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Abstract

In recent years there has been significant develop-
ments in photosensitizers (PSs), light sources and light
delivery systems that have allowed decreasing the
treatment time and skin phototoxicity resulting in more
frequent use of photodynamic therapy (PDT) in the
clinical settings. Compared to standard treatment ap-
proaches such as chemo-radiation and surgery, PDT has
much reduced morbidity for head and neck malignan-
cies and is becoming an alternative treatment option. It
can be used as an adjunct therapy to other treatment
modalities without any additive cumulative side effects.
Surface illumination can be an option for pre-malignant
and early-stage malignancies while interstitial treat-
ment is for debulking of thick tumors in the head and
neck region. PDT can achieve equivalent or greater
efficacy in treating head and neck malignancies, sug-
gesting that it may be considered as a first line therapy
in the future. Despite progressive development, clini-
cal PDT needs improvement in several topics for wider
acceptance including standardization of protocols that
involve the same administrated light and PS doses and
establishing quantitative tools for PDT dosimetry plan-
ning and response monitoring. Quantitative measures
such as optical parameters, PS concentration, tissue
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oxygenation and blood flow are essential for accurate
PDT dosimetry as well as PDT response monitoring and
assessing therapy outcome. Unlike conventional imag-
ing modalities like magnetic resonance imaging, novel
optical imaging techniques can quantify PDT-related
parameters without any contrast agent administration
and enable real-time assessment during PDT for provid-
ing fast feedback to clinicians. Ongoing developments
in optical imaging offer the promise of optimization of
PDT protocols with improved outcomes.

© 2013 Baishideng. All rights reserved.

Key words: Head and neck cancer; Photodynamic thera-
py; Monitoring and predicting response; Blood flow; Oxy-
genation; Oxygen metabolism; Diffuse optical imaging

Core tip: Most treatment approaches including chemo-
radiation and surgery can induce prolonged morbidity
and functional loss resulting in severe impairment of
patients’ quality of life. Photodynamic therapy (PDT) is
an emerging alternative treatment option without any
significant accumulative side effects due to targeted
light illumination and preferential accumulation of pho-
tosensitizers (PSs). However, PDT has not found wide-
spread applications at the clinic mainly due to variable
responses that originated from unstandardized treat-
ment protocols such as different light and PS doses.
Novel optical imaging techniques can quantify PDT-
dosimetry related parameters such as local light and
PS dose in tissue and PDT response related parameters
such as tissue oxygenation and blood flow noninvasive-
ly without any contrast agent administration, thereby
providing real-time feedback about the treatment ef-
ficacy for optimizing and standardizing PDT.

Sunar U. Monitoring photodynamic therapy of head and
neck malignancies with optical spectroscopies. World J Clin
Cases 2013; 1(3): 96-105 Available from: URL: http://www.
wjgnet.com/2307-8960/full/v1/i3/96.htm DOI: http://dx.doi.
org/10.12998/wjcc.v1.i3.96
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INTRODUCTION

Head and neck malignancies refer to malignancies arising
from the oral cavity, pharynx, nasal cavity and sinuses' .
Head and neck squamous cell carcinoma (HNSCC), con-
stituting approximately 90% of malignancies in the head
and neck region, remains the fifth most common form
of cancer worldwide with an incidence of approximately
800000 new cases per year'!. Most of these tumors may
be attributed to risk factors such as tobacco and alco-
hol consumption. HNSCC is a heterogeneous disease
with different stages ranging from benign squamous
hyperplasia, dysplasia, carcinoma zz sitn (CIS) to invasive
carcinoma'. Early stage diagnosis and treatment of HN-
SCC increases the likelihood of successful treatment and
improves patients’ quality of life, lowers risk of mortality
and health costs™".

Substantial efforts concentrate on eatly detection with
fair success, but still many patients present with clinically
evident tumors that require effective treatment' . Several
treatment options are available including surgery, che-
motherapy, radiation therapy or combinations thereof”.
In spite of improvements in these treatment modalities,
they have their own limitations. For example, surgery
may require resection of vital tissue such as part of the
tongue resulting in functional loss. On the other hand,
organ-preserving surgery can result in high recurrence
rates. Nonsurgical management with chemo and radiation
therapies to improve local-regional disease results in only
modest or suboptimal improvements in survival but with
significantly high cost side effects including speech and
swallow function”. These conventional therapies may
induce permanent vasculature dysfunction and necrosis,
severe toxicities and irreversible injuries to non-tumor tis-
sue such as the oral mucosa and the salivary glands, often
resulting in morbidity and severe impairment of patients’
quality of life. Further, normal tissue toxicity such as mu-
cositis, bleeding and imflammation may lead to changes
in applied dose quantity, and treatment re-schedule,
which may affect treatment efficacy and outcome. For
these reasons, an alternative treatment modality that is
effective, safe, repeatable, minimally invasive and non-
surgical is desired for the management of head and neck
malignancies.

Photodynamic therapy (PDT) uses light to activate a
photosensitizer (PS) in the presence of oxygen for local
tissue destruction, has potential in these respects and is
particularly attractive due to its significant level of normal
tissue preservation and its repeatability without cumula-
tive side effects' . It has potential impact particularly for
cases with multiple lesions and wide-spread early stage
head and neck diseases (eg., leukoplakia, invasive carci-
noma) in the oral cavitym]. However, PDT has not found
widespread applications at the clinic mainly due to vari-
able responses that originated from unstandardized treat-
ment protocols such as different light and PS doses. Op-
tical imaging can quantify local light and PS dose in tissue
and monitor PDT; and therefore can provide feedback
about the treatment efficacy. Thus, we expect optical im-
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aging modalities will help in optimizing and standardizing
PDT. Below we will detail PDT treatment and optical
imaging for monitoring and ultimately predicting PDT
response.

CLINICAL PDT

PDT is an emerging treatment option for many malignan-
cies including head and neck. It is minimally invasive with
much less side effects compared to conventional therapies.
Since it does not have any significant accumulative side ef-
fects, it can be repeated many times and be applied before
or after chemotherapy, radiation therapy. It can also be
used as an adjuvant therapy to these therapies and surgery
to eliminate residual microscopic tumor cells. PDT light
can be delivered at the surface for wide and superficial
malignancies and pre-malignancies such as mucosal dys-
plasia and CIS in the oral cavity. Interstitial light delivery
is applied in treating thick and deep tumors for the aim of
debulking tumors as an adjuvant to surgery.

Basics of PDT

PDT efficacy depends on three main elements: a suffi-
cient amount of light, photosensitizing drug (also called
PS) and available oxygen in tissue. The PS is activated
during light illumination and the active PS reacts with
molecular oxygen to produce singlet oxygen that induces
direct cell killing, vascular destruction and immune re-
sponse“z’m. Most PSs are administered systematically but
some can be applied topically for head and neck lesions
in the oral cavity and nonmelanoma skin tumors. After
a specific time, depending on the PS itself, PS accumu-
lates specifically more in the diseased site compared to
normal and surrounding periphery sites. Tumor to not-
mal tissue contrast is generally 2-3 fold with a passive
targeting mechanism, but even 10-fold contrast has been
reported" . At the optimal time point of accumulation,
a specific wavelength of light depending on the optical
absorption properties of the PS is shined at a predeter-
mined power to activate the PS to create a photodynamic
reaction. Due to specific accumulation of the PS and
localized light illumination, PDT is a local therapy rather
than a systemic therapy like chemotherapy. The treat-
ment volume depends on both PS and light penetration
depth. For example, for the cases of Photofrin®, which
is the first FDA-approved PS that was developed here at
Roswell Park Cancer Institute, light illumination is at ap-
proximately 630 nm with a penetration depth of 5 mm or
less. Thus, Photofrin® has been in use worldwide to treat
eatly stage carcinomas in many organs including the head
and neck.

Superficial and interstitial PDT approaches for head and
neck diseases

Previous studies have shown that PDT is safe and ef-
fective in the treatment of eatly carcinomas of the head
and neck™ """ PDT is an excellent choice for early-
stage malignancies since local treatment and limited light
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Fiber-optic

needle
skin

skin

tumor

Figure 1 Representation for light delivery during surface and interstitial
photodynamic therapy. A: Surface illumination photodynamic therapy (PDT)
for treating superficial malignancies. Laser light is directed to tissue surface via
micro-lens fiber. Tumor is located superficially; B: Interstitial PDT treatment for
deeper and thicker malignancies. Individual fibers are placed inside 19-gauge
needles and inserted into tissue. Number of fibers is selected according to
treated volume.

penetration eliminates the side effects that can occur in
the sensitive areas of the oral cavity such as soft palate.
Lasers are the choice for the light sources and laser light
is delivered zia surface illumination by using a micro-lens
as shown in Figure 1A. For deeper and thicker tumors,
however, superficial illumination is not suitable. In this
case, light is delivered by feeding laser fibers through
needles placed directly into the tumor (Figure 1B). This
approach is very similar to brachytherapy or interstitial
136,371

radiotherapy ™"

CHALLENGES

One of the main challenges of PDT is treating deeper
and thicker tissues. However, this is not an issue for su-
perficial malignancies. Pain management is a frequently
reported challengeps]. Another common side effect of
PDT is the long-term skin photosensitivity, especially for
the cases of systemic administration of PSs such as Pho-
tofrin® (potfimer sodium). ALA-PDT is another widely
used treatment option for eatly stage malignancies with
much reduced skin photosensitization, but with the draw-
back of severe pain during treatment, often necessitating
anesthesia. Therefore, the development of PSs that do
not induce long-term photosensitivity, produce durable
results and are patient friendly is of significant clinical
benefit. In this respect the second generation PSs, such as
Photoclor (HPPH) used in our clinical trials, have shown
clinical promise with their improved efficacy, higher pen-
etration depths and significantly less skin photosensitivity.

Variable outcomes are the main roadblock to wider
use of PDT. The lack of standardized protocols with the
same light and PS type and doses, as well as imprecise
dosimetry drives the variable PDT responsesp()’m. There
is strong evidence that variations in clinical response are a
direct result of dosimetry that does not take into account

(49

Boichideogs  WJCC | www.wjgnet.com

98

individual differences”™. In order to bring PDT to a full
realization of its potential benefits, quantitative tools are
likely to play an essential role. They can provide standard-
ization of site-specific individualized protocols by assess-
ing light and PS doses.

Another challenge for clinical PDT of the head and
neck is the difficulty in predicting the responders and
non—respondersm. Quantitative optical imaging tools can
play a crucial role in filling this niche. These tools are cur-
rently in primitive stages and not widely used in clinical
settings for monitoring PDT mainly because optical mea-
surements may require extra clinical time and extra fiber
replacements during PDT. The techniques are limited to
pre- and post-PDT measurements but with the advent
of new technologies they can be adapted for monitor-
ing during PDT, which would have three-fold benefits:
(1) reduced required clinical time, (2) no interruptions
of treatment light for the optical measurements, and (3)
more accurate quantification of kinetics of PDT-related
parameters such as photobleaching and blood flow ki-
netics, which have been shown to be predictors of PDT

[36,40-50]
response .

