HUMAN VACCINES & IMMUNOTHERAPEUTICS
2023, VOL. 19, NO. 2, 2252692
https://doi.org/10.1080/21645515.2023.2252692

Taylor & Francis
Taylor & Francis Group
8 OPEN ACCESS | ™ oneck o upssts|

Hyperprogressive disease during PD-1 blockade in patients with advanced
pancreatic cancer

Shiyun Chen®®*, Lu Han***, Shiyuan Guo®®, Zhaoli Tan? and Guanghai Dai®

RESEARCH ARTICLE

aDepartment of Oncology, The First Medical Center of Chinese PLA General Hospital, Beijing, China; "Department of Oncology, Medical School of
Chinese PLA, Beijing, China

ABSTRACT

The occurrence of markedly accelerated tumor growth during immunotherapy is considered a new mode of
progression called hyperprogressive disease (HPD) and its impact on pancreatic cancer (PC) patients receiving
immunotherapy is unknown. In this study, we described and explored the incidence, prognosis and predictors
of HPD in patients with advanced PC treated with programmed cell death-1 (PD-1) inhibitors. We retro-
spectively analyzed clinicopathological data from 104 patients with advanced pancreatic cancer who were
treated with PD-1 inhibitors at our institution during 2015-2020 and identified 10 (9.6%) patients with HPD.
Overall survival (OS) was significantly poorer in patients with HPD compared to patients with progressive
disease (PD) (median OS: 5.6 vs. 3.6 months, p < .01). Clinicopathological factors associated with the occur-
rence of HPD included smoking, metastatic sites >2, liver metastasis, antibiotic therapy within 21 days before
immunotherapy (Abx B21), hemoglobin (Hb) level <110 g/L, and PD-1 inhibitor treatment line >2. Subgroup
analysis showed that high levels of CA19-9 at baseline were associated with the development of subsequent
HPD (p = .024) and a worse prognosis (m0S:16.2 months vs. 6.1 months, p <.01). Our study demonstrated that
HPD may occur in PC patients treated with PD-1 inhibitors and is associated with several clinicopathological
characteristics and poor prognosis. The baseline tumor marker CA19-9 may be one of the early predictors of
HPD development in PC patients receiving immunotherapy.
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Introduction tumors'> and more seriously, instead of tumors being controlled
after immunotherapy, some patients have experienced accelerated
progression, a new pattern of progression known as hyperpro-
gressive disease (HPD), the incidence of which has ranged from
4% to 29% in the various studies to date."”> HPD lacks a uniform
definition and its predictive markers remain to be discovered. The
occurrence of HPD during immunotherapy has previously been
reported to significantly impair overall survival (OS) of
patients,'*"” but the incidence and clinical significance of HPD
in patients with advanced PC receiving immunotherapy has not
been fully elucidated.

This study aimed to investigate the incidence of HPD in PC
patients treated with PD-1 inhibitors and to describe its impact
on prognosis; In addition, we explored clinicopathological
characteristics linked to the development of HPD to identify
potential predictors.

Since its insidious location and early symptoms are not
obvious, pancreatic cancer (PC) is generally identified at
a late stage, resulting in a dismal 5-year survival rate of 3—
15%."? Therapeutic choices for advanced PC are scarce, and
currently, FOLFIRINOX or gemcitabine-based chemotherapy
is the dominant treatment option.” However, better treatment
options remain to be explored due to the insensitivity of PC to
chemotherapy and the lack of significant progress in targeted
therapy in the large pancreatic cancer population.*

In recent years, immunotherapy has become a hot topic in
antitumor therapy, and immune checkpoint inhibitors (ICIs)
have been used successfully to treat a range of malignancies,
including non-small cell lung cancer,” melanoma,® head and
neck squamous cell carcinoma,” and gastric cancer.® In PC,
some promising studies have also been reported and a study in
2017 demonstrated a 100% disease control rate in patients with

advanced PC treated with programmed cell death-1 (PD-1) inhi-
bitors in combination with chemotherapy.” Another study
showed that the use of immunotherapy in conjunction with
chemotherapy resulted in longer OS than chemotherapy-only
patients with advanced PC.'” However, most of the promising
clinical trials had failed'' probably due to the specificity of the
tumor immune microenvironment in PC compared to most

