
Vol.:(0123456789)1 3

Cancer Immunol Immunother (2017) 66:1505–1507 
DOI 10.1007/s00262-017-2045-4

LETTER TO THE EDITORS

CAR T cells targeting solid tumors: carcinoembryonic antigen 
(CEA) proves to be a safe target

Astrid Holzinger1,2 · Hinrich Abken1,2 

Received: 6 July 2017 / Accepted: 17 July 2017 / Published online: 28 July 2017 
© Springer-Verlag GmbH Germany 2017

CAR T cells. However, the polarized CEA distribution 
collapses upon tissue injury in micro-lesions under physi-
ologic conditions; as long as the lesion remains small, anti-
CEA CAR T cell activation resulting in clinically relevant 
inflammation is less likely. T cell targeting by a TCR, in 
contrast to CARs, faces a different challenge; presented by 
the HLA present on the entire cell surface, CEA is recog-
nized by TCR engineered T cells on healthy cells as well, 
with the risk of inducing auto-immune toxicity; indeed, a 
previous trial with TCR engineered T cells resulted in such 
toxicities which were severe and dose-limiting [4]. Thus, 
anti-CEA CAR T cells have an advantage over TCR engi-
neered T cells in this context.

Moreover, there are some differences in the clinical 
protocols for using these agents. First, the CAR binding 
domains target different epitopes of the extracellular CEA 
moiety; the BW431/26 scFv CAR targets the A3B3 domain 
which is close to the cancer cell membrane, whereas the 
MFE23 scFv CAR binds to the far distal N-A1 domain. 
Targeting the membrane-proximal CEA epitope is more 
efficient for CAR T cell activation than targeting the dis-
tal epitope independently of the binding affinity. Second, T 
cells with a first-generation CD3ζ CAR (NCT01212887) 
persisted poorly, in contrast to T cells with a second-gen-
eration CD28–CD3ζ CAR (NCT02349724). CAR T cell 
persistence and amplification is a strong predictor of clini-
cal efficacy which cannot be fully compensated by high 
IL-2 doses as applied in the CD3ζ CAR trial; no IL-2 was 
administered in the CD28–CD3ζ CAR trial. Systemic IL-2 
support also improved the anti-tumor responses of locally 
applied CAR T cells (NCT01373047), but this was at the 
cost of more severe adverse events. CAR T cell ampli-
fication is likewise promoted by “pre-conditioning”, a 
non-myeloablative lymphodepletion procedure immedi-
ately before CAR T cell administration to provide space, 
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Two recently published trials (NCT01212887 and 
NCT02349724) provided some clinical efficacy in the treat-
ment of gastrointestinal adenocarcinoma by systemic appli-
cation of chimeric antigen receptor (CAR) engineered T 
cells redirected against carcinoembryonic antigen (CEA) 
[1, 2]; local administration of anti-CEA CAR T cells by 
hepatic artery infusion also decreased tumor progression 
(NCT01373047) [3] (Table 1).

While CAR T cell therapy is inducing lasting remissions 
and even cure in the treatment of hematologic malignan-
cies, the treatment of solid tumors still remains challeng-
ing; CAR T cell toxicities to healthy tissues have frequently 
required trial cessation. The recent anti-CEA CAR T cell 
trials for the first time demonstrate that targeting an auto-
antigen, which is physiologically expressed by the luminal 
epithelia of the gastrointestinal tract and the lung, is fea-
sible without severe tissue destruction. Targeting CEA has 
the advantage that healthy cells expose CEA in a polarized 
fashion on the luminal side, while cancer cells express the 
antigen over the entire cell surface. As a consequence, CEA 
on cancer cells is recognized by CAR T cells which become 
activated and finally eliminate the targeted cancer cells, 
while healthy cells with luminal CEA remain invisible to 
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cytokines, and other growth factors. The optimal pre-con-
ditioning regimen is still a matter being explored, balanc-
ing the risk of side effects versus the capacity to sustain T 
cell amplification. In conjunction with IL-2 administration, 
in particular, pre-conditioning is a major cause of severe 
adverse events.

The CD3ζ CAR trial (NCT01212887) was set on 
hold, because patients suffered from shortness of breath, 
although this was transient and clinically manageable. Pul-
monary dysfunction frequently occurs independently of the 
T cell specificity and is thought to be due to the accumula-
tion of activated T cells in the lung capillaries immediately 
after infusion, often requiring artificial respiration. As long 
as the lung epithelia layer is not largely disrupted due to 
secondary events, it is unlikely that the anti-CEA CAR T 
cells are directly causing pulmonary damage.

As the risk of toxicities increases, defining early sur-
rogate markers for response will be crucial to identify 
those patients who will benefit from treatment. Serum 
IFN-γ as an indicator of T cell activation will not be suit-
able, because IL-2 supplementation increases IFN-γ inde-
pendently of CAR T cell activation. A specific marker 
in this situation is the CEA level in serum which is rou-
tinely recorded to monitor tumor load. Indeed, CEA levels 
declined in patients receiving the highest CAR T cell dose 
in all three trials, strongly supporting the notion that the 
anti-CEA CAR T cells were mediating a productive anti-
tumor response. Serum CEA does not induce or interfere 
with CAR T cell activation, because it does not cluster the 
CAR molecules required to form a signaling synapse.

The results of these trials together support our assertion 
that CEA as an auto-antigen with a strictly luminal expres-
sion pattern can be safely targeted by CAR T cells, result-
ing in some therapeutic efficacy in the treatment of solid 
tumors.
Astrid Holzinger
Hinrich Abken
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