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Drug metabolism and pancreatic cancer
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Pancreatic cancer remains a fatal disease in the majority of patients. The era of personalized 
medicine is upon us: customizing therapy according to each patient’s individual cancer. Potentially, 
therapy can be targeted at individuals who would most likely have a favorable response, making 
it more efficacious and cost effective. This is particularly relevant for pancreatic cancer, which 
currently portends a very poor prognosis. However, there is much to be done in this field, and 
more studies are needed to bring this concept to reality.
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Introduction

Pancreatic cancer, the fourth leading cause of cancer-
related mortality in men and women, continues to carry a 
poor prognosis, as manifested by a 5-year survival probability 
of just 7% for all comers [1]. In the majority of patients, the 
presence of extra-pancreatic metastasis at the time of diagnosis 
precludes surgical resection, and even resected tumors are 
likely to relapse at either the primary or distant sites.

The long-time mainstay in the treatment of pancreatic 
cancer has been gemcitabine, shown to be superior to 
5-fluorouracil (5-FU) [2]. For several years, this was true 
for both the adjuvant and the metastatic settings [3]. Several 
trials attempted to improve upon gemcitabine alone, but they 
were disappointingly negative [4]. The first improvement was 
the addition of erlotinib to gemcitabine. This led to only a 
short, though statistically significant, improvement in overall 
survival, but it was the first positive trial [5]. Later efforts 
to ascertain whether K-ras mutations or overexpression of 
the epidermal growth factor receptor gene were predictive of 

response (and possibly predictors of a greater clinical benefit) 
were negative [6]. The next improvements in the metastatic 
setting were the FOLFIRINOX regimen and gemcitabine-
abraxane [7,8]. Both of these regimens showed a survival benefit 
when compared to gemcitabine alone, representing the first 
significant improvements in the field after a series of negative 
trials. Most recently, the combination of nanoliposomal 
irinotecan plus 5-FU and folinic acid has shown a survival 
benefit in the second-line setting after gemcitabine-based 
therapy [9]. What is not known is how these regimens compare 
head-to-head, and if certain patients may benefit more from 
one regimen or another.

A better understanding of the molecular basis of the 
carcinogenesis of pancreatic cancer, as well as the metabolism 
of the chemotherapeutic agents, has offered novel therapeutic 
opportunities. Potentially, new biomarkers may predict the 
efficacy or toxicity of these agents and aid in the development 
of novel drugs [10]. Biomarkers are generally considered as 
predictive or prognostic (Fig. 1). Biomarkers can be measured 
in tumor tissue or other body fluids, such as plasma.

In this article, the authors review the data on the biomarkers 
related to the metabolism of these drugs (Table 1) and their and 
their role in treating patients with pancreatic cancer.

Predictive markers for response to gemcitabine

Human equilibrative nucleoside transporter 1 (hENT1)

hENT1 is thought to be the means by which gemcitabine 
enters tumor cells. Therefore, tumor expression of hENT1 
would correlate with the response to gemcitabine, so that 
low levels of expression would confer relative resistance to 
gemcitabine. This was first studied clinically in a single-center 
retrospective study of 21  patients with advanced pancreatic 
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adenocarcinoma treated with gemcitabine alone [11]. hENT1 
was measured by immunohistochemistry (IHC) and scored 
using relative staining intensity in tumor cells compared to 
islets of Langerhans cells and lymphocytes. Nine of 21 patients 
with uniform staining had a median overall survival of 
13 months, compared to 4 months in the 12/21 who had areas 
of absent staining. This study was followed by several other 
retrospective studies evaluating hENT1 expression in patients 
treated with gemcitabine [12]. The methods of hENT detection 
varied, some using polymerase chain reaction (PCR), and IHC 
being scored differently, but these studies all found that higher 
hENT expression corresponds to improved survival under 
treatment with gemcitabine.

There have also been several post-hoc analyses of prospective 
cohorts using hENT1. Ferrell et  al performed a post-hoc 
analysis of the RTOG 9407 trial [13]. In this trial, all patients 
had resected pancreatic adenocarcinoma treated with adjuvant 
chemoradiation and 5-FU. They were randomized to receive 
gemcitabine or 5-FU both before and after chemoradiation. 
Tissue from 198 of the trial’s 538  patients was assayed for 
hENT1 by IHC. hENT1 was scored as no staining, low or high, 
seen in 22%, 40% and 37% of patients respectively. Amongst 
the patients in the gemcitabine arm, those with high or low 

hENT1 staining showed a survival benefit compared to no 
staining. There were no statistically significant differences in 
survival based on hENT1 staining in the 5-FU arm.