Materials and methods
Patients and clinicopathological data

Clinicopathological data were retrospectively collected from
patients with advanced PC treated with PD-1 inhibitors (nivolu-
mab/pembrolizumab/sintilimab) at the Chinese PLA General
Hospital (Beijing, China) from September 2015 to
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September 2020. Inclusion criteria for this study: @ age 18 years
and above; @ patients with clinically and pathologically con-
firmed locally advanced/advanced PC; ® treated with PD-1 inhi-
bitors; @ available computed tomography (CT)/magnetic
resonance imaging (MRI) images before and after immunother-
apy; ® an Eastern Cooperative Oncology Group performance
status (ECOG PS) of 0 to 1; ® presence of measurable lesions for
evaluation by RECIST 1.1 criteria.

Demographic, clinical and pathological data were collected
including age, gender, type of PD-1 inhibitor, history of smoking,
history of surgery, degree of tumor tissue differentiation, number
of metastatic sites, liver metastases, antibiotic therapy within 21
days before immunotherapy (Abx B21), baseline CA19-9 levels,
hemoglobin (Hb) levels, absolute neutrophil counts, absolute
lymphocyte counts and serum LDH levels, PD-L1 status, whether
PD-1 inhibitors were used in combination with other drugs, and
line of immunotherapy. This research was authorized by the
Ethics Committee of Chinese PLA General Hospital and per-
formed according to the principles of the Declaration of Helsinki.

Definition of tumor growth rate (TGR) and HPD

At least three CT/MRI scans were collected at baseline, as well
as 6-8 weeks before and after. The radiological data was
reviewed independently by two radiologists. TGR was derived
by calculating the monthly percentage increase in tumor

volume based on the longest measurable diameter of the target
lesion in RECIST 1.1 and the Ferté team’s definition."®

TGR was assessed before and after PD-1 inhibitors treat-
ment. ATGR is the TGR at the time of treatment minus the
TGR before treatment. The higher the ATGR, the faster the
tumor grows after receiving immunotherapy. The HPD was
defined as ATGR = 100%.

Statistical analysis

The x2 or Fisher’s exact test was used to test categorical vari-
ables. Cut-off values for baseline tumor markers were deter-
mined based on receiver operating characteristic (ROC) curve
analysis. The Kaplan-Meier method was used to depict overall
survival curves and the long-rank test was used to compare the
survival curves. All tests were two-tailed and considered sta-
tistically significant if the p-value was less than 0.05. Statistical
analyses were performed using SPSS version 26.

Results
Patient characteristics

A total of 104 patients with PC who received immunotherapy at
Chinese PLA General Hospital from September 2015 to
September 2020 were included in the characterization according

between Sep 2015 and Sep 2020
N=170

Advanced PC patients treated with PD-1
inhibitors at Chinese PLA General Hospital

» Images not available (n=30)

N=140

Advanced PC with at least 3 CT/MRI scans
(pre-baseline, baseline and during treatment),

» Non-measurable disease (n=16)

N=124

Advanced PC patients with measurable disease,

v

» Laboratory test results not available
(n=20)

test results, eligible for analysis,
N=104

Advanced PC patients with available laboratory

Figure 1. Flowchart of patient selection. Note Abbreviations: PC, pancreatic cancer; PD-1, programmed cell death-1; CT, computed tomography; MRI, magnetic

resonance imaging.



to the inclusion criteria of this study (Figure 1). Most patients were
under 60 years old (66.3%), with a greater proportion of males
(70.2%), and 91.3% received a combination of PD-1 inhibitors
with other agents and the majority of patients received immu-
notherapy line < 2 (93.3%), as shown in Table 1 for specific baseline
clinicopathological characteristics. According to the RECIST 1.1
evaluation, 22 (21.2%) patients were identified with progressive
disease (PD) at the first efficacy assessment after immunotherapy,
of whom 10 (9.6%) developed HPD after excluding pseudoprogres-
sion (see Figure 2, Figure S1 and Table S1).

