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Abstract

Background

Pathology reports are critical for conveying information to clinicians who must make important 

management decisions for their patients. This study sought to assess and compare the precision, 

reproducibility, and completeness of external pathology reports and pathology reports generated by 

central review of each case in a large cohort of primary cutaneous melanoma patients.

Methods

Details of matched external pathology reports and corresponding review reports for 4924 primary 

cutaneous invasive melanomas diagnosed and treated at Melanoma Institute Australia (MIA) between 

2001 and 2011 were analyzed. 

Results

Interobserver agreement was excellent for American Joint Committee on Cancer (AJCC) T stag-

ing parameters: Breslow thickness (Intraclass Correlation Coefficient (ICC) 0.984), mitotic rate (ICC 

0.833) and ulceration (Kappa statistic (κ) 0.823). All three of these important pathologic variables 

were included in 92.4% and 66.9% of review (MIA) and external (non-MIA) pathology reports, respec-

tively. Completeness of MIA and non-MIA pathology reports for the three essential T-staging criteria 

increased significantly from 87.9% to 94.6% (χ2=9.1, df1, P=0.003) and from 53.2% to 74.3% (χ2=35.0, 

df1, P<0.001) over the ten-year study period. The AJCC N staging parameter microsatellites was re-

corded in only 43% of non-MIA reports and showed moderate concordance (κ=0.560).

Conclusions

Reproducibility and completeness of pathology reports for many important histopathologic features 

have improved in recent years. Nevertheless, the documentation of microsatellites remained poor 

in external pathology reports. To enhance the usefulness of the pathology report for the provision 

of optimal melanoma patient care continued efforts to encourage pathologists to document the key 

features appear warranted.
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Introduction

Melanoma is a major public health problem in many Western countries. In Australia, melanoma is the 

third most common cancer in both men and women.1 Accurate diagnosis and appropriate treatment 

at an early clinical stage is associated with high cure rates.2 Pathologic parameters of the primary 

tumor are the strongest predictors of outcome in patients with clinically localized primary melanoma.2 

Hence, an accurate and complete pathology report that documents all such features is essential for 

guiding the patient’s initial treatment.

Guidelines for the classification and staging of melanoma were updated by the American Joint Com-

mittee on Cancer (AJCC) in 2009.3 Breslow thickness, ulceration and tumor mitotic rate (TMR) are the 

three essential T-staging criteria. Clark level of invasion is no longer included as a primary staging crite-

rion for T1 melanomas, as its independent prognostic value is not as strong when the other factors are 

included in multivariate analysis. However, it can still be substituted as a criterion if tumor mitotic rate 

cannot be determined.3 The presence of (micro)satellites is used in the N-classification of melanoma 

and therefore it is essential that this pathologic feature is also included in pathology reports.3 

Although evidence-based criteria have been established for the pathologic staging of melanoma, 

these are, to some extent, subjective parameters and there can be significant interobserver variation 

between pathologists in their assessment. This is superimposed on the actual diagnosis of melanoma, 

which can itself be difficult and subjective.4-7 Apart from the level of agreement between pathologists 

for various pathologic parameters, another related issue is the importance of documenting all the 

important pathologic parameters in histopathology reports. 

At MIA, external pathology slides and reports are routinely reviewed by MIA-affiliated pathologists 

in the department of Tissue Pathology and Diagnostic Oncology at the Royal Prince Alfred Hospital 

(RPAH), Sydney, both to confirm the diagnosis and to document pathological prognostic parameters. 

There are therefore a large number of cases for which an outside report and subsequent internal review 

report are available for the same primary tumor. In this study, a retrospective analysis was performed 

on 4924 initial pathology reports and the corresponding subsequent review pathology reports. The 

primary aim of the study was to investigate the interobserver variation between community-based 

pathologists and Melanoma Institute Australia (MIA) pathologists. Secondary aims were to evaluate 

the completeness of the histopathology reports by comparing those from external pathologists with 

those issued by MIA pathologists, and to determine how reporting standards varied over time.

