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Abstract
Pancreatic cancer is one of the deadliest of cancers with a five-year survival of 
roughly 8%. Current therapies are: surgery, radiation and chemotherapy. Surgery 
is curative only if the cancer is caught very early, which is rare, and the latter two 
modalities are only marginally effective and have significant side effects. We have 
developed a nanosome comprised of the lysosomal protein, saposin C (SapC) and 
the acidic phospholipid, dioleoylphosphatidylserine (DOPS). In the acidic tumor 
microenvironment, this molecule, SapC-DOPS, targets the phosphatidylserine 
cancer-biomarker which is predominantly elevated on the surface of cancer cells. 
Importantly, SapC-DOPS can selectively target pancreatic tumors and metastases. 
Furthermore, SapC-DOPS has exhibited an impressive safety profile with only a 
few minor side effects in both preclinical experiments and in phase I clinical trials. 
With the dismal outcomes for pancreatic cancer there is an urgent need for better 
treatments and SapC-DOPS is a good candidate for addition to the oncologist’s 
toolbox.

Key Words: Pancreatic cancer; Saposin C; Dioleoylphosphatidylserine; Phosphatidyl-
serine-targeted therapy; Chemotherapy; Radiation
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Core Tip: This review presents the mechanisms and efficacy of saposin C-dioleoylphos-
phatidylserine (SapC-DOPS), a novel phosphatidylserine (PS) biomarker-targeted 
nanodrug, alone and in combination with other treatment modalities for the treatment 
of pancreatic ductal adenocarcinoma (PDAC) tumors. Our results indicate that SapC-
DOPS preferentially targets cells with high surface PS which are primarily in the G2/M 
phase of the cell cycle. Other treatment modalities such as Gemcitabine, Abraxane and 
radiation target G1 phase cells that have low surface PS. Combination of SapC-DOPS 
and Gemcitabine/Abraxane or radiation significantly inhibits tumor growth of 
orthotopic PDAC tumors in vivo and increases survival compared to individual 
treatments.

Citation: Davis HW, Kaynak A, Vallabhapurapu SD, Qi X. Targeting of elevated cell surface 
phosphatidylserine with saposin C-dioleoylphosphatidylserine nanodrug as individual or 
combination therapy for pancreatic cancer. World J Gastrointest Oncol 2021; 13(6): 550-559
URL: https://www.wjgnet.com/1948-5204/full/v13/i6/550.htm
DOI: https://dx.doi.org/10.4251/wjgo.v13.i6.550

INTRODUCTION
On March 6, 2019, Alex Trebek, the beloved host of the quiz show Jeopardy announced 
that he had Stage IV pancreatic cancer. While discovering that one has cancer is 
unsettling, a diagnosis of pancreatic cancer is particularly terrifying due to the dismal 
prognosis. In the United States, pancreatic cancer is the 9th or 10th most commonly 
diagnosed cancer but is the fourth leading cause of cancer-associated death[1]. 
Pancreatic ductal adenocarcinoma (PDAC) which accounts for 85% of all forms of 
pancreatic cancer is also the deadliest gastrointestinal cancer[2]. Longevity from the 
time of diagnosis until death is the worst of any of the major cancers; the median 
survival for untreated advanced pancreatic cancer is about 3 1/2 mo but with surgery, 
radiation and chemotherapy this increases to about 8 mo. In contrast to the steady 
increase in survival observed for most cancer types, advances have been slow for 
pancreatic cancer and the 5-year survival rate is only about 8%, however for patients 
who are diagnosed at an advanced stage the 5-year survival rate is a discouraging 3%. 
While over the past 20 years there have been incremental increases in survival due to 
improving treatments, the incidence of pancreatic cancer is increasing by approx-
imately 0.3%/year leading to the expectation that it will be the second leading cause of 
cancer death by 2030[3]. Pancreatic neuroendocrine tumors or islet cell tumors are less 
common and tend to have a better outcome so our emphasis in this review will be on 
PDAC.