CLINICAL OPTICAL IMAGING FOR PDT
MONITORING

Tissue oxygen level is crucial for effective PDT since the

PS initiates chemical reactions that result in cellular and
vascular damage in targeted tissue in the presence of
oxygen. Tissue oxygenation is highly affected by vascular
parameters such as blood flow and blood oxygenation.
During the PDT process, PS is consumed continuously.
Thus, the efficacy of PDT is dependent on the vascular
parameters and PS level and consumption (photobleach-
ing)mSl]. Vascular parameters and PS level change during
PDT and these changes may be useful eatly markers for
therapy responsem’M’SZ’SM.

Optical imaging is a wide topic that includes many dif-
ferent imaging approaches. Here we will focus on a sub-
division called diffuse optical spectroscopies (DOS) for
probing millimeter to centimeter deep tissue® ' In this
context, DOS includes diffuse reflectance spectroscopy
(DRS)**"_ diffuse fluorescence spectroscopy (DES) 477
and diffuse correlation spectroscopy (DCS)""™. We
have recently developed a multi-modal optical imaging
technique that combines DRS, DFS and DCS in a single
instrument and showed the feasibility of quantification
of optical parameters (absorption and scattering), drug
concentration and vascular parameters such as blood
flow and oxygenation in a clinical setting[44’73].

Multi-modal optical instrument

The technical details of our multi-modal optical system
¥71 but here we briefly mention
the basic working principles. The instrument performs
measurements sequentially in the order of blood flow
(DCS), optical parameters, blood oxygenation and vol-
ume (DRS), and fluorescence (DFS). Figure 2A and B

can be found elsewhere
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Figure 2 Clinical multi-modal optical instrument for photodynamic therapy dosimetry and response monitoring. A: Picture of multi-modal clinical optical
instrument; B: During the measurements at the operating room; C: Diagram of multi-modal clinical optical instrument; D: Interstitial optical probe for measurements in

4]

deep and thick tumors. Adapted from the reference™ with the permission.

shows the picture and schematic diagram of the instru-
ment, respectively. The DCS instrument has a 785 nm,
long coherence length laser (Crysta Laser), four single
photon-counting detectors (SPCD, Perkin-Elmer), and a
custom-built autocorrelator board (Correlator.com). Pho-
todetector outputs were fed into a correlator board and
intensity autocorrelation functions and photon arrival
times were recorded by a computer. After blood flow
measurements, the second laptop initiates fluorescence
(DFS) and reflectance (DRS) data acquisition by utilizing
TTL switching via a data acquisition card (DAQ, Nation-
al Instruments). In absorption (DRS) mode, broadband
diffuse reflectance measurements were taken by exciting
the tissue with tungsten halogen lamp (Ocean Optics)
and collecting the light with the Master channel of a two-
channel spectrometer (Ocean Optics). In fluorescence
(DFS) mode, a 410 nm laser diode (Power Technology)
excites the PS in Soret band and the slave channel of the
spectrometer collects the fluorescence spectra.

A hand-held “surface” probe that holds the light
source and detector fibers can be used for measuring
superficial malignancies by directly placing the tip of the
probe on the tissue surface (Figure 2C). Although the
instrument stays the same, the hand-held surface probe is
ill-suited for interstitial light delivery and noninvasive mea-

(4 9
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surements and the probe-tissue interface must be changed
accordingly. For an “interstitial” probe, source and detec-
tor fibers are placed inside a catheter (Figure 2D).

Optical parameters and local light dose distribution by
DRS
Currently the standard PDT light dosimetry at the clin-
ics is based on the prescribed incident dose, which does
not take into account reflected and scattered light in the
lesion. Head and neck malignancies can exhibit a multi-
focal, wide-field nature of invasion and they may occur at
diverse sites (e.g., tongue, lip, palate, ez.). Therefore, they
can have different optical parameters resulting in consid-
erable inter- and intra-patient variations in the deposited
local dose!"". It has been shown that the measured effec-
tive local dose can be more than 5-fold greater than the
incident administrated dose, illustrating the need for
sitn dose monitoring on an individual basis””. Dosimetry
systems using isotropic light detectors to measure both
incident and scattered light are becoming more available
in clinical systems”*"". Multi-channel systems that can
measure light dose at multiple points of interest in real
time can provide on-line feedback to clinicians during
treatment planning,

Tissue absorption and tissue scattering parameters
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modify light attenuation and thus affect the true light
dose delivered to the whole three-dimensional tissue vol-
ume. Thus, direct light dose measurements may not be
sufficient to quantify volumetric light distribution. Since
malignancies can be highly heterogeneous, three dimen-
sional optical parameter mapping can show heterogeneity
of local light dose to the whole lesion volume. Several
techniques are available for mapping of optical param-
eters (optical absorption and scattering) zz vivo. Most of
them are based on the photon diffusion equation with
multi source-detector separations. Photon fluence (rate)
is measured as a function of source-detector distance and
measured data is fit to the diffusion model to extract op-
tical parameters.

Local PS dose distribution by DFS and DRS

It has been demonstrated that PSs demonstrate signifi-
cant inter- and intra-patient heterogeneity in distribution,
leading to variations in the accumulated PDT dose and
treatment failures”” ™. It has been also suggested that
the variation of the treatment outcome can be reduced
by adjusting the light dose based on the pretreatment PS
distribution so that PDT dose is uniform in the whole
disease™" ", Although DRS can be used to quantify
PS concentration by using the absorption peak of PSs,
DES is the preferred choice for this aim, since the fluo-
rescence contrast is usually higher than the absorption
contrast iz vive. However, fluorescence signal is affected
by the tissue optical properties, and thus is not directly
related to PS concentration. Ratiometric methods (with
respect to optical attenuation and autofluorescence) may
correct this signal distortion signiﬁcantlym’s”}. More-
ovet, short source-detector separation (or single source-
detector) based optical probes and empirical calibration
techniques that calibrate the system with respect to refet-
ence optical phantoms may allow quantification of drug
concentration. For quantifying PS concentration using
DFS data, background subtracted fluorescence signal is
usually normalized with the reflectance data obtained
by DRS'**™* Fluorescence signal is assumed to be a
linear combination of contributing components (7., PS
fluorescence, tissue autofluorescence, ¢#.). The normal-
ized tissue fluorescence is fit to the modeled tissue fluo-
rescence to extract PS concentration"”.

Tissue response monitoring by DRS and DCS

Tissue oxygen is crucial for effective PDTP**™, Tissue
oxygen, in turn, is affected by vascular parameters such
as blood oxygenation, blood volume and blood flow™*,
Most PSs have significant vascular disrupting effects, and
can create substantial vascular changes. All these param-
eters are inter-dependent to each other and can change
continuously during PDT"*. Blood flow changes during
PDT correlated strongly with tumor growth delay, and
blood oxygenation and volume changes were correlated
with PDT outcome®*™. Moreover, PS photobleach-
ing has been shown to be a surrogate marker of PDT

[40,86-90]

response . Therefore, continuous monitoring of
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these parameters could be useful for providing real-time
treatment feedback, and may serve as quantitative # vivo
markers for assessing treatment response“‘%’“].

For quantifying vascular parameters such as blood
oxygenation and blood volume, an analytic diffuse reflec-
tance model can be utilized to fit the diffusion model to
experimental diffuse reflectance data obtained by DRS.
We assume tissue absorption is composed of a linear
contribution from oxy-hemoglobin and deoxyhemoglo-
bin in blood, and PS absorption. Blood volume is related
to total hemoglobin concentration and is defined as the
sum of oxy-hemoglobin and dexoy-hemoglobin concen-
trations, and blood oxygen saturation is defined as the
ratio of oxy-hemoglobin concentration to total hemoglo-
bin concentration. Tissue scattering is usually modeled
as Mie type behavior that is related to scatterer size and
concentration”. A multi-wavelength fitting algorithm is
usually used to directly extract the hemoglobin concentra-
tions or blood oxygen saturation and blood volume'™”*”,
Blood oxygen saturation is related to tissue oxygen and

ia"*" and blood volume is related to microvessel

Tissue blood flow is measured using a previously
described and validated DCS instrument, which mea-
sures rapid light intensity temporal fluctuations in tissue
and then uses the autocorrelation functions associated
with these fluctuations to extract information about the
speed of moving tissue scatterers, in this case red blood
cells™*”* " The decay rate of the autocorrelation func-
tion is related to blood flow” """, DCS is advantageous
compared to conventional imaging modalities in that it
measutes directly blood cell movements and does not
need any contrast agent administration and pharmacoki-
netic models to quantify blood flow.

A surrogate molecular marker for PDT efficacy

It is often desired to correlate noninvasive parameters
with other techniques such as molecular biomarkers
of a treatment response. We have shown previously in
preclinical models and clinical biopsy samples that the
cross-linking of the signal transducer and activator of
transcription 3 (STAT3) correlates with the accumulated
PDT dose and can be a quantitative biomarker of cel-
lular killinglwz’mj. The crosslinking is identified by im-
munoblot analysis for STAT3 protein in the extracts
from tumor tissue sections calculated as homodimeric
complex I relative to total STAT3 signal' ™', We com-
pared our measured indices with the STAT3 crosslinking
as showcased below:

A clinical case report

In our previous work we demonstrated the assessment of
PDT response-related multi-parameters of blood flow,
oxygenation, blood volume, PS concentration in the same
clinical setting of Photoclor (HPPH)-mediated PDT in
head and neck lesions in the oral cavity™, We reported an
interesting case where two patients had lesions treated with
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Figure 3 Signal transducer and activator of transcription 3 crosslinking as
a molecular marker for local photodynamic therapy dose. Signal transducer
and activator of transcription 3 (STAT3) crosslinking for Patient-1 and Patient-2
with a human hypopharyngeal carcinoma cell line (FaDu) shown as a control.
Adapted from the reference” with the permission. PDT: Photodynamic therapy.

the same administered PS dose (HPPH, 4.0 mg/m’) and a
similar delivered light dose (approximately 125 J/cm®), but
the accumulated local doses were more than 100-fold dif-
ferent as determined by the STAT3 crosslinking (Table 1).
The first patient had a large CIS of the hard palate on the
roof of the mouth and PDT induced photoreaction with
35% STAT?3 crosslinking, and the second patient had high-
grade dysplasia in a papilloma of the buccal mucosa with
only 0.3% STAT3 crosslinking (Figure 3). We quantified
local PDT-related parameters with diffuse optical methods
to investigate whether this substantial difference could be
detected noninvasively since these parameters can affect
accumulated local dose.

As Table 1 summarizes, PDT-induced changes in the
quantified optical parameters were significantly different
between these lesions. Changes in PS concentration (A
cHPPH), blood flow index (ABFI) and blood volume
fraction (ABVf) were significantly higher in Patient-1 (P1)
than in Patient-2 (P2), but the changes in blood oxygen
saturation were similar for both patients, though the trend
was different: P1 had an increase and P2 showed a de-
crease trend.

We further investigated whether this difference could
be observed before therapy by quantifying pre-PDT
contrasts (mean + SE) by noninvasive methods. All pa-
rameters except blood volume fraction were significantly
different between the lesions (Table 2). The lesion of P1
had more favorable properties related to accumulated lo-
cal PDT dose, since its PS content as well as blood flow,
blood volume and blood oxygen saturation were higher
than P2.

