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BACKGROUND: A subset of patients treated with immune checkpoint inhibitors experience an accelerated tumor growth rate (TGR) 

in comparison with pretreatment kinetics; this is known as hyperprogression. This study assessed the relation between hyperpro-

gressive disease (HPD) and treatment-related toxicity and clinical factors. METHODS: This study reviewed patients with solid tumors 

who were enrolled in early-phase immunotherapy trials at Princess Margaret Cancer Centre between August 2012 and September 

2016 and had computed tomography scans in the pre-immunotherapy (reference) and on-immunotherapy (experimental) periods. 

HPD was defined as progression according to Response Evaluation Criteria in Solid Tumors 1.1 at the first on-treatment scan and a 

≥2-fold increase in TGR between the reference and experimental periods. Treatment-related toxicities requiring systemic therapy, 

drug delays, or discontinuation were considered clinically significant adverse events (CSAEs). RESULTS: Of 352 patients, 182 were 

eligible for analysis. The median age was 60 years, and 54% were male. The Eastern Cooperative Oncology Group performance  status  

was 0 (32%) or 1 (68%). The Royal Marsden Hospital (RMH) prognostic score was 0/1 in 59%. Single-agent immunotherapy was given 

to 80% of the patients. Most patients (89%) received anti-programmed death (ligand) 1 antibodies alone or in combination with other 

therapies. HPD occurred in 12 of 182 patients (7%). A higher proportion of females was seen among HPD patients (P = .01), but no 

association with age, performance status, tumor type, RMH prognostic score, combination immunotherapy, or CSAEs was found. 

The 1-year overall survival rate was 28% for HPD patients and 53% for non-HPD patients (hazard ratio, 1.7; 95% confidence interval, 

0.9-3.3; P = .11). CONCLUSIONS: HPD was observed in 7% of patients with solid tumors treated with immunotherapy. HPD was not 

associated with CSAEs, age, tumor type, or the type of immunotherapy but was more common in females. Cancer 2019;125: 

1341-1349. © 2019 American Cancer Society. 
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INTRODUCTION
A subset of patients treated with immune checkpoint inhibitors experience an accelerated tumor growth rate (TGR); this 
is known as hyperprogressive disease (HPD).1-5 HPD was initially defined by Champiat et al1 as progression according 
to Response Evaluation Criteria in Solid Tumors (RECIST) at the first evaluation and a 2-fold or greater increase in 
TGR during immune checkpoint inhibitor therapy in comparison with pretreatment kinetics. HPD in patients treated 
with immune checkpoint inhibitors targeting programmed death 1 (PD-1) and programmed death ligand 1 (PD-L1) 
has reported incidences of 9% in mixed solid tumors,1 14% in non–small cell lung cancers,2 and 29% in head and neck 
cancers.3 However, variability in the calculation of TGR and in the definition of HPD limits direct comparisons. Some 
groups calculate the change in tumor volume,1,2 whereas others calculate the change in the largest diameters of target 
lesions.3 Another group defined hyperprogression as time to treatment failure of less than 2 months, greater than 50% 
increase in tumor burden and greater than 2-fold increase in progression pace.4 Matos et al5 reported a 15% rate of HPD, 
which was based on a time to treatment failure of less than 2 months and an increase of at least 40% in the target tumor 
burden or at least a 20% increase with the development of new lesions.
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HPD has been associated with inferior  overall 
survival.1,2,5 Champiat et al1 described increased age 
as a risk for HPD, but this was not confirmed in 
other studies.2,4,5 Kato et al4 reported MDM2/MDM4 
and EGFR gene alterations to be associated with an  
increased risk for HPD. Another analysis verified these 
findings and additionally identified amplification of 
genes  located on chromosome 11q13 (CCND1, FGF3, 
FGF4, and FGF19) to be associated with HPD.6 Some 
have questioned whether HPD is a true biologically 
relevant phenomenon or rather ref lects variable tumor 
growth kinetics and/or tumor measurement error.7 Our 
aims were to evaluate HPD in an independent cohort 
of early-phase immunotherapy trials, explore clinical 
predictors of HPD, and assess whether HPD is associ-
ated with immune-related toxicities.

