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Tumor infiltrating lymphocytes (TIL) have been demonstrated to predict oncologic out-
comes following resection of primary intrahepatic neoplasms and metastatic liver tumors.
Despite strong immunosuppressive factors within the intrahepatic space, TIL are
frequently demonstrated in liver tumors. The presence of TIL within liver tumors provides
evidence of a host immune response that may be protective, but often is rendered inef-
fective by tumor induced immune dysfunction. In this review, we discuss techniques
involved in studying TIL and subsets of TIL commonly identified. We emphasize the unique
nature of the intrahepatic milieu that promotes immunosuppression, and how liver TIL
and TIL ratios can be used as indicators of prognosis. Several types of primary and met-
astatic liver tumors are considered to highlight the similarities and important differences
in TIL responses, which likely reflect how intrahepatic immunity is influenced by tumor
biology. The studies we discuss indicate that tumor infiltration by suppressor cells and

T cells expression of immunoinhibitory molecules by TIL limits the anti-tumor immune function
of effector T cells. Most patients fail to mount an adequate immune response to liver tu-
mors, which provides compelling rationale for clinical study of immunotherapy for
intrahepatic neoplasms.

© 2014 Elsevier Inc. All rights reserved.
1. Introduction disease stage [6]. We previously reviewed solid tumor immu-

notherapy, including the therapeutic use of TIL [7]. Although

Tumor infiltrating lymphocytes (TIL) are thought to represent a
specific host response to tumor antigens and may be used for
therapeutic purposes following isolation, or studied for prog-
nostic information [1,2]. A growing body of literature supports
the biologic relevance of TIL as predictors of outcome for pri-
mary and metastatic tumors [3,4]. TIL have been demonstrated
to predict outcomes in a wide variety of solid tumors [1,5], with
the magnitude of this effect being dependent on tumor site and

the present review focuses on the prognostic importance of TIL
in liver tumors, it is important to emphasize that TIL, along
with other forms of adoptive cell therapy, will play an
increasingly important role in immunotherapy.

TIL have been demonstrated to predict survival and
recurrence following resection of both primary and metastatic
liver tumors [3,4,8]. TIL are frequently demonstrated in liver
tumors despite strong immunosuppressive factors within the
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intrahepatic space. The presence of TIL within liver tumors
provides evidence of a host immune response that may pro-
vide protection against disease progression, but often is
rendered ineffective by tumor-induced immune dysfunction.
Interest in studying TIL within liver tumors is predicated on
the desire to understand the immune response to intrahepatic
neoplasia, in addition to the value of TIL as biomarkers to
predict outcome. In this review, we discuss techniques
involved in assessing TIL, subsets of TIL commonly studied,
the unique nature of the intrahepatic milieu that promotes
immunosuppression, and how liver TIL can be used as in-
dicators of prognosis. Several types of primary and metastatic
liver tumors are considered to highlight the similarities and
important differences in TIL responses, which likely reflect
how intrahepatic immunity is influenced by tumor biology.

1.1. The immunosuppressive intrahepatic space

At baseline, the liver has a strong tendency to promote toler-
ance to intrahepatic antigens [9,10]. Non-parenchymal cells in
the liver, including sinusoidal endothelial cells [11], dendritic
cells (DC) [12], and natural killer [13] cells have been demon-
strated to contribute to the tolerogenic intrahepatic milieu.
The immunosuppressive nature of liver T cells has been
described as well [11,12,14]. The suppressive influence of liver
non-parenchymal cells likely works in concert with tumor-
induced immunosuppression to prevent eradication of intra-
hepatic tumors by liver TIL.

Tumors may downregulate expression of MHC class I
molecules, thereby preventing effector T cells from recog-
nizing tumor antigens. Moreover, tumors may secrete mole-
cules that promote the influx of suppressive immune cells in
addition to augmenting suppressor cell function [15]. As such,
assessment of liver TIL provides important insight into the
biology of the underlying neoplastic process. More impor-
tantly, a deeper understanding of the nature and functional
limitations of liver TIL may reveal new therapeutic opportu-
nities through manipulation of effector and suppressor TIL
subsets.

1.2. TIL subsets

It is important to discriminate among different liver TIL sub-
types, as they have markedly different functions within the
tumor microenvironment. Because T lymphocytes are pri-
marily responsible for antigen-specific immune responses
and they typically comprise the largest proportion of TIL,
much of the TIL literature is devoted to the study of T cell
subsets. In a recent meta-analysis, Gooden et al. [6] demon-
strated that the extent of tumor infiltration by T cells was a
significant correlate of overall survival. TIL other than T cells,
including B cells and NK cells, have been studied as well but
will not be addressed in detail in this review. Our under-
standing of the biologic implications of non-T cell TIL is less
developed at this time.
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Figure — Liver TIL. Left: a favorable T cell infiltrate is depicted approaching an intrahepatic tumor. An abundance of CD4 T
cells is present to support tumor cell killing by high density of cytotoxic CD8 T cells. Few regulatory T cells (Treg) are present,
providing a favorable ratio of effector to suppressor T cells. Right: an unfavorable T cell infiltrate is thwarting anti-tumor

immunity. A high ratio of suppressive Treg to effector CD4 and CD8 T cells is promoting tolerance and will hinder tumor
clearance. PDL-1 on the surface of Treg and the tumor cells will engage PD-1 on CD4 and CD8 T cells to suppress anti-tumor

immune activity.
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