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Megakaryocyte Potentiating Factor as 
a Predictive Biomarker for Therapies 
Against Malignant Mesothelioma

INTRODUCTION

Malignant mesothelioma (MM) is a highly 
aggressive disease with a poor prognosis.1 In 
patients with unresectable disease, the standard 
first-line therapy is pemetrexed and cisplatin, 
which is associated with a median overall sur-
vival (OS) of 12.1 months.2 For patients who 
have experienced treatment failure with first-
line therapy, there is no approved second-line 
therapy, and responses to other treatments are 
rare.3 There is an urgent need to develop better 
therapies, and thus, a high degree of interest in 
targeting cell surface protein mesothelin.4-7 The 
antimesothelin immunotoxin SS1P was the first 
shown to be active in patients with refractory 

mesothelioma.8 There are multiple mesothelin- 
targeted agents in clinical development, including 
chimeric antibody,9 antibody-drug conjugate,10 
chimeric antigen receptor T-cell therapy,11 and 
mesothelin-based vaccine.12 Noninvasive biomark-
ers for selecting patients, assessing treatment, 
and evaluating resistance are critical for their 
development.

There is no effective biomarker test for treat-
ment assessment and outcome prediction in 
patients with MM to date. Previous work 
described potential biomarkers for mesotheli-
oma13,14; however, it was difficult to demonstrate 
their clinical utility for an intended clinical use. 
The mesothelin gene encodes a precursor pro-
tein that is cleaved into a soluble megakaryocyte 
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potentiating factor (MPF) and membrane-bound 
mesothelin.15,16 Previous studies showed correla-
tions between the computed tomography (CT) 
response and arbitrarily chosen 10% to 25% 
reduced serum mesothelin after chemother-
apy.17-21 Such low cutoff values are incompatible 
with a 30% reduction in tumor determined with 
CT, would contribute to high degrees of false 
signals, and would make it more difficult to cor-
relate with clinical outcomes.

The currently available MesoMark test (Fuji-
rebio, Malvern, PA) detects serum mesothelin, 
which is subject to the interference by mesothe-
lin-targeted antibody-based agents. However, 
as the cleavage product generated during meso-
thelin maturation,15,16 MPF does not react with 
mesothelin-targeted agents. In addition to serv-
ing as a tumor antigen for MM tumor burden, 
it would also inform the expression of the drug 
target mesothelin in tumors. We developed and 
validated an assay for MPF and further showed 
that elevated MPF is a worse prognostic bio-
marker in patients with MM.22 Its effectiveness 
for monitoring therapies is not known. Thus, it 
is necessary to assess the MPF assay to evaluate 
treatment and to predict the outcome of sys-
temic and targeted therapies. We analyzed serial 
serum samples collected from patients with MM 
in two trials: (1) treatment-naïve patients treated 
with the first-line agents pemetrexed and cispla-
tin in combination with SS1P19; and (2) refrac-
tory patients treated with SS1P in combination 
with the immune suppression agents pentostatin 
and cyclophosphamide.8

MATERIALS AND METHODS

Clinical Trials and Patient Samples

Serum samples were collected at pretreat-
ment and at the end of each treatment cycle 
from patients enrolled in two antimesothelin 
trials. The first trial was a phase I study with  
a standard dose of pemetrexed and cisplatin, 
and the antimesothelin immunotoxin SS1P 
(NCT01445392) in chemotherapy-naïve patients  
with pleural mesothelioma.19 Twenty patients 
were evaluable, 12 with partial response (PR), 
three with stable disease (SD), and five with pro-
gressive disease (PD). A total of 168 serum sam-
ples were collected between October 2008 and 
January 2013, with the longest sample follow-up 
of 55.3 months.

