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Highlights

e Hyper progressive disease is a new form of progression in patients treated with
immunotherapy

e The definition of HPD is yet to be consensual

e We suggest a clinical definition of patients refractory to immunotherapy based on the
number of nivolumab injections


mailto:jacques.cadranel@aphp.fr

e 20% of patients with advanced NSCLC presented with nivolumab refractory disease in our
real-life cohort

e Factors associated with refractory disease were PS>2, shorter duration of treatment before
nivolumab initiation

Structured abstract

Introduction: Immune checkpoint inhibitors (ICIs) have revolutionised cancer care
especially in lung cancer. New response patterns have been described under ICls such
as pseudo-progression or hyper-progressive disease (HPD). The definition of HPD is
yet to be consensual. The aim of this study was to suggest a clinical definition of
nivolumab-refractory patients and find factors associated with this entity.

Methods: We performed a multi centric retrospective study including all patients who
received nivolumab for the treatment of advanced non-small cell lung cancer (NSCLC)
during the French authorisation for temporary use in 2015.

Results: 303 patients were included in the cohort and 292 had details on the number
of nivolumab injections received. 57 patients (20%) were nivolumab-refractory. These
patients had worse PS at nivolumab initiation (p<0.0001), shorter duration of treatment
before nivolumab (p=0.028) and had dramatically shorter nivolumab overall survival
(p<0.0001) than patients who did not present with refractory disease.

Conclusion: Nivolumab-refractory disease can affect up to 20% of patients treated with
nivolumab for advanced NSCLC with dramatically shortened survival rates. Further
studies are needed to understand the precise mechanisms leading to refractory

disease as well as its management.
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Introduction

Nivolumab is a fully human 1gG4 programmed death 1 (PD-1) immune checkpoint inhibitor
(ICI) antibody that disrupts PD-1 mediated signalling. Nivolumab is authorised in the second
line setting for the treatment of advanced non-small cell lung cancer (NSCLC) for both
squamous and non-squamous histology in patients having progressed during or after a first
line of treatment associating a platinum-based doublet chemotherapy (CT) regimen and now
represents the gold standard for second line treatment [1,2] along with atezolizumab, which is
also registered in this setting, [3] and pembrolizumab for patients with PD-L1 tumour
expression of more than 1% as measured by IHC [4]. Recently, ICIs have soared to the
forefront of cancer treatment, especially in advanced NSCLC with studies testing first-line
pembrolizumab in patients with high expression of PD-L1 on tumour cells (250%) [5]. First line
pembrolizumab or atezolizumab associated with platinum-doublet CT [6, 7] have also been

evaluated. Finally, first-line nivolumab ipilimumab association has also been tested [8].

Different progression patterns have been described with ICIs prompting the creation of a new
RECIST evaluation method [9]. The usual progression criteria have been modified with new
paradigms being introduced such as pseudo-progression. Another form of progression
described as hyper-progressive disease (HPD) has recently been reported [10, 11, 12].
However, HPD is yet to be precisely defined. One approach measures Tumour Growth Rate
(TGR) [10] or Tumour Growth Kinetics (TGK) [11]. Although precise, this method requires
multiple CT-scans to be performed, at baseline and during ICI treatment, and will be
inappropriate for ICIs delivered in the first line setting. Furthermore, specialised radiologists
must measure the TGR/TGK to confirm HPD. Another study analysed early-death in Japanese
patients with NSCLC treated with nivolumab [13]. Early death was defined as death occurring
within three months of initiating nivolumab which exposes to bias and confounding factors,
such as death from other causes or usual early progression that occurs in more than 50% of
cases in non-selected patients treated by nivolumab and atezolizumab in the second line

setting [1, 2, 3].



In this context, we aimed to identify factors associated with poor prognosis under nivolumab
and thus defining a group of patients who are refractory to immunotherapy. This analysis was
performed in a large retrospective real-life cohort of patients with advanced NSCLC treated

with nivolumab.

Materials and methods

Study population

We performed a multicentre retrospective study in nine thoracic oncology centres. We
included all consecutive patients that had received at least one injection of nivolumab
for the treatment of NSCLC in 2015. The patients all received nivolumab (3mg/kg every
15 days) during the French authorisation for temporary use (ATU) between the 15t of
January 2015 and the 315t of December 2015. The cut-off date was the 31/12/2016.

Patients were censored at this date with status registered.