MATERIALS AND METHODS

Patients and Treatment
We examined consecutive patients treated in  early-phase 
immunotherapy trials between August 2012 and 
September 2016 at the Princess Margaret Cancer Cen-
tre, a major academic cancer hospital in Canada with 
a large early-phase clinical trial program. Patients pre-
viously treated with immunotherapy were excluded. 
Eligible patients had 3 successive computed tomography 
scans available for a RECIST 1.1 assessment: a base-
line scan before the first dose of immunotherapy, a first  
response assessment (experimental) scan, and a reference 
scan within 2 weeks to 3 months before the baseline scan 
while the patient was off anticancer therapy. The baseline 
and experimental scans’ tumor measurements were pro-
spectively assessed by radiologists according to standard 
institutional practices. Target lesions in corresponding 
reference scans were retrospectively measured by a study 
investigator (Y.K.). The reference period was defined as 
the time between the reference and baseline scans, and 
the experimental period was defined as the time between 
the baseline and experimental scans. A retrospective 
chart review was conducted to record baseline demo-
graphics, toxicities, and survival outcomes. This project 
was performed as part of the Princess Margaret Cancer 
Centre Tumour Immunotherapy Program and was  
approved by a local institutional research ethics commit-
tee (15-9269.6).

TGR Calculation
TGR was calculated with a previously published for-
mula.1,8 Specifically, the tumor size was estimated as the 

sum of the longest diameters of all target lesions (D). The 
tumor volume was considered to be the volume of the 
sphere, for which radius (R) was equal to half of diameter 
(D). The tumor volume (V ) was calculated with the fol-
lowing formula:

Tumor growth was modeled to follow an exponen-
tial law, which is represented as follows:

where Vt is the tumor volume at time t in months 
and V0 is the volume at the baseline. The TGR over 
1 month was calculated as follows:

The TGR ratio was considered to be the ratio of 
the TGR in the immunotherapy treatment period (the  
experimental period) to the TGR in the pre-immunother-
apy treatment period (the reference period). HPD was  
defined as RECIST 1.1 progression at the first on- 
treatment scan with a 2-fold or greater increase in TGR 
between the reference and experimental periods.1

Toxicity Assessment
Toxicities deemed possibly, probably, or definitively 
related to the immunotherapy were identified from 
electronic medical records complied by the principal  
investigators and study teams for each trial. Toxicities were 
graded with Common Terminology Criteria for Adverse 
Events version 4.0. A clinically significant  adverse event 
(CSAE) was defined as a treatment-related adverse event 
that required systemic therapy (eg,  corticosteroids and/
or other immunosuppressive medications or hormonal  
replacement) or that led to delays in or discontinuation of 
the immunotherapy.9

Statistical Analysis
Using Fisher’s exact test and a t test, we used univariate 
analysis to assess associations between patient character-
istics and HPD. Factors assessed included the follow-
ing: patient age, performance status, sex, Royal Marsden 
Hospital (RMH) prognostic score, tumor volume, tumor 
type, prior lines of therapy, type of immunotherapy 
(monotherapy vs combination), CSAEs, and grade 3 or 
4 toxicities. A multivariate analysis was planned only if 
more than 1 factor was associated with HPD. Logistic 
 regression was used to assess the association between HPD 
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and toxicity, and it controlled for the time on treatment. 
Overall survival and progression-free survival were esti-
mated with the Kaplan-Meier method, and a Cox model 
was used to compare HPD and non-HPD patients. All 
statistical estimates were based on a 5% α risk and 95% 
confidence interval.

RESULTS

Patient Characteristics
We identified 352 patients in the study period and 
found that 182 were eligible for analysis. Reasons for 
exclusion were prior immunotherapy and a lack of  
appropriate imaging (Fig. 1). Patients were predominantly 
female (54%) and mostly had an Eastern Cooperative 
Oncology Group performance status of 1 (68%), fewer 
than 4 prior lines of systemic therapy (87%), and favora-
ble (0/1) RMH prognostic scores10 (59%; Table 1). The 
most common cancer types were head and neck (18%), 
gynecological (16%), lung (15%), gastrointestinal (15%), 
and genitourinary (12%). There were 146 patients (80%) 
who received a single-agent immune checkpoint inhibi-
tor, predominantly PD-1 or PD-L1 inhibitors (70% of 
study population; Table 1). Among the 36 patients (20%) 
treated with combination immunotherapy, the agents 
included costimulatory agents, anti–PD-1/PD-L1, anti–
cytotoxic T-lymphocyte protein 4 (CTLA4) antibodies, 
and other checkpoint inhibitors and microenvironment 
modulators (Table 1).  Overall, 89% of patients received 
anti-PD1/PD-L1 antibodies as monotherapy or part of a 
combination.

Treatment Outcomes and TGR
The best responses to experimental immunotherapy  
included a partial response in 14 patients (8%), stable disease 
in 85 patients (47%), and progressive disease in 83 patients 

(46%) per RECIST 1.1. Patients with progressive disease 
included 12 with HPD (14% of the patients with progres-
sive disease or 7% of the entire study population) and  

Figure 1. Consolidated Standards of Reporting Trials diagram. IO indicates immunotherapy; TGR, tumor growth rate.

