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ABSTRACT

A breakthrough in oncology over the last 5 years, immuno-
therapy has proved its salutary effects in a wide range of solid
tumors. The targeting of the programmed cell death protein
1 (PD-1)/programmed death-ligand 1 (PD-L1) pathway can
restore a competent antitumor T-cell response by addressing
key tumor immune evasion mechanisms. This novel mecha-
nism of action is associated with new patterns of responses
that were not observed with conventional treatments such as
chemotherapy or targeted therapies. Thus, hyperprogressive
disease (HPD), an unexpected acceleration of cancer evolution
after starting immunotherapy, has been reported by several

groups with a PD-1/PD-L1 blockade. This tumor flare-up
phenomenon is associated with a poorer outcome and is
suspected to be an immune-related adverse event. Despite
been highly debated, the issue of HPD is currently a real chal-
lenge for oncologists’ practice in terms of patients’ information,
diagnosis, and management. Herein, we describe the case of
a 57-year-old man diagnosed with metastatic urothelial car-
cinoma who developed a rapid tumor growth after an anti-
PD-L1+ IO combination. This case illustrates how current
practice should evolve to address the HPD reality in the
anticheckpoint era. The Oncologist 2020;25:369–374

KEY POINTS

• Hyperprogressive disease (HPD) is an unexpected acceleration of cancer growth after starting immunotherapy that is associated
with a poor outcome. Definition of HPD is based on comparing kinetics of tumor growth before and after starting immunotherapy.

• No predictive biomarker has been homogenously identified in the reported studies.
• Suspected pathophysiology includes expansion of programmed cell death protein 1 (PD-1) + regulatory T cells, exhaus-

tion of compensatory T cells, modulation of pro-tumorigenic immune cell subsets, activation of aberrant inflammation,
or activation of oncogenic signaling.

• HPD is one of the most controversial immune-related adverse events, as the liability of immunotherapy in this tumor
deleterious flare-up phenomenon has not been proved yet.

• The reported incidence of HPD in retrospective studies varies across different solid tumor types from 6% to 29%. This phenom-
enon has been mainly suspected in non-small cell lung cancer (NSCLC), head and neck squamous cell carcinoma (HNSCC), and
in urothelial carcinomas, where several randomized phase III trials have shown early crossing over of survival curves.

• In the context of anti-PD-1/programmed death-ligand 1 therapy, in particular for NSCLC, HNSCC, or urothelial carci-
noma, the authors recommend performing an early computed tomography (CT) assessment at week 3–4. In the case
of an early progression, tumor molecular characterization by tumor biopsy or circulating tumor DNA could be urged.
Immunotherapy discontinuation should be discussed. Performing a confirmatory CT scan 4 weeks later to exclude
pseudoprogression should not be the rule. Early switch to cytotoxic therapy may counteract the deleterious flare-up.

• Patients should be informed of the risk of developing HPD. Health authorities and trial sponsors could monitor and report the
rates of tumor flares in trials in order to help oncologists to properly inform their patients about the expected rates of HPD.
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CASE REPORT

A 57-year-old man with personal history of hypertension and
type 2 diabetes and family history of hemochromatosis was
diagnosed with urothelial carcinoma of the bladder. After mul-
tiple local resections including right nephroureterectomy, BCG
therapy, and adjuvant mitomycin, he received multiple lines in
metastatic setting (MVAC, GEMOX-carboplatin, FEC, vinflunine,
gemcitabine, paclitaxel, carboplatin, and vinorelbine). As this
patient remained with a good performance status (PS = 1), a
phase I trial evaluating the association of an anti-programmed
death-ligand 1 (PD-L1) immunotherapy combinedwith another
immune checkpoint modulator was proposed.

