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Hyperprogressive disease in advanced cancer patients
treated with nivolumab: a case series study

Roberto Petrioli#, Maria Antonietta Mazzei®, Silvano Giorgi®,

Eleonora Cesqui®, Francesco Gentili®, Guido Francini?,

Luca Volterrani® and Edoardo Francini®

The aim of this retrospective study was to detail the main
clinicopathological characteristics of advanced cancer
patients exhibiting hyperprogressive disease (HPD) during
immune checkpoint inhibitor (ICI) nivolumab as second- or
third-line treatment. A cohort of patients starting second
or third-line nivolumab for advanced cancer from 2016

to 2018 was identified from our institution IRB approved
and prospectively collected registry. HPD was defined

as at least two-fold increase in the tumor growth rate
(TGR) during immunotherapy compared to TGR during

the preimmunotherapy period. Overall, 47 patients were
eligible for this analysis. HPD was observed in three
patients (6%) with metastatic lung adenocarcinoma,
metastatic urothelial transitional carcinoma, and
metastatic hepatocellular carcinoma, respectively. These
three patients showed a rapid clinical deterioration and
survived less than 3.5 months from immunotherapy onset.
Their chief preimmunotherapy characteristics were: age <
75years, >2 metastatic sites, programmed death-ligand 1

Introduction

Several immunotherapeutic agents that block immune
checkpoints, such as programmed cell death 1 receptor
(PD-1) and programmed death-ligand 1 (PD-L.1), have
been investigated and clinically used for various types
of cancer [1,2]. In particular, nivolumab is an immune
checkpoint inhibitor (ICI) targeting PD-1 which demon-
strated a manageable safety profile and favorable clinical
activity in pretreated patients with recurrent or met-
astatic nonsmall lung cancer (NSCLC), head and neck
squamous cell carcinoma (HNSCC), renal cell carcinoma,
urothelial transitional cancer (U'T'C), and hepatocellular
carcinoma (HCC) [3-5].

Radiological patterns of response to ICI treatment include
complete remission (CR), partial remission (PR), stable
discase, progressive disease (PD), and pseudoprogres-
sion, defined as a response albeit in the presence of tumor
growth or new lesions due to immune cell infiltration [6].
Recent radiological data suggested that a new pattern of
progression termed hyperprogressive disease (HPD) may
be observed in a small portion of patients receiving immu-
notherapy. HPD was defined by Response Evaluation
Criteria in Solid Tumors (RECIST) 1.1 as a two-fold or
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< 50%, neutrophil-to-lymphocyte ratio > 3, and elevated
lactate dehydrogenase. The results of the current study
seem to reinforce the hypothesis that in some cases
immunotherapy promotes a dramatic increase of TGR and
may suggest possible clinical predictors of HPD during
nivolumab. Anti-Cancer Drugs 31:190-195 Copyright ©
2019 Wolters Kluwer Health, Inc. All rights reserved.
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greater increase in the tumor growth rate (TGR) at the
first radiological evaluation compared with that of ICI
onset. This phenomenon was first described in a French
study in which HPD occurred in 9% of 131 advanced can-
cer patients receiving ICI treatment [7]. HPD is typically
associated with a rapid deterioration of the performance
status which prevents continuation of the immunother-
apy or start of any other anticancer treatment and prog-
nosis is poor. In this regard, the remarkable death rates
observed during the first 3 months of nivolumab in a few
phase III trials was partly attributed to a rapid accelera-
tion of the tumor growth including HPD [8,9]. Although
a growing number of studies have recently focused on
the causes and recognition of HPD during ICI therapy,
the mechanisms underpinning the development of this
phenomenon are vet to be fully unveiled. In addition,
identifying clinical and biological factors able to pre-
dict a hyperprogressive response would allow for avoid-
ing ICI in patients potentially at the risk of developing
HPD. Therefore, in this retrospective study, we sought to
detail the clinicopathological features of advanced can-
cer patients who exhibited HPD during treatment with
nivolumab.
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Patients and methods

Eligibility criteria

This single-institution retrospective study received insti-
tutional review board approval prior to commencing,.
Consented patients with histologically proven and radio-
logically measurable locally advanced or metastatic solid
tumors starting nivolumab as second- or third-line treat-
ment between January 2016 and December 2018 were
consecutively identified from our prospectively collected
hospital registry. Patients who had prior immunotherapy
were excluded. Other exclusion criteria included age
less than 18vears, Eastern Cooperative Oncology Group
(ECOG) performance status > 2, and a life expectancy
< 3 months. The following data were registered: gender,
age and ECOG performance status at baseline, stage
at diagnosis per TNM staging system, type of primary
tumor, type and number of mertastatic sites at baseline,
best response to first-line chemotherapy, and a life expec-
tancy of at least 3 months.