TABLE 1. Patient Characteristics

Characteristic
No. of 

Patients (%)

Age (median) 60 y 
(range 21-89)

Sex
Male 83 (46)
Female 99 (54)

ECOG performance status
0 58 (32)
1 124 (68)

Tumor type
Head and neck 32 (18)
Gynecological 29 (16)
Lung 28 (15)
Gastrointestinal 27 (15)
Genitourinary 22 (12)
Melanoma 14 (8)
Sarcoma 13 (7)
Endocrine 10 (5)
Breast 7 (4)

Prior lines of therapy
<4 158 (87)
≥4 24 (13)

RMH score
0-1 108 (59)
2-3 74 (41)

Immunotherapy trial type
Single-agent immunotherapy 146 (80)

Anti–PD-1 92 (51)
Anti–PD-L1 34 (19)
Costimulatory molecules 15 (8)
Other checkpoint inhibitors 5 (3)

Combination immunotherapy 36 (20)
Costimulatory molecules + anti–PD-1/L1 11 (6)
Other checkpoint inhibitor + anti–PD-1 8 (4)
Microenvironment modulator + anti–PD-1 9 (5)
Anti-CTLA4 + anti–PD-1/L1 8 (4)

Abbreviations: CTLA4, cytotoxic T-lymphocyte protein 4; ECOG, Eastern 
Cooperative Oncology Group; PD-1, programmed death 1; PD-L1, pro-
grammed death ligand 1; RMH, Royal Marsden Hospital.
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71 with non-HPD progression (39% of the study 
 population). Among those with HPD, the TGR increased 
a median of 2.6-fold (range, 2.2- to 13.9-fold) between the 
reference and experimental periods (Fig. 2). There were 4 
additional patients who had a TGR ratio higher than 2, but 
they were not classified as hyperprogressors because they had 
stable disease according to RECIST 1.1. Patients with non-
HPD progression had a median TGR ratio of 0.3 (–10.5 to 
0.8). They included 7 patients with a negative TGR ratio (a 

reduction in TGR) with RECIST-defined progression due 
to the presence of new lesions. One additional patient had 
RECIST-defined progression due to a 31% increase in tar-
get lesions, which was indicative of ongoing tumor growth,  
albeit at a slower pace. Among patients with stable disease, 
the median TGR ratio for the experimental and reference  
periods was 0.06 (–7.4 to 3.6). Patients with a partial response 
had a median TGR ratio of –0.86 (–3.1 to –1.1), which was 
indicative of slowing of tumor growth on treatment.

Figure 2. TGR ratio (experimental TGR/reference TGR) distribution. HPD indicates hyperprogressive disease; PD, progressive 
disease (per RECIST 1.1); PR, partial response (per RECIST 1.1); RECIST, Response Evaluation Criteria in Solid Tumors; SD, stable 
disease (per RECIST 1.1); TGR, tumor growth rate; ↓ TGR ratio, decreased tumor growth; ↑ TGR ratio, increased tumor growth.

TABLE 2. Predictors for HPD

Variable Category HPD (n = 12), No. (%) Non-HPD (n = 170), No. (%) P

Age <65 y 8 (67) 105 (62) .54
≥65 y 4 (33) 65 (38)

ECOG performance status 0 2 (17) 56 (33) .34
1 10 (83) 114 (67)

Sex Male 2 (17) 97 (57) .01
Female 10 (83) 73 (43)

RMH score 0-1 6 (50) 102 (60) .55
2-3 6 (50) 68 (40)

Tumor volume Continuous variable — — .30
Tumor type Numerous — — .24
Prior lines <4 10 (83) 148 (87) .66

≥4 2 (17) 22 (13)
Immunotherapy Monotherapy 8 (67) 138 (81) .26

Combination 4 (33) 32 (19)
Toxicity: CSAE Yes 1 (8) 35 (21) .47a

No 11 (92) 135 (79)
Toxicity: G3/4 Yes 1 (8) 17 (10) >.95a

No 11 (92) 153 (90)

Abbreviations: CSAE, clinically significant adverse event; ECOG, Eastern Cooperative Oncology Group; G3/4, grade 3/4; HPD, hyperprogressive disease; 
RMH, Royal Marsden Hospital.
A univariate analysis is displayed.
aThere remained no statistically significant differences with adjustments for the time on treatment.
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Predictors for HPD
In the univariate analysis, female sex was associated with 
HPD (P = .01). Age, Eastern Cooperative Oncology Group 
performance status, RMH score, and tumor type were not 
associated with hyperprogression (Table 2). There was no 
association between the number of lines of prior therapy 
and the risk of HPD. The 12 patients with HPD included 
10 different tumor types; 4 (33%) received combination 
immunotherapy, whereas the remainder received a mono-
therapy immune checkpoint inhibitor (Table 3).