Greenhalf et al performed a post-hoc analysis of the ESPAC-3 
trial using hENT1 [14]. ESPAC-3 was an adjuvant trial of 5-FU 
vs. gemcitabine vs. observation, though the observation arm 
was later removed. In the trial, gemcitabine was found to be 
non-inferior to 5-FU in the adjuvant setting [15]. hENT1 was 
scored as either high or low, defined as above or below median. 
Patients with high hENT1 expression who received gemcitabine 
had better survival compared to those with low hENT1 
expression (median overall survival 26.2  vs. 17.1  months), 
while hENT1 expression had no effect on survival among 
those who received 5-FU (median overall survival 21.9  vs. 
25.6  months in the high and low groups, respectively). The 
authors concluded that, in the adjuvant setting, patients with 
low expression of hENT1 should not receive gemcitabine and 
that 5-FU is a more effective alternative.

There has been one prospective trial using hENT1. The LEAP 
trial was a prospective Phase II trial in patients with metastatic 
pancreatic adenocarcinoma. It compared gemcitabine to CO-
101, a gemcitabine variant in which gemcitabine is covalently 
bonded to elaidic acid, designed to enter tumor cells despite 
low hENT1 [16]. A  total of 367  patients were enrolled and 
hENT1 expression was determined in 97.5% of them using 
IHC. Although the investigators used a novel hENT1 antibody 
and scoring methodology, they validated their methods in a 
separate post-hoc analysis of tissue from 225  patients in the 
RTOG 9407 study, as well as a separate retrospective analysis 
of gemcitabine-treated patients, which yielded results that 
were concordant with those of prior studies. Surprisingly, there 
was no difference in overall survival associated with treatment 
or hENT1 expression level, even amongst those treated with 
gemcitabine. A further study that compared only those with 
very high hENT1 staining versus no staining also failed to 
show a difference. The reasons for these negative outcomes are 
unclear, especially in the context of prior studies. The major 
differences in the trial were the different antibody and scoring 
system, as mentioned above, and the fact that it was focused on 
metastatic disease, whereas most previous studies involved an 
adjuvant population.

An additional post-hoc study was carried out in the 
metastatic setting, using data and tissue from the AIO-PK0104 
study [17]. This was a Phase III study of advanced pancreatic 
adenocarcinoma, in which patients were treated with either 
gemcitabine and erlotinib followed by capecitabine, or 
capecitabine and erlotinib followed by gemcitabine [18]. In 

Figure 1 How biomarkers are defined

Biomarkers are indicators of normal biological processes, pathologic processes,
and/or pharmacological responses to a therapeutic intervention

Predictive Biomarkers predict the
rete of response to a particular

therapy

Prognostic Biomarkers are associated
with the risk of developing a disease, the

risk of spread or aggressiveness, or
survival rates

Table 1  Potential markers and relevant chemotherapeutic agents

Chemotherapy 
agent

Representative candidate gene

Gemcitabine Cytidine deaminase
Deoxycytidine kinase
Ribonucleotide reductase M1 subunit (RRM1)

5‑Fluorouracil Dihydropyrimidine dehydrogenase (DPD)
Thymidylate synthetase (TS)
5, 10‑methylenetetrahydrofolate 
reductase (MTHFR)

Irinotecan UDP glucuronosyltransferase 1 family, 
polypeptide A1 (UGT1A1)

Cisplatin Excision repair cross complementation 
group 1 and 2 (ERCC1 and ERCC2)

Oxaliplatin Excision repair cross complementation 
group 1 (ERCC1)

Erlotinib Epidermal growth factor receptor (EGFR)
K‑ras

Nab‑paclitaxel Secreted protein acidic and rich in 
cysteine (SPARC)
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the post-hoc analysis, hENT1 expression was determined and 
quantified by the same method used in the LEAP trial. Similarly, 
the investigators did not find a correlation between survival 
and hENT1 expression levels amongst the study groups. There 
were in fact some conflicting data, as high hENT1 expression 
was found to correlate with a shorter time to first treatment 
failure in patients randomized to gemcitabine and erlotinib as 
first-line treatment.

