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needed for CD8+ T cell memory forma-
tion, as we had shown 10 years earlier.8 
The granzyme B+ cells did not make TCF1; 
these subsets were not overlapping.

We wondered whether it is the non-
killer, TCF1-expressing subset of cells 
that multiplies in response to PD-1 
blockade. (See illustration on page 42.) 
In additional mouse experiments, we 
showed that the presence of PD-1+ TCF1+ 

CD8+ T cells was essential to increasing 
the abundance of T cells during check-
point blockade immunotherapy and to 
controlling tumors.6 

As PD-1+ TCF1+ CD8+ T cells expanded, 
most of the offspring cells transitioned from 
one subtype to the other: TCF1 expression 
fell off, limiting the cells’ capacity to divide, 
while granzyme B expression increased and 
the cells gained the potential to kill cancer 

cells. Some of the offspring maintained 
TCF1 expression, however, ensuring they 
maintained the potential for continued 
multiplication and killer cell production. 

These capacities of a subset of tumor-
resident PD-1+ CD8+ T cells—to multiply, 
differentiate, and self-renew—mirror 
those of memory CD8+ T cells and tissue-
specific stem cells. The tumor environ-
ment therefore contains stem cell–like 

(in short, “stem-like”) CD8+ T cells whose 
presence is necessary for the expansion of 
tumor-specific CD8+ T cells in response 
to checkpoint blockade in cases where 
the immunotherapy successfully induces 
tumor control in a preclinical animal 
model.6 Similar stem-like CD8+ T cells 
were found in protein-stained, micro-
scopically analyzed sections of human 
melanoma and lung cancer biopsies, and 
through gene expression analysis of sin-
gle CD8+ T cells from these tumors.6,7,9 

Predicting and improving the 
efficacy of immunotherapy
The overall response rates of cancer 
patients treated with antibodies to 
PD-1 remain relatively low. Even in the 
case of metastatic melanoma, which has 
the highest response rate of any cancer 
type, a considerable fraction of patients 
does not benefit from this or other 
checkpoint blockade immunothera-
pies. Other patients show initial tumor 
shrinkage, but the effect is transient. 
It is vital to be able to predict which 
patients will respond, not only to avoid 
useless treatments and reduce side 
effects, but also to more rapidly offer 
patients alternative options. Unfortu-
nately, current markers used to pre-
dict immunotherapy’s success, includ-
ing the number of somatic mutations in 
the tumor, the presence on the tumor of 
ligands that bind PD-1, and the abun-
dance of T cells in the tumor, are rather 
poor predictors of clinical outcome in 
individual patients. 

The importance of stem-like CD8+ T 
cells to controlling tumors in mice treated 
with checkpoint blockade therapy raises 
the question of whether the presence of 
these cells accurately predicts treatment 
response in humans. The jury is still out 
on this point. Stem-like TCF1+ PD-1+ 
CD8+ T cells have been found in the mel-
anoma and lung cancer tissue of patients 
who subsequently responded to immu-
notherapy as well as of those who did 
not,7 indicating that the mere presence of 
stem-like CD8+ T cells does not guarantee 
treatment response. More patients will 
have to be analyzed to see whether the 

cells’ abundance and/or function is dif-
ferent in responders and non-responders. 
Such predictive biomarkers would allow 
us to identify those patients who could 
benefit from the therapeutic potential of 
checkpoint blockade. 

Such insights might also help boost 
the efficacy of other types of immuno-
therapy. Adoptive T cell therapy, for 
example, involves isolating lymphocytes, 
including CD8+ T cells, from resected 
tumors; culturing the T cells in labora-
tory incubators to restore their function 
and expand them; and then reinfusing 
them into the patient. (See illustration 
on page 44.) It seems likely that the ini-
tial isolates used in adoptive T cell ther-
apy contain variable numbers of stem-
like PD-1+ CD8+ T cells, and that the 
long-term persistence and efficacy of the 
reinfused cells depends on the presence 
of CD8+ T cells with stem-like properties.

These are two predictions that can be 
tested now that scientists have identified 
the hallmarks of these stem-like cells. It 
is also essential to determine how cul-
ture conditions used in adoptive therapy 
affect stem-like cells. Indeed, the abun-
dance and quality of stem-like CD8+ T 
cells obtained with current cell amplifi-
cation procedures is unclear. Optimiza-
tions could include growth factors that 
favor the expansion of stem-like CD8+ 
T cells or limit the generation of killer 
CD8+ T cells, as the latter cells’ multipli-
cation capacity and persistence is lim-
ited. We expect that improving the stem 
cell properties of the infused cells would 
improve the therapeutic efficacy and 
durability of adoptive cell therapy. 

It is likely that current immuno-
therapy approaches do not fully unleash 
the functional potential of stem-like 
CD8+ T cells. A better understanding 
of these cells should improve immu-
notherapy for cancer patients. Going 

back to research the behavior of these 
immune cells in the context of infection 
may again help to gain critical insights. 
Besides infection and cancer, the dis-
covery of stem-like T cells may be rel-
evant in other situations where chronic 
T cell stimulation arises, such as auto-
immune disease and transplantation.
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ADOPTIVE CELL THERAPY AND STEM CELL–LIKE T CELLS
In patients with metastatic disease, tumor tissue can be surgically removed and immune cells extracted from it. The T cells, which include 
both cells that can fight the tumor and cells that cannot, are cultured with specific growth factors to increase their numbers and restore  
the functionality of cells that have become exhausted and thus less effective. This T cell mixture is then reinfused into the patient, with the aim  
of increasing the number of functional cells that can kill tumor cells and that will persist in the patient. The number of stem-like CD8+ T cells—
which sustain the production of killer CD8+ T cells—that make it back into the patient is currently unclear. But the importance of these cells  
to sustain tumor-fighting in response to checkpoint blockade raises the possibility that the conditions used to expand cells for infusion can  
be further optimized to favor higher proportions of stem-like CD8+ T cells. 

It is likely that current immunotherapy approaches 
do not fully unleash the functional potential of stem-
like CD8+ T cells. 
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The cultured T cells are infused into 
the patient with the aim of increasing 
the number of tumor-fighting T cells 
that the patient can produce.

The T cells, which include both cells that 
can fight the tumor (killer T cells) and 
cells that cannot, are cultured with specific 
growth factors to increase their numbers. 

In patients with metastatic disease, 
immune cells  (T cells) can be 
extracted from tumor tissue.

Stem-like T cells help sustain tumor- 
fighting in response to checkpoint blockade 
in two ways: they can differentiate into killer 
T cells that can kill cancer cells and also 
proliferate into more stem cells. This raises 
the possibility that the conditions used to 
expand cells for infusion should be further 
optimized to favor higher proportions of 
stem-like T cells.

Other  
T cells

Stem-like  
T cells

Killer T cells

3    

2    

1    

Optimal culture population (homogeneous)

Current culture capability (heterogeneous)


