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Methods for cancer monitoring and early detection of
the disease are of the utmost importance and represent
one of the most active areas of current research. Cancer
monitoring is crucial not only for early initial diagnosis
of the disease, but also for followup of therapy outcome.
Despite being well developed, most methods for cancer
monitoring are unsuitable for clinical use because they either
are insufficiently accurate, not sensitive enough, or require
a lengthy complicated analysis. There is a great necessity for
more effective cancer monitoring methods that can improve
cancer management in routine clinical setting and increase
treatment effectiveness. Advances in this field of research are
based on a more detailed understanding of the fundamental
biologicalmechanisms involved in the disease process, as well
as on advances in genomic, transcriptomic, proteomic, and
metabolomic research.

This special issue encompasses articles on the state of
the art, advantages and disadvantages, current limitations,
and future perspectives of cancer monitoring methods. Dr.
D. Musio with colleagues and Dr. B. Kasper with colleagues
present advanced imaging methods in clinical followup of
response to therapy. Dr. G. Bertino with colleagues, as well
as Dr. P. Mirabelli and Dr. M. Incoronato, offer new insight
into the use of some traditional cancer biomarkers in clinical
and laboratory practice. The works of Dr. P. Sadlecki with

colleagues, Dr. R. Zappacosta with colleagues, andDr. S. Fari-
var with colleagues deal with the analysis of protein cancer
biomarkers in different types of samples. Of special interest
are the articles that report on development, implementation,
and validation of novel techniques for cancer monitoring,
by Dr. C.-F. Chen with colleagues and Dr. I. Macchia and
colleagues.

We would like to thank the authors for their excellent
contributions to this special issue.We hope that this issue will
be useful to the experts of all profiles dealing with cancer in
both clinical and laboratory setting.
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Natasa Tosic
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Hypoxia-inducible factor-1𝛼 (HIF-1𝛼), glucose transporter-1 (GLUT-1), and carbon anhydrase IX (CAIX) are important molecules
that allow adaptation to hypoxic environments. The aim of our study was to investigate the correlation between HIF-1𝛼, GLUT-1,
and CAIX protein level with the clinicopathological features of endometrial cancer patients.Materials andMethods. 92 endometrial
cancer patients, aged 37–84, were enrolled to our study. In all patients clinical stage, histologic grade, myometrial invasion, lymph
node, and distant metastases were determined. Moreover, the survival time was assessed. Immunohistochemical analyses were
performed on archive formalin fixed paraffin embedded tissue sections. Results. High significant differences (𝑃 = 0.0115) were
reported betweenHIF-1𝛼 expression and the histologic subtype of cancer. Higher HIF-1𝛼 expression was associated with the higher
risk of recurrence (𝑃 = 0.0434). The results of GLUT-1 and CAIX expression did not reveal any significant differences between the
proteins expression in the primary tumor and the clinicopathological features. Conclusion. The important role of HIF-1𝛼 in the
group of patients with the high risk of recurrence and the negative histologic subtype of the tumor suggest that the expression of
this factor might be useful in the panel of accessory pathomorphological tests and could be helpful in establishing more accurate
prognosis in endometrial cancer patients.

1. Introduction

Endometrial cancer is the most frequent female genital
malignancy in highly developed countries, with a life time
risk of its development amounting to 2-3% [1]. The aim
of current ongoing studies of endometrial cancer patients
is to identify new factors found in tumor tissue or blood
serum that could be used in order to predict prognosis,
define optimal therapeutic protocol, and estimate the risk of
recurrence.

Natural course of endometrial cancer is slow and the
disease is characterized by rather good prognosis. Early onset

of clinical symptoms enables us to set the diagnosis at the
early stage of the disease. The 5-year overall survival (OS)
rate of women with endometrial cancer is high, counting
more than 80% for all stages and more than 90% for stage
I [2]. Endometrial cancer is successfully treated with surgery
and/or radiotherapy [3]. However, for patients with advanced
or recurrent disease, only limited treatment options are avail-
able. There is a group of patients with a poor prognosis, who
will benefit from more aggressive treatment. This group will
need adjuvant chemo- or radiotherapy. It is of great interest
to learn more about the important risk factors predictive of
recurrence and/or death.
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The recognized so far poor prognostic factors for
endometrial cancer are advanced FIGO stage, a nonen-
dometrioid histological subtype, high grade (G3), deep
invasion of myometrium (>50%), presence of lymph node
metastases, cervical involvement, and lymphovascular space
invasion (LVSI) [2]. All risk factors mentioned above are
identified after extensive surgical procedure and detailed
pathologic report.

Even though our knowledge about tumor cells have
improved a lot throughout recent years, the precise mecha-
nisms that rule the process of tumor progression and metas-
tases formation remain unknown. Hypoxia plays a vital role
in carcinogenesis. Metabolic reprogramming and changes in
gene expression are necessary for adaptation to decreased
O2 availability in the tumor microenvironment. Hypoxia-
inducible factors (HIFs) are oxygen-sensitive transcription
factors that allow adaptation to hypoxic environments. HIFs
are important mediators of the cellular response to stress
e.g. metabolic, hypoxic, or inflammatory. Metabolic changes
occur during tumorigenesis that are, in part, under hypoxia
and HIF regulation. Additionally, inflammatory signaling
and infiltration secondary to hypoxia is clear drivers of tumor
progression [4]. However, despite the well-documented role
of hypoxia in tumor microenvironment, its significance in
endometrial cancer is not completely understood. HIF-1𝛼 is a
key regulator of oxygen homeostasis in nearly all nuclear cells
of mammals [4, 5]. Immunohistochemical studies revealed
that many cancers are characterized by overexpression of
HIF-1𝛼 as compared to normal tissues [6]. Adaptation to
changing levels of cellular oxygen is determined mostly
by the alpha subunit of HIF-1 (HIF-1𝛼). Under hypoxemic
conditions, the active factor HIF-1𝛼 is involved in the reg-
ulation of glucose metabolism, pH, angiogenesis, cellular
differentiation, migration, and formation of metastases [7–
12]. The metabolism of glucose in tumor microenvironment
is changed from oxygen mitochondrial process to glycolysis
(the Warburg effect) [13]. HIF-1𝛼 regulates the activity of
glucose transporters (GLUTs), GLUT1 and GLUT3, that are
responsible for glucose uptake [14–16]. Expression of GLUT1
increases under hypoxemic conditions what induces a shift
in glucose metabolism towards glycolysis. The expression of
GLUT-1 was revealed to be regulated by hypoxia in a HIF-
1-dependent manner [17]. Carbon anhydrase IX (CAIX) is
another factor associated with the activity of HIF-1𝛼 [18].The
effect of CAIX on tumor microenvironment is characterized
by the regulation of pH. The overexpression of CAIX was
observed in many cancer tissues but not in normal tissues
[19].

The aim of this study was to verify the usefulness of HIF-
1𝛼, GLUT-1, and CAIX, determined immunohistochemically
in primary tumor and analyzed together with other clinical
parameters, in predicting prognosis and planning tailored
treatment of endometrial cancer patients.The detailed objec-
tives included determining expressions of these factors in
primary tumor, analysis of their relationships with other
clinicopathological characteristics of the tumor, verification
of the usefulness of selected immunohistochemically deter-
mined proteins as predictors of unfavorable clinicopatholog-
ical parameters in endometrial cancer patients, and analysis

of relationship between expression of the studied proteins and
5-year survival rate.

2. Materials and Methods

2.1. Patients. 92 endometrial cancer patients, aged 37–84
(mean 65.1 ± 9.5), were enrolled to our study between January
2000 and December 2007. After diagnosis of endometrial
cancer based on specimens obtained from curettage, all
patients underwent total abdominal hysterectomy, with bilat-
eral salpingoophorectomy and pelvic lymph node dissec-
tion performed by experienced gynecological oncologists at
Department of Oncologic Gynecology of LudwikRydygier
Collegium Medicum in Bydgoszcz, Nicolaus Copernicus
University. Clinical stage was assessed based on surgical
specimens evaluation performed by two independent expe-
rienced pathologists according to International Federation of
Gynecology and Obstetrics (FIGO) 2009 system. The study
group included 27 patients with stage IA, 18 with stage IB,
14 with II, 10 women with stage IIIA, 17 with IIIC, and
6 with IV. Histological grade was assessed according to
WHO classification. Histological grade 1 (G1) was noted in
7 patients, G2 in 66, and G3 in 19 women. Deep myometrial
invasion (>50%) was observed in 36 patients, lymph node
metastases in 23 women, distant metastases in 6, cervical
involvement in 38, and adnexal involvement in 11 patients.
Baseline characteristics of the study participants are enclosed
in Table 1.

According to presently used risk factors, all patients were
divided into three groups: low risk: FIGO IA, G1 or G2, and
Bokhman type I (endometrioid); intermediate risk: IA G3, IB
G1 or G2, and Bokhman type I (endometrioid); high risk: all
patients in type II (nonendometrioid), IB G3, FIGO II, and
higher. Patients from low risk group did not receive any fur-
ther treatment after surgery, women from intermediate risk
group received brachytherapy (VBT) 5 weeks after surgery,
and patients from high risk group underwent teleradiother-
apy and VBT. Adjuvant chemotherapy was administered to
ten patients with nonendometrioid histopathological subtype
(chemotherapy consisted of carboplatin and paclitaxel).

In all cases overall survival was determined (in months).
Only cases with proven death related to cancer were analyzed.
The follow-up time was 60–80 months.

The Ethical Committee at the Ludwik Rydygier Col-
legium Medicum, Nicolaus Copernicus University of Torun,
approved this study protocol (decision numberKB 332/2007).
All participants have provided and signed the informed
consent.

2.2. Methods. The immunohistochemical staining was per-
formed on archive formalin fixed paraffin embedded tissue
sections derived from the Department of Clinical Pathomor-
phology Collegium Medicum, Nicolaus Copernicus Univer-
sity in Torun. The paraffin blocks were cut on 4𝜇m thick
sections and placed on extra adhesive slides (SuperFrost-
Plus, Thermo Scientific). The proper immunohistochemical
staining was followed by a series of positive and negative
control reactions. The positive control was performed on
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Table 1: Baseline characteristics of endometrial cancer patients.

𝑁 (%)
FIGO stage

IA 27 (29,35%)
IB 18 (19,57%)
II 14 (15,22%)
IIIA 10 (10,87%)
IIIC 17 (18,48%)
IVB 6 (6,52%)

Grading
G1 7 (7,61%)
G2 66 (71,74%)
G3 19 (20,65%)

Bokhman subtype
Endometrioid 70 (76,09%)
Nonendometrioid 22 (23,91%)

Lymph node metastases (N)
Absent N0 69 (75%)
Present N1 23 (25%)

Distant metastases (M)
Absent M0 86 (93,48%)
Present M1 6 (6,52%)

Myometrial invasion
<50% 56 (60,87%)
≥50% 36 (39,13%)

Cervical involvement
Absent 54 (58,70%)
Present 38 (41,30%)

Adnexal Involvement
Absent 81 (88,04%)
Present 11 (11,96%)

model tissue sections, where from reference sources (The
Human Protein Atlas) and from manufactured antibodies
datasheet, the presence of the analyzed antigens was indi-
cated. The immunohistochemical studies were performed
using, respectively, mousemonoclonal antibody against HIF-
1𝛼 (clone [H1ALPHA67], ab1, Abcam, Cambridge, UK),
rabbit polyclonal antibody against GLUT-1 (07-1401, MIL-
LOPORE), and rabbit polyclonal antibody against CAIX
(NB100-417, NOVUS BIOLOGICALS, Cambridge, UK). The
immunohistochemical staining of GLUT-1 (dilution 1 : 200)
and CAIX (dilution 1 : 1500) were performed automatically
in Dako AurostainerLink48 (Dako, Glostrup, Denmark) and
against HIF-1𝛼 (dilution 1 : 100) was performed manually.
Epitopes were unmasked in PT-Link (Dako) using Epitope
Retrieval Solution pH-9, subsequently the activity of endoge-
nous peroxidase was blocked by Peroxidase Block (Dako) for
10minutes, and the nonspecific antibody bindingwas blocked
by 5% BSA (bovine albumin solution) in PBS (Phosphate
Buffered Saline). The incubation with primary antibody
against GLUT-1 and CAIX was performed for 30 minutes
in RT (room temperature) and for HIF-1𝛼 overnight at 4∘C.
Furthermore, tissue sections were incubated with EnVision

FLEX-HRP (Dako), and the antigen-antibody complex was
localized usingDAB (3-3diaminobenzidine) as a chromogen
as the brown reaction product.

2.3. Examination of Protein Expression. The protein expres-
sionwas evaluated in lightmicroscope ECLIPSEE800 (Nikon
Instruments Europe, Amsterdam, The Netherlands) at 20x
original objective magnification. The pathologists who were
evaluating the immunohistochemical expression of exam-
ined antigens worked independently, and they have been
blinded for the patients’ clinical as well as other data.

The protein expression was estimated using morphome-
tric principles based on Remmele-Stegner scoring scale [20]
[IRS: 0–12; SI x PP], as the ratio of the intensity of protein
expression [SI][scale (0–3); 0: negative, 1: low staining, 2:
moderate staining, and 3: strong staining] and the percentage
of positively stained cells or tissue area [PP] [scale (0–4); 0:
negative; 1, <10% positive area; 2, 10–50% positive area; 3, 50–
80% positive area; 4, ≥80% positive area].

2.4. Statistical Analysis. All statistical analyses were per-
formed using PQStat version 1.4.4.126. The statistical signifi-
cance of SDF-1, CXCR4, and CXCR7 differences in relation
to clinicopathological features was assessed by the use of
Kruskal-Wallis and Mann-Whitney 𝑈 test. The overall sur-
vival rate was examined for significance using log-rank test
and Kaplan-Meier curves. The univariate and multivariate
Cox regression were performed. For the analysis, a forward
selectionwith a𝑃 value of less than 0.05 for entry was applied.
The effects of the variables were expressed as hazard ratios per
1 SD change to allow for a better comparability between the
effect sizes of the different tested variables. 𝑃 value <0.05 was
considered statistically significant.

3. Results

Thenuclear expression of HIF-1𝛼was found in 97% cases, the
cytoplasmic-membranous expression of GLUT-1 was found
in 100% cases, and the cytoplasmic-membranous expression
of CAIX was found in 89% cases of endometrial cancer
(Figure 1).

The results of expression of analyzed proteins according
to patients’ histological features are shown in Tables 2–4.

Statistical analyses revealed significant differences betw-
een the HIF-1𝛼 expression and Bokhman subtypes of endo-
metrial cancer (𝑃 = 0.0115).

Moreover, higher HIF-1𝛼 expression was found for none-
ndometrial compared to endometrial cancer. High significant
difference (𝑃 = 0.0434) was found between the HIF-1𝛼
expression and the risk of the recurrence. And higherHIF-1𝛼,
expression was associated with the higher risk of recurrence
(Table 2). However, no statistically significant differences
were obtained between the HIF-1𝛼 expression and the FIGO
clinical stage, grading, lymph node, and distant metastases
(Table 2). Nevertheless, statistical analyses did not reveal
any significant differences between HIF-1𝛼 expression and
deep myometrial invasion (≥50%), cervical involvement, and
adnexa involvement (Table 2).
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Figure 1: Immunohistochemical representative microphotographs representing the HIF-1𝛼, GLUT-1, and CAIX expression in endometrial
cancer according to FIGO classification (IA, IB, II, IIIA, IIIC, and IV). Primary objective magnification 20x.
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According toGLUT-1 andCAIX expression, the statistical
analyses did not reveal any significant differences in these
proteins expression and FIGO clinical stage, histological
grade (G), the Bokhman subtypes of endometrial cancer,
lymph node involvement (N), distant metastases (M), deep
myometrial invasion (≥50%), cervical involvement, involve-
ment of adnexa, and recurrence (Tables 3-4).

Moreover, the associations between HIF-1𝛼, GLUT-1,
and CAIX expression and survival rate was also performed
according to univariable and multivariable Cox regression
analysis (including variables such as advanced FIGO stage
(III + IV), high grade (G3), nonendometrioid subtype
(Bokhman II), lymph node metastases, and deep myometrial
infiltration (≥50%) (Tables 5-6). Advanced FIGO stage, high
grade, lymphnode infiltration, and deepmyometrial invasion
were statistically important prognostic factors in univariate
analysis for 5-year survival.

HIF-1𝛼 expression was conditionally important. Neither
nonendometrioid subtype nor GLUT-1 and CAIX expression
were important in univariate analysis (Table 5). In multivari-
ate analysis only deep myometrial invasion was statistically
important (Table 6).

4. Discussion

Hypoxia plays an important role in carcinogenesis. How-
ever, despite the well-documented role of hypoxia in tumor
microenvironment, its importance in endometrial cancer is
not well explained. The growth of tumor requires constant
increasing supply of oxygen and nutrients, which enhance
development of new vasculature. Frequently, the growth of
tumor precedes the development of its blood vessels which
is reflected by the presence of hypoxemic areas. These areas
are located both in the tumor periphery, as a consequence
of enhanced proliferation, and in its central part, where the
penetration of blood vessels is insufficient [21]. The hypoxia-
induced synthesis of HIF-1𝛼 causes modification of tumor
microenvironment. Moreover, with tumor progression can-
cer cells become independent of external regulatory factors
and can migrate towards body regions which are better sup-
plied in oxygen. It is postulated that the expression of HIF-1𝛼
is associated with the resistance to chemo- and radiotherapy.
Such assumption stimulated research for novel agents that
could overcome the therapeutic resistance associated with
HIF-1𝛼 overexpression [22]. It is currently postulated that
HIF-1𝛼 plays a vital role during cellular response to hypoxia.
Furthermore, it was revealed that apart from hypoxia, high
levels of HIF-1𝛼 can also result from stimulation with viral
oncogenes [23].

It also should be mentioned that HIF-1𝛼 is involved
in endometrial repair during menstrual cycle. Increased
expression of HIF-1𝛼 is associated mostly with the secretory
phase, with the peak expression documented during its late
stages [24]. Recent studies confirmed the HIF-1𝛼-dependent
effect of decreased progesterone level and hypoxia on the
induction of endometrial secretion of angiogenic factors,
interleukin-8 (IL-8), and VEGF [25]. Moreover, HIF-1𝛼 was
revealed to be a coactivator of estrogen-dependent VEGF
synthesis [26].

HIF-1𝛼 modulates angiogenesis not only in normal
endometrium but also in endometrial cancer. It was revealed
that HIF-1𝛼-positive myofibroblasts release VEGF during
myometrial invasion [26]. Moreover, hypoxia acts synergisti-
cally with prostaglandin E receptor, promoting proliferation
of endometrial cancer cells and growth of this tumor in an
animal model [27].

HIF-1𝛼 is involved in the progression of endometrial
cancer through the regulation of p27kip cell cycle inhibitor
[28]. Moreover, the presence of polymorphism in HIF-1𝛼
gene is associated with greater stability of HIF-1𝛼 and its
constant activation. The presence of such polymorphism
was documented in endometrial cancer cells as a de novo
mutation (proline serine 582).This defect was associated with
higher vascular density and greater growth potential of the
tumor. However, it is unclear if the presence of this polymor-
phism is associated with increased risk of endometrial cancer
as the available data are inconclusive [28, 29].

Moreover, the stabilization of HIF-1𝛼 can result from
activation of PTEN/mTOR signaling pathway. Mutations of
the PTEN encoding gene enhance proliferation, increasing
expression of cell cycle proteins and DNA replication. In the
case of normal endometrial cells this is reflected by their self-
regeneration. In contrast, the deactivation of the inhibitory
transforming function of PTEN causes malignant transfor-
mation of endometrial cells [30]. The protein encoded by
the PTEN suppressor gene is a phosphatase responsible for
dephosphorylation of cell membrane lipids. Moreover, it
acts as an inhibitor of AKT kinase pathway, inhibiting the
activity of PI3K. Expression of PTEN protein is documented
in approximately 83% of endometrial cancers. Impaired
function of PTEN or its lack is reflected by overactivation of
PI3K/AKT/mTOR pathway, leading to uncontrolled growth
of the tumor. In the case of endometrial cancer cells, the
PI3K/AKT/mTOR signal transduction cascade constitutes
one of the main activation pathways of tyrosine kinase recep-
tors such as vascular endothelial growth factor receptor 1
(VEGFR-1), platelet-derived growth factor receptor (PDGFR-
𝛼), epidermal growth factor receptor 1 (EGFR-1), and c-MET
[31]. Due to high prevalence of PTENmutations and resultant
activation of PI3K/AKT pathway, stabilization of HIF-1𝛼 and
activation of various target genes are frequently observed in
endometrial cancer cells.

Currently it is postulated that the expression of HIF-
1𝛼 increases, from minimal values observed in normal
endometrium to intermediate and high levels documented
in the case of endometrial hyperplasia and cancer, respec-
tively [28]. The fact that the expression of HIF-1𝛼 increases
proportionally to the clinical stage of the tumor is equally
important. The increase in the expression of HIF-1𝛼 is
accompanied by an increase in vascular density, a marker of
angiogenesis; this points to the relationship between HIF-1𝛼,
angiogenesis, and endometrial cancer. Furthermore, the asso-
ciation between the expression of HIF-1𝛼, increasing level of
angiopoietin-1/angiopoietin-2, and enhanced synthesis of IL-
8 was documented, also confirming the role of HIF-1𝛼 in the
angiogenesis of endometrial cancer [32].

Our study confirmed the expression of HIF-1𝛼 in endo-
metrial cancer. Compared to endometrioid tumors, the exp-
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Table 5: Prognostic factors for overall survival selected by Cox’s univariate analysis.

Parameter evaluation 𝑃 value HR HR (95% CI)
−95% CI +95% CI

HIF-1𝛼 0.070756 0.092396 0.887741 0.772784 1.019798
GLUT-1 0.112819 0.654167 1.051840 0.843175 1.312143
CAIX 0.079180 0.610033 0.960421 0.822363 1.121656
Figo [III + IV] 0.196299 0.002108 0.299063 0.138543 0.645570
G3 0.204699 0.026614 0.403454 0.180847 0.900066
Bokhman’s subtype 2 0.210773 0.606716 0.804931 0.352320 1.838992
N+ 0.193138 0.001314 0.289078 0.135586 0.616332
Mm [>50%] 0.200038 0.000652 0.255676 0.116720 0.560059
CI: confidence interval; FIGO: Federation Internationale de Gynecologie et d’Obstetrique; HR: hazard ratio; N+: lymph node involvement.

Table 6: Prognostic factors for overall survival selected by Cox’s multivariate analysis.

Parameter evaluation 𝑃 value HR HR (95% CI)
−95% CI +95% CI

HIF-1𝛼 0.071684 0.406520 0.942235 0.818732 1.084369
GLUT-1 0.131077 0.642657 1.062705 0.821940 1.373996
CAIX 0.085198 0.545842 0.949842 0.803769 1.122462
Figo [III + IV] 0.400904 0.868605 0.875777 0.181925 4.215931
G3 0.246020 0.448415 0.688668 0.262533 1.806490
Bokhman’s subtype 2 0.223343 0.678850 0.831152 0.346307 1.994802
N+ 0.336866 0.436507 0.592009 0.158069 2.217227
Mm [>50%] 0.278537 0.043148 0.340540 0.114284 1.014729
CI: confidence interval; FIGO: Federation Internationale de Gynecologie et d’Obstetrique; HR: hazard ratio; N+: lymph node involvement.

ression of anti-HIF-1𝛼 antibody was significantly higher in
nonendometrioid malignancies (𝑃 = 0.0115). The level
of HIF-1𝛼 was significantly associated with the presence of
subtype 2 according to Bokhman. Our findings are consistent
with the results of the only previous study analyzing the
expression of HIF-1𝛼 depending on Bokhman’s subtype [33].
Pansare et al. revealed that the expression of HIF-1𝛼 is higher
in nonendometrioid type of endometrial cancer. Moreover,
these authors showed that the increased expression of HIF-
1𝛼 is associated with the presence of unfavorable prognostic
factors (histopathological grade, histological subtype, depth
of myometrial invasion, involvement of vascular spaces,
and/or adnexa) in patients with Bokhman’s subtype 1 of
endometrial cancer [33].

Furthermore, we observed that the expression of HIF-
1𝛼 differed significantly depending on the risk of recurrence
(𝑃 = 0.0434). Significantly higher expression of anti-HIF-
1𝛼 antibody was associated with moderate and high risk
of recurrence. Both univariate and multivariate analysis of
regression revealed that the expression of HIF-1𝛼 protein
is a significant predictor of Bokhman’s subtype 2 and is
associated with moderate or high risk of recurrence. The
results of previous studies on the prognostic value of HIF-
1𝛼 in endometrial cancer are inconclusive and controversial.
According to some authors, higher expression of HIF-1𝛼 is
associated with shorter survival and time to recurrence; in
contrast, other researchers postulated that HIF-1𝛼 is not asso-
ciated with prognosis in endometrial cancer patients [34–37].

Noticeably, our study showed that higher expression of this
protein is associated with less favorable type of endometrial
cancer (subtype 2) and higher risk of recurrence; this seems
consistent with the results of Seeber’s and Sivridis’ studies [34,
35]. Apart from other reasons, the discrepancies between the
results of previous studies may result from the lack of unified
standards of HIF-1𝛼 determination in endometrial cancer
patients (solely nuclear versus solely cytoplasmic expression,
determination in the whole tumor with or without the
necrotic areas) and small size of examined groups. All the
facts mentioned above suggest that the role of HIF-1𝛼 in
endometrial cancer prognosis is still not unambiguously
explained and further studies of larger groups of patients are
needed in order to solve the problem in question.

The idea behind detailed understanding of molecular
mechanisms underlying the development of endometrial
cancer is to implement targeted therapies improving the
outcome of patients with this malignancy. Confirming the
involvement of PTEN/mTOR pathway in endometrial car-
cinogenesis stimulated research on mTOR inhibitors. In a
phase 2 study of rapamycin derivative, temsirolimus, partial
response was documented in 14% of endometrial cancer
patients without previous chemotherapy and in 4% of women
with a history of systemic treatment. Furthermore, 69% of
previously untreated women and 48% of the patients after
chemotherapy showed stabilization of the disease. However,
this study did not reveal a relationship between the expression
of PTEN protein or the presence of mutation in PTEN gene
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and the outcome of temsirolimus therapy [38]. Currently
other mTOR inhibitors are being tested in the therapy of
advanced endometrial cancer.

The expression ofHIF-1𝛼 in a hypoxemic tumormicroen-
vironment changes the metabolism of glucose from aerobic
to nonaerobic process. Glucose transporters (GLUTs) and
carbonic anhydrases (CAs) are involved in this adaptation to
changed aerobic conditions. GLUT-1 is a glucose transporter
which is also responsible for the uptake of this sugar. The
expression of GLUT-1 increased under nonaerobic condi-
tions, inducing a metabolic shift towards glycolysis. Previous
studies failed to document the expression of GLUT-1 in most
normal epithelial cells. In contrast, the overexpression of
GLUT-1 was confirmed in the case of various neoplasms, for
example, in colorectal, esophageal, thyroid, lung, ovarian, and
breast cancer [39]. Our study revealed that the expression of
GLUT-1 is increased in endometrial cancer as well. However,
we did not document significant correlations between the
expression of GLUT-1 and clinicopathological characteristics
of endometrial cancer. This observation seems consistent
with previous reports according to which the presence of
GLUT-1 is a marker of neoplastic transformation [40]. The
lack of GLUT-1 expression in normal endometrium as well
as its weak expression in precancerous lesions and overex-
pression in endometrial cancer suggests that this molecule
can be involved in early stages of endometrial carcinogenesis.
According to Xiong et al., the expression of GLUT-1 can be
used to distinguish between benign endometrial lesions and
endometrial cancer but has no prognostic value in women
with this malignancy [39]. This is consistent with the results
of our study which did not show significant differences in
the expression of GLUT-1 associated with clinical stage or
prognosis in endometrial cancer patients.

In order to analyze the hypoxemic tumor microenviron-
ment more comprehensively, we determined its expression
of carbonic anhydrase IX (CAIX).This transmembrane HIF-
1𝛼-dependent glycoprotein is responsible for the regulation
of pH in the tumor microenvironment [18]. CAIX plays an
important role in the elimination of acids synthesized during
the hypoxia-induced glycolysis. The overexpression of CAIX
was observed in many neoplasms but not in normal tissues
[19]. Our study confirmed increased expression of CAIX in
the microenvironment of endometrial cancer. However, we
did not observe significant correlations between the level of
this expression and clinicopathological characteristics of the
tumor. This finding is in line with the results of two studies
published to date [41, 42]. Knapp et al. confirmed that the
expression of CAIX in endometrial cancer is higher than
in normal endometrium and suggested the involvement of
anhydrase IX in the shift of glucose metabolism associated
with neoplastic transformation [41]. Also Hynninen et al.
claimed on the lack CAIX in normal endometrium and its
high expression in endometrial cancer tissue [42]. However,
the results of our study suggest that the determination of both
GLUT1 and CAIX expression is not useful in establishing
prognosis in endometrial cancer patients. The involvement
of GLUT1 and CAIX in the early stages of carcinogenesis,
that is, in the metabolic “shift,” points to their potential
application in distinguishing between benign and malignant

lesions rather than in prediction of prognosis in endometrial
cancer patients.