The vast majority of pancreatic tumors are located in the head of the pancreas (65%) 
which are usually found relatively early due to symptoms of obstructive jaundice and 
pancreatitis. Pancreatic tumors are also located in the body (15%), in the tail (10%), or 
present as multifocal lesions (2%). These tumors tend to present late and are associated 
with a worse prognosis[4]. Unfortunately, PDAC is rarely diagnosed early and the 
tumor is generally between 2-4 cm when found (but can be even larger if located in the 
body or tail) and has already infiltrated surrounding structures (i.e., peri-pancreatic 
adipose tissue, stomach, duodenum, portal vein). The histology of PDAC specimens is 
critical for assessing a PDAC case, with the three main aspects being the size of the 
primary tumor, the incidence and number of lymph node metastases and the presence 
or absence of tumor cells at the resection margins[1]. The tumor is generally a solid, 
firm white to pale yellow, poorly-defined mass. Regional lymph node metastases are 
also commonly present at diagnosis[5]. Often as little as 10% of the whole tumor 
volume is occupied by tumor cells, while the remainder is a network of nonmalignant 
cells, called the stroma, which acts as a protective barrier. In addition, the tumor 
usually contains a buildup of matrix proteins that cause blood vessels to collapse, 
preventing chemotherapeutic drugs from reaching the cancer cells in sufficient 
amounts.

Pancreatic cancer is staged according to the American Joint Committee on Cancer 
tumor-node-metastasis classification (Table 1).

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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CURRENT THERAPY
For earlier stage pancreatic cancers, surgery is the best option and is potentially 
curative. Unfortunately, only approximately 20% of patients are candidates for surgery 
and Stage III or IV cancers are unresectable. Even then in only about 15% of cases are 
all cancer cells removed[5]. Recently, neoadjuvant therapy (chemo- or radiation 
therapy prior to surgery) has been used to shrink the tumor. The most common type of 
surgery is the Whipple procedure, also known as pancreaticoduodenectomy, which 
involves removal of the head of the pancreas next to the duodenum, the duodenum, a 
portion of the common bile duct, gallbladder, and occasionally part of the stomach. 
Afterward, the remaining intestine is reconnected to itself and to the bile duct and 
pancreas. Although this surgery can improve 5-year survival to approximately 25% it 
is only available for a small percentage of patients where the tumor has not meta-
stasized[6]. After resection, both gross and microscopic evaluation of the tumor extent 
is challenging in PDAC, due to dispersed growth, which is more prominent following 
neoadjuvant therapy, as regression and therefore tumor-induced fibrosis may be 
patchy. Furthermore, PDAC (even untreated) is characterized by significant inflam-
mation and accumulation of matrix proteins in the normal surrounding stromal cells, 
making the extent of therapy-induced fibrosis unsatisfactory for determining efficacy
[1].

Chemotherapy
Gemcitabine (GEM, Gemzar) is a first line drug for advanced pancreatic cancer. It can 
be used alone or combined with other drugs such as albumin-bound paclitaxel 
(Abraxane), capecitabine (Xeloda), or the targeted drug erlotinib (Tarceva). GEM is 
hydrophilic and must be transported into cells via molecular transporters for 
nucleosides. After addition of three phosphates, GEM can mimic deoxycytidine 
triphosphate so it is incorporated into newly synthesized DNA and creates an 
irreparable error that inhibits of further DNA synthesis, thereby leading to cell death
[7]. However, cancer cells often become resistant to GEM after several months of 
treatment. Abraxane is a form of the anti-cancer drug, paclitaxel that has fewer side 
effects. It is an anti-microtubule agent that inhibits mitosis thus preventing cancer cells 
from growing and dividing, consequently killing them[8]. In a Phase III study of 
patients with previously untreated metastatic pancreatic cancer, there was a statist-
ically significant median overall survival benefit of 8.5 mo vs 6.7 mo in the 
GEM/Abraxane group compared to the GEM arm[9].

Capecitabine is metabolized to 5-fluorouracil (5-FU) which inhibits the synthesis of 
thymidine monophosphate, the active form of thymidine required for de novo synthesis 
of DNA[10]. Erlotinib specifically targets the epidermal growth factor receptor 
tyrosine kinase, which is overexpressed and often mutated (to generate an overactive 
form) in most pancreatic cancers[11]. Interestingly, many PDAC cell lines of the 
classical subtype seem to be resistant to GEM therapy, but sensitive to erlotinib, while 
PDAC cell lines of the quasi-mesenchymal subtype seem GEM-sensitive, but erlotinib-
resistant[12]. Therapeutic strategies targeting angiogenesis with bevacizumab plus 
GEM were evaluated in a Phase III study but showed no additional benefit[13]. A 
combination of chemotherapeutic drugs called FOLFIRINOX consisting of 4 drugs: 5-
FU, leucovorin, irinotecan (Camptosar), and oxaliplatin (Eloxatin) improves lifespan 
compared to GEM alone, but it can also have more severe side effects[14,15]. For 
otherwise healthy patients, FOLFIRINOX is now considered a category 1 recom-
mendation for advanced pancreatic cancer. In a recent study, adjuvant therapy with a 
modified FOLFIRINOX protocol led to significantly longer disease-free survival than 
with GEM, among patients with resected PDAC (21.6 mo vs 12.8 mo), but had a higher 
incidence of adverse events of grade 3 or 4 (75.9% vs 52.9%)[16]. In addition, a 
retrospective study, Perri et al[17] showed that patients with localized PDAC who 
received FOLFIRINOX or GEM/Abraxane as their first line of therapy, FOLFIRINOX 
was associated with a higher rate of RECIST partial response, allowing subsequent 
pancreatectomy, than GEM/Abraxane but the overall survival rates were similar (21 
mo vs 20 mo). However, the patients treated with FOLFIRINOX were significantly 
younger (61 years vs 71 years). As indicated, none of these treatments are especially 
effective and Alex Trebek died on November 8, 2020, 19 mo after his announcement.

