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Abstract

BACKGROUND: The classification of diffuse malignant mesothelioma into epithelioid, biphasic,
and sarcomatoid types is based on histologic patterns. The diagnosis is made on biopsies, and
because of intratumoral heterogeneity, they may not be representative of the entire tumor. The
number and volume of biopsies needed to reach diagnostic accuracy in diffuse malignant
mesothelioma and their prognostic value remain unclear.

METHODS: This study examined 759 consecutive patients with pleural diffuse malignant
mesothelioma treated by pleurectomy/decortication or extrapleural pneumonectomy for the
presence of epithelioid and/or sarcomatoid histology and classified both the presurgery biopsies
(core-needle or thoracoscopic) and surgical resection specimens. The number and volume of
biopsies were correlated with pre- and postsurgery histologies and overall survival.
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RESULTS: Diffuse malignant mesothelioma was classified as epithelioid (76%), biphasic (18%),
sarcomatoid (5%), or indeterminate (1%) in biopsies and as epithelioid (64%), biphasic (32%),
and sarcomatoid (4%) in surgical resection specimens (overall concordance, 80.6%). The positive
likelihood ratios were 2.4, 13.6, and 90.1 for biopsies with epithelioid, biphasic, and sarcomatoid
histologies, respectively. Concordant histologies between biopsies and resections were associated
with a higher number of biopsies (median tissue blocks for concordant histologies vs discordant
histologies, 3 vs 2; P< .002) but were less associated with a higher volume (median, 1.2 vs 1.1
cm3; P=.06). In a multivariate analysis, overall survival was independently predicted by histology
in the resection specimen (£ < .0001) but not in the biopsy (P=.09).

CONCLUSIONS: In contrast to epithelioid histology, sarcomatoid histology in biopsies is highly
accurate. Despite intratumoral heterogeneity, the accuracy of histologic classification increases
with the number of tissue blocks examined, emphasizing the diagnostic value of extensive
sampling by presurgery biopsies.
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INTRODUCTION

Diffuse malignant mesothelioma is a rare but highly aggressive malignancy of serosal
membranes.1-8 The initial diagnosis is made on biopsy specimens and usually requires a
panel of confirmatory immunohistochemical markers.? The classification of mesothelioma
into epithelioid, sarcomatoid, and biphasic types is based on the presence of epithelioid
histology, sarcomatoid histology, or both histologies in the tumor and has been shown to
have prognostic value.310 Biphasic malignant mesothelioma has a mixture of at least 10% of
both epithelioid and sarcomatoid histologies and often displays large degrees of intertumoral
and intratumoral variability.11-14 In initial biopsies, a definitive diagnosis can be rendered
only if sufficient tissue is present for histologic and immunohistochemical evaluation.1®
Thoracoscopy is the preferred sampling method for the diagnosis of diffuse malignant
mesothelioma when it is suspected on the basis of clinical and radiologic information and
has reported high accuracy rates of more than 90%.16-19 Because of the considerable
histologic heterogeneity of diffuse malignant mesothelioma, the final classification of the
tumor would require thorough sampling and evaluation in surgical resections'520.21 and may
be expected to differ from the classification derived from initial biopsies.22 However,
correlations between the diagnostic accuracy of the initial biopsies for classifying the types
of diffuse malignant mesothelioma and the extent of the biopsy sampling remain unclear.

In this study, we evaluated the accuracy of the initial diagnostic biopsy specimens in
determining the histologic type of diffuse malignant mesothelioma in a large series of 759
consecutive patients with diffuse pleural malignant mesothelioma treated by surgery
(extrapleural pneumonectomy in 519 and pleurectomy/decortication in 240) at a single
institution. We examined the epithelioid, biphasic, and sarcomatoid histologies in both
presurgery biopsies and surgical resections, and we correlated concordant and discordant
diagnoses with the number and volume of initial biopsies with postsurgery resection
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histologies. Finally, we compared the prognostic value of the histologies in the initial
biopsies and those in subsequent surgical resections.

