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Abstract

Background New patterns of progression under immune-oncology (IO) antibodies (mAb) have been described such as
pseudoprogression. Except for melanoma, variations between studies reveal difficulties to establish their prevalence.
Methods This retrospective study enrolled patients participating in IO phase I trials at Gustave Roussy cancer center for solid
tumors excluding melanoma. Radiological assessment according to iRECIST was correlated with prospectively registered
patient characteristics and outcomes. Pseudoprogression (PsPD) was defined as RECIST-defined progression followed by
stabilization or decrease at the next imaging, and dissociated response (DisR) as concomitant decrease in some tumor lesions
and increase in others at a same timepoint.

Results Among 360 patients included, 74% received I0 mAb combination: 45% with another IO mAb, 20% with targeted
therapy and 10% with radiotherapy. The overall response rate was 19.7%. PsPD were observed in 10 (2.8%) patients and
DisR in 12 (3.3%) patients. Atypical responses (AR), including PsPD and DisR, were not associated with any patient’s
baseline characteristics. Compare with typical responder patients, patients experiencing AR presented a shorter iPFS (HR
0.34; p<0.001) and OS (HR 0.27; p=0.026). Among the 203 patients who progressed in 12 weeks, 80 (39.4%) patients were
treated beyond progression. PD was confirmed in 80% of cases, while 10% of patients presented a response.

Conclusion Pseudoprogression and dissociated response are uncommon patterns of progression. Their prevalence should
be balanced with the rate of real progressing patients treated beyond progression. Prognosis or on-treatment biomarkers are
needed to identify early patients who will benefit from immunotherapy.
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Abbreviations GRIm score Gustave Roussy immune score
CTLA-4 Cytotoxic T-lymphocyte antigen-4 HPD Hyperprogressive disease
DisR Dissociated response HR Hazard ratios
FastPD Fast progression iCPD Confirmed progressive disease
10 Immune-oncology
iUPD Unconfirmed progressive disease
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mAb Antibodies

NSCLC Non-small-cell lung carcinoma

ORR Overall response rate

OS Overall survival

PD Progression

PD-1 Programmed death 1

PDL-1 Programmed death ligand 1

PFS Progression-free survival

PsPD Pseudoprogression

RECIST Response evaluation criteria in solid
tumours

RMH score  Royal Marsden Hospital score

Introduction

Immune-oncology (IO) antibodies (mAb) have led to a
paradigm shift in cancer treatment and its assessment. Anti
CTLA-4 (cytotoxic T-lymphocyte antigen-4), anti PD-1
(programmed death 1) and anti PDL-1 (programmed death
ligand 1) antibodies have demonstrated their efficacy [1] and
were approved for the treatment of many advanced solid
tumors such as melanoma, non-small-cell lung carcinoma
(NSCLC), renal cell carcinoma, urothelial carcinoma and
head and neck squamous cell carcinoma, Merkel carci-
noma, and microsatellite instability-high (MSI) cancers
[2]. By their mechanisms of action, IO mAb led to addi-
tional radiological patterns of response and progression,
challenging tumor assessment by accurate radiological
response criteria, the Response Evaluation Criteria in Solid
Tumours (RECIST) v 1.1 guidelines. RECIST guidelines
were developed as a standardized method for tumor response
assessment in advanced solid cancers treated with cytotoxic
chemotherapy, based on the change in tumor burden [3, 4].
The tumor shrinkage is reflecting the benefit and the efficacy
of treatment. First described in melanoma with ipilimumab,
an anti CTLA-4 antibody, some patients experienced an ini-
tial increase size of tumor lesions at first evaluation with a
subsequent decreased or stabilized tumor burden in a second
time [5]. This transient tumor flare, termed as pseudopro-
gression (PsPD), was also observed with anti PD-1 and anti
PDL-1 [6]. Other patterns have been described such as dis-
sociated responses [7, 8], hyperprogressive disease (HPD)
[9], and more recently fast progression (FastPD) [10]. On the
basis of these observations, RECIST 1.1 criteria has been
modified in RECIST 1.1 for immune-based therapeutics
(ARECIST) [11]. It requires a confirmation of progressive
disease (PD) with a 4 weeks later assessment. These new
criteria may capture equivocal progression such as pseudo-
progression and may help to surrogate survival benefit [12].