Clinicopathological factors associated with HPD

After treatment with PD-1 inhibitors, HPD was more common
in PC patients with a history of smoking (p =.017), metastatic

Table 1. Characteristics of patients with advanced PC.

No. of Patients

Characteristics (n=104) Percentage (%)
Age (years)

>60 35 337

<60 69 66.3
Sex

Male 73 70.2

Female 31 29.8
Smoking history

Smoke 37 356

Never smoke 67 64.4
Surgical history

Yes 39 375

No 65 62.5
Histological differentiating degree

Low differentiation 59 56.7

Moderate and high differentiation 45 433
Metastatic sites

0-2 90 86.5

>2 14 135
Liver metastasis

Present 45 433

Absent 59 56.7
Abx BA21

Yes 7 6.7

No 97 93.3
Hb level (g/L)

<110 25 24.0

>110 79 76.0
dNLR

>3 36 62.5

<3 65 346

Missing 3 29
Lactate dehydrogenase level

<Upper limit of normal 91 87.5

*Upper limit of normal 7 6.7

Missing 6 5.8
PD-L1 status

Negative 30 28.8

Positive 32 30.8

Missing 42 40.4
Combined with other drugs

Yes 95 91.3

No 9 8.7
PD-1 inhibitor therapy line

<2 97 93.3

>2 7 6.7
Hyperprogressive Disease

Yes 10 9.6

No 94 90.4

Abbreviations: PC, pancreatic cancer; Abx B21, antibiotic therapy within 21 days
before immunotherapy; Hb, hemoglobin; dNLR, derived neutrophil-to-
lymphocyte ratio; LDH, lactate dehydrogenase; PD-1, programmed cell
death-1; programmed death ligand-1(PD-L1); HPD, hyperprogressive disease.
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sites >2 (p =.01), liver metastases (p < .01), Abx B21 (p < .01),
Hb levels <110 g/L and immunotherapy lines >2 (see Table 2).

Survival data

In this study, individuals with advanced PC who received
immunotherapy had a median overall survival (mOS) of
11.67 months. Patients with HPD had a significantly worse
OS than patients with PD without HPD (mOS, 3.6 m [95%
CL, 2.7-4.5m] vs. 5.6 m [95% CI, 1.2-10.0 m]; p <.01) accord-
ing to survival analysis (see Figure 3).

Association of HPD with tumor marker CA19-9

It was found that high levels of CA19-9 at baseline may be
associated with the development of HPD in PC patients treated
with PD-1 inhibitors. According to the ROC curve (p =.024),
the area under the curve (AUC) was 0.729, and when the
baseline CA19-9 level cutoff value was taken as 1279 U/ml,
the Youden index was maximum at this time, with a sensitivity
of 66.7% and specificity of 87.1% (see Table 3 and Figure 4).
We can speculate that patients are less likely to develop HPD
after immunotherapy when baseline CA19-9 <1279 U/ml,
while the occurrence of subsequent HPD should be alerted
when baseline CA19-9 > 1279 U/ml.

In addition, the magnitude of change in CA19-9 within the
first month after immunotherapy was predictive of HPD, with
a cutoff value of 56.31% (Figure 5 and Table 4).

Subgroup analysis of baseline CA19-9 levels and
prognosis

Based on baseline CA19-9 levels, patients with advanced PC
receiving PD-1 inhibitors were divided into two groups, a high-
level group (CA19-9 > 1279 U/ml) and a low-level group
(CA19-9<1279 U/ml), and the OS was shorter in the high-
level group than that in the low-level group (16.2 vs 6.1 months,
p < .01), as derived from survival analysis (see Figure 6).

