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Abstract

Numerous studies have now documented a link between the immune infiltrate in several human
carcinoma types and prognosis and response to therapy. The most comprehensive of these studies
were in colorectal cancer with similar conclusions by numerous groups. Analyses of immune
infiltrate of several other carcinoma types also showed general correlations between immune
infiltrate and prognosis, but with some conflicting results. This review will attempt to summarize
the current state of this field and point out what factors may be responsible for some of the
conflicting findings. Nonetheless, the breadth of reports drawing similar conclusions for some
cancer cell types leads one to more seriously consider the link between immune cell infiltrate and
tumor prognosis and/or response to therapy, and the potential for combining conventional cancer
therapy with active immunotherapy employing therapeutic cancer vaccines.
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Introduction

Conventional cancer therapeutic modalities, such as chemotherapy and radiation of tumor,
and small molecule targeted therapies have been thought of as agents acting directly on
tumor cells and/or the tumor vasculature. Patients are believed to respond to these therapies
based on the inherent susceptibility of their tumor to the specific therapeutic modality vs.
dose-limiting toxicities. Little attention has been given to the host immune system in terms
of prognosis and/or potential response to therapy. On the other hand, the role of the immune
system in cancer has long been known. For example, patients with immunosuppressive
disorders such as HIV/AIDS, or undergoing immunosuppressive regimens for
transplantation, have been shown to have a higher incidence of certain cancers.

In recent years, numerous studies have reported a link between prognosis and/or response to
conventional therapy, and tumor immune infiltrate in several different solid tumor types.
This article will review many of these studies on a cancer type basis and attempt to explain
some of the phenomena reported. The studies reported here not only point out the potential
importance of evaluating the immune infiltrate of tumor in making decisions of patient
prognosis and thus patient management, but also direct one to more seriously consider the
role of active immunotherapy (e.g., therapeutic vaccines) in combination with more
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conventional therapies in order to enhance patients’ clinical responses. Clinical trials
combining therapeutic cancer vaccines and chemotherapy, radiation of tumor, and the use of
small molecule targeted therapeutics are in progress and may well be an important new
frontier in cancer management.

While some the results reported below are quite impressive in terms of similar conclusions
being reached for some cancer types by different groups employing different reagents, there
are also some conflicting results reported. These can potentially be explained by differences
in methodologies used, such as immunohistochemistry vs. light microscopy vs. PCR, and/or
by differences in reagents used, i.e., the use of different monoclonal antibodies to target a
specific cell type. Older studies used light microscopy, and in some cases no distinction was
made between different cell types. The advancement of technologies such as PCR, flow
cytometry and microarray techniques has enabled one to study tumor-infiltrating immune
cell populations in more detail. The use of computer-assistance quantification software to
analyze histological sections may also be valuable since the computer evaluates the whole
slide, thus reducing the risk of observer bias in choosing sections to evaluate.l Another
interesting new approach is epigenetic immunophenotyping of tumor-infiltrating immune
cells.2 Therefore, the definition of the cell types varies between some studies, and this has
been addressed in the tables and text in this review.

The evaluation of immune infiltrates is even more complex due not only to the numerous
cell types that can be found in tumors, but also to the possibility that a given immune cell
type can vary in terms of state of maturation and/or activation, and the fact that many
diverse cell types can share similar markers. For example, a CD4 T-cell found in a tumor
can be anergic, activated, or regulatory. The same can be said for several other immune
lineages. Nonetheless, the breadth of reports drawing similar conclusions for some cancer
cell types leads one to more seriously consider the link between immune cell infiltrate and
tumor prognosis and/or response to therapy, and the potential for combining conventional
cancer therapy with active immunotherapy employing therapeutic cancer vaccines.

Colorectal cancer: Tumor-infiltrating immune cells as independent

predictors of prognosis

In 1987, Jass et al.3 presented a new prognostic tool for classification of rectal cancer. It
comprised four variables that were found to be independent predictors of long-term survival,
and included the number of lymph nodes with metastatic tumor, the character of the invasive
margin, local spread and peritumoral lymphocytic invasion. Using this tool, the authors were
able to more accurately predict clinical outcome than when using only Dukes’ staging
(n=710, P<0.001). Since then, immune cell infiltration into tumor has been investigated in
numerous studies (see Table 1).

