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ARTICLE INFO ABSTRACT

Keywords: The development of immune checkpoint inhibitors (ICI) offers novel treatment possibilities for solid cancers,
Neoadjuvant with the crucial benefit of providing higher cure rates. These agents have become part of standard treatments in
Immunotherapy the metastatic and adjuvant setting for select cancers, such as melanoma, non-small cell lung cancer (NSCLC) or
Immune checkpoint inhibitors . . N . P . . . . . .
I urological malignancies. Currently, there is ample clinical interest in employing ICI in a neoadjuvant setting with
Gastrointestinal a curative intent. This approach is especially supported by the scientific rationale that ICI primarily stimulate the
GI cancer host immune system to eradicate tumor cells, rather than being inherently cytotoxic. Aside from tumor
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downstaging, neoadjuvant immunotherapy offers the potential of an in situ cancer vaccination, leading to a
systemic adjuvant immunological effect after tumor resection. Moreover, preclinical data clearly demonstrate a
synergistic effect of ICI with radiotherapy (RT), chemoradiotherapy (CRT) or chemotherapy (ChT). This review
harmonizes preclinical concepts with real world data (RWD) in the field of neoadjuvant ICI in gastrointestinal
(GI) cancers and discusses their limitations. We believe this is a crucial approach, since up to now, neoadjuvant
strategies have been primarily developed by clinicians, whereas the advances in immunotherapy primarily
originate from preclinical research. Currently there is limited published data on neoadjuvant ICI in GI cancers,
even though neoadjuvant treatments including RT, CRT or ChT are frequently employed in locally advanced/
oligometastatic GI cancers (i.e. rectal, pancreatic, esophagus, stomach, etc.). Utilizing established therapies in
combination with ICI provides an abundance of opportunities for innovative treatment regimens to further

improve survival rates.

1. Introduction

Neoadjuvant treatment concepts, including chemotherapy (ChT),
radiotherapy (RT) or chemoradiotherapy (CRT) have been primarily
developed by clinicians. In light of novel developments in the field of
immunotherapy [1], neoadjuvant application of immune checkpoint
inhibitors (ICI) has become an attractive approach, increasingly being
implemented in routine clinical practice. To develop new clinically
applicable neoadjuvant ICI concepts, it is necessary to reflect the prin-
ciples and limitations of current clinical neoadjuvant standards in regard
to timing of ChT, CRT and/or RT, ICI and surgery (induction/consoli-
dation, sequential/concomitant). Similarly, with respect to preclinical
testing, we need to consider novel approaches in animal models or in
vitro cell cultures and reconsider interpretations of current models to the
extent that experimental models better reflect the canon of clinical
therapy applied with the intention to cure.

2. The neoadjuvant treatment concept as part of a multi-modal
cure approach

Surgical tumor resection is usually the most relevant part of any
treatment concept aiming for cure in solid cancer, which applies to all
non-metastatic/oligometastatic stages. In locally advanced/oligometa-
static stages, ChT, CRT, RT and/or immunotherapy including ICI are
clinically implemented to purge micro-metastases, which are not
detected at initial diagnosis but cause local or distant tumor recurrence,
the latter being associated with incurable disease in most cases. Unfor-
tunately, response rates of solid tumors to cytotoxic therapy are rather
low. For example, in stage III colon cancer (CC) only 20% of the patients
receiving adjuvant ChT have an actual benefit in terms of improved
overall survival (OS). The remaining 50% would have been cured by
surgery alone, and around 30% still develop tumor recurrence despite
receiving adjuvant ChT [2,3]. In other words, 80% of the patients are at
unnecessary risk for side effects, such as neuropathy, without an
improved survival benefit. Moreover, despite the progress in molecular
medicine, we still lack reasonable predictive parameters for patient se-
lection. There is a clear need for improvements. ICI-based immuno-
therapy administered in the adjuvant setting represents an alternative
therapeutic approach [4]. This is based on its ability to re-stimulate
exhausted immune cells and reduce potential immunosuppressive ef-
fects of surgery to purge micro-metastases. Thus, ICI-based immuno-
therapy appears to be limited to malignancies with an inherent
pre-stimulated immune system. The current task is to identify these
specific patients, which will have a substantial benefit from adjuvant
ICIL. With respect to gastro intestinal (GI) cancers, only a small group of
microsatellite instable (MSI) tumors appear to fulfill those intrinsic re-
quirements for the use of ICI [5]. The alternative is to identify combi-
nation therapies rendering weakly immunogenic tumors responsive to
ICI. The neoadjuvant setting appears to be a valuable option for
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implementing such concepts.

The concept of neoadjuvant therapy/perioperative treatment (POT)
in addition to surgery has been developed to improve the treatment of
locally advanced/oligometastatic solid tumors, located in regions where
surgical resection margins might harm essential adjacent organs or
anatomic structures. This preoperative downsizing allows organ pres-
ervation and complete resection without residual tumor (R0), which is
necessary for cancer cure. As neoadjuvant therapy can even lead to
pathological complete remission (pCR), surgery might even become
dispensable for selected patients, as observed in rectal cancer (RC) [6].
Another advantage of a POT approach is the improved patient compli-
ance and fitness compared to an adjuvant setting, which might in part be
explained by potential surgical complications with a prolonged hospital
stay. Furthermore, POT gives the unique benefit to study individual
tumor biology/response in humans in vivo, which has a big translational
impact and can be further utilized for a personalized adjuvant treatment
approach. Neoadjuvant therapy usually consists of RT, CRT and/or ChT.
However, neoadjuvant treatment, which is usually given to patients
with a curative intent, should have limited side effects in order to avoid
harm to patients or prevent a potentially curative resection. Neo-
adjuvant treatment options might be specifically attractive for immu-
notherapeutic concepts, as the mode of action (MoA) of ICI-based
immunotherapy can be seen as an in situ cancer vaccine model, leading
to systemic tumor control. Efficient in situ cancer vaccination requires
the presence of a sufficient load of tumor-associated antigens (TAAs) in
an immunogenic context. Maximum TAAs load is certainly achieved
prior to surgical resection. In this line, it is relevant to point out, that the
primary cancer lesion usually harbors the largest amount of subclones
with the potential to form metastasis [7]. A therapeutic in situ cancer
vaccination appears to be less likely when the primary tumor mass is
gone after surgical resection, as this is the case in an adjuvant treatment
setting (Fig. 1).

As mentioned earlier, GI cancers usually insufficiently respond to
ICI-based immunotherapy, due to the lack of an endogenous immune
stimulation and due to a rather low baseline of TAAs. Implementing a
preceding immunogenic stimulus by the induction of an immunogenic
cell death (ICD) can potentially induce responsiveness to ICI. This can
probably be best achieved by oncolytic viruses (OV) [8,9] but also by RT
[10] and selected clinically-applied ChT [11]. The latter options provide
an exciting rationale to combine ICIs with established RT, CRT or ChT
concepts, currently given in the neoadjuvant setting, to enhance its
therapeutic local effects, as well as induce systemic tumor control
(Fig. 2). Importantly, initial preclinical and clinical data suggest there is
potential to ultimately enhance cure rates. Neoadjuvant immunotherapy
gives the opportunity to monitor the ICI-induced changes in the tumor
immune microenvironment (TIME) via analysis of sequential tissue and
liquid biopsies, as well as of the surgical specimen. Consequently, we
will gain a better understanding of how immunotherapy induces tumor
control and will be able to define predictive markers. This review
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provides current pre-clinical and clinical evidence supporting the
rationale of neoadjuvant immunotherapy in GI cancers as a new stan-
dard of care (SOC).