In conclusion, the important role of HIF-1𝛼 in the group
of patients with the high risk of recurrence and the negative
histologic subtype of the tumor suggests that the expression
of this factor might be useful in the panel of accessory
pathomorphological tests and could be helpful in establishing
more accurate prognosis in endometrial cancer patients.

Conflict of Interests

The authors declare that there is no conflict of interests regar-
ding the publication of this paper.

References

[1] A. Jemal, R. Siegel, J. Xu, and E. Ward, “Cancer statistics, 2010,”
CA Cancer Journal for Clinicians, vol. 60, no. 5, pp. 277–300,
2010.

[2] F. Amant, P. Moerman, P. Neven, D. Timmerman, E. van Lim-
bergen, and I. Vergote, “Endometrial cancer,” The Lancet, vol.
366, no. 9484, pp. 491–505, 2005.

[3] J. N. Bakkum-Gamez, J. Gonzalez-Bosquet, N. N. Laack, A.
Mariani, and S. C. Dowdy, “Current issues in the management
of endometrial cancer,” Mayo Clinic Proceedings, vol. 83, no. 1,
pp. 97–112, 2008.

[4] J. E. S. Shay and M. Celeste Simon, “Hypoxia-inducible factors:
crosstalk between inflammation and metabolism,” Seminars in
Cell and Developmental Biology, vol. 23, pp. 389–394, 2012.

[5] W. Liu, S.-M. Shen,X.-Y. Zhao, andG.-Q.Chen, “Targeted genes
and interacting proteins of hypoxia inducible factor-1,” Interna-
tional Journal of Biochemistry and Molecular Biology, vol. 3, pp.
165–178, 2012.

[6] H. Zhong, A. M. de Marzo, E. Laughner et al., “Overexpression
of hypoxia-inducible factor 1𝛼 in common human cancers and
their metastases,” Cancer Research, vol. 59, no. 22, pp. 5830–
5835, 1999.

[7] E. A. O’Toole, R. van Koningsveld, M. Chen, and D. T. Woo-
dley, “Hypoxia induces epidermal keratinocyte matrix metallo-
proteinase-9 secretion via the protein kinase C pathway,” Jour-
nal of Cellular Physiology, vol. 214, no. 1, pp. 47–55, 2008.

[8] T. Ishikawa, K.-I. Nakashiro, S. K. Klosek et al., “Hypoxia enh-
ances CXCR4 expression by activating HIF-1 in oral squamous
cell carcinoma,” Oncology Reports, vol. 21, no. 3, pp. 707–712,
2009.

[9] Y. Li, X. Qiu, S. Zhang, Q. Zhang, and E. Wang, “Hypoxia ind-
uced CCR7 expression via HIF-1𝛼 and HIF-2𝛼 correlates with
migration and invasion in lung cancer cells,”Cancer Biology and
Therapy, vol. 8, no. 4, pp. 322–330, 2009.

[10] Q. Sun, H. Zhou, N. O. Binmadi, and J. R. Basile, “Hypoxia-ind-
ucible factor-1-mediated regulation of semaphorin 4D affects
tumor growth and vascularity,” Journal of Biological Chemistry,
vol. 284, no. 46, pp. 32066–32074, 2009.

[11] Z.-B. Han, H. Ren, H. Zhao et al., “Hypoxia-inducible factor
(HIF)-1𝛼 directly enhances the transcriptional activity of stem
cell factor (SCF) in response to hypoxia and epidermal growth
factor (EGF),” Carcinogenesis, vol. 29, no. 10, pp. 1853–1861,
2008.

[12] B. D. Kelly, S. F. Hackett, K. Hirota et al., “Cell type-specific
regulation of angiogenic growth factor gene expression and



BioMed Research International 11

induction of angiogenesis in nonischemic tissue by a consti-
tutively active form of hypoxia-inducible factor 1,” Circulation
Research, vol. 93, no. 11, pp. 1074–1081, 2003.

[13] O.Warburg, “On the origin of cancer cells,” Science, vol. 123, no.
3191, pp. 309–314, 1956.

[14] M. Hayashi, M. Sakata, T. Takeda et al., “Induction of glucose
transporter 1 expression through hypoxia-inducible factor 1𝛼
under hypoxic conditions in trophoblast-derived cells,” Journal
of Endocrinology, vol. 183, no. 1, pp. 145–154, 2004.

[15] J. W. Calvert, J. Cahill, M. Yamaguchi-Okada, and J. H. Zhang,
“Oxygen treatment after experimental hypoxia-ischemia in
neonatal rats alters the expression ofHIF-1𝛼 and its downstream
target genes,” Journal of Applied Physiology, vol. 101, no. 3, pp.
853–865, 2006.

[16] Y. Liu, Y.-M. Li, R.-F. Tian et al., “The expression and significa-
nce of HIF-1𝛼 andGLUT-3 in glioma,” Brain Research, vol. 1304,
pp. 149–154, 2009.

[17] C. Chen, N. Pore, A. Behrooz, F. Ismail-Beigi, and A. Maity,
“Regulation of glut1 mRNA by hypoxia-inducible factor-1:
interaction between H-ras and hypoxia,” Journal of Biological
Chemistry, vol. 276, no. 12, pp. 9519–9525, 2001.

[18] C. Potter and A. L. Harris, “Hypoxia inducible carbonic anhy-
drase IX, marker of tumor hypoxia, survival pathway and the-
rapy target,” Cell Cycle, vol. 3, no. 2, pp. 164–167, 2004.

[19] A. Thiry, J.-M. Dogné, B. Masereel, and C. T. Supuran, “Target-
ing tumor-associated carbonic anhydrase IX in cancer therapy,”
Trends in Pharmacological Sciences, vol. 27, no. 11, pp. 566–573,
2006.

[20] W. Remmele and H. E. Stegner, “Recommendation for uniform
definition of an immunoreactive score (IRS) for immunohisto-
chemical estrogen receptor detection (ER-ICA) in breast cancer
tissue,” Pathologe, vol. 8, no. 3, pp. 138–140, 1987.

[21] V. Dousias, T. Vrekoussis, I. Navrozoglou et al., “Hypoxia-indu-
ced factor-1a in endometrial carcinoma: a mini-review of cur-
rent evidence,” Histology and Histopathology, vol. 27, pp. 1247–
1253, 2012.

[22] L. M. S. Seeber, R. P. Zweemer, R. H. M. Verheijen, and P. J. van
Diest, “Hypoxia-inducible factor-1 as a therapeutic target in
endometrial cancer management,” Obstetrics and Gynecology
International, vol. 2010, Article ID 580971, 8 pages, 2010.

[23] M. Nakamura, J. M. Bodily, M. Beglin, S. Kyo, M. Inoue, and L.
A. Laimins, “Hypoxia-specific stabilization of HIF-1alpha by
human papillomaviruses,”Virology, vol. 387, no. 2, pp. 442–448,
2009.

[24] H. O. D. Critchley, J. Osei, T. A. Henderson et al., “Hypoxia-ind-
ucible factor-1 expression in human endometrium and its regu-
lation by prostaglandin E-series prostanoid receptor 2 (EP2),”
Endocrinology, vol. 147, no. 2, pp. 744–753, 2006.

[25] J. A. Maybin, N. Hirani, P. Brown, H. N. Jabbour, and H. O. D.
Critchley, “The regulation of vascular endothelial growth factor
by hypoxia and prostaglandin F2𝛼 during human endometrial
repair,” Journal of Clinical Endocrinology and Metabolism, vol.
96, no. 8, pp. 2475–2483, 2011.

[26] A. Orimo, Y. Tomioka, Y. Shimizu et al., “Cancer-associated
myofibroblasts possess various factors to promote endometrial
tumor progression,” Clinical Cancer Research, vol. 7, no. 10, pp.
3097–3105, 2001.

[27] R. D. Catalano,M. R.Wilson, S. C. Boddy, A. T.M.McKinlay, K.
J. Sales, andH.N. Jabbour, “Hypoxia and prostaglandin E recep-
tor 4 signalling pathways synergise to promote endometrial
adenocarcinoma cell proliferation and tumour growth,” PLoS
ONE, vol. 6, no. 5, Article ID e19209, 2011.

[28] N. Horrée, P. J. van Diest, P. van der Groep, D. M. D. S. Sie-Go,
and A. P. M. Heintz, “Hypoxia and angiogenesis in endometri-
oid endometrial carcinogenesis,” Cellular Oncology, vol. 29, no.
3, pp. 219–227, 2007.

[29] E. Konac, H. I. Onen, J.Metindir, E. Alp, A. A. Biri, andA. Ekm-
ekci, “An investigation of relationships between hypoxia-induc-
ible factor-1𝛼 gene polymorphisms and ovarian, cervical and
endometrial cancers,” Cancer Detection and Prevention, vol. 31,
no. 2, pp. 102–109, 2007.

[30] M. P.Myers, I. Pass, I. H. Batty et al., “The lipid phosphatase acti-
vity of PTEN is critical for its tumor supressor function,” Proc-
eedings of the National Academy of Sciences of the United States
of America, vol. 95, no. 23, pp. 13513–13518, 1998.

[31] P. J. Wysocki, “MTOR in renal cell cancer: Modulator of tumor
biology and therapeutic target,” Expert Review of Molecular
Diagnostics, vol. 9, no. 3, pp. 231–241, 2009.

[32] J. Fujimoto, E. Sato, S. M. Alam et al., “Plausible linkage of
hypoxia-inducible factor (HIF) in uterine endometrial cancers,”
Oncology, vol. 71, no. 1-2, pp. 95–101, 2007.

[33] V. Pansare, A. R. Munkarah, V. Schimp et al., “Increased exp-
ression of hypoxia-inducible factor 1𝛼 in type I and type II end-
ometrial carcinomas,”Modern Pathology, vol. 20, no. 1, pp. 35–
43, 2007.

[34] L. M. S. Seeber, N. Horrée, P. van der Groep, E. van der Wall, R.
H. M. Verheijen, and P. J. van Diest, “Necrosis related HIF-1𝛼
expression predicts prognosis in patients with endometrioid
endometrial carcinoma,” BMC Cancer, vol. 10, article 307, 2010.

[35] E. Sivridis, A. Giatromanolaki, K. C. Gatter, A. L. Harris, and
M. I. Koukourakis, “Association of hypoxia-inducible factors 1𝛼
and 2𝛼 with activated angiogenic pathways and prognosis in
patients with endometrial carcinoma,”Cancer, vol. 95, no. 5, pp.
1055–1063, 2002.

[36] A.Giatromanolaki,M. I. Koukourakis, K.C.Gatter, A. L.Harris,
and E. Sivridis, “BNIP3 expression in endometrial cancer relates
to active hypoxia inducible factor 1𝛼 pathway and prognosis,”
Journal of Clinical Pathology, vol. 61, no. 2, pp. 217–220, 2008.

[37] G. Acs, X. Xu, C. Chu, P. Acs, and A. Verma, “Prognostic signi-
ficance of erythropoietin expression in human endometrial car-
cinoma,” Cancer, vol. 100, no. 11, pp. 2376–2386, 2004.

[38] A. M. Oza, L. Elit, M.-S. Tsao et al., “Phase II study of temsiroli-
mus inwomenwith recurrent ormetastatic endometrial cancer:
a trial of the NCIC Clinical Trials Group,” Journal of Clinical
Oncology, vol. 29, no. 24, pp. 3278–3285, 2011.

[39] Y. Xiong, Y. Y. Xiong, and Y. F. Zhou, “Expression and sign-
ificance of 𝛽-catenin, Glut-1 and PTEN in proliferative endo-
metrium, endometrial intraepithelial neoplasia and endometri-
oid adenocarcinoma,” European Journal of Gynaecological
Oncology, vol. 31, no. 2, pp. 160–164, 2010.

[40] Y. Noguchi, A. Saito, Y. Miyagi et al., “Suppression of facilitative
glucose transporter 1 mRNA can suppress tumor growth,”
Cancer Letters, vol. 154, no. 2, pp. 175–182, 2000.

[41] P. Knapp, A. Chabowski, D. Harasiuk, and J. Górski, “Reversed
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Although HPV-DNA test and E6/E7 mRNA analyses remain the current standard for the confirmation of human papillomavirus
(HPV) infections in cytological specimens, no universally adopted techniques exist for the detection of HPV in formalin-fixed
paraffin-embedded samples. Particularly, in routine laboratories, molecular assays are still time-consuming and would require
a high level of expertise. In this study, we investigated the possible use of a novel HPV tyramide-based chromogenic in situ
hybridization (CISH) technology to locate HPV on tissue specimens. Then, we evaluate the potential usefulness of p16INK4a/Ki-
67 double stain on histological samples, to identify cervical cells expressing HPV E6/E7 oncogenes. In our series, CISH showed
a clear signal in 95.2% of the specimens and reached a sensitivity of 86.5%. CISH positivity always matched with HPV-DNA
positivity, while 100% of cases with punctated signal joined with cervical intraepithelial neoplasia grade 2 or worse (CIN2+).
p16/Ki67 immunohistochemistry gave an interpretable result in 100% of the cases. The use of dual stain significantly increased
the agreement between pathologists, which reached 100%. Concordance between dual stain and E6/E7 mRNA test was 89%. In
our series, both CISH and p16INK4a/Ki67 dual stain demonstrated high grade of performances. In particular, CISH would help to
distinguish episomal from integrated HPV, in order to allow conclusions regarding the prognosis of the lesion, while p16INK4a/Ki67
dual stain approach would confer a high level of standardization to the diagnostic procedure.

1. Introduction

HPV infection is recognised as the necessary cause of cervical
intraepithelial lesions (CIN) and invasive squamous cell
carcinoma (SSC). However, only aminority of viral infections
ever results in neoplastic lesions. It is well known that the
majority of HPV infections may be cleared by the immune
system, and that certain high-risk (HR) HPV types (HPV 16,
18, 31, 33, 45, and 54) are significantly more common among
high-grade lesions and carcinomas [1].

Themost important factor in CIN progression is certainly
the integration of HPV sequences into the host genome with

the loss of E2 tumor suppressor gene. E2 physiologically
regulates the expression of E6 and E7 oncogenes. There is
consensus that integration is common in high-grade CIN
and cancer, while it is infrequent or is lacking in low-
grade CIN. HPV integration, disrupting cell-cycle control
and escaping immune system surveillance, would induce
stochastic accumulation of genetic aberrations, leading to
CIN progression.

Recently, a wide range of molecular techniques has been
evaluated on cytological specimens, to improve cervical
cancer screening strategies [2, 3]. HPV-DNA test showed a
high sensitivity in identifying CIN, but it still lacks clinical
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specificity, due to the high prevalence of transient infection
[2]. E6/E7mRNA test, targeting patients at higher risk of CIN
progression, demonstrated to bemore specific than DNA test
in stratifying the risk for cancer development [4].

On tissue specimens, the ideal test for the detection
of HPV has not been established yet, although different
assays have been analyzed (i.e., PCR, in situ hybridization,
ISH). Potential useful marker should target viral genome
or related proteins (i.e., DNA, mRNA) or should identify
host cell’s products whose expression would be stimulated by
HPV infection. In this context, immunohistochemical (IHC)
localization of p16INK4a (henceforth p16) seems to represent
one of the most widely investigated tool.

p16 is a tumor suppressor protein playing a crucial role
in cell-cycle regulation. p16 prevents the phosphorylation
of the retinoblastoma protein (pRb) by inhibiting cyclin-
dependent kinases CDK4 and CDK6. Physiologically, non-
phosphorylated pRb binds the transcription factor E2F,
thereby preventing E2F stimulation of cell progression into S
phase. The functional inactivation of pRb by HPV-E7 onco-
protein induces E2F factor release that becomes subsequently
free to drive cell-cycle progression towards S phase.

All the above mentioned markers and technologies are
a matter of controversy, each having their advantages and
drawbacks.

PCR is considered the most effective method for HPV-
DNA detection, but some problems still exist in routinely
practice: DNA extraction compromises the preservation of
tissue architecture [5]; moreover, it requires a high of exper-
tise and strict laboratory conditions, to avoid contaminations
[6]. ISH is cheap and relatively easy to perform. It would
permit the detection ofHPV-DNA, aswell as the preservation
of histological pattern. On the other hand, ISH lacks in
sensitivity (limit of 10–50 DNA copy/cell) [7, 8]. To by-pass
this problem, a tyramide-based signal amplification kit, based
on HPV chromogenic in situ (CISH) technology, has been
developed [5].

p16 demonstrated to be useful as surrogate biomarker
of HPV integration and E7 overexpression. However, pitfalls
such as positive staining by nondysplastic cells would limit
its clinical accuracy. Recently, a novel concept of biomarker
based on the combination of p16 and Ki-67 detection in cer-
vical cytology specimens (p16/Ki-67 double stain) has been
proposed. Under physiological conditions, the coexpression
of these proteins does not occur, since they typically induce
opposite effects [6]. Simultaneous expression of bothmarkers
within the same cervical cell would indicate HPV-dependent
deregulated cell cycle. Only limited results are available for
p16/Ki67 assay [6, 9, 10]; all of these concerning its potential
utility on cytological samples. To our knowledge, there are
no data regarding the feasibility of p16/Ki67 double stain on
histological specimens.

Basing on this background, in the first phase of this study,
we aimed to analyze analytical and diagnostic accuracies
of the novel CISH technology in detecting viral DNA and
in identifying HPV physical status on formalin-fixed and
paraffin-embedded tissue. To do that, CISH results were
compared with results obtained from HPV-DNA test and
HPV-mRNA test.

In the second phase, we assessed the potential usefulness
of CINtec PLUS p16/Ki-67 double-stain immunohistochem-
istry (IHC) on histological samples with different degrees of
dysplasia, to detect cervical lesions expressing E6/E7 HPV
oncogenes.

2. Materials and Methods

2.1. Cervical Tissue Specimens Selection. This study was per-
formed in agreement with the standards of the ethics review
board of “SS Annunziata” Hospital and was approved by
the Ethical Committees of “G. d’Annunzio” University, in
accordance with the principles outlined in the Declaration of
Helsinki of 1975.

From the electronic files of Surgical Pathology Depart-
ment of “SS Annunziata” Hospital of Chieti, 926 cases
of biopsy-proven squamous cervical lesion, obtained from
January 2010 to July 2012, were retrospectively retrieved.

Among these casuistries, 154 cases met the following
inclusion criteria:

(i) HPV-DNA test result by Hybrid Capture 2 (HC2),
performed on liquid-based sample of exfoliated cells,
collected from cervix immediately before colposcopy-
directed biopsy of the lesion;

(ii) result from mRNA testing, performed on residual
cervical liquid-based cytological specimen.

Two pathologists independently reviewed haematoxylin
and eosin (H&E) stained slides and reported histologi-
cal diagnosis according to the World Health Organization
nomenclature and criteria as follows:

Cervical Intraepithelial Neoplasia grade 1, CIN1;
CIN grade 2, CIN2;
CIN grade 3, CIN3;

invasive squamous cell carcinoma (SSC).
Only cases reaching consensus in histological diagnosis

were finally included in the study (63 formalin-fixed, paraffin-
embedded, FFPE).

A written informed consent was obtained from all the
participants in the study, and corresponding FFPE specimens
were subsequently taken. Identification codes were finally
assigned to each case, in accordance with confidentiality
standards.

2.2. Laboratory Methods

(i) Cervical Cytology. Cervicovaginal samples were col-
lected from ecto-endocervix immediately before colposcopy-
directed biopsy. Cervical specimens were then transferred
into PreservCyt cytology medium (Cytyc Corporation,
Boxborough, MA) liquid and transported to Cytopathology
Departments. Cytological vials were processed using Thin-
Prep 2000 (Hologic, Marlborough, MA, USA). Slides were
next stained with Papanicolaou procedure.

(ii) HPV-DNA Test. After cytological slide preparation, an
aliquot (4mL) of each liquid-based cytological (LBC) sample,
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stored at RT, was removed to perform HPV-DNA testing by
using the commercially available Hybrid Capture 2 system
(HC2, Qiagen, Gaithersburg, MD), in accordance to manu-
facturer’s protocol. HC2 detects oncogenic HPV types (16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68). HC2 reactions
were read by a luminometer, which provided a relative
quantification of each individual sample in comparison to the
mean of a series of positive controls containing 1 pg/mL of
HPVDNA (corresponding to∼100,000HPV-16 genomes/mL
or 5,000HPV copies per reaction). The cut-off of 1 relative
light unit (RLU) was used to classify a specimen as positive
or negative. RLUs value in relation to control (RLU/CO)
provided an estimation of the number of HPV-DNA copies
of each sample (viral load).The RLU value of each individual
sample was then recorded. According to RLU/CO values,
HPV-DNA positive cases were arbitrarily categorized into
three groups having “low viral load” (RLU/CO from 1.0 to
50.0 RLU/CO), “intermediate viral load” (RLU/CO from 50.1
to 100.00 RLU/CO), and “high viral load” (RLU/CO > 100).

(iii) HPV-mRNA Test. A second aliquot (3mL) from each
residual LBC specimen was transferred into a fresh 10mL
tube for nucleic acids extraction. After centrifugation, the
supernatantwas removed and the samplewas transferred into
a tube containing 2mL Nuclisens Lysis Buffer (BioMèrieux,
France). Next, magnetized silica dioxide particles were added
to the lysate to initiate the nucleic acids isolation process.
Finally, nucleic acidswere eluted from the solid phase in 55𝜇L
of elution buffer and stored at −20∘C if not further processed
immediately after extraction.

15 𝜇L of nucleic acids was used to performmRNA testing
(Nuclisens EasyQ HPV, BioMèrieux, France), in accordance
with the manufacturer’s instructions.

mRNA testing is based on real-time nucleic acid sequence
based amplification (NASBA) procedure, which utilizes
molecular beacon probes labelled with 5-carboxyfluorescein
(FAM) and Texas Red fluorochromes, at an isothermal
temperature of 41∘C. The test identifies full-length E6/E7
mRNA from five high-risk carcinogenic HPV types (16, 18,
31, 33, and 45). A fluorescent analyzer measured in real
time the emission of the fluorescence frommolecular beacon
hybridized with amplified mRNA. As performance control,
the human U1A mRNA from the small ribonucleoprotein-
specific A protein has been used. Negative control reactions,
consisting of all reagents except RNA,were performed at each
run.mRNA testingwas defined as positive if at least one of the
five HPV genotypes detected by the test has been found [11].

(iv) Chromogenic In Situ Hybridization. Two serial sections
were cut to a thickness of 4 𝜇m, one for CISH investigation
and one for p16/Ki67 dual-stain IHC. The extra sections cut
before and after each tissue section were stained with H&E
and used to evaluate the adequacy of each FFPE for the
subsequent investigations.

Bond ready-to-use DNA CISH HPV protocol (Bond
ready-to-use DNA ISH HPV Probe by Leica Biosystems,
Newcastle Ltd, Newcastle, UK) able to detect 5 oncogenic
HPV types (types 16, 18, 31, 33, and 54) was optimized
for reproducible sensitive and background free usage. Slides

were then processed using the Bond-Max automated slide-
staining system (Leica Biosystems, Newcastle Ltd, Newcastle,
UK). Finally, CISH sectionswere counterstainedwith haema-
toxylin. HPV-positive controls consisted of FFPE sections
containing two sets of cells: CaSki cervical cancer cell line
(containing 200 to 400 copies of HPV-DNA types 16 per cell)
and HeLa cervical cancer cell line (containing 10 to 50 copies
of HPV-DNA types 18 per cell). Thyroid tissue has been used
as negative control, since in the literature we could not find
any evidence for the presence of HPV.

Two pathologists independently evaluated CISH slides.
CISH signals were determined for at least 10 high power
fields. Nuclear peroxidase staining was considered a positive
result forHPV-DNA. Positive CISH signal patterns were clas-
sified as follows: (1) diffuse (D), when nuclei were completely
stained (indicative of episomal HPV); (2) punctated, when
distinct dot-like intranuclear signals were noted (indicative
of integrated HPV); (3) mixed, diffuses, and punctated (D/P)
when both patterns are noted. (Figures 1(a)–1(c)).

(v) p16/Ki67 Dual Stain and p16 Stain. A commercial kit spe-
cifically designed for the simultaneous detection of p16 and
Ki67 (CINtec PLUSKit, Rochemtm laboratories, Heidelberg,
Germany) was used, accordingly to the supplier’s instructions
and adapting the protocols for the use on histological sam-
ples. One section for each case was stained with p16/Ki67
dual test. A red chromogen marked Ki-67 expression within
the nucleus and a brown chromogen marked cytoplas-
mic/nuclear p16 expression. Sample was scored as positive
when the simultaneous expressions of both markers were
revealed within the same cells. Cases without any double-
immunoreactive cell were called negative.

Another section for each case was prepared for the
immunohistochemical evaluation of p16 alone (clone E6/H4)
using CINtec Histology Kit (Roche mtm laboratories,
Heidelberg, Germany). After antigen retrieval, sections
were incubated with mouse monoclonal anti-p16 (Lab
Vision/NeoMarkers, Fremont, CA), with EnVision+ System
HRP anti-mouse (Dako, Copenhagen, Denmark). After-
wards, diaminobenzidine chromogen (Dako, Copenhagen,
Denmark) was applied and counterstaining with haema-
toxylin was performed. p16 overexpression was visualized as
a brown colour precipitate within nucleus and cytoplasm.
Expression of p16 in more than 10% of epithelial cells was
regarded as a positive result.

For dual stain and p16 immunohistochemistry, positive
and negative controls consisted of SCC of uterine cervix, with
and without primary antibodies, respectively. All tissue slides
plus controls for p16/Ki67 dual test were stained in a single
session thatwas different from that of p16 alone. In both cases,
Dako Autostainer (Dako, Copenhagen, Denmark) was used.

Both slide sets were subjected to two pathologists, which
evaluated all cases blindly to all study results.

2.3. Statistical Analyses. By standard method authors calcu-
lated the prevalence of HPV-DNA, E6/E7 mRNA, p16/Ki67,
and CISH positivities. Chi square or Fisher’s exact test was
used to assess the association between variables. Concor-
dances between histopathological diagnosis and DNA test,
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Figure 1: CISH positive signals. Diffuse pattern, where nuclei are completely stained ((a), 20x magnification). Punctated pattern in invasive
squamous cervical cancer: distinct dot-like intranuclear signals were notedwithin cells infiltrating the stroma ((b), 100xmagnification).Mixed
patterns, where both diffuse and punctated signals are noted ((c), 40x magnification).

mRNA test, and CISH were calculated by Kappa statistics.
According to the criteria of Lands and Koch, the 𝐾 values
were divided into six scales of strength of agreement: poor
(<0.00), slight (0.00–0.20), fair (0.21–0.40), moderate (0.41–
0.60), substantial (0.61–0.80), or almost perfect (0.81–1.00)
[12]. Chi square for trend (Cochran-Armitage test) was
calculated to assess the trend of CISH results in relation with
the severity of cervical disease.

Accuracy parameters (sensitivity and specificity) of each
test separately as well as the comparison of accuracy param-
eters between tests were assessed by receiver operating
characteristic analysis. Histological diagnosis was regarded
as the gold standard and CIN2+ lesion was considered as
the worse outcome. To do that, histological results were
dichotomized into CIN2+ (including CIN2, CIN3, and SCC)
and less than CIN2 (CIN2−, including CIN1). Areas under
the receiver operating characteristic (ROC) curves and 95%
confidence intervals (CI) were estimated to assess differences
between test performances [13] and McNemar test was used
for statistical significance.

Correlation between CISH signal patterns and HPV viral
load categories was evaluated by Cochran-Armitage trend
test.

Statistical analyses were performed by using SPSS soft-
ware (SPSS for Windows, Inc., Chicago, IL), version 15.0. In
all analyses, probability values 𝑃 less than 0.05 were regarded
as significant.

2.4. Results. A series of cervical FFPE from sixty-three
patients (mean age 34 ± 8 years, median 33 years, range 21–
63) were included in the study. Among these cases, 25 were
diagnosed as CIN1, 16 as CIN2, 21 as CIN3, and 1 as SCC.

Summary of results from histological diagnosis, HPV-
DNA and mRNA tests, HPV viral load, CISH, and p16/Ki67
dual stain from each case included in the study are reported
in Table 1.