The most comprehensive studies of immune cell infiltrate and prognosis have been carried
out by the Fridman group. Pages et al.# showed that signs of an immune response within
colorectal cancers were associated with the absence of pathological evidence of early
metastatic invasion and that an increased density of CD45RO+ memory T-cells was an
independent predictor of increased overall survival (=490, P<0.05). Five-year survival and
disease-free survival were 46.3% and 43.1%, respectively, for tumors with a high density of
CD45R0O+ cells compared to 23.7% and 21.5% for tumors with a low density. Tumors
without signs of early metastatic invasion had increased infiltrates of immune cells and
increased levels of mMRNA for products of Tyl effector cells, but not increased levels of
inflammatory mediators or immunosuppressive molecules. Markers of T-cell migration,
activation and differentiation were also increased, as well as the numbers of CD8+ T-cells.
In addition, Galon et al.® further characterized the tumor-infiltrating immune cells in the
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same cohort of colorectal cancer patients, and found that the type, density and location of the
immune cells were a predictor of survival superior to the histopathological methods
currently used, and independent of the tumor node metastasis (TNM) system (Figure 1). By
conducting genomic and in situ immunostaining on resected tumors from patients with
colorectal cancer, they found that Tyl adaptive immunity had a beneficial effect on clinical
outcome. Tumors from patients without recurrence had significantly higher immune cell
densities within both the center of the tumor (CT) and the invasive margin (IM). There was a
statistically significant correlation between the immune cell density and patient outcome
(n=490, P<0.05). They looked at all T-lymphocytes (CD3+), CD8+ T-cell effectors and
memory T-cells (CD45RO+). Further investigation of the primary tumor microenvironment
showed a correlation between the absence of metastasis to lymph nodes or distant organs
and markers of innate immune cells (macrophages, dendritic cells, natural killer (NK) cells
and NK T cells) and activated T-cells.5 The co-expression of genes for cytotoxicity and Tl
predicted patient survival independently of metastatic status (n=142, P<0.05). Pages, Galon
et al.” recently published a study in which they classified early-stage colorectal cancer
patients (TNM I-11) into four different prognostic groups based on the density of CD45RO+
and CD8+ cells in different tumor regions. Six hundred and two tumors from two
independent cohorts were investigated, and they found dramatic differences in disease-free,
disease-specific and overall survival (Figure 2). Five-year survival in patients with high
densities of both CD8+ and CD45RO+ cells was 86.2%, and only 4.8% of the patients had
tumor recurrence, whereas in the group with low densities of these cells 75% had tumor
recurrence, and only 27.5% survived. The immune criteria were found to be independent
prognostic factors in multivariate analysis (=602, P<0.0001).

Recently, Ogino et al.8 investigated specimens from colorectal cancer patients in two
independent prospective cohorts. They found tumor-infiltrating immune cells and a high
overall lymphocytic reaction score (comprised of Crohn’s-like reaction, peritumoral
reaction, intratumoral periglandular reaction and tumor-infiltrating lymphocytes) to be
independent prognostic factors for increased colorectal cancer specific and overall survival
(n=843, P<0.01). Tumor-infiltrating immune cells were also found to be an independent
prognostic factor of survival and recurrence-free survival in patients with colorectal cancer
by Ropponen et al.?, and the authors suggested using immune cell infiltrates in evaluating
patients for adjuvant therapy (n=276, P<0.001). Guidoboni et al.10 also found that high
numbers of activated cytotoxic lymphocytes in colon cancer independently correlated with
improved overall and disease-free survival, particularly in patients with stage 111 tumors
(n=109, P<0.001). A high frequency of microsatellite instability was also correlated to
survival, and multivariate analysis revealed that patients with both features had a lower risk
than those with either factor separately. The same group had previously shown that tumors
with microsatellite instability have a high prevalence of activated cytotoxic T-lymphocytes
and increased tumor cell apoptosis.1! Similarly, Zlobec et al.12 found that an infiltrative
tumor margin and the absence of CD8+ tumor-infiltrating T-cells were independent
predictors of local recurrence in node-reactive colon cancer with microsatellite instability
(n=119, P<0.001). This could potentially help identify high-risk patients who could benefit
from adjuvant chemotherapy.

In other studies of colorectal cancer, Menon et al.13 found that a lower tumor stage and
marked infiltration of CD8+ and CD57+ (expressed on late stage effector CD8+ T-cells and
NK-cells) cells at the advancing tumor margin were independent prognostic factors for a
longer disease-free survival (n=93, P<0.05). In addition, Diederichsen et al.14 showed a
significantly higher 5-year survival in patients with a low CD4+/CD8+ ratio in the tumor-
infiltrating lymphocytes. This effect was independent of the Dukes’ stage and patient age
(n=41, P<0.05). In accordance with these results, Katz et al.1> recently investigated the
presence of tumor-infiltrating lymphocytes in resected colorectal cancer liver metastases,
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and found that independent correlates of 10-year survival included a high number of CD8+
T-cells and a low number of CD4+ T-cells, and that the combination of CD8+ and CD4+
cell counts was a more powerful predictor of survival than either marker alone (n=162,
P<0.001). The authors concluded that analysis of tumor-infiltrating lymphocytes represents
a potentially powerful prognostic tool that needs to be further validated. Halama et al.16
recently reported that the presence of tumor-infiltrating CD8+ lymphocytes in the tumor
margin of liver metastases of colorectal cancer predicted response to chemotherapy (n=33,
P<0.001). Thus, evaluation of tumor-infiltrating lymphocytes may have an impact on the
choice of subsequent therapy.

