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A New Black Box
Adjuvant CPI exposure → relapse → ???

Key question: Does it make sense to re‑treat with PD‑1 or PD-L1 blockade strategies?

CM 274
(Neoadj CT) 

SurgeryAdjuvant nivolumab

NIAGARA
Neoadj CT+durvalumab--> 

SurgeryAdjuvant durvalumab



Aspects to consider

Time to relapse

Immune TME at the time of recurrence

Type of (neo)adjuvant treatment



A black box shared by different tumor types
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- Debían tener melanoma cutáneo o de origen desconocido (uveal o mucoso 
eran excluidos) estadio III de la AJCC 7, con las siguientes peculiaridades 

o Para la estadificación final, los pacientes debían haber realizado una 
linfadenectomía completa, lo cual hoy en día tras los resultados del 
estudio MSLT-II (4) en pacientes con ganglio centinela positivo va a ser 
menos frecuente. 

o En los casos de estadio IIIA, estos deben tener en el ganglio afecto al 
menos una carga tumoral de >1 mm. Esto contrasta con la indicación 
más generalista de “afectación ganglionar” que se refiere en la ficha 
técnica de pembrolizumab y que describiremos más adelante. 

o Debían  tener muestra para PD-L1, pudiendo realizarse en ganglio 
(preferible) o en primario (en ausencia de muestra ganglionar) 

o El estado de BRAF debía ser conocido 
 
Los pacientes eran estratificados para las siguientes variables clave: estadio IIIA vs IIIB vs 
IIIC con 1-3 ganglios vs IIIC >4 ganglios; región geográfica. 
 
El objetivo principal era “relapse free survival” (RFS) medida por el investigador y RFS en 
pacientes con melanoma PD-L1 positivo. Los objetivos secundarios fueron la “distant 
metastases free survival” (DMFS) y la “overall survival” (OS) así como la toxicidad y la 
calidad de vida. 
 
Un aspecto peculiar de este estudio es que en los pacientes que progresaran se les 
ofrecía abrir el ciego y, en caso de haber recibido placebo, se les ofrecía tratamiento con 
pembrolizumab a la misma dosis hasta progresión (máximo 2 años); y en el caso que 
hubieran recibido pembrolizumab y esta recurrencia fuera más allá de los 6 meses tras fin 
de tratamiento, también se les ofrecía este tratamiento. No disponemos aún de resultados 
de estos “cross-over” 
 
La figura 1 resume el diseño del estudio 
 

 
Figura 1: diseño del estudio KEYNOTE-054 (5) 
 
 
 
 

From 9 patients (1 CR, 3 SD, 5 PD)

Median PFS: 4.1 months (Expected naive-CPI treated  mPFS: 12 months)

Melanoma previous experience

CPI retreatment in adjuvant CPI-experienced patients is less active than in CPI-naive patients 

Eggermont AM, Cancer Research 2018
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Postrecurrence PFS Outcomes

PFS at 24months in patients who received SST was 21% in the
nivolumab group and 22% in the ipilimumab group (Fig 1).
Patients with late recurrences had longer PFS than those with
early recurrences in both nivolumab (median 12.4 v 4.7
months; Fig 1A) and ipilimumab groups (14.1 v 7.2 months;
Fig 1B), with 24-month PFS rates of 16% versus 31% and 17%
versus 34%, respectively. In the nivolumab group, 24-month
PFS rates were 17% in patients with grade 3/4 TRAEs (n 5 26)
and 39% in patients who discontinued treatment due to an AE
(n5 14); rateswere consistently higher for patients with a late
versus early recurrence. For ipilimumab, rates were 19% in
both AE subgroups (n 5 87 and 73, respectively), with con-
sistently higher rates for patients with a late versus early
recurrence (Data Supplement, Appendix Figs S4A and S4B).
When patients who recurred early were further broken down
into intervals of 0-≤3 months versus >3-≤12 months, re-
spective 24-month PFS rates were 11% versus 19% in the
nivolumab group and 18%versus 17% in the ipilimumabgroup
(Data Supplement, Appendix Figs S4A and S4B). Twelve- and
24-month postrecurrence PFS rates for both study groups are
shown in Figs 2A-2D by type of SST, acknowledging low
patient numbers inmanygroups.Most patients receivedeither
BRAF/MEK inhibitors or anti–PD-1/PD-L1 (PD-[L]1) agents;
24-month PFS rates were generally higher for patients who
recurred late versus early for both therapies. Higher PFS rates
were observed in patientswho recurred early and subsequently
received BRAF/MEK inhibitors (26% for nivolumab and 24%

for ipilimumab) than for those who received anti–PD-(L)1
agents (8% for nivolumab and 15% for ipilimumab). These
trends were similar at 12 months. In those who recurred early,
patients recurring within 3 months were generally noted to
have lower PFS rates on subsequent anti–PD-(L)1 and BRAF/
MEK inhibitors compared with those who recurred 3-≤12
months; the trendwasmore obvious for subsequent anti–PD-
(L)1 therapy in the nivolumab group compared with the ipi-
limumab group (Data Supplement, Appendix Figs S5A-S5D).

