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Rational for why neoadjuvant is more effective than adjuvant ICB

ICB therapy has demonstrated efficacy in a proportion of patients with irresectable 
melanoma (1). More recently, in an effort to improve outcome for patients with 
surgically resectable melanoma, adjuvant ICB after surgery is administered with 
the aim to eliminate microscopic or residual disease, and consequently preventing 
relapse. The use of adjuvant therapy of anti-CTLA-4 and anti-PD-1 after surgery indeed 
improved recurrence-free survival (RFS) and overall survival (OS) in melanoma patients 
with high risk of relapse (2, 3, 4), improving 3-year RFS from 34.8% (placebo group) 
to 46.5% (ipilimumab group) (2). Although adjuvant ICB in resectable melanoma is 
promising, surgery followed by adjuvant therapy might be a suboptimal scheduling of 
therapy as compared with the approach of applying ICB prior to surgery (neoadjuvant 
immunotherapy). There are several advantages in applying ICB therapy prior to surgery 
instead of after surgery. As also outlined in chapter 2, neoadjuvant therapy allows 
one to determine ICB treatment response, reduces tumor burden prior to surgery and 
to use pathologic response data as surrogate biomarker for RFS and OS. Moreover, 
neoadjuvant ICB therapy enhances T cell activation while it is still exposed to antigens, 
since the major tumor mass (including infiltrated T cells) is still present. This can lead 
to reinvigoration of pre-existing tumor-specific CD8+ T cells, as well as the activation of 
new tumor-specific CD8+ T cell clones. This could be the result of tumor antigen release 
after the activation of the existing tumor-specific T cell response, which in turn can be 
presented by antigen-presenting cells (APCs), thereby priming naïve T cells with tumor 
specificity for these antigens. The phenomime of re-expansion was shown for the first 
time in the phase 1b OpACIN study (NCT02437279), comparing neoadjuvant versus 
adjuvant ipilimumab plus nivolumab in macroscopic stage III melanoma patients (5). 
Patients who received neoadjuvant ICB therapy had a superior expansion of T cell clones 
that were detectable at baseline as well as newly detected T cell clones compared to 
adjuvant-treated patients, proving the concept of better T cell expansion. It is of interest 
to see whether this will also lead to improved protection against tumor reemergence. 
Patients who were not capable of broadening their detectable T cell repertoire after 
neoadjuvant ICB, had a relapse (5). An interesting observation has also been made in 
mouse models following neoadjuvant immunotherapy, showing persistence of tumor-
specific CD8+ T cells with an effector memory or central memory phenotype in the blood 
of tumor-free mice throughout life (6). 

High response rates are observed in patients treated with neoadjuvant ICB. The phase 
2 OpACIN-neo study (NCT02977052), treating macroscopic stage III melanoma patients 
with different dosing of neoadjuvant ipilimumab plus nivolumab, showed high response 
rates of 65-80% (depending on treatment arm) (7). As we show in chapter 3, this is 
translated into a remarkable relapse free survival, showing an estimated 2-year RFS of 
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84%. Especially patients with a pathologic response had a good prognosis, having a 
2-year RFS of 97% versus 36% for patients without a pathologic response. Also the PRADO 
extension cohort of the OpACIN-neo study showed a high pathologic response rate (72%, 
including 61% major pathologic responses). The 2-year RFS was 93% for patients with 
major pathologic response, 64% for patients with a pathologic partial response (pPR) and 
71% for patients with a pathologic non-response (pNR) (8). In the pooled analysis of the 
International Neoadjuvant Melanoma Consortium (INMC), in the group of patients with a 
pathological complete response (pCR), near pCR or partial pathological response very few 
relapses were seen (2-year RFS 96%) and at moment of publication no patient died from 
melanoma (9). This pooled analysis included 141 patients from four neoadjuvant clinical 
trials (5, 7, 10, 11). This high RFS is persisted, as the longer follow-up time of the OpACIN-
neo study showed an estimated 3-year RFS and OS rate of 83% and 92% respectively, with 
an estimated 3-year RFS rate of 95% for patient with a pathologic response versus 37% for 
patients without pathologic response (12). 

While this data from current neoadjuvant clinical trials is promising, the efficacy of 
neoadjuvant versus adjuvant therapy needs to be confirmed in a phase 3 trial. The 
OpACIN study was the first study comparing neoadjuvant versus adjuvant ICB treatment 
in a relatively small cohort of patients (n=20). As outlined in chapter 3, the 4-year event-
free survival (EFS) and OS rate for the neoadjuvant arm was 80% and 90% versus 60% 
and 70% for the adjuvant arm. The phase 2 SWOG S1801 study (NCT03698019), treating 
patients with detectable and resectable stage IIIB-IV melanoma with either adjuvant 
or neoadjuvant pembrolizumab, showed after a median follow-up of 14.7 months a 
EFS rate of 72% for patients receiving the neoadjuvant treatment compared to 49% 
for patients receiving the adjuvant treatment. This is the first evidence proving that 
neoadjuvant ICB therapy is clinically superior to adjuvant ICB therapy. The efficacy of 
neoadjuvant ICB versus adjuvant therapy needs to be confirmed in the phase 3 NADINA 
trial (NCT04949113)(13), until neoadjuvant ICB therapy may become standard of care 
for patients with early-stage cancer that are at high risk of relapse. 