Three weeks after starting treatment, the patient reported
increased hepatic tumor pain without clinical or biological dete-
rioration. Immunotherapy was continued and analgesic therapy
adapted. The first imaging evaluation performed at week
6 showed progressive disease by RECIST 1.1 with a 42.5% target
lesions progression (Fig. 1) as well as the appearance of new
lesions. The patient was maintained on immunotherapy to per-
form a second computed tomography (CT) scan at week 9 in
order to exclude the possibility of pseudoprogressive disease.
Unfortunately, while waiting for the confirmatory CT scan, the
patient’s condition deteriorated. This second CT confirmed pro-
gression with a 46% increase of target lesions compared with
baseline.

The patient underwent a tumor biopsy for molecular
characterization and was immediately rechallenged by vin-
orelbine monotherapy for a 3-week period. A BRAFV600E
mutation was identified and treatment was switched to
vemurafenib. Unfortunately, 1 week after starting targeted
therapy, the patient was hospitalized for neurological alter-
ation and cerebral metastases were discovered at magnetic
resonance imaging. He was maintained on vemurafenib for

another 10 days and deceased consequently to progressive
disease just before starting in toto cerebral radiation therapy.

WHAT IS HYPERPROGRESSIVE DISEASE? HOW CAN WE

IDENTIFY HYPERPROGRESSION?
Hyperprogressive disease (HPD) is clinically defined by
the unexpected acceleration of the tumor evolution when
patients are starting immunotherapy [1]. It is a paradoxical
phenomenon of treatment-induced tumor flare-up that has
been reported in different tumor types and with diverse can-
cer therapies [1]. It is suspected when the patient’s clinical
status rapidly deteriorates upon treatment initiation and/or
when tumor imaging evaluation is showing an important
increase in tumor size and/or appearance of multiple new
lesions. This phenomenon has been proposed to account for
the early crossing over of survival curves in multiple random-
ized phase III trials such as IMvigor211 and Keynote 045 in
urothelial carcinoma [2, 3], CheckMate 057 in non-small cell
lung cancer (NSCLC) [4], or CheckMate 141 in head and neck
squamous cell carcinoma (HNSCC) [5].

The formal diagnosis of HPD can be made by measuring
the kinetics of tumor growth before and after starting immu-
notherapy [1]. Such diagnosis requires implementing the time
in between the different CT evaluations in order to calculate
the variations of tumor growth speed (Fig. 2). Thus, the first
radiological definition of HPD was evaluating the tumor
growth rate (TGR) by comparing tumor lesion sizes on CT
scans prior to and upon anti-PD-(L)1 therapy [1, 6]. Multiple
studies using kinetics of tumor growth have reported this
phenomenon in patients treated with anticheckpoint thera-
pies with a prevalence between 6% and 29% [1, 6–10]

Figure 1. CT imaging evaluations of a 57-year-old male treated by an anti-programmed death-ligand 1 immunotherapy combined
with another immune checkpoint modulator for metastatic urothelial carcinoma. First imaging evaluation performed at week
6 showed progressive disease by RECIST 1.1 with a 42.5% target lesions progression and appearance of new lesions.
Abbreviation: CT, computed tomography.
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(Table 1). Retrospectively, this method could demonstrate
that the incidence of HPD in NSCLC was higher with anti-PD
(L)1 therapy (14%) than with chemotherapy (5%) [9].

In the presented case, the first CT scan reports an increase
by 42.5% of target lesions (RECIST 1.1) and the appearance of
new lesions. The observed progression could be the natural
course of tumor growth. However, by comparing the kinetics
of tumor growth before and after starting immunotherapy,
we can identify the fact that the patient’s tumor actually pres-
ented a significant acceleration with a tumor growth rate mul-
tiplied by 3.2 (TGR ratio; Fig. 3).