MATERIALS AND METHODS

Patient Characteristics

The initial study group included 820 consecutive patients with diffuse pleural malignant
mesothelioma who had undergone pretreatment biopsy and pleurectomy/decortication or
extrapleural pneumonectomy from 1988 to 2006 at Brigham and Women’s Hospital in
Boston, Massachusetts (Fig. 1). Sixty-one patients were excluded because the pretreatment
biopsy information was unavailable (the initial diagnosis was made via cytology
preparations for 34 patients, and no biopsy information was available for 27 patients). This
resulted in a study group of 759 consecutive patients who had both the initial diagnostic
biopsies and surgical resection specimens available. The included and excluded patients had
similar clinicopathologic characteristics (Supporting Table 1). The clinical stage was
determined according to published American Joint Committee on Cancer guidelines (7th
edition).23 The study was approved by the institutional review board at our institution.

Assessment of Malignant Mesothelioma

All biopsy material had been previously reviewed according to intradepartmental guidelines
at the Department of Pathology, Brigham and Women’s Hospital before patients were
considered for surgery. Hematoxylin and eosin—stained slides were reviewed by 2 of 3
pathologists (W.C.F., M.D.H., and L.R.C.) with no knowledge of the prior diagnosis or
clinical outcome; discrepant cases were resolved by common review and consensus with
L.R.C. Tumors were classified as epithelioid, sarcomatoid, or biphasic (at least 10% of both
epithelioid and sarcomatoid components) according to World Health Organization
classification criteria.12 The total number of tissue blocks was retrieved from the gross
description pathology reports, and the total volume of initial biopsies was computed from
the specimen dimensions recorded in the gross description of each pathology report.

Statistical Analysis

Chi-square or Fisher exact tests were used to compare categorical data. Overall survival was
calculated from the time of surgery to the time of death from any cause or to the time of last
follow-up, at which point the data were censored. Patients who died in the perioperative
period were excluded from the survival analysis. Overall survival curves were constructed
with the Kaplan-Meier method, and a log-rank test was used to evaluate for statistical
significance.

The prognostic significance of clinical and pathologic characteristics was determined with a
univariate Cox regression analysis. Cox proportional hazards models were fitted for a
multivariate analysis.

The sensitivity, specificity, positive predictive value, and positive likelihood ratio for each
histologic type of mesothelioma were calculated with GraphPad InStat (version 3.10 for
Windows; GraphPad Software, San Diego, California; https://www.graphpad.com/). Kaplan-
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Meier survival curves were drawn with GraphPad Prism (version 7.02 for Windows;
GraphPad Software). A 2-sided significance level of .05 was used for all statistical analyses.

RESULTS

Characteristics of Patients With Diffuse Malignant Pleural Mesothelioma

Patient characteristics are summarized in Table 1. The cohort consisted of 759 patients—593
men (78%) and 166 women (22%)—uwith a median age of 61 years (range, 18-86 years).
The initial pathologic diagnosis of diffuse pleural malignant mesothelioma was made on
thoracoscopic biopsies in 728 patients and on core-needle biopsies in 31 patients. After the
diagnosis by initial biopsy, 240 patients (32%) were treated with pleurectomy/decortication,
and 519 patients (68%) were treated with extrapleural pneumonectomy. Of the 520 patients
with available clinical staging, 14 (3%) were stage I, 50 (10%) were stage 1, 344 (66%)
were stage 111, and 112 (21%) were stage IV.

Correlation Between Histologic Types in the Initial Biopsies and Surgical Resections

The relationship between histologic types in the initial biopsies and surgical resections is
illustrated in Table 2 (see also Supporting Table 2 for thoracoscopic biopsies and Supporting
Table 3 for core biopsies). In the initial biopsies, the 759 cases were classified as epithelioid
(n =575 [76%]), biphasic (n = 140 [18%]), sarcomatoid (n = 36 [5%]), and indeterminate (n
= 8 [1%]). In sub-sequent surgical resections, the same cases were classified as epithelioid (n
= 483 [64%)]), biphasic (n = 243 [32%]), and sarcomatoid (n = 33 [4%]). The overall
diagnostic concordance for histologic typing between initial biopsies and subsequent
surgical resections was 81.6%: 80.5% (463 of 575) for epithelioid mesotheliomas, 86.4%
(121 of 140) for biphasic mesotheliomas, and 80.6% (29 of 36) for sarcomatoid
mesotheliomas. There was no statistically significant difference in the concordant diagnoses
between thoracoscopic biopsies and core-needle biopsies (81.9% vs 71.0%; P=.12).