Atypical responses were observed in about 10% of
metastatic melanoma patients treated with ipilimumab and
were associated with improved survival [5]. Whether these
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patterns of response have been previously characterized in
more depth in melanoma, variations between studies reveal
difficulties to establish the real frequency of these new pat-
terns and their particular outcomes in other solid tumors.

The main objective of this study was to assess the occur-
rence of the different patterns of progression with IO mAb
phase I trials and their correlation with patient outcomes in
solid tumors excluding melanoma. Secondly, we investigated
the potential clinical benefit of treatment beyond uncon-
firmed PD, according to iRECIST, in patients experiencing
an initial progression in the 12 weeks of drug exposure.

Materials and methods
Study design and patients

We retrospectively reviewed all cases of patients with
advanced solid tumor, enrolled between September 2015
and November 2017 in IO mAb phase I trials in the Drug
Development Department (DITEP) at Gustave Roussy
Cancer Centre. Patients with hematological malignancies,
melanoma or receiving intratumoral injection were excluded
of our study. Only patients who received at least one dose
of therapy were included. Clinical and biological charac-
teristics at treatment initiation, the first 6-month treatment
follow-up CT-scans, the nadir radiological assessment, and
patient outcomes (collected prospectively by the trial inves-
tigator) were recorded until June 2018. The Royal Marsden
Hospital (RMH) [13] score, the Gustave Roussy Immune
Score (GRIm-Score) [14] and the lung immune prognostic
index (LIPI) [15] score were calculated at treatment initia-
tion (see Supplementary Methods). The study was conducted
in accordance with the principles of the Helsinki Declaration
and retrospective data collection was approved by ethical
review board.

Tumor assessment

Tumor response was centrally assessed with iRECIST by an
immune-oncology radiologist. As per protocols, all patients
were evaluated every 6 or 8§ weeks. Stable disease (SD),
partial responses (PRs) and complete responses (CRs) were
identical for RECIST and iRECIST criteria. For progressing
patients evaluated per the iRECIST, unconfirmed progres-
sive disease (iUPD) should be confirmed by 4 or 8 weeks
later (iCPD) for patients clinically stable. If the progres-
sion is not confirmed at 4 or 8 weeks, the patient remains
in iUPD.

Atypical responses were identified and proper char-
acterized by a senior radiologist. According to iRECIST
guidelines, pseudoprogression (PsPD) was defined by an
increase >20% in the sum of longest diameter of target



Cancer Immunology, Immunotherapy (2021) 70:221-232

223

lesions, and/or an unequivocal progression in non-target
lesions and/or appearance of new lesions following by a
decrease or stability noticed in the next imaging assessment.
We defined dissociated response (DisR) as a concomitant
relative decrease greater than 30% in some tumor lesions
and relative increase greater than 20% in others (signifi-
cant increase > 5 mm in the sum of measures).The overall
response rate (ORR) was defined as the best tumor response
(complete or partial response) during the clinical trial.