3. Preclinical evidence
3.1. The benefit of inmunotherapy applied in a neoadjuvant setting

Despite the overwhelming theoretical concepts and clinical interest
to investigate immunotherapy in a neoadjuvant setting, currently only a
handful of preclinical studies exist. Usually, researchers investigated
tumor outgrowth in a re-challenge model of genetically identical tumor
cells following resection of the original treated tumor. While these
models do not exactly reflect the nature of the clinical setting, they still
provide evidence for the potential of neoadjuvant immunotherapy. For
example, intratumoral gene therapy coding for interleukin-12 (IL-12) in
combination with dendritic cells (DCs) applied in a neoadjuvant setting
completely prevented tumor outgrowth of intravenously (i.v.) injected
hepatocellular carcinoma (HCC) [12]. A similar re-challenge model of
colorectal cancer (CRC), as well as in non-small cell lung cancer (NSCLC)
has recently been utilized to show synergism of programmed cell death
protein 1 (PD-1) and cytotoxic T-lymphocyte-associated protein 4
(CTLA-4) blockade with CRT in a neoadjuvant setting [13]. Another
study demonstrated that neoadjuvant therapy of a subcutaneous (s.c.)
cell line injection model of oral cavity carcinoma revealed a benefit of
PD-1 axis blockade compared to its adjuvant administration [14]. A
neoadjuvant preclinical model assessing local remissions of a s.c. applied
bladder cancer cell line injection model after neoadjuvant treatment and
surgery found a benefit for the combination of PD-1 inhibition,
granulocyte-macrophage colony-stimulating factor (GM-CSF), gemcita-
bine and cisplatin administration [15]. Nevertheless, the study designs
in the stated experiments are limited in respect to their extrapolation
potential for humans. The s.c. grafted tumors cell line of different tissue
origins rarely disseminate and mostly remain a solitary mass, necessi-
tating re-challenge with a clonally identical tumor in a different location
as a model for the metastatic setting. This tremendous reduction of
biological complexity exhibits detrimental limitations in comparison to
the real-world clinical setting. This limitation is especially relevant in
light of differences regarding clonal complexity between primary tumors
and metastases [16-19].
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A model which more closely reflects clinical reality was used by Edris
et al. [20]. Subcutaneous grafting of the LMS04 cell line led to lung
metastasis formation, which was exploited for testing neoadjuvant
therapeutic effects. They demonstrated that neoadjuvant inhibition of
the immune checkpoint CD47/signal regulatory protein o (SIRPa) axis
facilitated tumor phagocytosis. This blockade applied before tumor
resection prevented metastatic outgrowth in lung and lymph nodes.
Furthermore, anti-CD47-induced phagocytosis facilitates antigen pre-
sentation and subsequent antigen-specific immune stimulation [21].

To date the most important study for preclinical neoadjuvant
immunotherapy was performed by Liu et al. [22]. Orthotopic injection of
a murine breast cancer cell line allowed for a metastatic growth pattern
of the tumor and therefore a more realistic demonstration of neo-
adjuvant treatment response. The authors compared systemic ICI based
immunotherapy given in a neoadjuvant versus (vs.) adjuvant setting.
The neoadjuvant application of the of anti-programmed cell death 1
ligand 1 (PD-L1) and agonistic CD137 antibody was exceedingly supe-
rior in preventing lung metastases as compared to the adjuvant appli-
cation. Purging of regulatory T (Treg) cells using an anti-CD25 antibody
was highly relevant in preventing metastatic disease progression. In this
line it is important to note that some anti-CTLA-4 antibody clones are
shown to be as efficient as an anti-CD25 antibody to purge Treg cells in
preclinical models [23,24]. This effect however is not reproduced to the
same scale in humans [25]. The improved effect of neoadjuvant
compared to adjuvant immunotherapy was further validated in a clinical
human melanoma setting [26].

Overall mechanistical hallmarks for successful immunotherapy
(immunogenicity, immunosuppression and susceptibility of cancer cells;
composition, localization and functionality of immune cells), as well as
resistance mechanisms (primary, adaptive and/or acquired) [27-29] do
not differ in a neoadjuvant or adjuvant setting. However, the starting
situation (having the full tumor mass at the initiation of immuno-
therapy) is fundamentally different. In particular neoadjuvant immu-
notherapy leads to the expansion of more tumor-resident T cell clones in
the peripheral blood compared to the adjuvant application [26].
Furthermore, it seems to enable epitope spreading by the prevention of
subdominant T cell clone death [22]. Classical resistance mechanisms,
such as immune suppression (i.e. low tumor T cell infiltration), muta-
tional escape (i.e. lower MHC expression) or tumor evolution (low PD-L1
expression) are associated with early relapse after neoadjuvant ICI [30].
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Fig. 1. Neoadjuvant therapy induces an anti-tumor immune response compared to adjuvant treatment. (A) Schematic representation of neoadjuvant treatment.
Immediate treatment turns the “cold” primary tumor into a “hot” tumor containing multiple activated immune cells. The down-sizing of the tumor eases surgical
resection and the adaptive anti-immune response within the tumor and its draining LN. (B) Schematic representation of an adjuvant treatment. The “cold” primary
tumor is immediately resected. Adjuvant treatment stimulates low anti-tumor immune responses due to little antigen presence in micrometastases, leading to almost
exclusively local effects of adjuvant therapy and lack of adaptive immunity induction.
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A subsequent work provided data, that 2 cycles of neoadjuvant
therapy was sufficient to induce a protective immune response [31].
Adding further adjuvant immunotherapy increased toxicity but did not
contribute to therapeutic efficacy. As would have been predicted, neo-
adjuvant therapy was associated with higher induction of tumor-specific
CD8+ T cells, as compared to adjuvant therapy. This finding strongly
supported the notion that this in situ vaccination effect can be better
achieved by ICI when sufficient amount of TAAs is present. In the
respective setting type I interferon (IFN) receptor blockade abrogated T
cell stimulation, which further correlates with the findings in the field of
OV, that an functional type I IFN pathway is highly relevant for an
efficient stimulation of tumor ablative T cells [32]. Moreover, the im-
mune response was also abrogated in mice lacking basic leucine zipper
transcription factor ATF-like 3 positive (BATF3+) DCs [33]. Corre-
spondingly, blockade of lymphocytes migration by fingolimod (a
sphingosine-1-phosphate receptor modulator; S1P) strongly attenuated
the induction of cancer-specific T cells. This correlates with the finding
that early surgical resection of tumor-draining lymph nodes abrogates
ICI-induced tumor regression and decreases tumor immune-infiltration
[34]. This migration of immune cells including DCs between the pri-
mary tumor site and draining lymph nodes has been confirmed in
humans [35]. It is important to note that to convert immunological
“cold” tumors into “hot” tumors targeting the TIME has shown prom-
ising results in preclinical studies. In particular in a neoadjuvant setting
where emphasis is made on the presentation of TAAs, combining stan-
dard of care therapies with CD47-SIRPa blockade [36,37] or CD40
agonism [38] can enhance efficiency of tumor specific cytotoxic T cell
priming. Most recently Etxeberria et al. generated an CD137 agonist
with reduced liver toxicity [39]. This probody (a recombinant and
proteolytically activated antibody prodrug) is activated by a protease of
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the TIME. Neoadjuvant application of this CD137 probody combined
with anti-PD-1 prevented outgrowth of lung metastasis in a breast
cancer model, similarly to the strategy proposed by Liu et al. [22].
Together this data suggest not to perform surgical resection within the
first week after neoadjuvant immunotherapy.

In a recent study Brooks et al. generated the murine model of neo-
adjuvant therapy [40] mimicking the clinical development of a malig-
nancy most closely. Pancreatic cancer was genetically induced by
surgical electroporation of plasmids bearing oncogenes into the
pancreatic tail. After neoadjuvant or mock treatment and subsequent
surgical resection local recurrence and distant metastases were
observed. Standard ChT (gemcitabine) was relatively effective in
reducing local recurrence and enhancing survival in an adjuvant setting,
while anti-PD-1 was significantly more effective when administered
before surgery and in combination with ChT. This effect depended on
natural killer (NK) cells and CD8+ T cells, but not CD4+ T cells, which
could be even further enhanced by the addition of the NK cell ICI
anti-CD96 after resection. In fact, only the combination with the CD96
inhibitor significantly reduced distant metastases. The study suggests
that rationally timed combinations of neoadjuvant and adjuvant
immunotherapeutic treatments targeting various cell types at distinct
times are highly advantageous for the treatment of aggressive cancer
types.