Methods

A subset of melanoma patients treated at MIA are diagnosed with primary melanoma elsewhere and 

subsequently referred to MIA for further management. In such cases, the original pathologic slides are 
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reviewed by MIA-affiliated pathologists of the Department of Tissue Pathology and Diagnostic Oncology 

at the RPAH (MIA pathologists), Sydney, Australia. Subsequent investigations and treatment of these 

melanoma patients are usually performed at MIA. For these patients, there are two pathology reports 

on the one melanoma specimen: one is generated by the original reporting (non-MIA) pathologist 

and the other by an MIA pathologist. In most instances, the MIA pathologist has a copy of the original 

pathology report when performing the pathology slide review. For this study, pathology reports were 

reviewed for patients who presented to MIA with a primary cutaneous melanoma between January 

2001 and February 2011. Only cases where both MIA and non-MIA pathologists diagnosed invasive 

melanoma were selected (n=4924). Cases were analyzed for variations in the reporting of the follow-

ing pathologic features: Breslow thickness (measured in mm) as a continuous variable and categorized 

in the four T-classification groups, TMR (measured in mitoses per mm2) as a continuous variable and 

as a categorical variable (present or absent), Clark level of invasion (I-V), the presence or absence of 

ulceration, microsatellites, vascular invasion and lymphatic invasion; the association with a nevus; 

regression recorded as absent or present; and melanoma subtype categorized as superficial spreading 

melanoma (SSM), nodular melanoma (NM), acral lentiginous melanoma, desmoplastic melanoma 

(with or without neurotropism), lentigo maligna melanoma, other and unclassified. The completeness 

of pathology reports for all essential pathologic features (defined as those criteria necessary to stage 

the patient according to the 2009 version of the AJCC melanoma staging system i.e. tumor thickness, 

ulceration, TMR and microsatellites and whether or not the surgical margins were involved) and desir-

able pathologic features (the remaining features listed above) was also analyzed. 

Statistical analyses

The interobserver variability for all categorical pathologic features was assessed with Cohen’s Kappa 

statistic. For continuous pathologic features such as Breslow thickness and TMR,  intraclass correlation 

coefficients (ICCs) were calculated to assess agreement. Values for ICC greater than 0.75 are consid-

ered to represent excellent agreement, values between 0.75 and 0.40 good to fair agreement, and 

values below 0.40 poor agreement between different observers. Kappa statistics for excellent agree-

ment are between 0.81 and 1.00, values between 0.61-0.80 represent good agreement, between 

0.41-0.60 moderate agreement, between 0.21-0.40 fair agreement and below 0.20 is considered to 

be poor agreement between observers.14,15 The Chi square statistic was used to test if the difference 

in completeness of pathologic features between outside and review pathology reports was significant 

to a level of p<0.05. Univariate binary logistic regression was performed to test if disagreement for 

each pathologic feature was significantly associated with patient or primary melanoma staging char-

acteristics.
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Results

Interobserver variation

There were 4924 melanoma patients in whom both the MIA and non-MIA pathologist diagnosed inva-

sive melanoma. The patients’ median age was 64 years; 2019 were female (41.0%) and 2905 (59.0%) 

were male. The levels of agreement between the MIA and non-MIA pathologists for each pathologic 

feature are presented in Table 1.

Table 1. Agreement between non-MIA and MIA pathologists on pathologic features

Pathologic feature Statistical test Valid cases Agreement (95% CI) Strength of agreement

Breslow thickness ICC 4785 0.984 (0.983-0.985) Excellent

Kappa 4785 0.860 (0.848-0.872) Excellent

Tumor mitotic rate ICC 3698 0.833 (0.822-0.843) Excellent

Kappa 3698 0.682 (0.654-0.710) Good

Ulceration Kappa 3743 0.823 (0.812-0.834) Excellent

Clark Kappa 4567 0.627 (0.617-0.637) Good

Microsatellites Kappa 1978 0.560 (0.514-0.606) Moderate

Vascular invasion Kappa 3644 0.440 (0.395-0.485) Moderate

Lymphatic invasion Kappa 2045 0.565 (0.514-0.616) Moderate

Associated nevus Kappa 2421 0.551 (0.537-0.565) Moderate

Regression Kappa 2780 0.236 (0.226-0.249) Fair

Melanoma subtype Kappa 3381 0.588 (0.577-0.599) Moderate

ICC: Intraclass correlation coefficient; CI: Confidence interval.