Strategies to improve outcome non-responder patients 

Although neoadjuvant ICB is promising, a proportion of patients is not responsive to ICB 
therapy. These patients without a pathological response have a poor RFS (2-year 36%; 
chapter 3). Therefore, it is particularly important to identify underlying mechanisms 
of resistance and biomarkers that predict response. Consequently, new therapeutic 
strategies that target these resistant mechanisms can be explored, potentially enhancing 
response to ICB therapy. 
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Our understanding of the mechanisms of ICB efficacy and resistance is continuously 
evolving and several discoveries of factors that impact response and resistance have 
been made in the recent years. These include tumor-intrinsic factors, such as tumor 
mutational burden (TMB) (14), antigen-presentation machinery status (15), interferon 
(IFN) signaling (16), Wnt/b-catenin pathway (17), programmed death-ligand 1+ (PD-L1) 
extracellular vesicles (18), as well as the composition of the tumor microenvironment, 
including stromal components, CD8+ T cells, myeloid-derived suppressor cells, tumor-
associated macrophages and B cells (19). In addition, it became apparent that also 
other factors such as metabolic status (20), intratumoral microbes (21), gut microbiome 
(22) and host-extrinsic factors (19) play a role in the response to ICB therapy. In the 
setting of neoadjuvant therapy, as described in chapter 3, we observed that patients 
of the OpACIN-neo study with a tumor baseline low interferon-gamma-related gene 
expression signature score (IFN-γ score) had a worse prognosis. In addition, we identified 
that a tumor baseline low expression of the Batf3 dendritic cell (DC) associated RNA 
gene signature (Batf3-DC score), a DC subtype that excels in (tumor) antigen cross-
presentation, was also associated with lower response rate (chapter 4), which confirms 
this finding of the OpACIN cohort (23). Combining either the IFN-γ score or Batf3-DC 
score with TMB, showed that patients who also had a low TMB were at highest risk for 
relapse, showing 2-year RFS of 50% for patients with a low IFN-γ score/low TMB and 
2-year EFS 38% for patients with a low Batf3-DC score/low TMB. This subgroup of 
patients has poor prognosis and may benefit from additional therapies. 

This approach is been tested in the DONIMI study (24), stratifying patients according 
to the tumor baseline IFN-γ score. Patients with a low IFN-γ score received the addition 
of domatinostat (a class I histone deacetylase inhibitor) to anti-PD-1 + anti-CTLA-4 
treatment, with the rational to induce IFN-γ response score as is observed in preclinical 
(melanoma) models. Although the addition of domatinostat did not appear to increase 
treatment efficacy, this strategy of rationalized personal treatment is promising. 
Based on this idea, patients with a low Batf3-DC score might benefit from therapies 
that enhance cross-presentation of tumor antigens. Consequently, in chapter 4 we 
conducted a repurposing compound screen, with the aim to identify compounds 
that improve T cell priming by cross-presentation of tumor antigens by DCs. We found 
AZD5582, an antagonist of inhibitor of apoptosis proteins (IAPs), to significantly 
enhance antigen cross-presentation, T cell proliferation and activation. We observed 
that AZD5582 treatment showed an additive effect to anti-PD-1 treatment in vivo. It 
remains uncertain how this translates to a human setting, since AZD5582 is still in the 
pre-clinical development stage. It would be of interest to test the potential of AZD5582 
in patient-derived human explant systems, such as human patient-derived tumor 
fragment platform (25), and more specifically, in tumor fragments with a low Batf3-DC 
score to establish whether AZD5882 could induce a response signature in these patients. 
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A remaining challenge is that these patient-derived human explant systems usually lack 
viable DCs (or draining lymph node), and thereby limiting to establish the DC potential, 
which is key in our system. 

Encouraging results have been observed for the first clinical trials enhancing DC function 
(NCT03084640 (26); (NCT01976585) (27)) and antigen presentation (NCT01970358 (28)). 
The combination of CpG-A TLR9 agonist (vidutolimod) and pembrolizumab resulted in 
durable responses in 25% of patients with advanced melanoma who had progressive 
disease or stable disease prior anti-PD-1 therapy (NCT03084640 (26)). Personalized 
neoantigen vaccination of patients with high-risk melanoma after surgery resulted in 
no recurrence at 25 months in four out of six patients (NCT01970358 (28)). Additional 
strategies for enhancing antigen cross-presentation which does not require an accessible 
lesion for intratumor administration of the agent(s) and costly prior identification of 
specific epitopes has an advantage. Hence, enhancing T cell proliferation after antigen 
cross-presentation using small molecules provides a promising strategy.

In chapter 4, a total of 145 different compounds were identified to significantly improve 
T cell proliferation after cross-presentation of tumor antigens by DCs. These compounds 
could in theory also have direct effect on T cell proliferation or tumor cells, bypassing 
DCs. For AZD5582, our top-hit, we established a direct effect on antigen cross-
presentation and DC function. Although the aim of the screen was to target antigen 
cross-presentation, affecting T cell proliferation directly is not per se a bad addition. It 
would be of value to test if the other top hits enhance anti-tumor immunity. For future 
studies, I would propose to test these 145 hit compounds in different assays, including 
direct tumor toxicity, T cell cytotoxicity assay, T cell effector function (e.g. proliferation, 
cytokine release, activation markers) and regulatory T cell suppression assay. Using this 
strategy, a potential compound with different properties that influences anti-tumor 
immunity positively could be identified. This compound could shift the balance from a 
tumor suppressive to a tumor inflammatory environment on multiple levels, changing 
possibly the outcome for patients with poor prognosis. 