Taken together, retrospective studies indicate that hENT1 
can be used as a predictive biomarker of gemcitabine response, 
but prospective studies have not confirmed this. Additionally, 
it appears to be a better marker in the adjuvant setting, perhaps 
indicating that the marker is less useful in the setting of 
increased heterogeneity of metastatic disease.

Deoxycytidine kinase (dCK)

dCK is an enzyme that catalyzes the rate-limiting step 
in the metabolism of gemcitabine to its active form. Thus, 
intratumoral levels of expression may be a prognostic factor in 
patients treated with gemcitabine. The first analysis of this was 
by Sebastiani et al, who analyzed 44 patients with metastatic 
pancreatic cancer retrospectively [19]. They found that most 
cancers had some staining, with absence in only 4 samples. In 
32 patients in whom complete treatment and follow up were 
known, they found that high dCK immunostaining correlated 
with longer overall survival in those patients treated with 
gemcitabine.

Maréchal et al did a similar analysis of dCK in an adjuvant 
cohort of 45 patients enrolled in various trials at their institution, 
who were treated with gemcitabine and gemcitabine-based 
chemoradiation [20]. They split their cohort into halves of low 
and high staining; the latter group had longer overall survival. 
In an attempt to assess the value of dCK and hENT1 in a larger 
cohort, a study of 572 consecutive patients with resectable 
pancreatic cancer treated with resection was conducted at 
5 centers [21]. Of these, 434 were evaluated, while some were 
removed because of inclusion in prior studies or incomplete 
follow-up data; 243 of these patients received adjuvant 
gemcitabine. In concordance with prior studies, high levels of 
hENT1 and dCK were associated with longer overall survival 
in those treated with gemcitabine. There were no correlations 
seen in the groups of patients who were treated with surgery 
alone or who did not receive gemcitabine. Though these studies 
of dCK have shown consistency in both the adjuvant and 
metastatic settings, prospective studies are needed to confirm 
its value as a prognostic or predictive marker.

Predictive markers for response to platinum agents

Excision repair cross-complementation group 1 (ERCC1)

ERCC1 gene encodes the DNA excision repair protein 
ERCC1, whose crucial role in nucleotide excision repair is 

thought to promote relative resistance to platinum agents. 
In pancreatic adenocarcinoma, it was first studied by Akita 
et al in a retrospective cohort of 68 patients who underwent 
resection [22]. They were divided into high and low groups 
by IHC, based on median expression. Those with high ERCC1 
expression were found to have a survival benefit compared 
to those with low expression. Similarly, high expression of 
ribonucleotide-reductase subunit-1 (RRM1) was also found 
to be associated with longer survival. In this study, among 
28  patients treated with gemcitabine, those with low RRM1 
expression showed a survival benefit.

Valsecchi et  al performed a similar study of ERCC1 and 
RRM1 [23] in a retrospective cohort of 94  patients with 
resected pancreatic adenocarcinoma. Their population differed 
in that 87% received adjuvant gemcitabine. In contrast to the 
prior study, they found no associations between ERCC1 or 
RRM1 expression and overall survival.

Maithel et  al studied ERCC1 expression in the first-line 
adjuvant setting [24]. They carried out a retrospective study 
of 95 patients and measured ERCC1 by IHC. High expression 
was found in 16% of cases and was found to be associated with 
shortened median overall and recurrence-free survival. The 
same applied to the proportion of patients who underwent 
adjuvant treatment (n=73). Most patients had received 5-FU 
or gemcitabine, but details of chemotherapy were not available.

Mancuso et  al studied a retrospective cohort of patients 
receiving second-line treatment with 5-FU, either alone 
(n=50) or in combination with a platinum agent (n=58) [25]. 
All patients had previously failed a gemcitabine-containing 
regimen. ERCC1 expression was measured by IHC and reverse 
transcription (RT)-PCR from archived tumor samples, and 
the authors found both methods to be highly concordant. 
In patients treated with platinum, those with low ERCC1 
expression were found to have longer overall survival than 
those with high ERCC1 expression. No difference in overall 
survival was seen in the patients treated with 5-FU alone.

