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Abstract

Background: A minority subset of immunotherapy patients manifests hyperprogressive disease (HPD), with the disparity in melanoma sub-
types yet to be reported. This study aimed to delineate the proportion and prognosis of HPD in patients receiving anti-PD-1 monotherapy and to
identify patient with HPD clinical characteristics across melanoma subtypes to inform clinical decision making.

Methods: Utilizing 4 established HPD definitions, the incidence of HPD in patients with advanced melanoma on anti-PD-1 monotherapy was
determined. The incidence rates and prognostic abilities of various HPD definitions were compared to elect the most effective one. This facili-
tated a comparative analysis of subtypes and clinical features between patients with HPD and traditional progression.

Results: A total of 262 patients with advanced melanoma treated with anti-PD-1 monotherapy from 5 prospectively registered clinical trials
were included in the study. The objective response rate (ORR) and disease control rate (DCR) was 21% and 58%, respectively, with 42% show-
casing progression disease. The HPD incidences by 4 definitions were 13.2%, 16.8%, 10.8%, and 28.2%. All definitions effectively segregated
HPD patients, with significantly poorer outcome than other progressive patients. The Delta TGR > 100 definition was the most indicative of a
reduced overall survival, corroborated by the highest hazard ratio and statistical significance. The number of metastatic organs over 2 is a risk
factor for HPD (OR =4.18, P=.0103). Mucosal melanoma was the HPD prevalent subtype (OR = 3.13, P=.0489) in multivariable analysis,
which is also indicated by RECIST criteria (P = .005).

Conclusion: A delta TGR exceeding 100 best identified HPD patients in the advanced melanoma population treated with anti-PD-1 monother
apy. Hyperprogression was notably prevalent in mucosal melanoma patients with multiple metastatic organs. Caution against HPD is warranted
when applying anti-PD-1 monotherapy in mucosal subtype.
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Implications for practice

This study included 262 patients with advanced melanoma treated with anti-PD-1 monotherapy. The incidence of hyperprogression (HPD)
defined by 4 different methods was 13.2%, 16.8%, 10.8%, and 28.2%, respectively. The delt TGR > 100 definition performed best,
identifying patients with HPD with poorer survival, with a median overall survival (OS) of only 6.3 months compared to 10.1 months in the
non-HPD progressive group. The study shows that mucosal melanoma patients had the highest incidence of HPD. Caution against HPD is
warranted when applying anti-PD-1 monotherapy in mucosal melanoma patients. Combination therapy may reduce the incidence of HPD.

Introduction recommended first-line immunotherapy treatments include
anti-PD-1  monotherapy, a nivolumab/ipilimumab or
nivolumab/relatlimab combination.'? While combination
therapy may improve progression-free survival (PFS), it also
carries a heightened risk of immune-mediated adverse events
and economic impacts. A significant number of patients in a

The therapeutic panorama for metastatic melanoma has
been revolutionized with the advent of novel agents.
Immunotherapy, in particular, has substantially improved
response rates and outcomes compared to conventional ther-
apies. For unresectable or distantly metastatic disease, the
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metastatic setting opt for anti-PD-1 monotherapy for various
reasons.

Immunotherapy response patterns diverge from those of
conventional therapies, including phenomena such as pseu-
doprogression and hyperprogression.* Hyperprogression
denotes a paradoxical rapid progression after initiation of
immunotherapy, severely impairing patient survival.’ Patients
with hyperprogression have significantly worse prognosis
than those with conventional progression.® In some clinical
trials, early mortality rates among patients on immunother-
apy surpassed those on chemotherapy, hypothesized to be
linked to early hyperprogression post immunotherapy initi-
ation.”® Studies have reported the incidence of hyperprogres-
sion in various tumor types, ranging from 9% (melanoma)’
to 29% (head and neck squamous cell carcinoma).'® A con-
sensus on HPD definition remains elusive, with most metrics
involving tumor growth rate (TGR)® or tumor growth kinet-
ics (TGK)." Calculating tumor growth rates needs at least 3
consecutive imaging assessments: pre-baseline, baseline, and
first post-treatment evaluation, which often presents practical
challenges in clinical application, particularly in cases with-
out pre-baseline scans. To address this, some researchers have
proposed for the adoption of an adapted RECIST criteria to
define hyperprogression, which has demonstrated commend-
able predictive efficacy in some cohorts.'?