Radiological assesment

Response to treatment was evaluated using CT-imaging usually consisting of at least
thoracic and brain imaging. Due to the retrospective nature of this study and the fact
that patients were not included in clinical trials, there was no standardised interval to
re-evaluate disease. CT was performed at clinicians’ discretion, however, it was
usually performed after 3 or 4 infusions of nivolumab (6 to 8 weeks after nivolumab
initiation) but it could also be performed earlier, often in case of worsening or new
symptoms. Disease was evaluated using the RECIST v1.1 criteria and treatment

decisions were discussed during multidisciplinary meetings.

Data collection




Medical records were reviewed, and data extracted on clinical and pathological
features, as well as treatment history. Nivolumab OS (NivoOS) was measured from
initiation of nivolumab (date of first injection) to death. Nivolumab. PFS (NivoPFS) was
measured from initiation of nivolumab (date of first injection) to progressive disease
according to RECIST v1.1 criteria or death. In all cases, if death had not occurred on
the 31/12/2016, patients were censored at this date. Patients lost during follow-up were

censored on the date of last follow-up.

Defining the refractory population

To help define a population of nivolumab-refractory patients, we drew the distribution
histogram of the number of nivolumab injections administered to each patient (Figure
1). The distribution was at least bi-modal: one usual population where patients
progressed after three or four injections and then regularly through time (green
square), and a second population where patients seemed to experience unusually
rapid progression (red square), before the evaluation time recommended in clinical
trials [1, 2, 3, 4. 5, 6, 7, 8]. Amongst the selected patients, those who stopped

nivolumab due to toxicity were excluded from the analysis.

Statistical analysis

The study population was separated into two groups: one group represented the
nivolumab-refractory population and the other the non-refractory population. In order
to find factors associated with refractory disease, the characteristics of the two groups
were compared using Chi-squared and Fisher’s tests for categorical variables and t-
tests and Mann—-Whitney tests for continuous variables according to their distribution.

The Kaplan—Meier method was used to estimate OS.



Data analysis was performed using XLSTAT version 19.4 (Addinsoft, Bordeaux,

France).

Ethical considerations

Participating centres were responsible for patient consent and institutional approval.
All contributors were trained in good clinical practice. The study was purely an

academic collaboration and was not funded by industry.

Results

Median follow-up after nivolumab initiation was 14.8 months [95% CI (13.9 — 15.7)].

Patients
We had at our disposal a cohort of 303 patients who had received nivolumab in 2015
for the treatment of advanced NSCLC. We were able to include 292 patients (96%) for

which we had the detail concerning the number of nivolumab injections received.

Characteristics of the global population

Table 1 summarises the baseline clinical and pathological characteristics of the 303
patients: 69% were male, 92% were current or former smokers with adenocarcinoma
histology in 61% and squamous cell carcinoma in 28% of cases, respectively.
Molecular analysis testing for Epidermal Growth Factor Receptor (EGFR) mutation,

KRAS mutation, Anaplastic Lymphoma Kinase (ALK) translocation and BRAF mutation



showed that only 10 patients (3%) had EGFR mutation, 50 patients (17%) had KRAS
mutation and that 219 (72%) were wild-type for EGFR, KRAS, BRAF and ALK.
Median (range) age at diagnosis was 63 (12 — 91) years and median age at nivolumab
initiation was 65 (17 — 91) years. The most frequent extra-thoracic metastatic sites at
nivolumab initiation were the bone (26%) and the central nervous system (CNS) (20%);
102 (34%) had abdominal metastases (liver and adrenal glands). Patients received
second line nivolumab in 40% of cases and had low PS (0 — 1) in 67% of cases. The
median number of nivolumab injections was 6 (1 — 43).

Median NivoOS was 11.3 months [95% CI (8.5 — 13.6)] and median NivoPFS was 2.6
months [95% CI (2.1 — 3.5)].

Early outcomes

Fifty-eight patients (20%) received less than three injections of nivolumab. One patient
stopped nivolumab because of toxicity and was excluded from the analysis. Thus, fitty-
seven patients (20%) were included in the nivolumab-refractory population comprised
of 16 patients (28%) who stopped nivolumab because of disease progression, 36
patients (63%) who stopped nivolumab because of death and five patients (9%) who
were lost during follow-up and censored