Our results indicated that parameters quantified with
DOS at pre-PDT as well as PDT-induced changes may be
indicative of local PDT reaction and may be 7 vivo predic-
tors of PDT outcome. Since each parameter showed dif-
ferent contrast and therapy-induced changes, one param-
eter alone may not be a strong indicator of PDT response
and multi-parameters assessed by optical methods may
provide accurate measure of PDT response'*!
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Table 1 Photodynamic therapy-induced changes in photody-

namic therapy-related parameters for two patients

Lesion type STAT3 ABFI ABVf AStO2 AcHPPH
P1 CIS 35% 83.4% 23% +152%  51.8%
P2 Dysplasia 0.3% 59.2% 7.5% -17%  38.6%

Changes in BFI was significant for both patients while changes in cHPPH
were only significant for patient-1. Adapted from the reference™ with the
permission. A represents changes in parameters. STAT3: Signal transducer
and activator of transcription 3; cHPPH: photosensitizer concentration;
BFI: Blood flow index; BVf: Blood volume fraction; StO2: Saturation; P1:
Patient-1; P2: Patient-2; CIS: Carcinoma in situ.

Table 2 Pretreatment contrasts in photodynamic therapy-

related parameters between two patients (mean + SE)

Lesion type BFI (a.u.) BVf (%) S$tO2 (%) cHPPH (umol/L)
P1 CIs 6.7+28 25%07 74£2 0.34 £ 0.02
P2 Dysplasia 1.8+05 1.3+0.2 64+3 0.10 £ 0.03

All parameters except blood volume fraction showed a significant differ-
ence between two patients. Adapted from the reference” with the permis-
sion. cHPPH: photosensitizer concentration; BFI: Blood flow index; BVf:
Blood volume fraction; StO2: Saturation; P1: Patient-1; P2: Patient-2; CIS:

Carcinoma in situ.

CONCLUSION

In summary, PDT is regarded as an emerging treatment
option for the head and neck malignancies. PDT can be
applied repetitively if the previous treatment fails. With
the advent of newly developed PSs, specificity and pen-
etration depth can be improved. The simplicity of the
PDT treatment and reduced cost of technology such as
light sources and light delivery devices can help wide us-
age at the clinical settings. Moreover, there is a need for
standardization of clinical protocols by using the same
light and drug types and doses. Novel optical methods
can provide PDT-dose related parameters such as optical
parameters and PS concentration in the whole lesion, as
well as can quantify blood flow, oxygenation and PS pho-
tobleaching for assessing the PDT response and provid-
ing feedback to clinicians for optimization and standard-
ization of PDT in clinics.

ACKNOWLEDGMENTS

This review is dedicated to late Britton Chance for his
excellent mentoring, The author is grateful to Dr. Arjun
G. Yodh at University of Pennsylvania for his continu-
ous support and for the training in diffuse optical imag-
ing during the Ph.D. studies. Further special thanks go
to Shoko Nioka for providing initial support in the head

and neck research.

REFERENCES

1 Sunar U, Quon H, Durduran T, Zhang J, Du J, Zhou C, Yu
G, Choe R, Kilger A, Lustig R, Loevner L, Nioka S, Chance

June 16, 2013 | Volume1 | Issue 3 |



10

11

12

13

14

15

16

Sunar U. Optical monitoring of clinical PDT of H and N

B, Yodh AG. Noninvasive diffuse optical measurement of
blood flow and blood oxygenation for monitoring radia-
tion therapy in patients with head and neck tumors: a pilot
study. | Biomed Opt 2006; 11: 064021 [PMID: 17212544 DOI:
10.1117/1.2397548]

Biel M. Advances in photodynamic therapy for the treat-
ment of head and neck cancers. Lasers Surg Med 2006; 38:
349-355 [PMID: 16788923 DOI: 10.1002/1sm.20368]
Forastiere A, Koch W, Trotti A, Sidransky D. Head and neck
cancer. N Engl | Med 2001; 345: 1890-1900 [PMID: 11756581
DOI: 10.1056/ NEJMra001375]

Robinson DJ, Karakullukcu MB, Kruijt B, Kanick SC, van
Veen RPL, Amelink A, Sterenborg HJCM, Witjes MJH, and
Tan IB, Optical Spectroscopy to Guide Photodynamic Ther-
apy of Head and Neck Tumors. IEEE | Sel Top Quantum Elec-
tron 2010; 16: 854-862 [DOI: 10.1109/2FJSTQE.2009.2035930]
Menzin J, Lines LM, Manning LN. The economics of squa-
mous cell carcinoma of the head and neck. Curr Opin Otolar-
yngol Head Neck Surg 2007; 15: 68-73 [PMID: 17413405 DOI:
10.1097/MOO0.0b013e328017f669]

Hopper C, Niziol C, Sidhu M. The cost-effectiveness of
Foscan mediated photodynamic therapy (Foscan-PDT) com-
pared with extensive palliative surgery and palliative che-
motherapy for patients with advanced head and neck can-
cer in the UK. Oral Oncol 2004; 40: 372-382 [PMID: 14969816
DOI: 10.1016/j.oraloncology.2003.09.003]

Upile T, Jerjes W, Sterenborg HJ, El-Naggar AK, Sandison A,
Witjes MJ, Biel MA, Bigio I, Wong BJ, Gillenwater A, Mac-
Robert AJ, Robinson DJ, Betz CS, Stepp H, Bolotine L, McK-
enzie G, Mosse CA, Barr H, Chen Z, Berg K, D'Cruz AK,
Stone N, Kendall C, Fisher S, Leunig A, Olivo M, Richards-
Kortum R, Soo KC, Bagnato V, Choo-Smith LP, Svanberg K,
Tan IB, Wilson BC, Wolfsen H, Yodh AG, Hopper C. Head
& amp; neck optical diagnostics: vision of the future of
surgery. Head Neck Oncol 2009; 1: 25 [PMID: 19594907 DOI:
10.1186/1758-3284-1-25]

Feldmann HJ, Molls M, Vaupel P. Blood flow and oxy-
genation status of human tumors. Clinical investigations.
Strahlenther Onkol 1999; 175: 1-9 [PMID: 9951511 DOI:
10.1007/ BF02743452]

Quon H, Grossman CE, Finlay JC, Zhu TC, Clemmens
CS, Malloy KM, Busch TM. Photodynamic therapy in the
management of pre-malignant head and neck mucosal
dysplasia and microinvasive carcinoma. Photodiagnosis
Photodyn Ther 2011; 8: 75-85 [PMID: 21497298 DOI: 10.1016/
j-pdpdt.2011.01.001]

Biel MA. Photodynamic therapy treatment of early oral and
laryngeal cancers. Photochem Photobiol 2007; 83: 1063-1068
[PMID: 17880501]

Grant WE, Hopper C, Speight PM, Macrobert AJ, Bown SG.
Photodynamic therapy of malignant and premalignant le-
sions in patients with ‘field cancerization” of the oral cavity.
] Laryngol Otol 1993; 107: 1140-1145 [PMID: 8289004 DOI:
10.1017/50022215100125496]

Henderson BW, Dougherty T]. How does photodynamic
therapy work? Photochem Photobiol 1992; 55: 145-157 [PMID:
1603846 DOI: 10.1111/j.1751-1097.1992.tb04222.x]

Hopper C. Photodynamic therapy: a clinical reality in the
treatment of cancer. Lancet Oncol 2000; 1: 212-219 [PMID:
11905638 DOI: 10.1016/51470-2045(00)00166-2]

Anand S, Wilson C, Hasan T, Maytin EV. Vitamin D3 en-
hances the apoptotic response of epithelial tumors to ami-
nolevulinate-based photodynamic therapy. Cancer Res 2011;
71: 6040-6050 [PMID: 21807844 DOI: 10.1158/0008-5472.
CAN-11-0805]

Lou PJ, Jones L, Hopper C. Clinical outcomes of photody-
namic therapy for head-and-neck cancer. Technol Cancer Res
Treat 2003; 2: 311-317 [PMID: 12892513]

Green B, Cobb AR, Hopper C. Photodynamic therapy in the
management of lesions of the head and neck. Br | Oral Max-

(4 9

TR
JBaishideng®

WJCC | www.wjgnet.com

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

illofac Surg 2013; 51: 283-287 [PMID: 23245464 DOI: 10.1016/
j-bjoms.2012.11.011]

Sharwani A, Jerjes W, Hopper C, Lewis MP, El-Maaytah M,
Khalil HS, Macrobert AJ, Upile T, Salih V. Photodynamic
therapy down-regulates the invasion promoting factors in
human oral cancer. Arch Oral Biol 2006; 51: 1104-1111 [PMID:
16889746 DOI: 10.1016/j.archoralbio.2006.05.012]

Jerjes W, Upile T, Hamdoon Z, Mosse CA, Akram S, Hop-
per C. Photodynamic therapy outcome for oral dysplasia.
Lasers Surg Med 2011; 43: 192-199 [PMID: 21412802 DOI:
10.1002/1sm.21036]

Jerjes W, Upile T, Hamdoon Z, Alexander Mosse C, Morcos
M, Hopper C. Photodynamic therapy outcome for T1/T2
NO oral squamous cell carcinoma. Lasers Surg Med 2011; 43:
463-469 [PMID: 21761416 DOI: 10.1002/1sm.21071]

Jerjes W, Hamdoon Z, Hopper C. Photodynamic therapy
in the management of potentially malignant and malignant
oral disorders. Head Neck Oncol 2012; 4: 16 [PMID: 22546491
DOI: 10.1186/1758-3284-4-16]

Hopper C, Kiibler A, Lewis H, Tan IB, Putnam G. mTHPC-
mediated photodynamic therapy for early oral squamous
cell carcinoma. Int | Cancer 2004; 111: 138-146 [PMID:
15185355 DOI: 10.1002/1jc.20209]

Hopper C. The role of photodynamic therapy in the man-
agement of oral cancer and precancer. Eur | Cancer B Oral
Oncol 1996; 32B: 71-72 [PMID: 8736166 DOI: 10.1016/0964-1
955(95)00079-8]

Grant WE, Speight PM, Hopper C, Bown SG. Photodynamic
therapy: an effective, but non-selective treatment for super-
ficial cancers of the oral cavity. Int | Cancer 1997; 71: 937-942
[PMID: 9185692]

Grant WE, Hopper C, MacRobert AJ, Speight PM, Bown
SG. Photodynamic therapy of oral cancer: photosensitisa-
tion with systemic aminolaevulinic acid. Lancet 1993; 342:
147-148 [PMID: 7687318]

Fan KF, Hopper C, Speight PM, Buonaccorsi GA, Bown
SG. Photodynamic therapy using mTHPC for malignant
disease in the oral cavity. Int | Cancer 1997; 73: 25-32 [PMID:
9334805]

Fan KF, Hopper C, Speight PM, Buonaccorsi G, MacRobert
AJ, Bown SG. Photodynamic therapy using 5-aminolevu-
linic acid for premalignant and malignant lesions of the oral
cavity. Cancer 1996; 78: 1374-1383 [PMID: 8839541]
Kulapaditharom B, Boonkitticharoen V. Photodynamic thera-
py in management of head and neck cancers and precancerous
lesions. ] Med Assoc Thai 2000; 83: 249-258 [PMID: 10808679]
Biel MA. Photodynamic therapy and the treatment of head
and neck neoplasia. Laryngoscope 1998; 108: 1259-1268 [PMID:
9738739 DOI: 10.1097/00005537-199809000-00001]
Schweitzer VG. PHOTOFRIN-mediated photodynamic
therapy for treatment of early stage oral cavity and laryn-
geal malignancies. Lasers Surg Med 2001; 29: 305-313 [PMID:
11746107 DOI: 10.1002/1sm.1133]