Tumor-infiltrating FoxP3+ regulatory T-cells have also been shown to have a strong
prognostic significance in colorectal cancer. In this study, Salama et al.1” found the
regulatory T-cell density in normal and tumor tissue to be independent prognostic indicators,
but not the density of CD8+ T-cells. High regulatory T-cell density in normal mucosa was
associated with worse prognosis. In contrast, a high density of regulatory T-cells in tumor
tissue was associated with improved survival (n=967, P<0.001). Similarly, regulatory T-
cells were found to be a favorable prognostic factor in advanced colon cancer patients
undergoing chemotherapy or chemo-immunotherapy in a study by Correale et al.18 They
used immunohistochemistry to evaluate the infiltration of regulatory T-cells in primary
tumors from colorectal cancer patients enrolled in a phase 111 clinical immunotherapy trial,
and found that higher scores were associated with a better prognosis (mean overall survival
43.2 months for patients with a high score vs. 28.6 months for patients with a low score),
and with better outcome after treatment (progression free survival, 15.8 months for high
score vs 8.8 months for low score) (n=57, P<0.001). In this study the presence of regulatory
T-cells was evaluated in stroma adjacent to neoplastic glands. In contrast, Sinicrope et al.1
found that an increase in intraepithelial FoxP3+ cells was associated with poor tumor
differentiation and advanced patient age, and that a low epithelial CD3+ to FoxP3+ cell ratio
was a predictor of shorter disease free survival (n=160 colon carcinomas, 25 normal,
P<0.05). By multivariate analysis a low CD3+/FoxP3+ ratio and low numbers of CD3+ T-
cells were found to be stronger prognostic variables than tumor stage or number of lymph
node metastases. Camus et al.® did not find regulatory T-cells to be a predictive factor in
colorectal carcinoma. Thus, the impact of the presence of regulatory T-cells in colorectal
carcinoma is still not quite clear, and the location of the infiltrate would seem to play an
important role.

Dendritic cells have also been investigated in colorectal carcinoma. Sandel et al.20-21
showed that patients with high numbers of mature CD208+ infiltrating dendritic cells in
tumor epithelium had shorter overall survival than patients with low numbers (n=104,
P<0.01). In addition, patients with high numbers of CD1a+ infiltrating dendritic cells at the
tumor margin had shorter disease-free survival (P<0.05).

Di Giorgio et al.22 also found that the presence of lymphocytic infiltration in the tumor was
related to a better prognosis by multivariate analysis in colorectal cancer patients resected
between 1960 and 1978 (n=361, P<0.001). Some studies have also emphasized the location
of immune infiltrate in tumor. Naito et al.23 divided the tumor-infiltrating lymphocytes into
three locations, those within cancer nests, those distributed in the cancer stroma, and those
present along the invasive margin. CD8+ T-cells within cancer nests were found to be most
significantly associated with survival of the patients, both by monovariate and multivariate
analyses, and to the same extent as Dukes’ staging (n=131, P<0.05). Further analysis by
Chiba et al.24 showed that the beneficial effect of intraepithelial CD8+ T-cells became
significant only after 2 years’ follow-up, and patients with survival more than 5 years had
significantly higher numbers of these cells (n=371, P<0.001).
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Michael-Robinson et al.2® found that there were more tumor-infiltrating immune cells in
tumors with microsatellite instability, that >75% of these were T-cells, and that these tumors
had an increased apoptotic rate (=102, P<0.001). Their conclusion is that most likely
tumor-infiltrating immune cells and apoptosis are independent characteristics of these
tumors. A later study in colorectal cancer with and without microsatellite instability by Prall
et al.26 suggested combining CD8+ tumor-infiltrating lymphocytes with microsatellite status
as prognostic and predictive factors. They found that CD8+ high cases had a trend towards a
better clinical course (h=152, P=0.058).

In contrast to the numerous studies above, Laghi et al.?” recently found that an increasing
percentage of CD3+ tumor-infiltrating T-cells progressively reduced the risk of
metachronous metastasis in node-negative colorectal cancer, but not in node-positive cancer
(n=286, P<0.01). The authors concluded that the density of CD3+ T-cells cannot be used as
an independent predictor of outcome in patients with stage I11 colorectal cancer. The main
difference in this study compared to the other studies cited is that the authors did not
investigate CD4+, CD8+ and regulatory T-cells separately, but rather all CD3+ T-cells
together.