Fuereder et al evaluated 26 patients for ERCC1 expression 
in a retrospective cohort of metastatic pancreatic cancer 
patients who received first line gemcitabine, oxaliplatin, and 
erlotinib [26]. Their study was not powered to detect survival 
differences, but they did find that those who responded to the 
regimen were more likely to have high ERCC1 expression. 
The reason for this unexpected result is not clear. From these 
studies, the data on ERCC1 are mixed. This perhaps reflects the 
differences in the study populations and treatments, though 
a consistent effect is difficult to parse from these inconsistent 
data.

Predictive markers for response to 5-FU

Thymidylate synthase (TS)

One of the targets of 5-FU is TS, the inhibition of which 
would therefore inhibit DNA synthesis. It is postulated that 
the level of TS present would correlate with sensitivity to 5-FU 
or derivatives thereof, and tumors with relatively high levels 
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present would be more sensitive to 5-FU. The typical assay is 
an IHC test that can be performed on standard paraffin blocks. 
However, it is not standardized, and different investigators 
have used varying thresholds.

The first study of TS in pancreatic adenocarcinoma was by 
Takamura et  al [27]. They performed a retrospective single-
center study of 102  patients who underwent surgery for 
pancreatic cancer from 1980-2000. They found TS expression 
was “high” (over 25% staining by IHC) in 44% of their samples 
taken from both primary and metastatic sites. Resectable 
patients were found to do better with high levels of TS, with 
or without 5-FU-based chemotherapy. Among unresectable 
patients, those who had high TS expression were found to have 
a greater benefit from 5-FU-based chemotherapy.

Another study by Hu et  al evaluated TS expression 
retrospectively in 138 patients who underwent resection at two 
centers [28]. TS was evaluated by IHC and classified as low or 
high; it was found to be high in 63%. In this study, high TS was 
a poor prognostic marker. Among the 73 patients who received 
5-FU adjuvant therapy, those with high TS expression had a 
reduced risk of death, whereas 5-FU did not influence the risk 
of death amongst those with low TS expression. 

A study by Formentini et  al also evaluated TS [29]. This 
study was also a single-institution retrospective study of 
138 patients. High TS expression was defined as 2+ or higher on 
a scale of 0-3 and was found in 43% of this population. Among 
the entire cohort, TS expression was not a prognostic factor. 
In those undergoing resection (n=98), high TS expression 
was associated with lower survival. TS expression did not 
have a statistically significant effect on survival in treatment 
subgroups, but a trend toward better survival in 23  patients 
treated with intra-arterial 5-FU based chemotherapy was seen 
for those with low levels of TS. The authors postulate that 
those with high TS levels are relatively resistant because of 
insufficient inhibition by 5-FU.

Van der Zee et al also studied TS expression in pancreatic 
cancer [30]. This was a retrospective single-center study of 
212  patients who underwent R0 resections of a pancreatic 
adenocarcinoma originating in either the head of the pancreas 
or the ampulla of Vater. TS levels were determined from 
resection specimens by IHC and considered “high” if cytosolic 
expression was seen in at least 50% of tumor cells. High TS 
expression was detected in 26% of pancreatic head tumors and 
43% of periampullary tumors; it was found to correlate with 
improved survival in the pancreatic head group, but had no 
significant effect in the periampullary group. The authors did 
not report any correlation with 5-FU-based treatment, as the 
number of patients was insufficient.

All four studies were performed retrospectively in one or 
two centers, with a limited patient population and over several 
years, in heterogeneously treated patients with variations in TS 
evaluation. Despite those limitations, the results suggest that 
TS could be used as a prognostic marker and has the potential 
to be a predictive marker as regards the response to 5-FU-
based therapy. Data from a more homogeneous prospective 
dataset are needed, while prospective data will eventually be 
needed as validation.

Dihydropyrimidine dehydrogenase (DPD)

DPD is a key enzyme in the degradation of 5-FU. It is 
thought that intratumor expression of DPD may correlate with 
possible 5-FU resistance. The first study of DPD in pancreatic 
cancer was a retrospective analysis by by Nakayama et al that 
included 68 patients that included 68 patients with resectable 
pancreatic adenocarcinoma, 30 of whom received 5-FU via a 
liver perfusion technique [31]. They measured DPD by IHC 
and found that those with negative staining had longer survival 
if treated with intrahepatic 5-FU, compared to those with 
positive staining. Intrahepatic 5-FU had no effect on survival 
in the DPD positive group.

