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The development of inhibitors targeting the programmed cell death 1/B7 homolog 1 

(PD-1/B7-H1) (PD) pathway, a mechanism adaptively used by tumors to evade the immune 

response, has been ground breaking in the treatment of a broad spectrum of advanced 

cancers, especially solid tumors. Antibody blockade of the PD pathway (anti-PD therapy) 

repairs this immune deficit in the tumor microenvironment, producing previously unseen 

durable responses in many patients with advanced-stage cancers, but a large fraction of 

patients still fail to respond.1 As clinical responses to anti-PD therapy correlate with the 

presence of both (B7-H1) expression and immune responses in the tumor,2 we propose a 

way of categorizing patients based on Tumor Immunity in the MicroEnvironment (TIME) 

and discuss its implications in cancer treatment.

Based on B7-H1 expression and the presence of immunity (mainly the presence of tumor-

infiltrating lymphocytes [TILs]) in tumor biopsies, 4 distinct TIME subtypes were 

previously described3,4: T1 (B7-H1−, TIL−), T2 (B7-H1+, TIL+), T3 (B7-H1−, TIL+), and 

T4 (B7-H1+, TIL−) (Figure). B7-H1 expression by tumors correlates with the presence of 

TILs,4 since interferon-γ (IFN-γ) production by TILs on antigen recognition can induce 

B7-H1 expression in virtually any nucleated cells tested thus far. Therefore, B7-H1–negative 

cells in the tumor microenvironment are likely those that (1) do not express tumor antigens 

capable of inducing T-cell recognition, (2) have no access to TILs, or (3) have access to 

TILs, but those TILs, unfortunately, are not proinflammatory and fail to produce IFN-γ. By 
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using the TIME classification, we hypothesize about the underlying immune deficits and 

impairments in the tumor, and predict responses to anti-PD therapy, which help select which 

treatments and agents that will best unleash the power of the immune system.

T2 tumors are predicted to account for most responses to anti-PD therapy. In principle, these 

tumors contain TILs and other immune cells, but these tumors are adaptively resistant to 

elimination via TILs owing to B7-H1 expression. B7-H1 is rarely expressed in normal tissue 

but is induced during inflammation, where its physiological function is to prevent the spread 

of inflammation.5 However, in the setting of cancer, this becomes an inappropriate response, 

where it impairs the killing of tumor cells. By targeting the PD pathway, the ongoing 

antitumor immune response is rescued. This hypothesis is supported by clinical data: B7-

H1–positive tumor tissues correlate with better responses to anti-PD therapy.2 The T2 

tumors that fail to respond to anti-PD therapy point to the existence of additional dominant 

immune inhibitory pathway (s). These additional inhibitory pathways remain to be 

elucidated, and, until they are, treatment of these refractory tumors to anti-PD therapy 

remains difficult.

T1 and T4 tumors account for most tumors4 and likely account for most nonresponders to 

anti-PD therapy. While T1 and T4 tumors share a common problem, the lack of TILs, T4 

differs from T1 because it has intrinsic B7-H1 expression, likely due to the activation of 

oncogenic pathways.3 The lack of TILs in these tumors may be caused by many factors, 

with possibilities spanning from a failure of tumor antigen presentation, to active 

suppression of inflammatory infiltration. Practically, focal radiation, locally administered 

oncolytic viruses, and cryotherapy can generate an inflammatory environment, and increase 

the availability of tumor antigens.6 Anticytotoxic T-lymphocyte-associated protein–4 

antibody may also promote inflammatory infiltration. In addition, cancer vaccines and 

adoptive T-cell therapy, including chimeric antigen receptor T cells may increase TIL 

accumulation. Costimulatory targeting to 4-1BB or OX40 molecules has been shown to 

increase tumor infiltration.6,7 It is possible, however, that the tumor microenvironment 

actively prevents entry of inflammatory cells, and we are just starting to understand the 

mechanisms that impair accumulation of immune cells at the tumor site.

T3 tumors have TILs but lack B7-H1 expression, likely owing to the absence of IFN-γ 
production by T effector cells (Teff), a sign of cellular dysfunction.3 Molecular pathways that 

are responsible for the dysfunction of Teff have yet to be elucidated. These T cells can 

potentially be rescued by costimulation with OX-40 or 4-1BB agonists, which have been 

shown to break existing T-cell tolerance.7 Using this strategy, T3 tumors can be converted 

into the more treatable T2 tumors.

Owing to considerable intratumoral variation of B7-H1 expression and TIL distribution, 

characterization of a tumor as positive or negative for B7-H1 and TILs may be jeopardized 

by the collection of small biopsy specimens. This may be a major reason why some B7-H1–

negative tumors still respond to anti-PD therapy. In the future, intratumoral variation may 

potentially be solved by image-based in vivo detection.
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Conceptually, we propose this TIME classification model, because this model is based on 

the underlying mechanisms of immune deficits and/or impairments that are occurring in 

tumors and has important clinical implications for how to best harness the power of the 

immune system. Currently, biopsies used to classify TIME are done at the time of diagnosis 

but rarely are repeated at the time of progression. While the TIME classification is important 

in helping with the selection of therapy at the time of biopsy, defining the TIME will require 

repeated biopsies. Cancer immunology is a complex dynamic arena, in which a multitude of 

factors are at play in the same tumor, and at the same time, and can change with treatments 

or over time. Additional characteristics can be built into this model in the future to further 

help characterize tumor immune responses as we enter the golden age of cancer 

immunotherapy.
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Figure. Tumor Immunity in MicroEnvironment (TIME) Classification
B7-H1 indicates B7 homolog 1; IFN, interferon; MHC indicates major histocompatibility 

complex; PD-1, programmed cell death 1; T1–T4, tumor subtypes; TIL, tumor-infiltrating 

lymphocyte.
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