HPD and Toxicity
There were 137 patients (75%) who experienced at least 
1 immune-related toxicity of any grade. Among these 
patients, 36 (20% of the study population) had CSAEs; 
they included 18 cases (10% of the study population) with 
Common Terminology Criteria for Adverse Events grade 
3 or 4 toxicities. CSAEs occurred in 1 of the 12 HPD 
patients (8%) and in 35 of the 170 non-HPD patients 
(21%; P = .47). The rate of grade 3 or 4 treatment-related 
adverse effects was 8% in HPD patients and 10% in non-
HPD patients (P > .95). After adjustments for the time 
on treatment, there remained no association between the 
risk of HPD and immune-related toxicities.

HPD and Survival
Patients with HPD had a median progression-free 
 survival of 1.6 months, whereas it was 2.8 months for 
patients without HPD (hazard ratio, 3.7; 95% confi-
dence interval, 2.0-7.1; P < .001; Fig. 3A). The differ-
ence was statistically significant after an adjustment for 
the RMH score (P < .001). The median overall survival 
was 5.9 months for HPD patients and 14.3 months for 
non-HPD patients (hazard ratio, 1.7; 95% confidence 

interval, 0.9-3.3; P = .11; Fig. 3B). The correspond-
ing 1-year overall survival rates were 28% for HPD 
 patients and 53% for non-HPD patients. There was 
no statistically significant difference in overall survival 
between the 2 groups for survival after adjustments for 
the RMH score.

DISCUSSION
Atypical response patterns occur with immunotherapy 
in comparison with conventional cytotoxic chemothera-
pies or targeted agents. Pseudoprogression describes a 
phenomenon in which patients treated with immuno-
therapy experience an initial increase in the tumor bur-
den through the enlargement of target lesions and/or 
the development of new lesions that meets conventional 
response criteria for progression, which is followed by a 
subsequent decrease in the tumor burden qualifying as a 
partial or complete response.11 Conversely, hyperprogres-
sion denotes accelerated tumor growth on treatment.1-5,12 
The modified RECIST 1.1 criteria for immune-based 
therapeutics (iRECIST)13 account for the scenario of 
early progression followed by a response, and iRECIST 
recommends a confirmatory scan to confirm or dispute 
progressive disease. However, iRECIST does not con-
sider pre-immunotherapy tumor kinetics, which are used 
in most definitions of HPD.1-4

Whether hyperprogression during immunother-
apy is a true phenomenon and how it should be defined 
is controversial. We used the same methodology used 
by Champiat et al,1 which requires an assessment of a 
reference scan between 2 weeks and 3 months before 
the baseline scan. The tumor volume was calculated 
from the diameters of target lesions, with HPD defined 

TABLE 3. Patients With Hyperprogressive Disease

Tumor Type IO Class
% Change (↑) 
per RECIST TGR Ratio Toxicity (CSAE) RMH Score

Overall 
Survival, mo

Breast ICI 33 2.2 No 3 5.2
Breast Agonist + ICI 41 5.1 No 2 7.7
Cholangiocarcinoma Agonist 33 7.6 No 1 5.1
Colon MM + ICI 25 7.2 Yes 1 19.2
Endometrial Agonist + ICI 28 2.2 No 1 33.3
Laryngeal Agonist + ICI 19 4.7 No 1 1.8+
Melanoma ICI 33 13.9 No 1 35.0+
Melanoma ICI 8 2.7 No 2 6.5
NSCLC ICI 31 2.2 No 3 4.3
Oral cavity ICI 42 2.6 No 0 5.9
Ovarian ICI 22 2.5 No 2 5.2
Vulvar ICI 26 2.3 No 3 1.1

Abbreviations: CSAE, clinically significant adverse event; ICI, immune checkpoint inhibitor; IO, immunotherapy; MM, microenvironment modulator; NSCLC, 
non–small cell lung cancer; RECIST, Response Evaluation Criteria in Solid Tumors; TGR, tumor growth rate; RMH, Royal Marsden Hospital.
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as RECIST progression with a 2-fold or higher increase 
in TGR on immunotherapy in comparison with TGR 
before immunotherapy. The 7% incidence of HPD in 
our cohort of 182 patients with mixed solid tumors is 
comparable to the 9% incidence reported by Champiat 
et al1 for a similar population of patients. However, 
variations in the definition of HPD across the liter-
ature may partly explain the differences in incidence 
reported: 4% to 15% in mixed solid tumors,1,4,5,14 14% 
in non–small cell lung cancers,2 and 29% in head and 
neck cancers.3 In addition, the high rate of locoregional 
recurrence in patients with head and neck cancers may 
account for the greater incidence of HPD with this his-
tology. Some studies3-5 have used bidimensional mea-
surements of tumor burden, whereas other series,1,2 
including our own, have assessed the change in the 
tumor volume. More recently, a Spanish group pro-
posed a definition using only baseline and on-treatment  
scans (omitting the requirement for a pre-immuno-
therapy reference scan) and considering new lesions.5 
The lack of agreement about the definition of HPD 
in the literature makes direct comparisons of data 
challenging, although multiple studies do provide 
support for the concept of hyperprogression during 
immunotherapy.

