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Abstract This study aims to determine whether a semi-
quantitative assessment of inflammatory response in tumor
and stroma on routine hematoxylin and eosin-stained
(H&E) slides can predict survival in patients with epithe-
lioid malignant pleural mesothelioma (MPM). H&E sec-
tions of 175 epithelioid MPM specimens from a single
institution (1989-2009) were reviewed. Patients who
received neoadjuvant chemotherapy were excluded from
analysis. Each tumor was histologically assessed for acute
and chronic inflammatory response both within the tumor
and the stromal component. Inflammatory response was
graded: low (none to mild infiltrate) or high (moderate to
severe infiltrate). Log-rank test and Cox proportional
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hazards regression were used to investigate the association
between the degree of inflammation (acute/tumor, acute/
stroma, chronic/tumor, and chronic/stroma) and overall
survival (OS). Patients with high chronic inflammatory
response in stroma (n = 59) had improved survival com-
pared to low (n=116) (median OS = 194 vs.
15.0 months, P = 0.01). This prognostic stratification
remained significant in stage III patients (median
OS = 16.0 vs. 9.3 months, P = 0.03). In multivariate
analysis, chronic inflammation in stroma was an indepen-
dent predictor of survival (HR = 0.659, 95% CI
0.464-0.937, P = 0.02). While high degree of chronic
inflammatory cell infiltration in the stromal component was
associated with improved overall survival, degree of other
inflammatory responses did not show significant correlation
with OS. Our study for the first time investigates inflam-
matory response in tumor and stroma and not only suggests
the prognostic value of inflammatory response in epitheli-
oid MPM but also provides rationale for investigation of
immunotherapy to benefit epithelioid MPM patients.

Keywords Epithelioid mesothelioma - Tumor stroma -
Immune response - Prognosis

Introduction

The host inflammatory response is a critical component in
tumor progression as well as potential marker of prognosis
in solid tumors [1-3]. In colorectal cancer, tumor-infil-
trating immune cells were shown to be a stronger predictor
of survival than the conventional histopathological meth-
ods [4]. These studies have not only underscored the
prognostic value of inflammatory response in cancer
patients but also emphasized the importance of three
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essential parameters in systematically assessing the tumor-
associated inflammatory response: type, density, and
location (tumor and stroma) of inflammatory cells.
Malignant pleural mesothelioma (MPM) is a rare, yet
aggressive, disease with a median survival of 9-12 months
[5]. Currently accepted prognosticators include histology
and the staging system developed by the International
Mesothelioma Interest Group [6]. Few studies have
investigated the prognostic value of tumor-infiltrating
immune cells in MPM [7-11] and suggested a correlation
between lymphoid infiltration and prolonged overall sur-
vival [7-9]. However, due to the rarity and heterogeneity of
MPM, these studies involving small series of patients
investigate heterogeneous pathology (epithelioid, biphasic,
and sarcomatoid) and patients undergoing different treat-
ment modalities. More importantly, no study to date has
investigated the immune cell infiltration with regard to
their location—tumor and the tumor-associated stroma.
We herein report a comprehensive pathologic analysis
of inflammatory response in the largest series to date MPM
cohort of epithelioid histology, the most prevalent subtype
of MPM. The aims of this study were (a) to systematically
assess the type (acute versus chronic), density, and location
(tumor versus stroma) of tumor-associated inflammation
and (b) to determine whether assessment of such inflam-
mation on routine hematoxylin and eosin-stained (H&E)
slides can independently predict prognosis in MPM
patients, thus providing an inexpensive marker that can be
obtained within the routine assessment by the pathologists.
To minimize confounding influences on prognosis, we
focused our investigation only on patients with the epi-
thelioid histology who had not received any neoadjuvant
therapy. As recent report has demonstrated the prognostic

value of inflammatory marker in the peripheral blood of
MPM patients undergoing chemotherapy [12], we also
sought to investigate the prognostic value of peripheral
blood neutrophil to lymphocyte ratio (NLR) in our chemo-
naive cohort.