A NOVEL THERAPY
Phosphatidylserine (PS), an anionic phospholipid, is primarily located on the inner 
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Table 1 Staging of pancreatic cancer (from the American Joint Committee on Cancer Staging Manual, 8th edition[45])

Stage Tumor

IA Limited to pancreas, greatest dimension: ≤ 2 cm

IB Limited to pancreas, greatest dimension: ≥ 2 cm

IIA The greatest dimension is > 4 cm but there is no metastasis or lymph node involvement

IIB The greatest dimension is ≤ 2 cm to > 4 cm but the cancer has spread to 1-3 regional lymph nodes

III The greatest dimension is > 4 cm and there are 4 or more lymph nodes involved or the tumor has invaded the celiac axis, superior mesenteric 
artery, and/or common hepatic artery, regardless of tumor size or lymph nodes involved.  The tumor is unresectable

IV Metastasis to distant sites, regardless of size or number of lymph nodes involved. Metastasis of pancreatic cancer occurs mainly in the liver, 
peritoneum, and lungs

leaflet of the cell membrane[18-20] due to the activity of ATP-dependent phospholipid 
translocases (flippases)[21,22]. However, in many viable cancer cells flippase activity is 
depressed and PS accumulates on the outer leaflet of the membrane[22]. In normal 
cells the increased surface PS would represent apoptosis and the cell would be 
engulfed by macrophages[23,24] but cancer cells express CD47 which prevents 
phagocytosis by macrophages[25]. While most cancer cells express higher levels of PS 
on the extracellular cell membrane than normal cells, there is a wide variation of 
surface PS, even in cell lines from the same type of cancer[22]. We have previously 
demonstrated this is extant in a panel of pancreatic cancer cell lines[26].

Exploiting the increased surface PS on cancer cells, our lab has developed a 
therapeutic agent that consists of the membrane fusogenic protein, saposin C (SapC) 
which is embedded in dioleoylphosphatidylserine (DOPS) vesicles. These nanovesicles 
selectively target a variety of cancer cells[27-30] including pancreatic tumors, due to 
high affinity of SapC for cancer cell PS[26,31]. SapC is a stable 80-amino acid lysosomal 
protein ubiquitous in all cells, that has high affinity and exceptional specificity for PS 
and catabolizes glycosphingolipids in membranes[32-34].

When SapC is coupled with DOPS durable nanovesicles are formed and selectively 
fuse with the PS on the surface of cancer cells[27,28]. This targeting correlates with the 
expression of surface PS on the cells and can be blocked by specific PS-binding 
proteins, such as lactadherin or β2-glycoprotein[26,35]. The specificity of SapC-DOPS 
binding to cancer cells is further enhanced by the tumor microenvironment which is 
acidic due to the Warburg effect[36,37]. In cancer cells, lysosomal acid sphingomy-
elinase (ASMase) leaks out from lysosomes and migrates to the plasma membrane. 
When SapC-DOPS nanovesicles fuse with surface PS of cancer cell membranes, SapC 
stimulates ASMase which elevates ceramide levels and consequently activates 
caspases that induce apoptotic cell death[26,27,38]. In untransformed cells, asymmetric 
acidic phospholipid distribution results in low PS exposure on the membrane surface. 
This coupled with the neutral pH environment leads to weak SapC-DOPS interaction 
with these cells. Thus, SapC-DOPS selectively kills pancreatic tumor cells, without 
apparent off-target toxicity to normal cells and tissues[26-31]. Indeed, SapC-DOPS 
(clinical name: BXQ-350) has shown an exemplary safety profile both preclinically[26] 
and in Phase I clinical trials[39,40]. In mice there were no noticeable side effects and 
SapC-DOPS appeared to attenuate cancer-associated cachexia[31,41]. In the clinical 
trials, no severe adverse events were observed and most subjects showed no drug 
linked problems at all. Importantly, SapC-DOPS has shown strong cytotoxicity on 
pancreatic cancer cells regardless of their genetic modifications so it should be effective 
in all patients.