The second trial was a pilot phase II study of SS1P 
with the addition of a pentostatin and cyclophos-
phamide immune depletion regimen to decrease 
antibody response to SS1P in patients with 
refractory MM (NCT01362790). The patients 
had received one to six (and an average of three) 
previous therapies.8 All patients were evaluated 
for responses: three with PR, three with SD, and 
four with PD. However, one patient (No. 108) 
was excluded from the analyses because of the 
lack of any post-therapy sample, except where 
only the baseline data were needed. A total of 77 
serum samples were collected between Decem-
ber 2011 and December 2016, with the longest 
follow-up being 59.2 months. 

All serum samples were collected using institu-
tional review board–approved protocols at the 
US National Institutes of Health with informed 
consent. Patient samples were de-identified, 
tested, and analyzed in an unbiased and blinded 
fashion (Table 1). Tumor responses were deter-
mined on the basis of CT and calculated in 
accordance to modified Response Evaluation 
Criteria in Solid Tumors (mRECIST) criteria 
for mesothelioma.

Statistical Analyses

Prism, Version 7.0 (GraphPad, La Jolla, CA) was 
used for statistical analysis. For determining the 
association between changes in MPF levels and 
CT response, unpaired t tests were performed. 
A paired t test was performed to compare the 
changes in MPF in patients with PR during the 
six-cycle therapy. Pearson correlation analysis 
was performed for the correlation between best 
MPF reduction and best CT response within the 
six cycles of treatment. Linear regression anal-
ysis was used to determine the line slope and 
the change in MPF corresponding to a −30% 
change in total tumor size. 

Kaplan-Meier survival analyses were performed 
to determine log-rank hazard ratio (HR) and  
P value of MPF response or CT response 
patients on PFS or OS. Mann-Whitney test was 
performed to examine the association between 
baseline MPF and the response to antimesothe-
lin SS1P and immune therapy. Because it was 
of interest to compare the duration of survival 
according to whether a patient was a responder 
or not, the landmark method was used.23 Because 
all but one responding patient experienced 
a response by 91 days, that one patient was 
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considered to be a nonresponder; the analyses 
began at 91 days after the in-study date.

RESULTS

Systemic Therapies Lead to a Reduction 
of Serum MPF in Patients With MM With 
Elevated Baseline and Objective Responses

We assessed the effectiveness of serum MPF in 
monitoring the treatment response of patients 
with MM from two clinical trials (Table 1).8,19 
The objective tumor responses of the 30 evalu-
able patients were 15 with PR, six with SD, and 
nine with PD. MPF values were determined in 
serial samples from them. The results showed 
a highly significant reduction of serum MPF 
in patients with PR compared with those with 
either SD or PD (Fig. 1A). There was a fur-
ther correlation between the best MPF reduc-
tion and best CT response for treatment-naïve 
patients19 (Fig 1B). On the basis of the linear 
regression analysis of corresponding changes in 
CT and MPF in these 20 patients with MM, a 
−30% change in CT was interpolated to a −47% 
change in MPF level (Fig 1B). Thus, a rounded 
−50% change in serum MPF was selected as  
the cutoff for MPF response, which corre-
sponded to approximately −30% change in CT 
using mRECIST.

The serum MPF test enables continuous and 
multiple measurements during treatment. Of 
the 15 patients who exhibited PR, 12 had ele-
vated baseline MPF. Among PR patients with an 
elevated MPF using the upper limit of normal 
at 1.2 ng/mL,22 there was an average of −52% 
change in MPF after one cycle (P < .001; n = 12; 
Fig 1C). The decline continued with each treat-
ment cycle to −78% after six cycles. In contrast, 
for the patients who did not have a CT response, 
there was no significant reduction of MPF (n = 
14; Fig 1D). Serum MPF analysis seems to be 
only effective in patients with an elevated base-
line MPF because there is no trend of decreasing 
MPF in patients with PR and normal baseline 
MPF (n = 3; Fig. A1). Thus, the treatment- 
induced reduction of serum MPF may be an 
informative biomarker of objective response in 
patients with MM with elevated baseline MPF.