Two hundred and thirty-four patients (80%) received three or more injections of
nivolumab. Six patients stopped nivolumab due to toxicity and did not present with
progression during the follow-up period. They were excluded from the analysis. Two
hundred and twenty-eight patients (78%) were included in the non-refractory
population comprised of 159 patients (70%) who stopped nivolumab because of
disease progression, 13 patients (6%) who stopped nivolumab because of death, six
patients (2%) who stopped nivolumab for other reasons, two patients (1%) who were

lost during follow-up and 37 patients (16%) who were censored at cut-off date



Characteristics of the nivolumab-refractory patients

The 57 (20%) nivolumab-refractory patients had the following characteristics that did
not differ from the rest of the population (Table 2): 68% were male, 89% were current
or former smokers with adenocarcinoma histology in 60% and squamous cell
carcinoma in 24% of cases, respectively. Median age at diagnosis was 64 years and
median age at nivolumab initiation was 65 years. However, when comparing the
baseline clinical characteristics of our predefined groups (Table 2) we found that
nivolumab-refractory patients had shorter treatment duration before receiving
nivolumab (p=0.013). Twenty patients (35%) received second line nivolumab in the
refractory group compared to 90 (39%) in the non-refractory group (p=0.98). We also
found that patients who would later present with refractory disease had worse PS at
nivolumab initiation (PS 0 - 1: 42% vs 73%; p<0.0001). Finally, we found that patients
presenting with refractory disease had more bone metastasis at nivolumab initiation
(n=22, 39%) compared to non-refractory patients (n=53, 23%) (p=0.063) although the

difference was not statistically significant.

Survival in nivolumab-refractory patients

Patients who presented with refractory disease had shorter NivoOS than patients who
did not: NivoOS was 1.4 months [95% CI (1.1 — 1.8)] in the refractory group and 13.5
months [95% CI (11.1 — 15.1)] (p<0.0001) in the non-refractory group. In this context,
we found that patients who presented with refractory disease had a lower tendency of
receiving further treatment after nivolumab progression (n=5, 9%) compared to

patients who did not present with refractory disease (n=107, 47%) (p<0.0001).



Efficacy of treatment after nivolumab failure in the refractory population

Only five patients (9%) of the refractory group received CT after nivolumab

progression. The different treatments received as well as survival times are shown in

table below.
Patients Drug Median PFS | Median OS | Further treatment
(months) (months)

Patient 1 Docetaxel 0.56 0.56 No

Patient 2 Gemcitabine | 2.20 2.20 No

Patient 3 Paclitaxel 9.34 10.39 No

Patient 4 Afatinib 1.97 1.97 No

Patient 5 Paclitaxel 3.02 6.10 Yes, Erlotinib

Bevacizumab

Two-patients seem to truly benefit from salvage CT whereas the others have poor

survival times.

Discussion

Defining nivolumab-refractory patients

Anticipating response to, and benefit from immunotherapy is a major challenge. As has

been shown, some patients experience HPD (Table 3), defined by TGR or TGK. These

methods, precise and objective have indeed helped to prove the existence of HPD in

patients treated with ICls, but they require time, skilled radiologists and seem difficult

to implement into daily clinical practice especially as ICls will soon be moved up to the

first line setting. Other studies have evaluated early death, this definition exposes to

bias as it also includes patients who will die from other factors such as immune related
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adverse events, infectious causes or other comorbidities. We defined a population of
patients as nivolumab-refractory if they presented with progressive disease or death
occurring before they received 3 injections of nivolumab, as suggested by the review
of the proportion of patients receiving an increasing number of nivolumab injections.
Even if this definition might also suffer from the same biases as the previous one, it

has the advantage of being easy to use and reproducible.

Frequency of nivolumab-refractory patients

We report that up to 20% of patients suffering from NSCLC received less than three
injections of nivolumab, close to what has been reported in early death (18.9%).

In previous studies, HPD has been reported from 9% [10] to 29% [11] of patients
receiving ICIs. In the first study, however, the analysis was performed exclusively in
patients included in phase | clinical trials and 21 different cancer locations were
reported [10]. This represents an extremely selected and yet very heterogeneous
population of patients with good PS which could explain why the frequency of HPD
might have been underestimated.

Adge and PS at nivolumab initiation

It has previously been reported [10] that age is correlated with HPD: older patients
seem to benefit less from immunotherapy than younger patients. We did not find that
age was associated with being refractory to immunotherapy in our large cohort of
patients suffering from NSCLC, when comparing age at nivolumab initiation between
our two groups we did not find a statistically significant difference (p=0.53).

Our population of patients is representative of the population of lung cancer patients
encountered outside of clinical trials. Based on our results, it seems difficult to deny

immunotherapy to older patients on the sole basis of age.
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We found that PS at nivolumab initiation was associated with worse outcomes (Figure
2). When comparing PS at nivolumab initiation between patients having received <2
and >2 injections, we found a statistically significant difference between the two
(p<0.0001). This finding has not been consistently reported but it underlines the

importance of carefully evaluating patient fithess before prescribing ICls.

