident in borderline tumors, 
i.e., tumors with a Weiss score of 2 or 3 [11]. In the attempt 
to overcome the major drawbacks of the current diagnosis 
criteria, several immunohistochemical biomarkers have been 
investigated, notably IGF2 and Ki-67 [1, 8]. The present sys-
tematic review provides an in-depth overview of the exist-
ing evidence on the potential diagnosis value of IGF2 and 
Ki-67 for ACT. This evidence is derived from studies that 
assessed IGF2 and/or Ki-67 expression in both, ACC and 
ACA, using IHC.

IGF2 gene encodes the growth factor IGF2, which is 
expressed in both fetal and adult adrenal glands. IGF2 is 
one of the main oncogenes involved in ACC tumorigen-
esis, known to be part of a complex—IGF2 system—which 
activates signaling pathways, such as mitogen-activated 
protein kinase (MAPK), phosphatidylinositol 3-kinase 
(PI3K)/Akt and the mammalian target of rapamycin 
(mTOR) pathways, involved in proliferation, survival, and 
cell metastasis [23, 46–48]. Taken this in account, this 
marker has been pointed as a potential diagnosis marker 
for ACC. Indeed, IGF2 immunostaining was positive in 
most of ACC, in contrast to ACA [18, 19, 21]. Although 
positive IGF2 staining demonstrated a high specificity, 
only moderate sensitivity was achieved, translating the 
incapacity to detect all ACC [18]. IGF2 only demonstrated 

to be an excellent marker to differentiate ACC from ACA, 
when only non-functioning ACA were included [20, 23].

Together the reviewed literature suggests that IGF2 
appears not to be a sensitive marker for ACC, since IGF2 
expression presence and levels vary within ACC [18, 19]. 
Nevertheless, it is important to refer that IGF2 IHC was 
assessed in small cohorts of adult malignant (ranging 
from 11 to 25 patients) and benign (ranging from 20 to 63 
patients), hence its potential lack of representativeness. 
In addition, different immunostaining evaluation methods 
were adopted among the studies: qualitative [18], semi-
quantitative [12, 19, 21] and quantitative [20, 23]. This 
heterogeneity was the major impeding factor to assess the 
diagnosis accuracy of IGF2 by conducting a meta-analysis. 
More important, we stress the need of more studies using 
similar IHC evaluation methods to assess the diagnostic 
performance of IGF2 in ACT and alongside stratification 
of ACT based on functionality.

Ki-67 is a protein expressed in all cell cycle phases, 
except in G0, representing a cell proliferation marker 
that can be assessed by IHC [49]. High proliferation is a 
common feature of malignant tumors, and consequently 
Ki-67 overexpression is observed [11]. Despite nonspe-
cific of ACC, the expression of this marker is routinely 
assessed by IHC in every resection specimen of ACT, for 
prognostication and therapeutic decisions guidance [6]. 
Current guidelines suggest that the cut-off value of 10% 
Ki-67-stained cells correlates with higher risk of recur-
rence, and so mitotane therapy is recommended [6, 49]. 
In contrast, there is no validated Ki-67 threshold value to 
determine the malignant nature of ACT, being the major 
limitation underlying the inclusion of Ki-67 as a diag-
nostic marker for this type of tumors. Ki-67 expression is 
unanimously higher in malignant compared to benign ACT 
[12, 18–20, 22, 24–41, 45].

The Ki-67 LI of 5% was the most widely used threshold 
among the evaluated studies. Yet, its diagnostic performance 
was evaluated in a small number of ACT (number of ACC 
ranging from 3 to 70; number of ACA ranging from 4 to 76). 
For that reason, a meta-analysis was performed to assess 
the diagnostic accuracy of Ki-67 marker for a cut-off value 
of 5% stained cells. The SROC curve revealed an AUC of 
0.949, demonstrating that the Ki-67 for the studied cut-off 
value is an excellent marker to discriminate ACA from ACC. 
However, we found a pooled sensitivity of only 0.82 showing 
that a threshold of 5% stained is not able to identify all ACC. 
Nevertheless, ACT with a Ki-67 than 5% has 70.10 times 
more probability to have a malignant behavior, based on the 
pooled DOR. Our meta-analysis goes in line with reviewed 
literature, suggesting that different Ki-67 thresholds should 
be considered in future research, particularly cut-off values 
lower than 5% stained cells. Indeed, when different thresh-
olds were evaluated in the same cohort, Martins-Filho et al., 
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demonstrated that a higher sensitivity was achieved for the 
lower cut-off value (3% Ki-67-stained cells) studied [40].