Anti-PD-1 monotherapy’s efficacy appears less favorable
in Chinese melanoma patients compared to Caucasians.
Acral and mucosal melanoma, which are predominant in
China, respond inadequately to immunotherapy (ORR
0%-13%).'3%'* Moreover, due to ethnic and genetic profile
variations, immunotherapy yields lower response rates in
Chinese cutaneous melanoma patients than in Caucasians
(20% vs 54%, P <.001)." This discrepancy underscores an
urgent need to examine the proportion of Chinese melanoma
patients experiencing hyperprogression, particularly across
different subtypes.

Recognizing the limited efficacy of immunotherapy in
Chinese melanoma patients, our study seeks to assess the inci-
dence and clinical outcomes of hyperprogression, to mitigate
potential detriments to patient survival from immunother-
apy monotherapy. We also aim to validate various hyper-
progression definitions from the literature and evaluate their
predictive values and associations with clinical subtypes and
characteristics.

Methods

This study included patients with melanoma undergoing
anti-PD-1 monotherapy at Peking University Cancer Hospital
between April 2016 and September 2017, sourced from 5
clinical trials: KEYNOTE-151"* (pembrolizumab), 2 tori-
palimab trials (CT1 and CT4!31), tisleilizumab,!” and camrel-
izumab.'® We prospectively collected patient data, including
clinical features, imaging, and outcomes. This study was
approved by the Ethics Committee of Peking University and
written informed consent was obtained from each patient.
Patients were subject to tumor assessments based on clin-
ical trials protocols, which stipulated chest/abdomen/pelvis
CT scans within 4 weeks prior to anti-PD-1 therapy and
every 8-9 weeks post-treatment commencement. Exclusion
criteria applied to patients missing these scheduled assess-
ments. Tumor responses were evaluated per RECIST 1.1
criteria, including complete response (CR), partial response
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(PR), stable disease (SD), and progressive disease (PD). The
protocols permitted continued immunotherapy beyond initial
PD if deemed potentially beneficial by the investigators. Two
radiologists independently reviewed the imaging assessments
for HPD definitions, and any discrepancies were resolved
through consensus.

Hyperprogressive metrics used included tumor growth rate
(TGR) or tumor growth kinetics (TGK), defined as the per-
centage increase in tumor volume within 1 month. TGR was
calculated via TGR = 100 x [exp (TG) - 1], with TG as 3x log
(8/S,), and S representing the sum of largest tumor diame-
ters.'” TGK was the monthly change in S, calculated as (S,
- S )t - t,)."* Central to HPD identification is its prognostic
distinction from non-HPD.

Four HPD definitions were scrutinized, denoted for ease of
reference as A, B, C, and D in this context. Definition A, pro-
posed by Champiat et al,” identified HPD by a doubling of the
monthly tumor volume increase post-immunotherapy relative
to pre-treatment levels (TGRratio > 2). Definition B assesses
HPD through a TGKratio exceeding 2, coupled with a time to
treatment failure (TTF) of less than 2 months and an increase
in the tumor burden exceeding 50% as per RECIST criteria.!!
Definition C characterizes HPD as an increase in the abso-
lute value of TGR by 100 (Delta TGR > 100).2° The compu-
tation of TGR and TGK necessitates a series of 3 consecutive
imaging assessments: pre-baseline (conducted within 3 weeks
prior to initiating immunotherapy), baseline (immediately
before starting immunotherapy), and the first evaluation post-
treatment. Since some first-line patients lack pre-baseline
scans, an adapted RECIST criteria (definition D) were adopted
to include such cases, identifying HPD by a RECIST progres-
sion over 40% or over 20% with new lesions in over 2 dif-
ferent organs.'? For comprehensive HPD assessment, all new
lesions were included in the total tumor burden analysis.?!