Statistics analysis

Patients characteristics were reported descriptively in this
retrospective analysis. Progression-free survival (iPFS) was
defined as the time from treatment initiation to confirmed
progressive disease (iCPD) or death from any cause or lost
to follow up, and overall survival (OS) was defined as the
time from treatment initiation to death from any cause or lost
to follow up. We identified fast progression (FastPD) as an
overall survival shorter than 12 weeks [10, 16]. PFS and OS
were analyzed by the Kaplan—Meier method. Median fol-
low-up was calculated by the inverse Kaplan—Meier method.
Patients who presented a clinical progression and were with-
drawn from trial before the first evaluation were not included
in objective response assessment but were included for sur-
vival analysis. Prognosis factors for predicting response
were tested with logistic regression in univariate analyses.
To investigate the potential benefit from treatment in patients
experiencing an initial progression (iUPD) according to
iRECIST, a landmark for post-iUPD survival analyses was
set at the time of the first progression assessment. Hazard
ratios (HR) were assessed by Cox model. Statistical analy-
ses were performed using GraphPad Prism version 7 and
R version 3.4.4. All statistical tests were two-tailed, and p
values < 0.05 were considered statistically significant.

Results
Patients and treatment

A total of 360 patients, enrolled in IO mAb phase I tri-
als between September 2015 and November 2017, were
included in our study. The median age was 60 years (range
25-88). Patients received a median of two previous line of
therapy for their advanced disease and only eight patients
(2.2%) were previously treated by a previous IO mAb. The
main tumor types were non-small cell lung cancer (NSCLC)
(13.6%), colorectal adenocarcinoma (13.6%), urothelial car-
cinoma (13.1%), renal cell carcinoma (8.3%), breast cancer
(6.9%) and head and neck carcinoma (6.7%). Patients char-
acteristics are summarized in Table 1.

Patients were enrolled in 36 trials and 74% received 10
mADb combination: 44% received an anti PD-1/anti-PDL-1
with another IO mAb, 20% an anti-PD-1 with targeted
therapy and 10% an anti-PDL-1 with radiotherapy (Supple-
mentary Table 1). Sixty-two patients (17.5%) received an
anti PD-1 or anti PDL-1 in monotherapy and thirty (8.5%)
patients another IO mAb.

Outcomes and efficacy

With a median duration of follow-up of 14.1 months (95%
CI 12.7-15.4), the median PFS was 3.4 months (95% CI
2.8-3.9) and median OS 12.8 months (95% CI 10.2—-14.4).
In the overall population, 13 patients were withdrawn from
trial because of an unacceptable toxicity.

Three hundred thirty-eight patients (94%) were evaluable
for first radiological assessment. The overall response rate
(ORR) was 19.7% (95% CI 16.9-24.2) with 62 (17.2%) par-
tial response (PR) and 9 (2.5%) complete response (CR).
The ORR according to the histology are described in Fig. 1a.
The median time to the best response was 5.5 months (95%
CI 4.5-6.1). Stable disease as best response was observed
in 32.8% of patients.

No event (progression or death) occurred in patients
achieving complete response. The median iPFS was signifi-
cantly longer in patients achieving a PR compare to patients
with a SD as best response (median, 15.6 versus 4.8 months;
hazard ratio (HR), 0.2; 95% CI 0.2-0.4; p=0.001). Similar
results were observed for OS (PR vs SD: not reached (N.R.)
versus 14.1 months; HR, 0.2; 95% CI 0.7-.4; p <0.001).
Patients who experienced a PD presented a median PFS of
1.8 months (95% CI 1.6-2.0) and a median OS of 5.1 months
(95% CI 4.1-7.2) (Supplementary Fig. 1).

Among patients with a SD, prognostic scores were cor-
related with OS. Patients with a low RMH score and GRIM
score presented a longer OS than patients with a high score
(HR for RMH, 0.3; 95% CI 0.2-0.6; HR for GRIM, 0.3; 95%
CI0.1-0.5), whereas no significant difference was observed
for LIPI score (HR 1.1; 95% CI 0.7-1.7). Among responder
patients, prognostic scores were not correlated with OS
(p=0.3 for RMH score; p=0.4 for GRIM score; p=0.3 for
LIPI score) (Supplementary Fig. 2).