In our series, we observed a higher rate of hyper-
progression in females than males. Although this finding 

requires further validation in a larger cohort, it is intrigu-
ing in light of evidence for sex-specific effects of immu-
notherapy. A meta-analysis of 20 randomized controlled 
trials of 11,351 patients treated with immune checkpoint 
inhibitors reported that males had a greater magnitude 
of benefit from immunotherapy in comparison with 
 females (hazard ratio for overall survival with immuno-
therapy, 0.72 in males vs 0.86 in females; P = .0019).15 
However, unadjusted factors such as PD-L1 expression 
and tumor mutational burden are potential confounders 
to the observed relation.16 Proposed biological explana-
tions for sexual dimorphism in immunotherapy benefits 
include higher tumor mutational burden in females, with 
adjustments for factors such as age, stage, and smok-
ing status.15 Furthermore, the higher rate of cigarette 
 smoking or ultraviolet light exposure in males may lead 
to the development of more immunogenic tumors with a 
high mutation burden.15 It is also hypothesized that fe-
males develop more resistant tumors as an adaptation to 
their intrinsically stronger immune response in compar-
ison with males.17 It is unknown whether these mecha-
nisms may account for a higher rate of HPD in females, 
 although this association has not been reported by other 
series to date.1,5

We did not observe a difference in the inci-
dence of immune-related adverse events for patients 
with HPD in comparison with nonhyperprogressors. 

Figure 3. (A) PFS (HR, 3.7; 95% CI, 2.0-7.1; P < .001) and (B) overall survival (HR, 1.7; 95% CI, 0.9-3.3; P = .11) of HPD patients 
versus non-HPD patients. CI indicates confidence interval; HPD, hyperprogressive disease; HR, hazard ratio; PFS, progression-
free survival.

A B
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There are conflicting data about the relation between 
 toxicity and the antitumor efficacy of immunotherapy. 
Mechanistically, the presence of immune-related toxic-
ity may reflect generalized immune hyperstimulation, 
including a robust antitumor immune response. Specific 
clinical scenarios, such as the development of vitiligo in 
patients with melanoma receiving checkpoint inhibitors, 
are linked with the treatment benefit.18,19 A correlation 
between immune-related toxicities and an antitumor  
response has been reported in some9,20,21 but not all  
series.22,23 There may be distinct subsets of T cells that 
drive antitumor responses and self-recognition leading to 
autoimmune toxicities. Because a longer period of drug 
exposure can lead to an increased risk for the develop-
ment of treatment-related adverse events, we adjusted the 
patient’s time on immunotherapy when we were assessing 
for any relation between toxicity and HPD. However, we 
acknowledge that this is not a perfect measure because 
the risk of immune-related adverse events is variable over 
the time course of treatment.9,23

Interestingly, although the baseline tumor volume 
estimated on the basis of target lesions was not associated 
with HPD in a number of studies,1-3 including ours, hav-
ing more than 2 metastatic disease sites was correlated 
with HPD in non–small cell lung cancer,2 though not in 
mixed solid tumors.1 One explanation is that the number 
of metastatic sites may be a better surrogate of disease 
burden than the tumor volume estimated from target 
 lesions alone. However, the serum lactate dehydrogenase 
level as a biochemical marker of the tumor burden also 
did not correlate with HPD.2 Whether it is the location 
or number of metastatic sites (or both) that is predictive 
for HPD remains unknown.

Inferior progression-free survival for patients with 
HPD has been consistently reported across different 
series,1-5 including ours. This is not surprising because 
of the majority of HPD definitions include meeting 
RECIST or iRECIST criteria for progression at the first 
on-treatment scan.1,2,4,5 Although most series report 
poorer overall survival for HPD patients, the difference 
is statistically significant in some studies1,2,5 but not all.3 
This is likely attributable to the lack of power of the sam-
ple size to detect the difference, as in our study. Most 
studies of HPD have examined single-agent checkpoint 
inhibitors.1-4 However, no difference in HPD incidence 
between single-agent and combination immunotherapy 
was seen in our cohort (20% on combination immu-
notherapy) or in a Spanish series (53% on combina-
tion  immunotherapy).5 Because of the small number of 

patients overall and the various combinations used, this 
finding requires validation in larger cohorts.