The discordant diagnoses included 112 patients (19%) initially diagnosed with epithelioid
mesothelioma who were subsequently found to have an additional sarcomatoid component
of more than 10% in the surgical resection specimen and were thus classified as having
biphasic malignant mesothelioma (Table 2). In addition, of the 140 patients initially
diagnosed with biphasic malignant mesothelioma by biopsies, 15 (11%) were diagnosed
with epithelioid mesothelioma and 4 (3%) were diagnosed with sarcomatoid mesothelioma
in the surgical resections. Although each of these 19 cases showed both epithelioid and
sarcomatoid patterns in the initial biopsy, they were reclassified because of the presence of a
low proportion of 1 pattern in the resection (less than the diagnostic cutoff of at least 10%
required for the biphasic type). Furthermore, 7 of the 36 patients (19%) with an initial
biopsy diagnosis of sarcomatoid mesothelioma had a change in their diagnosis to the
biphasic type in the surgical resection.

Testing Characteristics of Initial Biopsies in Determining the Histologic Type of Diffuse
Malignant Pleural Mesothelioma

The testing characteristics for histology in initial biopsies for each type of mesothelioma are
illustrated in Table 3 (see also Supporting Table 4 for thoracoscopic biopsies and Supporting
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Table 5 for core biopsies). The positive predictive value of the epithelioid type in the initial
biopsy was 80.5% with a high sensitivity (96.9%) but a low specificity (59.0%). The positive
predictive value of the biphasic type in the initial biopsies was 86.4% with a high specificity
(96.3%) but a low sensitivity (50.4%). Finally, the diagnosis of sarcomatoid mesothelioma in
the initial biopsies had a positive predictive value of 80.6% with a sensitivity of 87.9% and a
specificity of 99.0%. The positive likelihood ratios were 2.4, 13.6, and 90.1 for epithelioid,
biphasic, and sarcomatoid biopsies, respectively.

Number and Volume of Initial Biopsies as Predictors of the Histologic Type in Patients
With Diffuse Malignant Pleural Mesothelioma

The relationship between the types of initial biopsies (core-needle vs thoracoscopic) and
concordant or discordant diagnoses in the surgical resections is summarized in Table 4 and
illustrated in Supporting Figure 1. In the 613 mesotheliomas with concordant histologies
between the initial biopsies and surgical resections, the mean number of tissue blocks in the
initial biopsies was 3.4 (median, 3; range, 1-20), whereas in the 138 mesotheliomas with
discordant histologies, the mean number of tissue blocks in the initial biopsies was 2.7
(median, 2; range, 1-9; n = 751; £<.002; Table 4). Similarly, the number of tissue blocks
examined was higher in concordant histologies than discordant histologies for thoracoscopic
biopsies (n = 720; P< .005) but not for core-needle biopsies (n = 31; P=.56).

The accuracy of the histologic classification of mesothelioma gradually increased with the
number of tissue blocks examined in biopsies (Supporting Fig. 2). Once the number of tissue
blocks sampled in the biopsies was higher than 9 (10 or higher for 23 patients), the
concordance rate reached 100%.

We also calculated the volumes of the initial thoracoscopic biopsies for 134 cases with
available tissue dimensions recorded in the pathology reports, and we found that although
there was a trend, there was no statistically significant difference between the volumes of
concordant biopsies and discordant biopsies (median, 1.2 vs 1.1 cm3; mean, 2.9 vs 1.7 cm3;
P=.06).