Discussion

In this study, the development of HPD was observed in 9.6%
(10/104) of patients with advanced PC treated with PD-1
inhibitors. patients with PC who developed HPD after PD-1
blockade had a poor prognosis with an mOS of 3.6 months.
We found that HPD was associated with smoking history,
metastatic site >2, liver metastases, Abx B21, Hb level and
line of immunotherapy. Some studies have explored the occur-
rence of HPD after immunotherapy in a variety of malignan-
cies, such as lung cancer,'” gastric cancer,'® sarcoma,'” and
head and neck squamous carcinoma.*

To our knowledge, there were no previous studies specifi-
cally exploring the development of HPD in PC patients
induced by PD-1 inhibitors, our present study is the first to
particularly explore the incidence and clinical implications of
HPD in patients with advanced PC treated with PD-1 inhibi-
tors. Furthermore, we are the first to show a link between pre-
immunotherapy antibiotic use, Hb levels, baseline CA19-9
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Figure 2. Case study of a patient with PC with HPD during treatment with a PD-1 inhibitor. Note Magnetic resonance imaging before baseline (a), at baseline about 6-8
weeks later (b), and during PD-1 inhibitor therapy 6-8 weeks later (c) in a man in his mid-30s with stage IV (liver and retroperitoneal lymph node metastases) PD-L1
expression positive pancreatic cancer treated with PD-1 inhibitor, nab-paclitaxel and gemcitabine in the fifth line. After 2 administrations, there was evidence of
significant liver lesion progression. Abbreviations: PC, pancreatic cancer; HPD, hyperprogressive disease; PD-1, programmed cell death-1; PD-L1, programmed death
ligand-1.

Table 2. Differences of patients’ characteristics between the non-HPD group and the HPD group.
No. of Patients (%)

Characteristics Non-HPD(n = 94) HPD(n =10) p value

Age (years) 797
>60 32(34.0) 3(30.0)
<60 62(66.0) 7(70.0)

Sex 476
Male 65(69.1) 8(80.0)
Female 29(30.9) 2(20.0)

Smoking history 017
Smoke 30(31.9) 7(70.0)
Never smoke 64(68.1) 3(30.0)

Surgical history .059
Yes 38(40.4) 1(10.0)
No 56(59.6) 9(90.0)

Histological differentiating degree 373
Low differentiation 52(55.3) 7(70.0)
Moderate and high differentiation 42(44.7) 3(30.0)

Metastatic sites .010
0-2 84(89.4) 6(60.0)
>2 10(10.6) 4(40.0)

Liver metastasis <.010
Present 35(37.2) 10(100.0)
Absent 59(62.8) 0(0.0)

Abx BA21 <.010
Yes 3(3.2) 4(40.0)
No 91(96.8) 6(60.0)

Hb level (g/L) <.010
<110 18(19.1) 7(70.0)
>110 76(80.9) 3(30.0)

dNLR 762
>3 32(35.2) 4(40.0)
<3 59(64.8) 6(60.0)
Missing 3 0

Lactate dehydrogenase level .096
<Upper limit of normal 5(5.7) 2(20.0)
*Upper limit of normal 83(94.3) 8(80.0)
Missing 6 0

PD-L1 status 738
Negative 28(50.0) 2(33.3)
Positive 28(50.0) 4(66.7)
Missing 38 4

Combined with other drugs 179
Yes 87(92.6) 8(80.0)
No 7(7.4) 2(20.0)

PD-1 inhibitor therapy line <.010
<2 93(98.9) 4(40.0)
>2 1(1.1) 6(60.0)

Abbreviations: HPD, hyperprogressive disease; Abx B21, antibiotic therapy within 21 days before immu-
notherapy; Hb, hemoglobin; dNLR, derived neutrophil-to-lymphocyte ratio; LDH, lactate dehydrogenase;
PD-1, programmed cell death-1; programmed death ligand-1(PD-L1).
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Figure 3. Overall survival for HPD compared with PD without HPD in patients with immunotherapy. Abbreviations: HPD, hyperprogressive disease; PD, progressive

disease.

Table 3. Data related to ROC analysis of baseline CA19-9 predicted HPD.

Baseline tumor marker Cut-off values AUC

sensitivity specificity Youden index p value

CA19-9(U/ml) 1279.0 0.729

66.7% 87.1% 0.537 .024

Abbreviations: ROC, receiver operating characteristic; HPD, hyperprogressive disease; AUC, area under the curve.

levels, and the development of HPD in advanced PC patients
treated with PD-1 inhibitors.