The ICC for Breslow thickness was 0.984, indicating excellent overall concordance. Concordance 

for Breslow thickness as a categorical variable was also excellent (κ=0.860) Both MIA and non-MIA 

pathologists reported Breslow thickness in 4785 cases; both pathologists agreed on Breslow thickness 

in 1837 of those cases (38.4%) and in 1521 cases (31.8%) the disagreement was ≤0.1mm. However, 

in 1086 cases (22.7%) the disagreement was 0.1-0.5 mm and in 340 cases (7.1%) the difference was 

>0.5mm (Figure 3).

The ICC for TMR was 0.833, indicating excellent concordance for this parameter also. Concordance on 

the presence or absence of TMR was good (κ=0.682). Pathologists agreed on the presence or absence 

of TMR in 3276 cases (88.6%). TMR changed in 305 cases (8.2%) from absent to present and in 118 

cases (3.2%) from present to absent after review. In 1520 cases (41.1%) pathologists agreed on the 

exact number of mitoses per square millimeter. Where the pathologists disagreed on the number 

of mitoses, in 1527 cases (41.3%) the difference was ≤3 mitoses/mm2, and in 651 cases (17.6%) the 

difference was >3 mitoses/mm2.
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Concordance was excellent for ulceration (κ=0.823); good for Clark level of invasion (κ=0.627) and 

melanoma subtype (κ=0.620); moderate for microsatellites (κ=0.560), vascular invasion (κ=0.440), 

lymphatic invasion (κ=0.565), and associated nevus (κ=0.551); and fair for regression (κ=0.236). Figure 

1 shows the interobserver agreement each year for 5 important pathologic features over the period 

2001-2010.

There were no systematic differences in the direction of disagreement for any of the pathologic 

parameters in cases where the MIA pathologists disagreed with the non-MIA pathology reports (i.e. 

there was no tendency to “overcall” or “undercall”).

Neither the age or sex of the patient were associated with the level of agreement between pa-

thologists for any of the pathologic features analyzed in the present study. However, disagreement 

between pathologists in the reporting of Breslow thickness (OR=1.173, 95%CI: 1.11-1.25, p<0.001),  

TMR (OR=1.50, 95%CI: 1.41-1.59, p<0.001), and ulceration (OR=1.08, 95%CI: 1.04-1.13, P<0.001) was 

significantly more common in thicker tumors. Disagreement regarding Clark level of invasion was 

more common in thinner tumors (OR= 0.89, 95%CI: 0.85-0.93, P<0.001). Finally, disagreement on the 

TMR was more likely in cases where ulceration was present (OR= 3.25, 95%CI: 2.67-3.95, P<0.001) 

and disagreement on ulceration was more likely in cases where TMR was present (OR=2.95, 95%CI: 

1.89-4.61, P<0.001). 

Table 2.  Frequency with which pathologic parameters were recorded in MIA and non-MIA pathology reports of 

invasive melanomas

Pathologic feature Frequency of recording of variable in pathology reports

MIA (n=4924) Non-MIA (n=4924) Significance

Breslow thickness 99.6% 97.3% χ2:77.70, df1,  P<0.001

Tumor mitotic rate 95.2% 77.5% χ2:428.98, df1, P<0.001

Ulceration 95.1% 78.3% χ2:363.76, df1, P<0.001

Clark 98.6% 93.4% χ2:104.64, df1, P<0.001

Microsatellites 87.6% 43.0% χ2:1274.94, df1, P<0.001

Vascular invasion 91.7% 78.3% χ2:126.79, df1, P<0.001

Lymphatic invasion 88.9% 45.0% χ2:1455.90, df1, P<0.001

Associated nevus 90.2% 51.5% χ2:1042.10, df1, P<0.001

Regression 91.6% 59.7% χ2:883.30, df1, P<0.001

Melanoma subtype 86.0% 74.5% χ2:1.02, df1, P=0.314

elanoma Institute Australia. Non-MIA: reports of pathologists outside the MIA.