Statistical evaluations involved Chi-square test or Fisher’s
exact test for categorical variables and the Mann-Whitney
U test for non-normal distributions. A multivariate logis-
tic regression model was constructed to assess the associa-
tion between baseline characteristics and the likelihood of
HPD. Odds ratios (ORs) and 95% confidence intervals (Cls)
were computed for each predictor. Wald tests were used to
determine the statistical significance of each predictor, with
P-values <.05 considered significant. Overall survival predic-
tions used Kaplan-Meier estimates, with comparative analyses
via the log-rank test. A 2-tailed P-value <.05 denoted statis-
tical significance. Analyses were conducted using GraphPad
Prism (version 9, GraphPad Software, USA) or R studio (ver-
sion 4.3.2).

Results

From the 273 metastatic melanoma patients received
anti-PD-1 monotherapy at Peking University Cancer Hospital
in clinical trials between 2016 and 2017, 262 were eligible
for analysis post-exclusion of those without requisite tumor
assessments (Figure 1). Each participant underwent scheduled
imaging evaluations aligned with RECIST criteria.
Forty-seven percent of the patients had acral primaries, 37%
had cutaneous or unknown primaries, and 17% had mucosal
melanoma. The mutation rates for BRAF, NRAS, and CKIT
were 14%, 9%, and 5%, respectively. 24% of the patients
were treatment-naive, while the remainder had prior chemo-
therapy or targeted therapy but no prior immunotherapy.
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Patients treated by anti-PD-1
monotherapy in 5 clinical trials, n=273

——1 Without post-treatment evaluation (n=11)

Patients evaluated by
Definition D (adapted RECIST
criteria),n =262

4‘ Without pre-baseline scans (n=95)

TGR or TGK evaluable
patients, evaluated by
definitions A, B, and C, n=167

Figure 1. Flowchart of study selection process.

64% had metastases in multiple organs, 52% presented with
an ECOG performance score above 0, and 30% exhibited
elevated LDH levels (Table 1).

The study observed an ORR of 21% and a DCR of 58%
for all patients, detailed as 4 CR, 51 PR, 98 SD, and 109
PD cases. Hyperprogression rates as per definitions A, B,
and C were 13.2%, 16.8%, and 10.8 %, respectively, for 167
patients with pre-baseline scans. Definition D, inclusive of the
remaining 95 patients without such scans, yielded an HPD
rate of 28.2%.

All definitions discernibly segregated HPD from non-HPD
patients in terms of overall survival, with HPD cases exhib-
iting significantly inferior outcomes. The median OS was 8.5
versus 9.5 months by definition A (P =.01935), 7.4 versus 10.7
months by definition B (P =.0008), 6.3 versus 10.1 months
by definition C (P <.0001), and 8.4 versus 13.8 months by
definition D (P =.0001; Table 2; Figure 2). PFS curves over-
lap was noted at the first assessment for HPD and non-HPD
progressors.

The concordance between A, B, and C definitions was 56 %
for A and B, 54% for A and C, and 59% for B and C. The con-
cordance between these 3 and RECIST definitions was 26 %
for A and RECIST criteria, 38% for B and RECIST criteria,
and 24% for C and RECIST criteria (Supplementary Table
S1). Hazard ratio analyses confirmed definition C as the most
prognostically significant (HR =3.27, 95% CI 1.47-7.26),
followed by B (HR =2.21, 95% CI 1.27-3.85), and A (HR
1.76, 95% CI 0.99-3.14). The broad application of RECIST
criteria resulted in a wider identification of HPD, or “rapid
progression,” with notably shorter OS (HR =2.11, 95% CI
1.44-3.08; Figure 3).

Given definition C’s superior predictive efficacy, we com-
pared baseline characteristics, blood markers, and genomic
variants between C-defined HPD and non-HPD progressive
patients. Univariate analysis showed no associations between
HPD and age, gender, gene mutations, treatment line, ECOG
performance score, LDH, or NLR. The number of metastatic
organs over 2 is a risk factor for HPD (P =.015). Mucosal
melanoma patients had the highest incidence of HPD (21.9%)
with a statistical trend (P =.078; Table 3). The multivariate
logistic regression analysis revealed that the variables muco-
sal subtype (OR =3.13,95% CI=0.97-9.68, P = .0489) and
multiple organs involved (OR =4.18, 95% CI = 1.38-12.63,
P =.0103) were significantly associated with an increased
likelihood of HPD. Other variables such as age, ECOG, LDH,
and NLR did not show statistically significant associations

Table 1. Patient characteristics.