Beyond stage III cutaneous melanoma: how to improve efficacy 

Patients with UM, a rare subset of melanoma, have a very poor prognosis, especially 
patients who develop metastasis. Despite their shared origin (melanocytes), ICB therapy 
showed advances for late-stage cutaneous melanoma (CM) (29), but the response rates 
in UM are disappointing (ranging from 0% to 15%) (30, 31, 32). The profound cause 
for this disparity in response is unknown. To improve the understanding of resistance 
of UM to ICB therapy, we compare in chapter 5 metastases of CM and UM patients 
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from the same metastatic site (liver) to avoid organ specific differences. The liver 
has been shown to be the least responsive metastatic site to ICB therapy (33). When 
characterizing liver metastasis of CM and UM, a higher TMB, and hence a higher 
predicted neoantigen load was found for CM compared to UM. However, the expression 
of melanoma differentiation antigens (MDA) (PMEL/gp100, MelanA/MART-1, tyrosinase) 
was high or even higher for UM patients than CM patients. These MDA expressed by 
tumor cells also play a role in tumor recognition by endogenous self-antigen reactive 
T cells. Therapies that target these MDA (e.g. CAR-T cell or bispecific molecules) are 
therefore potential promising treatment options for UM. In 2020, at the time of writing 
chapter 5, we reported that none of the conducted phase 3 clinical trials reported 
significant OS benefit for metastatic UM patients. This changed with the introduction 
of tebentafusp (NCT0307392), a bispecific IMCgp100 antibody. Tebentafusp treatment 
significantly improved OS, showing a 1-year OS of 73% for the tebentafusp group and 
59% in the control group (34). PFS was also significantly higher for patients treated 
with tebentafusp compared to the control group, 31% versus 19% respectively at 6 
months. This bispecific molecule consists of an affinity-enhanced T cell receptor fused 
to an anti-CD3 effector that is reactive to gp100-positive cells. The data of this phase 3 
is promising, but tebentafusp is at present restricted to patients positive for HLA-0201, 
which is 50% of the Caucasian population, and needs to be expanded in order to be a 
treatment option for a larger group of patients. 

Despite the difference in TMB, the T cell infiltration of CM and UM liver metastases were 
comparable (chapter 5). Although UM is thought to be representing a tumor variant 
that is poorly recognized by the immune system, it was previously shown that these 
infiltrated T cells can recognize tumor antigens, as clonal T cell expansion (35) and 
tumor-infiltrating lymphocyte (TIL) reactivity to autologous tumors (36) is observed. 
This theory is further challenged by a phase 2 study of TIL therapy in metastatic UM 
patients (NCT01814046) (37), inducing objective tumor regression in seven (35%) of 20 
patients. Moreover, the expanded TILs showed strong anti-tumor reactivity in 50-60% 
of cases. This indicate that the resistance to immunotherapy by UM tumors cannot be 
explained by a lack of immune infiltration and reactivity. Alternatively, it could be that 
these T cells are dysfunctional/exhausted, explaining the lack of efficacy. We observe a 
higher ratio of exhausted CD8 T cells to Th1, cytotoxic and CD8 T cells (chapter 5). As 
these exhausted T cells are defined by LAG-3 expression, UM patients might benefit 
from anti-LAG-3 therapy, particularly since tumor infiltrating immune cells express 
pre-dominantly LAG-3, rather than PD-1 or CTLA-4 (35). The first clinical trial testing 
nivolumab plus relatlimab (anti-LAG-3) in patients with metastatic UM is currently 
ongoing (NCT04552223) and it needs to be elucidated if anti-LAG-3 therapy is indeed a 
potential candidate to improve immunotherapy for UM patients. Another approach to 
improve response of UM liver metastasis is directed to enhance antigen presentation 
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and increase immunomodulatory effect by combining ICB with locoregional therapy, 
which has shown to be effective for liver metastasis. This is currently tested in the CHOPIN 
trial (NCT04283890), were ICB is combined with percutaneous hepatic perfusion with 
melphalan (38). 