χ2: Chi square Df: Degrees of freedom
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Completeness of pathology reports

Of all 4924 cases, 4555 MIA pathology reports (92.5%) and 3296 non-MIA pathology reports (66.9%) 

contained details of the three essential T-staging pathologic features: Breslow thickness, TMR and 

ulceration. Breslow thickness and Clark level of invasion were the most frequently reported pathologic 

features. Breslow thickness was reported in 99.6% of the MIA pathology reports and 97.3% in non-MIA 

pathology reports (Table 2). Clark level of invasion was reported in 98.6% and 93.4%, TMR in 95.2% 

and 77.5%, and ulceration in 95.1% and 78.3% of MIA and non-MIA pathology reports, respectively. 

Results of completeness for the remaining desirable pathologic features are presented in Table 2. 

Table 3. Frequency of recording pathologic features for MIA and non-MIA pathologists for the years 2001 and 

2010

MIA non-MIA

2001 2010 Statistics 2001 2010 statistics

Thickness 99.72% 100%

χ27.34, df9, 

P=0.602 97.11% 98.05%

χ27.45, df9, 

P=0.591

TMR 90.77% 97.28%

χ250.92, df9, 

P<0.001 68.32% 82.88%

χ263.79, df9, 

P<0.001

Ulceration 94.35% 95.33%

χ28.72, df9, 

P=0.464 68.73% 84.44%

χ263.79, df9, 

P<0.001

Clark 98.35% 98.83%

χ212.65, df9, 

P=0.179 92.01% 92.61%

χ212.19, df9, 

P=0.203

Microsatellites 84.30% 86.38%

χ215.37, df9, 

P=0.08 26.39% 59.14%

χ293.66, df9, 

P<0.001

Vascular invasion 92.84% 90.27%

χ210.80, df9, 

P=0.290 67.22% 87.55%

χ2323.25, df9, 

P<0.001

Lymphatic invasion 88.84% 87.55%

χ26.78, df9, 

P=0.660 28.65% 56.81%

χ2134.57, df9, 

P<0.001

Associated nevus 89.12% 89.88%

χ25.38, df9, 

P=0.800 38.71% 61.48%

χ2160.39, df9, 

P<0.001

Regression 92.29% 89.49%

χ210.06, df9, 

P=0.345 52.07% 66.54%

χ297.23, df9, 

P<0.001

Melanoma subtype 83.61% 88.72%

χ212.90, df9, 

P=0.167 73.55% 74.32%

χ217.01, df9, 

P=0.047

MIA: Melanoma Institute Australia. Non-MIA: reports of pathologists outside the MIA.  

χ2: Chi square 

Df: Degrees of freedom          
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Each of the 10 parameters were recorded significantly more frequently in MIA pathology reports than 

in non-MIA reports (p<0.001 for all parameters), except for melanoma subtype (p=0.314). Figure 2 

shows the frequency with which the five key parameters were included in MIA and non-MIA pathol-

ogy reports each year for the period 2001-2010. A comparison of the frequency of recording various 

pathologic features in the years 2001 and 2010 by MIA and non-MIA pathologists is presented in 

Table 3. Completeness of MIA and non-MIA pathology reports for the three essential T-staging criteria 

increased significantly from 87.9% to 94.6% (χ2=9.1, df 1, P=0.003) and from 53.2% to 74.3% (χ2=35.0, 

df 1, P<0.001) over the ten-year study period. 

Over the time period of the study, there was a significant increase in the utilization of a synoptic/

structured pathology-reporting format, particularly by non-MIA pathologists. Of the pathology reports 

in the year 2001, 92.3% of MIA and 28.1% of non-MIA reports had a synoptic format. In the year 2010, 

98.2% of MIA reports and 62.4% of non-MIA reports had a synoptic format. The increase in utilization 

of synoptic reports was significant both for MIA reports (Χ2 10.85, df 1, P=0.001) and for non-MIA 

reports (Χ2 392.29, df 1, P<0.001).