Overall, these data not only support the concept of neoadjuvant
application of ICI-based immunotherapy but also favor this concept over
adjuvant application (Fig. 3). However, in the majority of previously
described neoadjuvant preclinical models, immunotherapy alone was
sufficient to induce a therapeutic effect. This is in contrast with clinical
trials done in metastatic disease, which indicate little therapeutic value
in the majority of solid malignancies. Most likely the cause the lack of
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response is that efficient ICI therapy requires an initial induction of an
anti-tumor immune response by an ICD. Most solid cancers obviously
lack strong endogenous ICD and are characterized by low CD8+ T cell
infiltrates and/or low levels of TAAs. However, there are ample pre-
clinical data, indicating that ICD is initiated by a number of different
clinically applicable approaches such as i) ChT [11], ii) RT/CRT iii)
[41], targeted therapies [42,43] and iv) OV [44]. As CRT and RT are
frequently part of standard neoadjuvant treatment options, this real-life
clinically applied setting serves as a perfect in vivo model to study
combinatorial ICI in a human translational setting.

3.2. Combing immunotherapy with chemotherapy

Neoadjuvant ChT targets the primary tumor as well as distant un-
diagnosed micrometastases. Thus, the addition of immunotherapy may
enhance effective tumor elimination. In the clinical setting ChT is known
for its immunosuppressive effect mediated by leucopenia. However,
selected drugs such as anthracycline, oxaliplatin, cisplatin, cyclophos-
phamide and taxanes induce an ICD and a proinflammatory response
[45].

As early as 2005 the groups of Kroemer and Zitvogel described that
caspase 3-dependent cell death induced by anthracycline stimulated a
DC-mediated tumor-specific CD8+ T cell response, which is tumor
ablative [46]. Similarly, apoptotic bodies of oxaliplatin-treated tumor
cells induced IL-2 secretion in DCs via the toll-like receptor 4 (TLR4).
TLR4 stimulation was mediated by the damage-associated molecular
patterns (DAMPs), specifically by the high-mobility-group-protein bl
(HMGB1) secreted by dying tumor cells [47]. Importantly, the lack of
TLR4 in host cells prevented effective treatment with oxaliplatin, indi-
cating that the immune system is at least in part essential for the ther-
apeutic effect of oxaliplatin. Other immunogenic mediators of the
ChT-induced stress response are heat shock proteins (HSP), such as
the chaperon calreticulin (CALR). The humoral response seems to be less
crucial for the immune-mediated tumor ablative effect of ChT drugs,
such as anthracyclines [48]. This supports the clinical observation, that
tumor ablative effects mainly correlate with an efficient T cell stimula-
tion. Moreover, cyclophosphamide has been shown to reduce immu-
nosuppressive Treg cell density in the TIME, which further provides a
proinflammatory stimulus [49]. The group of Zitvogel et al. was also the
first to describe the impact of the intestinal microbiome on the tumor
ablative effect of ChT. This observed effect is depended on a fraction of
pathogenic T helper 17 (Th17) cells [50]. Specifically, the induction of a
CD8+ T cell mediated response by selected ChT drugs correlates with
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the finding, that ChT-induced the expression of ICI targets such as PD-1,
PD-L1 or CTLA-4 [51-53]. Furthermore, CTLA-4 expression inversely
correlated with pathological response to neoadjuvant ChT including
bevacizumab (anti-vascular endothelial growth factor A; VEGF-A) in
patients with resectable colorectal liver metastases (CLM) [54].

All together these observations provided a rational concept to
combine immunogenic ChT with ICI. Thus, ChT, such as oxaliplatin or
cyclophosphamide, which induces tumor-infiltrating CD8+ T cells, can
be efficiently combined with ICI to prevent outgrowth of genetic models
of lung adenocarcinoma [55]. A number of other reports confirmed this
concept in murine models including lung cancer [56], CC [57] head and
neck squamous cell carcinoma (HNSCC) [53], urothelial carcinoma [58]
and ovarian cancer. Other studies combined RT with ChT in addition to
immunotherapy. In this line, the combination of a single fraction of 10
gray (Gy) and low-dose cisplatin was more effective in combination with
an anti-PD-1/CD137-based immunotherapy than RT alone [59]. These
results suggest that multi-modal therapy might be more effective than a
single or dual agent approach. The understanding of the complementary
activities of all those drugs will be critical for rational combinations.
Similarly, Hao et al found that the senescence-associated secretory
phenotype (SASP) overcomes resistance to ICI therapy [60]. The SASP is
known to induced the cyclic GMP-AMP synthase (cGAS)-stimulator of
interferon genes (STING) pathway. Intraperitoneal (i.p.) injection of
cisplatin and irinotecan treated senescent cells in combination with
anti-PD-1 antibody prevented outgrowth of ovarian cancer cells.

It should be noted that drugs were frequently given only for a short
time in most animal models, which indicates an immunogenic effect of
ChT. Short-courses of ChT might also be associated with less immuno-
suppression than long term application, supporting beneficial effects in a
neoadjuvant setting.

3.3. Combining immunotherapy with radiotherapy

RT represents a common therapeutic tool utilized in multiple ma-
lignancies which has shown promise in combination with ICL It is
known that RT can induce ICD, leading to the stimulation of antigen
presenting cells (APCs) and the release of TAAs in the TIME. This results
in the activation of anti-tumor T cell clones in the draining lymph nodes
upon migration of the activated APCs [10]. Furthermore, this immu-
nogenic stimulus can induce T cell migration into the tumor [61-64],
which is favorable in the light of T cell abundance, which is a positive
predictive factor for anti-PD-1 response [65]. Correspondingly, there is a
growing body of preclinical and clinical evidence supporting the effec-
tiveness of this combination [10].

One question of major importance when combining ICI with RT is
timing. Since the mechanism of action of ICD inducers, such as RT in an
immunological context is believed to be the generation of a classical
immunogenic DAMP signals it seems likely, that concomitant ICI
administration would be preferable to consolidation approach. Experi-
mental evidence has shown, that for the 2 checkpoint pathways blocked
in current clinical practice (anti-PD-1 and anti-CTLA-4), the optimal
timing in combination with RT slightly varies. CTLA-4 blockade, mostly
acting early in the process of central T cell priming, is most enhanced in
effectiveness when delivered 1 week before hypo-fractionated RT [66].
A comparison of 2 prospective clinical trials in melanoma applying this
combination similarly shows, that only administration immanently prior
to the start of RT seemed to induce tumor remission [67,68]. PD-1
blockade, which acts on peripheral T cells directly in the TIME, seems
most effective when delivered concomitantly to RT [69]. Multiple
retrospective studies and meta analyses have confirmed the benefit of
concomitant RT in combination with either CTLA-4 or PD-1 blockade
[66,70-74]. Similar preclinical models also demonstrated beneficial
effect of RT with inhibition of indoleamine-pyrrole 2,3-dioxygenase
(IDO) [75] and T cell immunoglobulin and mucin-domain contain-
ing-3 (TIM-3) [76].

Another consideration besides timing is RT dosage. A comprehensive
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and extensive review about RT dose and fraction with immunotherapy,
providing a framework for tumor-specific considerations on the immu-
nomodulatory effect of RT, has been published recently [77]. While
there is evidence that optimal immunostimulatory effects of RT in
combination with anti-PD-1 treatment are achieved with lower frac-
tionation and with higher dosage up to 8 Gy per fraction [78], long term
low dose RT with a high cumulative dose (2x5 Gy) can potently enhance
immunotherapy in mice as well [69]. Some studies have found an
upregulation of the 3 prime repair exonuclease 1 (TREX1), a cytosolic
DNA cleavage enzyme, at around 10 Gy and higher, which abolishes the
major immunogenic ¢GAS-STING pathway [79,80]. This mechanism
reduced the immunogenic effect of RT in mouse models and results from
clinical practice support this assertion [81]. However, some studies have
found sufficient effects even at very high single radiation doses (3x9 Gy)
[81].

A third consideration when designing protocols combining RT and
ICI is opting for maximum precision in the irradiation field of the tumor.
Not only could irradiation of surrounding tissue possibly cause un-
wanted local side effects and unexpected immunological effects, but
irradiation of the tumor-draining lymph nodes has shown to reduce the
effectiveness of such combinations. This is of little surprise considering
the importance of secondary lymphatic organs in arming adaptive T cell
responses [82].