Association Between the MPF Response 
and Better PFS

Kaplan-Meier analyses were performed to com-
pare PFS and OS of both trials. Results indicate 
similarities of both trials on PFS and OS (Appen-
dix Fig. A2). Thus, patients from both studies 
were combined for the subsequent analysis. The 
MPF biomarker response (−50% change) in the 
patients with MM was evaluated for an associa-
tion with clinical outcome using Kaplan-Meier 
survival analysis. The results showed that the 
median time to progression was 11.3 and 1.9 
months for the MPF responders and nonre-
sponders (P < .001; Fig 2A), with a log-rank HR 
(response to nonresponse) of 0.279 (95% CI, 
0.109 to 0.713). This result is at least compara-
ble to that of the CT response. The median time 
to progression values were 11.3 and 1.8 months 
for the CT responders and nonresponders (P = 
.022), with an HR of 0.457 (95% CI, 0.208 to 
1.017; Fig 2C). Thus, the data suggest that a 
−50% change in MPF after systemic therapies is 
strongly associated with improved PFS.

Reduction of MPF After Systemic 
Treatment as a Potential Biomarker for 
Better OS

The MPF response was further correlated 
with OS. Kaplan-Meier analysis shows that the 
median survival is 22.3 and 8.8 months for the 
MPF responders and nonresponders, (P = .004), 
with a log-rank HR (response to nonresponse) 
of 0.361 (95% CI, 0.151 to 0.861; Fig 2B). The 
MPF response is at least comparable to that of 
the CT response. The median survival time 
was 24.3 and 10.3 months for the CT respond-
ers and nonresponders, respectively (P = .035), 
with an HR of 0.476 (95% CI, 0.214 to 1.055; 
Fig 2D). Landmark analysis of OS for MPF and 
CT response was performed, with a landmark 
date at 91 days, at which time all patients had 
experienced a response but one. The results 
further confirmed that MPF response after sys-
temic therapies was associated with better OS 
(P = .031) and compared favorably with the CT 
response (P = .056; Appendix Fig A3).

Elevated Baseline Serum MPF in Patients 
With Refractory MM Who Responded to an 
Effective Antimesothelin Therapy

In the second trial of 10 patients with refractory 
MM with immunotoxin SS1P and an immune 
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depletion regimen of pentostatin and cyclophos-
phamide, major cancer regressions were observed 
and were attributed primarily to the activities of 
SS1P.8 The nonparametric Mann-Whitney test 
showed that the patients with PR (by CT) had 
elevated baseline serum MPF levels, which were 
higher than those in the nonresponse group (P 
= .033; Fig 3A). Thus, data suggest that elevated 
baseline serum MPF may be associated with the 
response to an effective antimesothelin therapy 
in patients with refractory MM, whereas the 
MPF response is associated with improved sur-
vival in these patients (P = .012; Appendix Fig 

A4). Thus, the results suggest an association 
between elevated serum MPF and a response 
to antimesothelin SS1P, with evidence of MPF 
reduction associated with improved clinical out-
come in patients with refractory MM.

Serum MPF Test for Long-Term Follow-
Up of Patients With MM With a Major 
Cancer Response

We explored the use of the MPF test in monitor-
ing the first three patients with MM who expe-
rienced major tumor regression to an effective 
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antimesothelin therapy and correlated the MPF 
levels with tumor response and progression. 
Patient No. 102 was a 50-year-old man with exten-
sive peritoneal involvement and received two cycles 
of SS1P because of SS1P antibody development.8 
He had a delayed response with substantial tumor 
shrinkage at 7 months. The response continued to 
14 months. The MPF level was reduced by 46% 
after two cycles and by 89%, to reach its lowest 
point at 7 months (Fig 3B). Despite a nearly 90% 
reduction in serum MPF, the level at 7 months was 
still highly elevated (17.3 ng/mL). The PR con-
tinued until 14 months, at which time, the MPF 
had more than doubled from its lowest point at 7 
months, to 41.2 ng/mL. This patient progressed at 
14 months, and the MPF level eventually rose to 
the pretreatment level by 29 months.