DPD was also studied by Kuramochi et  al in patients 
receiving S-1 [32]. The investigators evaluated DPD expression 
measured by RT-PCR in patients with recurrent pancreatic 
cancer. In 33  patients treated with S-1 and cisplatin after 
recurrence, they found that patients who responded to therapy 
(as measured by CA 19-9) had lower mean intratumoral DPD 
expression.

In a larger study of DPD in the adjuvant setting, Kondo 
et  al [33] retrospectively evaluated 106  patients treated with 
adjuvant therapy. They observed high DPD expression in 
37% of patients, as measured by IHC. Those with low DPD 
expression were found to have better median overall survival if 
they received S-1 (all these patients also received gemcitabine). 
No differences in survival were seen based on treatment in the 
high DPD group, or in the group not treated with S-1 when 
analyzed according to DPD expression. Interestingly, the 
investigators also evaluated TS expression and did not find any 
correlation with overall survival by treatment.

A similar study by Kondo et  al evaluated both DPD and 
hENT1 by IHC in 86  patients treated with adjuvant S-1 and 
gemcitabine [34]. Low DPD and high hENT1 expression were 
observed as favorable factors in this study. Those with one 
or two favorable factors had an overall survival benefit when 
compared to those patients with no favorable factors. Like 
TS, DPD may be a useful marker for guiding therapy with 
5-FU based treatments, but prospective data are lacking for 
validation.

Microsatellite instability (MSI)

Studies have also suggested that 5-FU may be less effective in 
patients with microsatellite instability (MSI) pancreatic cancer; 
these findings resemble data seen in the treatment of colon 
cancer, especially in the adjuvant setting. In a study by Nakata 
et al, 46 patients with pancreatic cancer who had undergone 
resection were evaluated for microsatellite variations [35]. 
Univariate analysis showed that patients with MSI-positive 
tumors had significantly longer survival than those with MSI-
negative tumors, although there were no significant differences 
in clinicopathological factors between the two groups (median 
survival 62 vs. 10 months, respectively; P=0.011). Multivariate 
survival analysis indicated that MSI status had an independent 
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predictive value (hazard ratio 5.577; P=0.007). The tumor-
infiltrating leukocyte intensity was stronger in MSI-positive 
tumors than in MSI-negative tumors, suggesting that MSI-
positive tumors may induce stronger antitumor immunity. 
However, more data will be required to confirm the role of MSI 
as a marker in these patients.

Other biomarkers

Histone modifications

Histone modifications were identified as a potentially 
useful biomarker in pancreatic cancer by Wei et  al, who 
found that low levels of trimethylation at lysine 27 of histone 
H3 (H3K27me3), measured by IHC, corresponded to a poor 
prognosis in a retrospective cohort with pancreatic cancer [36]. 
This was followed by a single-center retrospective study of 
140 Stage I-II patients and a post-hoc analysis of 195 patients 
enrolled in the RTOG 9407 trial by Manuyakorn et al, assessing 
for histone modifications [37]. The investigators chose to assess 
histone H3 lysine 4 dimethylation (H3K4me2), histone H3 
lysine 9 dimethylation (H3K9me2), and histone H3 lysine 18 
acetylation (H3K18ac). Both populations studied were treated 
with resection followed by adjuvant treatment. In RTOG 9407, 
patients were randomized to adjuvant 5-FU or gemcitabine 
before and after chemoradiation with 5-FU. The authors found 
that, in general, low levels of any of the histone modifications 
correlated with a worse prognosis. In RTOG 9407, low 
H3K4me2 or low H3K9me2 were independent predictors of 
worse overall survival. In the retrospective cohort of 140 Stage 
I-II patients, all three of the modifications were associated with 
worse overall survival. Additionally, these associations were 
stronger if the cohorts studied were limited to node-negative 
patients. Finally, in the RTOG9407 cohort, it was found that 
low H3K4me2 or low H3K9me2 was associated with worse 
overall survival in the subgroup that received adjuvant 5-FU, 
but had no effect in those that received gemcitabine. This 
suggests that histone modifications could potentially be used 
as a predictive marker.