The absolute TGR ratio may explain some of the 
discordant outcomes across studies of HPD. In our series, 
the median TGR ratio was 2.7; 7 of 13 patients (54%) 
had a TGR ratio between 2 and 3, and only 1 patient 
had a TGR ratio higher than 10. In the Champiat series 
of 12 HPD patients,1 the median TGR ratio was 20.7, 
with only 2 to 3 patients having a TGR ratio between  
2 and 3. Similarly, Kato et al4 described hyperprogressors 
with 30- to 40-fold increases in tumor size between the 
pre- and post-immunotherapy periods. It is possible that 
the impact of TGR is a continuum effect rather than a 
binary HPD versus non-HPD effect. The close clustering 
of TGR ratios in our cohort of patients may have limited 
our ability to differentiate patient characteristics associ-
ated with HPD.

There were several limitations to our study. First, we 
calculated the tumor volume from RECIST target lesion 
measurements, which may not be reflective of the total 
tumor burden. Second, our study was retrospective and 
nonrandomized. Without a control arm, it is difficult to 
know whether the patterns of hyperprogression observed 
were directly related to immunotherapy treatment or were 
more reflective of the natural history of disease. The cal-
culation of the reference TGR before the start of immu-
notherapy used each patient as his or her own control. 
However, intrapatient variations in tumor growth kinetics 
may have occurred during the course of disease progression 
that were independent of treatment. Third, our cohort was 
small with only 12 patients with HPD, and it may have 
been underpowered to detect associations between patient 
characteristics, overall survival, and HPD.

Further efforts are required to elucidate the un-
derlying mechanisms of hyperprogression. Serial tumor 
biopsies might reveal differences in the degree and cell 
types of immune infiltrates in patients with hyper-
progression in comparison with other patients with a 
partial response, stable disease, or standard progressive 
disease. The analysis of circulating tumor DNA14,24 is a 
promising tool for assessing immunotherapy treatment 
responses. The copy number variation derived from 
plasma cell-free DNA, quantified as a chromosomal 
number instability score, may distinguish between 
pseudoprogression and hyperprogression.14 Recently, 
a radiomics signature for a tumor CD8 T-cell infil-
trate was validated to predict immunotherapy treat-
ment outcomes.25 These technologies may distinguish 
between hyperprogression and pseudoprogression in 
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patients with an accelerated TGR early in their course 
of immunotherapy treatment.

Our study reported a 7% incidence of hyper-
progression in a cohort of patients with mixed solid 
tumors receiving immunotherapy, predominantly anti- 
programmed death (ligand) 1 antibodies alone or in 
combination with other therapies, similarly to other 
reports. We did not observe more immune-related tox-
icities in patients with hyperprogression. We did not 
validate clinical predictors of HPD that had previ-
ously been identified, such as increased age, although 
we observed HPD more commonly in females. Larger 
studies, including individual patient meta-analyses, are 
needed to better understand whether hyperprogression 
affects survival and to evaluate clinical and biological 
predictors.

FUNDING SUPPORT
No specific funding was disclosed.

CONFLICT OF INTEREST DISCLOSURES
Lillian L. Siu reports consulting roles for Merck, Pfizer, Celgene, 
AstraZeneca/Medimmune Morphosys, Roche, GeneSeeq, Loxo, Oncorus, 
and Symphogen; research funding from Novartis, Bristol-Myers Squibb, 
Pfizer, Boehringer-Ingelheim, Regeneron, GlaxoSmithKline, Roche/
Genentech, Karyopharm, AstraZeneca/Medimmune, Merck, Celgene, 
Astellas, Bayer, AbbVie, Amgen, Symphogen, Intensity and Therapeutics; 
and stock ownership in Agios (spouse) outside the submitted work. Aaron 
Hansen reports advisory/consulting roles for Genentech/Roche, Merck, 
GlaxoSmithKline, Bristol-Myers Squibb, Novartis, Boston Biomedical, 
and Boehringer-Ingelheim outside the submitted work. Albiruni Abdul 
Razak reports honoraria from Boehringer Ingelheim; consulting/advisory 
roles for Lily, Merck, and Boehringer Ingelheim; and research finding from 
CASI Pharmaceuticals, Boehringer Ingelheim, Lilly, Novartis, Deciphera, 
Karyopharm Therapeutics, Pfizer, Roche/Genentech, Boston Biomedical, 
Bristol-Myers Squibb, Medimmune, Amgen, GlaxoSmithKline, Blueprint 
Medicines, Merck, AbbVie, and Adaptimmune outside the submitted 
work. Anna Spreafico reports consulting roles for Merck, Bristol-Myers 
Squibb, Novartis, and Oncorus and research funding from Novartis, 
Bristol-Myers Squibb, Symphogen, AstraZeneca/Medimmune, Merck, 
Bayer, Surface Oncology, Northern Biologics, and Janssen Oncology/
Johnson & Johnson outside the submitted work. Natasha Leighl reports 
research funding from Array; honoraria for accredited continuing medical 
education from AstraZeneca, Merck Sharp & Dohme, and Bristol-Myers 
Squibb; and a consulting role for the Canadian Agency of Drugs and 
Technologies in Health outside the submitted work. Anthony M. Joshua 
reports research funding from Bristol-Myers Squibb, Janssen Oncology, 
Merck Sharp & Dohme, Aptevo Therapeutics, Mayne Pharma, Roche/
Genentech, Bayer, MacroGenics, and Lilly outside the submitted work. 
Marcus O. Butler reports honoraria from Roche, Merck, Bristol-Myers 
Squibb, and Novartis; consulting/advisory roles for Merck, Bristol-Myers 
Squibb, Novartis, Immunovaccine, Immunoscore, Adaptimmune, EMD 
Serono, GlaxoSmithKline, and Genzyme; and research funding from Merck 
and Takara Bio outside the submitted work. David Hogg reports personal 
fees from Bristol-Myers Squibb, EMD Sereno, Amgen, Novartis, Roche, 
and Merck and grants from EMD Sereno outside the submitted work. 
Ludmilla Soultani reports employment with IQVIA outside the submit-
ted work. Philippe L. Bedard reports research funding from Bristol-Myers 
Squibb, Sanofi, AstraZeneca, Genentech/Roche, Servier, GlaxoSmithKline, 
Novartis, SignalChem, PTC Therapeutics, Nektar, Merck, Seattle Genetics, 
Mersana, and Immunomedics outside the submitted work. The other au-
thors made no disclosures.