Clinically some cancers such as RC can either be treated in a neo-
adjuvant setting by short-course pre-operative radiotherapy (SCPRT) or
by a CRT. This prompted some researchers to investigate combined RT
and ChT in combination with immunotherapy. In this line it was shown
that the combination of a single fraction of 10 Gy and low-dose cisplatin
was more effective in combination with an anti-PD-1/CD137 based
immunotherapy than RT alone [59]. Similarly, Josef et al. analyzed the
immunogenic effect of RT (8 Gy) vs. CRT with cisplatin and fluorouracil
(5-FU) in a CT-26 mouse model. The addition of ChT to RT not only
strongly enhanced mRNA expression of activation markers in NK cells
and T cells but also of exhaustion markers and IFNy production.
Correspondingly, depletion of CD4+ or CD8-+ T cells or inhibition of
IFNy abrogated the RT-induced tumor ablative effect. Furthermore,
adding anti-CTLA-4 and PD-1 antibodies to CRT was more effective than
any other combination. Thus, the understanding of the complementary
activities of those drugs/treatments is critical for further rational
combinations.

Overall, there is abundant preclinical evidence, that RT is a prom-
ising combination partner with ICIs. Thus, adding ICI in the context of
neoadjuvant treatment for cancer types where RT is part of the SOC,
serves as an attractive model for novel practice changing clinical de-
velopments in the field of immunotherapy.

3.4. Combining immunotherapy with oncolytic viruses

One of the most potent mechanisms to induce ICD in a malignant cell
is the infection with an OV. This fact is based on the evolutionary
developed immune system, which is established to be activated by and
to eradicate microbial infections. Correspondingly, OV have been found
to be ideal for the synergistic enhancement of ICI therapy, frequently
leading to a complete ablation of established tumors. This has been
shown for a number of RNA viruses including reovirus [83], vesicular
stomatitis virus (VSV) [9], newcastle-disease-virus (NDV), measles virus
(MV) [84] and influenza A virus (IAV) [85] and even more effectively for
DNA viruses including adenovirus [86], vaccina virus (VV) [87], herpes
simplex viruses (HSV) [88] and others [89]. Tumor re-challenge ex-
periments usually indicated an immunological memory induced by the
in situ anti-cancer vaccination effect. This tumor ablative immune
response dependent on cytotoxic T cells and a functional induced by
type I and type II IFN system. With respect to the TIME, viruses repo-
larized tumor-associated macrophages (TAMs) from an M2-like pheno-
type towards a more proinflammatory M1-like phenotype. Armed
viruses expressing T cell stimulating cytokines such as IL-12, IL-15 or
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GM-CSF could further enhance tumor ablative immune stimulation [90,
91]. Despite the huge potential of OV, development and licensing are
rather cumbersome, preventing its rapid implementation in clinical
studies, particularly in a neoadjuvant setting in which patients are
treated with a curative intent.

4. Neoadjuvant/adjuvant immunotherapy in solid non-GI
cancers

With respect to solid non-GI cancers there is already a large body of
evidence including clinical phase III trials, suggesting neoadjuvant
immunotherapy as a reasonable treatment option.

4.1. Breast cancer

Combined ChT with immunotherapy in the neoadjuvant setting of
triple negative breast cancer (TNBC) targets several steps in the cancer-
immunity cycle. ChT induces the release of DAMPs reducing Treg cell
activity, while increasing CD8+ T cell activity, as well as the expression
of PD-L1, synergistically promoting the killing of cancer cells [92,93].

The first phase III trial exploring this combination in stage II/III
TNBC was the KEYNOTE-522 trial, comparing the combination of
intensive neoadjuvant ChT (12 weeks of paclitaxel and carboplatin fol-
lowed by 12 weeks of doxorubicin/cyclophosphamide) with concomi-
tant pembrolizumab (anti-PD-1) vs. placebo, followed by surgery [94].
Postoperatively patients remained on immunotherapy up to 1 year vs.
placebo. The 2 main end points were pCR and event-free survival (EFS).
A second smaller IMpassion031 study randomized patients into neo-
adjuvant platinum-free ChT (nab-paclitaxel) followed by accelerated
doxorubicin/cyclophosphamide (AC) with or without atezolizumab
(anti-PD-L1). After surgery patients were unblinded receiving immu-
notherapy or solely a follow-up with the primary end point pCR in the
intention-to-treat (ITT) population [95].

Both trials showed a substantial increase in pCR rates for the addition
of immunotherapy to ChT from 51.2% to 64.8% in KEYNOTE-522 and
from 41.1% to 57.6% in the IMpassion031 trial. Very interesting results
were revealed after subgroup analysis in the KEYNOTE-522 trial. Pa-
tients with lymph node (LN) involvement treated only with ChT usually
have lower pCR rates as compared to the LN negative subgroup (44.1%
vs. 58.6%). Adding pembrolizumab was associated with a similar pCR in
both subgroups (64.8% vs. 64.9%) [94]. The same was observed in the
IMpassion03 study, where the addition of atezolizumab increased pCR
from 30.6% to 57.1% in LN positive and from 49% to 57.8% in LN
negative patients [95].

In contrast to data from the metastatic TNBC setting, patients had a
significant benefit in the neoadjuvant setting independent of their PD-L1
status. The added benefit observed was the same across different PD-L1
expression groups. As expected, overall higher responses were achieved
in higher PD-L1 expressing tumors, but the benefit observed by the
addition of immunotherapy was the same as compared with PD-L1
negative tumors. The percentages of patients with a pCR were 68.9%
among those who received combination treatment and 54.9% among
those who were treated with ChT alone in the PD-L1 positive patient
groups. While in the PD-L1 negative population the pCR rate was 45.3%
in the pembrolizumab/ChT group, the pCR rate was 30.3% among those
who received placebo/ChT [94]. IMpassion031 provides similar results
with a pCR of 68.8% vs. 49.3% in PD-L1 positive patients and 47.7% vs.
34.4% in PD-L1 negative patients [95]. Strikingly, conversion rates from
negative to positive PD-L1 status reached 63% just 2-3 weeks after the
application of immunotherapy.

Results of the KEYNOTE-522 trial show 91.3% of EFS in the com-
bination group compared to 85.3% in the ChT only cohort after 18
months follow up with an HR of 0.63 (not statistically significant).
Notably, patients who did not achieve pCR treated with immuno-
therapy/ChT still had a benefit in regard to EFS in comparison to ChT
only group (69.59% vs. 61.7%) [96].
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4.2. Lung cancer

Pilot studies of immunotherapy in a neoadjuvant setting of NSCLC
show similarly encouraging results as they do for breast cancer. Nivo-
lumab (anti-PD-1) administered twice preoperatively in surgically
resectable early stage (I, II, IITA), independent of PD-L1 status, is asso-
ciated with few side effects, does not delay surgery and induces major
pathological response (MPR) in 45% of the treated patients [97]. Simi-
larly, the larger LCMC3 study applying 2 cycles of single agent atezoli-
zumab preoperatively in NSCLC stage IB to IIIB patients resulted in a
MPR rate of 21% and a pCR rate of 7% [98]. Surgery was accomplished
within a narrow protocol-defined window in 88% of the patients. These
results provide additional clinical evidence and are in support of the
ongoing placebo-controlled phase III IMpower030 study, combining
atezolizumab with platinum-based ChT [99].

A potentially new neoadjuvant ChT/immunotherapy regimen for
patients with resectable NSCLC was shown in the phase III CheckMate
816 trial where adding nivolumab to ChT significantly increased pCR
rates in comparison to ChT alone (24% vs. 2%), without an increase in
overall toxicity or delays to surgery [100,101]. This study randomized
adults with NSCLC stage IB to IIIA with no known activating alterations
in epidermal growth factor receptor (EGFR) or anaplastic lymphoma
kinase (ALK) genes to 3 times nivolumab and platinum-doublet ChT vs.
ChT for 3 cycles, followed by definitive surgery within 6 weeks after the
end of treatment. The pCR was improved across all study subgroups
independent of disease stage, NSCLC subtype, PD-L1 status and tumor
mutational burden (TMB). Furthermore, surgical outcomes showed that
combination treatment was associated with a higher rate of minimally
invasive surgery (MIS) 30% vs. 22% and had a lower conversion rate
with 11% vs. 16% in the nivolumab combination arm. Neoadjuvant
immunochemotherapy treatment also displayed a reduced pneumec-
tomy rate 17% vs. 25%, as well as a reduced lobectomy rate (61% vs.
77%). In regards to the pathological response the addition of nivolumab
resulted in median residual viable tumor cells in the primary tumor of
just 10% compared to 74% in the ChT only arm. These results were
achieved without increasing the duration of hospitalization or
increasing the overall toxicity. Overall, the surgical outcomes and
improved pCR rates from CheckMate 816 support the treatment com-
bination of immunotherapy and ChT as a neoadjuvant option for
resectable NSCLC.