Only a minority of the included studies compared the 
diagnostic utility of Ki-67 to the Weiss score system [12, 18, 
19]. These studies, which included tumors with follow-up 
data on tumor behavior, revealed that while Ki-67 correctly 
identified certain borderline ACT misclassified by the Weiss 
score, the opposite was also observed, as some ACT accu-
rately classified as ACC or ACA by the Weiss score were not 
correctly diagnosed by Ki-67 LI. Thus, Ki-67 LI proved to 
be heterogeneous in borderline tumors, as it does not fully 
correlate with their benign or malignant clinical course [12, 
18]. Nevertheless, the Helsinki score using Ki-67 LI as con-
tinuous values along with mitotic count and necrosis has 
been shown to provide a more accurate diagnosis of ACT 
compared to the Weiss score [1, 50]. Recently, a new his-
tological system for ACC diagnosis was proposed compris-
ing a set of 8 parameters, including tumor size and weight, 
Ki-67, mitosis, nuclear grade, atypical mitoses, invasion of 
capsule and necroses. Two different cut-off values were in 
integrated in this diagnosis system: KI-67 LI < 5% diagnosis 
ACA, whereas Ki-67 LI ≥ 11% diagnosis ACC. For tumors 
with a Ki-67 LI ranging from 5–10%, a mathematical model 
was created to predict the malignant potential [14].

Ki67 expression has been shown to be unevenly distrib-
uted within the tumors. Therefore, the latest clinical guide-
lines developed by the European Society of Endocrinology 
and the European Network for the Study of Adrenal Tumors, 
recommend that the determination of the KI-67 LI should 
be done on whole tumors, preferably by use an image analy-
sis system [6]. A potential source of heterogeneity can be 
related to the quantification of Ki-67 expression applied 
within the studies. Most of the studies described Ki-67 
expression as LI with variable number of cells included in 
the analysis, varying from 500 to 2000 cells. The Ki-67 LI 
was also quantified in the called hot-spots, however without 
information regarding the number of cells comprised in the 
evaluation. In addition to the areas included in the Ki-67 
quantification, the use of automated systems or manual 
counting of Ki-67 positive nucleus can also be a source of 
bias. In contrast, the whole tumor was analyzed using differ-
ent morphometric computerized tools, namely Ki-67 quan-
tification of stained area [20, 23, 38]. Taken this in account, 
a quantification strategy comprising the whole-tumor, and 
the use of an automated system would contribute to a more 
representative and objective results, respectively.

5 � Limitations

To the best of our knowledge, this is the first systematic 
review and meta-analysis focusing on the potential diagno-
sis of IGF2 and/or Ki-67 to differentiate ACC from ACA in 

adults. A strength of our meta-analysis lies in the consist-
ency of the inclusion criteria, which translated in null het-
erogeneity in the diagnostic values (sensitivity, specificity, 
DOR). However, some limitations of the study need to be 
addressed. This review could not take into consideration the 
IGF2 and Ki-67 IHC protocols employed by each included 
study, although it's worth highlighting a crucial aspect: 
potential variations in immunostaining results may occur due 
to differences in IHC protocols, such as different clones and 
antibodies dilutions used [51, 52]. On the other hand, IGF2 
IHC staining was evaluated using different analysis methods, 
and taking this into consideration, a meta-analysis could not 
be performed. In future studies, these technical and evalu-
ation parameters should be standardized to achieve homo-
geneity and enhance diagnosis accuracy of IHC technique 
and of immunostaining evaluation methods. Regarding the 
meta-analytical process, the included studies only allowed to 
explore the diagnostic accuracy of Ki-67 for a cut-off value 
of 5% stained cells, since most of the studies reported Ki-67 
IHC results for this threshold value. Additionally, most of 
the studies did not report the individual values of Ki-67 LI 
for each ACT included in the studies, which interfered with 
the evaluation of different cut-off values. Together, these fac-
tors contributed to a restricted evaluation of the diagnostic 
performance of Ki-67 in ACT. As previously mentioned, 
the differential diagnosis between ACC and ACA is mainly 
based on the Weiss score. Therefore, when assessing the 
diagnostic utility of biomarkers, it is crucial to compare their 
diagnostic performance to the Weiss system. The absence of 
such comparative evaluation in most of the included studies 
contribute to the lack of evidence regarding the true diag-
nostic impact of IGF2 and/or Ki-67. Thus, we emphasize the 
need for comparative studies and the reporting of patient’s 
follow-up data (e.g. time of follow-up and recurrence status), 
as these details can provide critical insights of Weiss score 
misclassifications.

6 � Conclusion

In general, this review contributed to the understanding of 
the utility of IGF2 and Ki-67 immunostaining for the dif-
ferential diagnosis of ACT based on the existing evidence. 
On the other hand, this systematic research has pointed the 
major limitations underlying the validation of these markers 
for diagnosis proposes. Indeed, IGF2 marker appears to hold 
a diagnostic value to identify ACC, although tumor function-
ality may influence its diagnostic performance. Neverthe-
less, studies employing similar staining analysis methods 
are needed to conduct a precise evaluation on the diagno-
sis performance of this marker. Our meta-analysis revealed 
that Ki-67 marker for a cut-off value of 5% stained cells, 
exhibited high specificity but, only moderate sensitivity, 
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indicating its incapacity to identify all ACC. Therefore, 
future studies should explore different threshold values to 
enhance ACT diagnosis and assess whether combining the 
Weiss score with diagnostic markers could further refine 
diagnostic accuracy.
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