Materials and methods
Patients and pathologic samples

Information on 305 patients with pathologic diagnosis of
MPM between 1989 and 2009 at Memorial Sloan-Kettering
Cancer Center was obtained from the Thoracic Surgery
mesothelioma database and the Department of Pathology
database after internal review board approval. Review of
pathological reports and confirmation by two pathologists
(K.K. and W.D.T) yielded 232 epithelioid, 47 biphasic, and
26 sarcomatoid MPM. Patients with the epithelioid his-
tology whose tumor slides were available were included in
the study. Lymphohistiocytoid histology was not included.
Patients who had received neoadjuvant chemotherapy
(n = 57) were excluded. The study cohort consisted of 175
patients, and the treatment history of this cohort is shown
in Fig. 1.

Pathologic diagnosis was based on standard histologic,
histochemical, and immunohistochemical criteria [13, 14].
As a positive immunohistochemical marker of MPM, we
used calretinin, WT-1, cytokeratin 5/6, and D2-40. As
negative markers, we used carcinoembryonic antigen,
CD15, B72.3, BerEP4, and thyroid transcription facor-1. In
cases before positive mesothelial markers were available,
negative markers were used for making the diagnosis of

Fig. 1 Patient disposition by
treatment. Breakdown of
patients by treatment they

Epithelioid mesothelioma patients
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a Acute inflammation

Fig. 2 Assessed pathologic features in epithelioid MPM (hematox-
ylin and eosin stain; original magnification, a x 400, b, ¢, d x 200).
a Acute inflammatory response: near absence of acute inflammatory
cells on left, representing a score 1 and abundance on right,
representing a score 3. b Chronic inflammatory response: near

MPM. Staging was based on the sixth edition of the Amer-
ican Joint Commission on Cancer Staging Manual [15].

Variables recorded in the database included age, gender,
laterality, pathologic stage, surgical procedure, and mul-
timodality therapy. Laboratory values examined as poten-
tial prognostic factors included baseline white blood cell
count (WBC), lymphocyte, and neutrophil. Peripheral
blood neutrophil to lymphocyte ratio (NLR) was defined as
the absolute neutrophil count divided by the absolute
lymphocyte count. NLR of >5 was considered high as per
previous report [12]. All patients were followed until date
of death or date of last follow-up.

Evaluation of inflammatory response

For each tumor, all available H&E slides, which included a
median of 9 slides per patient (range: 1-43), were inde-
pendently reviewed by two pathologists (K.K. and W.D.T).
One slide with the most inflammatory response was
selected for further review. Each slide was then assessed
for two types of inflammatory response—(1) acute
response representing neutrophils (Fig. 2a) and (2) chronic
representing lymphocytes and plasma cells (Fig. 2b)—in
both the intra-tumoral and stromal component of the tumor.
Intra-tumoral component included tumor nests containing
tumor cells and intra-tumoral stroma. Stromal component
was considered as cells adjacent to the tumor nest. Areas
near foreign body granulomas were excluded to prevent

absence of chronic inflammatory cells on left, representing a score 1
and abundance on right, representing a score 3. ¢ MPM tumor cells
surrounded by an abundance of fibrotic stroma. d MPM tumor cells
with a large area of necrotic center

assessment of foreign body reaction. We semi-quantita-
tively evaluated the area of tumor or stroma with inflam-
matory cells as a percentage of the total area assessed in ten
fields at a magnification of 400 (0.237 mm>). Using these
percentages, each inflammatory response was scored on a
0-3 scale as follows: for acute inflammatory response, O for
0%, 1 for 0-1%, 2 for 1-5%, 3 for >5% and for chronic
response, 0 for 0%, 1 for 0-10%, 2 for 10-50%, and 3 for
>50%. Each specimen was also assessed for the presence
of two inflammation-related features—fibrosis and necrosis
(Fig. 2¢, d), which were estimated in 10% increments in
relation to the entire tumor tissue.

Statistical analysis

Associations between clinicopathologic variables and each
inflammatory response were analyzed using Pearson chi-
square test or Fisher exact test. Kaplan—-Meier method was
used to estimate the probability of survival as a function of
time, and differences in the survival of patient subgroups
were compared by using the log-rank test. Multivariate
analyses were performed using the Cox proportional hazard
regression model to study the effects of different variables
on survival. All P values were based on two-tailed statis-
tical analysis, and a P value <0.05 was considered to
indicate statistical significance. All analysis was performed
using SAS statistical software (version 8.02; SAS Institute
Inc, Cary, NC).
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Results
Demographics

Clinical and pathologic profile of the analysis cohort is
outlined in Table 1. There were 175 patients with a median