Molecular Tests. HPV-DNA positivity was detected in 60 of
the 63 (95.2%) cytological samples. Among these, 65% (𝑁 =
39/60) showed CIN2+ lesions in histological specimens. A
positive DNA test result conferred a ≥CIN2+ odds ratio

(OR) risk of 3.2 (95% CI: 0.4–26). 4.8% (𝑁 = 3/63) of
women resulted HPV-DNA negative. Overall percent agree-
ment between DNA testing test and histological diagnosis
was 61.9% (Cohen’s kappa value: 0.06, 𝑃 < 0.05). E6/E7
mRNA positivity was detected in 71.4% (𝑁 = 45/63) of
cytological cases; among these, 36 (80%)were CIN2+.Within
the 18mRNA negative cases, 16 (88.9%) were confirmed
as CIN2−. mRNA test results were associated to CIN2+
diagnosis with a OR = 32 (95% CI: 7–144). Overall percent
agreement between mRNA testing and histological diagnosis
was 82.5% (Cohen’s kappa value: 0.62, 𝑃 < 0.0001).

Diagnostic performances of both DNA and mRNA tests
are represented in Table 2. mRNA test improved specificity of
DNA testing. Difference was statistically significant (McNe-
mar test, 𝑃 < 0.01).

CISH Results. CISH showed a clear signal in 95.2% (𝑁 =
60/63) of the specimens. Invalid result has been found in
4.8% (𝑁 = 3/63) of the cases, due to unclear and weak
signal. The rate of positive results was 73% (𝑁 = 46/63).
Among these, 30.4% (𝑁 = 14) were CIN1, 30.4% (𝑁 = 14)
were CIN2, and 37% (𝑁 = 17) were CIN3. The unique
case of SCC showed CISH positivity. Negativity has been
found in 22.2% (𝑁 = 14/63) of the cases. Table 3 shows
details of the distribution of CISH signal patterns and their
correlation with histological diagnosis. As expected, CISH
showed a clear punctated signal pattern in bothHPV positive
cell lines, whereas no signal was detected in thyroidal tissue.
Nonspecific background binding has never been seen among
the 60 cases which were considered as valid cases. Notably,
about two-thirds of diffuse pattern were associated with
CIN1, while the unique case of SCC displayed a punctated
pattern. Differences were statistically significant (𝑃 < 0.01).
Dichotomizing histological diagnosis and considering only
CISH-positive results, diffuse pattern has been found in
64.3% (𝑁 = 9/14) of CIN2− and 3.1% (𝑁 = 1/32) of
CIN2+. All cases of punctated pattern have been found in
CIN2+, as well as 68.8% of mixed patterns. The proportion
of punctated pattern increased with the severity of cervical
lesion (Cochran-Armitage test for trend 𝑃 < 0.0001)
(Figure 2).
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Table 1: Summary of results from histological diagnosis, HPV-DNA and mRNA tests, HPV viral load, CISH, and p16/Ki67 dual stain.

Case Histological
diagnosis

HR HPV-DNA
test result

HC2
viral load
(RLU/CO)∗

E6/E7 mRNA test
result

Type specific
mRNA test result∗∗

HPV CISH†
signal

P16/Ki67
Dual stain result

1 CIN1 Positive 63.5 Negative — P Negative
2 CIN1 Positive 516.61 Negative — D Negative
3 CIN3 Positive 15.79 Negative — Negative Positive
4 CIN2 Positive 146.77 Positive 16 D/P Positive
5 CIN2 Positive 1283.97 Negative — D/P Positive
6 CIN1 Positive 298.55 Negative — D Negative
7 CIN3 Positive 1529.35 Positive 16, 31 D/P Positive
8 CIN3 Positive 2207.8 Positive 31 D/P Positive
9 CIN1 Positive 2.06 Negative — D Negative
10 CIN2 Positive 216.93 Positive 31 D/P Positive
11 CIN1 Positive 6.7 Negative — Negative Negative
12 CIN2 Positive 84.32 Positive 31 Negative Positive
13 CIN3 Positive 10.56 Positive 16 D/P Positive
14 CIN3 Positive 338.02 Positive 16 D/P Positive
15 CIN1 Positive 1211.84 Positive 33 D/P Positive
16 CIN3 Positive 3.3 Positive 16 P Positive
17 CIN1 Positive 155.79 Positive 16 D Negative
18 CIN1 Positive 28.81 Negative — Negative Positive
19 CIN2 Positive 34.82 Negative — D Positive
20 CIN3 Positive 913.36 Negative — D Positive
21 CIN2 Positive 1536.02 Positive 16 P Negative
22 CIN2 Positive 107.22 Positive 18, 45 D/P Positive
23 CIN1 Positive 75.86 Negative — D/P Negative
24 CIN2 Positive 675.75 Positive 16 D/P Positive
25 CIN2 Positive 596.84 Positive 16 D/P Positive
26 CIN3 Positive 1914.17 Positive 16 D/P Positive
27 CIN2 Positive 570.26 Positive 16, 45 D/P Positive
28 CIN1 Positive 783.56 Negative — D Negative
29 CIN1 Negative — Negative — Negative Negative
30 CIN3 Positive 3.93 Positive 16 P Positive
31 CIN3 Positive 968.56 Positive 31 D/P Positive
32 CIN1 Positive 926.05 Positive 31 Invalid Negative
33 CIN2 Negative — Positive 31 Invalid Positive
34 CIN1 Positive 45 Negative — D Negative
35 CIN3 Positive 117 Positive 16 D/P Positive
36 CIN1 Positive 237.48 Positive 16 Invalid Negative
37 CIN1 Positive 5.31 Positive 18, 31 Negative Negative
38 CIN1 Positive 204.42 Positive 45 Negative Negative
39 CIN3 Positive 663.26 Positive 33 Negative Positive
40 CIN3 Positive 38.61 Positive 16 Negative Positive
41 CIN1 Positive 10.11 Positive 33 D/P Positive
42 CIN1 Positive 137.88 Negative — D Negative
43 CIN3 Positive 6.21 Positive 16 Negative Positive
44 CIN2 Positive 2663.26 Positive 31 D/P Positive
45 SCC Positive 1549.74 Positive 33 D/P Positive
46 CIN2 Positive 894.17 Positive 16 P Positive
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Table 1: Continued.

Case Histological
diagnosis

HR HPV-DNA
test result

HC2
viral load
(RLU/CO)∗

E6/E7 mRNA test
result

Type specific
mRNA test result∗∗

HPV CISH†
signal

P16/Ki67
Dual stain result

47 CIN1 Positive 20.47 Negative — Negative Negative
48 CIN1 Positive 26.23 Negative — Negative Negative
49 CIN1 Positive 787.16 Positive 31 Negative Negative
50 CIN1 Positive 676.46 Positive 16 D/P Negative
51 CIN3 Positive 2.36 Positive 16 P Positive
52 CIN3 Positive 1.45 Positive 18 P Positive
53 CIN3 Positive 111.95 Positive 16, 18 D/P Positive
54 CIN3 Positive 544.41 Positive 16 D/P Positive
55 CIN2 Positive 663.21 Positive 16 D/P Positive
56 CIN1 Negative — Negative — Negative Negative
57 CIN2 Positive 1569.56 Positive 18 D/P Positive
58 CIN3 Positive 758.66 Positive 16 D/P Positive
59 CIN2 Positive 130.13 Positive 16 D/P Positive
60 CIN3 Positive 87.01 Positive 16 P Positive
61 CIN3 Positive 968.56 Positive 31 D/P Positive
62 CIN2 Positive 6.21 Positive 16 P Positive
63 CIN3 Positive 24.01 Positive 16 P Positive
∗Relative light unit in relation to control (RLU/CO).
∗∗HPV genotype(s) detected by Nuclisens EasyQ HPV mRNA test.
†D: diffuse; P: punctated; D/P: mixed diffuse/punctated.

Table 2: Diagnostic performances of HPV-DNA test (HC2) and
E6/E7 mRNA test.

Molecular testing Diagnostic performances (95% CI∗)
Sensitivity Specificity

HPV-DNA test 97.4% (85.1–100) 8% (1.2–26)
HPV-mRNA test 90.7% (81.6–99.4) 64% (44.4–79.7)
∗Confidence intervals (CI).

Sensitivity and specificity of CISH analysis were 86.5%
(95% CI: 71.4–94.4) and 39.1% (95% CI: 22.2–59.3), respec-
tively. A positive CISH result conferred a ≥CIN2+ risk (OR)
of 4.11 (95% CI: 2–13.9).

CISH results were assessed against HPV-DNA test
(Figure 3). All CISH-positive cases also resulted HPV-DNA
positive. Among HPV-DNA positive patients, 76.7% (𝑁 =
46/60) were CISH positive. Within CISH-negative cases,
85.7% (𝑁 = 12/14) were HPV-DNA positive, while 14.3%
(𝑁 = 2/14) were HPV-DNA negative (𝑃 = .001). Overall
percent agreement between CISH and DNA test was 80%
(𝑘 = 0.20, 𝑃 < 0.05).

CISH results were also assessed against HPV E6/E7
mRNA expression. Among mRNA+ cases, 77.8% (𝑁 =
35/45) were CISH positive. Of those, 2.9% (𝑁 = 1/35)
showed a diffuse pattern, 71.4% (𝑁 = 25/35) a mixed pattern,
and 25.7% (𝑁 = 9/35) a punctated pattern. Among the
11mRNA/CISH+ cases, only 2 cases (18%) demonstrated a
punctated pattern (𝑃 < 0.0001). Overall percent agreement
between CISH and mRNA test was 70% (𝑘 = 0.24, 𝑃 < 0.05).
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Figure 2: Correlation between CISH results and histological diag-
nosis (P < 0.0001). P: punctate pattern; D/P: diffuse and punctated
(mixed) pattern; D: diffuse pattern. CIN2+: Cervical intraepithelial
neoplasia grade 2 or greater (including CIN2, CIN3, and invasive
squamous cell carcinoma); CIN2−: less than Cervical Intraepithelial
Neoplasia grade 2 (including CIN1 and negative for dysplasia.

Since HPV-DNA test is currently considered the most
reliable method to detect papillomavirus infection in both
cytological and histological samples, the performances of
CISH and mRNA test were compared to HPV-DNA test
performance. DNA testing achieved an area under the curves
(AUC) of 0.53 (95% CI, 0.4–0.65) CISH and of 0.64 (95%
CI, 0.5–0.75) and mRNA testing of 0.79 (95% CI, 0.67–0.89)
(Figure 4). Difference between HPV-DNA test and mRNA
test was statistically significant (𝑃 < 0.0001), while difference
between RNA testing and CISH did not reach significance
(𝑃 = 0.06).
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Table 3: Association between CISH signal patterns and grading of cervical lesions (𝑃 < 0.01).

CISH result Number of cases (%) Total
CIN1 CIN2 CIN3 SCC

Invalid 2 (8) 1 (6.3) 0 0 3 (4.8)
Negative 9 (36) 1 (6.3) 4 (19) 0 14 (22.2)
Diffuse 9 (36) 1 (6.3) 0 0 10 (15.9)
Diffuse-punctated 5 (20) 11 (68.7) 11 (52.4) 0 27 (42.8)
Punctated 0 2 (12.4) 6 (28.6) 1 (100) 9 (14.3)
Total 25 (39.7) 16 (25.4) 21 (33.3) 1 (1.6) 63
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Figure 3: Correlation between CISH signal and results from
molecular tests (𝑘 = 0.20, 𝑃 < 0.05).
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CISH Results and HPV Viral Load. Among cytological sam-
ples testing HPV-DNA positive, the mean of viral loads was
502.9 ± 620.5RLU/CO, the median being 155.79 RLU/CO
(range 1.45–2663.29 RLU/CO).

Considering the categories of viral load values as
described in Section 2, 31.7% (𝑁 = 19/60) of the cases showed
low viral load, 6.7% (𝑁 = 4/60) intermediate load, and 61.6%
(𝑁 = 37/60) high viral load. The rate of CISH positivity has
been found to be lower in cases with low viral load level (58%)
than in those with intermediate (75%) and high (86.6%) load
levels (Cochran-Armitage trend test, 𝑃 = 0.01) (Figure 5).

Correlation between CISH punctate signal pattern and
viral load categories showed that the rate of this pattern was
higher in specimens with low viral loads than in those having
intermediate or high loads (Fisher exact test, 𝑃 = 0.05).

p16 and p16/Ki67 Dual Stain Analysis. Both p16 immunohis-
tochemistry and p16/Ki67 analysis were performed on the
entire FFPE series.

A positive p16 result was defined as a diffuse moderate-
to-strong cytoplasmic and nuclear staining. There was no
difference in the intensity of staining between the different
epithelial layers. Brown staining of normal metaplastic or
endocervical cells was considered as negative p16 test.

When the diagnosis of cervical lesion was categorized
into four, that is, CIN1, CIN2, CIN3, and SCC, a complete
concordance for all the two observers was obtained in 32
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Figure 6: p16/Ki67 dual stain (40x magnification). Red square:
brown chromogen marked cytoplasmic/nuclear p16 expression.
Black arrows: red chromogen marked Ki-67 expression within
nuclei. Black square: simultaneous expressions of bothmarkers were
revealed within the same cells.

cases (51%), including 8CIN1, 11 CIN2, 12 CIN3, and 1 SCC
(𝑘 = 0.06). The lower agreement was observed for CIN1
diagnosis, the higher for SCC (𝑃 = 0.08) (Table 4). Sensitivity
and specificity of p16 IHC were 96.4 (95% CI: 85.1–100) and
100% (95% CI: 83.9–100), respectively.

Considering p16/Ki67 dual stain immunohistochemistry
(Figure 6), all 63 histological samples gave interpretable
results. p16 expression was observed in 48 of 63 cases
(76.2%). Ki67 expression has been found in all histological
specimens. Particularly, 13/25 CIN1 cases (52%) showed weak
Ki67 expression in the basal layer of cervical epithelium.
The remaining 12 CIN1 cases showed strong nuclear Ki67
expression in the lower part of the epithelium (one-third),
associated with cytoplasmic expression of p16 within the
same cells. As the CIN grade was higher, stronger Ki67
expression was observed, particularly in 87.5% of CIN2 (𝑁 =
14/16) cases (within two-third of cervical epithelium) and in
100%ofCIN3 cases (within the three-third of the epithelium).
Expression level of p16 positively correlated with that of Ki67
(𝑃 < 0.01). In the unique case of SCC, strong dual-stain
positivity has been also shown by neoplastic cells infiltrating
the stroma.

The use of p16/Ki67 IHC significantly improved con-
sensus among pathologists, which reached 100% (𝑘 = 1).
Sensitivity and specificity of dual stain were 100% (95% CI:
88.8–100) and 84% (95% CI: 64.6–94.1), respectively.

Since in cervical tissue p16 is considered a surrogate
biomarker of HPV-E7 expression, we correlated both p16 and
p16/Ki67 staining results with HPV-E6/E7 status, as deter-
mined by mRNA test (Table 5). p16 expression was observed
in 77.8% (𝑁 = 35/45) of mRNA-positive cases. Among
mRNA-negative cases, p16 showed no immunoreactivity in
88.9% (𝑁 = 16/18) of patients. Concordance between p16
and E6/E7 mRNA test was 81% (𝑘 = 0.59).

Dual stain positivity has been found in 88.9% (𝑁 =
40/45) of mRNA-positive patients, negativity being detected
in 88.8% (𝑁 = 16/18) ofmRNA-negative cases. Concordance
between p16/Ki67 dual stain and mRNA test was 89% (𝑘 =
0.74).

Concordance between dual stain and CISH (punctated
and mixed pattern) was 83.3% (𝑘 = 0.64).

3. Discussion

Although HPV-DNA and E6/E7 mRNA tests still remain the
current standards for the confirmation of HPV infections in
cytological specimens, no consensus exists about technology
that should be used for the detection of Papillomavirus
in formalin-fixed paraffin-embedded samples [14]. This fact
presents the clinicians with the dilemma of selecting the
more suitable method. Molecular techniques (such as PCR)
certainly represent the gold standard method, reaching a
sensitivity of 1 DNA copy/cell [14]. However, DNA extraction
requires trained laboratory personnel and is still highly time-
consuming and labour intensive for routine application. In
addition, to detect HPV-DNA, a wide range of consen-
sus primers, such as MY09/11, PGMY09/11, GP5+/6+, and
SPF, are available [15]. Amplification with each of these
primers provides amplification products of different sizes,
thus providing different levels of sensitivity in viral detection.
Particularly on FFPE material, because of the damaged and
fragmented DNA, it is possible that the use of these primers
could reach a high rate of false negative results [14]. It has
been already shown that the maximum accuracy of PCR is
obtained using fresh frozen tissues [16].

All consensus PCR primers for the detection of HPV-
DNA would target L1 region. This region is deleted when
HPV-DNA is integrated into the host cell genome [17]. So,
when HPV integration would occur, PCR should probably
give false negative results.

Finally, due to its high sensitivity, PCR would detect
HPV infection without any correlation with the prognosis of
cervical lesion.

ISH is certainly less sensitive than PCR [18], but the
visualization of HPV-DNA signals within nuclei of cervical
lesions could offer both detection and localization of HPV-
DNA without damage of morphology. In addition, ISH
helps to distinguish between episomal HPV from integrated
one, the last being the necessary condition for neoplastic
progression [19]. However, the low analytic sensitivity of
ISH, ranging from 10 to 50 copy/cell, would be a weakness
in case of high-grade cervical lesions in which, due to the
frequent integration status of HPV, DNA copy number is
usually less than 50 copy/cell. [7, 8]. Then, the choice of ISH
technique would be extremely important. Non-tyramide-
based methods showed too low sensitivity rate [20, 21]. On
the other hand, the higher sensitivity of tyramide-based ISH
could lead to interpretation bias, especially due to non-
specific staining [22]. Hence, our aim is to analyse the
performances of an optimized chromogenic ISH tyramide-
based biotin-free assay.

In our FFPE series, sensitivity of CISH was about 87%,
higher if compared to series using non-tyramide-basedmeth-
ods [19, 22, 23]. CISH positive cases were characterized by a
clear background. The rate on invalid results was very low
(4.8%) and due to scant FFPE specimens. CISH positivity
always matched with HPV-DNA positivity. 20% of HPV-
DNApositive cases demonstrated negativity at CISHanalysis.
The latter data may probably be due to the limited number
of oncogenic genotypes detected by CISH probe (HPV 16,
18, 31, 33, and 54), in comparison to those detected by HC2.
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Table 4: p16 immunostaining: interobserver agreement within histological categories of cervical lesions.

p16 interobservers agreement Histological diagnosis
CIN1 (%) CIN2 (%) CIN3 (%) SCC (%) Total

Positive 8 (32) 11 (68.8) 12 (57.1) 1 (100) 32 (50.8)
Negative 17 (68) 5 (31.2) 9 (42.9) 0 31 (49.2)
Total 25 (39.7) 16 (25.4) 21 (33.3) 1 (1.6) 63

Table 5: Correlation between p16 and p16/Ki67 immunohistochemistry and E6/E7 mRNA test.

Immunohistochemistry E6/E7 mRNA test
Positive (%) Negative (%) Total

p16 positive 35 (77.8) 2 (11.1) 37 (58.7)
p16 negative 10 (22.2) 16 (88.9) 26 (41.3)
Total 45 18 63
p16/Ki67 dual stain positive 40 (88.9) 2 (11.1) 42 (66.7)
p16/Ki67 dual stain negative 5 (11.1) 16 (88.8) 21 (33.3)
Total 45 18 63

Anyhow, HPV types identified by CISH would represent five
of the six most oncogenic genotypes, the sixth being HPV-45
[1, 24–26].

It is now well known that HPV integration is common
in CIN2+ lesions while is uncommon or absent in CIN1
[27]. Studies on cervical carcinomas and SCCs cell lines
demonstrated that oncogenic E6/E7 oncogenes are frequently
overexpressed during HPV integration [27]. In our study,
100% of cases with punctate signal matched with CIN2+,
while 94.7% of CIN2+ showed E6/E7 oncogenic expression
(E6/E7 mRNA positivity). Percent agreement between CISH
and mRNA test was high. Thus, we may conclude that CISH
punctate signal confirmed as a sign of viral integration [18].
The only two CISH+/mRNA cases were probably due toHPV
genotype 54, detected by CISH but not detected by mRNA
test.

In our series, when present, diffuse signal has been
detected within cells of the mid/superficial layers. This
pattern was mainly associated with CIN2−/mRNA negative
cases and confirmed as a marker of productive HPV infec-
tions. Diffuse and punctate signals within the same lesion
have also been found. This mixed pattern was associated
with CIN2+ in 81.5% of the cases. This fact would be due to
the polyclonal nature of cervical intraepithelial lesions. The
unique case of infiltrating SCC showed punctate signal only,
confirming the monoclonality of invasive neoplasia.

Although our cohort encompassed a limited number
of cases, our preliminary results underline the usefulness
of the tyramide-based CISH protocol which we used. This
technology does not suffer of nonspecific background, simul-
taneously allowing the detection of HPV genome within
morphological context. In addition, the use of a chromogen
in alternative to fluorescence revealed to be more convenient
for routine purpose, given the wide availability of light
microscopy in pathology settings. Finally, CISH protocol
could prove helpful also during the followup of patients with

cervical lesions, as a feasible alternative to HPV-DNA and
E6/E7 mRNA tests on FFPE specimens.

Recent researches on cervical cancer widely analysed
biomarkers resulting associated with the various stages of
HPV infection [3]. One of these strongly related to trans-
forming HPV infection would be p16. Overexpression of
p16 seems to increase with increasing degree of cervical
lesion [28, 29]. A meta-analysis on p16 immunostaining
on cytological and histological cervical specimens estimated
that 2% of normal tissues and 38% of CIN1 showed diffuse
staining, compared with 68% of CIN2 and 82% of CIN3
[30]. p16 immunostaining demonstrated to be cheap and easy
to perform in pathology laboratories. The semiquantitative
scoring system described by Klaes et al. [31], is actually the
most widely used approach for the evaluation of this marker
on histological specimens. However, estimation of results
is often based on colorimetric and morphological criteria
which are often subjective.This lack of standardizationwould
make the use of this biomarker somehow difficult [30]. The
assessment of p16 staining can be also hampered by false
positive results [32, 33]. Endometrial, metaplastic, and endo-
cervical cells, as well as tubo-endometrioid metaplasia would
stain p16-positive [34], since a non-HPV dependent p16
expression pathway may also exist [4, 35]. For all the above
mentioned reasons, there would be considerable reluctance
among histopathologists to incorporate p16 IHC into routine
gynae-pathology. Specifically, in our series the evaluation of
p16 immunoreactivity generated a great variability in the
interpretation and reached a low agreement level (51%).

Nowadays, there is a considerable interest in the eval-
uation of the combination p16/Ki67, which would allow to
differentiate dysplastic cells from nondysplastic ones, and
meaningless HPV infection from transforming ones. In the
present study, we performed p16/Ki67 dual stain immuno-
histochemistry on FFPE series of specimens encompassing
all grades of morphological abnormalities. In our experience,



10 BioMed Research International

this genotype-independent method has proved to be feasible
and highly efficient in producing valid results. Even though in
a limited series, dual stain results were always unequivocal.
Moreover, inter-observer agreement was highest (100%),
since only cells simultaneously showing p16/Ki67 expression
have been considered as positive, irrespective of morphology.
Finally, in our series dual stain improved specificity of p16
alone.

In this setting, 98% of CIN2+ stained mRNA positive,
while 100% stained p16/Ki67-positive. The only invasive can-
cer showed dual stain and E6/E7 mRNA positivity. It seems
likely that dual stain positive/mRNA positive CIN2+ could
represent cervical lesions at higher risk of progression toward
invasive cancer [36]. This fact could not be determined in
the present setting, since all CIN2+ lesions were surgically
removed [37].

4. Conclusion

HPV are recognized as a necessary cause of CIN, but only a
minority of HPV infections even results in cervical lesions.
Although the majority of infections may be cleared by
immune system, integration of HPV sequence into the host
genome may induce CIN progression. The detection of HPV
genome within cervical lesions and the assessment of its
physical status are then crucial in prognostic terms.

To the authors’ knowledge, this is the first study eval-
uating the novel HPV tyramide-based CISH technology
and the innovative CINtec PLUS p16/Ki-67 double stain
immunohistochemistry on histological tissues, as well as the
first investigation comparing bothmethods tomolecular tests
actually considered as the gold standards for HPV detection.

Molecular assays may be expensive and require a high
level of expertise, which are often difficult to reach in
routinely laboratory. Although larger studies are needed,
our data demonstrate the usefulness of CISH and p167Ki67
immunostaining in surgical pathology settings.

In particular, CISH could be a feasible method to localize
HPV genome on paraffin-embedded specimens. This tech-
nology would help to distinguish episomal from integrated
HPV, thus allowing conclusions regarding the prognosis
of the lesion. Likewise, the genotype-independent p16/Ki67
dual staining approach, which demonstrated greater efficacy
than p16 alone, would confer a higher level of standardization
to the diagnostic procedure.

Finally, due to their strong correlation with tests which
are currently considered the standards for HPV detection in
cytological specimens, bothCISHanddual stain technologies
would be considered a viable potential alternative to molecu-
lar assays in the evaluation of the biology of cervical lesions.

Nevertheless, these preliminary data need to be con-
firmed in a larger clinical cohort.
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The measurement of serum tumor markers levels in breast cancer (BC) patients is an economic and noninvasive diagnostic assay
frequently requested by clinical oncologists to get information about the presence or absence of disease as well as its evolution.
Despite their wide use in clinical practice, there is still an intense debate between scientific organizations about the real usefulness
for patient monitoring during followup as well as response to therapy evaluation in case of advanced BC. In this review, we want
to highlight the current recommendations published by scientific organizations about the use of “established” BC serum markers
(CEA,TPA,TPS,CIFRA-21, CA15-3, and s-HER2) in clinical oncology practice.Moreover, wewill focus on recent papers evidencing
the usefulness of tumor markers levels measurement as a guide for the prescription and diagnostic integration of molecular
imaging exams such as those performed by hybrid 18-fluorofeoxyglucose-positron emission tomography with integrated computed
tomography. This technology is nowadays able to detect early cancer lesions undetectable by conventional morphological imaging
investigation and most likely responsible for increasing of serum tumor markers levels.

1. Introduction

Serum tumor markers are soluble molecules released into
the blood stream by cancer cells or other cell types belong-
ing to tumor microenvironment [1]. The measurement of
these molecules is considered an economic and noninva-
sive diagnostic assay able to give information about the
presence or absence of disease as well as its evolution. In
particular, the ideal serum tumor marker should be able to
(i) early detect disease; (ii) predict response or resistance
to specific therapies; (iii) monitor the patient after primary
therapy [2]. In case of breast cancer (BC), different serum
markers were tested for these purposes, and to date, the
most used in clinical practice are carcinoembryonic antigen
(CEA), the soluble form of MUC-1 protein (CA15-3), circu-
lating cytokeratins such as tissue polypeptide antigen (TPA),
tissue polypeptide specific antigen (TPS) and cytokeratin
19 fragment (CIFRA-21-1), and the proteolytically cleaved
ectodomain of the human epidermal growth factor receptor

2 (s-HER2). Although all of these markers are routinely used
in clinical practice, none is useful for screening programs
and/or early diagnosis of BC [1, 2]. In addition, an intense
debate is still present between scientific organizations regard-
ing their usefulness for patient monitoring during follow-
up as well as evaluating response to therapy in case of
advanced BC. Nevertheless, thanks to the introduction in
clinical practice of molecular imaging exams able to iden-
tify cancer lesions previously undetectable by conventional
morphological imaging instruments, tumor markers are now
reevaluated as an early warning able to highlight patients
at risk to relapse [3]. The aim of this review is to highlight
the current recommendations about the use of “established”
serum markers (CEA, TPA, TPS, CA15-3, and s-HER2)
as well as to discuss their usefulness for the prescription
and diagnostic integration [4] of molecular imaging exams
such as those performed by hybrid 18-fluorodeoxyglucose-
positron emission tomography with integrated computed
tomography (FDG-PETCT).
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2. Established Biomarkers:
Structure and Function

2.1. Carcinoembryonic Antigen. In a historical paper pub-
lished in 1965, Gold and Freedman identified an antigen
absent in human normal adult colon specimens and brightly
displayed in human fetal and cancer colon tissues; therefore,
they called this antigen carcinoembryonic antigen (CEA) [5].
About 30 years later, it was found that CEA consists of a
large family of glycoproteins whose structure was similar
to that of immunoglobulin super family [6]. Nowadays,
CEA antigen is known as cluster of differentiation (CD)66e
or CEACAM5 [6, 7]. This protein, with a size of about
100–200 kDa, is a member of the immunoglobulin super-
family with an N-terminal domain including 29 potential
glycosylation sites and is attached to the membrane by
a glycosyl phosphatidylinositol (GPI) anchor [6, 7]. As
reported in Figure 1(a), the extracellular region is composed
of six domains homologous to the immunoglobulin constant
domain of the C-2 set (IgC2-like) and one immunoglobulin
variable domain (IgV-like) [6, 7].Themechanism responsible
for its release in the extracellular matrix is still object of
study; however, in vitro experiments disclosed that CEA, like
other GPI anchored proteins, could be released due to the
GPI anchor cleavage catalysis mediated by an endogenous
glycosylphosphatidylinositol-specific phospholipase D (GPI-
PLD) type enzyme [8].