The advent of ICB therapy has improved the prognosis for stage IV CM, however, this is a 
patient group with poor prognosis. A lower response rate to ICB is observed for patients 
with stage IV disease as compared to stage III disease (39, 40, 41, 42, 43). This patient 
group would in particular benefit from strategies that improve treatment efficacy. These 
patients have potentially a higher degree of systemic immune suppression, since also 
a lower frequency of high grade irAEs is observed at similar dosing and number of 
courses (43, 44). Based on this hypothesis of systemic immune suppression, we analyzed 
in chapter 6 serum/plasma of melanoma patients to identify systemic biomarkers 
that are associated with disease progression and recurrence. We identified lactate 
dehydrogenase (LDH), C-reactive protein (CRP), serum amyloid A (SAA), IL-8 and IL-10 
to be associated with disease progression in our cohort, confirming previous findings 
(45, 46, 47, 48, 49, 50). In addition, we found leucine-rich alpha-2 glycoprotein 1 (LRG1) 
to be higher expressed by patients with progressive disease, which was also found to 
be higher expressed in patients without a response to neoadjuvant ICB treatment that 
developed disease recurrence. These proteins could serve as markers for intensified 
adjuvant treatment and follow-up. While there is an indication that these markers 
contribute to immune suppression, it would be of interest to establish if these proteins 
are indeed causal for hampered immune response. I would propose to translate these 
findings back to the lab and assess protein neutralization in (neo)adjuvant mouse 
models. LRG1 has been shown to promote epithelial-to-mesenchymal transition (EMT) 
(51), dysfunctional angiogenesis (52) and modifies the TGF-b signaling pathway (53). 
The first results of anti-LRG1 are promising, showing reduced tumor growth, synergistic 
effect with anti-PD1 and improved vascular function, improving possibly the delivery 
of immunotherapy (52, 54, 55). In addition, we need to gain more mechanistic insight 
on the (potential) suppressive mode of action of these proteins. We could also learn 
from ongoing clinical trials, such as the study (NCT03400332) testing nivolumab + anti-
IL-8 therapy (HuMax-IL8, BMS-986253) in patients with increased IL-8 serum levels (56). 
Together, these strategies will elucidate if these proteins are indeed possible targets for 
combination therapy with ICB. 

An alternative treatment strategy for patients with stage IV disease that showed 
promising results is adoptive cell therapy with TILs. In a phase 3 trial (NCT02278887), 
comparing ipilimumab to TIL therapy in patients with unresectable stage IIIC or IV 
melanoma, showed an objective response rate of 49% in the TIL group and 21% in the 
ipilimumab group, with a median OS of 25.8 months in the TIL group and 18.9 months 
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in the ipilimumab group (57). Future studies should further evaluate which patients 
benefit from TIL therapy or alternatively ICB treatment in combination with rationalized 
combinations. 

Toxicity to ICB: potential mechanisms and risk factors 

At this time, we lack in depth understanding of the mechanisms underlying the 
development of irAEs. This is problematic, since the use of ICB for treatment of different 
cancer subtypes is rapidly increases and consequently the incidence of these irAEs 
will continue to rise. Moreover, ICB therapy moves towards adjuvant and neoadjuvant 
approaches in stage III disease with a curative intent, which makes reduction in (severe) 
irAEs even more important, since some patients may be cured by surgery alone. 
Therefore, efforts should be made to elucidate mechanisms of irAEs and to develop 
biomarkers to identify patients at highest risk. 

The identification of potential risk factors is especially desired for irAEs that cause 
permanent damage and can be life threatening, which include neuropathies, 
cardiomyopathies, nephritis and endocrinopathies. Severe irAEs are more frequently 
observed in combination therapy of ipilimumab/nivolumab compared to monotherapy 
(58, 59, 60), and therefore, patients with a high change on such irAEs might benefit 
from alternative treatment schedules or drugs (e.g. targeted immunotherapeutic such 
as bi- and tri-specific antibodies (61)) to reduce toxicity. As outlined in chapter 3 and 
chapter 4, patients with either a high tumor IFN-γ score or high tumor Batf3-DC score in 
combination with a high TMB have high response rate to ICB therapy, respectively 100% 
and 94%. Especially patients within these groups with a high risk for severe irAEs would 
potentially already benefit from monotherapy, and thereby, de-escalating treatment 
and skewing risk-benefit ratio to a more favorable balance. Patient stratification 
according to the IFN-γ score has been tested in the DONIMI study (24), treating IFN-γ 
signature high patients only with monotreatment of nivolumab. Such a personalized 
approach with the inclusion of risk factors for serious irAEs would potentially decrease 
the incidence of these irAEs.

Until now, there are no potential biomarkers that predict the development and 
severity of irAEs which can guide treatment decision making. The similarity of irAEs to 
autoimmune diseases argues for a possible link for a shared genetic pre-disposition. In 
chapter 7, we discuss which susceptible loci are associated with various autoimmune 
diseases and are potentially relevant for ICB treatment-induced irAEs. These suggested 
susceptible loci could be the basis for large association studies in ICB treated patients. 
Indeed, certain HLA alleles that are known to predispose to autoimmune disease have 
been associated with various irAEs. The described HLA types predispose patients during 
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ICB for pruritis, colitis (62) and arthritis (63), and seem to be disease specific so far. 
The development of high-throughput sequencing technologies allows large genome 
wide association studies in ICB treated patients. A challenge for this approach is that 
it would require a large number of patients with both low- and high-grade toxicity 
and appropriate controls, including patients treated with ICB without any irAEs as well 
as healthy individuals. A multi-national collaborative effort is needed for gathering 
enough patient samples to identify susceptible loci with confidence, especially for rarer 
irAE subtypes.