Prognostic Value of Histologic Types in the Initial Biopsies and Surgical Resections for
Patients With Diffuse Malignant Pleural Mesothelioma

Univariate and multivariate analyses of the overall survival with respect to the
clinicopathologic characteristics in this cohort are shown in Table 5. Clinical follow-up was
available for 684 of the 759 patients (90%; 529 with epithelioid histology, 117 with biphasic
histology, 31 with sarcomatoid histology, and 7 with indeterminate histology classified with
the initial biopsies and 447 with epithelioid histology, 208 with biphasic histology, and 29
with sarcomatoid histology classified with the surgical resections). The median follow-up
time of the overall group was 13.7 months (mean, 22.7 months; 95% confidence interval
[CI], 20.8-24.6 months). The median potential follow-up time with censored data for the
same group of patients was 26.8 months (mean, 44.0 months; 95% ClI, 32.0-56.1 months).
Univariate Cox regression analysis showed that sex, age, clinical stage, type of surgery, and
histologic type in both the initial biopsies and the final resection specimens were prognostic
indicators for overall survival (Table 5). No statistically significant differences in the overall
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survival were noted for patients with left-sided malignant pleural mesothelioma versus
patients with right-sided malignant pleural mesothelioma.

Based on the diagnosis from the initial biopsies, the median overall survival time was
significantly better for patients with epithelioid histology (16.9 months) than patients with
biphasic histology (9.1 months) or sarcomatoid histology (7.3 months; £< .0001; Table 5).
The overall survival did not differ significantly between patients with biphasic mesothelioma
and patients with sarcomatoid mesothelioma (95% CI, 0.83-2.01; P=.24; Fig. 2A).

Based on the final diagnosis determined from surgical resections, the median overall survival
time was also significantly better for patients with epithelioid histology (18.7 months) than
patients with biphasic histology (9.7 months) or sarcomatoid histology (7.3 months; P
<.0001; Table 5). Furthermore, the overall survival based on surgical resections was
significantly different between patients with biphasic mesothelioma and patients with
sarcomatoid mesothelioma (hazard ratio, 1.7; 95% ClI, 1.04-2.72; P=.03; Fig. 2B).

Finally, despite the initial biopsy diagnosis of epithelioid malignant mesothelioma, patients
with epithelioid histology determined from the final surgical resections survived longer than
patients with biphasic histology determined from the final surgical resections (median
overall survival time, 19.2 vs 11.9 months; < .0001; Fig. 2C). According to the
multivariate analysis, age (£ =.01), clinical stage (P < .0001), and histology in the resection
specimen (P <.0001) were independent predictors of overall survival in diffuse malignant
pleural mesothelioma. However, overall survival was not predicted by histology in the initial
biopsy in the multivariate analysis (£ =.09; Table 5).

DISCUSSION

A primary goal for the classification of diffuse malignant mesothelioma into epithelioid,
biphasic, and sarcomatoid types in initial biopsies is to inform treatment decisions.
Importantly, histologic classification is a powerful predictor of survival for patients with
diffuse malignant mesothelioma. Several studies have evaluated survival differences among
histologic types of diffuse malignant pleural mesothelioma.3:10.13.24-26 yni| recently,
studies on the accuracy of diagnostic biopsies have primarily focused on patients with
pleural effusions or those undergoing pleural biopsy.2’-30 A study comparing diagnostic
techniques for malignant pleural mesothelioma in 83 patients found overall concordance
rates of 83% for thoracotomy and 74% for thoracoscopic biopsy in comparison with
extrapleural pneumonectomy.?® In our study, we evaluated the accuracy of the initial
diagnostic biopsy specimens for determining the histologic type of diffuse malignant
mesothelioma in a large series of 759 consecutive patients with diffuse malignant pleural
mesothelioma treated by surgery at a single institution. We examined the epithelioid,
biphasic, and sarcomatoid histologies in both presurgery biopsies and surgery resections,
and we correlated concordant and discordant diagnoses with the number and volume of
initial biopsies with postsurgery resection histologies. The overall discordant rate between
histologies in initial biopsies and surgical resections was 18.4%, and this was similar to
those previously reported for pleural biopsies in the diagnosis of malignant mesothelioma.
15,19.29.31 \We have demonstrated that histologic classification of malignant mesothelioma
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based on initial biopsies is both less accurate and less prognostic than histologic
classification based on surgical resection. The evaluation of surgical resection specimens is
the best modality for predicting survival for patients with diffuse malignant mesothelioma
who are surgical candidates (Fig. 2).