The function of CEA is still not completely understood.
Most probably, it is involved in adhesion to the extracellular
matrix and to other cell types thanks to the homophilic
and heterophilic interactions with CD66a (CEACAM1)
and CD66c (CEACAM6) [9]. Interestingly, recent findings
suggest its involvement also in cancer growth, invasion,
and metastasis [10, 11]. Indeed, overexpression of CEA and
CEACAM6 inhibits anoikis and apoptosis in colon and pan-
creatic cancer cells [12], disrupts cell polarization and tissue
architecture [13], enhances liver metastasis [13], increases
chemoresistance [14] as well as recombinant overexpression
of CEACAM5 and -6 proteins in transgenic mice (CEABAC
mice), and promotes the formation of colon tumours and
lung tumours [15].

2.2. MUC-1 Protein. CA15-3 is the soluble form of MUC-1
protein, that is, a large type I transmembrane glycoprotein.
As reported in Figure 1(b), MUC-1 is featured by a large
tandem repeat domain highly polymorphic that can include
a minimum of 21 up to 125 repeats between individuals;
each repeat is composed of 20 amino acids rich in serine,
threonine, and proline residues, and the cytoplasmic por-
tion is composed of 72 amino acids containing 7 tyrosine
residues forming a potential clathrin-mediated endocytic
signal sequence [16]. The cytoplasmic tail of MUC-1 is
involved in signal transduction by interaction with signaling
molecules such as beta-catenin and growth factor receptor-
boundprotein/Son of Sevenless (Grb/SOS) [16]. Interestingly,
MUC-1 is able to exceed the distance spanned by most cell
surface proteins being this protein formed by a rigid structure
that protrudes 200–500 nm from the cell surface [16].

As regards the functional role of MUC-1, initially, it was
supposed to bemainly involved in the protection, lubrication,
and hydration of external surfaces of epithelial tissue layers,
as well as lining ducts and lumens in different parts of
the body [16, 17]. Indeed, MUC-1 is strongly expressed by
epithelia of glands and ducts as well as goblet and columnar
cells of epithelial tissues where it has a protective role by
inhibiting the microbial access to the cell wall and blocking
degradative enzymes activity [17, 18]. Also, in case of cellular
transformation, a growing number of pieces of scientific
evidence proved that MUC-1 should be also considered
de facto an oncogene. Indeed, its levels are upregulated in
epithelial cancer cells of different origin and increase with
cancer development andmetastasis [18]. In particular, MUC-
1, like other transmembrane mucins, contributes to oncoge-
nesis by promoting receptor tyrosine kinase signalling, loss
of epithelial cell polarity, constitutive activation of growth
and survival pathways (e.g., the Wnt-𝛽-catenin and nuclear
factor-𝜅B pathways), and downregulation of stress-induced
death pathways [19–22]. Moreover, it has a critical role for
cancer immunosurveillance being able to block the access of
immune cells to tumors, so that cancer cells are protected
from possible clearance mediated by the immune system
[23, 24]. Although MUC-1 expression is strictly associated
with BC aggressiveness, it is not routinely performed for
histological classification of BC, and its use in clinical setting
is focused on the serum evaluation of its soluble form called
CA15-3.

2.3.HER-2. Thediscovery of human epidermal growth factor
receptor 2 (HER-2; also known as ERBB2) by King et al. in
1985 is considered a milestone for cancer research [25, 26].
Indeed, after its discovery, HER-2 gene was found to be
amplified in different number of epithelial cancers, and its
protein overexpression has been linked to central tumor cell
proliferation and survival pathways. HER2 is amember of the
ERBB tyrosine kinase receptor family that includes ERBB1
(EGFR), ERBB3 (HER3), and ERBB4 (HER4). The HER2
receptor is a type 1 transmembrane protein of 1233aa with an
extracellular domain of 630aa containing seven potential N-
linked glycosylation sites, a transmembrane region of 23aa,
and a cytoplasmatic portion of 580aa with a tyrosine-kinase-
containing domain (Figure 1(c)) [26].

Unlike the other members of ERBB family, no direct
ligand binding has been observed for HER2 receptor, and it
is known that its activation relies on (i) heterodimerization
with another family member (i.e., EGFR upon EGF ligand
binding) or (ii) homodimerization with itself when expressed
at very high levels [27]. In case of heterodimerization, HER2
is necessary for ligand binding stabilization and phosphory-
lation of tyrosine residues that leads to downstream second
messenger pathways activation such as those mediated by
mitogen activated protein kinase (MAPK), phospholipase-
C𝛾 and phosphatidylinositol 3 kinase (PI3K) [26]. The
homodimerization of HER2 is primarily detectable in case
of cellular transformation that leads to HER2 overexpression,
particularly in case of BCwhereHER2 genewas found ampli-
fied in 20% of cases up to 25–50 copies. This amplification
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Figure 1: Schematic representation of CEA (a), MUC-1 (b), and HER2 (c) proteins. Of note, proteins are not to scale.

is responsible for 40–100-fold increase in HER-2 protein
resulting in 2 million receptors expressed at the surface of
tumor cell [26]. The abnormal activation of HER2 in case
of homodimerization in cancer tissues leads to a cascade of
signaling events causing the activation of a series of transcrip-
tion factors able to regulate many genes generally involved in
cell proliferation, survival, differentiation, and invasion [26].
Due to these peculiar characteristics, the detection of HER-
2 has become a routine prognostic and predictive factor in
BC and is recommended by the American Society of Clinical
Oncology/College of American Pathologists international
guidelines [28].

2.4. Cytokeratins (TPA, TPS, and CYFRA 21.1). Cytokeratins
(CKs) are a class of intermediate filaments primary involved
in cytoskeletal organization of epithelial cells for the fixation
of the nucleus and maintenance of cellular morphology for
cell protection frommechanical and nonmechanical stressors
[29]. CKs comprise 20 related polypeptides classified in two

groups: type I includes acidic CKs (CK 9–20) and type II
includes neutral-basic CKs (CK 1–8) [29]. Type I and II
CKs are always present in stoichiometric amounts, and their
expression is differentiation dependent; for instance, in a
lot of normal simple epithelial cells (glandular epithelia,
transitional cell epithelium, and hepatocytes), CK8 and its
obligate partner CK18 constitute the primary pair.The keratin
expression pattern of normal epithelia is largely maintained
also in the neoplastic counterpart. Therefore, keratins have
long and extensively been used as immunohistochemical
markers in diagnostic tumor pathology and most cancers
of glandular epithelia origin, including BC, express CK8,
CK18, and CK19 as specific cancer tissue biomarkers [29, 30].
Interestingly, during the last years, a growing number
of pieces of experimental evidence disclosed that CKs
have also an important role in cancer pathophysiology.
In particular, in case of hormonally responsive BC, it
has been shown that CK18 has a regulatory role as it can
effectively associate with and sequester the estrogen
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receptor-alpha (ER-𝛼) target gene and ER𝛼 coactivator
LRP16 in the cytoplasm, thus attenuating ER𝛼-mediated
signaling and estrogen-stimulated cell cycle progression in
BC cells [31]. Moreover, in case of BC, CK8 and CK18 are
frequently found downregulated in metastatic tissue biopsies
where their ubiquitin-immunoreactive degradation products
are detectable and related with tumor aggressiveness [32].
Also, CK-8, -17, and -19 are upregulated in BC cells featured
by defective autophagy, a condition where disease-promoting
mechanisms such as toxic protein aggregation, oxidative
stress, genomic damage, and inflammation are increased
[33, 34]. In oncological patients, cytokeratins serum levels
are informative of disease status and are frequently used
for clinical management. For this purpose, the CKs tested
primarily into the blood stream are CK8, CK18, and CK19
and themost widely used assays are (i) TPA for the evaluation
of CK8, CK18, and CK19; (ii) TPS for the measurement of
CK8 and CK18; and (iii) CYFRA 21.1 for CK19.

3. Tumor Markers for Diagnosis
and Prognosis of BC

3.1. CEA. The first tumor marker used for diagnostic pur-
poses of different human cancer (colorectal, pancreatic,
breast, ovary, head and neck, bladder, kidney, and prostate
cancers) was the CEA antigen, found overexpressed in serum
of oncological patients compared to healthy individuals [35].
Further studies showed that CEA measurement was not
useful for screening or for diagnosis of early BC since it
was too insensitive and nonspecific to reliably differentiate
patients with early BC from those with benign disease
or disease free [36–38]. However, in case of symptomatic
BC patients CEA sensitivity increases, and some authors
evidenced that CEA levels at diagnosis are able to correlate
with the stage of disease [39, 40]. Additionally, as a prognostic
tool, the positive pretherapeutic levels of CEA may be useful
to highlight those patients with a worse prognosis and at risk
to have a recurrence after primary therapy [41, 42].

3.2. CA15-3. The soluble form of MUC-1 (CA15-3) was
identified as a more specific BC marker with respect to CEA.
Also, this marker disclosed low sensitivity and specificity
for the detection of BC, since its sensitivity is 10–15%, 20–
25%, and 30–35% for stages I, II, and III, respectively [43].
Therefore, the screening of CA15-3 in BC patients is not
recommended. As for CEA, the increasing levels of CA15-3
may be useful to detect patients with advanced disease [44].
Indeed, the simultaneous positivity of both markers allows
early diagnosis ofmetastases in up to 60–80%of patients with
advanced disease [45].

3.3. s-HER-2. In the last ten years, particular attention has
been devoted to the detection of the soluble form of HER-2 in
serum from BC patients. Indeed, as demonstrated by several
in vitro and in vivo experiments, the ectodomain of HER-2
can be proteolytically cleaved from the intact receptor and
released as soluble molecule (s-HER-2) [46–48]. In normal
healthy individuals, low concentrations of s-HER-2 can be

detected in serum; however, in some BC patients, s-HER2
levels are increased according to the tumor burden andHER-
2 status [49]. Even if s-HER-2, like other circulating tumor
markers, has limited usefulness for diagnosis and/or screen-
ing of BC, the US Food and Drug Administration (FDA)
introduced its serum levels measurement for monitoring
trastuzumab treatment in BC patients with HER-2 positive
tissue and serum expression [50]. Particularly, in these
patients, it has been shown that decreasing values of s-HER-
2 can be related to a positive response to biological therapy,
whereas increasing levels are able to predict resistance or
may act as an early warning indicating that standard doses
of trastuzumab are insufficient [51].

3.4. Cytokeratins. The screening of circulating cytoker-
atins in BC patients at diagnosis is actually not recom-
mended; however, recent observations showed that the
detection rate of hepatic metastases in patients with BC
can be raised up to 90% by simultaneous testing the
serum levels of CA15-3, CEA, and circulating cytokeratins
(TPA, TPS, and CYFRA 21.1) [45, 46].

4. Tumor Markers for Surveillance after
Primary BC Treatment

4.1. International Guidelines Recommendations. Serum tu-
mor markers are frequently required by clinical oncologists
as an economic and noninvasive test for patient manage-
ment during followup after primary BC therapy for an
early detection of recurrence or metastases [63, 64]. They
should be useful to discriminate those patients at risk to
have a recurrence after primary BC treatment; however,
their usefulness is still object of intense debate in the sci-
entific community [63, 64]. This criticism has been raised
during the 1990s, when two large multicenter randomized
prospective trials, accounting each for about 1000 patients,
showed that patients subjected only to periodic clinical visit
and mammography showed the same outcome respect to
those following an intense regimen including radiology and
biomarkers screening [65, 66]. Furthermore, this caveat
has been recently confirmed and stressed by the ASCO
guidelines for Breast Cancer Follow-Up and Management
After Primary Treatment (Table 1) [52]. In particular, these
guidelines recommend that an optimal followup has to be
primarily done by a careful history andphysical patient exam-
ination performed by an experienced physician together with
a regularmammography, particularly in case of breast conser-
ving surgical therapy. Conversely, tumor markers exams,
bone scans, chest radiographs, liver ultrasounds, CT, and
even FDG-PET scanning as well as magnetic resonance
imaging are not recommended by ASCO for routine BC
followup in asymptomatic patients with no specific findings
on clinical examination [52]. Despite these recommen-
dations, other scientific organizations suggest serum tumor
markers testing for postoperative surveillance as well as
therapymonitoring in patientswith advancedBC (Table 1). In
particular, the European Group on Tumor Markers (EGTM;
http://www.egtm.eu/recommendations.html) [57] and the
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Table 1: Current recommendations edited by international scientific organizations for the use of serumcancer biomarkers in clinical oncology.

Expert panel Recommendation Year of publication Reference

ASCO The use of CA15-3 and CEA is not recommended for routine surveillance of
patients with breast cancer after primary therapy 2013 [52]

ESMO
Serum tumor markers (such as CA15-3 and/or CEA), if initially elevated, may
be helpful in monitoring response, particularly in the case of nonmeasurable
disease. However, a change in tumor markers alone should not be used as the
only determinant for treatment decisions

2012 [53]

ACR Localizing “occult” disease especially in the presence of clinical indicators
such as elevated tumor markers 2012 [54]

EANM
Establishing and localizing disease sites as a cause for elevated serum markers
(e.g., colorectal, thyroid, ovarian, cervix, melanoma, breast, and germ-cell
tumours)

2010 [55]

NACB CEA and CA15-3 are useful for therapy monitoring especially in patients with
nonevaluable disease 2008 [56]

EGTM
CA15-3 and CEA are the most useful serum markers in patients with breast
cancer. Serial determinations of these markers are useful in assessing
prognosis, early detection of relapse (metastasis), and therapy monitoring

2005 [57]

Table 2: Studies proving the usefulness of performing PETCT scan on patients during followup with rising tumor markers for the detection
of cancer lesions undetectable by conventional morphological imaging.

Study/year Results Remarks Tumor markers Reference

Filippi et al. Nucl Med
Commun. 2011

FDG PETCT was positive in 36 out
of 46 patients with rising
biomarkers

The FDG-PET/CT scan plays an
important role in restaging breast cancer
patients with rising tumor markers and
negative or equivocal findings in
conventional imaging techniques

CEA and CA15-3 [58]

Evangelista et al. Eur J
Nucl Med Mol Imaging.
2011

PETCT scan analysis was positive in
30 out of 40 patients with elevated
tumor marker

FDG PETCT is more sensitive than CT
for the evaluation of disease relapse;
PETCT might be considered a
complementary imaging technique
during followup in patients with breast
cancer

CA15-3 [59]

Champion et al. Cancer
2011

PETCT scans were positive in 181
patients (79.5%) and normal in 47
patients with rising CA15-3 and/or
CEA

FDG PETCT imaging is an efficient
technique to detect breast cancer
recurrence suspected on tumor marker
rising in asymptomatic patients

CEA and CA15-3 [60]

Grassetto et al. Eur J
Radiol. 2011

Tumor deposits were detected in
40/89 patients by FDG PETCT

FDG PETCT may have a potential role in
asymptomatic patients with rising
markers and negative conventional
imaging

CA15-3 [61]

Katayama et al. Ann
Nucl Med. 2012

PETCT scan analysis was positive in
23 out of 47 patients with elevated
tumor marker

The change in the tumor marker levels
was substantially correlated with the PET
findings and moderately correlated with
the CT findings

CEA, I-CTP,
CA15-3, BCA225,
and NCC-ST-439

[62]

National Academy of Clinical Biochemistry (NACB) [56]
indicate that rising of tumor markers serum levels, with
particular attention to CA15-3 in case of BC, is able to detect
asymptomatic patients at risk to have metastases prior to
the onset of clinical or radiological findings. In this way,
the relationship between serum levels of biomarkers and
imaging findings is still an argument of great interest for both
laboratory medicine and radiology [3].

4.2. Tumor Markers and FDG-PETCT. For a long time, bio-
chemical markers results were compared to those obtained

by conventional morphological imaging modalities. In these
circumstances, a high rate of false negatives was reported, and
less than 20% of tumor marker elevations were associated
with clinical and radiological findings. Consequently, these
data have aroused doubts and criticisms in the scientific
community about the value of tumor marker-guided follow-
up also in case of BC [56]. During the last years, a growing
number of scientific studies (Table 2) proved that whole-
body FDG-PETCT scan is able to reduce the number of false
negative cases by evidencing early tumor lesions previously
undetectable by conventional morphological imaging exams.
In this regard, it is important to consider two studies
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published in 2011 by Filippi et al. [58] and Evangelista
et al. [59] who evidenced for the first time that hybrid FDG-
PETCT scan was able to pick up cancer lesions, undetectable
by conventional CT alone, in a cohort of about 40 asymp-
tomatic BC patients with rising serum tumor markers. These
observations were soon after corroborated in a third study
by Champion et al. analyzing a large cohort of asymptomatic
BC patients with rising CA15-3 and/or CEA tumor markers
[60].The ability of tumor markers to integrate PETCT exams
for an optimal BC patient management during followup was
also evidenced by Grassetto et al. who retrospectively studied
89 asymptomatic BC patients with rising CA15-3 levels and
negative conventional imaging exams [61] and found that
40 out of 89 patients were positive at FDG-PETCT scan
with tumor lesions detectable at level of chest wall, internal
mammary nodes, lungs, liver, and skeleton. Moreover, in 23
out of 40 patients, a solitary lesion was detectable. Ultimately,
in 2012, a study by Katayama et al. proved that change in
tumormarker levels is primarily correlatedwith PET findings
than CT, however, the hybrid pattern obtained by combining
PET and CT imaging allow an optimal detection of FDG
uptake to monitor disease progression, particularly in case
of bone metastases, respect to other conventional imaging
modalities [62].

5. Monitoring Response to
Therapy in Advanced BC

Monitoring of therapy in patients with advanced BC is a
critical issue in order to define cases responding to therapy
from nonresponding ones [67]. Currently, the criteria of
International Union against Cancer (UICC) are still used
for assessing response to therapy, and they include physical
examination, measurement of lesions, radiology, and isotope
scanning [68]. Tumor markers levels measurement was not
included in UICC criteria; however, two later multicenter
studies showed that changes in serial concentrations of tumor
markers, particularly CA15-3, correlate with response to
therapy as well as with UICC criteria [69, 70]. In this regard,
the actual guidelines from the European School of Oncology
(ESO) suggest that “if tumor markers such as CA15-3 and
CEA are elevated at time of treatment initiation, they can be
helpful for therapy monitoring and long-term surveillance
but they cannot be used solely for decision making with
respect to change of therapy” [71]. Contrary to what is
stated by ESO guidelines, the ASCO guidelines [52] do not
suggest tumormarkermeasurement for monitoring response
to therapy. However, since in about 10–20% of advanced
BC the UICC criteria are not applicable (i.e., in patient
with bone disease), the ASCO suggests tumor markers level
measurement to have an early therapy response evaluation,
but that tumor marker level alone is not sufficient for any
therapy decision making.

6. Conclusions and Future Perspectives

The current routinely used serum tumor markers have
limited usefulness for diagnosis and/or screening of BC
due to their very low sensitivity and specificity as well as

to the fact that they can be raised also in case of some
benign conditions. For example, benign breast or ovarian
disease and endometriosis may be associated with CA15-3
rising, while other conditions such as inflammatory bowel
disease, pancreatitis, and gastritis may cause CEA increase
[72]. Tumor markers level measurement at diagnosis may be
only useful to point out those patients with advanced BC
and then at risk to have liver involvement; however, it is not
excluded that metastatic BC cases may present with normal
serum concentrations.

As regards the usefulness of tumor markers for monitor-
ing patients during followup, the debate is still open between
scientific organizations (Table 1). In fact, the actualASCOand
ESMOguidelines do not suggest the use of tumormarkers for
monitoring BC patients during followup, and both confirm
that they should be used only for advanced BC therapy
monitoring, especially in caseswhere cancer lesions response,
to therapy are not clinically evaluable. Conversely, the Euro-
pean Group for Tumor Markers (EGTM) [57] in agreement
with the National Academy of Clinical Biochemistry (NACB)
[57] sustains that serial evaluation of tumor markers levels
is important for BC patient monitoring in order to get an
early diagnosis of recurrence, since tumor markers rising
often precede clinical or radiological signs of disease. Finally,
the American College of Radiology (ACR) [54] and the
European Association for Nuclear Medicine (EANM) [55]
suggest that tumor markers increasing during followup may
be an early warning able to highlight those patients needing
molecular imaging investigations. In particular, according to
recent studies (Table 2), both organizations reevaluated the
role of tumor markers as an early warning able to highlight
those patients at risk to have a recurrence due to clusters
of tumor cells undetectable by conventional morphological
imaging modalities. We believe that this last consideration
is important since the biochemical markers results could
integrate the diagnostic pathway for an early diagnosis of BC
recurrence and, consequently, provide a better therapeutic
intervention.

In our personal experience, CA15-3 proved to be a good
serum tumor marker for those BC patients needing accurate
molecular imaging investigations (PETCT) during followup.
Our observations are in agreement with recent published
studies suggesting that CA15-3 rising often precedes clinical
or radiological signs of disease recurrence [61, 73]. Neverthe-
less, CA15-3 as well as other established biomarkers cited in
this review does not fulfill the features of an ideal biomarker
especially in terms of diagnostic sensitivity and specificity.On
the basis of these diagnostics gaps, many research groups are
conducting studies aimed at identifying new biomarkers able
to diagnose BC at an early stage using minimally invasive
approaches. In particular, during the last years, circulating
noncoding molecules of RNA (miRNAs) are emerging as an
innovative class of cancer biomarkers since found aberrantly
expressed in different human cancers (tissues and serum) and
featured by unprecedented levels of diagnostic specificity and
sensitivity [74–77]. Despite this exciting discovery, common
BC specific miRNAs have yet to emerge across studies, and
it is too soon to interpret their functional role. In addition,
comparing the circulating miRNAs profiling identified by
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different studies from different countries, only few of these
miRNAs were corroborated by independent research groups
[78]. On the basis of these pieces of evidence, it is essential
to invest in larger study cohorts to validate a reproducible
circulating-derived miRNAs signature to achieve true trans-
lational relevance and bring circulating miRNAs into routine
diagnostics for early detection of BC, to predict outcome and
in treatment planning.
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Background. Carbohydrate 19.9 antigen (CA19.9) has been used in the diagnosis and followup of gastrointestinal tumours. The
aim of this prospective longitudinal study was the evaluation of CA19.9 levels in patients with chronic hepatitis and hepatic
cirrhosis hepatitis C virus and B virus correlated.Materials and Methods. 180 patients were enrolled, 116 with HCV-related chronic
liver disease (48% chronic hepatitis, 52% cirrhosis) and 64 with HBV-related chronic liver disease (86% chronic hepatitis, 14%
cirrhosis). Patients with high levels of CA19.9 underwent abdominal ecography, gastroendoscopy, colonoscopy, and abdominal CT
scan. Results. 51.7% of patients with HCV-related chronic liver disease and 48.4% of those with HBV-related chronic liver disease
presented high levels of CA19.9. None was affected by pancreatic or intestinal neoplasia, cholestatic jaundice, or other diseases
potentially able to induce Ca19.9 elevations. CA19.9 levels were elevated in 43.3% of HCV chronic hepatitis, in 56.3% of HCV
cirrhosis, in 45.1% of HBV chronic hepatitis, and in 58% of HBV cirrhosis. Conclusions. CA19.9 commonly increases in the serum
of patients with chronic viral hepatitis. Elevation of CA 19.9 is not specific for neoplastic disease and is related to the severity of
fibrosis and to the viral aetiology of hepatitis.

1. Introduction

CA19.9 is a glycoprotein expressed by several epithelial can-
cers, as well as in normal pancreatic and biliary duct epithelia,
and it is used currently in the diagnosis and followup of
gastrointestinal tumours [1, 2]. High levels of CA19.9 have
been observed in patients with gastric adenocarcinoma, in
colon, biliary duct, and pancreatic carcinomas [3–6]. Patients
affected by chronic diseases such as pancreatitis, renal failure,
and chronic liver disease showed a significant reduction of
CA19.9 specificity [7]. The CA19.9 immuno-reactivity was
observed in bile ductules and interlobular bileducts of non-
neoplastic areas surrounding hepatocellular carcinoma [8].

CA19.9 levels increase in non-neoplastic and organ-
specific diseases such as acute and chronic pancreatitis,
cholelithiasis, cholecystitis, achalasia, acute hepatitis, hepatic

cirrhosis, and respiratory diseases and in systemic diseases
such as diabetes mellitus and rheumatic and autoimmune
disorders. CA19.9 serum levels can be used as marker for
the followup of chronic organ-specific inflammations, such
as prostatitis [9–16]. An increase in CA19.9 serum levels
has been reported in nonneoplastic liver disease such as
simple liver cysts, severe steatosis, autoimmune hepatitis,
chronic alcoholic hepatitis, and hepatic cirrhosis [16, 17],
where CA19.9 levels seem to correlate with the grade of
fibrosis and cholestasis [17].

The aim of this study was to evaluate serum CA19.9
levels in a cohort of subjects affected by chronic HCV-
correlated (CHC) and HBV-correlated hepatitis (CHB), in
order to evaluate whether elevated CA19.9 serum levels can
be considered a non casual event and/or could depend on
the viral infection (HCV or HBV). We also investigated
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the correlation between CA19.9 serum levels and the severity
of the liver disease.

2. Methods and Materials

2.1. Patients. Eligible patients for this prospective longitu-
dinal study were those who were 18 years of age or older,
were infected by HCV genotype 1b (as determined with
the use of the INNO-LiPA assay), and had a quantifiable
(>6.90𝐸 + 07 IU/mL) serum HCV RNA level (as determined
by polymerase chain reaction, COBAS AmpliPrep/COBAS
TaqMan—ROCHE) and those who were infected by HBV,
with positivity to HBsAg (as determined with CLIA tech-
nique) and quantifiable HBV DNA serum level (as deter-
mined with the use of PCR-based analysis). Both HCV- or
HBV-infected populations must had elevated serum alanine
transaminase levels and findings on liver biopsy consistent
with chronic infection. Cirrhotic patients had to have a
Child-Pugh score less than 7 to be eligible. Ineligible patients
were those who had other liver diseases, as well as those
who were affected by cancer, severe jaundice, pulmonary
and renal chronic diseases, prostatic diseases, autoimmune
diseases, and diabetes mellitus. None of the patients made
excessive use of alcohol (>20 g/die) or hepatotoxic drugs.
Study recruitment was performed in observation and respect
of Helsinki Declaration. All patients gave their informed
consent for the study participation and for each invasive
procedure they underwent. All sensitive data were collected
and protected in respect of present privacy statements. From
November 2007 to January 2009, 180 eligible patients have
been enrolled (108 males, 72 females). The entire cohort is
split into two groups depending on the viral aetiology: Group
1 containsHCV-infected subjects (74males, 42 females; mean
age 54, range 35–73 years); Group 2 contains HBV-infected
subjects (34 males, 30 females; mean age 53, range 34–
75 years). Clinical evaluations, hematochemical, virological,
instrumental, and histological analysis were performed on
these patients.