Characteristics (1 = 262) No. of patients

Age, median (range), years 55 (22-68)
Sex

Male 117(45%)

Female 145 (55%)
Subtype

Cutaneous or unknown 96 (37%)

Acral 122 (47%)

Mucosal 44 (17%)
Stage

Ilc 39 (15%)

v 223 (85%)
Mutation

BRAF 36 (14%)

NRAS 24 (9%)

CKIT 14 (5%)
Prior lines of therapy

0 62 (24%)
>1 200 (76%)
No. of involved organs

1 94 (36%)

2 117 (45%)

>3 51 (19%)
ECOG performance status

0 127 (48%)

1 135 (52%)
LDH level

Normal 183 (70%)

Elevated 79 (30%)
NLR

<3 187 (71.4%)

>3 75 (28.6%)

with HPD (Supplementary Figure S1). These results indicate
that specific primary sites and organ involvement are key
factors in the occurrence of HPD. RECIST criteria for the
entire cohort also indicated mucosal melanoma as the HPD
prevalent subtype, with incidences of 45.5% in mucosal mel-
anoma, 29.5% in acral melanoma, and 18.8% in cutaneous
or unknown primaries (P = .005; Table 4).

Discussion

This seminal study presents the first comprehensive analysis
of the incidence and clinical features of hyperprogressive dis-
ease in various melanoma subtypes treated with anti-PD-1
monotherapy. Through a comparative evaluation of 4 HPD
definitions, definition C emerged as the most effective in iden-
tifying patients with HPD within this cohort. Apart from
subtype and number of metastatic organs, we found no sig-
nificant correlation between HPD and other clinicopathologic
features and laboratory markers.

A recent study proposed that hyperprogressive disease rarely
occurs during checkpoint inhibitor treatment for advanced
melanoma, which observed only one case of hyperprogression
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Table 2. Incidence and overall survival of hyperprogression across various definitions.

Definition A Definition B Definition C Definition D (RECIST)
TGRratio > 2 TGKratio > 2, time to treatment failure Delta TGR > 100 RECIST > 40% or > 20% with new
(TTF) < 2 months and RECIST > 50% lesions in > 2 different organs
HPD incidence (%)  22/167 (13.2)  28/167 (16.8) 18/167 (10.8) 741262 (28.2)
mOS (95% CI),
months
HPD 8.5 (7.1-9.3) 7.4 (5.6-9.2) 6.3 (5.0-8.6) 8.4 (7.5-9.3)
Non-HPD PD 9.5(8.0-12.6)  10.7 (8.6-14.6) 10.1 (8.7-12.6) 13.8 (11.3-20.7)
P value 0195 .0005 <.0001 .0001
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Figure 2. Kaplan-Meier overall survival curves delineating hyperprogression (HPD) and non-HPD progression across various definitions. Definition A:
TGRratio > 2; definition B: TGKratio > 2, time to treatment failure (TTF) < 2 months and RECIST > 50%; definition C: Delta TGR > 100; definition D:

RECIST > 40% or > 20% with new lesions in > 2 different organs.

and one possible case among 168 patients.?? Previous studies
reported a 9% hyperprogression rate in melanoma treated by
anti-PD-1/PD-L," similar to the HPD rate in cutaneous and
acral melanomas in our study. Reports of HPD have also been
observed in advanced melanoma patients treated with ipilim-
umab.??* Our study focuses on a specific melanoma that may
have a different hyperprogression profile. In our cohort, acral
and mucosal melanomas, constituting 47% and 17% of cases,
respectively, corroborate previous findings,” demonstrating
suboptimal responses to immunotherapy. Additionally, 39%
of patients presented with cutaneous or unknown prima-
ries, which similarly exhibited poorer outcomes in compar-
ison to Western cohorts. The low prevalence of BRAF and

NRAS mutations in the Chinese population,?® along with low
tumor mutational burden and a high incidence of structural
and copy number variations,?”?’ may contribute to the atten-
uated efficacy of immunotherapy. Consequently, this study
investigates the potential for increased HPD incidence among
Chinese melanoma subtypes.