Survival

Survival in the overall population was in line with the results reported in the Checkmate
studies [1, 2].

Early-death, i.e. death occurring within 3 months of nivolumab initiation [13] was
reported in 70 patients (24%) slightly higher than what has been reported previously.
Patients who were refractory to nivolumab had shorter NivoOS than patients who did
not: NivoOS was 1.4 months [95% CI (1.1 — 1.8)] in the refractory group and 13.5

months [95% CI (11.1 — 15.1)] (p<0.0001) in the non-refractory group.

Bone metastasis

We found that patients with bone metastasis at nivolumab initiation had a tendency to
be refractory to nivolumab (p=0.063). This finding has not been reported elsewhere.
The bone presents with reduced immunoreactivity and has remarkably low T-cell (<5%
of mononuclear cells) and NK cells (1-2% of lymphocytes in the bone marrow)
proportions. This results in a small pool of effective cytotoxic cells and a large
proportion of immature and suppressor immune cell types [14].

Furthermore, bone cells contribute to micro-environment immunosuppression by the
secretion of immunosuppressive cytokines such as TGF-beta which represses the

production of effector molecules (perforin, granzymes, Fas-ligand and interferon

12



gamma). The bone and its micro-environment are in an immunosuppressed state and
due to the low quality of blood vessels, T-cells are unable to reach and proliferate in
the micro-environment. Patients with bone metastasis before initiation of
immunotherapy have a pool of protected tumour cells

Patients who have a non-immunosensitive tumour would have been more prone to
develop bone metastasis, an area of low immunogenicity. Thus, after ICI initiation
these patients would present with rapid tumour progression. On the other hand,
patients with immune controlled tumours would not have suffered metastatic spread,

and the initiation of ICls would in fact be beneficial, placing them in the non-refractory

group.

Duration of treatment before immunotherapy

We found that patients with refractory disease had shorter duration of treatment before
they received nivolumab. This can be explained by the fact that patients with
aggressive tumours with poor response to CT might also be expected to have poor
response to ICls. This is interesting data as it would suggest that chemo-resistant

tumours might also be immune-resistant.

Other factors: histology, metastatic sites, baseline steroids and antibiotics

As other studies have reported [10, 11, 12, 13], we did not find any difference in
histological subtypes when comparing refractory and non-refractory patients.

Furthermore, corticosteroids have recently come under scrutiny [15] with a recent
study showing that baseline use of steroids was associated with decreased overall
response rate, progression free survival and overall survival. The impact of steroids

was not analysed in our study, but they have not previously been associated with HPD.

13



Finally, the use of antibiotics at baseline has never been evaluated and could be an

interesting research direction.

Number of metastatic sites

We compared the number of metastatic sites (more than 2 and two or less) in patients
refractory or not to nivolumab. We did not find a difference between the two groups

(p=0.36)

Patient management

In previous studies, the management of patients has not been evaluated and there is
currently little data on what course of action to take when patients present with rapidly
progressing or refractory disease.

When possible, repeat biopsy of a rapidly progressing site should be performed in
order to gain insight into to the mechanism leading to hyper progression although
tumour transformation or acquisition of molecular mutations do not seem to be the
hallmark of immunotherapy resistance.

A case series [16] reports using high-dose corticosteroids and other symptomatic
treatment (pleural tube placement) resulting in patient improvement. This was however
as small case study (5 cases) without evaluation of TGR or TGK. Further studies with
prospective date seem necessary.

The use of cytotoxic CT after immunotherapy progression has also been suggested
[16, 17]. Efficacy of CT after immunotherapy progression has been evaluated in
retrospective studies with diverging results: some stating that response rates are
higher [18, 19], others finding survival times close to what has been reported in

historical studies [20].
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This study brings new, yet limited data on the efficacy of salvage CT in a group of
patients considered to be refractory to ICIs. Only a small number of patients (9%) were
deemed eligible to further treatment and amongst these, the majority experienced
continued disease progression and death. However, due to the absence of other
alternatives, CT should be offered to these patients if the treating physician deems this

as appropriate.

Study limitations

The retrospective nature of our study implies certain limitations. Imaging was not
centrally reviewed and although cases are usually reviewed during multi-disciplinary
meetings, discrepancies can exist between the different study sites.