The exact definition of HPD is still up in the air. Based on
RECIST 1.1, Matos’ team defined HPD as an increase of 210
mm in measurable lesions plus a total increase of >40% in
all target lesions within 8 weeks after immunotherapy com-
pared to baseline, or an increase of 20% and new lesions in
at least 2 organs.”’ HPD was defined by Champiat et al. as
a patient with PD as assessed by RECIST 1.1 criteria and
a TGR greater than double the pre-treatment level while
receiving immunotherapy.”” In 2018, the TGR of more
than 50% per month was used to define HPD in a study by
Ferrara’s team,'” but subsequent studies by Kas and Ferrara
et al. further explored the criteria for identifying HPD and
found that the optimal threshold for TGR to diagnose HPD
is greater than 100%.>” Similar to the definition of HPD
mentioned in the studies of Kas and Ferrara and other
scholars, our study performed TGR calculations for patients
assessed as PD according to RECIST 1.1 and defined ATGR
>2100% as HPD since we thought TGR calculated based on
tumor volume was stricter than TGR calculated based on
tumor diameter. For example, a tumor that increased in
volume by 50% per month before immunotherapy was
assessed as HPD only if the tumor increased by at least
150% per month during immunotherapy.

Due to the high degree of malignancy in advanced pancrea-
tic cancer, it is more difficult to control tumor progression
using a single immunotherapy. Therefore, when using PD-1

inhibitors, it often needs to be combined with other therapies.
The majority of patients in our study received a combination
of a PD-1 inhibitor with chemotherapy or targeted therapies,
accounting for 91.3% (Table 1). But no statistically significant
difference was found between the combination therapy and
PD-1 inhibitor alone in the correlation analysis for hyperpro-
gressive disease (Table 2), which is in line with the findings of
Ferrara’s team.'> Previous research has found that cigarette
smoke can induce stem cell characteristics in PC cells via
PAF1, making PC cells more aggressive®* and can affect the
prognosis of PC patients on antitumor therapy,”> while our
study found that smoking history of PC patients may be
associated with the development of HPD after their treatment
with PD-1 inhibitors. In addition, we also found that the
number of metastatic sites and liver metastases were also
associated with the development of HPD, and these findings
were consistent with those reported in previous study.'” The
liver is the most common metastatic organ in advanced pan-
creatic cancer and the percentage of patients with liver metas-
tases in our study was up to 43.4%, A probable reason for the
development of HPD induced by liver metastases is the ability
of liver metastases to siphon activated CD8+T cells from the
systemic circulation causing apoptosis and inducing peripheral
immune tolerance in the host, which leads to acquired immu-
notherapy resistance.”® In the context of immunosuppressive
cancer therapy, treating or preventing infections is critical to
maintaining patient health, such as neutropenic fever, which is
an acute condition requiring rapid administration of broad-
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Figure 4. ROC curves of baseline CA19-9 predicting the occurrence of HPD during treatment with PD-1 inhibitors in patients with advanced PC. Abbreviations: ROC,
receiver operating characteristic; HPD, hyperprogressive disease; PD-1, programmed cell death-1; PC, pancreatic cancer.

spectrum antibiotics.””*® In addition, patients with advanced
cancer are often accompanied by various bacterial infections
due to low immunity, leading to frequent use of antibiotics.>
Several studies suggested that antibiotic use may adversely
affect immunotherapy prognosis,”>' and in our study, the
likelihood of HPD occurrence was higher in patients with
advanced PC who had received Abx B21, perhaps because
antibiotic use disrupted intestinal microecology”” and affected
the antitumor effect of PD-1 inhibitors,> thus leading to
a poor prognosis. We also explored the impact of baseline
Hb levels on the development of immunotherapy HPD and
found that patients with anemia (Hb <110 g/L) were more
likely to develop HPD, possibly because anemia-induced
hypoxia reduced their sensitivity to anticancer therapy further
contributing to tumor progression,’* and it had been pre-
viously demonstrated that baseline Hb levels adversely affected
the prognosis of immunotherapy.” In addition, Some studies
suggested high dNLR predicts poor immunotherapy efficacy.>
In our study, patients with advanced pancreatic cancer treated
with a PD-1 inhibitor with dNLR >3 similarly had a higher
rate of HPD than those with dNLR < 3 (4/36 vs. 6/65). But the
difference was not statistically significant which may be related
to the limited number of cases. The later the immunotherapy
line, which means that the patient has received several other