Pseudoprogression

We observed pseudoprogression (PsPD) in 10 (2.8%)
patients. Among histology most represented, one (10%)
PsPD were reported for microsatellite instability (MSI) high
genotype colorectal adenocarcinoma, two (7%) for renal cell
carcinoma, two (4%) for urothelial carcinoma and one (2%)
for NSCLC (Fig. 1b and Supplementary Table 2). No dif-
ferences in prognostic scores were observed between PsPD
and real progressive patients: for RMH score, OR=0.7

@ Springer



224 Cancer Immunology, Immunotherapy (2021) 70:221-232

Table 1 Patients characteristics

No (%)
All patients (n=360) FastPD (n=45) PsPD (n=10) DisR (n=12)
Median age
Years (range) 59.8 (24.6-88.3) 59.5 (27.2-73) 59.7 (33.9-74.7) 59.6 (34.3-88.3)
Gender
Male 214 (59.4%) 26 (57.8%) 7 (70%) 7 (58.3%)
Female 146 (40.6%) 19 (42.2%) 3 (30%) 541.7%)
RMH score
0 137 (38.1%) 511.1%) 5 (50%) 541.7%)
1 137 (38.1%) 10 (22.2%) 1 (10%) 6 (50%)
2 70 (19.4%) 22 (48.9%) 4 (40%) 1(8.3%)
3 16 (4.4%) 8 (17.8%) 0 0
GRIm score
0 163 (45.3%) 511.1%) 5 (50%) 541.7%)
1 130 (36.1%) 17 (37.8%) 3 (30%) 6 (50%)
2 52 (14.4%) 16 (35.6%) 2 (20%) 1(8.3%)
3 15 (4.2%) 7 (15.6%) 0 0
LIPI score
0 160 (44.4%) 9 (20%) 6 (60%) 4(33.3%)
1 161 (44.7%) 10 (22.2%) 4 (40%) 8 (66.7%)
2 39 (10.8%) 16 (35.6%) 0 0
Histology
Colorectal 49 (13.6%) 7 (15.6%) 1 (10%) 1(6.7%)
NSCLC 49 (13.6%) 4 (8.9%) 1 (10%) 2 (13.3%)
Urothelial 47 (13.1%) 10 (22.2%) 2 (20%) 2 (13.3%)
Colorectal MSS 39 (10.8%) 7 (15.6%) 0 1(6.7%)
Renal 30 (8.3%) 0 2 (20%) 1(6.7%)
Breast 25 (6.9%) 3(6.7%) 0 0
Head and neck 24 (6.7%) 3(6.7%) 0 0
Cervix 20 (5.6%) 0 1 (10%) 2 (13.3%)
Gastric, oesophagus 19 (5.3%) 4 (8.9%) 0 0
Hepatocarcinoma 14 (3.9%) 2 (4.4%) 1 (10%) 0
Pancreas 14 (3.9%) 2 (4.4%) 0 0
Prostate 12 (3.3%) 3(6.7%) 0 0
Cavum 10 (2.8%) 2 (4.4%) 0 0
Colorectal MSI-high 10 (2.8%) 0 1 (10%) 0
Ovarian 9 (2.5%) 2 (4.4%) 0 1(6.7%)
Mesothelioma 8 (2.2%) 12.2%) 0 1(6.7%)
Endometrium 7 (1.9%) 12.2%) 0 1(6.7%)
Thyroid 5(1.4%) 0 1 (10%) 0
Tleum 4 (1.1%) 0 0 0
Merkel carcinoma 4(1.1%) 0 0 0
Cholangiocarcinoma 3(0.8%) 1(2.2%) 0 0
Thymic 3(0.8%) 0 1 (10%) 1(6.7%)
Adnexial carcinoma 1(0.3%) 0
Penis 1(0.3%) 0 0 0
Sarcoma 1(0.3%) 0 0 0
Vagina 1(0.3%) 0 0 0
Previous ICI
Yes 8(2.2%) 1(2.2%) 0 0
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Table 1 (continued)
No (%)
All patients (n=360) FastPD (n=45) PsPD (n=10) DisR (n=12)
No 352 (97.8%) 44 (97.8%) 10 (100%) 12 (80%)
Previous lines: median(range) 2 (0-10) 2 (1-9) 1(0-3) 1(0-7)