In conclusion, the number, type and location of tumor immune infiltrates was shown to be of
importance for prediction of outcome. Two studies found tumor-infiltrating regulatory T-
cells to be beneficial, whereas one study found them to be a negative predictive factor. This
may depend on the location of the regulatory T-cells within the tumor, and the possibility
that regulatory T-cells can be confused with newly activated T-cells. Dendritic cells were
found to be a negative predictive factor, and to our knowledge Th17-cells have not yet been
investigated in colorectal carcinoma. In summary, a large number of studies to date have
shown infiltrating CD8+ T-cells to be a positive predictive factor in colorectal carcinoma,
and in some studies high CD8+ T-cells combined with low CD4+ T-cells was even better.

Carcinomas (non-colorectal) in which studies have found a strong

association between tumor-infiltrating immune cells and prognosis (see

Table 2)

Hepatocellular and gallbladder carcinoma

Gao et al.?8 investigated the association between intratumoral regulatory T-cells and
cytotoxic T-cells, and overall survival in patients with hepatocellular carcinoma. They found
that the number of either cell type alone was an independent predictor for overall survival,
and that the combination of high cytotoxic T-cells with low regulatory T-cells was an
independent predictor of overall survival and disease-free survival (n=302, P<0.001).
Similarly, Kobayashi et al.29 found a high prevalence of regulatory T-cells to be an
independent prognostic factor for decreased overall survival and disease-free survival
(n=147, P<0.01), whereas the prevalence of tumor-infiltrating CD8+ T-cells was not.
Disease-free survival was 36.2 months in patients with a low prevalence of regulatory T-
cells, compared to 27.3 months in patients with a high prevalence, and overall survival was
60.3 versus 45.1 months, respectively. In an additional study, Cai et al.30 found that high
numbers of tumor-infiltrating dendritic cells were an independent positive predictor of
tumor-free survival (n=123, P<0.01), and the numbers of CD45+ memory cells, CD3+ T-
cells and CD8+ cells also strongly correlated to tumor-free survival. Zhang et al.3!
investigated intratumoral Th17-cells in hepatocellular carcinoma patients, and found that a
high prevalence of these cells was an independent predictor of decreased disease-free
survival (7 months versus 16 months), and overall survival (34 months versus 49 months)
(n=178, P<0.001).

Exp Biol Med (Maywood). Author manuscript; available in PMC 2012 May 1.
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In summary, high numbers of CD8+ T-cells and dendritic cells were positive predictive
factors in hepatocellular carcinoma, whereas both regulatory T-cells and Th17-cells were
shown to be negative predictive factors.

In gallbladder adenocarcinoma, Nakakubo et al.32 found a correlation between prolonged
survival and a high degree of CD4+ T-cell, CD8+ T-cell and dendritic cell infiltration
(n=110, P<0.01).

Pancreatic carcinoma

Fukunaga et al.33 found a high degree of infiltration of both CD4+ and CD8+ T-cells to be
an independent favorable prognostic factor for overall survival in patients with pancreatic
adenocarcinoma (n=80, P<0.01) 33. In addition, Hiraoka et al.34 investigated the prevalence
of regulatory T-cells in pancreatic adenocarcinoma, and found that a high prevalence of
regulatory T-cells was an independent negative predictive factor for survival (h=198,
P<0.001).

Esophageal carcinoma

Schumacher et al.3> found that the presence of intratumoral CD8+ T-cells, more than
peritumoral infiltration, was an independent prognostic factor indicating favorable outcome
in both squamous cell and adenocarcinomas of the esophagus (n=70, P<0.001). Cho et al.36
also found that esophageal carcinoma patients high in both CD4+ and CD8+ tumor-
infiltrating T-cells had a significantly higher survival rate than patients with low levels of
either one or both subsets of T-cells. A high level of both CD4+ and CD8+ tumor-
infiltrating T-cells was an independent prognostic factor for survival (n=122, P<0.0001).

Ovarian cancer

Zhang et al.37 evaluated the presence of immune cells in tumor-cell islets in ovarian cancer.
They showed that for patients with advanced-stage ovarian cancer the five-year survival rate
among patients with tumor-infiltrating T-cells was 38%, compared to 4.5% among patients
with no tumor-infiltrating lymphocytes (n=186, P<0.001). They also examined 74 patients
with a complete clinical response after debulking and platinum-based chemotherapy. The
five-year overall survival rate was 74% in patients with T-cells in tumor cell islets,
compared to 12% in patients with no T-cells in the islets. The presence of intratumoral T-
cells independently correlated with delayed recurrence and delayed death in multivariate
analysis (n=74, P<0.001).