Table 1 Demographics

Variables Number (%) P value*
All patients 175
Age
< 65 96 (55%) 0.14
> 65 79 (45%)
Gender
Female 48 (27%) 0.27
Male 127 (73%)
Asbestos
Yes 77 (44%) 0.52
No 43 (25%)
Unknown 55 (31%)
Smoking
Yes 95 (54%) 0.42
No 36 (21%)
Unknown 44 (25%)
Laterality
Left 79 (45%) 0.05+
Right 96 (55%)
Stage
I-1I 49 (28%) 0.003F
I-1v 126 (72%)
Procedure
EPP 90 (51%)
P/D 69 (39%)
Others 16 (9%)
Lymphatic invasion
Absent 92 (53%)
Present 83 (47%) 0.01F
Vascular invasion
Absent 130 (74%)
Present 45 (26%) 0.06+
Fibrosis
Absent 123 (70%)
Present 52 (30%) 0.25
Necrosis
Absent 140 (80%)
Present 35 (20%) 0.25

EPP extrapleural pneumonectomy, P/D pleurectomy/decortication
* P values from univariate analyses in predicting overall survival

+ Factors included in multivariate analysis
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age 64 years (range: 29-83), 73% of them were men. MPM
involved the left chest in 45% of the patients and the right
in 55%. Nine (5%) patients were stage I, 40 (23%) were
stage II, 103 (59%) were stage 111, and 23 (13%) were stage
IV. By procedure, 51% underwent extrapleural pneumo-
nectomy (EPP), 39% pleurectomy/decortication and the
remaining 9% had other procedures, including biopsies,
exploratory thoracotomies, palliative pleurectomies, and
video-assisted thoracoscopic surgeries.

With a median follow-up time of 15 months, median
overall survival (OS) was 16.0 months (95% CI:
13.5-19 months), with a 2-year OS of 32% and 5-year OS
of 11%. On univariate analyses, advanced stage (stage III-
IV) (P = 0.003) and lymphatic invasion (P = 0.01) were
associated with shorter OS, while right-sided disease
(P = 0.05) and vascular invasion approached statistical
significance (P = 0.06) (Table 1).

Associations between inflammatory responses
and survival

The distribution of the study cohort by the degree of
inflammation in each type/location is shown in Fig. 3,
and these scores were dichotomized for statistical anal-
ysis. Acute response was very sparse and was grouped as
low (absent) for scores of 0 and 1 and high for scores of
2 and 3. For chronic response, 0, 1, and 2 were grouped
as low and 3 as high. Survival curves by type/location of
inflammatory response are shown in Fig. 4. Of the four
type/location combinations, chronic response in stroma
was a significant predictor of survival. Patients with high
chronic response in stroma experienced a longer overall
survival (n = 59, 19.4 months) compared to those with
low response (n =116, 15.0 months), P = 0.01
(Fig. 4a). This association remained significant in 103
stage III patients, the largest cohort in the series. Stage
IIT patients with high chronic response in stroma expe-
rienced longer survival (n = 42, 16.0 months) compared
to low (n = 61, 9.3 months), P = 0.03. There was no
significant association between the other three type/
location combinations and survival. A multivariate
analysis confirmed that chronic inflammation in stroma is
independently associated with prolonged survival after
controlling for stage, laterality, and lymphatic/vascular
invasions (HR = 0.66, 95% CI 0.46-0.94, P = 0.02,
Table 2).

When similar analysis was performed on the cohort
including the 57 patients who had received neoadjuvant
therapy (n = 232), a trend was observed for the protective
association of chronic inflammation in the stroma—
patients with high response (n = 82) experienced a median
survival of 17.4 months compared to 15.0 months for low
response (n = 150), P = 0.06.
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Fig. 3 Distribution by

location of inflammation.
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Fig. 4 Overall survival by type & location of inflammatory response.
a Overall survival by chronic inflammatory response in stroma.
Patients with high response had a median survival of 19.4 months
compared to 15 months for low, P = 0.012. b Overall survival by
acute inflammatory response in tumor. Patients with high response
had a median survival of 13.2 months compared to 16.9 months for
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low, P = 0.57. ¢ Overall survival by acute inflammatory response in
stroma. Patients with high response had a median survival of
10.5 months compared to 17.4 months for low, P = 0.90. d Overall
survival by chronic inflammatory response in tumor. Patients with
high response had a median survival of 14.5 months compared to
16.2 months for low, P = 0.51
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Table 2 Multivariate analysis in predicting overall survival