2.2. Laboratory Analysis. The following serum analyses are
reported in details: renal function tests, serum K+ and Na+,
fasting and postprandial glucose, PSA (prostatic specific
antigen) serum assay, AST and ALT (aspartate aminotrans-
ferase and alanine aminotransferase), 𝛾GT (gamma glu-
tamil tranferase), alkaline phosphatase, total, conjugated and
unconjugated bilirubin, cholinesterase, serum proteins, pro-
thrombin, fibrinogen, and prothrombin time (PT) analysis
were performed. Chemical and physical urine exam was
also performed. All patients underwent a complete virolog-
ical assay for HBV and HCV. HBsAg (hepatitis B surface
antigen), anti-HBc IgG (hepatitis B “core” IgG antibody),
HBeAg (Hepatitis B “e” antigen), HBeAb (hepatitis B “e” anti-
body), HBV-DNA (hepatitis B virus DNA), anti-Delta (Delta
virus antibody) assays were performed. Genomic analysis
for HBV-DNA and HBV genotypes was performed using
COBAS AmpliPrep and INNOLIPA Genotyping assay. Anti-
HCVantibodies were determined by ELISA (Enzyme-Linked

immunosorbent assay ELISA assay-Ortho Diagnostic Sys-
tems, Raritan, NJ, USA). HCV-RNA (Hepatitis CVirus RNA)
levels were detected by polymerase chain reaction (PCR)
of HCV-RNA 5UTR using COBAS AmpliPrep/COBAS
TaqMan (Roche Diagnostics Systems, Branchburg, N.J).
HCV viral genotypes were determined by restriction anal-
ysis of HCV-RNA 5 UTR, using Simmonds’ classification
[18]. Anti-nuclear (ANA), anti-mitochondrial (AMA), anti-
smooth muscle (SMA), anti-liver/kidney microsome type 1
(LKM1) auto-antibodies were measured using immunoflu-
orescence assay (IFA) and semi-quantitative ELISA immo-
bilizing enzyme test. Thyroid function was evaluated by
levels of TSH (Thyroid-Stimulating Hormone) (WHO 2nd
IPR 80/558-ECL), free T3 (free-Triiodothyronine) and free
T4 (free-Tetraiodothyronine T4) that were determined by
immunoradiometric assay (IRMA) and antibodies against
thyroid peroxidase and thyroglobulin were measured by IFA.
Serum C3 and C4 assay was performed. Serum levels of
iron (n.v. 55–160mg/dL in men, 45–150mg/dL in women),
saturated transferring (n.v. 2–36 g/L), total transferrin (total
iron binding capacity, TIBC n.v. 218–411mg/dL), unsatured
transferrin (unsatured iron binding capacity, UIBC n.v. 110–
290mg/dL) and ferritin (n.v. 18–370 ng/mL) were deter-
mined, and saturation of transferrin was calculated as: serum
level of iron/TIBC × 100 v.n. 0–40. Genetic testing to identify
hemochromatosis HFE gene mutations was performed in
order to exclude subjects with hereditary hemochromato-
sis. CA19.9 measurement was performed in all patients by
ECL method Elexis COBAS (n.v. 0.0–39.0UI/mL) using a
commercial kit (CA19.9 diagnostic immunoassay-ROCHE)
based on company’s instructions. The standard cut-off value
(100UI/mL) grants a sensitivity and specificity of 96% and
90%, respectively. All liver function tests, hematochemi-
cal and hormonal measurements, and virological analysis
have been executed in the laboratory of our hospital with
automated and standardized methods, in conformity to the
quality certified standards EN ISO 9001 : 2000.

2.3. Histological Assessment of the Liver. Patients underwent
ultrasound-assisted percutaneous biopsy: tissue specimens
were obtained with Menghini modified needles (automatic
aspiration needle for liver biopsy, ACR 16G, 11 cm, manufac-
tured by Sterylab Srl, Milan; Italy). A Specimen 5 cm long and
containing at least 6 portal spaces was considered significant.
Histological evaluation of the grade of necroinflammatory
activity (grading) and fibrosis (staging) of hepatic tissue was
carried out using the METAVIR scoring system [19].

Patients who resulted positive to high serum levels of
CA19.9 were subjected to perform abdominal and thy-
roid ecography, thorax radiography, Esophagogastroduo-
denoscopy (EGD), colonoscopy, and thorax and abdominal
spiral TC. Clinical, instrumental, and laboratory investi-
gations allowed to exclude other causes of serum CA19.9
elevation: pancreatic, intestinal, ovarian, mammalian, and
prostate tumours, chronic respiratory disease, autoimmune
diseases, rheumatic disease, inflammatory bowel diseases,
cholestatic jaundice, and hereditary hemochromatosis. Base-
line characteristics of the study cohort are shown in Table 1.
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Table 1: Baseline characteristics of the study cohort.

Characteristic
Group 1 Group 2

HCV patients (𝑁 = 116) HBV patients (𝑁 = 64)
𝑁 (%) 𝑁 (%)

Sex—𝑛∘ (%)
Male 74 (63.8) 34 (53.1)
Female 42 (36.2) 30 (46.9)

Age (years) 54 ± 2.3 53 ± 2.6
Race caucasian caucasian
Body-mass index (Kg/m2) 26.5 ± 1.0 27.6 ± 1.2
Blood pressure (sys/dia)—mmHg 128 ± 0.8/84 ± 0.3 132 ± 1.1/81 ± 0.7
Weight (Kg) 68.5 ± 1.3 71.2 ± 0.6
AST—IU/L (n.v. 8–18) 63 ± 0.7 73 ± 0.6
ALT—IU/L (n.v. 8–18) 75 ± 1.2 81 ± 0.8
𝛾GT—IU/L (n.v. 2–30) 34 ± 1.4 32 ± 1.1
Cholinesterase—IU/L (n.v. 4900–11900) 5982 ± 102.5 5878 ± 190.3
Alkaline Phosphatase—IU/L (n.v. 35–100) 86 ± 0.8 89 ± 1.0
Total bilirubin—mg/dL (n.v. 0.2–1.2) 1.06 ± 0.5 1.07 ± 0.3
Conjugated bilirubin—mg/dL (n.v. 0.0–0.4) 0.16 ± 0. 2 0.14 ± 0.1
Viremia
Mean—log IU/mL 6.40 ± 0.86 6.31 ± 0.92

Genotype 1b (100)

D 39 (81.2)
A 4 (8.3)

D + A 2 (4.2)
D + F 2 (4.2)

D + F + A 1 (2.1)
Fasting glucose—mg/dL (n.v. 74–106) 86 ± 1.3 79 ± 1.5
Serum urea—mg/dL (n.v. 6–40) 42 ± 2.1 39 ± 2.3
Serum creatinin—mg/dL (n.v. 0.7–1.3) 0.7 ± 0.1 0.6 ± 0.2
Serum proteins—mg/dL (n.v. 6–8) 7.1 ± 0.6 7.4 ± 0.3
Fibrinogen—mg/dL (n.v. 200–400) 325 ± 10.3 316 ± 11.5
Prostatic Specific Antigen—ng/mL (n.v. < 0.4) 1.3 ± 0.7 1.8 ± 0.5
ANA, AMA, SMA, LKM1 Negative Negative
C3-C4—mg/dL 91 ± 1.6 89 ± 1.9
PLTs count-cell/mm3 218 ± 19 × 103 216 ± 21 × 103

Prothrombin time-sec 10 ± 0.3 9.8 ± 0.2
Prothrombin-% 112 ± 0.9 104 ± 1.3
INR—% (n.v. 0.9–1.2) 1.2 ± 0.2 1.1 ± 0.6
Child-Pugh score ≤5 ≤5
CA19.9—IU/mL (v.n. < 39) 76.8 ± 42.3 78.8 ± 41.6
Values are expressed as the mean ± SD. The body-mass index is the weight in kilograms divided by the square of the height in meters.
∗Viremia stands for quantitative HCV-RNA in Group 1 and HBV-DNA in Group 2 respectively.

3. Statistical Analysis

Continuous variables have been presented with mean val-
ues ± standard deviation (SD). Dichotomic variations will be
expressed as frequencies, and significance was examined by
a nonparametric statistical method (Mann-Whitney 𝑈 Test).
𝑃 < 0.05 was considered statistically significant.

4. Results

In group 1 (HCV infected subjects), none of patients
(0/116; 0%) was found to have METAVIR score F0; 56/116
(48.3%) patients resulted affected by chronic hepatitis
(CH, METAVIR F1–F3) and 60/116 (51.7%) by hepatic
cirrhosis HCV-correlated (METAVIR F4). 60/116 (51.7%)
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Table 2: Distribution of patients with elevated serum Ca19.9
according to METAVIR score.

METAVIR∗
Group 1 Group 2

HCV patients (𝑁 = 60) HBV patients (𝑁 = 31)
𝑁 (%) 𝑁 (%)

F1–F3 26 (43.3)A 14 (45.2)B

F4 34 (56.7)C 17 (54.8)D

total 60 (51.7)E 31 (48.4)F

𝑃 values∗∗: A vs B = ns; C vs D = ns; A vs C ≤0.05, B vs D ≤0.05
and E vs D ≤0.001
∗Liver biopsy specimens were assessed by local pathologist for histology
status and reviewed by one expert pathologist, blinded about specimens
group assignment.
∗∗

𝑃 was calculated using a non parametric test (Mann-Whitney𝑈 test).

patients presented high serum levels of CA19.9 (mean value
76.8UI/mL, SD = 42.3UI/mL); 26/60 (43.3%) patients with
score from F1 to F3; 34/60 (56.7%) with score F4 (cirrhosis).
In group 2 (HBV infected subject), all patients were HBeAg
negative, anti-HBe positive, and anti-Delta negative; HBV-
DNA was detectable in 48/64 (75%) patients. D genotype
was found in 39/48 (81.2%) cases, genotype A in 4/48 (8.3%),
genotypeD+A in 2/48 (4.2%), genotypeD+F in 2/48 (4.2%),
genotype D + F + A in 1/48 (2.1%). 33/64 (51.7%) patients
showed METAVIR F0; 14/64 (21.9%) showed METAVIR F1-
F3 (CH); 17/64 (26.6%) showed METAVIR F4 (cirrhosis).
In this group, all patients with score ≥ F1 (31/64; 48.4%),
showed high serum levels of CA19.9 (mean value 78.8UI/mL,
SD = 41.6UI/mL). No patients were found with F0 score in
group 1 as well as no increase of CA19.9 serum level was
observed in patients with METAVIR score F0 in group 2
(33/64; 51.7%). Our results showed that the increase of CA19.9
serum levels in patients with hepatic cirrhosis is statistically
significant (𝑃 < 0.05) in comparison to CA19.9 increase in
patients with chronic hepatitis, in both groups 1 and 2 (Tables
1 and 2). Furthermore, our results show a highly significant
difference (𝑃 < 0.001) about the increase of CA19.9 serum
levels considering the viral aetiology (HCV versus HBV) of
the liver damage when a comparison is made between the
overall amount of patients with elevated CA19.9 serum levels
in both groups.

5. Discussion

Our data have shown that high levels of CA19.9 are a
frequent event in viral chronic hepatitis HCV- and HBV-
related diseases, 51.7% and 48.4%, respectively. They often
cannot be considered as a sign of neoplastic disease and are
statistically correlated with the severity of the disease (𝑃 <
0.05) and with an increase of the fibrotic process. In fact,
elevations of CA19.9 serum levels can be secondary to the
necroinflammatory processes, to small bile ducts alterations,
to the presence of regeneration nodules, and to the hyper
production of raw collagen, which all are typical expression
signs of chronic hepatitis progression to liver cirrhosis.

A number of studies have investigated the clinical utility
of CA19.9 in diagnosing pancreatic cancer, cholangiocar-
cinoma, and other malignancies [20, 21]. Previous studies
have shown that serum CA19.9 levels are also elevated
in a broad range of benign and malignant conditions,
including inflammatory bowel disease, rheumatoid arthri-
tis, pancreatitis, achalasia, heavy tea consumption, Sjogren’s
syndrome, Hashimoto’s thyroiditis, cholangiocarcinoma, col-
orectal, hepatocellular, esophageal, and lung and ovarian
carcinomas [21–23].

CA19.9 is a mucinic type glycoprotein that is present
only in traces in serum and is normally absent in other
tissues such as pulmonary epithelium, perialveolar interstitial
space, and liver. It is reasonable that any noxa (viral or toxic)
which is able to promote tissue inflammatory damage and,
sequentially, reparative features with fibrotic tissue deposi-
tion and parenchymal regeneration (as it happens in chronic
liver disease, with intra- and interacinar fibrosis, nodular
regeneration, and biliary neoductulation) can induce CA19.9
synthesis [24]. CA19.9 immunoreactivity was observed in cell
membranes facing biliary canaliculi and in biliary ductules of
hepatic bioptic specimens of patients with chronic hepatitis
and liver cirrhosis [8]. Immunohistochemical analysis for
CA19.9 showed high reactivity in hepatic inflammatory areas,
in particular, in bile ductule cells and hepatocytes in ductular
metaplasia, suggesting that these cells can be involved in
CA19.9 synthesis, and its serum levels increase [8, 25–27].

The first outcome of our study is that it is necessary to
carefully evaluate the use of CA19.9 as a tumoralmarker in the
presence of a chronic liver disease, because a high percentage
of false positives can occur. Our data also focused on the
possibility to useCA19.9 as indirectmarker of hepatic fibrosis.

Some works in the literature report a statistically sig-
nificant correlation between CA19.9 serum levels and some
standard parameters of hepatic function: a positive cor-
relation can be shown with levels of AST, ALT, alkaline
phosphatase and bilirubin [17]. Other studies showed a
correlation between CA19.9 (alone or together with CA 125)
and the grade of hepatic fibrosis. In these studies two groups
of patients have been examined, one with a F3-F4 METAVIR
score (portal fibrosis without septa, or septal without cirrho-
sis) and one with a F4 METAVIR score (severe septal fibrosis
with cirrhosis). CA19.9 serum levels (alone or together with
other serum markers) can be used to individuate patients
with severe fibrosis and cirrhosis [28].

Transaminases have been the first indirect hepatic fibrosis
markers. They have been eventually associated to each other
in the aspartate aminotransferase/alanine aminotransferase
ratio (AAR) index [28].Wai and other authors have proposed
a further evolution of AAR index, by combining AST to
platelet count [aspartate aminotransferase platelet ratio index
(APRI)] [29–33].

6. Conclusion

The increase of CA19.9 serum levels are frequent in chronic
viral hepatitis. In our population of patientswith viral chronic
hepatitis and cirrhosis, CA19.9 serum levels elevation does



BioMed Research International 5

not indicate a contemporary neoplastic disease, but correlates
in a statistically significant way (𝑃 < 0.05) with the grade of
liver fibrosis, appearing to be more evident in patients with
higher fibrosis score, thus correlating with the severity of the
liver disease. A previous study showed similar results but
was conducted on subjects with HCV and did not evaluate
subject with HBV [34–36]. A novelty in this study could
be represented by the elevation of CA19.9 serum levels that
seems to be related to the viral aetiology, showing a high
statistical significance when HCV-infected are compared to
the HBV-infected patients (𝑃 < 0.001). This could be
explained by a more fibrogenic property of HCV than HBV,
but more researches must be conducted to better assess the
specific role of the virus for Ca19.9 neosynthesis, while a
direct interaction between HCV proteins and hepatic stellate
cells (HSCs) may contribute to HCV-induced liver fibrosis.
Further investigations may clarify if CA19.9 can assume the
role of indirect marker of hepatic fibrosis and be not only as
neoplastic biomarker.

We propose that CA19.9 could be used in the combi-
nations with the other markers already in use, in order to
increase the diagnostic accuracy of the available tests, rising
both the positive (PPV) and the negative (NPV) predictive
values.
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The development of immune monitoring assays is essential to determine the immune responses against tumor-specific antigens
(TSAs) and tumor-associated antigens (TAAs) and their possible correlation with clinical outcome in cancer patients receiving
immunotherapies. Despite the wide range of techniques used, to date these assays have not shown consistent results among clinical
trials and failed to define surrogate markers of clinical efficacy to antitumor vaccines. Multiparameter flow cytometry- (FCM-)
based assays combining different phenotypic and functional markers have been developed in the past decade for informative
and longitudinal analysis of polyfunctional T-cells. These technologies were designed to address the complexity and functional
heterogeneity of cancer biology and cellular immunity and to define biomarkers predicting clinical response to anticancer treatment.
So far, there is still a lack of standardization of some of these immunological tests. The aim of this review is to overview the latest
technologies for immune monitoring and to highlight critical steps involved in some of the FCM-based cellular immune assays.
In particular, our laboratory is focused on melanoma vaccine research and thus our main goal was the validation of a functional
multiparameter test (FMT) combining different functional and lineage markers to be applied in clinical trials involving patients
with melanoma.

1. Introduction

The primary objective of immune monitoring in cancer
vaccine clinical trials is to find a correlation between the
efficient induction of tumor-specific T-cell responses and
clinical efficacy, due to the importance of the host immune
system in controlling tumor progression. However, although
in several cancer vaccine trials there is indication of increased
frequency of tumor-specific T-cells, no validated biomarkers
exist for cancer immunotherapy as yet [1].

One reason for the lack of correlation between the
immune parameters measured and objective clinical
response might be the complexity of the immune responses
required for a successful tumor eradication which cannot be
dissected through the most frequently used T-cell assays.

Antitumor cell-mediated immunity is a key biomarker for
most vaccines and immunotherapies and involves the activity
of specialized cells including antigen specific cytotoxic T
lymphocytes (CTLs) [2] and CD4+ helper T lymphocytes

[3] as well as components of innate immunity such as
macrophages, dendritic cells (DC), natural killer cells (NK),
and granulocytes.

In addition, since the success of immune response against
cancer is due to the balance between the effector and the sup-
pressive compartments, immunological monitoring should
also include analysis of immune suppressive cells (ISCs) such
as regulatory T-cells (TREGs), myeloid-derived suppressor
cells (MDSCs), and tumor-associated macrophages (TAMs)
[4–6]. These cells play an important role in cancer progres-
sion and responses to immunotherapy. However, due to their
tremendous phenotypic and functional heterogeneity, their
usefulness as biomarkers of outcome or response to therapy
has to await for further development of monitoring assays
that better reflect their biologic significance in cancer.

In addition, a recent report [7] indicates that regulatory B
cells (BREGs), a small subset of suppressor cells, may have
profound effects on the development of T-cell responses,
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further complicating the interpretation of antitumor immune
suppression in disease.

Local and systemic antitumor immune responses can
show markedly different patterns and many functional
responses could be missed when only peripheral blood
lymphocytes (PBLs) and not tumor infiltrating lymphocytes
(TILs) are evaluated; therefore, more emphasis should be
put on immune monitoring also at the effector site by
taking a biopsy of a metastatic lesion [8]. To this end, the
concept of “Immunoscore,” initially described for colorectal
cancer patients, has been recently introduced as an essen-
tial prognostic and potentially predictive tool to classify
cancers, beside the traditional tumor staging classification
(AJCC/UICC-TNM) [9–13]. This parameter might facilitate
clinical decision making including rational stratification of
patient treatment. Usually the immunoscore approach refers
to the analysis of the location, density, and functional orien-
tation of different immune cell populations infiltrating the
tumor, including macrophages, DC, mast cells, NK cells,
näıve and memory lymphocytes, B cells, and T lymphocytes
(which include various subsets of T-cell: TH1, TH2, TH17,
regulatory T-cells (TREGS), T follicular helper cells (TFH),
and cytotoxic T-cells). Such “immune contexture” annotated
in a large collections of human tumors has allowed the
identification of components that are beneficial for patients
and those that are deleterious [14]. For instance, in a study by
Pagès et al. [15], high densities of T-cells (CD3+), cytotoxic T-
cells (CD8+), and ofmemory T-cells (CD45RO+) were clearly
associated with a longer disease-free survival (DFS) (after
surgical resection of the primary tumour) and/or overall
survival (OS).

However, the analysis of tumor microenvironment is
not always feasible and the only samples available are those
obtained from peripheral blood. Furthermore, sometimes
peripheral responses should be of some relevance and could
integrate and increase information given by the tumor
microenvironment. For this reason, we believe that, in addi-
tion to scoring T-cells at tumor sites, the frequency and
functions of T-cells circulating in the peripheral blood of
cancer patients should be examined as potential biomarkers,
by means of validated and standardized immune assays.

Concerning the quality of T-cell response, several papers
showed that the multifunctionality of effector cells is an
important factor to predict the immunological protection
[25]. In particular, it has been demonstrated that the func-
tional profile of HIV-specific CD8+ T-cells in progressors is
limited compared to that of nonprogressors, which consis-
tently maintain highly functional CD8+ T-cells and that the
frequency and proportion of the HIV-specific T-cell response
with highest functionality inversely correlates with viral load
in the progressors [26]. In addition, other reports indicated
that vaccine-induced multifunctional CD4+ and CD8+ T-
cells produce greater amounts of IFN-𝛾 than cells that secrete
IFN-𝛾 alone [27].

In the setting of cancer immunotherapy, the induction of
polyfunctional NY-ESO-1-specific T-cell responses, following
anti-CTLA-4 treatment of metastatic melanoma patients,
has been recently shown to enhance T-cell responses and
to induce durable clinical responses [28]. Further, a recent

paper [29] demonstrated that the triple combination of IFN-
𝛾, IL-2, and TNF-𝛼 represents a Th1 pattern of polycytokine
secretion with greater antigen sensitivity and superior tumor
recognition.

In order to get new insights in exploitation of vaccine-
induced polyfunctional T-cells, standardization and valida-
tion of multiparameter assays are required.

In this review, we will overview the current technology
used for immune monitoring during cancer immunotherapy
in melanoma patients, focusing on a polychromatic FCM-
based approach for ex vivo detection of tumor-antigen spe-
cific T lymphocytes producing multiple functional molecules
simultaneously. To this aim, wewill provide few experimental
examples to discuss critical process steps encountered during
validation of an FMT developed in our laboratory, consisting
of a six-color panel for assessment of polyfunctionality of
tumor-specificCD8+ T-cells in cryopreserved human periph-
eral blood mononuclear cells (PBMCs).

2. Overview of Immunoassays

The objective of any immune monitoring study is to col-
lect interpretable, reliable, and reproducible data for the
detection, quantification, and characterization of immune
responses directed at specific antigens.

The principal techniques utilized for immunemonitoring
are reviewed in [30].

Measuring cytokine production and profile represents an
integral part of immune monitoring during immunothera-
peutic treatments [31]. First-generation immune-monitoring
techniques included proliferation and cytotoxicity assays fol-
lowing short-term in vitro expansion;more recently, tetramer
and Elispot (second-generation assays) allowed to assess
directly ex vivo the frequency of vaccine specific T-cells and
their ability to produce cytokines, usually IFN-𝛾 [32]. How-
ever, this type of analyses is limited by the lack of information
about the functional state of the cells. In the setting of cancer
patients, where tumor escape mechanisms may induce T-
cell anergy by altering lymphocyte signalling and effector
functions [33], the need for third-generation assays aimed at
evaluating the functional properties of rare cell populations
of vaccine-induced T-cells with amultiparameter approach is
becoming increasingly evident. To this aim, the development
of polychromatic flow cytometry for immunemonitoring has
significantly contributed to progress in the field of human
immunology.

In this paper, we will focus on some of the most widely
used FCM-based assays for measurement of antigen-specific
T-cells. In particular, intracellular cytokine staining (ICS)
represents one of the main FCM-based assays and it has
been previously validated by Horton et al. and De Rosa et al.
[24, 34].

The CD107 mobilization assay measures the exposure of
CD107 (LAMP: lysosomal associated membrane protein) a
andb, present in themembrane of cytotoxic granules ofCTLs,
onto the cell surface as a result of degranulation and it can be
used as an alternative to 51Cr release assay. In fact, a good
correlation has been demonstrated between degranulation
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and cytotoxic activity of tumor-specific CD8+ T-cell clones
and CD8+ T-cells, as measured in an FCM-based killing
assay [35, 36]. Further, CD107-expressing CD8+ T-cells are
shown to mediate cytolytic activity in an antigen-specific
manner. Soluble major histocompatibility class I tetramers
are a widely utilized tool for the direct ex vivo detection,
characterization, and isolation of antigen-specific T-cells in
a variety of clinical settings such as infectious, autoimmune,
or neoplastic diseases [37–41].

To provide amore complete assessment of the functional-
ity ofCD8+ T-cells expressing cognate T-cell receptors (TCR),
measurement of CD107a and b expression can be combined
with MHC-class I tetramer labeling and ICS [35].

In order to insure reproducibility andworldwide compar-
isons for conclusive longitudinal monitoring in multicenter
studies, standardized operating procedure (SOPs), as well as
standardized reagents and analysis protocols, need to be used
[42].

Effective large-scale assay harmonization efforts have
already been conducted for commonly used immunological
assays of peripheral blood immune cell populations [43, 44].

Advances in multiparameter flow cytometric technolo-
gies and reagent applications for characterization and func-
tional analysis of cells modulating the immune network have
been recently reviewed in [45].

Researchers from Europe and the United States have
started a project called Minimal Information About T-cell
Assays (MIATA) [46] to standardize and harmonize com-
monly used assays such as the enzyme linked immunosor-
bent spot assay (Elispot) [47] and major histocompatibility
complex tetramer assays [48]. The establishment of uni-
versally accepted guidelines for performing and presenting
immunological assays in scientific publications will create
a framework that will allow the comparison of immune
responses across clinical trials. Many groups performed also
optimization and harmonization of intracellular cytokine
assays [49–52].

3. Key Issues Involved in FCM-Based Assays
and Development of FMT

Flow cytometry is a powerful and versatile technique, ideal
for phenotyping, enumerating, and assessing the function
of rare and precisely defined cell subsets at the single
cell level. Functions assessed by flow cytometry include
cytokine/chemokine production, CD107 expression, multi-
mer analysis, natural cytotoxicity, antibody dependent cell
cytotoxicity (ADCC), and proliferation. Critical steps for
immune monitoring by flow cytometry which may affect
yield, viability, and immunologic function of cells, include
shipping blood variables such as temperature [16] and time
delay of drawn blood processing, freezing/thawing con-
ditions [17, 19, 51], type of anticoagulant used for blood
collection, and type of density-gradient centrifugation used
for the isolation of peripheral bloodmononuclear cells. Other
variables facing multicolor assay depend on antibodies and
fluorochromes used, fixation and permeabilization reagents,
instrument setup, data acquisition and analysis, reporting of

results, internal quality control, external quality assessment,
and flow sorting [53] (Table 1).

The importance of ex vivo analysis versus in vitro analysis
has been addressed by [54].

The principal challenge for FCM-based assays for
immune monitoring in cancer clinical trials is often due
to the need of detecting rare subsets of cells avoiding the
spurious positive events. This goal can be achieved by using
a multiparameter approach in order to minimize the false
positive and negative events by gating and subgating the cells
of interest which express multiple markers simultaneously.
Other critical issues are represented by in vitro T-cell culture
methods when immune responses are analyzed in expanded
T-cell cultures instead of ex vivo. To this aim, optimization
of a cell culture method for analysis of polyfunctional T-cells
has been previously dissected [55].

By setting up a procedure to assess polyfunctionality
of tumor-associated antigen- (TAA-)specific cells in clinical
trials, we observed a reduction of cell number at the end of
the experiment, probably due to a loss of cells at different steps
of cell processing (unpublished data). These observations led
us to initiate a set of controlled in vitro studies to investigate
the impact of different reagents and methods on recovery,
viability, and immunological function of cells.

Our final goal was the optimization and validation of
a reliable method, which we named FMT, for assessment
of antigen specificity and effector functions against the
melanocyte differentiation antigen Melan-A/MART-1. This
protocol, adapted from [56], was based on a six-color panel
combining CD8, MHC-tetramer, CD107a, and intracellular
cytokine staining for three soluble factors with distinct
properties (CD107, TNF-𝛼, and IL-2), in response to the
peptide Melan-A/MART-1 or other stimuli.

In previous experiments, based on previous reports indi-
cating that different fixation/permeabilization buffers may
affect the results of intracellular cytokine detection [21],
we performed the FMT for CD107, TNF-𝛼, and IL-2, after
stimulation with Staphylococcus Enterotoxin B (SEB) and
PHAandwe compared two distinct standardized commercial
lysing/permeabilization buffers: the Lysing/Perm solutions
and the Intrasure kit (both purchased from BD Biosciences)
(Figure 1).

Overall, we found that the fixation/permeabilization with
the Intrasure kit resulted in a stronger response for all the
parameters analyzed and that stimulation with SEB yielded
the higher percentages of CD8+ T-cells producing one, two,
or three factors (Figure 1). Based on these results, we decided
to use in our next experiments the Intrasure permeabilization
kit and SEB as positive control.

Next, we investigated the impact of DNAse, which is
usually used to digest extracellular DNA and reduce cellular
clumping, on cell recovery and viability as well as its effect on
cell function (Table 2).

Compared to previous reports [20] facing this issue, we
try to keep the DNAse during the all steps of the FMT
procedure, from thawing to culturing, even during washing
steps.