Postrecurrence OS Outcomes

Median postrecurrence OS in the nivolumab and ipilimumab
groups from SST initiation was 23.8 and 37.4 months, re-
spectively, with 24-month OS rates of 49%and61% (Fig 3A).
Median OS for patients who recurred early versus late in the
nivolumab group was 19.8 versus 42.8 months, with 24-
month OS rates of 37% versus 73%, and for the ipilimu-
mab group, it was 29.7 versus 45.0 months, with 24-month
rates of 59% versus 67% (Figs 3B and 3C). Postrecurrence OS
at 24 months for patients in both treatment groups who
discontinued study treatment due to an AE (nivolumab,
64%; ipilimumab, 55%) or experienced a grade 3/4 TRAE
(nivolumab, 52%; ipilimumab, 61%) was similar to that of
the respective overall treatment group—trends were the
same when examined by timing of recurrence (Data Sup-
plement, Appendix Figs S6A and S6B). OS rates in the
nivolumab group at 24 months were 27% for patients who
recurred 0-≤3 months and 44% for those who recurred >3-
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FIG 2. Twelve-month (A) and 24-month (B) PFS rates from time of subsequent therapy for patientswho received nivolumab on study and had a
recurrence ≤12 or >12 months from treatment initiation and 12-month (C) and 24-month (D) PFS rates from time of subsequent therapy for
patients who received ipilimumab on study and had a recurrence ≤12 or >12 months from treatment initiation. PFS, progression-free survival.
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detectable T cell repertoire after neoadjuvant therapy, they relapsed. 
This greater T cell expansion, and greater likelihood of being free 
from relapses, observed in patients who received neoadjuvant ther-
apy as compared with those treated in the adjuvant setting is con-
sistent with the idea that the presence of the whole tumor during 
neoadjuvant checkpoint inhibitor therapy allows a triggering of a 
broader T  cell response due to a larger repertoire of tumor anti-
gen exposure (Fig. 1; it should be noted, however, that this trial 
was insufficiently powered for RFS comparison, and this should 
be confirmed in a larger cohort of patients). Similarly, three neo-
adjuvant checkpoint inhibitor trials demonstrated a strong expan-
sion of tumor resident T cell clones in patients with melanoma and 
NSCLC20,23,24. Furthermore, a Batf3+ dendritic cell (DC) signature 
(indicating the presence of specialized antigen-presenting cells 
capable of cross-presentation within the tumor and of moving to the 
draining lymph node to present tumor antigen there) was associ-
ated with response and improved RFS in patients treated with neo-
adjuvant checkpoint inhibition in melanoma; this finding suggests 
a pivotal role for increased antigen presentation within the drain-
ing lymph node to explain the superiority of neoadjuvant compared 
with adjuvant checkpoint inhibition20,25.

Given the induction of a stronger expansion of T cells in the neo-
adjuvant versus the adjuvant setting, there remains the question of 
what the optimal duration of neoadjuvant immunotherapy may be. 
This has not yet been addressed in randomized prospective human 
trials. The INMC has empirically selected six to eight weeks of neo-
adjuvant therapy as the preferred trial design, so that trial results 

may be pooled, tissue combined for analysis and patients kept safe 
without delaying potentially curative surgery too long22.

Preclinical data suggests that timing of neoadjuvant checkpoint 
blockade may influence outcome26. In terms of human data, there 
have been only two trials of anti-PD1 as a neoadjuvant single agent, 
which used different schedules yet resulted in the same pathologic 
response rate of 30–33%: trial 1 used one cycle of pembrolizumab 
(i.e., three weeks of treatment)27 and trial 2 used four cycles of two 
weekly nivolumab treatments (i.e., nine weeks of treatment)23. Thus, 
more research is needed for definitive definition of the optimal tim-
ing and convergence of the currently conflicting data from mice 
versus humans.

Impairment of T cell function. Incremental impairment of T cell 
function has been observed in early- versus late-stage (i.e., stage 
IV or advanced stage) melanoma patients28, suggesting that higher 
tumor burden is associated with systemic immune suppression. 
In line with this idea, stage III patients treated with ipilimumab 
combined with nivolumab have higher rates of grade 3–4 immune-
related toxicities than stage IV melanoma patients receiving the 
same dosing scheme20,29. The mechanism by which tumors exert 
systemic immunosuppression is poorly understood.