4.3. Melanoma

Melanoma trials provide the most advanced and rigorous data of
neoadjuvant treatment regimes. Recently a pooled analysis of 6 clinical
studies from the International Neoadjuvant Melanoma Consortium
(INMC) was published [102]. It summarizes neoadjuvant trials of
resectable stage IIIB or IIIC melanoma receiving either ICI or targeted
therapy. Although pCR rates were higher in the target therapy group
(47%) compared to the immunotherapy group (33%), together they
reached 43%. Overall survival (OS) rates at 2 years reached 99% for
patients achieving a pCR with ICI, and 91% with targeted therapies.
Interestingly, patients with any pathological response (pCR, near pCR or
pathologic partial response; pPR), had a 2-year relapse-free survival
(RFS) rate of 96% in the immunotherapy treatment groups. The OS for
the immunotherapy combination group was 96% at 2 years compared to
76% for the monotherapy treatment group, independent of pathological
response, supporting the application of ICI combination in the neo-
adjuvant setting.

A second smaller study, the OpACIN-neo trial, analyzed the neo-
adjuvant ICI as well [103]. It recruited 3 treatment arms: 2 cycles of
ipilimumab 3 mg/nivolumab 1mg; 2 cycles of ipilimumab
1 mg/nivolumab 3 mg or sequential nivolumab and ipilimumab for a
total of 4 applications followed by surgery. The 2-year follow-up showed
a RFS of 84% whereas the OS reached 95%. There was no significant
difference between the treatment arms, however toxicity was much
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lower in the ipilimumab 1 mg/nivolumab 3 mg arm with about 27%
grade 3, 4, or 5 immune-related adverse events (irAEs). These results
support the conduction of further randomized controlled clinical trials
of neoadjuvant or neoadjuvant/adjuvant treatment vs. adjuvant treat-
ment alone.

4.4. Urothelial cancer

Cisplatin-based neoadjuvant ChT in bladder carcinoma is associated
with relatively high toxicity in a patient group, which is often frail and
has multiple comorbidities. Ongoing trials applying ICI in a neoadjuvant
setting are well-tolerated by the majority of patients and are therefore of
great interest. One of the first trials investigating such a regimen was the
phase 2 PURE-01 study [104]. Preoperatively pembrolizumab (3 cycles)
applied prior to radical cystectomy in muscle invasive bladder cancer
(MIBC) resulted in 42% of pCR, and 54% of tumor downstaging. 54.3%
of cPR was achieved in patients exhibiting a PD-L1 combined positive
score (CPS) of >10%. Authors conclude neoadjuvant pembrolizumab
could be safely administered in patients with MIBC.

Another phase II study investigating atezolizumab as a monotherapy
(2 cycles preoperatively) in MIBC was the ABACUS trial [105], resulting
in 29% of pCR rates and 39% of tumor tumors being downstaged to
non-muscle-invasive bladder cancer (NMIBC).

As the combination of ICI appears to increase pathological response
rates, multiple trials are investigating the combination of immunother-
apeutic agents. The phase IB NABUCCO trial [106] was performed to
mitigate the risk of irAEs. Patients received ipilimumab 3 mg/kg (day
1), ipilimumab 3 mg/kg + nivolumab 1 mg/kg (day 22), and nivolumab
3 mg/kg (day 43), followed by resection. Overall, a downstaging rate of
59% and a pCR of 45% was achieved. Interestingly, response was
associated with massive tumor bed infiltration of cytotoxic CD8+ T
cells. Furthermore, cisplatin ineligible patients had an encouraging pCR
rate of 46%.

More ongoing trails are investigating the role of ICI in bladder
preservation when combined with concurrent CRT, such as the phase III
trial INTACT using atezolizumab [107] and the KEYNOTE-992 using
pembrolizumab [108].

To increase effectivity in platinum-fit patients, a combination of
immunochemotherapy is being tested in the neoadjuvant setting of
MIBC. In a recently presented phase II study, patients received 1 cycle of
atezolizumab prior to 4 cycles of ChT (cisplatin-gemcitabin) concomi-
tantly with atezolizumab [109]. A high rate of 70% of tumor down-
staging was achieved as well as 44% of pCR rate, outperforming
previous ChT results. Very importantly authors report non-significant
changes or increase in the toxicity profiles.

4.5. Head and neck cancer

Further promising data of immunotherapy in a neoadjuvant setting
comes from a trial investigating locally advanced human papillomavirus
(HPV) negative HNSCC [110]. The 2 preoperatively applied cycles of
pembrolizumab improved response rates in comparison to the previ-
ously investigated single cycle. 43% of the patients experienced a pTR-2
(tumor response >50%) and 16% had a MPR (>90% of tumor response).
It was a well-tolerated treatment and has the potential of having a
favorable impact on the clinical outcome.

