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Introduction: Hepatocellular carcinoma is the most common primary neoplasia of the liver. Microvascular invasion predicts outcome
and defines tumor staging. However, its diagnosis is still a challenge. The present study aims to evaluate inter and intraobserver
agreement in identifying the presence of microvascular invasion using conventional and immunohistochemistry histology.
Methods: Three pathologists performed the analysis of 76 hepatocellular carcinoma explants to characterize the presence of
microvascular invasion using the hematoxylin/eosin stain and immunohistochemistry for CD34. The evaluations were made indivi-
dually, in two distinct moments. Results were analyzed by the Kappa’s coefficient and ROC curves.

Results: Our study demonstrated similar agreement for microvascular invasion between hematoxylin/eosin and CD34 methods.
However, the intraobserver agreement values for both methods were higher than the interobserver ones. The accuracy of CD34 in
relation to hematoxylin/eosin by ROC curves in intraobserver analysis tends to a high specificity, ranging from 82.1 to almost 100%,
with sensitivity of 46.9% to 81.1%. In interobserver analysis, CD34 also has a high specificity (84.3% to 85.5%) while its sensitivity is
a little shorter (81.2% to 84.3%).

Conclusion: Intraobserver higher agreement allows us to suppose that pathologists employed own criteria to evaluate vascular
invasion, reinforcing the need of standardization. ROC Curves analysis showed that the CD34 method is more specific than sensitive.
Therefore, immunohistochemistry for CD34 should not be used routinely, but it could be useful to help confirming invasion previously
seen by conventional histology.
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Introduction
Hepatocellular carcinoma (HCC) is the most common primary malignant neoplasm of the liver, and liver cirrhosis is its
major risk factor.' It is a highly vascularized tumor with high propensity to vascular invasion. The frequency of vascular
invasion often increases with tumor growth, which alters both the disease’s staging and the patient’s prognosis® > and is
one of the most important predictors of HCC recurrence after treatment.’® Therefore, accurate pathologic staging is of
great importance to ensure appropriate clinical management, prognostic assessment and even recurrence prediction after
liver transplantation for HCC.*!'%'?

Several studies conducted to date show that identification of microscopic vascular invasion (MV]) is a great challenge
for pathologists, since the criteria vary among professionals. Comparative studies on interobserver agreement, using only
conventional optical microscopy — routine staining with hematoxylin-eosin (HE) — showed statistically significant

degrees of disagreement, which reinforces the need for more specific criteria for the diagnosis of MVL'>"'® The use
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of immunohistochemistry (IHC) with blood and lymph vascular markers, such as CD34, could play a role in predicting
MVI in hepatocellular carcinoma. Similar techniques have been carried out in studies of lymphovascular invasion in
colorectal adenocarcinoma, with some limitations.'” THC could also enhance agreement among examiners, resulting in
less statistical variability.

The present study aims to evaluate inter and intraobserver agreement in identifying the presence of MVI, by means of
both conventional optical microscopy in HE and immunohistochemistry using blood vascular marker CD34.

Methods

Seventy-six liver explants from liver transplantation performed from January 2002 to December 2017 at the Clinics
Hospital, Federal University of Minas Gerais, Belo Horizonte, Brazil, were studied. Explants were retrospectively
reviewed after the study approval by the local Ethics Committee (CAAE 0643.0.203.000—11, Comité de Etica em
Pesquisa, Universidade Federal de Minas Gerais — CEP-UFMG). Written informed consent was obtained from the
patients or their relatives prior to study commencement, in accordance with the Declaration of Istanbul. The study was
performed in compliance with the Helsinki Declaration.

The most representative slide of each case was selected and analyzed using the conventional HE staining and
immunohistochemical technic. The CD34 antibody was used to mark blood vascular endothelium by using
a commercial kit (Novolink Polymer, Leica Biosystems, IL), according to the manufacturer’s instructions, in a 1/100
dilution, one hour incubation.

Unidentified slides of all cases were reviewed by three pathologists with total experience time ranging from three to 18
years, and also with variable experience in liver pathology. The evaluation by the pathologists was performed independently in
two distinct moments, with an interval of two months between them. Before each analysis all the slides were mixed together.
Thus, all cases were evaluated twice by the same pathologist, allowing the analysis of inter- and intraobserver agreement.

Inter- and intraobserver reproducibility was analyzed using the Kappa statistic (Minitab LLC, version 17, State
College, PA, USA, and MedCalc Software’s VAT, version 18.9.1 Ostend, Belgium). Interobserver agreement was
considered when at least two of the three pathologists had the same evaluation concerning the presence of vascular
invasion. The interpretation of the Kappa index was expressed according to the following threshold values: 0.00-0.20,
slight; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, substantial; and 0.81—1.00, almost perfect. The y* test or the two-
tailed Fisher’s exact test was used to compare the results. IHC performance was analyzed using ROC curves. The P-value
of <0.05 was considered statistically significant.