Patient No. 103, a 56-year-old woman with 
pleural mesothelioma, had rapid disease progres-
sion before treatment and was the only patient 
who completed all six cycles of therapy. Radio-
logically, she had 74% tumor shrinkage, which 
was maintained for 59 months. MPF analysis 

showed that the MPF fall to the reference inter-
val after three cycles was rapid (Fig 3C). By the 
end of six cycles of therapy, the MPF level was 
decreased by 97%, to 0.31 ng/mL, lower than 
the reference level of 1.2 ng/mL. Her MPF lev-
els remained low and were normalized for nearly 
5 years until the last testing, at which time her 
MPF level was elevated to 2.6 ng/mL and she 
had signs of tumor progression.

Patient No. 105 was a 51-year-old man with 
peritoneal mesothelioma who had four cycles 
of SS1P and 70% tumor shrinkage at 5 months. 
His tumors progressed at 12 months and were 
subsequently treated with additional chemother-
apy, which produced another PR. The results of 
blood MPF agreed with his CT-based clinical 
evaluation. The MPF level was decreased by 
98% to 0.6 ng/Ml after three cycles, below the 
reference value (Fig 3D). His MPF level rose 
to 6.3 ng/mL at 12 months when the tumor 
progressed and was subsequently reduced to 
near-normal levels after additional successful 
chemotherapy.
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Fig 2. Association of 
megakaryocyte potentiating 
factor (MPF) response and 
improved clinical outcome. 
(A) Progression-free survival 
(PFS) and (B) overall surviv-
al (OS) using MPF response 
at a threshold of −50% or 
more after therapies. (C) 
Progression-free survival 
and (D) OS for patients with 
malignant mesothelioma 
using computed tomogra-
phy (CT) response on the 
basis of modified Response 
Evaluation Criteria in Solid 
Tumors. The in-study date 
was used as date 0.
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Taken together, all three patients with MM with 
responses to an effective antimesothelin therapy 
were found to show an approximately ≥ –90% 
change in serum MPF after the initial treatment. 
The subsequent clinical behavior of the tumors 
was well correlated with changes in serum MPF 
in the follow-up of 29 to 60 months. There was 
evidence of increased serum MPF at the time of 
disease progression for all.

DISCUSSION

Our study indicates that the serum MPF test is 
effective in monitoring systemic therapies for 
patients with MM, because the patients with 

MPF responses have much better PFS and OS 
than those without, regardless of baseline levels. 
The data further suggest a potential association 
between elevated baseline MPF and clinical 
responses to an effective antimesothelin ther-
apy in patients with refractory MM. Finally, an 
MPF test is feasible for monitoring patients with 
MM undergoing mesothelin-targeted therapy, 
with the longest follow-up of 5 years, providing 
information on treatment response, disease sta-
bilization, and tumor progression and associated 
drug-target mesothelin expression.

Our results show that in patients with MM with 
elevated MPF baseline values, MPF is reduced 
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Fig 3. Elevated baseline megakaryocyte potentiating factor (MPF) associated with response and long-term follow-up of individual patients 
with major tumor regression after antimesothelin and immune suppression. (A) Association between elevated baseline MPF and the clinical 
response (computed tomography to an effective antimesothelin therapy with immune suppression in treatment-refractory malignant mesothe-
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of SS1P. He experienced a 98% decrease in serum MPF. He had disease progression at 1 year, which responded to another chemotherapy 
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in patients with PR during systemic therapies. In 
these responders, there is an average of a –52% 
change in serum MPF after one treatment cycle, 
which is steadily decreased to –78% after six 
cycles. In MM, RECIST needs to be modified 
because one-dimensional measurement of the 
nonspherical growth pattern was difficult.24 The 
mRECIST requires repeated total tumor mea-
surements on two occasions 4 weeks apart for 
PR determination.25 The quantitative changes 
of serum MPF may provide an alternative, low-
cost, and nonradiative assessment of therapy 
response in patients with MM with elevated 
MPF. Thus, changes in serum MPF may assist 
the CT-based response assessment.