Zhao SP, Tao ZD, Xiao JY, Peng YY, Yang YH, Zeng QS, Liu
ZW. Clinical use of hematoporphyrin derivative and photo-
radiation therapy in nasopharyngeal carcinoma. Chin Med |
(Engl) 1988; 101: 86-91 [PMID: 2970371]

Freche C, De Corbiere S. Use of photodynamic therapy in
the treatment of vocal cord carcinoma. | Photochem Photobiol
B 1990; 6: 291-296 [PMID: 2120406]

Gluckman JL. Hematoporphyrin photodynamic therapy: is
there truly a future in head and neck oncology? Reflections
on a 5-year experience. Laryngoscope 1991; 101: 36-42 [PMID:
1701843 DOI: 10.1288 /00005537-199101000-00007]
Gluckman JL. Photodynamic therapy for head and neck
neoplasms. Otolaryngol Clin North Am 1991; 24: 1559-1567
[PMID: 1792084]

Feyh J, Goetz A, Miiller W, Konigsberger R, Kastenbauer E.
Photodynamic therapy in head and neck surgery. | Photo-
chem Photobiol B 1990; 7: 353-358 [PMID: 2150861]

June 16, 2013 | Volume1 | Issue 3 |



35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

Wenig BL, Kurtzman DM, Grossweiner LI, Mafee MF, Har-
ris DM, Lobraico RV, Prycz RA, Appelbaum EL. Photody-
namic therapy in the treatment of squamous cell carcinoma
of the head and neck. Arch Otolaryngol Head Neck Surg 1990;
116: 1267-1270 [PMID: 2146969]

Wilson BC, Patterson MS. The physics, biophysics and tech-
nology of photodynamic therapy. Phys Med Biol 2008; 53:
R61-109 [PMID: 18401068 DOI: 10.1088/0031-9155/53/9/
RO1]

Zhu TC, Finlay JC. The role of photodynamic therapy (PDT)
physics. Med Phys 2008; 35: 3127-3136 [PMID: 18697538 DOI:
10.1118/1.2937440]

Bredell MG, Besic E, Maake C, Walt H. The application and
challenges of clinical PD-PDT in the head and neck region:
a short review. | Photochem Photobiol B 2010; 101: 185-190
[PMID: 20732819 DOI: 10.1016/j.jphotobiol.2010.07.002]

Tan IB, Oppelaar H, Ruevekamp MC, Veenhuizen RB, Tim-
mers A, Stewart FA. The importance of in situ light dosim-
etry for photodynamic therapy of oral cavity tumors. Head
Neck 1999; 21: 434-441 [PMID: 10402524]

Wilson BC, Patterson MS, Lilge L. Implicit and explicit do-
simetry in photodynamic therapy: a New paradigm. Lasers
Med Sci 1997; 12: 182-199 [PMID: 20803326 DOI: 10.1007/
BF02765099]

Boere IA, Robinson D], de Bruijn HS, Kluin ], Tilanus HW,
Sterenborg HJ, de Bruin RW. Protoporphyrin IX fluorescence
photobleaching and the response of rat Barrett’s esophagus
following 5-aminolevulinic acid photodynamic therapy. Pho-
tochem Photobiol 2006; 82: 1638-1644 [PMID: 16879035 DOI:
10.1562/2006-01-03-RA-763]

Boere IA, Robinson D], de Bruijn HS, van den Boogert J, Ti-
lanus HW, Sterenborg HJ, de Bruin RW. Monitoring in situ
dosimetry and protoporphyrin IX fluorescence photobleach-
ing in the normal rat esophagus during 5-aminolevulinic
acid photodynamic therapy. Photochem Photobiol 2003; 78:
271-277 [PMID: 14556314 DOI: 10.1562/0031-8655(2003)0780
271IMISDAP2.0.CO2]

Robinson DJ, de Bruijn HS, van der Veen N, Stringer MR,
Brown SB, Star WM. Fluorescence photobleaching of ALA-
induced protoporphyrin IX during photodynamic therapy
of normal hairless mouse skin: the effect of light dose and
irradiance and the resulting biological effect. Photochem
Photobiol 1998; 67: 140-149 [PMID: 9477772 DOI: 10.1111/
j-1751-1097.1998.tb05177 X]

Sunar U, Rohrbach D, Rigual N, Tracy E, Keymel K, Cooper
MT, Baumann H, Henderson BH. Monitoring photobleach-
ing and hemodynamic responses to HPPH-mediated photo-
dynamic therapy of head and neck cancer: a case report. Opt
Express 2010; 18: 14969-14978 [PMID: 20639983]

Khurana M, Moriyama EH, Mariampillai A, Wilson BC. In-
travital high-resolution optical imaging of individual vessel
response to photodynamic treatment. | Biomed Opt 2008; 13:
040502 [PMID: 19021306 DOI: 10.1117/1.2965545]
Mariampillai A, Standish BA, Moriyama EH, Khurana M,
Munce NR, Leung MK, Jiang ], Cable A, Wilson BC, Vitkin
IA, Yang VX. Speckle variance detection of microvascu-
lature using swept-source optical coherence tomography.
Opt Lett 2008; 33: 1530-1532 [PMID: 18594688 DOI: 10.1364/
OL.33.001530]

Li H, Standish BA, Mariampillai A, Munce NR, Mao Y, Chiu
S, Marcon NE, Wilson BC, Vitkin A, Yang VX. Feasibility
of interstitial Doppler optical coherence tomography for in
vivo detection of microvascular changes during photody-
namic therapy. Lasers Surg Med 2006; 38: 754-761 [PMID:
16927368 DOI: 10.1002/1sm.20387]

Yang VX, Mao YX, Munce N, Standish B, Kucharczyk W,
Marcon NE, Wilson BC, Vitkin IA. Interstitial Doppler op-
tical coherence tomography. Opt Lett 2005; 30: 1791-1793
[PMID: 16092347 DOI: 10.1364/OL.30.001791]

Yu G. Near-infrared diffuse correlation spectroscopy in can-

(49

TR
JBaishideng®

WJCC | www.wjgnet.com

Sunar U. Optical monitoring of clinical PDT of H and N

50

51

52

53

54

55

56

57

58

59

60

61

62

63

cer diagnosis and therapy monitoring. | Biomed Opt 2012; 17:
010901 [PMID: 22352633 DOI: 10.1117/1.JBO.17.1.010901]
Yu G, Durduran T, Zhou C, Wang HW, Putt ME, Saunders
HM, Sehgal CM, Glatstein E, Yodh AG, Busch TM. Non-
invasive monitoring of murine tumor blood flow during
and after photodynamic therapy provides early assessment
of therapeutic efficacy. Clin Cancer Res 2005; 11: 3543-3552
[PMID: 15867258 DOI: 10.1158/1078-0432.CCR-04-2582]
Georgakoudi I, Foster TH. Singlet oxygen- versus nons-
inglet oxygen-mediated mechanisms of sensitizer photo-
bleaching and their effects on photodynamic dosimetry.
Photochem Photobiol 1998; 67: 612-625 [PMID: 9648527 DOI:
10.1111/j.1751-1097.1998.tb09463.x]

Wang HW, Putt ME, Emanuele MJ, Shin DB, Glatstein
E, Yodh AG, Busch TM. Treatment-induced changes in
tumor oxygenation predict photodynamic therapy out-
come. Cancer Res 2004; 64: 7553-7561 [PMID: 15492282 DOI:
10.1158/0008-5472.CAN-03-3632]

Yu G, Durduran T, Zhou C, Zhu TC, Finlay JC, Busch TM,
Malkowicz SB, Hahn SM, Yodh AG. Real-time in situ moni-
toring of human prostate photodynamic therapy with dif-
fuse light. Photochem Photobiol 2006; 82: 1279-1284 [PMID:
16696593]

Becker TL, Paquette AD, Keymel KR, Henderson BW, Sunar
U. Monitoring blood flow responses during topical ALA-
PDT. Biomed Opt Express 2010; 2: 123-130 [PMID: 21326642
DOI: 10.1364/BOE.2.000123]

Tromberg BJ, Shah N, Lanning R, Cerussi A, Espinoza ],
Pham T, Svaasand L, Butler ]J. Non-invasive in vivo char-
acterization of breast tumors using photon migration spec-
troscopy. Neoplasia 2000; 2: 26-40 [PMID: 10933066 DOI:
10.1038/sj.ne0.7900082]

Pham TH, Hornung R, Berns MW, Tadir Y, Tromberg BJ.
Monitoring tumor response during photodynamic therapy
using near-infrared photon-migration spectroscopy. Pho-
tochem Photobiol 2001; 73: 669-677 [PMID: 11421074 DOI:
10.1562/0031-8655(2001)0730669MTRDPT2.0.CO2]

Kukreti S, Cerussi AE, Tanamai W, Hsiang D, Tromberg
BJ, Gratton E. Characterization of metabolic differences
between benign and malignant tumors: high-spectral-
resolution diffuse optical spectroscopy. Radiology 2010; 254:
277-284 [PMID: 20032159 DOI: 10.1148 /radiol.09082134]
Chen Y, Intes X, Tailor DR, Regatte RR, Ma H, Ntziachristos
V, Leigh JS, Reddy R, Chance B. Probing rat brain oxygen-
ation with near-infrared spectroscopy (NIRS) and magnetic
resonance imaging (MRI). Adv Exp Med Biol 2003; 510:
199-204 [PMID: 12580428]

Chen Y, Tailor DR, Intes X, Chance B. Correlation between
near-infrared spectroscopy and magnetic resonance imag-
ing of rat brain oxygenation modulation. Phys Med Biol 2003;
48: 417-427 [PMID: 12630739 DOI: 10.1088/0031-9155/48/4
/301]

Matcher SJ, Cope M, Delpy DT. Use of the water absorp-
tion spectrum to quantify tissue chromophore concentration
changes in near-infrared spectroscopy. Phys Med Biol 1994;
39: 177-196 [PMID: 7651995 DOI: 10.1098 /rstb.1997.0046]
Carpenter CM, Pogue BW, Jiang S, Dehghani H, Wang
X, Paulsen KD, Wells WA, Forero J, Kogel C, Weaver ]B,
Poplack SP, Kaufman PA. Image-guided optical spectros-
copy provides molecular-specific information in vivo:
MRI-guided spectroscopy of breast cancer hemoglobin,
water, and scatterer size. Opt Lett 2007; 32: 933-935 [PMID:
17375158 DOI: 10.1364/OL.32.000933]

Amelink A, van der Ploeg van den Heuvel A, de Wolf W],
Robinson DJ, Sterenborg HJ. Monitoring PDT by means of
superficial reflectance spectroscopy. | Photochem Photobiol B
2005; 79: 243-251 [PMID: 15896651 DOI: 10.1016/j.jphotobiol
.2005.01.006]

Bargo PR, Prahl SA, Goodell TT, Sleven RA, Koval G, Blair G,
Jacques SL. In vivo determination of optical properties of nor-