FastPD fast progression, PsPD Pseudo-progression, DisR dissociated response, IO mAb immune-oncology antibodies
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Fig. 1 Response rate (a) and atypical response rate (b) according to tumor histology

(95% CI 0.3-1.4, p=0.3); for GRIm score, OR=0.6 (95%
CI 0.3-1.5, p=0.3); and for LIPI score, OR =0.3 (95% CI
0.1-1.1, p=0.06). Of these patients, three received an anti
PD-1/PDL-1, four an IO mAb combination with another IO
mAb and two an anti PD-1 combined with targeted therapy.
The median time to PsPD was 7.4 weeks (95% CI 6.3-4.7).
No specific type of PsPD was observed: 40% presented a
progression in target lesion (TL), 30% in non-target lesion
(NTL) and 30% presented an appearance of new lesion (NL)
(Fig. 2a). The site of PsPD was preferentially lymph node
(n=3) and pulmonary metastasis (n=2), but PsPD was
also observed in primitive tumor localization for 2 patients
(examples in Supplementary Fig. 3a, b). After a median time
of 6.0 months (95% CI 4.6-19.3), one patient achieved a
complete response, four a partial response and five a stable
disease (examples in Supplementary Fig. 1a, b). In total,
patients experiencing a PsPD presented a median iPFS of
9.4 months (95% CI 4.8-N.R.).

Dissociated response

We observed dissociated responses (DisR) in 12 (3.3%) of
patients. The median time to DisR was 11.3 weeks (95% CI

10.3-21.4). Among histology most represented, two (4%)
of DisR were reported for NSCLC, two (4%) for urothelial
carcinoma, one (3%) for microsatellite stable genotype colo-
rectal adenocarcinoma and one (3%) for renal cell carcinoma
(Fig. 1b and Supplementary Table 2). Of these patients,
three received an anti PD-1/PDL-1, three with another IO
mAb and six with targeted therapy. Dissociated response was
observed in the first 12 weeks of treatment for 7 patients.
Increasing of NTL (50%) and NL (50%) were reported in
lymph nodes, cerebral metastasis, liver metastasis, peritoneal
carcinomatosis and primitive tumor localization (Fig. 2b).
For 7 out of 12 patients, concomitant response was observed
with a reduction in the size of pulmonary metastasis (exam-
ple in Supplementary Fig. 3c). No differences were observed
between DisR and classical RECIST patterns of response:
for RMH score, OR=0.7 (95% CI 0.3-1.5, p=0.3); for
GRIm score, OR=0.9 (95% CI 0.4-1.7, p=0.6); and for
LIPI score, OR=1.0 (95% CI 0.4-2.4, p=0.99). After the
dissociated response reported, one (8%) patient achieved a
complete response, 3 (35%) a partial response with a median
time of 5.4 months (95% CI 3.0-8.2), and 6 (50%) patients
were considered as progressor after dissociated response
reported. For two patients, dissociated response consisted

@ Springer



226

Cancer Immunology, Immunotherapy (2021) 70:221-232

Fig.2 Percent change from
baseline in target lesion per
iRECIST in patients with a
pseudoprogression (n = 10/360)
and b dissociated response
(n=12/360)
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in a single progressing cerebral lesion. As both patients were
irradiated (stereotactic radiotherapy), they had been consid-
ered as dissociated response (and not pseudoprogression),
before achieving CR and PR.

In total, patients experiencing a dissociated response pre-
sented a median iPFS of 6.6 months (95% CI 2.9-15.6).