Discussion

The prognosis for a patient with clinically localized primary cutaneous melanoma is principally deter-

mined by pathologic parameters of their primary tumor. Furthermore, these parameters are utilized 

for guiding the next stages of the patient’s management such as the width of excision margins at the 

primary tumor site, the appropriateness of sentinel lymph node biopsy and, in some cases, eligibility 

for clinical trials of adjuvant therapies. It is therefore essential that the pathology report accurately 

documents these important parameters.

Concordance of Pathology Reports

Several studies have investigated the interobserver variability between pathologists for their assess-

ment of various pathologic features.19-31 These studies have shown that Breslow thickness is the fea-

ture with the highest concordance between pathologists. The presence or absence of ulceration has 

also shown high concordance. The present study showed excellent agreement between pathologists 

on TMR when this is analyzed as a continuous variable. However, concordance on the presence or 

absence of TMR was lower, although still good. It seems that although the disagreement incrementally 

in TMR is minor, it is actually occurring at the threshold that is important for staging. Studies on the 

concordance of TMR have produced different results. However, in a study published in 2003, Scolyer 

et al demonstrated excellent interobserver reproducibility amongst pathologists with widely differing 

experiences in the reporting of melanocytic tumors, utilizing a defined methodology for TMR assess-

ment. This methodology is recommended for TMR assessment and reporting in the current version of 
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AJCC Staging System. Some other pathologic features have lower levels of concordance, such as Clark 

level of invasion.19-31 Figure 1 shows improvement of reproducibility of ulceration, TMR, Clark level, 

and microsatellites over the ten-year study period. 

Figure 1. Interobserver agreement (Intraclass Correlation Coefficient or Kappa score) for 5 important pathologic 

features for the period 2001-2010

Microsatellites are associated with an increased frequency of lymph node metastasis and several 

studies have shown that the survival of patients with microsatellites is comparable with that of pa-

tients with clinically detectable satellite metastases.32-36 This pathologic feature is used in the AJCC 

category of N2c melanoma.3 Microsatellites are defined by the AJCC as ‘any discontinuous nest of 

metastatic cells more than 0.05mm in diameter that are clearly separated by normal dermis (not 

fibrosis or inflammation) from the main invasive component of melanoma by a distance of at least 0.3 

mm’.3 We are not aware of any convincing evidence to support the use of this definition and because 

microsatellites are likely to represent local metastases we suggest a more appropriate definition to 

be ‘any nest of metastatic tumor cells discontinuous from the primary tumor (but not separated only 

by inflammation or fibrosis)’. Microsatellites were not commonly seen, and were reported as pres-

ent in only 148 (2.3%) of review reports. There was only moderate agreement between outside and 

review pathologists in the reporting of this parameter (κ=0.560). To the best of our knowledge there 

are no other studies reported in the literature to date that have calculated the agreement between 

pathologists on microsatellites with Cohen’s Kappa statistic. In our view, further studies assessing the 

prognostic significance of microsatellites are warranted.

A potential weakness of the present study is that, for most reviews, MIA pathologists had access to 

the prior (non-MIA) pathology report, potentially influencing the MIA report. Therefore some MIA 
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pathology reports may not have been independent unbiased observations of the same case and this 

should be considered when interpreting our results.

Completeness of Pathology Reports

For accurate determination of prognosis and for guiding appropriate management, it is essential that 

key pathologic features are documented in the melanoma pathology report. Previous studies have 

highlighted the fact that in many instances this is suboptimal.8-10 Completeness of pathology reports 

ranged from 17% to 48% for the key pathologic features in staging melanoma.8-11 In the present study 

completeness of the three essential pathologic T-staging criteria was higher in MIA (92.4%) and non-

MIA (66.9%) reports. Moreover, completeness for these pathologic features improved significantly 

over the ten-year study period for both MIA reports (χ2=35.0, df 1, P<0.001) and non-MIA (χ2=9.1, df 

1, P=0.003). In previous studies, Breslow thickness and Clark level of invasion were the best recorded 

pathologic features.8-11 Ulceration was generally not well recorded and the recording of TMR and 

microsatellites were even less satisfactory.8-11 As it is only comparatively recently that the prognostic 

importance of TMR has been highlighted in the literature and because it was only included as a staging 

criterion in the 2009 version of the AJCC staging system, the relatively poor documentation of TMR in 

melanoma pathology reports suggests that many pathologists are not aware of this recent literature. 