PS also has potential as a diagnostic biomarker, as our data indicate that pancreatic 
tumors have elevated surface PS compared to relatively normal pancreatic tissue from 
PDAC patients with no previous therapeutic exposure (Figure 1). This increased PS 
serves as a molecular target for SapC-DOPS and allows SapC-DOPS to invade the 
PDAC tumor (Figure 2A) and specifically target tumor blood vessels (Figure 2B) and 
PDAC cells (Figure 2C) in murine tumor models.

Chu et al[26] have determined that the optimal molar ratio of SapC to DOPS is 1:3-
1:10 for maximal cytotoxic effects against human cancer cells and for most studies we 
use 1:7. This formulation of SapC-DOPS is cytotoxic to a variety of pancreatic cancer 
cells but harmless to normal human pancreatic ductal epithelial cells (HPDE)[26]. As 
anticipated, there was a correlation between surface PS and the killing effect of SapC-
DOPS. Microscopic inspection of SapC-DOPS-treated cells revealed that tumor cells 
had morphologies consistent with apoptotic cell death, while HPDE cells appeared 
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Figure 1 Surface phosphatidylserine on normal pancreata and pancreatic ductal adenocarcinoma tumors. Pancreatic tumors and neighboring 
more normal tissue excised from treatment-naïve pancreatic ductal adenocarcinoma (PDAC) patients were digested with collagenase IV or a Tumor Dissociation kit 
(Miltenyi). PDAC cells were co-stained with MUC-4-APC, a marker for epithelial cells and Annexin V-FITC, which binds cell surface phosphatidylserine (PS) and 
surface PS was quantified on MUC-4+ cells by flow cytometry (n = 5 for each). Data are presented as the mean ± SE of the mean, and were compared between two 
groups using t-test. aP < 0.05 vs normal group. PDAC: Pancreatic ductal adenocarcinoma.

Figure 2 Saposin C-dioleoylphosphatidylserine targets pancreatic tumors. Saposin C-dioleoylphosphatidylserine (SapC-DOPS) was fluorescently 
labeled with CellVue Maroon (CVM, a far red fluorescent probe) and injected into mice after pancreatic tumors were established from human cancer cells (cfPac-1-
Luc3) (see details in reference 26)[26]. A: SapC-DOPS-CVM localized to the primary and lung metastatic tumors detected with intravascular ultrasound live animal 
imaging; B: Tumors, established from human MiaPaCa-2 cells, and normal pancreata of SapC-DOPS-CVM-injected mice were isolated and prepared for fluorescent 
microscopy. The slides, after staining with DAPI (blue) to detect nuclei, show accumulation of SapC-DOPS-CVM in the tumors. Note preferential SapC-DOPS labeling 
of ductal structures (arrows) in pancreatic ductal adenocarcinoma (PDAC), and minimal binding to normal pancreas. SapC-DOPS is binding phosphatidylserine (PS) 
on the cancer cell surfaces as prior treatment with lactadherin, a PS binding protein, eliminates subsequent binding of SapC-DOPS; C: Frozen, unfixed sections from 
murine PDAC and matched normal pancreas tissues were incubated with SapC-DOPS-CVM nanovesicles for 20 min, counterstained with DAPI and mounted. The 
ovals localize the PDAC tumor. SapC-DOPS: Saposin C-dioleoylphosphatidylserine; CVM: CellVue Maroon; Mets: Metastatic tumors; PDAC: Pancreatic ductal 
adenocarcinoma.

unchanged[26].
To advance these studies, human PANC-1 or MiaPaCa-2 cells were implanted 

subcutaneously in nude mice then the mice were treated every 2 d to 3 d with various 
doses of SapC-DOPS. Our results demonstrated a dose-dependent inhibition of 
pancreatic tumor growth by SapC-DOPS. To investigate a more pathologically 
important model, mice were implanted with cfPac-1 cells orthotopically into the 
pancreata. In these mice, SapC-DOPS dramatically prolonged survival; tumor-bearing 
control mice all died within 170 d but 67% of SapC-DOPS-treated mice survived until 
they were euthanized at day 260 and none of the surviving mice harbored any 
detectable tumor. Notably, a metastatic tumor appeared in the lung of one mouse 
(Figure 2A) and this lesion was targeted by SapC-DOPS[26].