Atypical responses and outcomes

Because of the limited number of patients, no significant
difference was found in outcomes of patients experiencing
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TP2
Radiological assessment (timepoint)

TP3 TP4

an PsPD or DisR and patients without (Supplementary
Fig. 4). Pooled together, patients experiencing an atypi-
cal response (AR) presented a significantly shorter iPFS
than patients achieving PR or CR without AR (median
PFS CR, PR vs AR: 23.8 months vs 8.8 months; HR 0.34,
95% CI 0.18-0.65; p<0.001) but significantly longer than
patients achieving SD without AR (SD vs AR: 4.6 months vs
8.8 months; HR, 2.2; 95% CI 1.29-3.65; p=0.004) (Fig. 3a).
Median OS were not reached in patients with AR (95% CI
11.4-N.R.) and significantly shorter than patients with PR or
CR (CR-PR vs AR: HR 0.27; 95% CI 0.09-0.85; p =0.026).
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Fig.3 Survivals according to radiological assessment: a confirmed progression free-survival (PFS) and b overall survival (OS)

No difference was observed in OS with patients achieving
SD without atypical response (SD vs AR: 14.1 months
vs N.R.; HR 2.46; 95% CI 0.44-0.96; p =0.06) (Fig. 3b).
Patients experiencing atypical response had significantly
longer OS than patients experiencing a true progression (AR
vs PD: HR 0.18; 95% CI 0.12-0.27; p <0.001).

Fast progression

Forty-five (12.5%) patients presented an OS shorter than
12 weeks, defined as fast progression (FastPD). Of these,

13 (29%) patients were withdrawn from trial for clinical
progression before the first radiological assessment and 6
(13%) patients presented a clinical progression with a sta-
ble disease according to iRECIST. FastPD was observed
in many histology subtypes (Table 1 and Supplementary
Table 2). FastPD patients presented a higher punctuation
in all the prognostic scores in comparison with non-FastPD
patients who experienced a PD: for RMH score, OR =3.2
(95% CI1.9-5.2, p=0.001); for GRIm score, OR=2.8 (95%
CI 1.8-4.4, p=0.001); for LIPI score, OR=2.7 (95% CI
0.08-0.3, p=0.001).
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FastPD patients presented a median PFS shorter than
non-FastPD patients who experienced PD (1.1 months,
(95% CI 0.9-1.3) vs 2.3 months (95% CI 2.0-2.6),
p=0.001) and a shorter OS (1.6 months (95% CI 1.3-2.0)
versus 8.1 months (95% CI 6.7-9.5), p=0.001).

Treatment beyond initial progression

Among the 203 patients who experienced an initial pro-
gression (iUPD) in the 12 weeks of drug exposure, 81
(39.4%) patients were treated beyond progression, includ-
ing 35% at first assessment (n=155/158) and 57% at sec-
ond assessment (n=26/45). Patients characteristics at
baseline are described in Supplementary Table 3.
Among these patients treated beyond iUPD, progres-
sion was confirmed with 4 or 8 weeks later CT-scan
assessment (iCPD) in 80% of cases (Supplementary
Table 4). Eight (10%) patients achieved a partial (n=6)
and a completed response (n=2) after receiving treat-
ment beyond progression. Eight (10%) patients achieved
a stable disease for a median time of 2.4 months (95% CI
0.9-12.2) after receiving treatment beyond progression.
The median time from iUPD to the best response was
4.2 months (range 2.9-16.6). Overall, the median duration
of treatment after iUPD was 1.6 months (95% CI 1.4-1.9).
Among real progressive patients (excluding patients
experiencing AR), patients treated beyond progression
presented a significant longer OS compare to patients not
treated beyond progression (Fig. 4). The median post-
iUPD OS was 10.1 months (95% CI 7.8-N.R.) for patients
treated beyond progression vs 3.0 months (95% CI
2.3-4.6) with an HR of 0.4 (95% CI 0.3-0.6; p <0.001).