Our results indicated that using DNAse after thawing
PBMCs samples and during the entire procedure increased
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Table 1

Critical issue References

Blood collection, shipment, and processing
Temperature of storage [16]
Time from blood draw to sample processing [17, 18]
Freezing/thawing conditions [19]

DNAse during culture [20]
Perm/lysing reagents [21]

Flow cytometric issues
Antibodies and fluorochromes [22, 23]
Spectral overlap and color compensation
Instrument setup
Data acquisition and analysis [24]

Table 2

w/o DNAse w/o DNAse w/o DNAse
NT SEB MART-1

% of CD8+ MART-1+∗ 0.0036 0.0039 0.0046
Number of CD8+ MART-1+¶ 34 29 38

DNAse in culture DNAse in culture DNAse in culture
NT SEB MART-1

% of CD8+ MART-1+ 0.013 0.0081 0.0077
Number of CD8+ MART-1+ 129 80 75

DNAse always DNAse always DNAse always
NT SEB MART-1

% of CD8+ MART-1+ 0.015 0.017 0.011
Number of CD8+ MART-1+ 143 153 103
∗Percentage or ¶number of cells as assessed in an FMT assay, performed on PBMCs from healthy donors, treated and labeled as in Figure 1, with the addition
of HLA-A2/peptide tetramer staining at the beginning of culture (HLA-A2∗0201 peptide phycoerythrin (PE) tetrameric complexes specific for the Melan-
A/MART-1 antigen).

the absolute number and percentages of CD8+/MART-1+
cells as shown in Table 2 that summarizes the effect of DNAse
on cell recovery at the end of FMT, by enumerating TAA-
specific (Melan-A/MART-1) CD8+ T-cells in the presence or
not of DNAse (DN25- SIGMA).

Soluble tetramericMHC/peptide complexes have opened
the possibility to directly identify and monitor antigen-
specificCD8+ T-cells at the tumor site and in blood [40].Mul-
tiparameter monitoring of antigen-specific T-cell responses
that combines ex vivo tetramer staining with various pheno-
typing and functional assays provides a novel approach to
assess the functional potential of tumor-specific T lympho-
cytes and may also facilitate the optimization of vaccination
protocols.

Dextramers are multimers based on a dextran backbone
bearing multiple fluorescein and streptavidin moieties, used
for the analysis of relatively low frequency antigen-specific T-
cells in peripheral blood. The functionality and optimization
of dextramers have been previously demonstrated on human
CD8+ T-cell clones with four independent antigen specifici-
ties [57].

Staining of a CD8+ line from a healthy donor with
either MART-1-specific tetramers or pentamers or dextra-
mers shows that dextramers produce a stronger signal against

Melan-A antigen and a lower background signal than their
tetramer and pentamer counterparts (Figure 2). Thus, dex-
tramers could become the reagents of choice as the antigen-
specific T-cell labeling transitions from basic research to
clinical application.

Finally, validation of the FMT for analysis of the function-
ality of T-cells directly ex vivowas performed on amelanoma
patient with discrete percentage of CD8+ MART-1+ specific
T-cells.

In this assay, we evaluated the production of multiple
cytokines (IFN𝛼, TNF𝛾, and IL-2) and upregulation of
LAMP-1 (CD107a) by tumor- (Melan-A/MART-1) specific T-
cells. (Figures 3(a) and 3(b)).

On our side, our FMT experiments were acquired on a
BD-Canto instrument byDIVA software.We chose to analyze
them by a classical approach, using a standard software dedi-
cated to flow cytometry analysis, Flow Jo (Treestar,MA,USA)
and generating graphical representation by Excel (Microsoft,
WA,USA) elaboration.Gating strategymight have a potential
impact on the analysis of antigen-specific polyfunctional T-
cell responses. In our setting, our population of interest was
defined meeting the criteria of a lymphocyte morphology,
based on forward- and side-scatter parameters, singlet mor-
phology, based on forward height scatter and forward area
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Figure 1: Comparison of intracellular and cell surface markers after treatment of cells with two different fixation/permeabilization buffers.
Assessment of cytokine secretion and cytotoxic factor expression in CD8+ T-cells. Briefly, thawed PBMC from a healthy donor was cultured
(1 hour at 37∘C) in presence of anti-CD107a and Staphylococcus enterotoxin B (SEB; Sigma-Aldrich, Munich, Germany, used at 2𝜇g/mL) or
PHA (HA16,Murex Biotech, Dartford, UK, used at 1.5𝜇g/mL) in presence of costimulatory antibodies (CD28 and CD49d). After the addition
of brefeldin A (Golgi Plug) and monensin (Golgi stop) (Becton Dickinson, San Jose, CA, USA), cells were incubated for additional 5 hours.
Following stimulation, final 2mM EDTA was added to each well and incubated for 15 minutes. Cells were then incubated for 30min at 4∘C
with surface antibodies (CD8), fixed, and permeabilized with the previously mentioned lysing/permeabilization buffers and stained with
fluorescently labelled antibodies directed against IL-2 and TNF-𝛼. Samples were then acquired on a FacsCanto flow cytometer instrument
(BD Biosciences) and analyzed by FACSDiva and/or FlowJo software (Tree Star, Ashland). (a) Bar graph showing the percentages of total
CD107a+, TNF-𝛼+, and IL-2+ analyzed within CD8+ gated cells. (b) Bar graph showing the polyfunctionality of CD8+ T-cells upon SEB
stimulation (Boolean analysis). As negative controls, we included untreated cell (only costimuli).

scatter, positivity of surface antigen expression (tetramer and
CD8). Expression of 4 parameters, CD107a and the intracel-
lular cytokines, IL-2, IFN-𝛾, and TNF-𝛼, was simultaneously
investigated by a 6-colors staining to assess polyfunctionality
of the gated population. This sequential gating strategy is
shown in Figure 3(a), along with some bidimensional plots
showing some of the possible representation of parameters
under study.

The possible combinations of positivity/negativity of
these 4 parameters generate a large number of variables
(30 for each sample). An effective way to give a graphic
representation of such a lot of variables is to use histograms
and pie chart (Figure 3(b)). Pie charts give a quick shot
of the proportion of responding cells producing one or
more functions without specifying which is the particular
function [58]. We drew these graphics by elaborating FlowJo
results export using a standard Excel (Microsoft, WA, USA)
worksheet, adapting the Simplified Presentation of Incredibly
Complex Evaluations software’s approach (SPICE, Version
2.9, Mario Roederer, Vaccine Research Center, NIAID, NIH),
one of the most largely utilized free Apple Mac-based data
mining software [54, 58, 59].

4. Tools and Software for Analysis of Flow
Cytometric Data

Traditional methods to analyze flow cytometric data involve
gating of populations in one- or two-dimensional displays

and manually selecting populations of interest. However,
such methods are highly subjective and time consuming.
Particularly, with the advent ofmultiple lasers flow cytometry
analyzer, it is possible to have up to 18 colors of fluorescence
detection simultaneously in the same sample. This leads to
an enormous amount of variables, due to the all possible
combinations of each parameter acquired. So that, critical is
the analysis approach: bioinformatics will be surely theway to
manage this kind of data in the next future. Looking back to
the classical way to analyze FCS files, by manual, sequential
gating, in the past years an enormous number of dedicated
software has been developed by industries and academies
(most of these last being freeware) [60].

Just to cite the most common among them, BD-DIVA,
Miltenyi-MACSQuantify,Millipore-GuavaSuite, (acquisition
and analysis commercial software, being interfaces of flow
cytometer), FlowJo (one of the most common analyser soft-
ware for flow cytometry), BeckmanCoulter-Kaluza, Weasel
(commercial analysis software), and WinMDI, (free aca-
demic analysis software); each of them is endowed with
peculiar tools and utility.

A detailed list of cytometry software and educational
materials in cytometry is provided by the “original cytom-
etry software catalog,” developed and managed by Dr. Eric
Martz and by the Purdue University Cytometry Laborato-
ries (http://www.cyto.purdue.edu/flowcyt/software/Catalog
.htm).

Reviewing the new computational approach of analysis,
often based on automated gating and high level of statistical
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Figure 2: Comparison of different MHC multimers for detection of antigen-specific T-cells: dot plots representing percentages of CD8+
MART-1+ tetramer+/pentamer+/dextramers+ cells, analyzed within the singlets-live gate of a CD8+ expanded line obtained from a healthy
donor.

analysis and representation output, several groups have devel-
oped different strategies.

Among them, open source tools like Bioconductor
flowFlowJo, able to extracting information from a FlowJo
workspace and deliver the data into 𝑅 (one of the most
common statistical processor) in the flowCore paradigm,
have been developed to allow the management of high
throughput data [61].

Probability binning algorithm extensively described by
Roederer et al. in [62] is today a powerful tool employed,
th2solution phenotype [63].

One unique approach, an algorithm called SPADE, uti-
lizes downsampling, clustering, minimum spanning tree,

and upsampling algorithms to generate two-dimensional
branched visualizations [64, 65]. The branched tree structure
incorporates information from all measurements in the data,
partially addressing scalability issues. However, SPADE has
many of the same subjective inputs as conventional clustering
algorithms (e.g., number of clusters) and alsomay have issues
of reproducibility and generation of nonbiological branches.

Similar to the SPADE software, the EuroflowConsortium
software called INFINICYT uses nearest-neighbor analysis
to associate the data around the center of the mass of cells.
Adopting Euclidean distance analysis, this software associates
a normal profile for a cell type (through phenotyping of
multiple normal samples) to identify and characterize an
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Figure 3: Continued.
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Figure 3: Validation of FMT (representative example of a melanoma patient). (a) Sequential gating strategy. Representative example dot
plots and FACSDIVA analysis. Forward-scatter (FSC) area versus FSC height parameters were used to exclude cell doublets; cells were
gated by forward and side scatter for lymphocytes; gated populations are plotted as CD8 (horizontal axis) versus tetramer staining (vertical
axis). Direct ex vivo analysis cytokine production (IFN𝛼, TNF𝛾, IL-2) and degranulation CD107a/LAMP-1) within CD8+ population or
CD8+/MART-1 tetramer gated T-cells after stimulation with Melan-A/MART-1 peptide. (b) Histogram plots representing the individual
functional combinations as a proportion of the total responding cells after stimulation with Melan-A/MART-1 peptide. Mutual exclusion,
red bars: Percentage of cells expressing a certain combination of parameters (+) and not expressing the parameter indicated as (−).Nomutual
exclusion, blue bars: percentage of cells expressing a certain combination of parameters (+) independently from the expression of the parameter
indicated with (−). The pie slices indicate the average proportion of the response producing 1, 2, 3, or 4 functions (regarding in this case “no
mutual exclusion” variables). Each slice indicates one of the functions.

abnormal profile (http://www.infinicyt.com/). Developed as
a diagnostic tool, this approach is limited by the relative
frequency of the cell subset of interest and restriction of the
parameter chosen to determine the normal profile that was
used to create the database.

An additionalway to look at the data is using the probabil-
ity state modeling (PSM) method and the visualization tools
in GemStone (http://www.vsh.com/products/gemstone/)
software for the analysis of multidimensional flow cytometry
data. A probability state model is a set of generalized 𝑄
functions, one for each correlated measurement, where the
common cumulative probability axis can be a surrogate
for time or cellular progression. By exploiting the unique
characteristics of 𝑄 functions, PSM can model any number
of correlated measurements and present one comprehensive
yet understandable view of the results. In summary, these
various software packages work to reduce the complexity into
a relatively small set of model parameters that are amenable
to group statistics and comparisons.

A model-based analysis based on statistical mixture
models has been recently reported by [66], for cell subtype
identification in flow cytometry.

Multivariate analysis of flow cytometric data using deci-
sion trees is interestingly described in [67], where, in order
to examine whether the production of a certain cytokine
is depended on other cytokines, datasets from intracellular
staining for six cytokines with complex patterns of co-
expression were analyzed.

A number of these approaches involve some variation
of clustering analysis, which can have important limita-
tions. Other approaches have been developed in addi-
tion to clustering, including principal components analysis
(PCA) and Bayesian inference. These approaches have been
evaluated through the FlowCAP initiative (http://flowcap
.flowsite.org/).

To standardize the universe of Flow Data, MIFlowCyt
(minimal information about a flow cytometry) experiment
standard has been approved by the International Soci-
ety for Advancement of Cytometry for the reporting of
any flow cytometry results (http://flowcyt.sourceforge.net/
miflowcyt/).

Our comment on computational approach, using of
command line languages, algorithm design is that it is a
potent andprecious tool but quite far from themean expertise
of a flow cytometer user, which should have a specific training
and/or collaborating with a bioinformatician. Maybe the
future will reserve us more user friendly interfaces dedicated
to computational analysis of flow data.

5. Consortia and Useful Links for
Harmonization and Standardization of
FCM-Based Assays

Many immune monitoring Consortia have been recently
created worldwide to help facilitate and harmonize immune
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monitoring approaches in the cancer immunotherapy field
and establish rigorous quality control standards for serial
monitoring of immunologic functions.

Among them, the Cancer Immunotherapy Consortium
(CIC) of the Cancer Research Institute (CRI) in USA and the
Association for Cancer Immunotherapy (CIMT) in Europe
supported the web-based reporting framework on “Minimal
Information about T-Cell Assays” MIATA [46], a project
aimed at generating recommendations on the minimum
information required to allow an objective and thorough
interpretation of published results from immunological T-
cell assays. (http://www.miataproject.org/). As mentioned
before, up to date, this framework has completed proficiency
panels and published harmonization guidelines for the top
immune assays (Elispot, peptide-multimer assays, intracellu-
lar cytokine staining, and Luminex) [48, 68].

In addition, several links might help researcher to find
their response to common questions regarding technical
issues about FCM based-assays. Just to cite some of them, the
Maecker lab weblog (http://www.miataproject.org/) provides
research and training materials for flow cytometry and
immune monitoring; the (http://cytobank.org/facselect/)
might help to assist with optimization of stain-
ing conditions; the ICH Q2(R1) document (http://www.ich
.org/products/guidelines/quality/article/quality-guidelines.
html) is a guideline for validation of analytical procedures.
In addition, a number of companies, such as the IST (http://
immunositetechnologies.com/services/automation/immune
-monitoring-automation.html) offer their expertise to de-
sign, develop, validate, and run polychromatic flow assays.

6. Conclusions

The development of new vaccines and immunotherapeutic
strategies against cancer requires the sophisticated assess-
ment of immuneparameters (biomarkers) to reliablymeasure
antitumor immune responses.

A wide range of advanced monitoring assays is currently
used to determine phenotypical and functional character-
istics of antitumor T-cells in cancer immunotherapy trials,
including T-cell proliferation, cytokine profile, CTL assays,
CTL-associatedmolecules (CD107, perforin, granzymeB, and
CD154), and MHC-multimer analysis. However, these assays
still fail to establish the possible correlation between immune
response and clinical outcome. The lack of this correlation
might reflect the methodological limitations of immunologic
assays or the postvaccination absence of antitumor responses
sufficiently robust to induce disease-free or overall survival.

Multiparameter flow cytometry expands platform
for assessing functional profiles and patterns of immune
responses. In particular, the use of polychromatic flow
cytometry is likely to assume a role in defining the correlates
of protection for vaccine efficacy as well as in monitoring
immunotherapies in diseases such as HIV and cancer. In
fact, it allows simultaneous detection of various parameters
such as enumeration at the single cell level of different
T-cell subsets (näıve, effector, central memory, effector
memory), as well as cells belonging to the innate and

myeloid compartment and providing information about the
breadth and the quality of the induced immune response.
The recent literature relates simultaneous expression of
multiple functions (polyfunctionality) to immunity, since
measurement of IFN-𝛾 alone underestimates the total
response [69].

Nevertheless, despite advances in the development of
immune monitoring assays during the past decade, further
advances are needed to implement throughput and standard-
ization of such assays according to Good Laboratory Practice
guidelines, such as those recently formulated based on rec-
ommendations from the iSBTc-SITC/FDA/NCI Workshop
on Immunotherapy Biomarkers [70].

The goal of the present paper was to provide further
insights into the development of standardized FCM-based
immune assays. In particular, we revised the most common
and critical issues of FCM-based technologies used for
immune monitoring and evaluated the applicability of a six-
color flow cytometric assay, previously developed in our lab-
oratory, for immune monitoring in the setting of melanoma
studies. This assay simultaneously measures effector cell
degranulation and cytokine production by Melan-A/MART-
1 specific CD8+ T-cells. We were able to define some of the
crucial aspects regarding sample processing and evaluated
various staining and gating strategies. Concerning flow data
analysis, wemight conclude that different approaches of anal-
ysis and visual representations should be performed in order
to obtain a complete picture of results about polyfunctionality
of tumor specific T-cells.
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A novel spectrophotometric method for the quantification of urinary xanthurenic acid (XA) is described. The direct acid ferric
reduction (DAFR) procedure was used to quantify XA after it was purified by a solid-phase extraction column. The linearity
of proposed method extends from 2.5 to 100.0mg/L. The method is precise, yielding day-to-day CVs for two pooled controls
of 3.5% and 4.6%, respectively. Correlation studies with an established HPLC method and a fluorometric procedure showed
correlation coefficients of 0.98 and 0.98, respectively. Interference from various urinary metabolites was insignificant. In a small-
scale screening of elderly conducted at Penghu county in Taiwan (𝑛 = 80), we were able to identify a group of twenty individuals
having hyperhomocysteinemia (>15𝜇mole/L).Three of themwere found to be positive for XA as analyzed by the proposedmethod,
which correlated excellently with the results of the activation coefficient method for RBC’s AST/B

6

functional test. These data
confirm the usefulness of the proposed method for identifying urinary XA as an indicator of vitamin B

6

deficiency-associated
hyperhomocysteinemic condition.

1. Introduction

Homocysteine (Hcy) is a sulfur-containing amino acid which
is an intermediary product of the transmethylation reaction
of methionine. Once formed, Hcy can either be remethylated
back to methionine by a folate- and vitamin B

12
-dependent

enzymatic reaction or can undergo the transsulfuration
pathway to form cysteine (the rate-limiting precursor for
gluthathione) via a two-step enzymatic process catalyzed
by cystathionine 𝛽-synthase (CBS) and cystathionase, both

requiring vitaminB
6
coenzyme [1–3]. Park andLinkswiler [4]

reported that urinary Hcy excretion increased considerably
with six male volunteers who consumed a diet depleted of
vitamin B

6
whereas several studies on experimental animals

suggested that a vitamin B
6
deficiency could result in Hcy

accumulation [5–7]. Collectively, these reports implicate that
measurement ofHcy is not a specific biomarker for deficiency
of vitamin B

6
. In contrast, kynureninase (EC 3.7.1.3), a pyri-

doxal 5-phosphate coenzyme-requiring enzyme is essential
for the catalytic action of converting 3-hydroxykynurenin,



2 BioMed Research International

an intermediary product of tryptophan metabolism, to 3-
hydroxyanthranilate [8]. Either subclinical deficiencies of
vitamin B

6
or a genetic defeat on kynureninase can lead to

the accumulation of xanthurenic acid (XA) in plasma and
urine [5–7]. Collectively, despite vitamin B

6
deficiency can

lead to a combined accumulation of XA and Hcy in urine,
the former is considered to be a more sensitive and specific
indicator thanHcy for the evaluation of vitamin B

6
deficiency

because Hcy can be diverted to other pathways even in cases
of vitamin B

6
deficiency.

Vitamin B
6
deficiency was first suggested earlier by

scientists who demonstrated widespread vascular lesion in
pyridoxine deficient monkeys with little or no lipid dis-
position, and their serum cholesterol were hardly elevated
[9]. Furthermore, Ubbink et al. [10] reported that patients
with cystathionine 𝛽-synthase (EC 4.2.1.22) deficiency, the
first vitamin B

6
-dependent enzyme catalyzing the transsul-

furation pathway of homocysteine catabolism, exhibited
widespread vascular disorders. In addition, patients with
rheumatoid arthritis had been reported to possess reduced
circulating level of vitamin B

6
and their plasma pyridoxal 5-

phosphate levels correlated with both the net Hcy increase
in response to a methionine load test and 24 hr urinary XA
excretion in response to a tryptophan load test [11]. Besides,
Zhang et al. [12] implicated that pyridoxal 5-phosphate,
the principal active form of vitamin B

6
, has a number of

biological roles that potentially make it important in cancer.
The rationale of this implication is that adequate vitamin B

6

levels are important for conversion of Hcy into cysteine and
high intracellular levels of pyridoxal 5-phosphate can lead
to decreased steroid hormone-induced gene expression. In
addition, these authors also presented evidence that higher
plasma levels of folate and vitamin B

6
may reduce the risk of

developing breast cancer. These data implies that vitamin B
6

deficiency itself may be a risk factor for cancer.
Measurement of urinary or plasma XA has been used

clinically to study vitamin B
6
deficiency [8, 13, 14], including

febrile disorder [15], theophylline-induced asthma [16], drug-
induced diabetes [16], the effect of tryptophan and six of
its metabolites on the nicotinic acid pathway [17], and the
etiological role in a variety of chronic degenerative disease
including a variety of cancers [18–22]. Among the methods
developed for quantifying urinary XA [23–28], one tedious
and lengthy assay involved the extraction of XA from urine
with isobutanol, isolation by thin-layer chromatography, and
eventually spectrophotometric determination [25]. The first
fluorometric quantification of urinary XA was devised by
Satoh and Price [23], based on the separation of XA by
Dowex 50 (H+), followed by measurement of its fluorescence
in strong alkali, and kynurenic acidwas simultaneously deter-
mined by fluorometry in strong H

2
SO
4
. This method was

subsequently modified by Cohen et al. [24], who separated
XA from other fluorescent substances in urine by a pH-
and NaCl-dependent extraction with isobutanol and then
determined the fluorescence of XA in alkaline solution so
that potentially interfering compounds such as kynurenic
acid could be obviated. However, all these methods involve
multiple procedural steps which are rather tedious and time-
consuming. In addition, several HPLC methods have also

been devised for quantifying urinary XA [26, 28]. However,
the expensive instruments required might not be readily
available in a general clinical laboratory. For these reasons, we
set out to develop this rapid and simple spectrophotometric
method for measuring urinary XA that is free of interference
and can be easily adoptable for routine use by clinical and
micronutrient assessment laboratories. To further exemplify
its clinical application, we performed a single-blind study
on a group of urine specimens (𝑁 = 20) obtained from
patients with hyperhomocysteinemia of unknown etiologies
using proposed method to screen for XA. Based on this
screening procedure, we were able to successfully identify
three out of twenty patients with hyperhomocysteinemia that
were actually originated from vitamin B

6
deficiency.

2. Material and Methods

2.1. Chemicals. Unless otherwise stated, reagents of the
highest quality available were obtained commercially. XA
(4,8-dihydroxyquinaldic acid), kynurenic acid (4-hydroxy-
quinoline-2-carboxylic acid), 2,4,6-tris-(pyridyl)-s-triazine
(TPTZ), ferric chloride hexahydrate, vitamin C, uric acid,
salicylate, acetaminophen, vanillylmandelic acid, and hom-
ovanillic acid were purchased from Sigma Chemical Co.
(St. Louis, MO, USA). Solid-phase anionic-exchange resin
(trimethylaminopropyl group bound to silica) was purchased
from Analytichem (Harbor City, CA).

2.2. Reagents. (a) Acetate buffer, 0.3mol/liter, pH 3.6, is
prepared by dissolving 3.1 g of sodium acetate trihydrate in
distilled water. Add 16.0mL of glacial acetic acid. Dilute
to 1 liter, check the pH, and adjust it to 3.6. (b) TPTZ,
8mmol/liter, is prepared by dissolving 624mg of TPTZ in
250mL of HCl solution (36mmol/liter, 0.75mL conc. HCl
andH

2
O). (c) FeCl

3
⋅ 6H
2
O solution is prepared by dissolving

540mg of ferric chloride hexahydrate in 100mLHCl solution
(0.02mol/liter, 0.16mL of conc. HCl, and H

2
O).

2.3. Urine Purification. Routinely, 24 h urine specimens are
collected in brown bottles with 6N HCl as preservative
and proceed for analyses without delay. The sample should
be well mixed and an aliquot frozen if the sample cannot
be analyzed within 48 hr after collection. Before analysis,
the urine specimen (after thawing, if necessary) is filtered
through Whatman No. 1 filter paper, and 5.0mL of urine is
applied to an anion-exchange solid-phase extraction column
(100mg/column). After the urine sample has passed through
the extraction column, the adsorbed XA is eluted with 2.0mL
of 0.1M HCl.

2.4. Spectrophotometry of XA. 0.5mL of eluate from purified
procedure mentioned previously is added and 0.5mL of
1N NaOH. 0.1mL of this alkaline elute is then added to a
solution containing 2.5mL of acetate buffer, pH 3.6, 0.3mL
of TPTZ, and 0.1mL of FeCl

3
solution. The tubes are well

mixed and stand at room temperature for exactly 15 minutes.
Immediately, the absorbance of each tube is read at 593 nm.
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XA concentration of the unknown is estimated from the
standard curve based on the absorbances of the standards.

2.5. Fluorometric Measurement of XA. The eluate containing
XA from urine is dissolved into potassium phosphate buffer,
pH 4.0. The fluorescence of XA is then determined at 460–
470 nm (after excitation at 305 nm) with a Turner spectroflu-
orometer.

2.6. Correlation Studies. Theresults obtained by the proposed
method were compared with those determined by an estab-
lished HPLC method [27] and with a fluorometric method
established in our laboratory [29].

2.7. Rapid Screening of Urinary XA in Elderly with Hyper-
homocysteinemic Condition. We conducted a small-scale
screening of the elderly (age 61 to 80 years) (𝑛 = 80)
for hyperhomocysteinemia during a regular annual physical
check up from Penghu County. The project was approved
by the Institutional Review Board of Kaohsiung Medi-
cal University (KMUH-IRB-960036). Individuals who had
hyperhomocysteinemic condition (>15 𝜇mole/L) were asked
by the physician to donate urine specimens with informed
consent. These specimens were then analyzed by our pro-
posed method for XA. For those urine samples positive for
XA, a parallel determination of activation coefficients on
RBC’s aspartic acid aminotransferase (AST)/B-6 functional
test was performed to confirm if XA-positive individualswere
definitively deficient in vitamin B

6
.

2.8. Statistics. Data are expressed as mean ± S.D. and ana-
lyzed using Student’s t-test. P values lower than 0.05 were
considered statistically significant.

3. Results

3.1. Absorption Spectra. Spectral scan for XA after reacting
with Fe+3-TPTZ complex in acidic buffer (pH 3.6) exhibit a
maximum absorption peak at 593 nm. The absorption peak
represents the formation of Fe+2-TPTZ (intense blue color)
(Figure 1).

3.2. Time Course Study. Reduction of Fe+3-TPTZ complex
by XA exhibits a time-dependent manner. The increment of
absorption at 593 nm reaches a plateau approximately 30min
(Figure 2). For accuracy, the reaction time for the proposed
method should be set at 30min. If this procedural step is
inconvenient, a short time of color development can be used
(e.g., 15min), but each tube should be timed for equal amount
of incubation time, and the absorbance at 593 nm should be
read immediately without delayed.

3.3. Linearity. Absorbances of calibrators at 593 nm were
linearly related to XA concentrations from 2.5 to 100mg/L
(Figure 3). The limit of detection (LOD) is 10 𝜇g/mL.
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Figure 1: Spectral scan for xanthurenic acid after reacting with Fe3+-
TPTZ complex in acidic buffer (pH = 3.6) exhibiting a maximum
absorption peak at 593 nm. The absorption peak represents the
formation of Fe2+-TPTZ (intense blue color). A = 8𝜇g XA in 0.1mL
MeOH versus reagent blank, B = 4𝜇g XA in 0.1mL MeOH versus
reagent blank, and C = reagent blank versus H
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Figure 2: Reduction of Fe3+-TPTZ complex by XA is a time-
dependent process. The increment of absorption at 593 nm reaches
a plateau at approximately 30min. For accuracy, the reaction time
for the proposed method should be set at 30min. (∙–∙) = 4𝜇g XA in
MeOH and (I–I) = 8 𝜇g XA in MeOH.

3.4. Analytical Recovery. To determine the accuracy of the
procedure, we performed a recovery study the percentage
of recovery represents the measured value expressed as a
percentage of the expected value. The mean percentage of
recovery for 10 samples was 99.8 ± 2.1% (data not shown).

3.5. Precision. Reproducibility as reflected by day-to-day
and within-run precision data were excellent (Table 1). Five
repetitive determinations on two pooled XA-supplemented



4 BioMed Research International

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

0 10 20 30 40 50 60 70 80 90 100

Ab
so

rb
an

ce
 (5

93
 nm

)

Concentration of XA (mg/L)

r = 0.9988

y = 0.0079x + 0.0149

Figure 3: Linearity of XA determination as assayed by the proposed
spectrophotometric method. Each point represents an average of
triplicate determinations. The XA stock solution (100mg/L) was
prepared by dissolving 10mg of XA into 1.0mL of methanol and
then made up to 100mL with XA-free pooled urine. Various
concentrations of standards were thenmade up by dilutingwith XA-
free urine to the desired concentrations.

Table 1: Precision studies results.