Results
During the study period, 76 liver explants from hepatic transplantation for hepatocellular carcinoma treatment were
selected for this investigation. All cases of HCC in the present study were obtained from cirrhotic livers.

The major point of our study was to evaluate inter and intraobserver agreement in identifying the presence of MVI, by
means of both conventional optical microscopy in HE and IHC using blood vascular marker CD34. The frequency of
positive vascular invasion in HE by each observer in two different occasions was A (42% and 39%), B (49% and 39%)
and C (42% and 50%). With CD34 staining the frequency of positive vascular invasion was A (21% and 26%), B (49%
and 43%) and C (62% and 63%). Figure 1 shows examples of HCC vascular invasion in vessels stained by HE and IHC
methods.

Intra and Interobserver Concordance of Microvascular Invasion
Figure 2 shows the intraobserver agreement related to HE and CD34 staining, obtained by the three observers, regarding
the presence of vascular invasion at two different occasions. The intraobserver agreement in relation to examiner
A occurred in 92.0% of the cases using the HE method and in 87.0% of the cases using the CD34 antibody. For
examiner B, agreement was found in 78.0% of cases by HE, in 82.0% of cases by CD34. As observed, examiner
C agreed with himself in 84.0% of cases by HE, 99.0% of cases by CD34.

Interobserver agreement when at least two examiners had the same interpretation for the presence of vascular
invasion at two different moments reveal that 45.0% of the cases were positive for vascular invasion by HE staining
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Figure | Examples of vascular invasion by HCC in thin-walled vessels stained by (A and B) HE, and (C and D) CD34 IHC methods. We observe vascular vessels lined by
endothelium containing neoplastic emboli.

Exam. A:n (%)
100

——CD34

Exam. C:n (%) Exam. B: n (%)

Figure 2 Agreement of vascular invasion in HE and CD34 according to each observer in two different occasions.
Abbreviations: ExamA, examiner A; ExamB, examiner B; ExamC, examiner C.

at the first moment, dropping to 39.0% at the second moment. These percentages were 46.0% of agreement when using
the evaluation by CD34 in the first moment, with a slight reduction to 41.0% in the second moment.

The results of the Kappa coefficient (K) regarding intra and interobserver agreement concerning the identification of
vascular invasion in HE and CD34 IHC staining are presented in Tables 1 and 2, respectively. Intraobserved agreement was
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superior to that of the interobserver. The intraobserver agreement by HE was almost perfect (K = 0.837) for examiner A,
moderate (K = 0.546) for examiner B and substantial (K = 0.682) for examiner C (p < 0.0001). The CD34 evaluation
revealed substantial agreement (0.636 and 0.629) for examiners A and B and almost perfect agreement (0.972) for examiner
C (p < 0.0001). The interobserver agreement by HE was moderate in the first attempt (K = 0.485) and fair (0.320) in
the second (p < 0.0001). The CD34 evaluation revealed fair agreement (0.234 and 0.218) in both attempts (p < 0.001).

Evaluation of the CD34 Staining Accuracy to Determinate Microvascular Invasion

We used the ROC curve to verify the accuracy of the CD34 IHC staining to diagnose MVI, considering HE staining as
the standard method, as it is routinely used in pathology laboratories. We constructed 6 curves comparing the
intraobserver evaluation at 2 different moments, as shown in Figure 3A.

All ROC curves presented in Figure 3 have an area under the curve (AUC) greater than 0.700; and when considering
the lower limit of the 95% CI for these AUCs, only in one graph (A1) this value was below 0.700. Regarding the
examiners A and B, the comparison of CD34 THC evaluation and the HE method presented a high specificity in the 4
graphs, ranging from 82.1% to almost 100% at the break point of the curve, while the sensitivity ranged from 46.9% to
81.1%. For examiner C, the comparison between the CD34 IHC evaluation and HE staining showed a specificity ranging
from 65.9% to 71.1% and a higher sensitivity, ranging from 97.4% to almost 100%.

In order to further verify the accuracy of CD34 IHC, considering HE as the standard method, we constructed ROC curves
for interobserver agreement of vascular invasion at two different moments, as seen in Figure 3B. The two ROC curves of
Figure 3B are similar. The AUCs have high values, being higher than 0.800; and when considering the lower limit of the 95%
CI for these AUCs, such values were higher than 0.734. We observed that when compared to the HE method, the CD34 THC
assessment presented a relatively high specificity in both graphs, ranging from 84.3% to almost 85.5% at the point of curve
break, while the sensitivity was somewhat lower, but also remains high, ranging from 81.2% to 84.3%.