Fig.4 Post-progression OS 100
according in patients treated
beyond progression and not
treated beyond progression
among real progressive patients
(excluding patients experiencing
atypical response). A landmark
analysis was set at the time of
initial progression

754

50

Percent survival

25+

—— Treatment beyond iUPD
— No treatment beyond iUPD

Discussion

This study assessed the prevalence of new patterns of pro-
gression under immune-oncology antibodies in a large
cohort of immune-naive patients (excepted melanoma)
enrolled in phase I trials. In this retrospective study, we
reported 6.1% of atypical response with less than 3% of
pseudoprogression. The occurrence of these unconventional
responses is still unclear, never exceeding 10% but varying
among histology subtypes [17]—range of 7.3% in melanoma
[12] to 1.5% in urothelial cancer [18]. A recent systematic
review of 38 studies [19] found 6% of atypical responses
(151 on 2400 patients) treated with anti PD-1. Variation are
also observed between clinical trials: in NSCLC patients,
PsPD were observed in 6.7% in nivolumab phase 3 trial
[20] but none was observed in a real-life retrospective study
[21, 22]. Theses variations could be explained by differ-
ent hypotheses. Firstly, pseudoprogression may result from
recruitment and infiltration of activated T cells in the tumor
generating edema, leading to a transient increase of tumor
size [6, 23]. Pseudoprogression could correspond also to a
slow antitumor response, the imaging assessment is captur-
ing the natural growing of the tumor before the effective
immune activation. Thus, first timepoint assessment might
misevaluate the rate of true PsPD. Therefore, only histology
biopsy can support the diagnosis and differentiate from true
progression. Our study captured an estimation of these pat-
terns among various cancers and various IO trials, confirm-
ing a class effect in monotherapy as in combination.
Dissociated response (DisR), or mixed response, corre-
sponds to different radiological patterns of response at the
same timepoint. Mixed response is a real clinical routine
challenge although it is not defined in radiological criteria
guidelines, and only a small number of studies described
it [5, 7, 24]. Tazdait et al. reported 7.5% of DisR among

HR, 0.4 (95% Cl, 0.3 to 0.6; p < 0.001)
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160 patients with advanced NSCLC patients treated with an
anti PD-1 or PD-L1 [25]. Half of them presented a clinical
benefit from treatment. After DisR reported in our cohort,
50% of patients presented a real progression, illustrating dif-
ficulties to define a single entity of patients who benefit from
treatment. We also observed different rates of DisR among
cancer types with a low level of sensitivity for anti-PD-(L)1
monotherapy as MSS colorectal, ovarian and endometrium
cancer. Dissociated responses may reflect the tumoral heter-
ogeneity and illustrate the influence of tissue-specific tumor
microenvironments on response [26]. Thus, capturing differ-
ent patterns of response and progression at the same time
point remains a pitfall of iRECIST criteria. For instance, we
found one dissociated response and one pseudoprogression
out of three patients with thymic carcinoma, while none was
described in the pembrolizumab phase 2 [27]. Dissociated
response could be misclassified as progression by iRECIST.
In our study, two patients underwent a brain stereotactic
radiation before achieving response. Recently, in a cohort of
NSCLC patients treated with immune checkpoint inhibitors,
Hendricks et al. observed a dissociated cranial-extracranial
response in 12.7% of patients with brain metastasis and 0.8%
brain pseudoprogression [28]. Therefore, focal treatment of a
single progressive lesion for dissociated response should be
considered, especially for brain and spinal metastasis [29].

Neither clinical prognostic scores (RMH, GRIm and LIPI
score) nor type of progression is relevant to identify these
patterns, confirming that circulating biomarkers such as
LDH and derived neutrophil to lymphocyte ratio (NLR) are
not associated with type of progression [22]. A retrospec-
tive analysis conducted on 356 patients with various cancer
type in phase I and II trial found that pseudoprogression
was associated with a high likehood of 1-year survival com-
pared to patients experiencing typical responses [30]. In our
cohort, we showed that pseudoprogression is not associated
with better outcomes compare to responder patients with-
out PsPD. Recently, Fujimoto et al. reported similar results
among advanced NSCLC patients treated with nivolumab
[31]. Patients who experienced PsPD presented a significant
shorter median PFS than patients with a typical response
(»<0.001). We confirmed here that the most important fea-
ture for prediction of long duration of response is the best
overall response, as demonstrated previously [32].