Radiologic evaluation

Eligibility criteria included a computed tomography (C'T')
scan performed within 3weeks prior to and one at least
3weeks after initiating nivolumab. HPD was defined as
at least two-fold increase in the T'GR during immuno-
therapy compared with the reference (prior to treatment
onset) period [10].

Patient evaluation

The PD-L1 expression was evaluated by immunohisto-
chemistry on the biopsy tumor specimen and the cutoff
for positivity was 1%. Patients were seen at the begin-
ning of every nivolumab cycle for a physical examination,
monitoring of symptoms and toxic effects, and a com-
plete blood count. Then, disease was reassessed every six
cycles of immunotherapy or before if clinically indicated.
Nivolumab 3mg/kg (or 240mg fixed dose since April
2018) every 2wecks was given intravenously until dis-
ease progression, unacceptable toxicity, or patient refusal.

Statistical considerations

The primary endpoint of this study was to detail the
clinicopathological characteristics of patients with HPD
during nivolumab treatment. The secondary endpoints
were progression-free survival (PFS), as the time elapsed
from immunotherapy start to progression or death from
any cause, overall survival (OS), defined as the time from
nivolumab onset to death from any cause or last follow-up
visit, and objective response rate (ORR), defined as the
rate of patients achieving CR or PR. RECIST criteria 1.1
and immune-related response criteria (irRC) were used to
evaluate ORR and PFS [6]. Per irRC, radiological PD was
defined by two consecutive positive C'T scans performed
within >4 weeks interval. The Kaplan-Meier method was
used to assess the distributions of PFS and OS, including
median time-to-event and its 95% confidence interval (CI).
Statistical analyses were conducted by MEDcalc software.
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Results

Patient characteristics

Overall, 51 patients were retrospectively selected and
47 patients resulted eligible for this analysis. Of the four
excluded patients, two were removed due to nonmeas-
urable disease on baseline imaging, and two were lost to
follow-up after one nivolumab administration. Baseline
demographic, clinical, and pathologic characteristics of
patients are presented in Table 1. Most subjects were
men (72%, 34 of 47) less than 75 years old (median age,
68vears; range, 44-82vyears) with ECOG performance
status of 0-1 (91%, 43 of 47). The majority (77%, 36 of 47)
had locally advanced or metastatic NSCLC and at least
two metastatic sites (83%, 39 of 47).

Efficacy

In the overall population, the ORR was 27.6%: three
patients achieved CR, 10 achieved PR, 15 patients had
stable disease, and 19 had PD (Table 2). One respond-
ing NSCLC patient was initially defined as PD, but

Table 1 Patient characteristics
Variable All patients (7=47)
Age, years
Median 68
Range 44-82
Sex
Male 34
Female 13
ECOG performance status
0 29
1 14
2 4
Primary tumor
Lung 36
Head and neck 4
Kidney 3
Bladder 2
HCC 2
Metastatic sites
Lung 31
Lymph node 29
Liver 8
Bone 13
Adrenal gland 3
Brain 4
Pleura 2
Peritoneum 1
Best response to first-line therapy
PR 21
Stable disease 19
PD 7
>1 metastatic site 39
PD-L1 status
Positive 14
Negative 4
Unknown 29
EGFR mutation 0
ALK rearrangement 0
Unknown 34
Lactate dehydrogenase level (U/ml)
>Upper limit of normal 19
Neutrophil-to-lymphocyte ratio
<3 33
=3 14

Data are expressed as numbers (%) except where otherwise noted.

ALK, anaplastic lymphoma kinase; ECOG PS, Eastern Cooperative Oncology
Group performance status; EGFR, epidermal growth factor receptor; PD,
progressive disease; PD-L1, programmed death-ligand 1; PR, partial remission.
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deterioration in performance status or increase of clini-
cal symptomatology was not observed and the CT scan
performed 2 months after the initial documentation of
PD revealed a dramatic decrease in target lesions. This
patient was reported having a pseudoprogression. After a
median follow-up of 11.8 months, 31 patients were died
and 16 were still alive. Median PFS was 6.2 months (95%
CI, 4.5-7.8months) and median OS was 12.3months
(95% CI, 10.2-22.4months). In the consistent sub-
group of 36 NSCLC, the ORR was 25%, median PFS
was 6.6 months (95% CI, 4.8-12.1), and median OS was
12.8 months (95% CI, 9.8-26.7) (Fig. 1).

Hyperprogressive disease case series
HPD was observed in three of 47 patients (6%) (Table 3).
All three cases were less than 75vyears old, had a good
ECOG performance status (0-1), and bone and liver
metastases. Two of three were females.