The absence of a consensus for HPD definition often
results in ambiguity. We compared the consistency and pre-
dictive power of 4 HPD definitions, noting approximately
50% concordance between conventional definitions based
on tumor growth metrics. Definitions A and B leveraged
TGR and TGK ratios to delineate HPD. Previous research
recommended a delta TGR of 100 as the demarcation
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Adjusted HR (95% Cl) P Value
1.76 (0.99-3.14)  0.0195
2.21(1.27-3.85)  0.0005
| 3.27 (1.47-7.26)  <0.0001
2.11(1.44-3.08)  0.0001

Figure 3. Forrest plot of hazard ratios for hyperprogression across different definitions.

Table 3. Comparative clinical characteristics of hyperprogression (HPD) versus non HPD as defined by definition C in patients with pre-baseline imaging.

Characteristics (7 = 167) Non HPD HPD (n =18) P
(n=149)
Age, median (range), years 54 (22-68) 60 (32-57) 251
Sex .883
Male 67 (91.8%) 6 (8.2%)
Female 82 (87.2%) 12 (12.8%)
Subtype .078
Cutaneous or unknown 53(91.4%) 5(8.6%)
Acral 71 (92.2%) 6 (7.8%)
Mucosal 25 (78.1%) 7 (21.9%)
Mutation
BRAF 24 (16.1%) 1(5.6%) 316
NRAS 15 (10.1%) 2 (11.1%) >.999
CKIT 8 (5.4%) 0(0) .601
Prior lines of therapy 223
0 18 (100%) 0(0)
>1 131 (87.9%) 18 (12.1%)
No. of involved organs .015
1 55 (94.8%) 3(5.2%)
2 69 (90.8%) 7(9.2%)
>3 25(75.8%) 8 (24.2%)
ECOG performance status 620
0 71 (87.7%) 10 (12.3%)
1 78 (90.7%) 8 (9.3%)
LDH level 787
Normal 103 (92.0%) 9 (8.0%)
Elevated 46 (83.6%) 9 (16.4%)
NLR 999
<3 105 (89.7%) 12 (10.3%)
>3 44 (88.0%) 6 (12.0%)

Bold values indicate statistically significant differences or those approaching statistical significance.

between HPD and non-HPD progression, a threshold
that proved to be prognostically significant in non-small
cell lung cancer.?® Our study corroborates this threshold’s
predictive accuracy in the context of Chinese melanoma,
with definition C accurately identifying HPD patients with
a shorter overall survival. Under this definition, HPD was
identified in 10.8% of patients, correlating with a median

overall survival of merely 6.3 months. These metrics, reli-
ant on pre-baseline scans, may not be applicable in all
clinical scenarios. The adapted RECIST criteria identified
the largest HPD subset, potentially overestimating true
hyperprogressors in cases with intrinsically rapid aggres-
sive disease. Nonetheless, patients categorized as HPD
by RECIST exhibited significantly poorer outcomes than
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Table 4. Predominance of hyperprogression in mucosal melanoma according to RECIST criteria across the entire cohort.

CR/PR/SD Non-HPD PD HPD Total (1 = 262) P
Cut/UP 64 (66.7%) 14 (14.6%) 18 (18.8%) 96
Acral 65 (53.3%) 21 (17.2%) 36 (29.5%) 122 .005
Mucosal 24 (54.5%) 0 (0) 20 (45.5%) 44

Bold values indicate statistically significant differences and the corresponding number.

other progressors, warranting caution when contemplating
the continuation of immunotherapeutic interventions.

Previous studies reported associations between HPD and
factors such as older age, number of metastatic organs,
regional recurrence, and MDM2 mutations.**!" Based on
definition C, our comparison of clinical and laboratory fea-
tures between HPD and non-HPD progressors found num-
ber of metastatic organs as a risk factor. A previous study
using clinical criteria feasible in daily practice also identified
more than 3 metastatic sites as risk factor for HPD.*® Other
factors, including age, gender, gene mutations, lines of treat-
ment, ECOG performance score, LDH levels, and NLR, did
not demonstrate a significant association with HPD, posing a
challenge for its prediction based on clinical features alone.