June 16, 2013 | Volume1 | Issue 3 |



64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

Sunar U. Optical monitoring of clinical PDT of H and N

mal and tumor tissue with white light reflectance and an em-
pirical light transport model during endoscopy. ] Biomed Opt
2005; 10: 034018 [PMID: 16229662 DOI: 10.1117/1.1921907]
Cottrell WJ, Paquette AD, Keymel KR, Foster TH, Oseroff
AR. Irradiance-dependent photobleaching and pain in del-
ta-aminolevulinic acid-photodynamic therapy of superficial
basal cell carcinomas. Clin Cancer Res 2008; 14: 4475-4483
[PMID: 18628462 DOI: 10.1158/1078-0432.CCR-07-5199]
Kienle A, Patterson MS. Improved solutions of the steady-
state and the time-resolved diffusion equations for reflec-
tance from a semi-infinite turbid medium. | Opt Soc Am A
Opt Image Sci Vis 1997; 14: 246-254 [PMID: 8988618 DOI:
10.1364/JOSAA.14.000246]

Farrell TJ, Patterson MS, Wilson B. A diffusion theory
model of spatially resolved, steady-state diffuse reflectance
for the noninvasive determination of tissue optical proper-
ties in vivo. Med Phys 1992; 19: 879-888 [PMID: 1518476 DOL:
10.1118/1.596777]

Brown JQ, Wilke LG, Geradts ], Kennedy SA, Palmer GM,
Ramanujam N. Quantitative optical spectroscopy: a robust
tool for direct measurement of breast cancer vascular oxy-
genation and total hemoglobin content in vivo. Cancer Res
2009; 69: 2919-2926 [PMID: 19293184 DOI: 10.1158 /0008-5472.
CAN-08-3370]

Wagniéres GA, Star WM, Wilson BC. In vivo fluorescence
spectroscopy and imaging for oncological applications.
Photochem Photobiol 1998; 68: 603-632 [PMID: 9825692 DOI:
10.1111/j.1751-1097.1998.tb02521.X]

Cottrell WJ, Oseroff A, Foster TH. Portable instrument that
integrates irradiation with fluorescence and reflectance
spectroscopies during PDT of cutaneous disease. Rev Sci In-
strum 2006; 77: 064302 [DOI: 10.1063/1.2204617]

Wu J, Feld MS, Rava RP. Analytical model for extracting
intrinsic fluorescence in turbid media. Appl Opt 1993; 32:
3585-3595 [PMID: 20829983 DOI: 10.1364/ AO.32.003585]
Pine DJ, Weitz DA, Chaikin PM, Herbolzheimer E. Diffus-
ing wave spectroscopy. Phys Rev Lett 1988; 60: 1134-1137
[PMID: 10037950 DOI: 10.1103/ PhysRevLett.60.1134]

Berne BJ, Pecora R. Dynamic Light Scattering. New York:
Wiley, 1976

Rohrbach DJ, Rigual N, Tracy E, Kowalczewski A, Keymel
KL, Cooper MT, Mo W, Baumann H, Henderson BW, Sunar
U. Interlesion differences in the local photodynamic therapy
response of oral cavity lesions assessed by diffuse optical
spectroscopies. Biomed Opt Express 2012; 3: 2142-2153 [PMID:
23024908 DOI: 10.1364/BOE.3.002142]

Busch TM, Hahn SM, Wileyto EP, Koch CJ, Fraker DL,
Zhang P, Putt M, Gleason K, Shin DB, Emanuele M]J, Jenkins
K, Glatstein E, Evans SM. Hypoxia and Photofrin uptake
in the intraperitoneal carcinomatosis and sarcomatosis
of photodynamic therapy patients. Clin Cancer Res 2004;
10: 4630-4638 [PMID: 15269134 DOI: 10.1158/1078-0432.
CCR-04-0359]

Zhou X, Pogue BW, Chen B, Demidenko E, Joshi R, Hoopes
J, Hasan T. Pretreatment photosensitizer dosimetry re-
duces variation in tumor response. Int | Radiat Oncol Biol
Phys 2006; 64: 1211-1220 [PMID: 16504761 DOI: 10.1016/
j-ijrobp.2005.11.019]

Glanzmann T, Hadjur C, Zellweger M, Grosiean P, Forrer M,
Ballini JP, Monnier P, van den Bergh H, Lim CK, Wagnieres
G. Pharmacokinetics of tetra(m-hydroxyphenyl)chlorin in
human plasma and individualized light dosimetry in pho-
todynamic therapy. Photochem Photobiol 1998; 67: 596-602
[PMID: 9613244 DOI: 10.1111/j.1751-1097.1998.tb09460.x]
Axelsson J, Swartling ], Andersson-Engels S. In vivo photo-
sensitizer tomography inside the human prostate. Opt Lett
2009; 34: 232-234 [PMID: 19183615]

Dimofte A, Zhu TC, Hahn SM, Lustig RA. In vivo light
dosimetry for motexafin lutetium-mediated PDT of recur-
rent breast cancer. Lasers Surg Med 2002; 31: 305-312 [PMID:

(49

TR
JBaishideng®

WJCC | www.wjgnet.com

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

12430147 DOI: 10.1002/1sm.10115]

Bogaards A, Sterenborg H]J, Trachtenberg J, Wilson BC,
Lilge L. In vivo quantification of fluorescent molecular
markers in real-time by ratio imaging for diagnostic screen-
ing and image-guided surgery. Lasers Surg Med 2007; 39:
605-613 [PMID: 17868102 DOI: 10.1002/1sm.20525]
Moriyama EH, Kim A, Bogaards A, Lilge L, Wilson B. A
ratiometric fluorescence imaging system for surgical guid-
ance. Adv Opt Tech 2008; 1-10 [DOI: 10.1155/2008 /532368]
Yodh A, Chance B. Spectroscopy and Imaging with Diffusing
Light. Physics Today 1995; 48: 34-40 [DOI: 10.1063/1.881445]
Tromberg BJ, Orenstein A, Kimel S, Barker SJ, Hyatt J,
Nelson ]S, Berns MW. In vivo tumor oxygen tension mea-
surements for the evaluation of the efficiency of photody-
namic therapy. Photochem Photobiol 1990; 52: 375-385 [PMID:
2145595 DOI: 10.1111/§.1751-1097.1990.tb04193.x]

Tromberg BJ, Kimel S, Orenstein A, Barker SJ, Hyatt J, Nel-
son JS, Roberts WG, Berns MW. Tumor oxygen tension dur-
ing photodynamic therapy. | Photochem Photobiol B 1990; 5:
121-126 [PMID: 2140411 DOI: 10.1016/1011-1344(90)85011-K]
Foster TH, Murant RS, Bryant RG, Knox RS, Gibson SL, Hilf
R. Oxygen consumption and diffusion effects in photody-
namic therapy. Radiat Res 1991; 126: 296-303 [PMID: 2034787
DOI: 10.2307/3577919]

Chen B, Pogue BW, Goodwin IA, O'Hara JA, Wilmot CM,
Hutchins JE, Hoopes PJ, Hasan T. Blood flow dynamics
after photodynamic therapy with verteporfin in the RIF-1
tumor. Radiat Res 2003; 160: 452-459 [PMID: 12968929 DOI:
10.1667/RR3059]

Georgakoudi I, Nichols MG, Foster TH. The mechanism of
Photofrin photobleaching and its consequences for photo-
dynamic dosimetry. Photochem Photobiol 1997; 65: 135-144
[PMID: 9066293 DOI: 10.1111/j.1751-1097.1997.tb01889.x]
Sheng C, Hoopes PJ, Hasan T, Pogue BW. Photobleaching-
based dosimetry predicts deposited dose in ALA-PpIX PDT
of rodent esophagus. Photochem Photobiol 2007; 83: 738-748
[PMID: 17576383]

Ericson MB, Wennberg AM, Larké O. Review of photody-
namic therapy in actinic keratosis and basal cell carcinoma.
Ther Clin Risk Manag 2008; 4: 1-9 [PMID: 18728698]

Sheng C, Pogue BW, Wang E, Hutchins JE, Hoopes PJ. As-
sessment of photosensitizer dosimetry and tissue damage
assay for photodynamic therapy in advanced-stage tumors.
Photochem Photobiol 2004; 79: 520-525 [PMID: 15291303 DOI:
10.1562/MU-03-33.1]

Finlay JC, Conover DL, Hull EL, Foster TH. Porphyrin
bleaching and PDT-induced spectral changes are irradi-
ance dependent in ALA-sensitized normal rat skin in vivo.
Photochem Photobiol 2001; 73: 54-63 [PMID: 11202366 DOI:
10.1562/0031-8655(2001)0730054PBAPIS2.0.CO]

Mourant JR, Fuselier T, Boyer ], Johnson TM, Bigio IJ. Pre-
dictions and measurements of scattering and absorption
over broad wavelength ranges in tissue phantoms. Appl Opt
1997; 36: 949-957 [PMID: 18250760]

Wang HW, Zhu TC, Putt ME, Solonenko M, Metz ], Dimofte
A, Miles ], Fraker DL, Glatstein E, Hahn SM, Yodh AG.
Broadband reflectance measurements of light penetration,
blood oxygenation, hemoglobin concentration, and drug
concentration in human intraperitoneal tissues before and
after photodynamic therapy. | Biomed Opt 2005; 10: 14004
[PMID: 15847585 DOI: 10.1117/1.1854679]

Bargo PR. Optical measurements for quality control in pho-
todynamic therapy. Oregon Health and Science University,
2003

Sunar U, Makonnen S, Zhou C, Durduran T, Yu G, Wang
HW, Lee WM, Yodh AG. Hemodynamic responses to anti-
vascular therapy and ionizing radiation assessed by diffuse
optical spectroscopies. Opt Express 2007; 15: 15507-15516
[PMID: 19550836 DOI: 10.1364/OE.15.0155072]

Pakalniskis MG, Wells WA, Schwab MC, Froehlich HM,

June 16, 2013 | Volume1 | Issue 3 |



96

97

98

99

Jiang S, Li Z, Tosteson TD, Poplack SP, Kaufman PA, Pogue
BW, Paulsen KD. Tumor angiogenesis change estimated by
using diffuse optical spectroscopic tomography: demon-
strated correlation in women undergoing neoadjuvant che-
motherapy for invasive breast cancer? Radiology 2011; 259:
365-374 [PMID: 21406632 DOI: 10.1148/radiol.11100699]
Binzoni T, Leung TS, Rifenacht D, Delpy DT. Absorption
and scattering coefficient dependence of laser-Doppler flow-
metry models for large tissue volumes. Phys Med Biol 2006;
51: 311-333 [PMID: 16394341 DOI: 10.1088/0031-9155/51/2/
009]

Boas DA, Campbell LE, Yodh AG. Scattering and Imaging
with Diffusing Temporal Field Correlations. Phys Rev Lett
1995; 75: 1855-1858 [PMID: 10060408 DOI: 10.1103/Phys-
RevLett.75.1855]

Boas DA, Yodh AG. Spatially varying dynamical proper-
ties of turbid media probed with diffusing temporal light
correlation. JOSA A 1997; 14: 192-215 [DOI: 10.1364/]JO-
SAA.14.000192]