Table 2 Secondary endpoints

Variable

Nivolumab cycles, 7 9 (2-88)

median (range)

Obijective response rate, 7 (%) 13 (27.6)
Complete remission 3(6.3)
Partial remission O (21.2)
Stable disease 5(31.9)
Progressive disease 19 (40.4)

Median progression free survival, months (95% CI) 6.2 (4.5-7.8)

Median overall survival, months (95% Cl) 12.3 (10.2-22.4)

Median follow-up, months (range) 11.8

Cl, confidence interval.

Fig. 1

HPD case 1 was a 61-year-old man with NSCLC with medi-
astinal lymph nodes, liver, and bone metastases. PD-1.1
was <1% and epidermal growth factor receptor (EGFR)
mutational status was negative. He received cisplatin +
pemetrexed as first-line chemotherapy and achieved PR
on primary tumor and metastatic sites. During pemetrexed
maintenance, after 13 months from the start of chemother-
apy, PD (mainly on liver metastases) was reported and the
patient started nivolumab as second-line treatment. The
increase in tumor burden before starting immunotherapy
was about 36%. During immunotherapy, the patient devel-
oped rapid worsening of fatigue, dyspnea, and abdominal
and bone pain. A CT scan performed 2.3months after
starting nivolumab revealed more than 50% increase in
liver metastases and lymph nodes volume, pericardial
effusion and carcinomatous lymphangitis, as well as new
liver lesions, compared with prenivolumab imaging. The
patient died 2.8 months after starting immunotherapy.

HPD case 2 was a 59-year-old woman with local relapse,
liver, bone, and pelvic lymph node metastases from U'TC
surgically removed 3 vears before. This patient received
cisplatin and gemcitabine as first-line treatment and
achieved PR during chemotherapy. PD-1.1 was positive.
After 8 months from the start of first-line therapy, a C'T
scan revealed PD on bone and liver metastases, with
TGR about 60% increase in tumor burden. During the
following nivolumab treatment the patient presented
rapid worsening of right hypochondriac region and bone
pain, and quick clinical deterioration which prompted
the physician to interrupt immunotherapy and obtain a
CT scan. The imaging was performed 2.1 months after

Survival probability (%)

0 6 12

18 24 30 36

Months from nivolumab start

Kaplan—Meier estimates of PFS (----) and OS (=) from nivolumab start. PFS, progression-free survival; OS, overall survival.
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Table 3 Characteristics of patients with hyperprogressive disease
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HPD case 1 HPD case 2 HPD case 3
Age, years 59 73
Gender Male Female Female
ECOG performance status o] 1
Primary tumor Lung adenocarcinoma uTtc HCC
Site of metastases Liver, bone, lymph nodes Bone, liver, lymph nodes Liver, bone
Best response to first-line therapy Partial remission Partial remission Progressive disease
Nivolumab cycles 4 5
Time from baseline CT-scan and start of Nivolumab, days 12 14
PD-L1 Negative Positive Positive
EGFR mutation No No
LDH (U/ml) 364 422
Neutrophil-to-lymphocyte ratio 5.1 4.2

Data are expressed as numbers (%) except where otherwise noted.

CT, computed tomography; EGFR, ; ECOG PS, Eastern Cooperative Oncology Group performance status; HCC, hepatocellular carcinoma; HPD, hyperprogressive
disease; LDH, lactate dehydrogenase; PD-L1, programmed death-ligand 1; UTC, urothelial transitional cancer.

nivolumab onset and showed remarkable progression
locally and distantly at the liver, presence of ascites, and
bilateral pleural effusion. The patient died 27 days later
(OS =3 months).

HPD case 3 was a 73-vear-old woman with HCC and
bone metastases. After 4months of first-line treatment
with sorafenib, a CT scan documented PD on liver
metastases, with about 44% increase in tumor burden,
and the patent started nivolumab. PD-L1 was positive.
A rapid worsening of bone pain and fatigue grade 4 was
reported 1.8 months after nivolumab start and immuno-
therapy was interrupted. A C'1" scan revealed progression
of the liver metastases with massive parenchymal dis-
ruption as well as several new hepatic lesions, bilateral
lung metastases, and impressive increase in the osteolytic
bone lesions. The patient died 3.4 months after the start
of immunotherapy.

Figure 2a—c shows C'T" scan images at 2-3 months before
the start of immunotherapy (pre), immediately before
the start of immunotherapy (baseline), and at the first
evaluation after immunotherapy (post) in the three HPD
patients.