We analysed the location and number of metastatic sites before nivolumab initiation,
however, this analysis would depend on the imaging modality used which was not
standardly harmonised: PET-scanning could show metastatic sites not revealed by CT-
imaging as well as brain MRI is more sensitive than brain CT.

We chose to define refractory disease according to the number of nivolumab injections
received. This was chosen as we did not have access to TGR or TGK. However, this
choice can lead to bias as the number of injections is not necessarily associated with
progression but also possibly other events such as toxicity which can cause delays. To
limit this bias, patients who stopped nivolumab due to toxicity and who did not present

with disease progression during follow-up were excluded.

Immunotherapy is a major breakthrough in the treatment of patients with NSCLC.
Some patients do not respond to this time of treatment and experience HPD, early

disease or are considered as refractory. Anticipating immune-escape is an ongoing
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process and although different factors have been identified they are not consistently
found throughout different studies and the data available today is essentially
retrospective. Table 3 shows the different factors associated with HPD, early death
and refractory disease. Other studies have focused on biological factors such as Lung
Immune Prognostic Index (LIPI) based on derived neutrophils/(leukocytes minus
neutrophils) ratio and lactate deshydrogenase (LDH) levels [21]. An approach
integrating clinical and biological factors in order to create a risk stratification could be
useful. Patients at high risk of developing HPD or refractory disease would benefit from
closer monitoring with more frequent clinical evaluations and earlier imaging which
could be performed as soon as after the first injection of immunotherapy.

Prospective data is now needed to clearly identify which patients are at risk of not
benefiting from immunotherapy. It does in fact seem difficult to deny this practice
changing treatment on solely retrospective and sometimes diverging data.

For now, patients eligible to ICIs should receive them according to international
guidelines bearing in mind that a sub-group of patients will not benefit but might also
experience worsening outcomes.

The next practice changing step seems to be the association of CT and
immunotherapy. Evaluating the rate of HPD and refractory patients in this setting will
be crucial. Perhaps the use of CT will help to minimise the negative effects of ICIs such
as toxicity and rapid progression.

Conclusion

ICIs have transformed the landscape of lung cancer care. However, not all patients
benefit from immunotherapy and recent studies have proven the existence of HPD,
associated with worse outcomes. Few factors seem to be associated with HPD and

measuring HPD requires multiple CT-scan in order to measure tumour growth, this is
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not currently accessible in routine practice and will have limitations in the first-line
setting.

Our study brings new data with regards to factors associated with poor prognosis and
we were able to define a population of patients, up to 20%, who were refractory to
nivolumab. They had worse PS at nivolumab initiation as well as shorter treatment
duration prior to nivolumab initiation and shortened survival.

Anticipating poor response to ICls is crucial and early CT scanning after the second or
even first injection of ICIs could help, especially in patients with PS=2.

Management of these patients relies on re-biopsy of a rapidly progressing site,
interrupting immunotherapy and promptly initiating next-line treatment (cytotoxic CT)
in case of maintained PS. The use of high-dose corticosteroids remains unclear. There
is, however, still little data available to evaluate the efficacy of this strategy.

Further prospective studies are needed to help identify patients at risk of presenting

poor outcomes with ICIs and explore different treatment strategies.
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Figure 1: Distribution histogram of the number of nivolumab injections
administered to each patient
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Figure 2: PS at nivolumab initiation in patients with and without refractory
disease
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Table 1: clinical and pathological characteristics (all patients)

Characteristics

All patients (n=303)

Sex n (%)
Male
Female

208 (69%)
95 (31%)

Smoking history n (%)
Current or former
Never
Missing

278 (92%)
23 (8%)
2 (1%)

Histology on initial biopsy n (%)
Adenocarcinoma

186 (61%)

Squamous cell carcinoma 86 (28%)
Other 31 (11%)
Mutational status n (%)
EGFR 10 (3%)
KRAS 50 (17%)
ALK 2 (1%)
Other 22 (7%)
Wild type 219 (72%)
Age at diagnosis, years (median, range) 63,12 -91
Age at nivolumab initiation, years (median, 65,17 -91
range)
PS at nivolumab initiation n (%)
0-1 204 (67%)
22 69 (23%)
Missing 30 (10%)

PS at first nivolumab evaluation n (%)
0-1

133 (44%)

=2 120 (40%)
Missing 50 (17%)
Number of lines received before nivolumab n
(%) 1 (<1%)
0 120 (40%)
1 182 (60%)
>2
Metastatic sites at nivolumab initiation n (%)
Lung/pleura 208 (69%)
CNS 62 (20%)
Liver/adrenal glands 102 (34%)
Bone 78 (26%)
Number of nivolumab injections (median, range) 6,1-43