4.6. Glioblastoma (GBM)

Neoadjuvant immunotherapy yields also promising effects in
immune-privileged sites, such as the brain. The phase II Neo-nivo trial
demonstrated higher tumor immune cell infiltration, increased T cell
receptor (TCR) clonal diversity and an upregulated expression of che-
mokine transcripts after neoadjuvant nivolumab, following surgery and
adjuvant nivolumab [111]. These results were further confirmed in
recurrent GBM, where patients received neoadjuvant pembrolizumab,
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Table 1
Published and ongoing clinical trials with neoadjuvant immunotherapy in resectable GI cancers.
Tumor Entity NCT Number ICI agent Setting Combination Phase  Ref.
Esophageal cancer (EC)
ESCC NCT04804696 PD-1 (Toripalimab) Neoadjuvant Concomitant ChT (paclitaxel, cisplatin) I
EAC, ESCC NCT02735239 PD-L1 (Durvalumab) Neoadjuvant Concomitant ChT / CRT (FLOT, CAPOX / CROSS) 1/11
EAC NCT03399071 PD-L1 (Avelumab) Neoadjuvant Concomitant ChT (FLOT) 11 [134]
ICONIC
EAC NCT03087864 PD-L1 (Atezolizumab) Neoadjuvant Concomitant CRT (CROSS) I [135]
PERFECT
EAC + GEJ NCT02639065 PD-L1 (Durvalumab) Adjuvant Neoadjuvant CRT I [136]
EAC + GEJ NCT03604991 PD-1 (Nivolumab) Neoadjuvant/Adjuvant Neoadjuvant CRT (CAR, PAC, 50.4 Gy) 1I/111 [137]
EA2174 CTLA-4 (Ipilimumab)
EAC + GEJ NCT03490292 PD-L1 (Avelumab) Neoadjuvant Induction CRT (CROSS) I/11 [138]
EAC, ESCC, GEJ NCT02743494 PD-1 (Nivolumab) Adjuvant Neoadjuvant CRT 111 [113]
CheckMate-577
EAC, GEJ, GC NCT03064490 PD-1 (Pembrolizumab) Neoadjuvant/Adjuvant Neoadjuvant CRT (CROSS) I
PROCEED
EAC + GEJ NCT03784326 PD-L1 (Atezolizumab) Neoadjuvant/Adjuvant Concomitant ChT (mFOLFOX6) 1
EAC + GEJ NCT02962063 PD-L1 (Durvalumab) Neoadjuvant/Adjuvant Induction ChT (mFOLFOX6) /11
CTLA-4 (Tremelimumab) Concomitant CRT (50.4 Gy + FOLFOX/CAPOX/CB+PTX)
ESCC NCT02520453 PD-L1 (Durvalumab) Adjuvant Neoadjuvant CRT (N.A.) 11
EAC + ESCC + GEJ  NCT03544736 PD-1 (Nivolumab) Neoadjuvant/Adjuvant ~ Concomitant CRT (CROSS) 1/11
INEC
EAC + ESCC + GEJ NCT03044613 PD-1 (Nivolumab) + /- Neoadjuvant Consolidation/ Concomitant CRT (CROSS) I [139]
LAG-3 (Relaltimab)
Gastric cancer (GC)
GC + GEJ NCT03878472 PD-1 (Camrelizumab) Neoadjuvant + /- concomitant ChT (apatinib/S1/oxaliplatin) )i [140]
GC + GEJ NCT03221426 PD-1 (Pembrolizumab) Neoadjuvant Concomitant ChT (FLOT/FP/XP) 111 [141]
KEYNOTE-585
GC + GEJ NCT03448835 PD-L1 (Atezolizumab) Neoadjuvant Concomitant ChT (DOC) I
PANDA
GC + GEJ NCT02918162 PD-1 (Pembrolizumab) Neoadjuvant/Adjuvant Concomitant ChT (CAPOX +/- epirubicin) 11 [142]
GC + GEJ NCT04367025 PD-1 (Camrelizumab) Neoadjuvant/Adjuvant  Concomitant ChT (oxaliplatin, S1) I
GC + GEJ NCT03421288 PD-L1 (Atezolizumab) Adjuvant Neoadjuvant ChT (FLOT) I [143]
DANTE
Pancreatic ductal adenocarcinoma (PDAC)
NCT03970252 PD-1 (Nivolumab) Neoadjuvant Concomitant ChT (mFOLFIRINOX) 1
NCT03161379 PD-1 (Nivolumab) Neoadjuvant Concomitant ChT/SBRT (Cyclophosphamide, GVAX, 6.6 Gy)  1I
NCT03767582 PD-1 (Nivolumab) Neoadjuvant/Adjuvant  Concomitant ChT/SBRT (GVAX, 6.6 Gy) 1/11
CCR2/5 (BMS-813160)
NCT02451982 PD-1 (Nivolumab) Neoadjuvant/Adjuvant ~ Concomitant ChT, CRT (Cyclophosphamide, GVAX) /11
CD137 (Urelumab)
NCT02305186 PD-1 (Pembrolizumab) Neoadjuvant Concomitant CRT (capecitabine, 50.4 Gy) Ib/II [144]
NCT03727880 PD-1 (Pembrolizumab) Neoadjuvant/Adjuvant Induction ChT, adjuvant ChT (gemcitabine +/- Defactinib) I [145]
NCT04940286 PD-L1 (Durvalumab) Neoadjuvant/Adjuvant ~ Concomitant ChT (gemcitabine, nab-paclitaxel) I
CD73 (Oleclumab)
NCT03572400 PD-L1 (Durvalumab) Neoadjuvant/Adjuvant Concomitant CRT (gemcitabine) 11
NCT04627246 PD-1 (Nivolumab) Adjuvant ChT (gemcitabine), PEP-DC vaccine I
Hepatocellular carcinoma (HCC)
NCT03510871 PD-1 (Nivolumab) Neoadjuvant None 11 [146]
CTLA-4 (Ipilimumab)
NCT04658147 PD-1 (Nivolumab) Neoadjuvant None I
LAG-3 (Relatlimab)
NCT04123379 PD-1 (Nivolumab) Neoadjuvant None I
CCR2/5 (BMS-81316)
IL-8 (BMS-986253)
NCT04857684 PD-L1 (Atezolizumab) Neoadjuvant Concomitant SBRT + VEGF-A (Bevacizumab) I
NCT04850040 PD-1 (Camrelizumab) Neoadjuvant Concomitant ChT (apatinib and oxaliplatin)
NCT04850157 PD-1 (Tislelizumab) Neoadjuvant Concomitant IMRT I
+ GC, ESCC NCT04196465 PD-L1 (IMC-001) Neoadjuvant None 11 [147]
NeoChance
NCT04954339 PD-L1 (Atezolizumab) Neoadjuvant/Adjuvant ~ Concomitant VEGF-A (Bevacizumab) I
NCT03867370 PD-1 (Toripalimab) Neoadjuvant/Adjuvant ~ Concomitant Lenvatinib 1/11
NCT04521153 PD-1 (Camrelizumab) Neoadjuvant/Adjuvant ~ Concomitant apatinib, adjuvant TACE I
Biliary tract cancer (BTC)
NCT04989218 PD-L1 (Durvalumab) Neoadjuvant Concomitant ChT (gemcitabine and cisplatin) /11
CTLA-4 (Tremelimumab)
NCT04669496 PD-1 (Toripalimab) Neoadjuvant Concomitant ChT (GEMOX, lenvatinib) I
NCT04308174 PD-L1 (Durvalumab) Neoadjuvant/Adjuvant ~ Concomitant ChT (gemcitabine, cisplatin) I
DEBATE
Colon cancer (CC)
NCT03026140 CTLA-4 (Ipilimumab) Neoadjuvant None I [120]
NICHE PD-1 (Nivolumab)
NCT04123925 PD-1 (Nivolumab) Neoadjuvant None 11
NICOLE
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Table 1 (continued)

Tumor Entity NCT Number ICI agent Setting Combination Phase  Ref.
CC +RC NCT03926338 PD-1 (Toripalimab) Neoadjuvant Concomitant COX-2 (Celecoxib) /11
PICC
resectable CLM NCT04940546 PD-1 (Sintilimab) Neoadjuvant Concomitant ChT (XELOX + Bevacizumab) /11
resectable CLM NCT02754856 PD-L1 (Durvalumab) Neoadjuvant/Adjuvant ~ None I
CTLA-4 (Tremelimumab)
NCT02912559 PD-L1 (Atezolizumab) Adjuvant Concomitant ChT (mFOLFOX6) 111 [148]
ATOMIC
NCT03827044 PD-L1 (Durvalumab) Adjuvant ChT (Capecitabine or CAPOX) 111 [149]
POLEM
Rectal cancer (RC)
NCT04124601 CTLA-4 (Ipilimumab) Neoadjuvant Concomitant CRT (50 Gy + Capecitabine) I [150]
CHINOREC PD-1 (Nivolumab)
NCT04109755 PD-1 (Pembrolizumab) Neoadjuvant Concomitant SCPRT (25 Gy) 11 [151]
PEMREC
NCT02948348 PD-1 (Nivolumab) Neoadjuvant Induction CRT (50.4 Gy + Capecitabine) Ib/11 [130]
VOLTAGE-A
NCT02948348 PD-1 (Nivolumab) Neoadjuvant Induction CRT (50.4 Gy + Capecitabine) Ib/11 [131]
VOLTAGE-B
NCT04017455 PD-L1 (Atezolizumab) Neoadjuvant Induction RT (N.A.) Concomitant VEGF-A (Bevacizumab) I
TARZAN
NCT04293419 PD-L1 (Durvalumab) Neoadjuvant Concomitant TNT (mFOLFOX6, 50.4 Gy + Capecitabine) )i
DUREC
NCT03102047 PD-L1 (Durvalumab) Neoadjuvant Induction CRT (50.4 Gy + Capecitabine) 11 [152]
NSABP FR-2
NCT03299660 PD-L1 (Avelumab) Neoadjuvant Induction CRT (50.4 Gy + Capecitabine) I [153]
Ave-Rec
NCT04083365 PD-L1 (Durvalumab) Neoadjuvant Induction CRT (50.4 Gy + Capecitabine) I [154]
PANDORA
NCT04643041 PD-1 (N.A) Neoadjuvant / W&W N.A. N.A.
BASKET
NCT04304209 PD-1 (Sintilimab) Neoadjuvant/Adjuvant ~ Consolidation CRT (50.4 Gy + Capecitabine) I1/111 [155]
NCT03854799 PD-L1 (Avelumab) Neoadjuvant Concomitant CRT (50.4 Gy + Capecitabine) I [156]
AVANA
NCT04357587 PD-1 (Pembrolizumab) Neoadjuvant Concomitant CRT (50 Gy + Capecitabine) 1
NCT03921684 PD-1 (Nivolumab) Neoadjuvant Induction CRT (50.4 Gy + Capecitabine), I
Concomitant ChT (mFOLFOX6)
NCT02921256 PD-1 (Pembrolizumab) Neoadjuvant Induction ChT (mFOLFOX6) I [157]
NRG-GI002 Concomitant CRT (50.4 Gy + Capecitabine)
NCT03127007 PD-L1 (Atezolizumab) Neoadjuvant Concomitant CRT (50.4 Gy + 5-FU) Ib/I
R-IMMUNE
NCT04443543 PD-1 (Tislelizumab) Neoadjuvant / W&W Induction CRT (50 Gy + Capecitabine) I
NCT04411524 PD-1 (N.A)) Neoadjuvant Consolidation CRT (50 Gy + Capecitabine -+ Irinotecan) I
NCT04411537 PD-1 (N.A)) Neoadjuvant Consolidation CRT I
(50 Gy + Capecitabine + Irinotecan)
NCT04636008 PD-1 (Sintilimab) Neoadjuvant Concomitant SCPRT (25 Gy) b
NCT04503694 PD-1 (Nivolumab) Neoadjuvant Concomitant MKI (Regorafenib) I
REGINA Consolidation SCPRT (25 Gy)
NCT03503630 PD-L1 (Avelumab) Neoadjuvant Induction SCPRT (25 Gy) I [158]
Concomitant ChT (mFOLFOX6)
NCT04231552 PD-1 (Camrelizumab) Neoadjuvant Induction SCPRT (25 Gy) I [159]
Concomitant ChT (CAPOX)
NCT04621370 PD-L1 (Durvalumab) Neoadjuvant Concomitant SCPRT / CRT (25 Gy / 50 Gy + Capecitabine) I
PRIME-RT Consolidation ChT (mFOLFOX6)
NCT04558684 PD-1 (Camrelizumab) Neoadjuvant Induction SCPRT (25 Gy) /11
Concomitant ChT (CAPOX)
NCT04518280 PD-1 (Toripalimab) Neoadjuvant Induction SCPRT (25 Gy) 11
Concomitant ChT (CAPOX)
NCT04906044 PD-1 Tilelimumab Neoadjuvant Induction SCPRT + ChT 1
NCT04663763 PD-1 (Sintilimab) Neoadjuvant Induction SCPRT (25 Gy) I