Table | Intraobserver Agreement for 3 Examiners at 2 Different Moments,
Regarding Vascular Invasion in HCC

Methods/Examiner Kappa value (K) | Agreement p-value Cl 95%
HE

Examiner A 0.837 Almost perfect | <0.0001 0.61-1.06
Examiner B 0.546 Moderate <0.0001 0.32-0.77
Examiner C 0.682 Substantial <0.0001 0.46-0.91
CD34

Examiner A 0.636 Substantial <0.0001 0.41-0.86
Examiner B 0.629 Substantial <0.0001 0.4-0.85
Examiner C 0.972 Almost perfect <0.0001 0.75-1.2

Abbreviation: Cl, Confidential interval.

Table 2 Interobserver Agreement for 3 Examiners at 2 Different Moments, Regarding
Vascular Invasion

Methods/Moments Kappa Value (K) Agreement p-value Cl 95%
HE

Ist Moment 0.485 Moderate <0.0001 0.36-0.61
2nd Moment 0.32 Fair <0.0001 0.19-0.45
CD34

Ist Moment 0.234 Fair <0.0001 0.10-0.36
2nd Moment 0.218 Fair 0.001 0.09-0.35

Abbreviation: Cl, Confidential interval.
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Area under the ROC curve: 0.723
Standard deviation: 0.0462
CI95%: 0.6324 — 0.8136

B1 (HE x CD34)
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Area under the ROC curve: 0.8157
Standard deviation: 0.0451
CI95%: 0.7273 — 0.9041

C1 (HE x CD34)

spectety

Area under the ROC curve: 0.8295
Standard deviation: 0.0361
CI95%: 0.7587 — 0.9004

A (HE x CD34)

specticty

Area under the ROC curve: 0.8284
Standard deviation: 0.0441
CI95%: 0.7419 — 0.9149

A2 (HE x CD34)

spectiry

Area under the ROC curve: 0.833
Standard deviation: 0.0438
CI95%: 0.7475 - 0.9191

B2 (HE x CD34)

spectcty

Area under the ROC curve: 0.8022
Standard deviation: 0.0475
CI95%: 0.7092 — 0.8952

C2 (HE x CD34)

specfcty

Area under the ROC curve: 0.8421
Standard deviation: 0.0395
CI95%: 0.7646 — 0.9196

B (HE x CD34)
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Area under the ROC curve: 0.8239
Standard deviation: 0.0458
CI95%: 0.7342 — 0.9136

Figure 3 (A) Intraobserver analysis of the accuracy of the association between the HE (standard) and immunohistochemical (CD34) methods by ROC curves. (Al)
Examiner A, |st moment; (A2) Examiner A, 2nd moment; (Bl) Examiner B, Ist moment; (B2) Examiner B, 2nd moment; (Cl) Examiner C, Ist moment; (C2) Examiner C,
2nd moment. (B) Interobserver analysis of the accuracy of the association between the HE (standard) and immunohistochemical (CD34) methods by ROC curves. A: st

moment; B: 2nd moment.
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Discussion

Assessing the presence of MVI in HCC can potentially lead to either under staging or over staging of the tumor which, in
turn, may have a significant impact on prognostic assessment and therapeutic decision-making. In this study, we
demonstrated that IHC using markers of blood vessels did not perform better than standard HE staining in the
identification of microvascular invasion.

Most studies dealing with vascular invasion in malignant neoplasms focus on the traditional method of optical
microscopy with HE staining. In the present study, we evaluated both HE staining and vascular IHC staining, with the
purpose of marking the endothelium vessels to highlight tumor emboli. To our knowledge, this is the first study
comparing intra and interobserver agreement regarding MVI in HCC using both methods.

Fan et. al, studying vascular invasion in HCC using HE staining, found moderate interobserver as well as intraob-
server agreement (Kappa of 0.5 and 0.45, respectively). They also found no statistically significant difference among the
pathologists, regardless the time of profession or experience in hepatopathology. Based on these results, the authors
concluded that there is a need to better define criteria to diagnose vascular invasion; however, they did not consider IHC
as a possible contributing factor for this definition.'*

The difficulty of assuring the presence of tumor emboli lies in some factors, among them, the morphology of the
neoplasia. HCC generally has a structure of trabecular arrays lined by sinusoidal capillaries, which can imitate true
vascular channels making it difficult to identify a possible invasion.*'*!® This reinforces the need to establish more
uniform and reproducible criteria including the use of other techniques such as IHC.