Radiation therapy n (%)
Yes
No

176 (58%)
127 (42%)

Duration of treatment before nivolumab, months
(median, range)

14 (1 - 216)

24



Table 2: Comparison of the clinical and pathological characteristics in the two

study groups

Characteristics (n=292)

Progression at
<2 injections
(n=57, 20%)

Progression after
>2 injections
(n=228, 78%)

Sex n (%)
Male 39 (68%) 156 (68%)
Female 18 (32%) 72 (32%)
Smoking history n (%)
Current or former 51 (89%) 209 (92%)
Never 6 (11%) 17 (7%)
Missing 0 (0%) 2 (1%)
Histology on initial biopsy n (%)
Adenocarcinoma 34 (60%) 140 (61%)
Squamous cell carcinoma 14 (25%) 69 (30%)
Other 9 (16%) 19 (8%)
Mutational status n (%)
EGFR mutation 1 (2%) 9 (4%)
KRAS mutation 8 (14%) 42 (18%)
ALK translocation 1 (2%) 1 (<1%)
Other 4 (7%) 15 (6%)
Wild type 44 (76%) 167 (71%)
Age at diagnosis, years (median, 64, 30 - 91 62, 35 - 80
range)
Age at nivolumab initiation, years 65, 34 - 91 64, 36 - 80
(median, range)
PS at nivolumab initiation n (%)
0-1 24 (42%) 167 (73%)
22 24 (42%) 43 (19%)
Missing 9 (16%) 18 (8%)
PS at first nivolumab evaluation n(%)
0-1 0 (0%) 124 (54%)
=2 50 (88%) 61 (27%)
Missing 7 (12%) 43 (19%)
Number of lines received before
nivolumab n (%)
1 20 (35%) 90 (39%)
=2 37 (65%) 138 (61%)
Metastatic sites at Nivolumab initiation
n (%)
Lung/pleura 45 (79%) 155 (68%)
CNS 14 (25%) 45 (20%)
Liver/ adrenal glands 19 (33%) 78 (35%)
Bone 22 (39%) 53 (23%)
Number of metastatic sites
22 21 (37%) 106 (46%)
<2 36 (63%) 122 (54%)
Radiation therapy n (%)
Yes 27 (47%) 137 (60%)
No 30 (53%) 91 (40%)
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Number of nivolumab injections 2,1-2 8,3-43
(median, range)

Duration of treatment before 11,1-86 14,1 - 151
nivolumab, months (median, range)

Table 3: summary of the different studies evaluating HPD, early death and
refractory disease

Study Champiat et al Inoue et al Saada- Ferrara et al Current study
Bouzid et al
Definition RECIST progression Death within TGK ratio RECIST Patients
of HPD at first evaluation and | three months | (ratio of the | version receiving less
= two-fold increase in | of nivolumab | slope of 1.1 progressive | than three
TGR between the initiation tumour disease on the | injections of
REF and the EXP growth first CT scan nivolumab
periods before during
treatment treatment and
and the ATGR
slope of exceeding 50%
tumour
growth on
treatment) 22
% of 9% 18.9% 29% 13.8% 20%
patients
experienci
ng HPD
Cancer Multiple (melanoma, Advanced Recurrent Advanced Advanced
type lung, renal, colorectal, | NSCLC and or NSCLC NSCLC
urothelial, lymphoma, metastatic
HCC, head and neck, head and
ovarian, breast, neck
glioblastoma, cervix, squamous
cholangiocarcinoma, cell
endometrium, gastric, carcinoma
oesophagus, thyroid,
uveal melanoma,
mesothelioma,
pancreas, parotid,
sarcoma)
Patients Patients enrolled in All-comer Not detailed | Not detailed All-comer
(n) phase | studies (131) | patients (201) | (34) (406) patients (292)
Drugs Anti PD-1/PD-L1 nivolumab Anti PD- nivolumab, nivolumab
monoclonal antibodies 1/PD-L1 pembrolizumab,
monoclonal | atezolizumab,
antibodies durvalumab
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Factors
associated
with HPD

Older age, lower rate
of new lesions at
progression

PS>2, CRP to
albumin
ratio>0.3,
response to
prior
treatment

Regional
recurrence

More than 2
metastatic sites
before PD-
1/PD-L1
inhibitors

PS>2, Shorter
duration of
treatment
before
nivolumab
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