Concomitant ChT (CAPOX)

Biliary tract cancer (BTC) includes intrahepatic, extrahepatic, perihilar and distal cholangiocarcinoma (iCCA, eCCA, pCCA/Klatskin tumor, dCCA), gallbladder cancer
(GBC) and ampulla of Vater cancer (AVC). At the time of the present review there are no published nor ongoing clinical trials for neoadjuvant immunotherapy in anal
cancer (AC), gastrointestinal neuroendocrine tumor (GI NET), gastrointestinal stromal tumors (GIST) or small bowel cancer. XP: capecitabine, cisplatin; FP: 5-Fluo-
rouracil, cisplatin; FLOT: 5-Fluorouracil, docetaxel, oxaliplatin, leucovorin; DOC: docetaxel, oxaliplatin, capecitabine; SCPRT: short-course pre-operative radio-
therapy; CRT: Chemoradiotherapy; ChT: Chemotherapy; CAPOX: capecitabine, oxaliplatin; MKI: Multikinase-Inhibitor; VEGF-A: Vascular endothelial growth factor A;
PD-1: Programmed cell death protein 1; PD-L1: Programmed death-ligand 1; CTLA-4: cytotoxic T-lymphocyte-associated protein 4; W&W: watch and wait; PTX:
paclitaxel; CB: carboplatin; CLM: colorectal liver metastases. mFOLFOX6: modified folinic acid, fluorouracil, oxaliplatin, ESCC: esophageal squamous cell carcinoma,
EAC: esophageal adenocarcinoma; GEJ: gastroesophageal junction; LAG-3: lymphocyte-activation gene 3; TNT: total neoadjuvant therapy; IMRT: intensity modulated
radiotherapy; TACE: transcatheter arterial chemoembolization; SBRT: stereotactic body radiation therapy; GEMOX: gemcitabine, oxaliplatin; COX-2: cyclooxygenase-
2.
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which was continued after surgery [112]. Translational analyses
revealed an upregulation of T cell and IFNy-related gene expression and
a downregulation of cell-cycle-related gene expression in the tumor. The
OS was also significantly prolonged in the neoadjuvant compared to the
adjuvant only group (median OS 228 days vs. 417 days, HR 0.39,
p=0.04). Such a clinical effect however, could not be seen in the
Neo-nivo trial. Overall neoadjuvant immunotherapy was well tolerated
in resectable/recurrent GBM and did not bring up any new safety con-
siderations. Further long-term clinical results of phase III clinical trials
are awaited.

5. Neoadjuvant/adjuvant immunotherapy in GI cancers

In contrast to non-GI solid cancers, there are currently no phase III
trials investigating neoadjuvant ICI-based therapy in GI cancers
(Table 1). One reason might be that apart from MSI-high cancers, there
is sparse data supporting the use of ICI in microsatellite stable (MSS) /
MSI-low (MSI-L) GI cancers. However, considering the synergistic effect
of RT or CRT with ICI, as well as the scientific rational behind this
combinatorial effect, it is pertinent to re-evaluate the application of
these agents in a neoadjuvant setting.

So far the only phase III clinical trial implementing immunotherapy
in GI cancer is the CheckMate 577 study [113]. Patients with esophageal
adenocarcinoma (EAC), esophageal squamous-cell carcinoma (ESCC) or
gastroesophageal junction (GEJ) cancer received neoadjuvant CRT,
following adjuvant nivolumab for up to 1 year in the case of residual
pathologic disease (>ypT1 or >ypN1). Adjuvant nivolumab provided
superior disease-free survival (DFS) with a 31% reduction in the risk of
recurrence or death and a doubling in median DFS.

The differences between MSI and MSS tumors must be taken into
account, when discussing ICI therapy in the context of GI cancers. For
metastatic MSI solid cancers Lee et al demonstrated that pem-
brolizumab (anti-PD-1) was associated with a highly significant pro-
longed progression-free survival (PFS) compared to standard ChT [114].
The rationale to treat MSI cancers with ICI is based on the fact that the
MSI phenotype is associated with a high number of neoantigens [115].
The high number of neoantigens in MSI tumors are partially generated
by the dysfunction of proteins in the DNA damage repair machinery,
leading to a high TMB [116]. A subsequent phase III study performed in
metastatic MSI CRC, supported the benefit of ICI therapy over ChT.
Consequently ICI have become the first line treatment option in meta-
static MSI CRC [117]. It should be noted, that surgically resectable oli-
gometastatic CRC (liver/lung limited) still has an option for a
therapeutic approach in a curative intent (i.e. long time cure rate for
CLM is about 30%). The high response rates of MSI cancers promoted a
retrospective study of neoadjuvant PD-1 blockade with or without ChT
in 7 patients with locally advanced/metastatic MSI positive CRC [118].
5 of 7 resected patients revealed a pCR, supporting this concept. A larger
prospective study cohort is needed for validation but might be difficult
to recruit due to the slim number of patients. Another small trial with 24
patients including 2 MSI patients of resectable CLM was conducted to
evaluate the neoadjuvant application of CTLA-4 and PD-1 inhibitors.
Both MSI and 2 MSS experienced pCRs [119].

The recently published NICHE study demonstrated exciting results of
2 neoadjuvant administered cycles of nivolumab and ipilimumab in 20
MSI and 20 MSS primary resectable CC patients [120]. The SOC would
have been resection with a curative intent, followed by potential adju-
vant ChT [121]. The decision whether resectable CC requires adjuvant
ChT is determined after pathological tumor staging. This explains and
reveals the novelty of the study, in which patients who would otherwise
be curatively treated by surgery alone, received neoadjuvant ICI. Neo-
adjuvant ICI therapy led to a MPR or pCR in 19 out of 20 MSI, as well as
in 4 out of 15 MSS patients. Furthermore, tumors of patients, which
tended to respond to ICI, had an increased CD8+ immune infiltrate.
Fortunately, the clinical investigators did not encounter any irAEs
higher than grade 2. Despite the small number of patients, these results
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are of major interest for a practice changing treatment approach. Sup-
porting the data provided by Liu et al. [22], the NICHE study provides
real world clinical data that 2 cycles of ICI therapy are sufficient to
induce a therapeutic response. Moreover, these results confirm pre-
clinical data, that ICI therapy leads to the inflitration of IFNy positive T
cells into the tumor. Additionally, the data suggests that a small part of
MSS tumors (around 1/4) also do respond to ICI, which is currently only
believed to be true for MSI tumors. It seems that intrinsically
ICI-responsive tumors most likely stimulate the immune system by an
endogenous ICD. This is in line with the data from a retrospective
clinical study, showing that patients with CLM exhibiting low DNA
damage, high ICD and high T cell tumor infiltrates have an improved OS
[122]. The future task will be to identify those patients eligible for a
personalized treatment approach.