As mentioned, GEM provides only marginal benefit to patients so we assessed the 
therapeutic benefits of combining GEM with SapC-DOPS. For these studies[31] we 
first, treated MiaPaCa-2 cells with SapC-DOPS (48 h) and GEM (24 h) alone as well as 
a combination of SapC-DOPS with GEM. These data demonstrated that the com-
bination of SapC-DOPS and GEM had a significantly greater anti-tumor effect than 
either treatment alone. Interestingly, low dose GEM treatment elevates surface PS on 
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cancer cells lines within 48 h without killing the cells, although this may be an early, 
aborted apoptotic response. We then implanted the pancreatic cancer cell line, 
p53.2.1.1, subcutaneously into c57Bl/6J mice[31]. We used suboptimal concentrations 
of both GEM and SapC-DOPS and only treated on days 1 and 4 post implantation to 
examine the combination effects. Both GEM and SapC-DOPS alone reduced tumor 
sizes by about 50% but the combination reached 90%. A similar experiment was 
conducted using subcutaneous mouse 4580P cells in c57Bl/6J mice with GEM/A-
braxane and SapC-DOPS with similar results. To ascertain whether the combination 
could improve survival, we injected mice orthotopically with p53.2.1.1 cells and then 
administered saline, GEM, SapC-DOPS or the combination. All the control mice died 
within 29 d. The mice receiving the combination treatment lived substantially longer 
with one mouse being euthanized tumor-free on day 50. The mice receiving 
suboptimal concentrations of either GEM or SapC-DOPS alone lived for an 
intermediate duration. In all of these experiments SapC-DOPS was introduced shortly 
after the injection of the GEM or GEM/Abraxane. We had previously shown that 
another chemotherapeutic drug, temozolomide, also had synergistic effects with SapC-
DOPS in brain cancer models[35].

Radiation, another therapy for PDAC, also increases surface PS on viable cancer 
cells. Pancreatic cell lines with initially low to moderate surface PS exhibited dose-
dependent increases in surface PS by 12 h with a maximum increase by 24 h. In 
addition, subcutaneous tumors generated in nude mice from the human pancreatic 
cancer cell line, cfPac-1, nearly doubled their surface PS 48 h following focused 
exposure to 10 Gy of radiation[42]. Incidentally, we have recently demonstrated that 
we can incorporate the therapeutic radioisotope, 131I into SapC-DOPS nanovesicles and 
that this radiation enhances the effects of SapC-DOPS to prolong survival in mice 
bearing glioblastoma multiforme, a type of brain cancer[41]. In this scenario, the 
radiation from 131I, while directly killing the tumor cells may also increase surface PS.

It is tempting to speculate that increasing surface PS with GEM or radiation would 
augment the cytotoxicity of SapC-DOPS. Thus, we investigated whether sequential 
treatment order of SapC-DOPS and GEM altered the treatment efficacy. Treating the 
cells with GEM long enough to increase cell surface PS followed by SapC-DOPS was 
no more efficacious than SapC-DOPS followed by GEM treatment (Figure 3). These 
data and results from Davis et al[42] suggest that GEM and radiation do not sensitize 
cells to SapC-DOPS treatment but rather selectively kill the low surface PS cells, 
leaving high PS cancer cells intact which can then be targeted by SapC-DOPS.

Even within a specific pancreatic cancer cell line there is heterogeneous surface PS 
expression. As discussed above, SapC-DOPS targets cancer cells with higher surface 
PS. Indeed, when we treated a heterogeneous cell population with SapC-DOPS the 
high surface PS population was killed, leaving behind cells with lower surface PS[31]. 
Interestingly, the opposite effect was observed when pancreatic cancer cell lines were 
treated with GEM[31] or radiation[42]; that is GEM and radiation tend to kill low 
surface PS cells. Additionally, when cells were sorted into low and high surface PS 
fractions by flow cytometry then treated with GEM, cytotoxicity was more pronoun-
ced in the low surface PS population[31,42].