AUTHOR CONTRIBUTIONS
Yada Kanjanapan: Conceptualization, methodology, data collection, 
formal analysis, writing–original draft, and writing–review and editing. 
Daphne Day: Conceptualization, methodology, data collection, formal 
analysis, and writing–review. Lisa Wang: Formal analysis and writ-
ing–review. Hamad Al-Sawaihey: Data collection and writing–review. 
Engy Abbas: Data collection and writing–review. Amirali Namini: 
Data collection and writing–review. Lillian L. Siu: Conceptualization, 
methodology, and writing–review. Aaron Hansen: Methodology and 
writing–review. Albiruni Abdul Razak: Methodology and writing–
review. Anna Spreafico: Methodology and writing–review. Natasha 
Leighl: Methodology and writing–review. Anthony M. Joshua: 
Methodology and writing–review. Marcus O. Butler: Methodology 
and writing–review. David Hogg: Methodology and writing–review 
and editing. Mary Anne Chappell: Data collection and writing–review. 
Ludmilla Soultani: Data collection and writing–review. Kayla Chow: 
Data collection and writing–review. Samantha Boujos: Data collection 
and writing–review. Philippe L. Bedard: Conceptualization, methodol-
ogy, formal analysis, and writing–review and editing.

REFERENCES
 1. Champiat S, Dercle L, Ammari S, et al. Hyperprogressive disease is a 

new pattern of progression in cancer patients treated by anti–PD-1/
PD-L1. Clin Cancer Res. 2017;23:1920-1928.

 2. Ferrara R, Mezquita L, Texier M, et al. Hyperprogressive disease 
in patients with advanced non–small cell lung cancer treated with 
PD-1/PD-L1 inhibitors or with single-agent chemotherapy. JAMA 
Oncol. 2018;4:1543-1552.

 3. Saada-Bouzid E, Defaucheux C, Karabajakian A, et al. Hyperprogression 
during anti–PD-1/PD-L1 therapy in patients with recurrent and/
or metastatic head and neck squamous cell carcinoma. Ann Oncol. 
2017;28:1605-1611.

 4. Kato S, Goodman A, Walavalkar V, Barkauskas DA, Sharabi A, 
Kurzrock R. Hyperprogressors after immunotherapy: analysis of 
genomic alterations associated with accelerated growth rate. Clin 
Cancer Res. 2017;23:4242-4250.

 5. Matos I, Martin-Liberal J, Hierro C, et al. Incidence and clinical im-
plications of a new definition of hyperprogression (HPD) with im-
mune checkpoint inhibitors (ICIs) in patients treated in phase 1 (Ph1) 
trials [abstract 3032]. J Clin Oncol. 2018;36(15 suppl):3032.

 6. Singavi A, Menon S, Kilari D. Predictive biomarkers for hyper-pro-
gression (HP) in response to immune checkpoint inhibitors (ICI)—
analysis of somatic alterations (SAs) [abstract 1140PD]. Ann Oncol. 
2017;28(suppl 5):1140PD.

 7. Tedeschi B. Cancer researchers worry immunotherapy may has-
ten growth of tumors in some patients. https://www.statnews.
com/2017/04/03/immunotherapy-cancer-tumor-growth/. Published 
April 3, 2017. Accessed September 30, 2018

 8. Ferte C, Fernandez M, Hollebecque A, et al. Tumor growth rate is 
an early indicator of antitumor drug activity in phase I clinical trials. 
Clin Cancer Res. 2014;20:246-252.

