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It Takes Two to Click: Host Immune Profiles Are Critical
Determinants of Effective Immunotherapy Responses
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Immunotherapies such as adoptive cell therapy (ACT)
and immune checkpoint inhibition (ICI) have revolu-
tionised the treatment of many solid and haematologi-
cal malignancies [1,2]. In particular, immune checkpoint
inhibitors (e.g., anti-PD-1 and anti-CTLA-4) represent a
promising approach for markedly improving 5-year sur-
vival rates in patients with metastatic cancers, and have
therefore been incorporated into clinical practice for a range
of malignancies [3]. Despite the remarkable success of
these immunotherapies, only a subset of patients exhibits
a durable response [4,5]. These heterogeneous clinical
outcomes not only highlight the importance of predictive
biomarkers for the early identification of responders and
non-responders, but also underscore the need for a deeper
understanding of individual patient responses. Although
predictive biomarkers hold great promise for identifying
optimised and effective treatments for all patients, most
currently known biomarkers are tumour-intrinsic, focusing
solely on tumour characteristics [6,7]. Nevertheless, im-
munotherapy response depends on a dynamic interplay be-
tween the tumour and the host [8], and host-related fac-
tors can significantly influence therapeutic outcomes [9].
Indeed, beyond the specific immunotherapeutic strategies
employed, the systemic immune response plays a critical
role in determining immunotherapy efficacy [10] (Fig. 1).

An integrated role of host immune-intrinsic features
in predicting responses to immunotherapies has been re-
peatedly supported by emerging evidence. For example,
in melanoma patients treated with immune checkpoint in-
hibitors, tumour regression or progression can be charac-
terised by two distinct CD8" T-cell states. Transcription fac-
tor TCF7-positive, memory-like CD8" T cells correlate with
favourable clinical responses, whereas non-responsiveness
is associated with TCF7-negative, exhausted CD8* T cells
[11]. In a Phase II clinical trial involving independent
cohorts of patients with either metastatic or refractory
thymic epithelial tumours (TET) or metastatic non—small
cell lung cancer (NSCLC), a greater fold increase in Ki-
67" cells within tumour antigen—specific PD-1" CD8" T
cells in peripheral blood following anti—PD-1 therapy pre-
dicted durable responses and prolonged survival [12]. Con-

sistent with an earlier report linking the proliferative re-
sponse of tumour-infiltrating CD8" T cells to positive clin-
ical outcomes in melanoma patients receiving anti—PD-1
therapy [13], these findings suggest that durable responses
to anti-PD-1 treatment depend on the in vivo reinvigora-
tion of tumour antigen—specific T cells in the host. Fur-
thermore, an earlier study in melanoma revealed that a
higher ratio of T-cell reinvigoration to tumour burden—
rather than reinvigoration alone—was a stronger predic-
tor of favourable clinical response. Interestingly, pre-
existing elevated levels of Ki-67* PD-1" CD8" T cells
prior to treatment were in fact indicative of poor prog-
nosis [14]. In an autologous T-cell therapy based on ex
vivo—expanded tumour-infiltrating lymphocytes (TILs), a
memory-progenitor, stem-like phenotype (CD39 CD69")
was shown to drive TIL persistence and complete tumour
regression [15]. Although the total number of infused TILs
did not differ among patients, responders exhibited a four-
fold higher proportion of CD39-CD69~ CD8* T cells, while
non-responders displayed a predominance of terminally dif-
ferentiated CD39*CD69" phenotypes [15]. Similarly, in
NSCLC patients, an increased frequency of CX3CRI1* cir-
culating CD8* T cells following anti—PD-1 therapy corre-
lated with improved clinical response and survival [16]. A
post-therapy elevation of peripheral CX3CR1"CD8" T cells
was also observed in renal carcinoma and melanoma pa-
tients who responded to anti—PD-1 therapy compared with
non-responders [17,18].

Long-term anti-tumour immunity and improved sur-
vival suggest continual reinvigoration and recovery of ex-
hausted T cells within the tumour microenvironment. A
systemic approach is therefore required to sustain both the
replenishment and functional engagement of activated T
cells in proximity to tumours. Accordingly, in addition to
targeted therapy, systemic host immunity is essential for tu-
mour control or eradication [19,20]. Evidence from both
experimental studies and external datasets indicates that
the sustained anti-cancer immune activity observed in re-
sponsive patients is driven by parallel intratumoural and
peripheral clonotypic expansions of effector T cells, with
intratumoural populations being replenished by fresh, non-
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Fig. 1. Clinical outcomes of immunotherapy are driven by systemic host immunity. Following immunotherapy, several host

immunity—driven immune modulations—such as peripheral expansion of anti-cancer T-cell clones, replacement of exhausted intratu-

moural T cells, and activation of non-lymphoid immune cells (including neutrophils, monocytes, and macrophages), along with associ-

ated biomarkers—are evident in responsive patients. The overall clinical outcome (whether a positive or negative response) is therefore

dictated by the extent of these host-mediated immune modulations. Consequently, the clinical response to immunotherapy varies ac-

cording to the individual patient’s systemic immunity. The figure was completed using the Microsoft PowerPoint software (version