The data further indicate that the serum MPF 
test results are informative of patient outcome. 
We used a more stringent cutoff value of a –50% 
change in MPF to define the biomarker response 
compared with the previous reports17-21; this 
cutoff was supported by our correlative analy-
sis of CT and MPF responses in patients with 
MM. Such a stringent cutoff correlates with 
the mRECIST criterion of a 30% reduction in 
the sum for all target lesions and thus leads to 
a significant reduction of false-positive reports 
during monitoring. Our study shows that there 
is an association between MPF response and 
clinical outcome. Patients with MM with MPF 
responses have better PFS and OS, which is at 
least comparable to those with CT responses, 
regardless of their baseline MPF levels. Thus, in 
addition to confirming the association between 
changes in MPF and patients’ response to sys-
temic therapy,18 our results further showed that 
an MPF biomarker response is associated with 
improved PFS and OS.

As the cleavage product during mesothelin 
maturation with a short half-life in blood,22,26 
serum MPF levels reflect the expression of tar-
get antigen mesothelin on tumor cells, without 
being bound by the therapeutic agents. In fact, 
in untreated mesothelioma patients, there is a 
strong correlation between MPF and soluble 
mesothelin.22,27 The MPF test could be valuable 
for the clinical development of mesothelin- 
targeted therapies and for monitoring targeted 
therapies against MM. The results show that 
the MPF test is feasible for continued disease 
assessment for up to 5 years in patients with 
refractory MM experiencing PR. The long-term 
follow-up study shows that tumor progression is 

accompanied with re-elevated MPF. Therefore, 
serum MPF could facilitate long-term disease 
monitoring and provide a noninvasive assessment 
of the drug-target mesothelin expression in MM 
at the time of disease progression, which can be 
critical for evaluating alternative therapies.

One of the most important issues in the devel-
opment of targeted therapies is the stratification 
of the intended patient population. Mesothe-
lin is ubiquitously detected in epithelioid MM 
by immunohistochemistry (Table 1); therefore, 
mesothelin immunohistochemistry is not pre-
dictive of response to mesothelin-targeted ther-
apies in MM, and a different biomarker test is 
required. Currently, there is no companion diag-
nostic on the basis of a serum tumor antigen. 
There are many challenges for a serum-based 
test for patient selection, including the expres-
sion of the tumor antigen by nontumor cells and 
the variations in shedding of it by tumor cells. 
In addition, it is possible that serum MPF may 
be influenced by renal dysfunction in patients 
receiving nephrotoxic chemotherapies because 
prior reports showed elevated serum MPF in 
patients with renal disease.28,29 However, the 
patients described in our study had normal renal 
functions at the time of enrollment. Our study 
provides the first evidence that elevated base-
line MPF may be associated with radiologic 
response of patients with refractory MM to an 
antimesothelin therapy. Although our previous 
data suggested that patients with MM with ele-
vated MPF have a worse prognosis,22 the results  
here suggest that the reduction of serum MPF 
in patients with refractory MM is associated 
with improved clinical outcome. We speculate 
that the ability to normalize the elevated serum 
MPF in patients could be a key finding for 
the mesothelin-targeted therapy. Because many 
mesothelin-targeted agents are in clinical devel-
opment, we believe that the association between 
elevated baseline MPF and clinical outcome 
need to be verified for mesothelioma.

There is an even stronger need to evaluate the 
use of elevated MPF for the development of 
antimesothelin agents in other cancer types, 
including lung, pancreas, and ovarian,6,7 where 
both the prevalence of MPF-positive patients and 
response rates are expected to be much lower.