therapies before, such as FOLFIRINOX (5-Fluorouracil,
Folinic acid, Irinotecan, and Oxaliplatin), Gem-nabP (nab-
paclitaxel and gemcitabine), targeted therapy, radiation ther-
apy and local radiofrequency ablation treatment of liver metas-
tases, and the patient’s physical fitness and tumor burden was
worse, which could explain why PD-1 inhibitor treatment lines
(which were greater than 2) were linked to the development
of HPD.

Several studies have reported that HPD can significantly
impair patient prognosis and lead to decreased 0S.">*” This
was reconfirmed in our study, where patients with HPD had
significantly shorter OS compared to those who developed PD
only (3.6 vs 5.6 m), highlighting the importance of finding pre-
dictive biomarkers. CA19-9 is a well-recognized characteristic
tumor marker for PC patients, but its predictive significance for
HPD in immunotherapy is unknown. Therefore, we explored
the relationship between baseline CA19-9 levels and the devel-
opment of HPD after immunotherapy in patients with advanced
PC, and found that baseline CA19-9 levels were predictive of
HPD. If the pre-treatment CA19-9 level > 1279 U/ml, it required
vigilance for the occurrence of subsequent HPD, whereas when
the CA19-9 level <1279 U/ml, PC patients receiving immu-
notherapy were relatively safe and less likely to develop HPD.
We further performed a survival analysis related to baseline
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Figure 5. ROC curves of the first month’s increase in CA19-9 predicting the occurrence of HPD during treatment with PD-1 inhibitors in patients with advanced PC.
Abbreviations: ROC, receiver operating characteristic; HPD, hyperprogressive disease; PD-1, programmed cell death-1; PC, pancreatic cancer.

Table 4. Data associated with the ROC analysis of the first month’s increase in CA19-9 predicted HPD.

Tumor marker Cut-off values AUC

sensitivity

specificity Youden index p value

CA19-9 56.31% 0.892

87.5%

83.1% 0.706 .000

Abbreviations: ROC, receiver operating characteristic; HPD, hyperprogressive disease; AUC, area under the curve.

CA19-9 levels, and showed that high baseline CA19-9 levels
were linked to a shorter overall survival time.

Of interest, we also found that the changes of CA19-9 within
the first month after immunotherapy in patients with advanced
pancreatic cancer can predict the occurrence of HPD. This
finding has significant clinical value. Because imaging is usually
performed 6-8 weeks after the patient has received treatment,
the tumor marker CA19-9 is monitored every time a patient is
admitted to the hospital for every cycle of treatment, showing
that changes in CA19-9 can predict HPD earlier than imaging.

There are several limitations to this study. Firstly, due to the
nature of a single-center study and the fact that all patients
were Asian subjects from the same Chinese institution, the
sample size was limited and possible confounding and selec-
tion bias could not be avoided. In addition, since our study is
retrospective, it is impossible to deeply explore the mechanism

of HPD. At present, the possible mechanisms of HPD after
PD-1 inhibitors treatment include the increase of Treg cells,
depletion of CD8™T cells, polarization of affected immunosup-
pressed cell subsets, dysfunctional inflammation, activation of
protooncogene signal pathway/gene mutation.'* In future stu-
dies, high-throughput sequencing of tumor and blood samples
from HPD patients before and after treatment could help to
elucidate the mechanisms behind this pattern and its causal
relationship to treatment.

In conclusion, HPD caused a shorter OS and a considerably
worse prognosis in patients with advanced PC treated with
immunotherapy. The development of HPD was associated
with certain clinicopathological features and baseline CA19-9
levels were predictive of HPD. As a result, further studies are
needed to elucidate the molecular mechanisms of HPD and its
biomarkers.
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Figure 6. Comparison of OS between high and low CA19-9 levels in PC patients receiving immunotherapy. Abbreviations: OS, overall survival; PC, pancreatic cancer.
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