Another retrospective study of several histone modifications 
was performed in a Japanese population who were treated with 
resection and who were all offered adjuvant gemcitabine [38]. 
The researchers measured the expression of dimethyl histone 
H3 lysine 9 (H3K9me2), acetyl histone H3 lysine 9 (H3K9ac), 
dimethyl histone H3 lysine 4 (H3K4me2), trimethyl histone 
H3 lysine 4 (H3K4me3), and acetyl histone H3 lysine 18 
(H3K18ac) by IHC, and classified them as high- or low-score 
based on expression strength and percentage of cells stained. 
Though various histological features were correlated with 
different histone modification expression levels, there were 
no correlations with disease-free survival or overall survival. 
However, low H3K4me2 expression was associated with 
decreased disease-free survival in patients who completed 
adjuvant gemcitabine. No patients were treated with 5-FU in 
this cohort. Histone modifications may be a prognostic marker, 

but it is still unclear whether they could be used to guide 
treatment as a predictive marker. The ideal set of modifications 
to follow remains unclear.

Secreted protein acidic and rich in cysteine (SPARC)

SPARC is a matricellular protein that modulates cell adhesion 
and proliferation. Barriers to pancreatic tumor drug delivery, 
including the desmoplastic reaction, have gained a great deal 
of attention over the last decade. It is believed that SPARC is 
among the molecules responsible for this dense stroma around 
the cancer cells in the pancreas. In addition, SPARC has other 
duties, including wound healing, cell adhesion, signaling, 
angiogenetic inhibition, epithelial-to-mesenchymal transition, 
and acting as a tumor suppressor gene[39].

Studies have found that high SPARC mRNA expression was 
a significant independent prognostic marker for pancreatic 
cancer, with the five-year survival rate of patients with a low 
SPARC mRNA level at 20% compared with 0% for patients with 
a high SPARC mRNA level [40]. A previous study explored the 
role of SPARC in drug delivery and compared nab-paclitaxel 
combined with gemcitabine to gemcitabine alone in mice. 
The results showed that the nab-paclitaxel mouse group had 
increased intratumoral concentrations of gemcitabine and 
decreased peritumoral desmoplastic stroma. This suggests that 
nab-paclitaxel may target stromal SPARC and allow the delivery 
of chemotherapy to the targeted tumor [41]. As previously 
mentioned, in the phase III MPACT trial the combination of 
nab-paclitaxel plus gemcitabine was superior to gemcitabine 
alone for patients with metastatic pancreatic cancer [8]. In 
addition to efficacy parameters, this study also assessed the 
association of SPARC levels with efficacy as an exploratory 
endpoint. Recently Hidalgo et al published the final analysis, in 
which they found no association between stromal SPARC level 
and overall survival in either treatment arm. Neither tumor 
epithelial SPARC nor plasma SPARC was associated with 
overall survival; hence, the study did not support any treatment 
decisions based on SPARC expression regarding nab-paclitaxel 
plus gemcitabine or gemcitabine alone [42].

BRCA2 mutations

BRCA2 mutations are found in up to 17% of patients with 
familial pancreatic cancer. The protein product of the BRCA2 
gene plays an important role in the repair of DNA cross-linking 
damage. It is located on chromosome 13q and is inactivated 
in fewer than 10 percent of pancreatic cancers. The gene is 
almost always inactivated by a germline (inherited) mutation 
coupled with somatic loss of the second allele [43]. It has 
been suggested that this function of BRCA2 can be exploited 
therapeutically. In vitro studies suggest that pancreatic cancers 
with genetically inactivated BRCA2 are significantly more 
susceptible to DNA cross-linking agents than are pancreatic 
cancers with a genetically intact BRCA2. Indeed, several 
reports have documented remarkable therapeutic responses 
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to DNA cross-linking agents, such as mitomycin or cisplatin, 
or to poly ADP-ribose polymerase inhibitors in patients whose 
cancers have inactivated BRCA2 [44,45].