In accordance with these results, Tomsova et al.38 showed that intraepithelial CD3+ T-cells
were a significant independent positive predictor of overall survival in patients with ovarian
carcinoma (n=116, P<0.001). Sato et al.3? also found that patients with higher frequencies
of intraepithelial CD8+ T-cells demonstrated longer survival compared to patients with
lower frequencies (55 versus 26 months) (n=117, P<0.001), independently of response to
chemotherapy. They also found that a high CD8+/regulatory T-cell ratio was associated with
a favorable prognosis, with a median survival of 74 months compared to 25 months in
patients with a low ratio (P<0.001). Interestingly, Kryczek et al.#? recently showed that a
high level of IL-17 in ascites fluid produced by tumor-infiltrating Th17-cells was a positive
predictor for survival in patients with grade 11-1V ovarian cancer (n=85, P<0.001). They
showed that the tumor-infiltrating Th17-cells were the sole producer of IL-17, which
together with IFN-y acted to recruit CD8+ T-cells and natural killer cells into the tumor
microenvironment. The median survival in patients with high levels of IL-17 was 78
months, compared to 27 months in patients with low levels. In summary, high numbers of
tumor CD8+ T-cells, Th17-cells, and a high CD8+ T-cell: regulatory T-cell ratio were found
to be positive predictive factors in ovarian carcinoma.

Exp Biol Med (Maywood). Author manuscript; available in PMC 2012 May 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Jochems and Schlom Page 7

Endometrial and cervical cancer

Ino et al.*! investigated 65 cases of endometrial cancer, and found that a low number of
tumor-infiltrating CD3+ T-cells was an independent prognostic factor for impaired
progression-free survival (n=65, P<0.05). In addition, de Jong et al.#2 found that high
numbers of CD8+ T-lymphocytes were an independent positive predictive factor for overall
survival in all cohorts of endometrial cancer 42. A high CD8+/FoxP3+ ratio was associated
with improved survival in type | endometrial cancer, and CD45RO+ lymphocytes were also
associated with improved overall survival (n=368, P<0.05).

Piersma et al.*3 investigated human papilloma virus (HPV) induced cervical cancer and
found a significantly stronger CD8+ T-cell infiltration, a higher CD8+/CD4+ T-cell ratio,
and a higher CD8+/regulatory T-cell ratio in patients with no metastases to the draining
lymph nodes, which is associated with better prognosis (n=59, P<0.05). Interestingly, the
highest numbers of tumor-infiltrating CD8+ T-cells were found in patients with no lymph
node metastases and displaying a concomitant systemic anti-tumor immune response
assessed by determination of the HPV-specific T-cell response in blood.

Bladder cancer and urothelial cancer

Lipponen et al.#4 found that dense tumor-infiltrating lymphocytes were a highly significant
predictor of favorable prognosis in invasive transitional cell bladder cancer (=514, P<0.01).
In accordance with these results, patients with advanced urothelial carcinoma with higher
numbers of CD8+ T-cells in the tumor had better disease-free survival (n=69, P<0.001) and
overall survival (P<0.05) in a recent study by Sharma et al.4

Carcinomas in which studies have found a mixed or weak association
between tumor-infiltrating immune cells and prognosis (see Table 3)

Lung cancer

Ruffini et al.*6 evaluated the prevalence of tumor-infiltrating T-cells and B-cells in tumor
nests in 1,290 patients operated for primary lung neoplasms 46. They found lymphocytic
infiltrates in 23% of the patients, and an association between the presence of immune cells
and improved survival in early stage squamous cell carcinoma, but no other lung neoplasms
(n=1,290, P<0.05). They observed overall better survival in patients with tumor-infiltrating
lymphocytes, but this was not significant.

Tumor infiltration by CD8+ and CD4+ T-cells was found to be an independent favorable
prognostic factor in non-small cell lung cancer (NSCLC) by Hiraoka et al.4’. In this study,
the number of CD8+ T-cells alone had no prognostic significance, but the survival rate for
patients with high levels of both CD8+ and CD4+ T-cells was significantly higher than for
all other groups (n=109, P<0.01).

Kawai et al.*8 found that more CD8+ T-cells or macrophages in cancer nests than in stroma
were independent positive prognostic predictors for survival in NSCLC (n=199, P<0.001).
In contrast to these results, Mori et al.# investigated 128 cases of NSCLC, and found that
the number of CD8+ T-cells in cancer nests was related to the histological subtype and the
differentiation of the tumor, but not to patient survival (n=128).