Hazard
ratio

Variables 95% CI P value

0.464-0.937 0.02
1.16-2.55 0.007

Stromal inflammation 0.659
Stage (III & IV vs. I & 1II) 1.72

Laterality (right vs. left) 1.43 1.01-2.01 0.04
Lymphatic invasion 1.39 0.95-2.03 0.09
Vascular invasion 1.50 0.97-2.34 0.07

Associations between inflammatory responses
and clinicopathologic variables

We next investigated the association of each inflammatory
response with other clinical variables. High stromal chronic
response was marginally associated with advanced stage
(P = 0.05). In addition, women (P = 0.08) and patients
without asbestos exposure (P = 0.08) tended to have high
stromal chronic response more often, although this asso-
ciation did not reach significance.

We also investigated the relationship of each inflam-
matory response to other pathologic features—lymphatic/
vascular invasions, fibrosis, and necrosis. Vascular inva-
sion was associated with high response of both acute and
chronic inflammation in tumor (P = 0.01 for acute,
P =0.02 for chronic). The distribution by fibrosis and
necrosis is shown in Supplementary Fig. 1. Based on the
distribution, each feature was grouped as present or absent
using a cut-off value of 50% for fibrosis and 10% for
necrosis. Interestingly, fibrosis was associated with low
level of three inflammatory responses—acute and chronic
in tumor and chronic in stroma (P = 0.005, 0.001, and
0.05, respectively). As expected, necrosis was associated
with high acute inflammation in both tumor and stroma
(P < 0.001 for tumor, P = 0.02 for stroma), as well as
chronic response in tumor (P = 0.006). In an analysis of 57
patients who received neoadjuvant chemotherapy, presence
of necrosis was a predictor of shorter OS (P = 0.034, data
not shown), although this significance was not observed in
the study cohort of chemo-naive patients. No association
was observed between lymphatic invasion and any of the
inflammatory responses.

Peripheral blood neutrophil to lymphocyte ratio (NLR)

As peripheral blood NLR has recently been shown to be
prognostic in MPM patients undergoing systemic chemo-
therapy [12], we sought to investigate whether these
observations can be applied to our cohort of patients both
with and without neoadjuvant chemotherapy. For the
cohort that received neoadjuvant chemotherapy, NLR was
available for 44 patients as laboratory values could not be
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obtained for patients before 1998. Of these 44, 35 belonged
in the low group (NLR < 5) and 9 in the high group. The
high NLR group experienced a shorter median OS of
5.4 months compared to 17.9 months observed in the low
NLR group, but overall, a significant association between
the two groups was not noted (P = 0.26), perhaps due to a
small number of patients.

For the cohort that did not receive neoadjuvant che-
motherapy, NLR was available for 76 patients. Again, a
much shorter median OS was observed in the high NLR
group (n = 22, 10.2 months) compared to the low NLR
group (n = 54, 18.9 months), although this did not reach
statistical significance (P = 0.34).

Discussion

Prognostic value of tumor-infiltrating immune cells has
been well investigated in many solid malignancies [1-3,
16], and recent reports emphasize the importance of ana-
lyzing such data specifically in relation to tumor and tumor
stroma [4]. The tumor-associated stroma has been impli-
cated to play an important role as a regulator of tumor
progression/regression [17, 18], yet it has not been
explored in studies investigating inflammatory response in
MPM. While several small studies in MPM have shown a
correlation between lymphoid infiltration and prolonged
overall survival [7-9], we sought to improve upon these
studies from two perspectives. First, to minimize con-
founding effects of histology on our results, we focused on
a large series of only the epithelioid MPM, the most
common histology. Secondly, to our knowledge, this is the
first study in MPM to assess the inflammatory response in
two compartments of the tumor microenvironment—tumor
and stroma.