As nicely summarized by Galon and Bruni, these patients harbor an
immunogenic tumor which is characterized by an exhausted T cell im-
mune infiltrate [123]. It should be noted, that exhausted CD8+ T cells
(Tex) comprise of 4 different dynamic subsets (TexP™8!, TexP™82 Tex™,
Tex"®™) with different effector rearrangement potential to ICL In
particular, only the TexP™%? and Tex™ subsets are being reinvigorated
after PD-1 blockade [124]. These findings suggest that MSS tumor can
respond to ICI if the immune system is stimulated by other means. This
certainly raises the urgent need for combinatorial treatments to induce
an ICD in intrinsically non immunogenic tumors. Preclinical data clearly
demonstrate that RT or ChT, such as cisplatin or oxaliplatin can induce
an ICD and synergize with PD1/PD-Llas well as CTLA-4 inhibition,
supporting the idea of combining ICI with standard therapy (CRT, RT,
ChT) in a neoadjuvant setting. However, the clinical development of
mentioned novel neoadjuvant ICI regimens might not be implemented
as commemorated, due to the fact of the existing standard neoadjuvant
treatment modalities. It is not considered ethical to exclude them in a
curative established setting.

Fortunately, CRT is the backbone of locally advanced rectal cancer
(LARC) [125] and is a SOC treatment option for ESCC, EAC or GEJ
cancer [126]. Oxaliplatin is part of standard regimens used for CRC and
pancreatic ductal adenocarcinoma (PDAC) [127]. With respect to RT,
several translational data support the hypothesis, that the mode and
dose of RT applied clinically in a standard setting has proinflammatory
components, despite of its known immunosuppressive aspect, such as
lymphopenia. In this line, we have found that SCPRT (5x5 Gy over 5
days) in RC patients leads to in repolarization of M2-like macrophages
towards a M1-like phenotype with reduced expression of the T cell
suppressing cytokine IL-10. [128]. Despite the positive proinflammatory
stimulus of RT on macrophages, the absolute number of T cells and
macrophages decreased, supporting the idea of an activation-induced
cell death. The observation of the RT-induced phenotypical changes in
macrophages was further simulated by cultivating surgically resected
CRC tumor fragments. Irradiation of the small tumor fragments provided
evidence that macrophages not only reveal a proinflammatory pheno-
type but improve their phagocytosis activity, which supports antigen
presentation and induction of an adaptive anti-tumor immune response.
Similarly, Josef et al. found that neoadjuvant CRT-treated tumors were
associated with a more potent expression of a proinflammatory mRNA
profile as compared to untreated tumors [129].

Together this data highlights the preclinical finding that RT has an
immunogenic component which might be synergistic with ICI, espe-
cially in GI cancers. Preliminary clinical data derived from the
VOLTAGE A and B trials support these results [130,131]. In this trial
CRT was combined with nivolumab given sequentially after the course
of CRT. This phase II trial of 37 patient was associated with a pCR rate of
30%, compared to current 10% pCR achieved by CRT alone. Impor-
tantly, immunotherapy did not interfere with surgery and irAEs were
limited to 2 patients experiencing grade 3 irAEs, myasthenia and
nephritis. The high pCR rate of around 30% has otherwise only been
achieved by applying highly toxic ChT (FOLFIRINOX) prior to CRT
[132] or SCPRT following ChT (CAPOX or FOLFOX4) [133]. This
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concept might not be acceptable for a fraction of patients due to a rather
high toxicity and a low performance status.

Nevertheless, a general overall benefit of a neoadjuvant treatment
approach is clearly indicated, whether it will be immunotherapy or any
other therapy must be critically evaluated by weighing benefit of clinical
outcome against potential adverse events (AE).

6. Safety considerations of neoadjuvant immunotherapy

Reactivation of the immune system by ICI includes the risk for pa-
tients to develop a plethora of irAEs, some of which can be lethal. Over
the years a vast number of toxicities have evolved, revealing that any
organ can be affected. Most frequently affected organs are the colon/
rectum, endocrine organs, lung, skin and liver. Some AEs, for instance
neurological disorders and myocarditis are rare, however they can be
extremely serious and even fatal [160].

Initial data on irAEs came from ipilimumab (dosage 3 mg/kg). Grade
1 and 2 AE have been reported in a very high percentage of metastatic
melanoma patients (60%—85%), whereas 10%—27% developed grade 3
and 4 toxicities and lethal events reached 2.1% (in the first phase III
trial) [161].

Anti-PD-1 inhibitors, on the other hand, are associated with fewer
high-grade toxic events. Taking nivolumab as an example, 74%—85% of
metastatic melanoma patients develop any irAE and 12%—20% develop
grade 3 or 4 irAEs respectively [162-164]. 58% of Patients with
advanced squamous NSCLC develop any and 7% are confronted with
grade 3-4 irAEs. [165] In metastatic non-squamous NSCLC 69% and
10%, are affected with any or grade 3-4 irAEs respectively [166].

A substantial challenge considering irAEs is the combination of
different ICI concomitantly. Combining nivolumab and ipilimumab in
metastatic melanoma triggered substantially more irAEs than PD-1
monotherapy (55%—60% vs. 10%—20% grade 3-5) [167]. Therefore,
despite their considerable benefits and association with superior out-
comes, ICI treatment combinations can be limited by potentially life
threatening irAEs.

Another important concern is the timeframe of irAE onset. Generally,
toxicities occur quite early and appear between a couple of weeks and 3
months after treatment initiation. However, first onsets have been re-
ported as early as the first week of application and as late as 1 year after
discontinuation of ICIs [168]. Moreover, RWD has shown, that even a
single application of any of the current Food and Drug Administration
(FDA) approved ICI has the potential to induce a life threatening and
rare irAE, such as myocarditis, myositis, pneumonitis or myasthenia
gravis (MG). Thus, potential irAEs have to be taken very seriously when
licensed and non-licensed ICIs are given in a neoadjuvant setting, as the
latter is done in patients treated with a curative intent.

Meticulous clinical examination and patient history is mandatory in
preparation of every ICI application. A set of laboratory tests is highly
recommendable, this includes a complete blood count, complete meta-
bolic panel (i.e. electrolytes, glucose, HbAlc, liver, pancreas, kidney),
hormones (i.e. TSH, fT3, fT4; occasionally ACTH, FSH, LH and/or
cortisol) and cardio/musculoskeletal diagnostics (i.e. CPK, CPK-MB,
myoglobin, troponin T and/or I, proBNP) [169]. A prepared algorithm
of interventions and medications to prevent or treat these adverse events
should be considered beforehand [160].

Future directions

As outlined in this review, there are no major safety concerns of
neoadjuvant immunotherapy application, alone or in combination (RT,
CRT or ChT), in solid GI cancers. Consequently, there is an urgent need
to push these promising results to the next level.

Longitudinal translational analysis (i.e. sequential tissue and liquid
biopsies, stool samples, fecal swabs etc.) of innovative neoadjuvant
immunotherapy trials (i.e. CHINOREC) will grant novel insights into the
therapeutic mechanism of action in the TIME in terms of immunoediting
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and tumor evolution in space and time. Such RWD will not only answer
the million-dollar question of treatment timing (concomitant/sequen-
tial, induction/consolidation), but will streamline novel and innovative
therapeutic combinations. Overall, the harmonization of physician sci-
entists and tumor immunologists is the foundation for the future of
practice changing cancer therapy.
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