Breast cancer

Menard et al.>? found a strong positive correlation between survival rates and the presence
of lymphocytic infiltrates in patients less than 40 years old with primary ductal and lobular
infiltrating breast cancer. Lymphoid infiltration was an independent predictive factor for 5-,
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10-, and 15-year survival in women under 40 years of age, but not in older patients (n=1919,
P<0.001).

Calabro et al.! recently showed that for estrogen receptor positive patients with breast
cancer a high degree of lymphocyte infiltration was associated with shorter survival,
whereas for estrogen receptor negative patients a high degree of lymphocyte infiltration was
associated with longer survival (n=155, P<0.001). Lucin et al.52 investigated the presence of
CD3+ T-cell infiltrates in ductal invasive carcinomas, and found that tumors with a high
degree of infiltrate had predominantly negative lymph nodes, and vice versa (n=75, P<0.05),
but they did not find any correlation with prognosis.

Bates et al.53 found high numbers of tumor-infiltrating regulatory T-cells to be an
independent prognostic factor for shorter recurrence-free survival and overall survival in
breast cancer (n=237, P<0.05). In addition, Mahmoud et al.>* found intratumoral and tumor-
adjacent FoxP3+ T-cells to be associated with worse prognosis in breast carcinoma (n=1445,
P<0.05), but the number of FoxP3+ T-cells was not found to be an independent prognostic
factor in multivariate analysis. They therefore suggested that other inflammatory cell subsets
may be more critical variables in breast carcinoma. One concern with this paper is that they
looked at no markers other than FoxP3, which is not only expressed in regulatory T-cells,
but also in activated T-cells.

Interestingly, Ono et al.> recently reported that the pathological complete response rate to
neoadjuvant chemotherapy in breast cancer was significantly higher in patients with tumor-
infiltrating lymphocytes (n=68, P<0.01).

Prostate cancer

Vesalainen et al.56 found that the density of tumor-infiltrating lymphocytes in primary
prostatic adenocarcinoma was independent of the tumor differentiation, and low numbers of
tumor-infiltrating lymphocytes were a sign of high risk of tumor progression and fatal
disease when they investigated 325 cases with long-term follow-up. Low numbers of tumor-
infiltrating lymphocytes were an independent negative predictor of survival (n=325,
P<0.05). In contrast, Kérja et al.>” investigated the prognostic significance of tumor-
infiltrating T-cells and B-cells in 188 radical prostatectomy specimens from patients with
local prostate cancer and found that a strong expression of intratumoral T-cells and B-cells
was an independent predictor of shortened PSA recurrence-free survival (n=188, P<0.05).
Nonomura et al.>8 found that higher mast cell counts infiltrating the tumor tissue was a
significant negative prognostic marker of PSA-free survival (n=104, P<0.01).

Head and neck cancer

Distel et al.> recently investigated 115 patients with squamous cell carcinomas of the
oropharynx and hypopharynx. They found that higher numbers of intraepithelial CD8+ T-
cells and CD20+ B-cells led to improved survival in the low-risk group (early disease),
whereas in the high-risk group (inoperable disease) high CD20+ counts indicated shorter
survival (n=115, P<0.05). In contrast, Pretscher et al.50 did not observe an association
between tumor-infiltrating immune cells at the primary site and clinical outcome. However,
increased numbers of CD8+ T-cells in metastatic tumors and large numbers of B-cells in
lymph node metastases were associated with favorable outcome (n=33, P<0.05). In addition,
Badoual et al.51 found infiltration of regulatory T-cells to be an independent positive
prognostic factor for locoregional control and overall survival in head and neck cancer
(n=84, P<0.05).
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Renal cell carcinoma (see Table 3)

Studies have found a negative association between tumor-infiltrating immune cells and

prognosis

In contrast to all other carcinomas described above, in renal carcinoma tumor-infiltrating
immune cells have been described as having a negative effect. Jensen et al.2 reported that
the presence of intratumoral neutrophils in renal cell carcinoma was an independent
prognostic factor associated with short recurrence-free survival (n=121, P<0.0001). The 5-
year recurrence-free survival was 53% in patients with intratumoral neutrophils compared to
87% in patients without. Donskov et al.53 also found the presence of intratumoral
neutrophils to be an independent poor prognostic factor (n=85, P<0.001). In contrast, low
intratumoral CD57+ natural killer cells were found to be an independent poor prognostic
factor (P<0.01).

In accordance with these results, Webster et al.54 found that patients with a mononuclear
cell infiltration had a significantly increased likelihood of dying from renal cell carcinoma
(n=306, P<0.05). lgarashi et al.%> found that in patients with stage I11-1V disease, an
increased infiltration of CD4+ T-cells, but a decreased infiltration of CD8+ T-cells,
constituted a good prognostic factor (n=79, P<0.01). In contrast, Bromwich et al.® also
found that increased numbers of intratumoral CD4+ T-cells were associated with poor
survival (n=73, P<0.001). Clearly there is a need for further study of tumor-infiltrating
immune cells in renal cell carcinoma, since previous studies have not been conclusive.