Our main finding was that increased chronic inflamma-
tion in the stroma is an independent predictor of prolonged
survival in epithelioid MPM patients. This may indicate the
protective role of immune cells in MPM and highlights
the importance of studying the stromal component of the
tumor. In ovarian and colorectal cancers, intra-tumoral
inflammatory cells have been shown to be prognostic
[1, 2], while in non-small cell lung cancer and more
recently breast cancer, presence of inflammatory cells in
the stroma has shown prognostic significance [3, 16, 19].
Our finding of the chronic inflammatory cells in the stroma
is intriguing and provides support to investigate the tumor
stroma and the type of inflammatory cells in the stroma for
better understanding the tumor immunology of MPM.

The significance of our findings is two fold. First, this
information obtained from an assessment on routine H&E
slides provides a simple, additional prognostic factor that
can be obtained during routine pathologic diagnosis. While
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epithelioid MPM has relatively better prognosis compared
to biphasic or sarcomatoid MPM, there is a lack of prog-
nostic markers to further stratify clinical outcome within
the epithelioid histologic subtype, the most common sub-
type representing 70% of MPM patients. To confirm that
adjuvant therapies did not have a confounding effect on our
observations, we further performed subanalysis for the 90
patients who underwent extrapleural pneumonectomy
(EPP) and subsequent adjuvant therapies. Among these, 53
patients (59%) received adjuvant external radiation ther-
apy; however, no difference in the prognostic value of
stromal chronic inflammation was observed between
patients with and those without adjuvant therapies (data not
shown).

Second, our finding forms a rationale for investigating
immuno or immunomodulating therapy that promotes
lymphocyte infiltration in this disease, which is resistant to
currently available therapeutic options. As has been shown
by Hegmans et al. [20], the tumor microenvironment of
MPM is rich in immunosuppressive cytokine and cells.
Therapies designed to modulate such environment to pro-
mote immune cell infiltration may result in beneficial
effects. One such approach was demonstrated in a recent
preclinical work by Fridlender et al., who has shown that
blockade of chemokine CCL2 augments CD8 + T cell
response [21].

In contrast to what we observed in the stroma, inflam-
mation within the tumor nest showed an association with
vascular invasion—a negative predictor of survival. This
emphasizes the polarity and complexity of tumor-associ-
ated inflammation, as it can be both tumor-promoting and
tumor-suppressing [22]. One limitation of our study is that
the assessment of inflammatory response on H&E slides
does not provide specific phenotyping of the cells. Chronic
inflammatory cells represent lymphocytes that consist of
CD3 + T cells and CD20 + B cells. T cells can be further
characterized by specific markers such as CD4, CDS,
CD45RO0, and FoxP3. While two studies have found high
level of CD8 + T cells to be associated with better prog-
nosis in MPM, neither study emphasized the location fac-
tor, and both studies are relatively small [8, 9]. As we have
shown what seems to be an opposing effect of the same
inflammatory response depending on the location, the
findings of CD8 + T cells need further exploration with
specific focus on location. Shigematsu et al. [23] also found
that tumor-infiltrating B cells recognize mesothelioma-
associated antigens in murine models. The clinical signif-
icance of B cells has not been investigated in human MPM
tumors. Since both T and B cells [24] have polarized
functions within the tumor microenvironment [25], future
studies will focus on further dissecting the immune
microenvironment of MPM with particular attention to the
specific type of cells.

Finally, we investigated the prognostic value of
peripheral blood NLR in our cohort. The association of
elevated NLR and poor prognosis has been demonstrated in
many other malignancies [26-28] and was also recently
shown in MPM patients undergoing systemic therapy. We
did not observe a significant association—median survival
was 10.1 and 18.9 months for high and low NLR, respec-
tively, in our study, perhaps due to small number of
patients with NLR values. Of note, our study cohort con-
sisted of patients receiving surgery as the main treatment
with no neoadjuvant chemotherapy, while Kao et al.
investigated patients undergoing systemic therapy as the
sole treatment. In our subset analysis of patients who had
received neoadjuvant chemotherapy and surgical resection,
median OS was 5.4 and 17.9 months for high and low
NLR, respectively.

In conclusion, we have demonstrated that high chronic
inflammatory response in the tumor stroma is an indepen-
dent predictor of prolonged survival in epithelioid MPM
patients. Our finding (1) provides a prognostic factor that
can be obtained from examination of routine H&E slides,
(2) emphasizes the importance of evaluating two often-
ignored, yet important features of the tumor: tumor-infil-
trating immune cells as well as the stromal component, and
(3) provides rationale to investigate immune-based
approach as a potential therapy in this challenging disease.
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