Besides genetically pre-disposition for irAEs, several mechanisms have been proposed 
that contribute to development of irAEs in patients after ICB therapy, which do not need 
to be mutually exclusive. Autoreactive T and B cells to healthy tissue are thought to be 
key components in the development of irAEs. These autoreactive immune cells could 
either be pre-existing or de novo generated by tumor cell death and release of additional 
(potentially self ) antigen (epitope spreading) (19, 64, 65, 66). This autoreactive immune 
reaction could turn from quiescent to active by alteration of local/systemic cytokine 
profiles. In chapter 8, we propose that patients who develop neurologic irAEs after ICB 
therapy were previously exposed to infections with neurologic mimicry, resulting in 
an autoreactive (re-)activation to shared self-antigens from the nervous system. This 
immunological cross-reactivity of an immune response to an environmental agent (e.g. 
infectious agent or vaccine) cross-reacting with self-antigens from the nervous system is 
associated with development of autoimmune neuropathies (67, 68). In our study we fail 
to show an association between previous neurotropic infections and development of 
neurologic irAEs. However, there are there are some limitations to this study in order to 
be fully conclusive about this. Therefore, I propose to analyze the presence of antibodies 
and T cell clones directed against previously reported immunodominant epitopes (65, 
68) (pre- and post-neurologic symptom) in a larger cohort and a more homogenous 
patient population, with higher number of patients with similar neurologic irAEs. This 
analysis will give more definitive results whether immunological cross-reactivity is (one 
of ) the underlying cause of neurotoxicity after ICB treatment. 

Concluding remarks and future perspectives

In the past decade, ICB therapy has improved treatment outcome for melanoma 
patients. The results of the first neoadjuvant ICB studies show higher (durable) response 
rates, and applying neoadjuvant treatment as standard of care will increase the 
benefit of ICB treatment to a larger group of patients. Nevertheless, there is a need to 
expand ICB therapy efficacy to a larger group of patients. Extensive efforts have been 
made to elucidate response and resistant mechanisms. Future studies are warranted 
to further understand whether these resistant mechanisms can be targeted and 
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form the basis of novel therapeutic strategies. It is of importance to identify patients 
upfront with unfavorable prognosis, since these patients potentially benefit from these 
novel combination treatment strategies. There should be a rationale behind these 
novel combinations, which need to be driven by pre-clinical analysis with laboratory 
interrogation. Moreover, identification of patients upfront that are very likely to respond 
to ICB therapy is also key, as these patients might benefit from ICB monotherapy and 
de-escalating treatment could reduce chance of (severe) treatment related toxicities. 
This strategy will expand the benefits of ICB therapy to a larger population of melanoma 
patients in a rationale and personal manner. 



Chapter 9

274

References

1. Ribas A, Wolchok JD. Cancer immunotherapy using checkpoint blockade. Science (New York, NY). 
2018;359(6382):1350-5.

2. Eggermont AM, Chiarion-Sileni V, Grob JJ, Dummer R, Wolchok JD, Schmidt H, et al. Adjuvant ipi-
limumab versus placebo after complete resection of high-risk stage III melanoma (EORTC 18071): a 
randomised, double-blind, phase 3 trial. Lancet Oncol. 2015;16(5):522-30.

3. Eggermont AMM, Blank CU, Mandala M, Long GV, Atkinson V, Dalle S, et al. Adjuvant Pembrolizumab 
versus Placebo in Resected Stage III Melanoma. The New England journal of medicine. 2018;378:1789-
801.

4. Weber J, Mandala M, Del Vecchio M, Gogas HJ, Arance AM, Cowey CL, et al. Adjuvant Nivolumab 
versus Ipilimumab in Resected Stage III or IV Melanoma. The New England journal of medicine. 
2017;377(19):1824-35.

5. Blank CU, Rozeman EA, Fanchi LF, Sikorska K, van de Wiel B, Kvistborg P, et al. Neoadjuvant versus 
adjuvant ipilimumab plus nivolumab in macroscopic stage III melanoma. Nat Med. 2018;24(11):1655-
61.

6. Liu J, Blake SJ, Yong MCR, Harjunpää H, Ngiow SF, Takeda K, et al. Improved Efficacy of Neoadju-
vant Compared to Adjuvant Immunotherapy to Eradicate Metastatic Disease. Cancer Discovery. 
2016;6(12):1382-99.

7. Rozeman EA, Menzies AM, van Akkooi AC, Adhikari C, Bierman C, van de Wiel BA, et al. Identification of 
the optimal combination dosing schedule of neoadjuvant ipilimumab plus nivolumab in macroscopic 
stage III melanoma (OpACIN-neo): a multicentre, phase 2, randomised, controlled trial. The Lancet 
Oncology. 2019;20(7):948-60.

8. Reijers ILM, Menzies AM, van Akkooi ACJ, Versluis JM, van den Heuvel NMJ, Saw RPM, et al. Personal-
ized response-directed surgery and adjuvant therapy after neoadjuvant ipilimumab and nivolumab in 
high-risk stage III melanoma: the PRADO trial. Nature Medicine. 2022;28(6):1178-88.

9. Menzies AM, Amaria RN, Rozeman EA, Huang AC, Tetzlaff MT, van de Wiel BA, et al. Pathological re-
sponse and survival with neoadjuvant therapy in melanoma: a pooled analysis from the International 
Neoadjuvant Melanoma Consortium (INMC). Nat Med. 2021;27(2):301-9.