GEM preferentially kills cells in the G1 phase of the cell cycle by binding to DNA to 
prevent the cells from entering S phase of the cycle where DNA is duplicated[31,43]. 
Of note, we have demonstrated that G1 cancer cells have relatively low surface PS, and 
as the cells proceed through the cell cycle surface PS increases even when the 
expansion of the cell surface area is accounted for[31]. Interestingly, PTDSS1, the gene 
for the enzyme that converts phosphatidylcholine to PS, is elevated in G2/M 
compared to G1 phase in cfPac-1 cells but not in a non-cancerous pancreatic epithelial 
cell line (HPDE). PTDSS2 (the enzyme that catalyzes phosphatidylethanolamine 
transition to PS) is unchanged in either cell line throughout the cell cycle. On the other 
hand, when we sorted cells by surface PS, we found that a higher percentage of low 
surface PS cells were in G1 and a higher percentage of high surface PS cells were in 
G2/M (Qi and colleagues unpublished data). Consequently, more cells in G1 are killed 
by GEM than SapC-DOPS while the opposite is true for cells in G2/M[31]. When these 
experiments were repeated in HPDE surface PS was unaltered throughout the cell 
cycle.

While GEM and SapC-DOPS kill cells through different mechanisms; by preventing 
DNA synthesis and activating caspases, respectively, we have shown that cells in 
tumors are segregated into low PS, high G1 and high PS, high G2/M populations 
which allows the drugs to work on divergent cells and to collaborate to enhance tumor 
destruction (Figure 4). Thus, tumor cell surface PS may serve as a significant bio-
marker to assign the most effective treatment for the patient. Importantly, SapC-DOPS 
is a nanovesicle, and unlike many chemotherapeutic drugs, can penetrate the fibrosis 
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Figure 3 Sequential treatment of pancreatic ductal adenocarcinoma cells with saposin C-dioleoylphosphatidylserine nanodrug and 
gemcitabine. MiaPaCa-2 cells were treated with saposin C-dioleoylphosphatidylserine (SapC-DOPS) (25 µmol/L) alone, gemcitabine (GEM) (50 nmol/L) alone or 
in combination. Cells were seeded onto 96 well plates and the next day were exposed to drugs. In the left grouping SapC-DOPS was added for 48 h, the cells were 
washed twice then incubated with GEM for 24 h. In the right grouping the cells were treated with GEM for 24 h, washed twice and SapC-DOPS was added for 48 h. 
Untreated cells remained in the media for 72 h. After the 72 h incubation, the MTT cell viability assay was performed. Data are presented as the mean ± SE of the 
mean, and were compared between two groups using t-test. aP < 0.05 and bP < 0.01 vs combination group; dP < 0.01 vs combination group. GEM: Gemcitabine; 
SapC-DOPS: Saposin C-dioleoylphosphatidylserine.

Figure 4 Variable surface phosphatidylserine on pancreatic ductal adenocarcinoma tumor cells are sensitive to phosphatidylserine-
selective treatments. Chemotherapy and radiation target primarily low surface phosphatidylserine (PS) cells and may increase PS. Saposin C-
dioleoylphosphatidylserine (SapC-DOPS) hones in on high surface PS cells in the acidic tumor microenvironment. Thus, a combination of chemotherapy and/or 
radiation therapy and SapC-DOPS has the potential to eliminate the preponderance of tumor cells. PDAC: Pancreatic ductal adenocarcinoma.

and stroma of pancreatic tumors (see Figure 2). This makes it available for use as a 
carrier of therapeutic modalities such as the 131I mentioned above but also as an 
imaging and detection agent. In fact, we have demonstrated that fluorescently labeled 
SapC-DOPS nanovesicles allow selective visualization of primary and metastatic 
pancreatic tumors in vivo[26]. The nanovesicles can also carry contrast agents (iron or 
gadolinium) for computed tomography or magnetic resonance imaging of tumors[44]. 
Thus, SapC-DOPS can be used for both diagnosis and treatment.
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CONCLUSION
Phase I clinical trials are designed to evaluate the safety of a candidate drug. In these 
preliminary trials, SapC-DOPS (BXQ-350) has demonstrated an excellent safety record 
but impressively, has also shown remarkable efficacy in some patients that have failed 
all other modalities[39,40]. Our data establish that SapC-DOPS alone or in combination 
with GEM (GEM/Abraxane) or radiation can reduce tumor growth and enhance 
survival in mouse models of PDAC.  We are hopeful that one day soon SapC-DOPS 
will be part of the cancer treatment arsenal and alleviate the dread that comes with this 
diagnosis.
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