WHY IS HPD CHALLENGING OUR CURRENT PRACTICE?
The current modality of tumor evaluation during immunother-
apy is based on a first CT scan performed around 8 weeks after
treatment initiation [11]. In case of tumor progression at this
first imaging, it is recommended to maintain therapy until a
confirmatory CT is performed 4 weeks later. In fact, these spe-
cific modalities for tumor evaluation during immunotherapy
are due to the potential observation of unconventional pat-
terns of responses such as pseudoprogression [12, 13]. This
new pattern of response has been initially described in patients
with advanced melanoma receiving ipilimumab, with patients

Figure 2. Diagnosis of HPD requires measuring the kinetics of tumor growth before and after starting immunotherapy. Three time points
are therefore needed: the baseline CT and the first-evaluation CT allow to measure the kinetics ON immunotherapy. A prebaseline CT is
necessary to measure the kinetics BEFORE starting immunotherapy. Thus, an acceleration of tumor growth speed can be diagnosed.
Abbreviations: CT, computed tomography; SLD, sum of the longest diameters.

Table 1. Reported studies using tumor kinetics to identify hyperprogressive disease

Study
characteristics Champiat et al. [6] Kato et al. [7] Saâda-Bouzid [8] Ferrara et al. [9] Kim et al. [10]

HPD definition RECIST PD at first
evaluation and
TGR ratio ≥2

TTF <2 months
>50% increase in
tumor burden
compared with
preimmunotherapy
imaging >2-fold
increase in
“progression pace”

TGK ratio ≥2 RECIST PD at first
evaluation and
Delta TGR >1.5

TGK ratio ≥2 and
TGR ratio ≥2 and
TTF <2 months

Patients n = 131 Metastatic
cancers phase I trials
Anti-PD(L)1
monotherapy

n = 155 Metastatic
cancers with
molecular profiling
Anti-CTLA-4, PD-1/
PD-L1, or other
investigational
agents

n = 34 Recurrent
and/or metastatic
HNSCC Anti-PD(L)1
monotherapy

n = 406 Advanced
NSCLC Anti-PD(L)
1 � IO combo

n = 263 Recurrent
and/or metastatic
NSCLC Anti-PD(L)1
monotherapy

Reported
frequency
of HPD

9% (12/131) 6% (6/102) 29% (10/34) 14% (56/406) 19% (45/237)

Abbreviations: CTLA-4, cytotoxic T-lymphocyte-associated protein 4; HNSCC, head and neck squamous cell carcinoma; HPD, hyperprogressive dis-
ease; NSCLC, non-small cell lung cancer; PD, progressive disease; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1;
TGK, tumor growth speed; TGR, tumor growth rate; TTF, time to treatment failure.
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presenting an objective response after an initial disease pro-
gression [12]. However, retrospective studies are now showing
that pseudoprogression only affects 1%–9% of patients treated
with anti-PD-(L)1 [13]. Thus, despite the lack of benefit, a major-
ity of progressive patients are prolonged on immunotherapy.

In the case of HPD, the current method of evaluation is
pushing in maintaining patients on therapy while they are
experiencing a deleterious effect. Indeed, HPD has been asso-
ciated with a poorer patient outcome [1]. For example, Ferrara
et al. report that patients with NSCLC experiencing HPD within
the first 6 weeks of PD-(L)1 inhibitor treatment had signifi-
cantly lower overall survival (OS) compared with patients with
progressive disease (median OS, 3.4 months vs 6.2 months;
p = .003) [9]. Moreover, in a recent study by Kim et al., 70% of
patients undergoing hyperprogression did not receive a subse-
quent treatment compared with 39% of the patients
experiencing a “conventional” progression.

In our case report, immunotherapy was prolonged despite
lack of benefit at the first CT scan evaluation. This delay
affected not only the timing for therapeutic switch but also
the tumor molecular characterization.

WHY IS HPD HIGHLY DEBATED?
The attribution of this tumor deleterious flare-up phenome-
non to immunotherapy remains controversial [14]. Some
suspect that hyperprogressive disease might just be the nat-
ural behavior of an untreated tumor. Thus, the report of an
increase of kinetics of tumor growth at the onset of immu-
notherapy in a subset of patients could be fortuitously con-
current with the natural evolution of disease. In order to
suppress this possible bias, kinetics of tumor growth should
be analyzed in randomized trials. Unfortunately, reported
trials currently lack this information.