Cheung C, Culver JP, Takahashi K, Greenberg JH, Yodh
AG. In vivo cerebrovascular measurement combining dif-
fuse near-infrared absorption and correlation spectrosco-

(49

TR
JBaishideng®

WJCC | www.wjgnet.com

105

Sunar U. Optical monitoring of clinical PDT of H and N

100

101

102

103

pies. Phys Med Biol 2001; 46: 2053-2065 [PMID: 11512610]
Culver JP, Durduran T, Furuya D, Cheung C, Greenberg
JH, Yodh AG. Diffuse optical tomography of cerebral blood
flow, oxygenation, and metabolism in rat during focal
ischemia. | Cereb Blood Flow Metab 2003; 23: 911-924 [PMID:
12902835]

Mesquita RC, Durduran T, Yu G, Buckley EM, Kim MN,
Zhou C, Choe R, Sunar U, Yodh AG. Direct measurement
of tissue blood flow and metabolism with diffuse optics.
Philos Trans A Math Phys Eng Sci 2011; 369: 4390-4406 [PMID:
22006897 DOI: 10.1098 /rsta.2011.0232]

Henderson BW, Daroqui C, Tracy E, Vaughan LA, Loewen
GM, Cooper MT, Baumann H. Cross-linking of signal trans-
ducer and activator of transcription 3--a molecular marker
for the photodynamic reaction in cells and tumors. Clin Can-
cer Res 2007; 13: 3156-3163 [PMID: 17545518]

Liu W, Oseroff AR, Baumann H. Photodynamic therapy
causes cross-linking of signal transducer and activator of
transcription proteins and attenuation of interleukin-6 cy-
tokine responsiveness in epithelial cells. Cancer Res 2004;
64: 6579-6587 [PMID: 15374971 DOI: 10.1158/0008-5472.
CAN-04-1580]

P- Reviewer Andrzej MB S- Editor Song XX L- Editor A
E- Editor Ma S

June 16, 2013 | Volume1 | Issue 3 |



J C

World Journal of
Clinical Cases

Online Submissions: http:/ /www.wjgnet.com/esps/
wjcc@wignet.com
doi:10.12998 / wjcc.v1.i3.106

World ] Clin Cases 2013 June 16; 1(3): 106-107
ISSN 2307-8960 (online)
© 2013 Baishideng. All rights reserved.

CASE REPORT

Hepatitis C treatment with triple therapy in a patient with

hemophilia A

Gurshawn Singh, Reuben Sass, Rayan Alamiry, Nizar Zein, Naim Alkhouri

Gurshawn Singh, Department of Internal Medicine, Cleveland
Clinic Foundation, Cleveland, OH 44195, United States

Reuben Sass, Rayan Alamiry, Nizar Zein, Naim Alkhouri,
Digestive Disease Institute, Cleveland Clinic Foundation, Cleve-
land, OH 44195, United States

Author contributions: Singh G and Alkhouri N designed the
report; Singh G, Sass R and Alamiry R analyzed data; Alkhouri
N was the attending doctor for the patient; Singh G, Zein N and
Alkhouri N wrote the paper.

Correspondence to: Naim Alkhouri, MD, Department of Gas-
troenterology, Cleveland Clinic Foundation, 9500 Euclid Avenue,
Cleveland, OH 44195, United States. alkhoun@ccf.org
Telephone: +1-216-4449000 Fax: +1-216-4442974

Received: February 25,2013 Revised: April 17,2013
Accepted: May 8, 2013

Published online: June 16, 2013

Abstract

We report a case of successful treatment of chronic
hepatitis C infection with telaprevir-based triple therapy
in a patient with hemophilia A complicated by factor Vil
inhibitor. A twenty-two years old male with hereditary
hemophilia A and high-titer factor VI inhibitor was tak-
ing maintenance doses of recombinant factor VIl. He
visited our clinic for treatment of his chronic hepatitis C
with the newly instituted protease inhibitor based ther-
apy. He was diagnosed with hepatitis C genotype 1a at
one year of age. He was initiated on telaprevir, ribavirin
and peg-interferon for treatment of hepatitis C and
qualified for response-guided therapy. He completed
treatment at 24 wk with minimal adverse effects. No-
tably, after 4 wk of hepatitis C treatment, his factor ViI
inhibitor screen was negative and the dose for recom-
binant factor VIl decreased by half of the initial dosing
before he was treated for hepatitis C. We suspect that
suppressing hepatitis C may help decrease factor VI in-
hibitor level and the need for recombinant factor VI.

© 2013 Baishideng. All rights reserved.
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Core tip: This is a case of a patient who has Hemo-
philia A with factor VI inhibitor and chronic hepatitis C.
After successfully treating the patient’s hepatitis C with
protease-inhibitor based triple therapy and achieving
response-guided therapy with negative hepatitis C virus
RNA after week 4, the patient’s need for recombinant
factor VI decreased significantly.

Singh G, Sass R, Alamiry R, Zein N, Alkhouri N. Hepatitis C
treatment with triple therapy in a patient with hemophilia A.
World J Clin Cases 2013; 1(3): 106-107 Available from: URL:
http://www.wjgnet.com/2307-8960/full/v1/i3/106.htm DOTI:
http://dx.doi.org/10.12998/wjcc.v1.i3.106

INTRODUCTION

Chronic hepatitis C virus (HCV) infection has been a
heavy burden to patients with hemophiliam. Patients with
hemophilia A frequently receive transfusion of factor VI
as part of their management which can lead to develop-
ment of antibodies that can neutralize factor VI¥, HCV
infection by itself and its treatment with interferon can
lead to the development of auto-antibodies including ac-
quired factor VI inhibitor™. Therefore, treating HCV in
hemophiliacs with factor VIl inhibitor remains challenging;

CASE REPORT

A 22-year-old male with a history significant for heredi-
tary hemophilia A complicated by refractory high-titer
factor VII inhibitors and hepatitis C genotype 1a infection
diagnosed at the age of 1 year was referred to our clinic
regarding hepatitis C treatment. The patient has been
treated with recombinant human factor VII 6000 TU Bid
to maintain his factor level at around 20%. He was also
receiving rituximab (to help decrease his factor VIl auto-

June 16, 2013 | Volume1 | Issue 3 |



Singh G et a/. HCV with triple therapy

80% Factor VII level (12 h trough) over course of hepatitis C therapy
70% -
Factor VII Level
0,
60% . Dosage change
50%
40%
30%
20%
10%
A A A
OD /0 1 1 1 1 1 1 1 1 1 1 1 |
I I S S R S S SR < ® &
5 N N o N ® N o o N Q\B 6\0
& & & & & > Ny S S S S iy o
& > v % © A ® 5 ~ N
® & & & & & & & & & N Na¢ N
N N N N N N N N N \@@ \‘@Q' &

Figure 1 A graph demonstrating factor VII levels and dosage while on telaprevir-based triple therapy.

antibodies) every 4-6 mo for 3 years. Liver biopsy was not
performed prior to starting HCV treatment due to con-
cerns about bleeding and the patient was HCV treatment
naive. Patient was started on hepatitis C telaprevir-based
triple therapy (telaprevir 750 mg #d, weight based ribavi-
rin, and peg-interferon alpha-2a) with good virologic re-
sponse (HCV RNA was undetectable at treatment weeks
4, 12 and 24). He qualified for response-guided therapy
and completed his treatment at 24 wk. He tolerated
therapy relatively well without the need to dose reduce
his ribavitin or peg-interferon alpha-2a. Interestingly,
within a few days after starting telaprevir therapy his fac-
tor VI level started to increase significantly and after four
wk of hepatitis C treatment, his factor VI inhibitor screen
was negative and his need for recombinant factor VI
decreased by 50% as shown in Figure 1. His HCV RNA
remained negative at 24 wk after he completed telaprevir-
based therapy and the patient achieved a sustained viro-
logic response.

DISCUSSION

To our knowledge, this is the first case report on using
telaprevir-based triple therapy in a hemophilia patient
with factor VI inhibitor. Acquiring factor VII inhibitor
after HCV infection has been described in previous
literature™. In our patient, we speculate that the HCV
infection itself was inducing production of a factor VII
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inhibitor. Consequently, the production of factor VI in-
hibitor was suppressed once the virus was cleared with
appropriate therapy. This case demonstrates that HCV
therapy was safe and that suppressing HCV may help
decrease factor VII inhibitor level and the need for recom-
binant factor VII. We hope that our report will encourage
other practicing clinicians to treat this challenging patient
population.
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Abstract

An elderly gentleman presented to the emergency de-
partment with a recent history of dyspnoea, collapse
and transient neurological symptoms. He was noted
to be hypoxic with a significantly elevated D Dimer. A
computer tomography pulmonary angiogram demon-
strated a large embolus with a further filling defects
within the left and the right atria, abutting the inter-
atrial septum. Suspicion of a paradoxical pulmonary
embolus was raised and the patient subsequently un-
derwent echocardiography which confirmed a patent
foramen ovale (PFO). He was commenced on warfarin
therapy. In patients with elevated right heart pressure,
a PFO can be unmasked and give rise to cerebral em-
boli. Clinical suspicion should be raised in patients with
pulmonary emboli or deep venous thrombosis if there is
a concomitant history of focal neurological symptomes.

© 2013 Baishideng. All rights reserved.

Key words: Pulmonary embolus; Paradoxical embolus;
Computer tomography pulmonary angiogram; Patent
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foramen ovale; Stroke

Core tip: Patent foramen ovale (PFO) are common but
usually closed and asymptomatic due to the greater
pressure in the left heart. They however pose a par-
ticular risk for patients with large pulmonary emboli (PE)
where they can open providing a right to left shunt
when the right heart pressure rises due to pulmonary
arterial obstruction by PE. In these circumstances
thrombus can transit the PFO paradoxically embolising
systemically. We report a case of a patient with a large
PE who had a cerebral embolus where thombus is im-
aged straddling the PFO at computer tomography pul-
monary angiography.

Cormack L, Murchison JT. Paradoxical embolus straddling
patent foramen ovale demonstrated by computed tomographic
pulmonary angiography. World J Clin Cases 2013; 1(3): 108-110
Available from: URL: http://www.wjgnet.com/2307-8960/full/
v1/i3/108.htm DOI: http://dx.doi.org/10.12998/wjcc.v1.i3.108

INTRODUCTION

Patent foramen ovale (PFO) is estimated to be present in
approximately 27% of the populationm. Under normal
physiological conditions where left-sided heart pressure
exceeds right-sided pressure, the foramen remains closed.
However, in circumstances where right-sided pressure is
elevated, for example in pregnancy, cor pulmonale or in
the presence of pulmonary thromboembolic disease, the
foramen can be opened which may result in paradoxical
emboli entering the left-heart and systemic circulation.
The presence of thrombo-embolic disease and a PFO
thus increases the risk of stroke.

This case highlights the value of computer tomog-
raphy (CT) pulmonary angiogram, for example when
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Figure 1 Findings at computed tomographic pulmonary angiography. A: Computer tomography pulmonary angiogram (CDPA) demonstrating a serpiginous low
attenuation filling defect in the left atrium which extends across into the right atrium through a patent foramen ovale representing a paradoxical embolus (oblique axial
view). There are also filling defects in the left lower lobe pulmonary artery due to pulmonary emboli; B: Demonstrating a filling defect in the left atrium filling defects
in the right lower lobe pulmonary artery due to pulmonary emboli (axial view); C: CDPA demonstrating a filling defect in the left atrium, abutting the intra-atrial septum
and bowing of the intra-ventricular septum due to raised right heart pressure (axial view).

gations below). Bubble contrast echocardiography con-
firmed the presence of a PFO.