Discussion

In conclusion, in many solid tumors the presence of tumor-infiltrating immune cells
correlates with better overall survival. However, it is necessary to know the phenotype of the
immune cells; for example, in colorectal cancer the number of CD8+ T-cells, and a high
ratio between CD8+ and CD4+ T-cells have been correlated with increased survival,
whereas high numbers of mature dendritic cells predicted shorter survival (Table 1).
Regulatory T-cells have been shown to have both a positive and a negative impact in
colorectal carcinoma, possibly depending on the location of the infiltrate and on the
definition of “regulatory T-cells” used. These cells were also shown to be a positive
predictive factor in head and neck cancer, but a negative predictor in hepatocellular,
pancreatic, ovarian, endometrial, cervical and breast carcinomas (Tables 1 and 2). However,
as mentioned above, one must be extremely careful in distinguishing true regulatory T-cells
with suppressive functions from activated T-cells.

In addition to phenotype, the location of the immune-cell infiltrate has also been shown to
be important. The tumor microenvironment in different regions of the tumor has been shown
to influence the immune system to promote either anti-tumor immunity, or tumor
progression. CD8+ T-cells within cancer nests were shown to be better predictors of
outcome than the same cells found in other areas of the tumor in both colorectal cancer and
NSCLC. Macrophages in different areas of human tumors exhibit distinct activation
patterns, influenced by soluble factors derived from tumors, such as 1L-10,67 TGF-p,8 and
hyaluronan,®® and by tumor-associated hypoxia.”® These tumor-associated macrophages
(TAMS) therefore acquire an M1 tumor-killing phenotype, or an M2 tumor-promoting
phenotype.

In contrast to most other carcinomas, in renal cell carcinoma increased numbers of
intratumoral CD8+ T-cells and neutrophils were predictors of poor survival. The reasons
behind these discrepancies need to be further studied to increase our understanding of the
biology of tumor immunology and the potential for treatment of the individual carcinomas.
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Infiltration of 1L-17—producing Th17-cells was shown to be a positive predictive factor in
ovarian carcinoma, and a negative factor in hepatocellular carcinoma (Table 2). To our
knowledge, Th17-cells have not yet been investigated in other carcinomas.

Factors influencing the immunogenicity of tumors

Several factors can be responsible for the link observed between immune cell infiltrate of
some tumor types, such as that observed in colorectal cancer, and patient prognosis and/or
response to therapy. First is the inherent immunogenicity of a specific tumor. This can be
due to the expression of a point mutated oncogene or suppressor gene product, a gene
product involved in the epithelial-to-mesenchymal transition (EMT) process, or the
overexpression of oncofetal, tissue lineage and/or tissue differentiation protein gene
products’L. Peptides from each of these gene products have been shown to be coupled with
MHC on the surface of the tumor cells for T-cell receptor recognition. Consequently,
examples of all of the above gene products have been shown to be immunogenic in terms of
enhancing human T-cell responses both in vitro and clinical studies.”2 Another factor that
can influence the immunogenicity of a given tumor is the level of expression of MHC Class
I and Class Il molecules. While it has been shown that some tumors downregulate these
molecules, others do not. Still another factor that can influence the inherent immunogenicity
of a tumor is the level of secretion by the tumor of immunosuppressive factors such as TGF-
B. Interestingly, in breast cancer the impact of lymphocyte infiltration was shown to depend
on the estrogen receptor (ER) status of the tumor. In ER+ patients a high degree of
lymphocyte infiltration was associated with shorter survival, whereas in ER- patients it was
associated with longer survival.

The link between chemotherapy/radiation therapy and immunity

While it has long been known that the effect of multiple regimens of chemotherapy and/or
radiation therapy can suppress a patient’s immune system, preclinical data are now
demonstrating that certain chemotherapeutic agents, irradiation of tumor, and certain small
molecule targeted therapeutics can actually enhance the host immune response when used in
conjunction with vaccine therapy, or following vaccine therapy. These studies have shown
that when tumor cells are lysed by certain chemotherapeutic agents or radiation, apoptotic
and/or necrotic tumor vesicles can be taken up by tumor-infiltrating dendritic cells and
present tumor antigen peptides to T-cells, thus enhancing the immune response to tumor.”3
Other studies have shown that when tumors are exposed to certain chemotherapeutic agents
or external beam radiation, tumor cells alter their phenotype via the upregulation of tumor
antigens, death receptors such as FAS, adhesion molecules and/or MHC molecules, and thus
render these tumor cells more susceptible to T-cell lysis.”4-"> Other studies have shown that
certain chemotherapeutic agents and small molecule targeted therapeutics will temporarily
deplete immune cell subsets differentially; the subsequent differential homeostatic
proliferation of immune cell subsets has been shown to be exploited by delivering vaccine at
the time of T-cell expansion.”®="7 It is interesting to note that the vast majority of small
molecule targeted therapies that reach clinical trials are being evaluated preclinically with
human cells in vitro and employing xenograft models, i.e., in a host without an intact
immune system. The role of these agents, either positively or negatively, on the host
immune system should thus not be neglected.