Oncologists may want to use classical anti-PD-(L)1 pre-
dictive biomarkers such as tumor PD-L1 positivity or tumor
mutational burden to select their patients. However, retro-
spective studies that analyzed kinetics of tumor growth did
not identify these markers as predictive of HPD [6, 8–10]. In
fact, reported studies have been unable to identify a common
predictive factor of HPD. An older age (>65 years of age) [6], a

higher number of metastatic lesions at baseline (>2) [9], the
occurrence of loco-regional disease recurrence [8], MDM2
amplifications, or epidermal growth factor receptor alter-
ations [7] have been suspected in separate studies, but overall
these predictive factors are contradictory between the differ-
ent studies.

In the present case, the patient had been heavily
pretreated with more than five therapeutic lines in the
metastatic setting. This may suggest that HPD in his case may
in fact have been related to the natural course of a tumor in a
very late stage. However, studies evaluating kinetics of tumor
growth did not find an association between HPD and number
and types of previous therapies, advanced disease stage, or a
poor performance status at baseline [1, 6, 9]. No significant
differences were detected in terms of blood features at base-
line, including serum levels of albumin, lactate dehydrogenase,
or lymphocyte counts [1, 6, 9].

Despite lacking clear predictive biomarkers, several bio-
logical mechanisms have been proposed to support the
HPD phenomenon including expansion of PD-1+ regulatory
T cells, exhaustion of compensatory T cells, modulation of
pro-tumorigenic immune cell subsets, activation of aber-
rant inflammation or activation of oncogenic signaling [1].
Thus, PD-1 blockademay facilitate the proliferation of highly sup-
pressive intratumoral PD-1+ effector Treg cells, with a FoxP3high
CD45RA− CD4+ phenotype, resulting in HPD [15]. Also, analysis
of circulating CD8+ lymphocytes at baseline shows that lower
frequency of effector/memory subsets (CD45RA−CCR7−) and
higher frequency of exhausted TIGIT+ in PD1+ cells were associ-
ated with HPD [10]. Other reports suggested the role of thera-
peutic antibody activation of M2-like CD163+ CD33+ PD-L1+
macrophages through the Fc γ receptor [16]. Finally, Shisuo et al.
have reported that PD-1may be intrinsically expressed on NSCLC
tumor cells and its blockade can promote cancer growth [17].

ADAPTING OUR PRACTICE TO THE HPD REALITY

The evaluation of tumors under immunotherapy currently
requires a CT evaluation between weeks 6 and 12. At this first
evaluation, the key issue is to differentiate HPD from

Figure 3. Variations of tumor growth in percentage of target lesions sum compared with baseline (determined by RECIST 1.1) in a
57-year-old male treated by an anti-programmed death-ligand 1 immunotherapy combined with another immune checkpoint mod-
ulator for metastatic urothelial carcinoma. Each cross indicates a CT evaluation.
Abbreviation: CT, computed tomography.

© AlphaMed Press 2020

Hyperprogression and PD-1/PD-L1 Blockade372



pseudoprogression. Indeed, pseudoprogression can sometimes
be associated with an initial tumor growth acceleration and be
confounded with HPD [9]. Despite lacking biomarkers for HPD
or pseudoprogression, we can easily implement simple prac-
tice changes to address this potential major issue (Fig. 4).

First, no matter how much we or the patient expect immu-
notherapy to work, we should always remember that the diag-
nosis of pseudoprogression should not be considered in the
case of clinical alteration or tumor symptoms worsening.

Second, to limit the duration of exposure to an inefficient or
potentially deleterious immunotherapy, we can plan for a sys-
tematic early CT scan assessment, that is, around week 3–4
after starting anti-PD(L)1. Thus, in case of mild or nonthreaten-
ing PD at this early time point, patients could have a confirma-
tory CT scan 1 month later, reducing time for decision of
treatment discontinuation. Consequently, a simple change in
practice should be able to save precious time and assure a sal-
vage therapy.