Investigations

CT pulmonary angiogram: Large bilateral pulmonary
artery emboli with a further serpiginous filling defect vis-
ible within the left atrium, abutting the inter-atrial septum
and extending into the left atrium. Appearances represent
a paradoxical embolus caught in a PFO (Figure 1).

Unenhanced CT brain examination (performed the
day after computed tomographic pulmonary angiog-
raphy): High attenuation within the medial aspect of the

Figurg 2. Neurglogical imaging. A Unenhancgq computer tomography brain left occipital lobe, in keeping with acute haemorrhage due
examlpatlon (axial V|e\{v) demonstrathg left ocmplta! h|gh attenga‘uon Wllth gur- to haemorrha gic transformation of an infarct/embolic
rounding low attenuation; B: Magnetic resonance imaging brain examination nf, Fi A

(axial view, FLAIR sequence) demonstrating left occipital lobe infarct with infaret ( 1gure )-

haemorrhagic transformation.
Magnetic resonance imaging brain examination,

without contrast: Performed 19 d after CT brain exami-

compared to perfusion scanning, in assessing right heart nation to rule out multiple emboli to the brain in order

strain as a {esult of pul@onary embglus, in addition to to help decide whether to sutgically close the PFO. This

the possibility of detecting paradoxical embolus when showed bilateral occipital increased FLAIR signal with

present. restricted diffusion in keeping with infarction. High T1
signal in the left occipital lobe consistent with a degree of

CASE REPORT haemorrhagic transformation (Figure 2B).

Case presentation Echocardiography: With bubble contrast, confirmed the

An 80-year-old gentleman with history of type 2 diabetes, presence of a PFO.
chronic renal impairment and hypertension presented to

the emergency department with marked dyspnoea, diz- Treatment

ziness and collapse but without loss of consciousness. The patient was commenced on warfatin therapy to treat
There were no features to suggest undetlying infection. pulmonary embolus. He was not considered for surgical
He also described transient left-sided paraesthesia and closure of the PFO.

weakness, which had largely resolved by the time he was
assessed. He was noted to be hypoxic and tachycardic Outcome and follow-up
with a markedly raised D Dimer (34704 pg/L). CT pul- The patient made a good recovery initially. A follow-up

monary angiography was requested which confirmed the CT brain performed because of a fall and head injury
presence of large pulmonary emboli, but also a further sustained at home eighteen months following initial pre-
filling defects within the left and right atria (see investi- sentation did not show any further ischaemic events.
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DISCUSSION
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tricles is an unusual finding which should prompt further
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According to National Institute for Clinical Excel-
lence guidelines, the optimal treatment of patients with
a PFO who have had a thromboembolic event remains
undefined™. Medical management with antiplatelet or
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risk of further paradoxical thrombi. Closure of the PFO
may be performed in patients who have further embolic
events despite medical management, or in cases where
anticoagulant therapy in contraindicated. Percutaneous
procedures allow closure of the PFO without the need
for major surgery. In this case the presence of acute
haemorrhage, presumed to be haemorrhagic transforma-
tion of an embolic infarct, further complicated manage-
ment, however the decision was made that it was in the
patient’s best interest to proceed with anticoagulation.
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Abstract

Spinal spondylosis is an extremely common condition
that has only rarely been described as a cause of syrin-
gomyelia. We describe a case of syringomyelia associ-
ated with cervical spondylosis admitted at our division
and treated by our institute. It is the case of a 66-year-
old woman. At our observation she was affected by
moderate-severe spastic tetraparesis. T2-weighted
magnetic resonance imaging (MRI) showed an hyper-
intense signal within spinal cord from C3 to T1 with a
more sharply defined process in the inferior cervical
spinal cord. At the same level bulging discs, facets and
ligamenta flava hypertrophy determined a compression
towards subarachnoid space and spinal cord. Spinal
cord compression was more evident in hyperextension
rather than flexion. A 4-level laminectomy and subse-
quent posterior stabilization with intra-articular screws
was executed. At 3-mo follow up there was a regres-
sion of tetraparesis but motor deficits of the lower
limbs residuated. At the same follow up postoperative
MRI was executed. It suggested enlargement of the
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syrinx. Perhaps hyperintensity within spinal cord ap-
peared “bounded” from C3 to C7 with clearer margins.
At the level of surgical decompression, subarachnoid
space and spinal cord enlargement were also evident.
A review of the literature was executed using PubMed
database. The objective of the research was to find an
etiopathological theory able to relate syringomyelia with
cervical spondylosis. Only 6 articles have been found.
At the origin of syringomyelia the mechanisms of com-
pression and instability are proposed. Perhaps other
studies assert the importance of subarachnoid space
regard cerebrospinal fluid (CSF) dynamic. We postu-
late that cervical spine instability may be the cause of
multiple microtrauma towards spinal cord and conse-
quently may damage spinal cord parenchyma generat-
ing myelomalacia and consequently syrinx. Otherwise
the hemorrhage within spinal cord central canal can
cause an obstruction of CSF outflow, finally generating
the syrinx. On the other hand in cervical spondylosis
the stenotic elements can affect subarachnoid space.
These elements rubbing towards spinal cord during
movements of the neck can generate arachnoiditis,
subarachnoid hemorrhages and arachnoid adhesions.
Analyzing the literature these “complications” of cervi-
cal spondylosis are described at the origin of syringo-
myelia. So surgical decompression, enlarging medullary
canal prevents rubbings and contacts between the
bone-ligament structures of the spine towards spinal
cord and subarachnoid space therefore syringomyelia.
Perhaps stabilization is also necessary to prevent insta-
bility of the cervical spine at the base of central cord
syndrome or syringomyelia. Finally although patients
affected by central cord syndrome are usually managed
conservatively we advocate, also for them, surgical
treatment in cases affected by advanced state of the
symptoms and MRI.

© 2013 Baishideng. All rights reserved.

Key words: Syringomyelia; Cervical spondylosis; Syrin-
gomyelia surgery; Syringomyelia etiology; Syringomy-
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elia physiopathology

Core tip: Our study assume that central cord syndrome
can result in syringomyelia. We postulate that cervical
spine instability may be the cause of myelomalacia and
consequently syrinx. In cervical spondylosis with related
central cord syndrome or syringomyelia we underline
the importance of surgical decompression and stabiliza-
tion. Surgical decompression prevents “complications
of cervical spondylosis” at the base of syringomyelia.
Stabilization is also necessary to prevent instability of
the cervical spine at the base of central cord syndrome
or syringomyelia. Finally we propose the surgical treat-
ment also for patients affected by central cord syn-
drome showing advanced state of the symptoms and
magnetic resonance imaging.

Landi A, Nigro L, Marotta N, Mancarella C, Donnarumma P,
Delfini R. Syringomyelia associated with cervical spondylosis: A
rare condition. World J Clin Cases 2013; 1(3): 111-115 Available
from: URL: http://www.wjgnet.com/2307-8960/full/v1/i3/111.
htm DOI: http://dx.doi.org/10.12998/wjcc.v1.i3.111

INTRODUCTION

Syringomyelia (Gr. Syrinx = tunnel) is a disease charac-
terized by the presence of a cystic tubular cavity within
the spinal cord, containing fluid that might be either
cerebrospinal fluid (CSF) or indistinguishable from it. It
is a very complex disorder with multiple etiologies and a
variety of proposed mechanisms of cyst formation. No
single theory will cover all instances'. Tt may develop
by various factors. It is most commonly associated with
complex hindbrain malformations, such as Chiari malfor-
mations, encephalocele and Dandy-Walker cysts. Other
causes include postmeningitic and posthemorrhagic
hydrocephalus, basilar invagination, spinal arachnoiditis,
extramedullary compressions, tethered cord, acquired
tonsillar herniation, intramedullary spinal tumours. Acute
traumatic cervical spinal stenosis due to fracture or

acute severe disc prolapse may result in secondary syrinx
formation. Spinal spondylosis is an extremely common
condition that has only rarely been described as a cause
of syringomyelia””, We analyzed the pertinent literature
trying to show a possible etiopathogenetic mechanism.

CASE REPORT

We describe a case of syringomyelia associated with cer-
vical spondylosis admitted at our division and treated by
our institute. Moreover a review of the literature was ex-
ecuted using PubMed database. Objective of the research
was to find an etiopathological theory able to relate sy-

ringomyelia with cervical spondylosis. We included only
case reports about syringomyelia associated with cervi-
cal spondylosis. The simultaneous presence of another
etiopathological factor at the origin of syringomyelia was
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Table 1 Review of the literature

Author Age (yr) Spondylosis level Proposed mechanism
and sex

Kaar et al” 71, F C3-C4 Instability of the spine

Kimura et al® 64, F C4-C5, C6-C7  Intermittent spinal cord
compression

Rebai et al” 70,M  Not specified A purely extradural de-
compression could be suffi-
cient to induce regression
of the medullary cavitation.

Lucci et al'” 56, M C4 The bony prominence pro-
duces ischemia and thus
causes the degeneration of
ascending and descending
nervous fibers

Butteriss et al”! 70, M C5-C6 Improvement of related

symptoms after decom-
pressive surgery

C3-C4 at C6-C7 The symptoms of the up-
per limbs improved after
immobilization of the neck

Kameyama et al® 59, M

The table exposes case reports about syringomyelia associated with cervi-
cal spondylosis reported in literature. Author, age and sex of the patient,
spondylosis level and the proposed mechanism at the base of syringomy-
elia are mentioned. F: Female; M: Male.

considered an exclusion criterion.

Only 6 articles have been found (Table 1). Lucci ez a/”
reported 3 cases in their work. In all of them a relation be-
tween neurogenic osteoarthropathies of the upper limbs
and intramedullary cavity at spinal computed tomography
scan is described but only the third one denotes a relation
between “essential” syringomyelia and cervical spondylo-
sis. Lucci admits at the origin of syringomyelia the bony
prominence that probably produces ischemia and thus
causes the degeneration of the ascending and descend-
ing nervous fibers. Kimura ez a/” present the case of a
64-year-old woman. Dynamic magnetic resonance imag-
ing (MRI) revealed instability at C4-C5, spondylosis at
C5-C6 and the syrinx extended from C2 to T3 level. It
was reduced remarkably after anterior decompression
and stabilization. Towards Kimura syringomyelia was
caused by intermittent spinal cord compression. Butteriss
et al” report a case of a 70-year-old man with severe de-
generative changes at C5/C6 with a large right paracen-
tral disc-osteophyte complex. An unexpected cord syrinx
was noted extending from C6/C7 inferiotly to T6. The
patient declined decompressive surgery. Butteriss advo-
cates surgery directed towards relieving the compressive
lesion, rather than primary drainage of the syrinx. Kaar
¢t al” describe a case of cervical spondylotic myelopathy
with instability at C3/C4 and cervicothoracic syrinx at
MR imaging, In Kaar’s article the decompression and sta-
bilization, without drainage of the syrinx were considered
adequate surgical treatment. Rebai ez al” describe a case
of a 70-year-old patient whose brain and cervical MRI
showed syringomyelobulbia with cervical spondylotic my-
elopathy. Rebai ez al” proposes a decompressive surgery
since extensive cervical laminectomy induced mild clinical
improvement and furthermore a second MRI performed
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Figure 1 Preoperative magnetic resonance imaging. A: T2-weighted magnetic resonance imaging revealed hyperintensity of the central spinal cord extended from
C3 to T1 without clear borders. In the inferior cervical spinal cord hyperintensity appeared more evident suggesting syrinx; B and C: At the same level cervical spinal
cord compression was determined by bulging discs, facets and ligamenta flava hypertrophy, more evident in hyperextension (B) rather than flexion (C); D: It revealed
enlargement of the syrinx, but decreased longitudinal extension of “central cord syndrome” bounded from C3-C4 to C7 with clearer borders. At the level of surgical

decompression also spinal cord and subarachnoid space appeared expanded.