Discussion

In this retrospective analysis of 47 patients with advanced
solid tumors treated with the ICI nivolumab as second- or
third-line treatment, HPD was observed in 6% of subjects.
T'his HPD rate was similar to that reported in a recent
study of 182 patients with different tumor types treated
in phase I trials with ICI therapy (7%) [11]. However, the
observed HPD) incidence varies largely in the literature
ranging from a 29% rate reported in a series of 34 patients
with recurrent or metastatic HNSCC treated with ICI
and a 4% shown in a study that investigated genomic
alterations associated with accelerated TGR [12,13].
Particularly, HPD was recently documented in 25% of
187 patients with NSCLC treated with ICI [14]. In chis
regard, although the subgroup of 36 NSCLC patients
of the present study showed ORR (25%), median PFS
(6.6 months), and median OS (12.8months) comparable

to those observed in other larger studies [3,8], HPD was
reported in only one subject (3%). T'he different rates
observed across these various clinical experiences could
be partly attributed to the lack of a common definition
of HPD. Furthermore, there are still doubts over HPD
being a real phenomenon associated with [CI treatment
rather than simply a fast progression that existed also with
chemotherapy in the pre-ICI era [15]. The clinicopatho-
logical characteristics and evolution of the three HPD
cases reported during ICI nivolumab in the present anal-
ysis seem to exclude the possibility of those being regular
PD. In fact, these three patients showed an impressive
radiological worsening of their disease and a rapid deteri-
oration of their clinical conditions. The OS observed for
these three subjects (2.8, 3.0, and 3.4 months) was poorer
than expected with best supportive care which furcher
reinforces the association between occurrence of HPD

and ICT use.

As described in previous reports [7], also in our study
HPD seems to occur irrespective of the primary tumor
histology because it was observed also in U'T'C and HCC.
However, the current literature reports small data on
the occurrence of HPD in patients with UTC or HCC
treated with nivolumab. Particularly, a recent case report
described a 58-year-old male with advanced UTC who
developed HPD during ICI treatment upon progres-
sion on adjuvant chemotherapy with cisplatin and gem-
citabine [16]. Interestingly, this patient presented with
similar clinicopathologic characteristics to our HPD case
2:age < 75vyears, PD-1.1 positive, and at least two meta-
static sites. To the best of our knowledge, only a recent
retrospective study performed at the National Cancer
Centre of Singapore reported a series of HPD in a group
of HCC partients treated with immunotherapy [17].

Given the extremely poor prognosis associated with
HPD occurrence, the research is also focusing on identi-
tving possible predictive factors. In this regard, in a large
retrospective study of patients with advanced NSCLC
treated with ICIs or chemotherapy, HPD was docu-
mented in 13.8% of subjects and was associated with a
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pre baseline

pre baseline

pre baseline

post

(a) High increase in the size and number of abdominal metastatic lymph nodes after immunotherapy in a man with advanced lung adenocarcinoma.
(b) Impressive progression of liver metastases after inmunotherapy in a woman with advanced UTC. (c) Massive liver involvement after immuno-
therapy in a woman with advanced HCC. HCC, hepatocellular carcinoma; UTC, urothelial transitional cancer.

high metastatic burden at baseline; early death occurred
mostly in the first 2-3months of immunotherapy [18].
In a similar fashion, all three HPD cases of the present
report had at least two metastatic sites at baseline and an
OS ranging from 2 to 4 months. Data from previous clini-
cal experiences seem to confirm the association between
metastatic burden and risk of HPD during immuno-
therapy [7,12,19]. Other studies suggested a correlation

between older age as well as previous radiotherapy with
HPD occurrence [12]. Our findings seem contrast with
this hypothesis because two of three HPD cases in the
current report were <65years old and none had previ-
ously received radiotherapy. However, most of our popu-
lation was relatively young and only two of four patients
with HNSCC and six of 36 with NSCL.C had prior radi-
otherapy on target lesions. Furthermore, murine double

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



minute 2 (MDM?2) amplifications and EGFR mutations
were frequently reported associated with HPD, whereas
no correlation between PD-1.1 status and HPD has yet
been observed [13,20]. Although the determination of
MDM2 amplification was not available at our Institution,
which of the EGFR mutational status was performed in
all three HPD cases resulting wild type.

It is noteworthy thatall our HPD patients presented with
higher than normal lactate dehydrogenase (LDH) serum
levels and >3 neutrophil-to-lymphocyte ratio (NLR)
before starting nivolumab. Although the increase in these
two parameters have been associated with a shorter OS in
several trials of advanced tumors treated with ICI [21,22],
it should be noted that LDH was high in five patients
and NLLR was >3 in nine patients who achieved a disease
control rate (CR, PR, or stable disecase).

In conclusion, the findings of this retrospective single-in-
stitution study contribute to reinforce the hypothesis that
in some cases immunotherapy leads to a dramatic accel-
eration of TGR and add useful data to the research focus-
ing on the identification of clinical predictors of HPD
during ICI therapy. Finally, based on our data as well
as previous studies, we recommend particular caution
regarding the use of ICI therapy for pretreated advanced
cancer patients who present with two or more metastatic
sites.
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