We believe that such early CT scans should be per-
formed particularly for patients with NSCLC, HNSCC, and
urothelial carcinoma, where several randomized phase III
trials have shown early crossing over of survival curves.
However, HPD has been observed in other tumor types, so
they should probably by monitored with caution as well.

The specific calculation of the kinetics of tumor growth
can be implemented in our decision by simply integrating the
time in between the different CT evaluations in order to calcu-
late the variations of tumor growth speed [8]. However,
prebaseline CT scans can be difficult to collect and may be lac-
king in the context of first-line therapy. Thus, “fast progres-
sion” has been proposed as a surrogate definition of HPD with
a ≥50% increase in the sum of long diameters of target lesions

within 6 weeks or death due to PD within 12 weeks [18]. It
has to be noted that “fast progression” may not necessarily
overlap with HPD: some patients with HPD could also miss
responding to the fast progression criteria if the tumor growth
accelerates significantly but without a ≥50% increase in the
sum of long diameters of target lesions [14].

In case of an early progression at the first CT scan,
tumor molecular characterization by tumor biopsy or circu-
lating tumor DNA should be privileged [19]. The 3-week
duration of the molecular analysis allows performing a con-
firmatory CT at the time of the results and supports (and
sometimes guides) the choice of the next therapeutic pro-
posal. Early switch to targeted or cytotoxic therapy may
counteract the deleterious flare-up, even though specific
experience in patients with HPD is low.

Finally, the integration of patients into translational pro-
grams with comprehensive tumor characterization will be
the key for improving the knowledge of the molecular and
immunological bases of HPD in order to design the best
therapeutic interventions for this subset of patients.

HOW TO INFORM PATIENTS ABOUT HPD
Whether immunotherapy is directly responsible for the HPD
phenomenon is still controversial. However, HPD is a clinical
reality that should be shared with our patients. Patients
should be informed that hyperprogressive disease is a para-
doxical pattern of progression associated with a poor outcome
that has been observed in the first month after starting
anti-PD-(L)1 monotherapy. The reported prevalence of hyper-
progressive disease observed in retrospective studies ranges
from 6% to 29%. However, data from randomized trials are

Figure 4. Proposed assessment methods of progressive tumors under immune checkpoint blockade.
Abbreviations: CT, computed tomography; ctDNA, circulating tumor DNA; iCPD, immune confirmed progressive disease; iRECIST,
immune RECIST criteria; iuPD, immune unconfirmed progressive disease; TGR, tumor growth rate.
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currently lacking. As suggested by patients’ advocacy repre-
sentatives during the 2019 HPD session at the American Asso-
ciation for Cancer Research Annual Meeting in Atlanta, GA,
the oncologists’ community and their patients need that
health authorities and trial sponsors monitor and report the
rates of tumor flares in randomized trials.

Patients should be informed that none of the clinical or
biological characteristics can help to predict HPD. Even classi-
cal predictive biomarkers of response to immunotherapy such
as high tumor mutational load or strong PD-L1 tumor expres-
sion cannot exclude a risk of developing HPD. Like the man-
agement of any immune-related adverse events, patients
should report any significant worsening of symptoms. Indeed,
current management is based on a close and attentive moni-
toring to allow rapid switch to a different therapeutic line.
When possible, the incorporation of liquid biopsies could be
complementary to imaging-based monitoring.

CONCLUSION

With the development of immune checkpoint blockade
therapies, HPD has been reported as a new pattern of pro-
gression observed with anti-PD-(L)1. Despite the fact that
the cause of this tumor flare-up has been highly debated, a
significant proportion of patients seem to be affected. Thus,
until rates of tumor flares are reported in randomized trials,
we believe that the oncologists’ community should inform
patients and adopt simple practice change in tumor moni-
toring to face this adverse event.
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