Uridine diphosphate-glucuronosyltransferase 1A1 
(UGT1A1)

Irinotecan, as part of the FOLFIRINOX regimen, or as a 
single agent, or with 5-FU (FOLFIRI), is used by oncologists 
to treat patients with pancreatic cancer. A  novel form of 
irinotecan, nanoliposomal irinotecan, combined with 5-FU 
and folinic acid, has recently been approved by FDA for the 
second-line treatment of patients who have failed gemcitabine-
based chemotherapy [46]. After intravenous administration, 
irinotecan is converted by a carboxylesterase to its active 
metabolite, 7-ethyl-1 o-hydroxycamptothecin (SN-38). SN-38 
is then detoxified by UGT1A1 enzyme to its inactive form SN-
38 glucuronide (SN-38G), excreted into the bile and urine. 
UGT1A1 has been found to be polymorphic, and results in a 
wide inter-individual variation in patient responses, as well as 
toxic side-effects. Based on this information, FDA first approved 
the irinotecan label with pharmacogenetic information in 
2005. In 2010, new pharmacogenetic information was added to 
the label regarding the risk of neutropenia in patients who had 
a genetic defect of UGT1A1.

Over 30 genetic variants in the promoter region and exon 1 
of UGT1A1 that can decrease enzyme activities have been 
identified. These genetic variants have been linked to a few 
syndromes, such as Gilbert’s and Crigler-Najjar syndromes. 
UGT1A1*28 has been reported to cause an approximately 
70% reduction in UGT1A1 enzyme activity. Underexpression 
of UGT1A1 enzyme impairs the metabolism of SN-38 to its 
inactive form (SN-38G) and causes an excessive accumulation 
of toxic SN-38.

The French Joint Work group developed a review of the impact 
of the deficient UGT1A1*28 variant on irinotecan efficacy and 
toxicity [47]. In addition, there are inter-ethnicity variations. 
Therefore, physicians caring for these patients should be aware 
of these genetic abnormalities. The practical point is that we 
normally administer irinotecan doses at least equal to 180 mg/
m2, but this dose should be reduced in patients who are known 
to be homozygous for the UGT1A1*28 allele.

Potential future biomarkers

While none of the markers mentioned above has sufficient 
data to support incorporation into practice, each has shown 
the potential to be useful. It may be that any one marker in 
isolation is not sufficiently predictive, whereas several markers 
could be used in combination. For example, a panel of several 
markers for gemcitabine and 5-FU could be used to determine 
whether gemcitabine/nab-paclitaxel or FOLFIRINOX should 
be used as first-line treatment. The ability to run these tests 
using standard IHC techniques makes this concept feasible.

Pancreatic cancer may benefit from advances made in 
other tumor types, as predictive markers are being sought 
across the board. The prospect of immunotherapy is exciting 
in pancreatic cancer [48]. Though studies showing efficacy 
have yet to be completed, prospective markers such as 
programmed death-ligand 1 (PD-L1) expression, mutational 
status, or tumor-infiltrating T cells in other cancers seem 
promising, and progress found in other tumor types could be 
easily translated. Additionally, improvements in the cost and 
efficiency of next-generation sequencing techniques allow for 
broad-based screens of a tumor genome or determination of 
a tumor’s transcriptome. Though this technology is available, 
we do not yet know how best to use it and how to incorporate 
the information into regular practice. Furthermore, predictive 
markers may be assayed from circulating tumor cells or 
circulating free tumor DNA [49]. One advantage of this is, of 
course, ease, as tissue can often be limited. More importantly, 
such “liquid biopsies” may better account for tumor 
heterogeneity, as a tissue sample will not be limited to one site.

Concluding remarks

Pancreatic cancer remains a difficult disease with a poor 
prognosis. The rarity of the disease makes it difficult to 
screen for effectively, and the lack of clear standards of care 
internationally compounds efforts toward improvement. The 
general lack of effective treatment options made the concept 
of predictive biomarkers moot, but with recent improvements 
in therapy there is now a need. There are a host of potential 
biomarkers that may be useful in predicting the response to 
5-FU and gemcitabine-based treatments. There are also unique 
targets such as stromal-targeted therapy. Biomarkers will also 
need to be validated across disease stage, as the findings in the 
adjuvant and metastatic settings appear to differ. Improvements 
will potentially come from efficiently designed Phase III 
trials, which inherit a strong basis from randomized Phase II 
studies and, ideally, will address at least two clinical questions 
effectively in one trial, such as simultaneous prospective 
validation of a biomarker coupled with a treatment decision.
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