In this sense, Harris et al studied the interobserver agreement of vascular invasion in colorectal cancer, allying the
conventional microscopy methods with HE and also IHC using the vascular markers CD31 and D2-40, similarly to the
one used in our study. Those authors found no statistically significant difference between these methods. Using HE
staining, the interobserver agreement regarding small vessels was reasonable (Kappa of 0.28) and minimal for larger
vessels (Kappa of 0.18); and, there was no significant improvement when the CD31 antibodies (Kappa for small and
larger vessels of 0.26 and 0.42, respectively) and D2-40 (Kappa of 0.32) were applied.'’

Our study demonstrated a reasonable interobserver agreement by the conventional method of HE (Kappa 0.4025,
range 0.32-0.485). When we used the CD34 antibody, the concordance was inferior (Kappa 0.226, range 0.218-0.234),
although still within the range of reasonable agreement according to the classification adopted in this study. Regarding
intraobserver agreement, our findings were classified as substantial for the HE method, as well as with the use of the
CD34 antibody.

We believe that some morphological features of the samples may have been responsible for the low agreement index.
Among them, we highlight two: retraction artifacts simulating a false vascular space, which should be clarified by the
immunohistochemistry, and sinusoidal capillarization, which consists of the transformation of normal (fenestrated)
hepatic sinusoids into continuous blood capillaries by stimulation of the vascular endothelial growth factor, resulting
in deposition of laminin and basement membrane between endothelial cells and hepatocytes, making them physically and
chemically similar to a blood vessel, with CD34-positive marking.* This could be a confusing factor, since both
a peritumoral blood vessel containing a neoplastic emboli and a modified tumoral sinusoid would be labeled by CD34.

In addition, the wear of the paraffin blocks to make all the slides to be stained by IHC may have, somewhat, modified
the cut surface to be evaluated, which may have prevented, in some cases, the visualization or confirmation of the
vascular invasion previously seen in HE.

The accuracy of CD34 IHC staining, considering HE as the standard method, and the results of examiner A and
B (examiners with more experience in liver disease) intraobserver agreement, was more specific than sensitive. On the
other hand, the intraobserver agreement of C (general pathologist) showed values of sensitivity higher than those of
specificity. When analyzing the interobserver agreement, CD34 THC staining may also be considered slightly more
specific than sensitive. This data set suggests that this type of IHC examination should not be used as an initial
examination in the context of vascular invasion screening, but it may have some utility in cases previously analyzed

by the conventional HE method to aid in the confirmation or non-confirmation invasion.
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In this line, Salizzoni et al demonstrated that CD34 IHC staining has a higher specificity in relation to HE in
a comparative intraobserver study between the methods in patients who had CHC recurrence. In that study, 136 samples
were examined, and vascular invasion was detected in 22 cases by HE and in 16 cases by IHC using antibodies against
CD34. Of these 22 detected in HE, six had recurrence and of the 16 detected by CD34, eight recurred, corresponding to
a percentage of 27.8% and 50%, respectively, pointing to a greater specificity of detection of vascular invasion by the
CD34 THC analysis.'®

Our data, together with those observed by other researchers'*!'”?° demonstrate the difficulty in evaluating the
presence of vascular invasion in neoplasms in general. Our study, specifically on HCC, demonstrated similar agreement
indexes when HE was compared to IHC using the CD34 antibody, regardless of whether the comparison was made inter
or intraobserver. However, the intraobserver agreement values of the two methods were superior to the interobserver,
which allows us to infer that each examiner used his own vascular invasion detection criteria and remained relatively
faithful to them when they assessed at two different moments. Huber AR et al showed that interobserver agreement was
higher when microvascular invasion was evaluated by pathologists with specialized in liver pathology.?' Surgical
pathology subspecialty sign-out may be a tool to aid in the diagnosis of vascular invasion.

The misdiagnosis of vascular invasion can lead, in practice, to a sub-staging or super-staging of the tumor, what
directly impacts on the prognosis of the patients and also on their treatment. The data in the present study did not
demonstrate superiority of the IHC method using markers of blood vessels in relation to HE, but their association can
contribute solve cases considered difficult. As HE and IHC methods have limitations, molecular triggers of vascular
invasion in hepatocellular carcinoma are been studying as noninvasive biomarkers. Krishnan et al identified transcrip-
tional, epigenetic, and proteomic changes driven by the MYC oncogene that were linked to vascular invasion in HCC.
They proposed the use of fibronectin as promising noninvasive proteomic biomarker of vascular invasion.”> However, the
use of molecular technologies is outside the reality of most centers, especially those in developing countries. We think
that the definition of more precise morphological criteria for vascular invasion in HE and IHC methods seems to be the
best alternative to optimize microvascular detection in hepatocellular carcinoma.
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