10. Amaria RN, Reddy SM, Tawbi HA-H, Davies MA, Ross MI, Glitza IC, et al. Neoadjuvant (neo) immune 
checkpoint blockade (ICB) in patients (Pts) with high-risk resectable metastatic melanoma (MM). 
American Society of Clinical Oncology; 2018.

11. Huang AC, Orlowski RJ, Xu X, Mick R, George SM, Yan PK, et al. A single dose of neoadjuvant PD-1 
blockade predicts clinical outcomes in resectable melanoma. Nat Med. 2019;25(3):454-61.

12. Versluis JM, Sikorska K, Rozeman EA, Menzies AM, Eriksson H, Klop WMC, et al. Survival update of 
neoadjuvant ipilimumab+ nivolumab in macroscopic stage III melanoma: The OpACIN and OpACIN-
neo trials. American Society of Clinical Oncology; 2022.

13. Lucas MW, Lijnsvelt J, Pulleman S, Scolyer RA, Menzies AM, Akkooi ACJV, et al. The NADINA trial: A mul-
ticenter, randomised, phase 3 trial comparing the efficacy of neoadjuvant ipilimumab plus nivolumab 
with standard adjuvant nivolumab in macroscopic resectable stage III melanoma. Journal of Clinical 
Oncology. 2022;40(16_suppl):TPS9605-TPS.

14. Snyder A, Makarov V, Merghoub T, Yuan J, Zaretsky JM, Desrichard A, et al. Genetic basis for clinical 
response to CTLA-4 blockade in melanoma. New England Journal of Medicine. 2014;371(23):2189-99.

15. Sucker A, Zhao F, Real B, Heeke C, Bielefeld N, Maβen S, et al. Genetic Evolution of T-cell Resistance 
in the Course of Melanoma ProgressionGenetic Evolution of T-cell Resistance in Melanoma. Clinical 
Cancer Research. 2014;20(24):6593-604.

16. Ayers M, Lunceford J, Nebozhyn M, Murphy E, Loboda A, Kaufman DR, et al. IFN-γ–related mRNA profile 
predicts clinical response to PD-1 blockade. The Journal of clinical investigation. 2017;127(8):2930-40.

17. Spranger S, Bao R, Gajewski TF. Melanoma-intrinsic β-catenin signalling prevents anti-tumour immu-
nity. Nature. 2015;523(7559):231-5.

18. Chen G, Huang AC, Zhang W, Zhang G, Wu M, Xu W, et al. Exosomal PD-L1 contributes to immunosup-
pression and is associated with anti-PD-1 response. Nature. 2018;560(7718):382-6.

19. Morad G, Helmink BA, Sharma P, Wargo JA. Hallmarks of response, resistance, and toxicity to immune 
checkpoint blockade. Cell. 2021;184(21):5309-37.

20. Leone RD, Zhao L, Englert JM, Sun I-M, Oh M-H, Sun I-H, et al. Glutamine blockade induces divergent 
metabolic programs to overcome tumor immune evasion. Science. 2019;366(6468):1013-21.



General discussion 

275

9

21. Nejman D, Livyatan I, Fuks G, Gavert N, Zwang Y, Geller LT, et al. The human tumor microbiome is 
composed of tumor type–specific intracellular bacteria. Science. 2020;368(6494):973-80.

22. Simpson RC, Shanahan ER, Batten M, Reijers IL, Read M, Silva IP, et al. Diet-driven microbial ecology 
underpins associations between cancer immunotherapy outcomes and the gut microbiome. Nature 
Medicine. 2022;28(11):2344-52.

23. Liu J, Rozeman EA, O’Donnell JS, Allen S, Fanchi L, Smyth MJ, et al. Batf3+ DCs and type I IFN are critical 
for the efficacy of neoadjuvant cancer immunotherapy. Oncoimmunology. 2019;8(2):e1546068.

24. Reijers ILM, Dimitriadis P, Rozeman EA, Versluis JM, Broeks A, Bosch LJW, et al. Personalized combina-
tion of neoadjuvant domatinostat, nivolumab and ipilimumab in macroscopic stage III melanoma 
patients stratified according to the interferon-gamma signature: The DONIMI study. Journal of Clinical 
Oncology. 2020;38(15_suppl):TPS10087-TPS.

25. Voabil P, de Bruijn M, Roelofsen LM, Hendriks SH, Brokamp S, van den Braber M, et al. An ex vivo tumor 
fragment platform to dissect response to PD-1 blockade in cancer. Nat Med. 2021;27(7):1250-61.

26. Ribas A, Medina T, Kirkwood JM, Zakharia Y, Gonzalez R, Davar D, et al. Overcoming PD-1 blockade 
resistance with CpG-A toll-like receptor 9 agonist vidutolimod in patients with metastatic melanoma. 
Cancer Discovery. 2021;11(12):2998-3007.

27. Hammerich L, Marron TU, Upadhyay R, Svensson-Arvelund J, Dhainaut M, Hussein S, et al. Systemic 
clinical tumor regressions and potentiation of PD1 blockade with in situ vaccination. Nature medicine. 
2019;25(5):814-24.

28. Ott PA, Hu Z, Keskin DB, Shukla SA, Sun J, Bozym DJ, et al. An immunogenic personal neoantigen 
vaccine for patients with melanoma. Nature. 2017;547(7662):217-21.

29. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Rutkowski P, Lao CD, et al. Five-Year Survival with Com-
bined Nivolumab and Ipilimumab in Advanced Melanoma. N Engl J Med. 2019;381(16):1535-46.

30. Luke JJ, Callahan MK, Postow MA, Romano E, Ramaiya N, Bluth M, et al. Clinical activity of ipilimumab 
for metastatic uveal melanoma: a retrospective review of the Dana‐Farber Cancer Institute, Massachu-
setts General Hospital, Memorial Sloan‐Kettering Cancer Center, and University Hospital of Lausanne 
experience. Cancer. 2013;119(20):3687-95.

31. Kelderman S, van der Kooij MK, van den Eertwegh AJ, Soetekouw PM, Jansen RL, van den Brom RR, 
et al. Ipilimumab in pretreated metastastic uveal melanoma patients. Results of the Dutch Working 
group on Immunotherapy of Oncology (WIN-O). Acta Oncologica. 2013;52(8):1786-8.

32. Maio M, Danielli R, Chiarion-Sileni V, Pigozzo J, Parmiani G, Ridolfi R, et al. Efficacy and safety of ipilim-
umab in patients with pre-treated, uveal melanoma. Annals of Oncology. 2013;24(11):2911-5.

33. Pires da Silva I, Lo S, Quek C, Gonzalez M, Carlino MS, Long GV, et al. Site‐specific response patterns, 
pseudoprogression, and acquired resistance in patients with melanoma treated with ipilimumab 
combined with anti–PD‐1 therapy. Cancer. 2020;126(1):86-97.

34. Nathan P, Hassel JC, Rutkowski P, Baurain J-F, Butler MO, Schlaak M, et al. Overall survival benefit with 
tebentafusp in metastatic uveal melanoma. New England Journal of Medicine. 2021;385(13):1196-206.

35. Durante MA, Rodriguez DA, Kurtenbach S, Kuznetsov JN, Sanchez MI, Decatur CL, et al. Single-cell anal-
ysis reveals new evolutionary complexity in uveal melanoma. Nature communications. 2020;11(1):1-
10.

36. Rothermel LD, Sabesan AC, Stephens DJ, Chandran SS, Paria BC, Srivastava AK, et al. Identification of an 
immunogenic subset of metastatic uveal melanoma. Clinical Cancer Research. 2016;22(9):2237-49.

37. Chandran SS, Somerville RPT, Yang JC, Sherry RM, Klebanoff CA, Goff SL, et al. Treatment of metastatic 
uveal melanoma with adoptive transfer of tumour-infiltrating lymphocytes: a single-centre, two-stage, 
single-arm, phase 2 study. The Lancet Oncology. 2017;18(6):792-802.

38. Tong TML, van der Kooij MK, Speetjens FM, van Erkel AR, van der Meer RW, Lutjeboer J, et al. Combin-
ing Hepatic Percutaneous Perfusion with Ipilimumab plus Nivolumab in advanced uveal melanoma 
(CHOPIN): study protocol for a phase Ib/randomized phase II trial. Trials. 2022;23(1):137.

39. Hodi FS, O’Day SJ, McDermott DF, Weber RW, Sosman JA, Haanen JB, et al. Improved survival with ipili-
mumab in patients with metastatic melanoma. New England Journal of Medicine. 2010;363(8):711-23.

40. Schadendorf D, Hodi FS, Robert C, Weber JS, Margolin K, Hamid O, et al. Pooled analysis of long-term 
survival data from phase II and phase III trials of ipilimumab in unresectable or metastatic melanoma. 
Journal of clinical oncology. 2015;33(17):1889.

41. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey CL, Lao CD, et al. Combined nivolumab and ipi-
limumab or monotherapy in untreated melanoma. New England journal of medicine. 2015;373(1):23-
34.



Chapter 9

276

42. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob J-J, Rutkowski P, Lao CD, et al. Five-year survival with 
combined nivolumab and ipilimumab in advanced melanoma. New England Journal of Medicine. 
2019;381(16):1535-46.

43. Wolchok JD, Chiarion-Sileni V, Gonzalez R, Rutkowski P, Grob J-J, Cowey CL, et al. Overall survival with 
combined nivolumab and ipilimumab in advanced melanoma. New England Journal of Medicine. 
2017;377(14):1345-56.

44. Blank CU, Rozeman EA, Fanchi LF, Sikorska K, van de Wiel B, Kvistborg P, et al. Neoadjuvant versus 
adjuvant ipilimumab plus nivolumab in macroscopic stage III melanoma. Nature medicine. 
2018;24(11):1655-61.

45. Fang S, Wang Y, Sui D, Liu H, Ross MI, Gershenwald JE, et al. C-reactive protein as a marker of melanoma 
progression. J Clin Oncol. 2015;33(12):1389-96.

46. Findeisen P, Zapatka M, Peccerella T, Matzk H, Neumaier M, Schadendorf D, et al. Serum amyloid A as a 
prognostic marker in melanoma identified by proteomic profiling. J Clin Oncol. 2009;27(13):2199-208.

47. Utikal J, Schadendorf D, Ugurel S. Serologic and immunohistochemical prognostic biomarkers of 
cutaneous malignancies. Archives of Dermatological Research. 2007;298(10):469-77.