 9. Kanjanapan Y, Day D, Butler M. Delayed immune-related adverse 
events in assessment for dose-limiting toxicity in early phase immu-
notherapy trials. Eur J Cancer. 2019;107:1-7.

 10. Arkenau HT, Olmos D, Ang JE, de Bono J, Judson I, Kaye S. Clinical 
outcome and prognostic factors for patients treated within the  
context of a phase I study: the Royal Marsden Hospital experience.  
Br J Cancer. 2008;98:1029-1033.

 11. Wolchok JD, Hoos A, O’Day S, et al. Guidelines for the evaluation 
of immune therapy activity in solid tumors: immune-related response 
criteria. Clin Cancer Res. 2009;15:7412-7420.

 12. Fuentes-Antras J, Provencio M, Diaz-Rubio E. Hyperprogression 
as a distinct outcome after immunotherapy. Cancer Treat Rev. 
2018;70:16-21.

 13. Seymour L, Bogaerts J, Perrone A, et al. iRECIST: guidelines for  
response criteria for use in trials testing immunotherapeutics. Lancet 
Oncol. 2017;18:e143-e152.

 14. Weiss GJ, Beck J, Braun DP, et al. Tumor cell-free DNA copy num-
ber instability predicts therapeutic response to immunotherapy. Clin 
Cancer Res. 2017;23:5074-5081.

https://www.statnews.com/2017/04/03/immunotherapy-cancer-tumor-growth/
https://www.statnews.com/2017/04/03/immunotherapy-cancer-tumor-growth/


Hyperprogressive Disease Immunotherapy/Kanjanapan et al

1349Cancer  April 15, 2019

 15. Conforti F, Pala L, Bagnardi V, et al. Cancer immunotherapy effi-
cacy and patients’ sex: a systematic review and meta-analysis. Lancet 
Oncol. 2018;19:737-746.

 16. Graham J, Abdel-Rahman O, Choueiri TK, Heng DYC; International 
mRCC Database Consortium. Re: Fabio Conforti, Laura Pala, Vincenzo 
Bagnardi, et al. Cancer immunotherapy efficacy and patients’ sex: a system-
atic review and meta-analysis. Lancet Oncol 2018;19:737-746: outcomes 
of metastatic renal cell carcinoma by gender: contrasting results from the 
international mRCC database consortium. Eur Urol. 2018;74:e139-e140.

 17. Conforti F, Pala L, Goldhirsch A. Different effectiveness of antican-
cer immunotherapy in men and women relies on sex-dimorphism of 
the immune system. Oncotarget. 2018;9:31167-31168.

 18. Hua C, Boussemart L, Mateus C, et al. Association of vitiligo with 
tumor response in patients with metastatic melanoma treated with 
pembrolizumab. JAMA Dermatol. 2016;152:45-51.

 19. Teulings HE, Limpens J, Jansen SN, et al. Vitiligo-like depigmen-
tation in patients with stage III-IV melanoma receiving immuno-
therapy and its association with survival: a systematic review and 
meta-analysis. J Clin Oncol. 2015;33:773-781.

 20. Downey SG, Klapper JA, Smith FO, et al. Prognostic factors  
related to clinical response in patients with metastatic melanoma 

treated by CTL-associated antigen-4 blockade. Clin Cancer Res. 
2007;13:6681-6688.

 21. Weber JS, Hodi FS, Wolchok JD, et al. Safety profile of nivolumab 
monotherapy: a pooled analysis of patients with advanced melanoma. 
J Clin Oncol. 2017;35:785-792.

 22. Horvat TZ, Adel NG, Dang TO, et al. Immune-related adverse 
events, need for systemic immunosuppression, and effects on sur-
vival and time to treatment failure in patients with melanoma treated 
with ipilimumab at Memorial Sloan Kettering Cancer Center. J Clin 
Oncol. 2015;33:3193-3198.

 23. Sznol M, Ferrucci PF, Hogg D, et al. Pooled analysis safety profile 
of nivolumab and ipilimumab combination therapy in patients with 
advanced melanoma. J Clin Oncol. 2017;35:3815-3822.

 24. Lee JH, Long GV, Menzies AM, et al. Association between circulat-
ing tumor DNA and pseudoprogression in patients with metastatic 
melanoma treated with anti–programmed cell death 1 antibodies. 
JAMA Oncol. 2018;4:717-721.

 25. Sun R, Limkin EJ, Vakalopoulou M, et al. A radiomics approach to 
assess tumour-infiltrating CD8 cells and response to anti–PD-1 or 
anti–PD-L1 immunotherapy: an imaging biomarker, retrospective 
multicohort study. Lancet Oncol. 2018;19:1180-1191.


