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Adoptive cell therapy: challenges 
and promises in sarcomas

Despite some skepticism in the oncology community, cancer immunotherapy 
has recently and successfully made the transition from a “promising 
treatment” to realistic clinical applications, offering the possibility of new 
therapeutic opportunities even in the challenging field of advanced bone and 
soft tissue sarcomas (BSTS) [1].
The current immunotherapy revolution is primarily led by immune-
checkpoint modulator agents that have shown impressive results against 
metastatic melanoma [2] and are now progressively demonstrating their 
efficacy in several solid tumor settings [3]. Adoptive cell immunotherapy 
(ACT) is benefiting from this “positive momentum” and has made limited, 
but important, steps into clinical applications, especially with new approaches 
based on lymphocytes genetically redirected against tumor targets.
BSTS have biologic features that encourage a level of optimism for successful 
application of immunotherapy strategies, including ACT. Sarcomas have 
been the historical playground for clinical immunotherapy. First observations 
date back to the mid 19th century, with description of sarcoma regression 
following wound infections and based on Coley’s pioneering clinical 
experiments injecting inactivated bacteria broth [4]. Furthermore, over 
the years, crucial milestones in cancer immunology (e.g. tumor immune-
surveillance, role of perforin and interferon-γ) were first demonstrated 
within sarcoma models [5, 6]. From a clinical perspective, however, these 
promising indications have not gone on to produce the expected results. 
Considering ACT, several approaches have been explored and there is not yet 
a clear indication of which strategy may be more effective against sarcomas. 
It is possible to schematically differentiate between approaches based on 
T lymphocytes directed against tumor-associated antigens (TAA) [7]  
and strategies exploiting immune effectors related to the innate immune 
system like natural killer cells (NK), γδ lymphocytes or cytokine-induced 
killer (CIK) cells [8]. 
Different biologic features of the two groups impact their potential clinical 
transferability and possible opportunities for synergies. Most expectations, 
mostly relating to the first group, relate to T lymphocytes genetically 
engineered with TAA-specific T cell receptors (TCR) or chimeric antigen 
receptors (CAR) [9]. Safety and promising clinical activity were recently 
reported in synovial sarcoma settings with the infusion of autologous T 
lymphocytes engineered with anti-NY-ESO1 TCR [10]. An important 
advantage of this strategy is the possible targeting of TAA derived from 
both extracellular and intracellular molecules, including mutation-derived 
neoantigens. On the other hand, however, its application is limited to 
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patients with certain HLA-haplotypes and may be negatively affected by 
tumor MHC-downregulation, frequently described in sarcoma settings 
as an immune-escape mechanism. T-lymphocytes engineered with CARs 
recognize tumor targets through a single chain variable fragment derived from 
a TAA-specific antibody, overcoming the requirement for MHC-restriction 
and being potentially applicable to all patients. It is important to emphasize 
that CAR-engineered lymphocytes have the limitation of recognizing 
and targeting only extracellular tumor antigens excluding the family of 
cancer-testis antigens, considered very promising in sarcoma settings, 
and also possible neo-antigens derived by tumor-genome instability [11].  
CAR-engineered lymphocytes recently showed impressive results in the field 
of hematologic malignancies, although these have not yet been reproduced 
in solid tumor settings [12-15]. Initial clinical data recently supported the 
safety and initial activity of T cells engineered with anti-HER2 CAR against 
sarcomas [16]. Objective clinical responses were not as impressive as those 
against hematologic tumors, but the scene is set and it is foreseeable that 
future trials will improve the application of this strategy to sarcoma settings. 
Safety is a crucial and ongoing challenge with both TCR and CAR-redirected 
lymphocytes. Significant and even fatal events were reported in initial trials 
following unexpected off-target recognitions or undesired reactions due to 
the low-expression of TAA in healthy organs [17]. In the sarcoma setting, 
cancer testis antigens are considered very promising targets given their 
immunogenicity and the fact that they are almost exclusively present in 
tumor tissues. In the next future it is conceivable that great research efforts 
will be directed toward identification of new mutation- and/or translocation-
derived sarcoma neo-antigens, with the hope of providing suitable and 
effective targets for TCR-engineered lymphocytes. 
As mentioned above, an intriguing alternative for ACT against sarcomas 
may be provided by approaches based on MHC-independent immune 
effectors. Interesting preclinical data have been reported with either NK or 
CIK cells, including data against putative sarcoma cancer stem cells [18].  
Advantageous features of these strategies are the easy generation of 
clinically relevant rates of immune effectors with limited and cost/effective 
ex vivo manipulation. The lack of MHC-restriction indicates applicability 
to virtually all patients and potential avoidance of tumor immune-escape 
MHC-downregulation. No clinical data in the sarcoma setting are available 
yet but expectations are positive and clinical studies are ongoing. 
The two forms of adoptive immunotherapy should not be thought of as 
mutually exclusive, and possible synergies may be explored in future trials. 
One important issue relates to when and how to integrate potentially effective 
ACT within the current therapeutic strategies for sarcomas. It is conceivable 
that, similar to other tumor settings, the ideal timing for immunotherapy 
is when there is minimal residual disease and this may only be found in 
surgically resected advanced or even metastatic sarcomas. Interesting 
potential options, supported by preclinical data, will be exploitation of 
synergies between ACT and the recently introduced immune-checkpoint 
modulators, or with conventional treatments like chemotherapy and/or 
radiotherapy. 
Logistic issues affecting the clinical application of ACT for sarcomas, 
and tumors in general, need to be considered given the requirement for ex 
vivo manipulation, costs and need for dedicated personnel and facilities. 
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The solution is not simple given the requirement to comply with very 
rigorous and complex good manufacturing procedures (GMP) criteria. One 
possible scenario might include a centralization process, with generation 
of cell products in few specialized facilities, and constant dialogue 
between academic researchers and regulatory bodies. It is clear that we 
are experiencing an exciting time for cancer research and it is hoped that 
the field of sarcomas will benefit from these important advancements. The 
spectrum of potential approaches and synergy opportunities is constantly 
expanding and significant effort will be required to identify, rationalize and 
promote their exploration in clinical studies.
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