Despite melanoma’s historical characterization as immuno-
genic, this does not extend to acral and mucosal melanoma.
Tumor behaviors of HPD in advanced acral melanoma have
been have described in our previous research.’' Our find-
ings recommend prudence in administering immunotherapy
monotherapy for these subtypes, particularly given the high
incidence of HPD in advanced mucosal melanoma, a novel
discovery from our study. The multivariate logistic regression
analysis revealed a significant association between mucosal
subtype and the likelihood of HPD (P =.0489). However, the
95% CI (0.97-9.68) includes 1, indicating a potential incon-
sistency. This discrepancy might be due to sample size lim-
itations. Further investigation and validation with a larger
dataset are recommended to confirm this finding. To better
manage and mitigate the risks associated with hyperpro-
gression in mucosal melanoma, we can consider combina-
tion therapies that include anti-PD-1 with other treatments
such as targeted therapy, other immunotherapies, or anti-
angiogenic agents, which are under active investigation.3>3
Early biomarker testing including genetic, proteomic, and
immune profiling may facilitate to identify patients at high
risk of hyperprogression. This emphasized the necessity for
additional research into their clinical and biological behavior
and associated molecular mechanisms.

The molecular underpinnings of HPD are remain largely
enigmatic. Our research supports the notion that hyper-
progression is a real biological entity. It not only occurs
in patients undergoing immunotherapy but has also been
reported in those receiving chemotherapy,® where treat-
ment has led to accelerated tumor progression. In immuno-
therapy, HPD represents primary resistance, which can be
caused by various intrinsic and extrinsic factors that impair
the immune response. Intrinsic factors include loss of tumor
antigen expression, defective antigen presentation, persistent
PD-L1 expression, and IFNy pathway alterations. Extrinsic
factors include upregulation of other immune checkpoint
molecules like LAG3 and TIMS3, infiltration of immuno-
suppressive cells like Tregs, M2 macrophages, and MDSCs,

increased expression of immunosuppressive enzymes such as
IDO, and release of inhibitory cytokines like IL-10, TGFf,
or metabolites such as ATP/ADP/adenosine in the tumor
microenvironment.>*3” Although HPD is characterized by a
paradoxical stimulation of tumor growth, distinct from tra-
ditional drug resistance, foundational research in this area is
sparse. Notably, recent studies have highlighted the role of
PD-1 + effector Treg cells®® and CD8 + T-cell-derived IFNY in
promoting HPD through alterations in cancer metabolism.?
Another study finds tumor-intrinsic NLRP3-HSP70-TLR4
signaling axis drives the development of a premetastatic niche
and hyperprogression by promoting PMN-MDSCs accu-
mulation,® suggesting new avenues for research into HPD’s
intrinsic mechanisms.

Our study is subject to certain limitations. The retrospective
nature of this analysis may introduce certain biases, although
the data were collected prospectively in clinical trials. Some
patients lacked pre-baseline scans for conventional HPD defi-
nition evaluations, reducing sample sizes after exclusion. As
mentioned before, using RECIST criteria to identify HPD
may result in an overestimation in patients with intrinsically
rapid progressive disease. Eleven patients were excluded from
the study for not undergoing efficacy evaluations, often due
to rapid progression preventing scans, potentially underesti-
mating the hyperprogression rate. The majority of patients
in our study had received prior chemotherapy. However, all
patients were immunotherapy-naive, allowing us to focus on
the impact of first-line immunotherapy in this population.
Prior chemotherapy may have resulted in high tumor burden
and reshaped the immune microenvironment. The conclu-
sions of this study are specific to the Chinese population due
to these factors and the particular race and ethnicity involved.
Considering the distinct responses to immune checkpoint
inhibitors in the Chinese population, whether these findings
apply to other regions remains to be confirmed. The gener-
alizability of our findings across different tumor types with
unique biological behaviors also remains to be validated.

Conclusion

A delta TGR exceeding 100 best identified HPD patients in
the advanced melanoma population treated with anti-PD-1
monotherapy. Hyperprogression was notably prevalent in
mucosal melanoma patients with multiple metastatic organs.
Caution against HPD is warranted when applying anti-PD-1
monotherapy in mucosal subtype.
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