Overall, the diagnostic accuracy was the highest for the sarcomatoid type, and this indicates
that an initial diagnosis of sarcomatoid mesothelioma predicts with a high probability a final
diagnosis of sarcomatoid malignant mesothelioma in the surgical resection (positive
likelihood ratio, 90.1; Table 3). The presence of a biphasic pattern in the initial biopsy was
less sensitive (50.4%) but highly specific (96.3%) for the diagnosis of biphasic malignant
mesothelioma in the surgical resection. Finally, a diagnosis of epithelioid mesothelioma in
the initial biopsy was not specific and was changed to the biphasic or sarcomatoid type in
19.5% of cases.

To our knowledge, the relationship between diagnostic accuracy and sampling extent,
expressed as either the number of biopsies or the volume of sampled tissue, in malignant
mesothelioma has not been explored before this study. As expected, all discordant cases
involved the biphasic category, with biphasic mesotheliomas being misclassified as
epithelioid or sarcomatoid in initial biopsies or vice versa. Because the diagnosis of the
biphasic type required the identification of at least 10% of both epithelioid and sarcomatoid
components and a biopsy of approximately 1 cm3 was only approximately 0.1% to 1% of
the tumor burden (estimated to be approximately 100-1000 cm?3) in a patient with malignant
mesothelioma, even large biopsies may nevertheless be limited in sampling all histologies.
Accuracy in the histologic classification of mesothelioma was best achieved with techniques
such as thoracoscopic biopsy or thoracotomy rather than core-needle biopsy as previously
suggested?? (Table 4). Our data also suggest that the volume of initial thoracoscopic biopsies
would not improve the degree of concordance with the histologic type in the surgical
resection.

The correlation between diagnostic accuracy and histologic type or clinical outcome in
malignant mesothelioma remains unclear. Overall, our study has demonstrated prolonged
survival for mesothelioma patients with epithelioid histology in comparison with patients
with nonepithelioid histology, and this is consistent with the study by Sugarbaker et al?* and
subsequent studies.20:22:25.32-35 |nterestingly, a study by Arrossi et al3! of 56 patients with
mesothelioma found that the histologic type determined by diagnostic biopsy, but not the
histologic evaluation of surgical resection specimens, was associated with disease-free
survival. In our study, in a larger cohort of patients with mesothelioma, histologies from
surgical resections appeared to be a better prognostic predictor than histologies from initial
biopsies (Fig. 2A,B). The reason for this discrepancy between the study by Arrossi et al and
our study is unclear, but the discrepancy is likely due to different sample sizes and
methodologies (measurement of disease-specific survival vs overall survival). Nevertheless,
the strong correlation between the histologic type determined from surgical resections and
overall survival suggests that clinical trials and outcome studies of malignant mesothelioma
that are based solely on initial biopsies alone should be interpreted with caution.
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To our knowledge, this study is the first to address important questions about the number of
tissue blocks and the volume of the specimen needed for accurate histologic typing of
malignant mesotheliomas because currently there are no recommendations for specimen
processing or sampling in any published practice guidelines or international classification of
malignant mesothelioma. We showed that the initial thoracoscopic biopsies that had
concordant diagnoses with surgical resections were sampled with a median of 3 tissue
blocks. We also showed that the diagnostic accuracy rates gradually increased with the
number of biopsies from 80% and reached 100% with more than 9 tissue blocks sampled.
These findings could have valuable clinical practice implications for medical professionals
involved in the evaluation, diagnosis, and treatment of patients with malignant
mesothelioma.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Diagram illustrating the assessment and selection of patients included in the study. Of the