Conclusions

The studies reported here not only point out the potential importance of evaluating the
immune infiltrate in tumor in making decisions of patient prognosis and thus patient
management, but also direct one to more seriously consider the role of active
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immunotherapy employing therapeutic vaccines in combination with more conventional
therapies in order to enhance patient responses. Clinical trials combining therapeutic cancer
vaccines and chemotherapy, radiation of tumor, and the use of small molecule targeted
therapeutics are in progress and may well be an important new frontier in cancer
management.
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Figure 1.

(A) Kaplan-Meier curves illustrate the duration of disease-free survival according to the
UICC-TNM stages [stage I, red line (n = 75 patients); stage 11, green line (n = 137); stage
111, blue line (n = 99), and stage IV, black line (n = 95)] in patients with CRCs. (B) Kaplan-
Meier curves illustrate the duration of disease-free survival according to the UICC-TNM
stages [as in (A)] and according to the density of CD3* cells in combined tumor regions
(CD3¢7HoCD3 0, thick lines, n = 93 patients; CD3cTHCD3;M, thin lines, n = 109). The
subgroup of patients that did not appear to have a coordinated in situ immune reaction in
tumor regions (Hi/Lo or Lo/Hi for CD3* cell densities) presented Kaplan-Meier curves
similar to those in the entire cohort. (C) Kaplan-Meier curves illustrate the duration of

Exp Biol Med (Maywood). Author manuscript; available in PMC 2012 May 1.
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disease-free survival according to the UICC-TNM stages and to the density of CD3* and
CD45RO™ cells in combined tumor regions (CD3¢c1-°CD3;° plus
CD45ROcT-OCD45RO M0, thick lines, n = 16 patients; CD3ctHICD3 plus
CD45RO:THICD45RO\ M, thin lines, n = 88). Cutoff values were 250, 640, 60, and 190
for CD3cT, CD3jp1, CD45ROcT, and CD45RO )\, respectively. In (B) and (C), log-rank
statistical test, ** P< 1074; ns, not significant. CT, center of the tumor; IM, invasive margin.
From Galon J, et al. Type, density, and location of immune cells within human colorectal
tumors predict clinical outcome. Science 313(5795), 2006:1960-4.
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Figure 2.

(A)The pie chart illustrates the repartition of the patients according to the presence of
concordance (right part) or discrepancy (left part) between CD8+ and CD45RO+ cell

Page 19

densities in combined tumor regions of stages | and Il colorectal tumors. Fifty-four percent

of the patients presented with similar high (4)-Hi, low (0)-Hi, or heterogeneous (2)-Hi
immune infiltration for markers, whereas 46% presented with distinct patterns. (B, C)

Kaplan-Meier curves for the duration of disease-free survival and overall survival according
to a combined analysis of CD8+ and CD45R0O+ densities in tumor regions (center of the

tumor [CT] and invasive margin [IM]), in patients with stage I or Il colorectal cancer.

Patients are stratified according to an immune score ranging from 0 to 4, depending on the

Exp Biol Med (Maywood). Author manuscript; available in PMC 2012 May 1.
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total number of high densities observed (two markers assessed in CT, two markers assessed
in IM). For example, (4)-Hi refers to a tumor with high densities of CD8+ and CD45RO+
cells in CT and IM regions of the tumor (red line). (3)-Hi refers to tumors with three high
densities (green line). (0)-Hi represents tumors with low densities of CD8+ and CD45RO+
cells in both tumor regions (black line). Patients with an immune score of 1 or 2 [(1)-Hi, (2)-
Hi] experiencing similar outcome were therefore regrouped [1-2-Hi; blue line]. Log-rank
statistical test, P < .001 for all comparisons. Duration of disease-free survival and overall
survival of the entire cohort of patients is also represented (gray line). From Pages F, et al.
In situ cytotoxic and memory T cells predict outcome in patients with early-stage colorectal
cancer. J Clin Oncol 27(35), 2009:5944-51.

Exp Biol Med (Maywood). Author manuscript; available in PMC 2012 May 1.
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