Similarly, as microsatellites are an N staging (rather than T staging) criterion, pathologists may not be 

aware of its importance for accurate patient staging. Continued efforts to educate the pathology com-

munity of the importance of documenting the key pathologic variables would appear to be necessary. 

In our study, MIA pathology reports documented all features more frequently than non-MIA pathol-

ogy reports (Table 3 and Fig. 2). However, there was a marked and significant improvement in the 

completeness of non-MIA pathology reports over the ten-year study period. All ten pathological pa-

rameters were reported more frequently in non-MIA reports in 2010 compared with 2001 and these 

improvements were statistically significant for all parameters except tumor thickness and Clark level. 

In contrast, MIA pathology reports documented all features at a high frequency throughout the study 

period and whilst there were some minor variations, the only significant change was more frequent 

reporting of TMR in 2010. 

Four prior studies have reported findings on the frequency of reporting of pathologic variables and 

two of them also showed that completeness of reports increases with the use of a synoptic format 

(Table 4).8-11 Importantly, in our study the frequency with which pathology reports were in a synoptic 

format increased for both MIA and non-MIA pathology reports over the study period, especially for 

non-MIA reports (28.1% in synoptic format in 2001 versus 62.4% in 2010), and this coincided with an 

increase in the frequency with which many of the pathologic variables were reported.
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Figure 2. Frequency of recording of 5 important pathologic features between 2001 and 2010 in A: MIA pathology 

reports. B: non-MIA pathology reports. 

The development, implementation and widespread use of the recently published RCPA structured 

melanoma pathology reporting protocol in Australia is likely to further improve the completeness 

and quality of melanoma pathology reports in the future. It has even been suggested that adherence 

to these guidelines in Australia may become necessary for laboratory accreditation, which in turn 

has implications for eligibility to receive government funding/reimbursement for reporting pathology 

specimens. Furthermore, the efforts of the international pathology community (through the respec-

A

B
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tive pathology colleges of the USA, Canada, the United Kingdom and Australasia) to develop agreed 

uniform melanoma pathology reporting guidelines for implementation in each of their respective 

jurisdictions are likely to assist in this effort internationally.37 Nevertheless, validation of success of 

these efforts in the future will be necessary to justify the considerable continued resource commit-

ment that this entails.

Table 4. An example of a synoptic structured pathology report for a primary cutaneous melanoma 

Pathological feature Example

Sex Female

Site Right leg

Diagnosis Melanoma

Histological subtype Superficial spreading melanoma

Vertical growth phase Present

Breslow thickness 2.6mm

Ulceration (diameter in mm) Present (3.3mm)

Dermal mitotic index (per mm2) 4 per mm2

Clark level IV

Vascular or lymphatic invasion Absent

Neurotropism Present

Desmoplasia (% of dermal invasive tumor) Absent

Satellites Absent

Features or regression

    Early (TILs) Mild and focal (non-brisk)

    Intermediate (angiofibroplasia ± TILs) Absent

    Late (fibrosis and loss of rete ridges) Absent

Predominant cell type Epithelioid

Associated nevus Dysplastic compound nevus

Nearest lateral margin to insitu component 1.4mm

Nearest lateral margin to dermal invasive component 3.2mm

Distance from tumor to deep margin 5.3mm

Solar elastosis Mild (1+)

TIL: tumor-infiltrating lymphocyte
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In conclusion, the present study shows improvement in the quality and completeness of melanoma 

pathology reporting over the ten-year study period which is probably due to the more frequent uti-

lization of synoptic pathology reports. Nevertheless, in the final year of the study (2010) the three 

essential T-staging criteria were still only documented in 74% of external pathology reports and N-

staging parameter microsatellites in only 59%. Therefore, further efforts to encourage pathologists 

to document the essential histopathologic features in all melanoma reports appear warranted which 

should enhance their usefulness as tools for assisting in the provision of optimal patient care.

Figure 3. Scatterplot demonstrating interobserver agreement of all valid cases (n= 4785) for Breslow thickness 

(mm)
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