820 consecutive patients diagnosed with diffuse malignant mesothelioma who underwent
pleurectomy/decortication or extrapleural pneumonectomy, 61 had no pretreatment biopsy
information and were excluded. The study group thus comprised 759 consecutive patients
with both initial diagnostic biopsies and subsequent surgical resections. With the exclusion
of the 8 mesothelioma cases with the indeterminate subtype in the initial biopsies,
concordant histologic subtyping of mesothelioma between initial biopsies and subsequent
resections was noted in 613 patients, whereas discordant subtyping was noted in 138
patients. Eight patients diagnosed with malignant mesothelioma had the indeterminate
histologic type on biopsies. EPP indicates extrapleural pneumonectomy; PL, pleurectomy/
decortication.
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Figure2.
Kaplan-Meier estimates of overall survival among patients with diffuse malignant pleural

mesothelioma according to the histology in (A) the initial biopsy and (B) the surgical
resection. (A) In the initial biopsy, there was no difference in survival between the group
with biphasic histology and the group with sarcomatoid histology (P=.24). (B) In the
surgical resection, there was a difference in survival between the group with biphasic
histology and he group with sarcomatoid histology (= .03). (C) In their initial biopsies,
both groups of patients were diagnosed with epithelioid malighant mesothelioma (n = 576).
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In 20% of these patients (n = 113), the diagnosis changed to a biphasic type in the resection
specimen. The overall survival was longer for patients with epithelioid histology than
patients with biphasic histology in the surgical resection (P < .0001).
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TABLE 1.
Clinical Characteristics of the Study Group (n = 759)

Characteristic Value

Sex, No. (%)

Male 593 (78)

Female 166 (22)
Age, y

Mean 60.9

Median (range) 61 (18-86)
Primary location, No. (%)

Left pleura 323 (43)

Right pleura 436 (57)

Clinical stage, No. (%)a

I 14 (3)
1l 50 (10)
m 344 (66)
v 112 (21)
Type of biopsy, No. (%)
Core-needle 31(4)
Thoracoscopic 728 (96)
Type of surgery, No. (%)
Pleurectomy/decortication 240 (32)

Extrapleural pneumonectomy 519 (68)

aTwo hundred thirty-nine patients in the study group did not have clinical staging information available because of incomplete staging studies.
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TABLE 2.

Relationship Between Histologic Types in the Initial Biopsies and Surgical Resections (n = 759)

Resection Specimen Histology, No. (% of Initial Biopsy)a

Biopsy Histology Epithelioid Biphasic Sarcomatoid Total, No.
Epithelioid 463 (81) 112 (19) 0(0) 575
Biphasic 15 (11) 121 (86) 4(3) 140
Sarcomatoid 0 (0) 7(19) 29 (81) 36
Indeterminate 5 (63) 3(38) 0 (0) 8
Total 483 (64) 243 (32) 33 (4) 759

The Pvalue is <.0001 (chi-square test) for the comparison of the initial biopsy histology and the final histology in the surgical resection. Eight
patients with a diagnosis of malignant mesothelioma on the initial biopsy but with an indeterminate histologic type were excluded from the
statistical analysis.

a .
Because of rounding, not all the percentages total to 100.
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TABLE 3.

Comparison of the Positive Predictive Values, Sensitivities, Specificities, and Test Likelihood Ratios of
Histology in the Initial Biopsy for Each Type of Mesothelioma (n = 751)

Biopsy Histology  Positive Predictive Value, %  Sensitivity, %  Specificity, %  Positive Likelihood Ratio

Epithelioid 80.5 96.9 59.0 2.4
Biphasic 86.4 50.4 96.3 13.6
Sarcomatoid 80.6 87.9 99.0 90.1

Eight patients with a diagnosis of malignant mesothelioma on the initial biopsy but with an indeterminate histologic type were excluded from the

statistical analysis.
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TABLE 4.

Comparison of Sampling Block Numbers in Initial Biopsies With Histology Concordant or Discordant With
Surgical Resections in Diffuse Malignant Pleural Mesothelioma

No. of Tissue Blocks, M edian (Range)

Initial Biopsy Type Concordant With Surgical Resections  Discor dant With Surgical Resections P

All 3(1-20) 2(1-9) <.002
Thoracoscopic biopsies 3 (1-20) 2 (1-9) <.005
Core biopsies 1(1-3) 1(1-4) .56
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