In conclusion, the findings of this study suggest 
that an MPF assay may be effective in assessing 
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treatment and in predicting clinical outcome in 
patients with epithelioid MM. Limitations of 
the study include its retrospective design and 
the small number of patients with MM in the 
outcome study. There is unique and exploratory 
evidence of an association between the elevated 
baseline serum MPF and clinical response to 
an antimesothelin agent, with a rationale for 

drug-mediated elimination of MPF-producing 
tumor cells, a finding that needs to be further 
investigated in a larger trial.
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Materials and Methods: MPF test

We developed the serum megakaryocyte potentiating factor (MPF) test and conducted comprehensive preclinical and clinical 
validation of the test (for details, see article). Briefly, the MPF assay uses capture antibody MPF49 (γ2a, κ), which binds to 
MPF topographic epitope 3, and detection antibody MPF25 (γ1, κ), which binds to epitope 1.26 MPF49 was biotinylated, and 
MPF25 was conjugated with Sulfo-Tag NHS-Ester (Meso-Scale Diagnostics, Rockville, MD). The assay was then optimized 
on a 96-well strepavidin plate.

All tests were performed according to our standard operating procedures under good laboratory practice. Briefly, the strepavi-
din assay plates were blocked with blocking buffer for 1 hour at room temperature with constant shaking. The biotinylated 
Capture Antibody Solution was added to the microplates. After incubation for 1 hour at room temperature, plates were 
washed, and the serially diluted MPF calibrator, 1:10 diluted sample serum, and reference samples were added and further 
incubated for 1 hour. After a wash step, the Sulfo-Tag Detection Antibody Solution was added and incubated for an additional 
hour. After washing, a 2× Read Buffer was added to the plates, which was read with a QuickPlex instrument (Meso-Scale Di-
agnostic) within 20 minutes. The data were analyzed with WorkBench 4.0 software (Meso-Scale Diagnostic) for determining 
the concentration of MPF in serum samples using the 4 Parameter Logistic nonlinear regression model. The MPF test was 
validated both analytically and clinically (for details, see article). A reference interval (0 to 1.2 ng/mL) was determined before 
this study, with higher levers outside of it considered elevated.
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Fig A2. Kaplan-Meier 
curves for progression-free 
survival (PFS) and overall 
survival (OS) between the 
two trials. (A) PFS analysis 
of the two trials. (B) OS 
analysis of the two trials. 
Trial 1, treatment-naïve 
patients with malignant 
mesothelioma treated with 
pemetrexed and cisplatin, 
and the antimesothelin 
immunotoxin SS1P. Trial 
2, patients with refractory 
malignant mesothelioma 
treated with pentostatin 
and cyclophosphamide, and 
SS1P.
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Fig A3. Landmark 
analysis of overall survival 
(OS) for megakaryocyte 
potentiating factor (MPF) 
and computed tomography 
(CT) responses. Because all 
but one responding patient 
experienced a response by 
91 days, the analyses began 
at 91 days after the in-study 
date. (A) The median OS 
for MPF responders at the 
landmark date was 19.3 
months (95% CI, 6.4 to 
29.2 months), and for MPF 
nonresponders, it was 6.0 
months (95% CI, 2.5 to 
11.8 months). (B) The me-
dian OS starting at the land-
mark date for CT respond-
ers was 19.3 months (95% 
CI, 6.4 to 29.2 months) 
and was 5.4 months for CT 
nonresponders (95% CI, 2.7 
to 10.6 months). ctresp, CT 
response; mpfrsp1, MPF 
response.
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Fig A4. Kaplan Meier 
analysis of overall survival 
(OS) for patients with 
refractory malignant me-
sothelioma receiving SS1P 
and immune suppression. 
A change of megakaryocyte 
potentiating factor (MPF) 
of more than −50% was 
used as the cutoff for the 
patients with refractory 
patients with malignant 
melanoma. Kaplan-Meier 
analysis showed patients 
with MPF response have 
better OS (P = .012), with 
an HR (response to nonre-
sponse) of 0.234 (95% CI, 
0.058 to 0.950).8
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