48. Ugurel S, Rappl G, Tilgen W, Reinhold U. Increased serum concentration of angiogenic factors in malig-
nant melanoma patients correlates with tumor progression and survival. J Clin Oncol. 2001;19(2):577-
83.

49. Dummer W, Becker JC, Schwaaf A, Leverkus M, Moll T, Bröcker EB. Elevated serum levels of interleu-
kin-10 in patients with metastatic malignant melanoma. Melanoma Res. 1995;5(1):67-8.

50. Sanmamed M, Perez-Gracia J, Schalper K, Fusco J, Gonzalez A, Rodriguez-Ruiz M, et al. Changes in 
serum interleukin-8 (IL-8) levels reflect and predict response to anti-PD-1 treatment in melanoma and 
non-small-cell lung cancer patients. Annals of Oncology. 2017;28(8):1988-95.

51. Camilli C, Hoeh AE, De Rossi G, Moss SE, Greenwood J. LRG1: an emerging player in disease pathogen-
esis. Journal of Biomedical Science. 2022;29(1):6.

52. O’Connor MN, Kallenberg DM, Camilli C, Pilotti C, Dritsoula A, Jackstadt R, et al. LRG1 destabilizes 
tumor vessels and restricts immunotherapeutic potency. Med. 2021;2(11):1231-52. e10.

53. Wang X, Abraham S, McKenzie JA, Jeffs N, Swire M, Tripathi VB, et al. LRG1 promotes angiogenesis by 
modulating endothelial TGF-β signalling. Nature. 2013;499(7458):306-11.

54. Javaid F, Pilotti C, Camilli C, Kallenberg D, Bahou C, Blackburn J, et al. Leucine-rich alpha-2-glycoprotein 
1 (LRG1) as a novel ADC target. RSC chemical biology. 2021;2(4):1206-20.

55. Munn LL, Jain RK. Vascular regulation of antitumor immunity. Science. 2019;365(6453):544-5.
56. Davar D, Simonelli M, Gutierrez M, Calvo E, Melear J, Piha-Paul S, et al. 394 Interleukin-8–neutralizing 

monoclonal antibody BMS-986253 plus nivolumab (NIVO) in biomarker-enriched, primarily anti–PD-
(L)1–experienced patients with advanced cancer: initial phase 1 results. Journal for ImmunoTherapy of 
Cancer. 2020;8(Suppl 3):A239.

57. Rohaan MW, Borch TH, van den Berg JH, Met Ö, Kessels R, Geukes Foppen MH, et al. Tumor-Infiltrating 
Lymphocyte Therapy or Ipilimumab in Advanced Melanoma. New England Journal of Medicine. 
2022;387(23):2113-25.

58. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey CL, Lao CD, et al. Combined Nivolumab and Ipi-
limumab or Monotherapy in Untreated Melanoma. New England Journal of Medicine. 2015;373(1):23-
34.

59. Spain L, Diem S, Larkin J. Management of toxicities of immune checkpoint inhibitors. Cancer Treat Rev. 
2016;44:51-60.

60. Wang DY, Salem JE, Cohen JV, Chandra S, Menzer C, Ye F, et al. Fatal Toxic Effects Associated With Im-
mune Checkpoint Inhibitors: A Systematic Review and Meta-analysis. JAMA Oncol. 2018.

61. Labrijn AF, Janmaat ML, Reichert JM, Parren P. Bispecific antibodies: a mechanistic review of the pipe-
line. Nat Rev Drug Discov. 2019;18(8):585-608.

62. Hasan Ali O, Berner F, Bomze D, Fässler M, Diem S, Cozzio A, et al. Human leukocyte antigen variation is 
associated with adverse events of checkpoint inhibitors. European Journal of Cancer. 2019;107:8-14.

63. Cappelli LC, Dorak MT, Bettinotti MP, Bingham III CO, Shah AA. Association of HLA-DRB1 shared 
epitope alleles and immune checkpoint inhibitor-induced inflammatory arthritis. Rheumatology. 
2019;58(3):476-80.

64. June CH, Warshauer JT, Bluestone JA. Is autoimmunity the Achilles’ heel of cancer immunotherapy? 
Nature medicine. 2017;23(5):540-7.



General discussion 

277

9

65. Rojas M, Restrepo-Jiménez P, Monsalve DM, Pacheco Y, Acosta-Ampudia Y, Ramírez-Santana C, et al. 
Molecular mimicry and autoimmunity. Journal of Autoimmunity. 2018;95:100-23.

66. Berner F, Bomze D, Diem S, Ali OH, Fässler M, Ring S, et al. Association of checkpoint inhibitor–induced 
toxic effects with shared cancer and tissue antigens in non–small cell lung cancer. JAMA oncology. 
2019;5(7):1043-7.

67. Rodríguez Y, Rojas M, Pacheco Y, Acosta-Ampudia Y, Ramírez-Santana C, Monsalve DM, et al. Guil-
lain–Barré syndrome, transverse myelitis and infectious diseases. Cellular & Molecular Immunology. 
2018;15(6):547-62.

68. Lee S, Levin MC. Molecular mimicry in neurological disease: what is the evidence? Cell Mol Life Sci. 
2008;65(7-8):1161-75.