XA determined by
the proposed

method (mg/L)∗

Indirect activation
coefficient (AC) test
for RBC/AST∗∗

Within-run (𝑛 = 5)∗

Mean, mg/L 20.2 41.0
SD, mg/L 0.60 1.5
CV, % 3.0 3.7

Day-to-day (𝑛 = 25)∗∗

Mean, mg/L 20.2 41.0
SD, mg/L 0.7 1.9
CV, % 3.5 4.6

∗Each level of pooled urine sample was determined simultaneously for 5
times at the same day.
∗∗Each level of pooled urine sample was run 5 times per day for five
consecutive days.The pooled data were then calculated formean, SD andCV.

urine controls had a mean value of 20.2 and 41.0mg/L,
respectively (with CVs of <5.0%).The CVs for the same set of
controls assayed on 5 consecutive days were 3.5% and 4.6%,
respectively. Again, the day-to-day reproducibility was also
excellent.

3.6. Correlation Studies. We compared results by the pro-
posed method with those determined by an established
HPLCmethod [27] for 30 samples.The correlation coefficient
between the two methods was 0.98. (Figure 4(a)) Compar-
ison of the proposed method with a fluorometric method
[29] for 30 samples showed that the correlation coefficient
between the two methods was also 0.98 (Figure 4(b)).

3.7. Interference Assay. The purification step with the solid-
phase anion-exchange column presumably renders the assay
free of interferences. However, to verify this assumption, we
checked for possible interference from the following com-
monly encountered substances in urine: vitamin C, uric acid,

Table 2: A single blind study for 20 hyperhomocysteinemic urine
specimens obtained through a small-scale screening of the elderly
(𝑛 = 80) for assaying XA by our proposed method and their parallel
comparison of assessing B6 status by indirect activation coefficient
test for RBC/AST.

Specimen
code no.

XA determined∗ by the
proposed method

(mg/L)

Indirect activation
coefficient (AC) test for

RBC/AST∗∗

1 ND Normal
2 ND Normal
3 ND Normal
4 13.5 Abnormal (AC = 1.51)
5 ND Normal
6 ND Normal
7 14.2 Abnormal (AC = 1.43)
8 ND Normal
9 ND Normal
10 ND Normal
11 ND Normal
12 ND Normal
13 25.3 Abnormal (AC = 1.80)
14 ND Normal
15 ND Normal
16 ND Normal
17 ND Normal
18 ND Normal
19 ND Normal
20 ND Normal
∗ND: nondetectable (<LOD).
∗∗AC < 1.30 is designated as normal.

salicylate, vanillylmandelic acid (VMA), and homovanillic
(HVA). At concentrations of 0.5 g/L, all of these compounds
gave no interference with the assay.

4. Discussion

The described method for the measurement of XA in urine
was evaluated for its specificity, accuracy, and reproducibility
for general use. First, the solid-phase extraction column
(trimethylaminopropyl group bound to silica) concentrates
not only the desired XA, but also leave behind urinary sub-
stances such as the tryptophan metabolites, kynurenin, and
hydroxylkynurenine. This purification step for XA confers a
unique specificity to the proposed method.

During the course of this developmental work, we con-
sidered incorporating a hydrolytic step to account for the
possible presence of conjugated forms of XA. Rothstein and
Greenberg [30] have previously reported that the urinary XA
is conjugated as glucuronide in the rat and as the sulfate
in the rabbit. In contrast, Wallace et al. [25] showed that
the amount of XA in human urine remained steady after
hydrolysis with acid or glucuronidase, indicating that very
little conjugated XA was present. This observation was also
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Figure 4: Correlation of results of XA concentrations obtained by the proposed method and those determined by an established HPLC
method (a) or with an established fluorometric procedure (b).

previously confirmed by us [29]. Thus, we decided not to
incorporate a hydrolysis step for urine in our proposed
method.

The accuracy of the method, evaluated by measuring XA
added to pooled urine in which no endogenous XA was
detected that shows the mean percentage of recovery for
10 samples was 99.8 ± 2.1% (date not shown). Additionally,
reproducibility as reflected by day-to-day and within-run
precision data was also excellent (Table 1).

It has been well documented that one of the etiologic
factors underlying chronic degenerative diseases such as
cancer, diabetes, and Alzheimer’s diseases may be oxidative
stress to which the elderly population is specially prone.
In addition, the elderly population may have deficiencies
of several micronutrients including folate, pyridoxine, and
cobalamin; if not treated in time, these deficiencies can lead to
an accumulation of both XA and Hcy in the urine or plasma
and present a serious health risk to these individuals. As an
example, Wilson et al. [31] reported that about 10% of the US
population consumes less than half of the RDA (1.6mg/day)
of vitamin B

6
. As also pointed out by Ames [32], vitamin

B
6
deficiency can cause a decrease in enzyme activity of ser-

ine hydroxylmethyltransferase which supplies the methylene
group for methylene-THF [33]. If the methylene-THF pool is
decreased in B

6
deficiency, an episode of uracil incorporation

into DNA can be anticipated to cause chromosome breaks
and the risk for cancer will be greatly increased. In a case-
control study of diet and cancer, vitamin B

6
intake was

inversely associated with prostate cancer [34]. Thus, we
think that it is of importance to undertake a large-scale
screening to identify individuals from an elderly population
who maybe deficient in these micronutrients. Our proposed
method is sample and rapid and can be modified to suit for

semiautomated quantification of vitamin B
6
deficiency in a

large scale screening purpose. More importantly, it can also
be adopted as one of the tests for routine use in the clinical
laboratory. Our small scale screening for elderly who were
hyperhomocysteinemic followed by correctly identified indi-
viduals high in urinaryXAwhichwas indicative of vitaminB

6

deficiency can serve as a testimony of the applicability of our
proposed method (Table 2). Further study is urgently needed
to establish if there is a correlation between vitamin B

6

deficiency-induced hypercysteinemia and the risk of cancer.
Our proposed noninvasive urinary XA test is well suited for
the investigation of this kind.

5. Conclusion

This work describes a simple and rapid spectrophotometric
method for quantifying urinary XA as an indicator of vitamin
B
6
deficiency which allows one to differentiate hyperho-

mocysteinemic condition independent of folate/vitamin B12
involvement. We also exemplifiy its application by correctly
identified these individuals whose hyperhomocysteinemia
condition were solely derived from vitamin B

6
deficiency.

This noninvasive spectrophotometricmethod for quantifying
urinary XA may also be suitable for identifying individuals
with vitamin B

6
deficiency and subsequently receiving vita-

min B
6
supplementation to reduce the risk of cancer due to

Hcy-evoked oxidative stress.
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Objectives. The B-cell-specific moloney leukemia virus insertion site 1 (the Bmi-1) gene is an important member in the family of
polycomb group (PcG) genes that plays an oncogenic role in several types of cancer, but it’s expression as a prognostic marker
in pediatric brain tumors has not been indicated. Materials and Methods. The Bmi-1 gene expression, clinic pathological and
prognostic significance in a series of pediatric brain tumors were examined by real-time PCRmethod in 56 pediatric brain tumors.
Results.The Bmi-1 gene expression in various types of pediatric brain tumors compared to that in normal brain tissue was 4.85-fold.
The relative expression varied from 8.64-fold in ependymomas to 2.89-fold in other types. Expression level in high-grade tumors
compared to that in low-grade tumors was 2.5 times. In univariate survival analysis of the pediatric brain tumors, a significant
association of high expression of the Bmi-1 with patient survival was demonstrated. In multivariate analysis, the Bmi-1 high
expression provided significant independent prognostic factors. Conclusion. Increased expression of the Bmi-1 in pediatric brain
tumors may be important in the acquisition of an aggressive phenotype. In addition, it can be used as a strong and independent
molecular marker of prognosis in pediatric brain tumors.

1. Introduction

Brain tumors are themost common solid tumors and the sec-
ond most frequent malignancy after leukemia in children [1].
So far, little is known aboutmolecularmechanisms associated
with these types of tumors. These tumors are the genotyp-
ically and phenotypically different from adult brain tumors
[2, 3]. Five-year survival rate for childrenwith brain tumors is
estimated to be approximately 75% [4]. Gliomas comprises
approximately 60% of cases among pediatric brain tumors,
whereas the remaining 40% are heterogeneous and consist
of medulloblastomas and other embryonal tumors (26%),
craniopharyngiomas (4%), pineal tumors (1%),meningiomas
(1%), and others [5]. Identification of molecular markers
associated with pediatric brain tumors provides suitable
conditions for treatment of these tumors. The B-cell-specific
moloney leukemia virus insertion site 1 (Bmi-1) gene is an
important member of the PRC1 complex. Members of PRC1
complex have been identified as transcriptional repressors

[6–8]. The Bmi-1 mediates gene silencing by regulating
chromatin structure, and it is essential for the maintenance
and self-renewal of both haematopoietic andneural stem cells
[9, 10].This function of Bmi-1 depends on its ability to repress
the INK4A locus. The INK4A locus as a target of Bmi-1 is a
critical regulator of the p53 and Rb tumor suppressor path-
ways [11].Thus, Bmi-1 would be the determining factor in the
control of cell cycle. Overexpression of the Bmi-1 was found
in high-grade B-cell non-Hodgkin Lymphomas (NHLs) [12],
colorectal cancers [13], ovarian cancer, breast, cervical [14],
skin cancer [15], neuroblastoma [16], and nonsmall cell lung
cancer (NSCLC) [11]. Bmi-1 is known to be a useful prognos-
tic marker in many cancers, including nasopharyngeal carci-
noma [17], bladder cancer [18], gastric cancer [19], and others.
The Bmi-1 expression as a prognostic marker in pediatric
brain tumors has not been indicated. In this study, the Bmi-1
gene expression, clinicopathological, and prognostic signifi-
cance in a series of pediatric brain tumors were examined.
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2. Materials and Methods

2.1. Patients. A total of 56 pediatric brain tumors were
obtained fromarchives of paraffin-embedded tissues between
2006 and 2012 at the Department of Pathology in Mofid
Children’s Hospital, Shahid Beheshti University of Medical
Sciences. The selection of patients was based on distinctive
pathologic diagnosis, availability of tissue, follow-up data,
and not receiving radiation or chemotherapy. Pathologi-
cal parameters and patient survival data were collected.
These patients included 53.5% male and 46.5% female with
mean age of 3.28 years. The pediatric brain tumor cases
encompassed 20%medulloblastoma, 34% astrocytomas, 28%
ependymomas, and 18% others (Primitive Neuro Ectodermal
Tumors (PNET), gangliogliomas, and oligodendrogliomas).
Clinicopathological characteristics of these patients were
detailed in Table 1.

2.2. RNA Extraction and cDNA Synthesis. This protocol was
used for extraction of total RNA from FFPE (formalin-fixed
paraffin-embedded tissues) specimens [20]. Tissue sections
were deparaffinized by 1.5mL xylene at 37∘C for 20min and
incubated in 1.5mL 100% ethanol at 37∘C for 30min. 600𝜇L
of RNA lysis buffer containing 10mmol/L TrisHcl (pH8),
0.1mmol/L EDTA (pH8), and 2% SDS (pH7.3) with 50 𝜇L of
60mg/mL proteinase K (Fermentas, Vilnius, and Lithuania)
is added and incubated at 60∘C for 16–20 h. Then total RNA
was extracted by phenol chloroform method. The RNA con-
centrationwasmeasured using theNanoDrop 2000 (Thermo
scientific, USA). Total RNA treated with DNase I (Invitrogen,
Paisley, UK) to eliminate genomic DNA, for cDNA synthesis
cDNA Accu Power Cycle Script RT PreMix (BioneerCo.
Chungwon, South Korea), was used according to the man-
ufacturer’s instructions.

2.3. Real-Time PCR. Specific primers were designed for the
Bmi-1 and Beta-actin as an internal control (Gen Bank acces-
sion numbers: NM-005180.8, NM-001101.3, Bmi-1 Forward:
CTGCAGCTCGCTTCAAGATG. Bmi-1 Reverse: CAC-
ACACATCAGGTGGGGAT. Beta-actin Forward: ATG-
ACTTAGTTGCGTTACACC. Beta-actin Reverse: TGC-
TGTCACCTTCACCGTTC) using oligo 7 software.

Real-time PCR reactions were performed using SYBR
GreenmethodwithAccuPowerGreen Star qPCRMasterMix
(BioneerCo. Chungwon, South Korea) on a Rotor-Gene 6000
(Corbett Research, Sydney, Australia). PCR was run as fol-
lows: 94∘C for 10min, amplification for 40 cycleswith denatu-
ration at 94∘C for 10 seconds, annealing at 57∘C for 10 seconds,
and extension at 72∘C for 15 seconds. All experiments were
repeated in duplicate or triplicate. Relative expression results
of real-time PCR were carried out by REST 2009 software
(Relative Expression Software Tool, Corbett Research).

2.4. Statistical Analysis. Statistical analysis was implemented
by using the SPSS statistical software package (standard ver-
sion 18.0; SPSS, Chicago, USA). The association of the Bmi-1
gene expression with clinicopathological characteristics of
pediatric brain tumor patients was assessed by T test and

Table 1: Correlation of the Bmi-1 gene expression to clinico-path-
ologic features of pediatric brain tumors.

Cases
The Bmi-1 gene
expression
(fold change)

𝑃 value

All tumors 56 4.85 0.009
Sex 0.75

Male 30 4.50
Female 26 5.35

Embryonal/gliomas 0.046
Embryonal 16 3.59
Gliomas 40 5.54

Tumor grade 0.03
High grade 26 6.85
Low grade 30 2.75

Tumor type 0.061
Medulloblastoma 11 3.53
Astrocytomas 19 5.11
Ependymomas 16 8.64
Other 10 2.89

ANOVA test.TheKaplanMeiermethodwas used for survival
analysis, and a log-rank test was used to compare the differ-
ences among survival curves. The COX risk ratio model was
used for multifactorial analysis on survival, where 𝑃 < 0.05
had statistical significance.

3. Results

3.1. Expression of the Bmi-1 in Pediatric Brain Tumors. The
mean gene expression level of the Bmi-1 is used to segregate
the patients into a low Bmi-1 gene expression (Bmi-1 expres-
sion <mean; 𝑛 = 32) and a high Bmi-1gene expression (Bmi-
1 expression > mean; 𝑛 = 24). The Bmi-1 gene expression in
various types of pediatric brain tumors compared to normal
brain tissue was 4.85-fold (𝑃 = 0.009). The relative expres-
sion varied from 8.64-fold in ependymomas to 2.89-fold in
other types. Expression level in high-grade tumors com-
pared to low-grade tumors was 2.5 times (6.85 versus 2.75-
fold change). The Bmi-1 gene expression in embryonal and
gliomas tumors was 3.59- and 5.54-fold, respectively. The T
test showed a significant difference between the Bmi-1 gene
expression, embryonal/gliomas tumor, and high-grade/low-
grade tumor (𝑃 < 0.05, Table 1).

3.2. Relationship between Clinicopathological Characteristics,
Bmi-1 Gene Expression, and Pediatric Brain Tumor Patient
Survival. In univariate survival analysis, the cumulative sur-
vival Kaplan-Meier curves were calculated according to the
test. Differences in survival time were examined by Log-rank
test. Kaplan-Meier curves showed a significant influence of
the Bmi-1 gene expression (𝑃 = 0.015), high-grade/low-
grade (𝑃 = 0.011) on patient survival. The mean survival
time for patient with high expression levels of the Bmi-1 was
20.3 months compared to 39.6 months for patients with low
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Table 2: Univariate survival analysis (Kaplan-Meier): survival
times according to clinicopathological features and the Bmi-1 gene
expression.

Case
Mean survival

time
(months ± s.e.)

Chi-square 𝑃 value

Bmi-1 expression 5.87 0.015
High expression 24 20.31 ± 3.84

Low expression 32 39.65 ± 5.90

Sex 0.038 0.845
Male 30 35.28 ± 7.43

Female 26 28.65 ± 4.25

Embryonal/gliomas 1.88 0.17
Embryonal 16 36.23 ± 6.06

Gliomas 40 23.53 ± 4.01

Tumor grade 6.41 0.011
High grade 26 24.62 ± 5.52

Low grade 30 34.44 ± 3.23

Tumor type 1.43 0.21
Medulloblastoma 11 28.41 ± 4.47

Astrocytomas 19 27.76 ± 5.44

Ependymomas 16 19.46 ± 4.48

Other 10 31.38 ± 7.77

expression levels of the Bmi-1. The mean survival time was
24.6 months in high-grade tumors and 34.4 months in low-
grade tumors.The time for M1, M2, M3, andM4 tumor stage
was 37.6, 29.5, 24.9, and 20.1 months, respectively (Table 2).
The comparison between survival curves of high expressions
and low expression of the Bmi-1 is shown in Figure 1.

3.3. Independent Prognostic Factors of Pediatric Brain Tumors

3.3.1. Multivariate Cox Regression Analysis. The Bmi-1
expression and other clinicopathological parameters that
were significant in univariate analysis (high grade/low grade)
were examined in multivariate analysis. The results of this
analysis showed that the Bmi-1 gene expression (B = 0.827,
standard error = 0.403,Wald = 4.207, relative rate = 2.287, and
𝑃 < 0.05) and high grade/low grade (B = 0.751, standard error
= 0.393,Wald = 3.647, relative rate = 2.118, and𝑃 < 0.05) were
independent prognostic factors of a patient with pediatric
brain tumor.

4. Discussion

Pediatric brain tumors are the most common solid tumors
of childhood which approximately 1,500 patients suffer from
every year in the United States. These tumors are second in
order after leukemia in overall cancer incidences and respon-
sible for a high proportion of deaths [21–23]. Considering the
high incidence and mortality of patients with pediatric brain
tumors identifying a genetic molecular marker that is asso-
ciated with patient survival is necessary. The gene, the Bmi-
1, is an important member in the family of polycomb group
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Figure 1: Univariate survival analysis of the Bmi-1 gene expression
in all 56 pediatric brain tumors (32 patients with high expression
and 24 patients with low expression).TheBmi-1 expression is a prog-
nostic factor for survival (𝑃 = 0.015).

genes that participates in the regulation of cell growth and
proliferation as transcriptional repressor [6–8]. It is essential
for self-renewal of both hematopoietic, neural stem cells and
cancer stem cells [9, 10, 24, 25]. The Bmi-1 proto-oncogene
has been upregulated in a large number of cancers such as
breast cancer [14], skin cancer [15], lymphoma [12], leukemia
[26], and other cancers and is known to be a useful prognostic
marker inmany cancers. As it is sowidely expressed, the Bmi-
1 expression cannot be used as a specific marker for pediatric
brain tumors. This is the first study that evaluates the Bmi-1
gene expression by real-time PCR in various types of pedi-
atric brain tumors in associationwith clinicopathological and
prognostic significance. The results demonstrated that the
expression level of the Bmi-1 was high in all types of the
pediatric brain tumors, suggesting that the Bmi-1 gene
expression is related to the incidence of pediatric brain
tumors. A significant increasing expression of the Bmi-1 was
observed from high-grade to low-grade tumors. These find-
ings show that upregulated expression of the Bmi-1 in high-
grade tumors may acquire phenotypic characteristics of
malignant tumor cells. It also shows that at high expression
levels, tumors biological behavior gets worse. We found that
the expression of the Bmi-1 in gliomas tumors was signif-
icantly larger than embryonal tumors. It suggests that the
Bmi-1 gene plays some roles in the progression of gliomas
tumors. Therefore, clinically, the measurement of the Bmi-1
gene expression could be helpful in diagnosis of gliomas from
embryonal tumors. Moreover, we found that the Bmi-1 gene
expression and high- or low-grade tumors were predictor of
survival as evidenced by Kaplan-Meier curves and long
rank test. Multivariate Cox proportional hazards regression
analysis demonstrated that high expression of the Bmi-1
in pediatric brain tumors was a predictor of short overall
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survival, independent of high or low grade tumors. These
findings show the important role of the Bmi-1 in pediatric
brain tumors. Aberrant expression of the Bmi-1 in this tumors
would change the composition of the PcG complex to pro-
liferation cell cycle by transcription repressor of some genes
such as p16Ink4A and p19Arf involved in tumor suppression,
resulting in oncogenic effects, because the amounts of the
Bmi-1 in the PcG complex determine its biochemical and bio-
logic functions [27]. Moreover, overexpression of the Bmi-1
correlated with overexpression of PATCHED-1 (PTCH1),
which is a reliable indicator of activation of the Shh pathway
[27]. The abnormal activation of the Shh pathway is impor-
tant in a subset of pediatric brain tumors [28]. Also it has been
postulated that the Bmi-1 plays a role in self-renewal of cancer
stem cells [24], so high expression of the Bmi-1 correlates
with greater capacity of self-renewal and might represent the
tumorigenesis and poor prognosis in pediatric brain tumors.
We observed that data generated from FFPE material are
comparable to data extracted from the fresh frozen samples;
however, there was no significant association between the
gene expression level and the time passed after formalin-fixed
paraffin embedding.

5. Conclusion

In this study, to our knowledge, for the first time, we describe
the Bmi-1 gene expression in various types of pediatric brain
tumors. Our results demonstrated that increased expression
of the Bmi-1 in pediatric brain tumors may be important in
the acquisition of an aggressive phenotype. In addition, our
study introduces the Bmi-1 expression as a strong and inde-
pendent molecular marker of prognosis in pediatric brain
tumors in addition to providing a specific target site for
targeting therapy.
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Introduction. Our interest was to monitor treatment response using ADC value to predict response of rectal tumour to
preoperative radiochemotherapy.Materials andMethods. Twenty-two patients were treatedwith long course of radiochemotherapy,
followed by surgery. Patients were examined by diffusion-weighted imaging MRI at three-time points (prior, during, and after
radiochemotherapy) and were classified as responders and nonresponders. Results. A statistical significant correlation was found
between preradiochemotherapy ADC values and during treatment ADC values, in responders (𝐹 = 21.50, 𝑃 value < 0.05).
An increase in ADC value during treatment was predictive of at least a partial response. Discussion. Response of tumour to
neoadjuvant therapy cannot be easily evaluated, and such capability might be of great importance in clinical practice, because
the number of irradiated and operated patients may be superior to the number of who will really benefit from this multimodal
treatment. A reliable prediction of the final clinical TN stage would allow radiotherapist to adapt multidisciplinary approach to a
less invasive management, sparing surgical procedure in responder patients or even allowing an early surgery in nonresponders,
which would significantly reduce radiochemotherapy related toxicity. Conclusion. Early evaluation of response during neoadjuvant
radiochemotherapy treatment shows great promise to predict tumour response.

1. Introduction

Local control rates have improved in rectal cancer [1]. Nowa-
days, preoperative radiochemotherapy (RT-CHT) is standard
treatment for patients with locally advanced rectal cancer,
due to less acute toxicity, greater tumour response, and
higher rates of sphincter preservation when compared with
adjuvant therapy [2]. Improvement in pathological complete
response (pCR) and feasibility of R0 resections on opera-
tive specimen have encouraged researchers to investigate a
nonsurgical approach for clinical stage 0 disease following
radiochemotherapy [3]. But an appropriate identification

of complete clinical response is mandatory. Therefore, the
chance to predict the response to neoadjuvant therapy before
surgery would allow individualizing treatment. Diffusion-
weighted magnetic resonance (DW-MRI) as an imaging
biomarker has the potentiality for early evaluation of the
response to RT-CHT treatment in a large section of cancer
types, including head and neck tumours, pancreatic tumours,
cervical tumours, and rectal cancer [4].

DW-MRI explores the random Brownian motion of
water molecules in intracellular and extracellular space and,
measuringwatermotion, reflects the biological changes in the
tumour microenvironment, before and after treatment [5].
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The aim of this study was to establish whether the use
of DW-MRI as an imaging modality for response assessment
during and after RT-CHT, in patients with locally advanced
rectal cancer, can predict treatment outcomes, with the
goal of improving RT-CHT technique or modified surgical
approach.

2. Materials and Methods

2.1. Patient Selection. This was a prospective study and it was
approved by our Institutional Review Board. Patients were
enrolled after singing an informed consent. All patients had
histologically proven rectal adenocarcinoma, clinically staged
on pelvic magnetic resonance imaging (MRI) or endorectal
ultrasound as T3-4 and/or with positive regional lymph-
node, without any evidence of distant metastases by other
imaging modalities. Patients were excluded from the study in
case of synchronous tumours, cardiovascular disease, history
of neurological or psychiatric disorders, or previous pelvic
radiotherapy, contraindication to MRI examination.

2.2. Treatment Plan. All patients were treated with a long
course of RT-CHT. Radiation therapy was delivered with a
3D-conformationalmultiple field technique at a dose of 45Gy
(in 25 daily fractions of 1,8 Gy given in 5 weeks) to the whole
pelvis, plus a 5,4–9Gy (in 3–5 daily fractions of 1,8 Gy) to the
tumour volume, with 6–15MV energy photons. Chemother-
apy consisted of 2-hour oxaliplatin infusion 50mg/m2 on the
first day of each week of radiotherapy and five daily contin-
uous infusion of 5-FU 200mg/m2/die. The choice of adding
oxaliplatin to the standard schedule of 5-FU was dictated by
our previous experience, in which the addition of oxaliplatin
has resulted in a high rate of pathological complete response
with acceptable toxicity [6].

Surgery was planned 7–9 weeks after the end of RT-CHT
treatment. The type of surgery was chosen by the surgeon.

2.3.Magnetic Resonance Imaging. All patientswere examined
byMRI at three-time points: one week prior to RT-CHT (pre-
RT-CHT MRI), at the beginning of the third week of RT-
CHT (during RT-CHT MRI), and 6 weeks after the end of
RT-CHT (post-RT-CHT MRI). All pre-, during, and post-
RT-CHT MRI examinations were performed with a 3.0 T
MR system (Discovery 750; GE Healthcare, Milwaukee, WI,
USA) equipped with high-performance gradients (ampli-
tude, 50mT/m; slew rate 200 T/sec) using an 8-channel-
phased array cardiac coil in the supine position. All patients
underwent diffusion-weighted imaging (DWI) in addition
to the conventional rectal MRI protocol. Axial DWI images
were obtained using the single-shot echo-planar imaging
technique. A spectral adiabatic inversion recovery fat sat-
uration technique was used. Diffusion-encoding gradients
were applied as a bipolar pair at 11 𝑏-values of 0, 10, 20,
30, 50, 60, 100, 200, 600, 800, and 1000 sec/mm2, along the
three orthogonal directions of the motion-probing gradients.
The acquisition was separated in two blocks: the first block
included 𝑏0, 𝑏10, 𝑏20, 𝑏30, 𝑏50, 𝑏60, and 𝑏100while the second
block included 𝑏200, 𝑏600, 𝑏800, and 𝑏1000; each block was

acquired in free-breathing. The total acquisition time for
DWI was approximately 5 minutes.

2.4. Imaging Analysis. Pre-, during, and post-RT-CHT MR
images were analyzed independently by two gastrointesti-
nal radiologists assessing on a dedicated workstation with
advanced imaging analysis software. Tumour dimension and
DWI parameter (apparent diffusion coefficient, ADC) were
evaluated. Quantitative analysis of DWIwas performed using
the MATLAB code (Release 7.10.0, The Mathworks Inc.,
Natick, MA, USA). To calculate ADC, a region of interest
(ROI) was drawn on the rectal cancer on b800 images (mean
size 165mm2; range, 100–230mm2). Then ROI was trans-
ferred to all 𝑏-values images using an automated process.
Mean signal intensities (SI) were obtained for each ROI with
careful exclusion of the necrotic or cystic portions inside the
tumour.

The signal variation with increasing 𝑏-values was mod-
eled by using the following biexponential function [7]:
𝑆
𝑏
/𝑆
0
= (1 − 𝑓)𝑒−𝑏𝐷 + 𝑓𝑒−𝑏(𝐷+𝐷

∗

), where 𝑆
𝑏
is the mean

signal intensity with diffusion weighting 𝑏, 𝑆
0
is the mean

signal intensity for 𝑏-value of 0 s/mm2, 𝑓 is the perfusion
fraction, 𝐷, the diffusion coefficient (in mm2/s), and 𝐷∗ is
the perfusion-related diffusion coefficient (in mm2/s).

2.5. DataAnalysis. Pretreatment stage (cT cN)was compared
with pathologic stage (ypT ypN). A partial response to
treatment was defined as downstaging, or reduction of at least
one level in T orN staging between the baseline RMexamand
histopathological staging. Pathological complete response
(pCR) was defined as the absence of any residual tumour
cells detected in the operative specimen (ypT0 ypN0). No
response to treatment was defined as stable or progressive
disease.

2.6. Statistical Analysis. The mean ADC values pre-, during,
and post-RT-CHT were compared with Fisher’s test (𝐹-test)
both in all patients and between responders versus nonre-
sponders. Following one-way analysis of variance (ANOVA),
we compare the mean ADC of one group with the mean
ADC of another at each time, using Fisher’s least significant
Difference test (LSD-test). A 𝑃 value < 0.05 was considered
statistically significant in the 𝐹-test and 𝑃 value < 0.005 in
the LSD-test to improve test power.