In contrast of these atypical responses, we observed
12.5% of patients with OS less than 12 weeks, defined as
fast progression. This rate is comparable with what has been
observed in other phase I cohort [10] and phase III trial
[16]. The emergence of this new concept could overcome
difficulties to identify hyperprogressive disease (HPD) as no
consensus exists on the quantitative definition for assessing
tumor growth [9, 22, 33-35]. FastPD could be a surrogate
marker of HPD to pick out prognostic scores for selecting
patients who will not benefit from IO mAb.

Our study highlights the clinical implication of treating
beyond progression according iRECIST criteria. Among
40% of patients treated beyond progression, 80% under-
went another CT scan at 1 month confirming PD. These
results were similarly reported in unresecable melanoma
in a pooled analysis of FDA clinical trials. Among 2624
patients receiving immunotherapy on clinical trials allowing
for treating beyond RECIST-defined progression, only 14%
of the patients had a 30% or more decrease in tumor burden,
representing 4% of all patients [36]. Benefit from treatment
beyond progression is also supported by observation that
progression free-survival cannot adequately capture the ben-
efit of IO mAbs [37]. Meanwhile, our results highlight that
responses after initial progression is uncommon. Whether
atypical responses support a rational for treating beyond pro-
gression, given the risk of delaying an efficient treatment and
exposing to immune adverse events, this observation rein-
force that treating beyond RECIST1.1 progression should be
limited to a number of patients [38].

Prognosis or on-treatment biomarkers are needed to iden-
tify early patients who should (or not) continue IO mAb
therapy once a first progression is evidenced. Using molecu-
lar patterns, ctDNA could be an early tool for the assessment
of tumor responsiveness, as it has been demonstrated for
chemotherapy [39]. A recent study showed, on 125 mela-
noma patients on anti PD-1 alone or in combination with
ipilimumab, that ctDNA profiles can accurately differentiate
pseudoprogression from real progression [40]. An approach
integrating hybrid imaging may be considered to discrimi-
nate these patterns. An approach integrating hybrid imaging
may be considered to discriminate these patterns. Upon the
radiological assessment, the complete metabolic response
assessed by FDG-PET imaging may better predict long-
term outcomes [41]; or the radiomic signature may predict
the immune phenotype of tumors and, therefore, potential
responders [42].

This study presents a number of limitations. Firstly, it
is the retrospective value of our work. We identified retro-
spectively atypical responses based on data collected pro-
spectively in phase I trials. Another limitation is the lack
of biological biomarker analysis such as PD-L1 expression
or tumor-infiltrating lymphocytes. For now, no relation-
ship has been demonstrated between displaying an atypical
response and PD-L1 expression [12]. The heterogeneity of
the population might misestimate the real prevalence among
rare histology subtypes. Though, in this wide spectrum of
cancers, atypical responses were only described among the
subgroup of tumors that are known to be sensitive to anti-
PD(L)I1 therapies, known as ‘PD-Loma’ [1]. The heteroge-
neity of therapies might also be a bias in our study, as some
IO mAbs combinations have demonstrated to be detrimen-
tal [43]. Thus, the percentage of fast progression could be
overestimated.
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Conclusion

In conclusion, despite this phase I trial cohort might not
reflect the clinical routine of patients treated with immu-
notherapy, these results highlight that outcomes of patients
experiencing atypical responses differ from true responder
and dissociated responses should be better characterized
in clinical trials. Pseudoprogression provides rationale for
modifying radiological criteria of response, as iRECIST are
proper to capture long-term benefit from IO mAb therapies.
However, the low prevalence of patients displaying atypical
response should be balanced with the rate of patients treated
beyond progression without radiological response.
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