16.89.1).

exhausted clonotypes originating outside the tumour [21].
Interestingly, substantial inter-patient variability was ob-
served in the degree of peripheral clonal expansion and
subsequent infiltration of effector T cells, which appeared
to correlate with differing clinical responses to checkpoint
blockade [21]. Overall, infiltration of newly derived CD8*
T-cell clones from the circulation into tumours—termed
clonal replacement—has been consistently associated with
favourable immunotherapy responses across several stud-
ies [22-24]. Given the integral role of peripheral T-cell
clones in anti-cancer immunity, further characterisation of
these matched circulating clones is critical for understand-
ing the coordination and extent of anti-tumour T-cell re-
sponses in patients. Despite the inherent challenge posed
by their extremely low frequency in peripheral blood, these
T-cell clones have been further investigated. Using single-
cell RNA sequencing (scRNA-seq) to track and compare
TCR-shared peripheral and intratumoural T-cell clones in
melanoma patients, researchers identified upregulation of
multiple effector-like genes in tumour-matched circulating
T cells, indicating elevated activation compared with both
non-matching peripheral T cells and matched intratumoural
clones [25]. In contrast, tumour-resident matching clones
exhibited upregulation of exhaustion-associated genes, re-
flecting a more dysfunctional phenotype [25]. In a separate
cohort of metastatic cancer patients who had not received
immune checkpoint therapy, peripheral anti-tumour T-cell

clones displayed a distinct transcriptional signature charac-
terised by higher expression of stemness markers and lower
expression of dysfunction markers compared with their tu-
mour counterparts [26], suggesting a self-renewal capacity
and long-term persistence of peripheral clones. Transcrip-
tomic profiling also revealed features of a tissue-resident
memory phenotype, implying prior antigen encounter and
relevance to tumour sites [26].

Host immunity shapes immunotherapy responses not
only through T cells but also via other immune cell pop-
ulations. For instance, studies in both mouse models
and patients with various cancers have identified periph-
eral Ly6E" neutrophils as predictive biomarkers of im-
munotherapy response [27]. Induced by tumour-intrinsic
activation of the STING (stimulator of interferon genes)
signalling pathway, Ly6E™ neutrophils exhibit the ability
to enhance cytotoxic CD8" T-cell activity through IL-12b
secretion, thereby directly sensitising tumours to anti—PD-
1 therapy. Moreover, gene expression analyses of Ly6EM
neutrophils revealed upregulation of pro-inflammatory fac-
tors and downregulation of immunosuppressive mediators,
consistent with an anti-cancer phenotype [27]. In another
study, transcriptomic profiling of triple-negative breast can-
cer (TNBC) patients treated with paclitaxel or its combina-
tion with anti-PD-L1 therapy identified CXCL13* T cells
as predictive biomarkers of response, which were closely
associated with proinflammatory macrophages [28]. Simi-
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larly, in a Phase I clinical study of osteosarcoma and neu-
roblastoma patients receiving GD2-targeted CAR-T cells,
in vivo CAR-T expansion—an essential determinant of
CAR-T efficacy—was found to depend not only on T-cell
subsets but also on the myeloid phenotype [29]. Patients
exhibiting robust CAR-T expansion (“good expanders”)
showed increased frequencies of naive T cells and CXCR3*
monocytes, whereas “poor expanders” displayed enrich-
ment of CXCR3™ monocytes and exhausted T cells [29].
Consistent with previous reports highlighting the indispens-
able role of myeloid cells in anti-cancer immunity [30—33],
these findings underscore the importance of myeloid cell
subsets in modulating immunotherapy responses by influ-
encing in vivo T-cell expansion.

These observations underscore the need for a deeper
understanding of systemic immunity, particularly its role
in modulating anti-tumour immune responses and deter-
mining immunotherapy outcomes (Fig. 1). Further in-
vestigations are essential not only to identify predictive
biomarkers that can guide early clinical decisions regard-
ing immunotherapy, but also to develop therapeutic strate-
gies aimed at converting non-responders into responders.
Moreover, a comprehensive, system-wide immune pro-
filing approach—rather than a tumour-restricted, intrinsic
one—may reveal critical subsets of anti-cancer immune
cells that could be harnessed to enhance immunotherapeutic
efficacy.
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