Recent work on PD-L1-carrying exosomes, extracellular ves-
icles containing PD-L1, derived from PD-L1-expressing tumors 
may provide an explanation for tumor-burden-mediated systemic 
immunosuppression30. Expression levels of PD-L1 on exosomes are 
significantly higher when the exosomes are derived from metastatic 

Immunotherapy

Proposed rationale for adjuvant immunotherapy 

Proposed rationale for neoadjuvant immunotherapy

Surgeon removes
tumor lesion

Activation of few
different T cells

Fewer, and less-diverse,
T cells search for tumor cells

Activation of many
different T cells

Immunotherapy Surgeon removes
tumor lesion

Many more, and
more-diverse, T cells
search for tumor cells

Fig. 1 | Neoadjuvant and adjuvant approaches to immunotherapy. In adjuvant approaches, shown above, immunotherapy (as indicated by the antibodies) 
is given after surgery, which results in the activation of T cells directed to different antigens, as indicated by the different colors. In neoadjuvant 
approaches, therapy is given before surgery, which results in the raising of a more diverse T cell response.

NATURE MEDICINE | VOL 26 | APRIL 2020 | 475–484 | www.nature.com/naturemedicine476

Rationale for prioritizing neoadjuvant treatment over adjuvant

Versluis JM et al, Nat Med 2020
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Aspects to consider

Time to relapse

Adjuvant vs perioperative immunotherapy

Immune TME at the time of recurrence
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Frame-work to analyze immune TME

as type III. It is critical to identifywhich antitumor immunedefect is
predominant in each patient, since using the same strategy for
all patients will be inefficient, costly, and wasteful. For instance,
targeting local immune inhibitory pathways like the B7-H1/PD-1
pathway in a patient with a cancer that lacks immune infiltration
may be pointless as a single therapy.

Since we are just starting to understand the complexity of the
TME in the regulation of immune responses, it is obvious that this
TIME classification for human cancer is preliminary, and this may
also raise more questions than answers. For example, in type II
and type III TIME, we do not know which kinds of TIL compo-
nents and other regulatory cells will determine the outcomes
and responses to immunotherapy. In addition to IFNs, are there
any other cytokines and molecular pathways that could regulate
the expression of B7-H1? In types I and IV, what makes the TME
stop the entry of TILs, and what are themechanisms that prevent
the proliferation of TILs? It is unlikely that these human cancer
types do not have sufficient antigens, because our previous
data have shown that among melanomas, which have the high-
est mutation burden of nearly all human cancers, up to 45% fall
into this category (Taube et al., 2012). Extensive studies of the
identification and characterization of molecular pathways and
detailed molecular profiling of the TME may help address these
questions and provide targets for future normalization cancer
immunotherapy.

Challenges in Developing New Normalization Cancer
Immunotherapies
With the success of anti-PD therapy, immune normalization as
an approach for cancer immunotherapy has already shown great
promise. However, there are still quite a few hurdles that hinder
the development of new normalization over enhancement immu-
notherapies. Some of these limitations are conceptual, while
others may be more technical.
Identification of the Dominant Antitumor Immune
Defect
The development of normalization immunotherapy relies on
identifying specific defects in the antitumor immune response.
However, tumor-induced immune defects are highly heteroge-
neous (Schalper et al., 2017). This heterogeneity of immune
defects not only occurs among different patients, but also ex-
tends to different areas in a single tumor lesion. These observa-
tions speak to the importance of identifying which of the immune
defects is the dominant or master switch ultimately facilitating
tumor escape. However, the definition of master switch may
be patient specific and should be functionally demonstrated
based on the capacity to reset the tumor microenvironment
when this is modulated. Selecting the right master switch in
each patient is the real challenge. Currently, the only way to
demonstrate among all immune defects identified in a TME
which factor is dominant is empirically. We then need better

Figure 3. Tumor Immunity in the Microenvironment Classification
Four different TME groups with potential implications for mechanism and therapy have been identified according to B7-H1 (PD-L1) expression and the presence
of TILs in tumor biopsies: (I) B7-H1-negative tumors without TILs, considered immunological ignorant because immune cells do not accumulate at the tumor site,
(II) B7-H1-positive tumors with TILs, considered a paradigm of adaptive resistance of tumors mediated by the B7-H1/PD-1 pathway, (III) B7-H1-negative tumors
with TILs, considered a situation of tolerance because TILs are present, but they do not induce B7-H1 expression in the tumor microenvironment through IFN-g
production, and (IV) B7-H1-positive tumors without TILs, considered as a scenario of intrinsic induction of B7-H1 expression in tumor cells through oncogenic
pathways that may be susceptible to be targeted. Groups I, III, and IV can be converted into group II through different strategies, synergizing with the action of
anti-PD therapies that are more effective in the presence of TILs and B7-H1 expression.

320 Cell 175, October 4, 2018

Sanmamed MF and Chen L, Cell 2018 

B7-H1=PD-L1



Many complementary strategies to CPI to enhance antitumor immune response

1. Expand tumour-specific T cells

2. T-cell co-stimulatory strategies

3. Targeting immunosuppressive TME

Whiteside TL et al, Clin Cancer Res 2016
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