3. Results

Between February 2011 and May 2012, 22 consecutive pa-
tients, 12 men (mean age: 63,2 years; range: 50–71 years) and
10 women (mean age: 63,2 years; range: 47–81 years), were
enrolled in the study. All patients underwent programmed
RT-CHT neoadjuvant treatment. After RT-CHT, 15 (68.2%)
and 7 (31.8%) of the 22 patients were classified as responders
and nonresponders, respectively. Twenty patients underwent
surgery, and pathological evaluation was performed in all of
them. Fifteen patients showed a downstaging on the surgical
evaluation. Of these, 9 patients (60%) had a pCR.
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Table 1: Mean ADC value of responders and nonresponders at each time point.

Group Time point
𝐹 value 𝑃 value

Pre-RT-CHT During RT-CHT Post-RT-CHT
Responders 0.87 ± 0.23 1.13 ± 0.26 1.28 ± 0.32 21.50 <0.05
Nonresponders 0.75 ± 0.14 1.03 ± 0.10 1.18 ± 0.38 8.31 >0.05
Data at time point are means ± standard deviations.

Tumour ADC values of all 22 patients are reported in
Table 1. The mean initial ADC value in patients with at
least partial response was not significantly different than
that in the nonresponders group. The evolution of the ADC
values in the two groups was different. A statistical significant
correlationwas found between pre-RT-CHTADC values and
during treatment ADC values, in the responders (𝐹 = 21.50,
𝑃 value < 0.05), so, this hypothesis was tested using least
significant difference (LSD) method and result confirmed
that the difference was significant (𝑇 = 4.26;𝑃 value < 0.005).
No significant difference was observed among the during
ADC and the posttreatment ADC values (𝑇 = 2.18; 𝑃 value >
0.005), whereas, in the nonresponders group,𝐹-test fails (𝐹 =
8.31, 𝑃 value > 0.05).

4. Discussion

Multimodal treatment approach, combining radiotherapy,
chemotherapy, and surgery, is the standard of care in locally
advanced rectal cancer. RT-CHT gives the high chance of
tumour downsizing and tumour downstaging, including
pCR, as proven in randomised phase III trials, in which pCR
rates range from 13 to 19.2% depending on preoperative RT-
CHT regimens [8–10]. Moreover, several data demonstrated
that a prolonged interval between neoadjuvant RT-CHT and
surgery may still further improve pCR rates [11].

Pelvic magnetic resonance imaging (MRI) is the recom-
mended diagnostic procedure for initial staging in rectal
cancer [2], and it has recently been considered a noninva-
sive modality able to monitor treatment response, due to
diffusion-weighted imaging (DWI) [12]. DW-MRI depends
on the microscopic Brownian motion of water; the difference
in water motion is quantified by the apparent diffusion
coefficient (ADC), and it is inversely correlated to the tissue
cellularity and the integrity of cell membranes. DW-MRI,
therefore, provides microstructural information on tissue
characterization and can estimate changes in cellularity of
the tumour microenvironment, due to cellular death and
vascular changes in response to treatment [5, 13]. SoDW-MRI
can help to discriminate posttreatment changes from residual
active tumour. Usually, malignant tumour has lower ADC
values, because of higher cellularity, tissue disorganization,
and increased extracellular space tortuosity. After therapy,
an increase in ADC values states a successful response to
treatment, due to extracellular edema, and it is detectable
before any change in tumour size [13, 14]. But water diffusion
properties of tumour are not always so easy to interpret:
in the same lesion can coexist different area with different
cellular and vascular components, which, consequently,

influence DWI properties [15]. So, the correlation ADC
value-cellularity is not always preserved for adenocarcino-
mas and necrotic lesions, especially [13]. Lemaire et al.
[16] evaluated induced rat mammary tumour response to
chemotherapy using DW-MRI. Results showed that a high
ADCvalue before treatment characterised tumours with high
percentages of necrosis, predicting a worse chemosensitivity.
Moreover, the ADC value varies dramatically during treat-
ment, due to cell necrosis and lysis, and it makes difficult to
understand the effects of treatment on DWI [15].

In rectal cancer DW-MRI has been used to predict
tumour response toRT-CHT.Dzik-Jurasz et al. [17] compared
baseline to posttreatment tumour ADC values in 14 patients
with clinically advanced rectal adenocarcinoma. They noted
poor response in pretreatment high tumour ADC, strength-
ening Lemaire’s known relation between necrosis and worse
response to treatment. Hein et al. [18] evaluated ADC in
16 patients with advanced rectal carcinoma submitted to
neoadjuvant RT-CHT. After therapy, they reported a sig-
nificantly lower ADC values in responders patients than in
nonresponders. More recently Lambrecht et al. [19] came to
similar correlation in 22 patients with adenocarcinoma of the
rectum; they find that the initial ADC was significantly lower
in patientswith a pCRcompared to patientswith nopCRafter
RT-CHT.

Our interest was to monitor treatment response using
ADC value to predict response of rectal tumour to RT-CHT.
In this limited number of patients the initial ADC value
shows no correlation with pCR. The initial ADC was not
significantly different in responders versus nonresponders
group.AnADC increasewas observed in patientswith at least
a partial response to treatment. We have found that patients
who respond to treatment show a significant rise in the ADC
values after two weeks of therapy. An increase in the ADC
value during treatment was predictive of at least a partial
response. Our cohort group (𝑛 = 22) was, however, too small
for a subgroup analysis. Study population increase would be
necessary to provide predictive factors, such as ADC cut-off
value.

Four studies already reported on the use of DW-MRI
during and after preoperative RT-CHT for rectal cancer [20–
23]. The main message was similar. Changes in ADC values
during course of RT-CHT correlated to biological changes in
the tumour tissue, predicting tumour downstaging.

Kremser et al. [20] studied changes of ADC in 8 patients
with primary rectal carcinoma. ADC values were determined
and compared weekly during RT-CHT. Results showed a sig-
nificant increase inADCvalue during 1stweek of treatment in
responded group. Hein et al. [22] analyzed diffusion data of 9
patients undergoing preoperative RT-CHT for rectal cancer
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carcinoma. They demonstrated significant radiobiological
changes during therapy by the detection of changes in water
mobility.

Sun et al. [21] analysed, in a group of 37 patients with
primary rectal carcinoma, whether changes in ADC values
correlate with tumour histopathologic downstaging. ADC
values were calculated at four-time point: before RT-CHT, at
the end of the 1st week of therapy, at the end of the 2nd week
of therapy, and before surgery. The study group was divided
in downstaged patients and nondownstaged patients, based
on pathological evaluation. At 1st week a significant ADC
increase was recorded in the downstaged group. Barbaro et al.
[23] evaluated prospectively a total of 62 patients with locally
advanced nonmucinous rectal cancer. Patients underwent
DW-MRI before, during (mean 12 days), and 6–8 weeks after
RT-CHT. During treatment, tumour ADC was significantly
greater in the responders group than in the nonresponders.

In clinical practice, according to Response Evaluation
Criteria in Solid Tumors Group (RECIST), the objective
tumour response to treatment is only characterized by the
measurement of the lesion’s longest diameter [24]. DW-
MRI has been considered in the National Cancer Institute
(NCI) consensus conference as integral part of oncologic
imaging practice [13]. However, in case of clinical complete
response (cCR) after preoperative RT-CHT, the standard
treatment remains total mesorectal excision (TME) at the
moment [2], because the benefit in using DW-MRI in the
prediction of preoperative neoadjuvant therapy response in
locally advanced rectal cancer is still debated [25].

Response of the tumour to neoadjuvant therapy cannot be
easily evaluated, and such capability might be of great impor-
tance in clinical practice, because the number of irradiated
and operated patients may be superior to the number of who
will really benefit from this multimodal treatment. A reliable
prediction of the final clinical T and N stages would allow
the radiotherapist to adapt the multidisciplinary approach to
a less invasive management, sparing the surgical procedure
in responder patients or even allowing an early surgery in
nonresponders, which would significantly reduce RT-CHT
related toxicity. So an earlier and accurate prediction of the
pathological tumour response during preoperative treatment
could enable to guide modifications of treatment protocol.
Further evidence is necessary to validate these observations.

5. Conclusions

DW-MRI provides important clinical information in man-
agement of patients with locally advanced rectal cancer. An
early evaluation of response during neoadjuvant RT-CHT
treatment shows great promise to predict tumour response.
In our series, an increase in the ADC value during treatment
was predictive of at least a partial response, with response
being defined by pathological examination. DW-MRI should
be tested in a large clinical study to demonstrate its accuracy
to differentiate responders to nonresponders patients.
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We used 2-deoxy-2-[18F] fluoro-D-glucose (FDG) positron emission tomography (PET) to evaluate patients with desmoid tumors
undergoing therapy with imatinib.The study included 22 patients with progressive disease (PD) of a biopsy proven desmoid tumor
treated orally with imatinib 800mg daily. Patients were examined using PET prior to onset of therapy and during treatment.
Restaging was performed in parallel using computed tomography (CT) and/or magnetic resonance imaging (MRI). Outcome of 22
evaluable patients was as follows: five patients with partial response (PR); twelve patients with stable disease (SD) accounting for
77% with non-progressive disease; five patients showed PD. A 30% decrease of the mean average standardized uptake value (SUV)
of sequential PET examinations could be demonstrated; no patient demonstrated a substantial increase in SUV. Patients with PR/SD
werematched to a group of nonprogressive disease and tested versus PD.The initial average SUV and SUVmax seem to be candidates
for a response prediction with an approximate 𝑃-value of 0.06553 and 0.07785, respectively.This is the first larger series of desmoid
patients monitored using PET showing that early SUV changesmay help to discriminate responders from nonresponders and, thus,
to decide whether imatinib therapy should be continued.

1. Introduction

According to the World Health Organisation, desmoid
tumors are defined as “clonal fibroblastic proliferations that
arise in the deep soft tissues and are characterized by
infiltrative growth and a tendency toward local recurrence
but an inability to metastasize.” They may affect all sites
including extremities, trunk, and abdomenwith an incidence
less than 3% of soft tissue sarcomas [1, 2]. They occur
between the age of 15 and 60 years, but particularly during
early adolescence and with a peak age of about 30 years.
There is a special relationship between desmoids and familial
adenomatous polyposis (FAP, Gardner syndrome) with an

incidence from 3.5% to 32% [3, 4]. Surgical resection remains
the therapeutic mainstay in first-line treatment for locally
circumscribed desmoid tumors. However, R0 resection is not
always possible, and adjuvant radiotherapy is, therefore, com-
mon. Due to their locally aggressive growth, desmoids have
a high relapse rate after surgery and/or radiotherapy; they
can often take a multiply relapsing, multifocal course and,
therefore, not be amenable to curative surgical treatment. In
this situation, pharmacotherapy is used to prevent disease
progression comprising antihormonal therapy, nonsteroidal
anti-inflammatory drugs, or chemotherapy with highly vari-
able results [5, 6].The primary aim is to preserve the patient’s
quality of life which is threatened by loss of function and pain



2 BioMed Research International

caused by the proliferative disease. It has not yet been possible
to establish an optimal therapeutic strategy or treatment
algorithm for this disease.

Imatinib is a selective inhibitor of the tyrosine kinases
ABL and KIT and platelet-derived growth factor recep-
tors 𝛼 and 𝛽 (PDGFRA and PDGFRB) being effective
in patients with Philadelphia chromosome-positive chronic
myelogenous leukemia and metastatic gastrointestinal stro-
mal tumors (GIST) [7, 8]. Initial data on the use of imatinib
in desmoid tumors observed a response in two patients [9].
In desmoids, it is uncertain whether the response is due to
the inhibition of known imatinib targets, and no genomic
mutations have been observed showing that the response
to imatinib is attributable to c-kit expression [10]. Heinrich
et al. (2006) treated 19 patients with desmoid tumors with
800mg imatinib daily; three PR and four SD were observed.
Genomic analyses revealed no mutations of KIT, PDGFRA,
or PDGFRB [11]. The French Sarcoma Group published a
phase II study with 40 patients demonstrating one complete
response and three PR at three months. The nonprogression
rates at 3, 6, and 12 months were 91%, 80%, and 67%,
respectively. The 2-year progression-free (PFS) and overall
survival (OS) rates were 55% and 95%, respectively [25].
Chugh et al. observed similar response and nonprogression
rates in 51 patients [12].

It is still questionable whether a change in tumor size
is a meaningful tool for the evaluation of patients’ outcome
when treated with tyrosine kinase inhibitors. Standard radio-
graphic response according to RECIST has not correlated
consistently with histological response, disease-free survival,
or OS. Other methods identifying patients who likely benefit
from chemotherapy or other agents are needed. Therefore,
18F-FDG PET has found increasing use in oncology as it
can visualize soft tissue tumors and detect local and distant
disease recurrence in malignancies [13]. The SUV of 18F-
FDG correlates with themetabolic rate of FDG accumulation
in tumor cells [14]. Hence, the SUV could function as
an easily measurable surrogate marker of tumor viability
during treatment. In a group of 46 patients with localized,
intermediate/high grade extremity soft tissue sarcomas, it
could be demonstrated that SUV changes during neoadjuvant
chemotherapy can be used to predict therapy outcome [15].
Thus, it has been suggested that 18F-FDG PET can act as a
noninvasive method to predict patients who are less likely to
benefit from doxorubicin-based chemotherapy [16].

However, no data have been published for the use of PET
in desmoid tumor patients under treatment with imatinib,
except of a pilot study from our group [17]. The purpose of
the present study was to analyze and discuss semiquantitative
18F-FDG PET measurements in a collective of patients with
desmoid tumors treated with imatinib.

2. Patients and Methods

2.1. Patients. The study included 22 patients with desmoid
tumors with a mean age of 46.6 ± 16.4 years and a median
age of 42.5 years ranging from 22 to 75 years. Patients’
characteristics including gender, age, tumor site, and previous

Table 1: Patients’ characteristics (𝑛 = 22).

Gender
Female 16
Male 6

Age
Median (years) 42.5 (range: 22–75)

Histology
Desmoid tumor 22

Tumor site at initial diagnosis
Abdomen/trunk 17
Extremities 5

Previous treatment
None 8
Surgery alone 7
Surgery plus radiotherapy 7
Systemic treatment 2

treatments are summarized in Table 1. All patients were
referred to our outpatient service with the diagnosis of a
desmoid tumor confirmed by histology obtained from sur-
gical specimens. Tumor specimens were classified according
to the Fédération Nationale des Centres de Lutte Contre le
Cancer (FNCLCC) system [18]. The indication for patients’
inclusion in the study was RECIST PD, not amenable to
surgical resection with R0 intent or accompanied by an unac-
ceptable function loss or deficit. Main exclusion criteria were
prior therapy with imatinib, severe hepatic dysfunction, and
prior malignancies. Patients were treated at the Mannheim
University Medical Center, University of Heidelberg since
May 2006. The research was carried out according to the
principles set out in the Declaration of Helsinki in 1964 and
all subsequent revisions.

2.2. Imatinib. Imatinib mesylate was supplied as 400mg
capsules that were taken orally (Novartis Pharma GmbH,
Nurnberg, Germany). All patients with advanced and/or non
resectable disease started imatinib therapy in a daily dose of
400mg; treatment dose was escalated within two weeks to
800mg daily (2 × 400mg).

2.3. Imaging Studies. Patients were examined using 18F-FDG
PET prior to onset of therapy with imatinib and during
imatinib treatment. The treatment/imaging algorithm was
as follows. (a) An initial PET examination was performed
at baseline before start of imatinib treatment. (b) A second
PET examination was done for therapy monitoring after one
to three months; if SUV decreased or was stable, imatinib
treatment was continued. (c) Another follow-up PET was
performed in some cases for further treatment monitoring.
Conventional imaging of the same target lesion using CT
and/or MRI was performed in parallel to determine response
according toRECIST.This data served as reference to evaluate
the response determined with 18F-FDG PET. Dynamic PET
studies were performed after intravenous injection of 300–
370 MBq FDG for 60min. A dedicated PET system (ECAT
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EXACTHR plus, Siemens, Erlangen, Germany) or a PET-CT
system (Biograph mCT, S128) was used for patient studies as
described before [19]. PET-CT studies were performed using
a low-dose CT (30mA) with current modulation without
any contrast material. The CT data were used for attenuation
correction and for the image fusion. The last images (55–
60 minutes after injection) were used for semiquantitative
analysis. PET cross-sections were reconstructed with an
imagematrix of 256× 256 (for ECATEXACTHRplus) or 400
× 400 (for Biograph mCT) using an iterative reconstruction
program. Images were scatter- and attenuation-corrected.
Volumes of interest (VOI) were placed over the lesion. To
acquire information about the tumor viability, the hyperme-
tabolic areas of the tumorswere evaluated and hypometabolic
areas that correlate to necrotic tissue were excluded. The
SUV in the tumor was calculated according to the following
equation: SUV = tissue concentration (MBq/g)/[injected
dose (MBq)/body weight (g)]. The SUV reflected the average
SUV value provided by the quantification software in VOI.
This value is more robust than the maximum SUV (SUVmax),
because it is less influenced by the parameters used for the
image reconstruction aswell as by potential artefacts. Amajor
limitation of the use of SUVmax is that it is highly dependent
on the statistical quality of the images and the size of the
maximal pixel and is, therefore, less robust than the use of
the average SUV within VOI [20]. The analysis of the PET
images was performed by two nuclear medicine physicians
using a dedicated software package.

2.4. Statistical Analysis. Standard descriptive statistical anal-
ysis for the data was performed. PFS was defined as the
time interval from the date of imatinib therapy induction
until tumor progression, end of therapy, or data acquisition.
Parameters for PFS and SUVwere given as mean andmedian
with range. Skewness for SUV1 and SUV1max was higher than
for the other variables. For calculated ratios and differences of
the variables, the facts are so far different, since the differences
show a greater skewness and the ratios are near normal
distributed meaning that the Wilcoxon rank sum test will be
suitable for the differences but not the t-test. For descriptive
statistical analysis, StatXact-9 of Cytel Studio, Version 9.0.0,
Cytel Inc., Cambridge, MA, USA, and for the tests the SAS
software 9.2 (TS2M3) by the SAS Institute Inc., Cary, NC,
USA, were used.

3. Results

3.1. Clinical Response Based on RECIST Criteria. Imatinib
was taken orally in a dose of 800mg daily. The therapy
interval with imatinib was in the mean 19.7 months with
a median of 12.5 months (range: 1–74) until time of data
acquisition. In spite of CTCAE grade I/II fatigue and edema,
no major (grade III/IV) toxicities occurred. First CT and/or
MRI scan was performed in all patients prior to onset
of therapy with imatinib. Restaging was performed using
CT and/or MRI every three months after start of imatinib
treatment. The remission status was evaluated according to

RECIST based on the tumor shrinkage in the CT and/or
MRI scan. Clinical outcome according to RECIST was as
follows: five patients with PR (23%), 12 patients with SD
(55%), and five patients with PD (23%). The mean PFS from
the date of therapy induction until end of therapy or data
collection for all patients was 20.6 months with a median of
14 months ranging from 1 to 74 months. The six-month PFS
rate was 68%, and all patients are alive at the time of data
acquisition.

3.2. Clinical Response Based on PET Imaging. In all patients,
two sequential PET examinations have been performed
within a median time interval of 53.5 days; in 13 patients,
more than two PET examinations were done during imatinib
treatment within a median time interval of 199.5 days from
the baseline PET. The median average SUV prior to onset
of targeted therapy with imatinib was 2.9 (range: 2.0–11.6)
in comparison to 2.1 (range: 1.5–3.4) during treatment. The
median SUVmax was 5.1 (range: 2.8–16.8) prior to therapy
with imatinib in comparison to 4.1 (range: 2.3–6.1) following
treatment. Hence, a decrease of 28% of the median average
SUV and a decrease of 20% of the median SUVmax for
sequential PET examinations could be demonstrated for the
evaluated patients; no patient demonstrated a substantial
increase in SUV.However, themain questionwaswhether the
PET results can predict response evaluation by conventional
RECIST criteria and, thus, act as a surrogate marker. There-
fore, the initial SUV and SUVmax (SUV1 and SUV1max) were
used as a basis for multiple testing in the three categories PR,
SD, and PD in comparing these with the data of the second
or third PET examination if available. Multiple testing was
performed with the multiple Wilcoxon rank sum test and the
multiple t-test; however, none of the tests were significant. In
a second approach, patients with PR and SD were matched to
a group of nonprogressive disease and tested versus patients
showing PD. Using the Wilcoxon rank sum test, SUV1 and
SUV1max seem to be candidates for a response predictionwith
an approximate 𝑃 value of 0.06553 and 0.07785, respectively,
(Figure 1). In the literature, for soft tissue sarcomas in general,
a cut-off value of 40% SUV reduction from baseline has been
chosen to differentiate responders [21]. In our collective, four
patients demonstrated an at least 40% SUV decrease, three of
them showing SD and one PR (compare Table 2),whereas the
other patients showed stabilization or an SUVdecrease of less
than 40%.

3.3. Patient Example. A 31-year-old female with a retroperi-
toneal desmoid tumor (case 3, Table 2; Figure 2) diagnosed in
2006 was treated with imatinib 800mg daily. The FDG PET
prior therapy with imatinib showed an average SUV of 4.2
and an SUVmax of 8.1. After onemonth of imatinib treatment,
the FDG PET demonstrated a decrease of the average SUV
to 3.3 (−22%) and of the SUVmax to 6.1 (−25%). Follow-
up PET examinations in 2011 and 2012 did not show any
pathological FDG uptake. The corresponding conventional
MRI documented PR according to RECIST.
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Figure 1: The box plots show the distribution of the average SUV1 and SUV1max values by conventional response evaluation according to
RECIST criteria for the group of nonprogressive patients (PR + SD) versus patients with PD with an approximate 𝑃 value of 0.06553 and
0.07785, respectively.
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Figure 2: A 31-year-old female with a retroperitoneal desmoid tumor (case 3, Table 2; Figure 2) diagnosed in 2006 was treated with imatinib
800mg daily.The FDG PET prior therapy with imatinib showed an average SUV of 4.2 and an SUVmax of 8.1 (a). After one month of imatinib
treatment, the FDG PET demonstrated a decrease of the average SUV to 3.3 (−22%) and of the SUVmax to 6.1 (−25%) (b). Follow-up PET
examinations in 2011 and 2012 (c) did not showanypathological FDGuptake.The corresponding conventionalMRI documentedPR according
to RECIST.

4. Discussion

There are different implications for the use of PET in soft
tissue tumors. It has been studied to predict the malignant
potential and grading, to stage the malignant disease, to
monitor tumor response and predict clinical benefit from

chemotherapy [22]. However, most of the studies comprised
only small numbers of patients using different imaging
protocols and evaluation procedures making comparison
extremely difficult. Changes in tumor size to chemother-
apeutic treatment have been the parameter to predict the
therapeutic benefit for the patients. However, changes in
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Table 2: PET results for desmoid patients (𝑛 = 22) treated with imatinib.

Patient
no.

Age
(years) Tumor localization Imatinib treatment

duration (months)
Average SUV

(initial)
Average SUV
(follow-up)

SUV change
(%)

Response according
to RECIST

PFS
(months)

1 64 Chest 6 2.902 2.538 −13 PD 6
2 70 Pelvis 5 3.171 3.364 6 SD 5
3 31 Retroperitoneal 74 4.233 3.294 −22 PR 74+
4 42 Mesenterium 4 3.023 2.793 −8 PD 4
5 22 Chest 15 3.320 1.711 −48 SD 15
6 35 Supraclavicular 6 2.115 1.851 −12 SD 6
7 27 Upper limb 58 3.112 2.428 −22 SD 58+
8 70 Buttock 60 2.785 2.632 −6 SD 60+
9 38 Pelvis 49 2.376 1.735 −27 SD 49+
10 68 Shoulder 12 2.098 1.458 −31 PD 12
11 43 Upper limb 8 2.100 1.600 −24 PD 8
12 48 Pelvis 9 2.900 2.800 −3 SD 9+
13 40 Pelvis 26 3.500 2.100 −40 PR 26+
14 47 Upper limb 28 2.300 1.800 −22 PR 28+
15 54 Chest 1 5.229 3.100 −41 SD 22
16 30 Pelvis 18 3.074 2.400 −22 SD 18+
17 24 Mesenterium 17 11.573 1.981 −83 SD 16+
18 48 Chest 3 2.059 1.975 −4 PD 3
19 41 Buttock 15 2.000 2.100 5 PR 15+
20 70 Parascapular 13 2.900 2.114 −27 PR 13+
21 39 Fossa ischiorectalis 5 2.492 2.100 −16 SD 5+
22 75 Mesenterium 1 4.037 n.e. n.e. SD 1+
SUV: standardized uptake value; RECIST: Response Evaluation Criteria in Solid Tumors; PFS: progression-free survival; PR: partial response; PD: progressive
disease; SD: stable disease; n.e.: not evaluable; +: patient is still progression-free at the time of data collection and continues treatment with imatinib.

tumor size measured with CT and/or MRI did not correlate
consistently with sarcoma patients’ outcomes. For GIST, this
finding has already been well documented: a study of 18F-
FDG PET in imatinib treated GIST showed that patients
with normalization of the SUV within the first month of
treatment have a significantly longer time to disease progres-
sion and better OS than those patients with increased 18F-
FDG accumulation [23]. 18F-FDG PET appears to be more
useful than CT/MRI imaging in GIST to predict therapy
response. Moreover, there is even doubt if RECIST criteria
adequately describe the remission status to chemotherapy
or other targeted agents. Therefore, a new classification of
response criteria, “(PERCIST) Positron Emission tomogra-
phy Response Criteria In Solid Tumors,” has been introduced
taking into consideration both changes in tumor volume as
well as changes in metabolism [24].

To our knowledge, the present paper describes the first
larger series of desmoid tumor patients under therapy with
imatinib monitored with sequential PET imaging despite a
pilot study presented from our group [17]. In our patient
population, a significant SUV decrease (≥ 40%) of sequential
PET examinations could be demonstrated in four patients
(18%), whereas the other patients showed stabilization or an
SUV decrease of less than 40%. There was no patient in this
series demonstrating a substantial SUV increase. Considering

the fact that patients had to demonstrate RECIST PD to
enter the study, the high proportion of 77% of patients
with nonprogressive disease means a significant benefit.
RECIST criteria seem inadequate to describe responses seen
in patients with desmoid tumors. Complete or even PR
are documented in the literature in around 10% of patients
treated with imatinib [11, 12, 25]; in our series with 23%
the response rate was relatively high. Most of the patients
show disease stabilization or even shrinkage of the tumor.
However, considering the fact that patients were inoperable
or demonstrated PD at the time entering the study, control
of symptoms and disease stabilization mean a substantial
clinical benefit formost of the patients initially suffering from
pain or functional loss. Therefore, benefit can be defined for
most of the patients as a progression arrest.

The characteristics of imatinib treatment in desmoid
tumor patients seem to be confirmed by PET: imatinib
has a remarkable ability to slow the growth and stabilize
the tumor. Of course, compared to high-grade soft tissue
sarcomas, baseline SUV values are relatively low in desmoid
tumors (initial median average SUV of 2.9). Therefore,
documented SUV changes under treatment with imatinib
were relatively small. We could show that PET monitoring
of desmoid patients under treatment with imatinib may be
used to determine whether patients benefit from imatinib
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therapy or not in the lack of an adequate CT and/or MRI
imaging [26]. In particular the initial average SUV1 and
SUV1max data seem to be candidates for a response prediction
and may act as surrogate markers. Figure 1 shows that the
higher initial average SUV1 and SUV1max data are obviously
associated with a higher probability of treatment response in
the PR/SD versus PD proportion of patients. Therefore, we
have shown that early SUV changes may be detected helping
to discriminate responders from nonresponders and, thus, to
decide whether imatinib therapy should be continued or not.
For example, therapy with imatinib would be continued if
an SUV decrease or stabilization is documented. However, if
there is a substantial SUV increase, continuation of imatinib
treatment is questionable having also an impact on treatment
costs.

In summary, PET will certainly play an increasingly
important prognostic and predictive role in the management
of “semimalignant” and malignant soft tissue tumors [27–
29]. It could be used to characterize the aggressiveness of the
tumor in order to make clinical decisions whether treatment
is useful for the patients or not. Our present data suggest that
the ability of imatinib treatment to slow down the growth
of desmoid tumors—resulting in a 77% progression arrest
rate—is reflected by SUV stabilization or a SUV decrease
of up to 83%. Furthermore, PET imaging may be used as a
surrogatemarker in order to predict response to therapy early
in the course of treatment for cytotoxic chemotherapy and
other targeted agents like sorafenib [30]. However, more data
have to be evaluated to demonstrate statistically significant
results.
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