6 mo after surgery depicted a complete disappearance of
the bulbo-medullar cavitation with secondary atrophy.
Kameyama ¢ a/” presents the case of a 59-year-old man
with spondylosis at multiple levels from C3/C4 to C6/
C7, and an intramedullary high signal intensity area from
the level of C1 to C3/C4.

We report the case of a 66-year-old woman, whose
presenting symptoms were gait disturbances and loss
of balance. These disorders appeared about 9 mo be-
fore our observation. At our observation she was af-
fected by moderate-severe spastic tetraparesis. Cervical
dynamic-MRI was executed. T2-weighted MRI showed
an hyperintense signal within spinal cord from C3 to T1.
This process in the central cord resembled “central cord
syndrome” with a more sharply defined process in the in-
ferior cervical spinal cord that suggested syrinx (Figure 1).
In hyperextension (Figure 1B) bulging discs were evident
at the levels C3-C4, C4-C5, C5-C6, C6-C7 and C7-D1. At
the same level facets and ligamenta flava hypertrophy de-
termined a compression towards subarachnoid space and
spinal cord. Spinal cord compression is more evident in
hyperextension rather than flexion. We decided to under-
go the patient at the surgical treatment. A 4-level laminec-
tomy and subsequent posterior stabilization with intra-
articular screws was executed. In the eatly post-operative
days the patient underwent neuromotor rehabilitazion
and slight improvement of tetraparesis was evident. At
3-mo follow up there was regression of tetraparesis but
motor deficits of the lower limbs residuated. At the same
follow up postoperative MRI was executed. It (Figure
1D) suggested enlargement of the syrinx. Perhaps “central
cord syndrome” appeared “bounded” from C3 to C7. At
the level of surgical decompression, subarachnoid space
and spinal cord enlargement were also evident.

DISCUSSION

Already in the 1950’s some authors found a relationship
between these two pathological entities. Stern e# al” rec-
ognized that cervical spondylosis can present sensory and
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motor symptoms quite similar to the syringomyelic ones.
Brain ef o' found radiographic lesions of the cervical
spine in about 50% of the syringomyelic cases identical
to those noted in spondylosis. The possible coexistence
of the two diseases was claimed by Smith"" too. The results
of the literature review revealed that compressive mecha-
nism is the major theory at the origin of syringomyelia as-
sociated with cervical spondylosis. Al-Mefty ¢z al™ proposed
that compression causes cystic necrosis (myelomalacia). In a
second period as the myelomalacia progresses, the necrotic
tissue is phagocytized leaving a secondary cavity (syrinx)
within the atrophied spinal cord. Also Uchida e# al™ con-
ducting a study on a twy/twy mouse, a unique animal that
develops spontaneous spinal cord compression without any
other reported genetic difference in the anatomy or physiol-
ogy of the spinal cord, showed that spinal cord mechanical
compression is characterized by the loss and exfoliation of
anterior horn neurons with progressive spongy degen-
eration and demyelination in the white matter. Perhaps
the extent of demyelination and Wallerian degeneration
in the white matter increases proportionately with the
magnitude of spinal cord compression. On the other
hand, most of the apoptotic cells observed were oligo-
dendrocyte. Though insignificant if compared to acute
spinal cord injury, the longitudinally diffuse and extensive
pattern of oligodendrocyte apoptosis in twy/twy mouse
may be similar to the secondary damage process ob-
served after acute trauma. In Levine’s study at the origin
of syringomyelia is described a subarachnoid obstruction.
It may result in increasing CSF pressure above the block,
compared with below generating a transmural hydrostatic
effect with the collapse of vessels within the subarach-
noid space above the block, and their dilatation below it.
This mechanical stress on the cord parenchyma causes
disruption of the blood-brain barrier, which in concert
with raised intravascular pressure results in ultrafiltra-
tion of crystalloids and accumulation of fluid". Goel™
state that the fluid may dissect along planes of weakness
within the cord resulting in the pathological appearance
of a syrinx. It has been postulated that the development

June 16, 2013 | Volume1 | Issue 3 |



Landi A et a/. Syringomyelia associated with cervical spondylosis

of high fluid pressure and syrinx formation within the
cord may act to counteract the local effect of the primary
compressive lesion and as such may be a protective phe-
nomenon. Several authors""*" observing syringomyelia
in spinal arachnoiditis, stated that intramedullary cystic
degeneration is caused by ischemia due to circulatory
disturbance in the subarachnoid space. Also the block-
age of CSF pathways around the spinal cord, contribute
to formation of cystic cavities™. It is often believed that
in syringomyelia with spinal arachnoiditis the CSF enters
transmurally into the syrinx from the blocked subarach-
noid spacem.

Brierley™ first demonstrated movement of CSF
tracers from the subarachnoid space into the spinal cord
perivascular spaces. Then Rennels ¢z al™, Wagner ez al’®
and Botison e a/”" have shown that horseradish peroxi-
dase injected into the subarachnoid space rapidly labels
the perivascular spaces of the brain and spinal cord.
Rennels ez o/ proposed that a “paravascular” fluid cir-
culation exists in the nervous system, with an active flow
of CSF from the subarachnoid space into the perivascular
spaces around arterioles and continuing through the basal
lamina around capillaries. Without direct evidence, they sug-
gested that fluid return to the basal lamina around venules
or into the perivascular space of emerging veins. Milhorat
et af”*" and Cifuentes ¢t al”” demonstrated that fluid is
capable of moving from the spinal cord interstitial space
into the central canal. Milhorat ef a/**" suggested that this
mechanism constitutes the “lymphatic” function of the
spinal cord. Cho et al™ reported that injection of kaolin
solution into the spinal subarachnoid space enhanced the
extension of intramedullary cavitations in a rabbit model
of posttraumatic syringomyelia. Josephson ez a demon-
strated spinal cord edema and intramedullary cyst forma-
tion after spinal thecal sac constriction in rats. Klekamp
¢t al” produced an interstitial type of edema in the spinal
cord by placement of a kaolin-soaked fibrin sponge on
the posterior surface of the cat spinal cord at C1 to C2.
Kimura ef af’ reported about a patient affected by pain
in the right arm, MRI showed instability at C4-C5 and
compression of the spinal cord since a central spinal cord
hyperintensity was evident in hyperextension. All these
characteristics can be found in “central cord syndrome”.
He admitted that the longstanding static and dynamic
intermittent compression of the spinal cord caused by
C4 instability produce disorders of CSF dynamics in the
spinal subarachnoid space and associated pooling of an
abnormal amount of CSF in the spinal cord parenchyma.
Perhaps the sloshing effect of the pulsatile CSF pressure,
could make the cavity extend into a rostral and ventral
direction. Also Kaar e# a/” desctibed a case of central cord
syndrome since the patient was affected by dissociated
sensory loss in the left upper limb, instability at C3-C4
on plains radiographs and T2-weighted MRI showing
forward-bulging ligamenta flava and hyperintensity of the
central spinal cord in T2-weighted MRI. He attributed
the origin of the syrinx to cervical spine instability. Our
case presents a motre sharply defined process in the infe-
rior cervical spinal cord. We postulate that cervical spine
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instability may be the cause of multiple microtrauma
towards spinal cord and consequently may damage spinal
cord parenchyma generating myelomalacia and conse-
quently the syrinx. Another possible theory may supports
the hemorrhage within spinal cord central canal as the
cause of CSF outflow obstruction, finally generating the
syrinx. On the other hand we can assert the importance
of subarachnoid space regard CSF dynamic. Several stud-
ies show that syringomyelia may be caused by tethered
cord, arachnoiditis, arachnoid adhesions or subarach-
noid hemorrhages. In cervical spondylosis the stenotic
elements can affect this space. Rubbing towards spinal
cord during movements of the neck can generate these
“complications”. On the other hand cervical spondylosis
can generate a block of CSF hydrodynamic within sub-
arachnoid space determining a vascular occlusion of the
vessels above the block and consequently a spinal cord
ischemic injury. Perhaps cervical spondylosis can directly
damage spinal parenchyma like acute spinal trauma. This
damage may be proportionally related to the grade of
stenosis. So surgical decompression, enlarging medullary
canal prevents rubbings and contacts between the bone-
ligament structures of the spine towards spinal cord and
subarachnoid space.

In conclusion, we can assert that syringomyelia is so
rarely associated with cervical spondylosis because there
are many compensating mechanisms (arterial, venous,
CSF ones), like that of “lymphatic” circulation, so mild
and intermittent compression like that found in cervical
spondylosis hardly can be associated with syringomyelia
unless there are other associated conditions like arachnoid
adhesions, post-traumatic arachnoiditis, subarachnoid
hemorrhages, Chiari malformations that determine an
alteration towards the subarachnoid space. On the other
hand, cervical spine instability can generate central cord
syndrome or syringomyelia. Although patients affected by
central cord syndrome are usually managed conservatively
we advocate, also for them, surgical treatment in cases af-
fected by advanced state of the symptoms and MRI.
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We describe the case of a 67-year-old woman with
L5-S1 ontogenetic spondylolisthesis treated with
pedicle fixation associated with interbody arthrodesis
performed with S1-L5 trans-sacral screwing according INTRODUCTION
to the technique of Bartolozzi. The procedure was fol-
lowed by a wide decompressive laminectomy. The pa-
tient had a progressive improvement of the symptoms
which gradually disappeared in 12 mo. The radiograph
at 6 and 12 mo showed complete fusion system. The
choice of treatment in L5-S1 ontogenetic spondylolith-
esis is related to a correct clinical and diagnostic plan- ) ! :
ning (X-ray, computer tomography magnetic resonance treatment of choice for both high-dysplastic developmen-
imaging, Measurement). In particular, the severity in- tal spondylolisthesis (HDDS) is surgical procedure, but
dex and the square of unstable zone, and the standard it is unclear which is the best surgical strategy. A correct
measurements already described in the literature, are ~ preoperative planning based on meticulous radiological

Marchetti and Bartolozzi’s classification!” is the most

complete one regarding the prognosis and treatment of
ontogenetic spondylolisthesis, including the description
of the high or low dysplastic forms. Unfortunately, how-
ever, does not provide specific criteria to differentiate
these two subgroups. In particular, it is accepted that the

important to understand and to plane the correct surgi- examinations is crucial for the choice of the correct sur-
cal strategy, that require, in most of the times, fusion gical treatment to be undertaken which is, when possible,
and interbody artrodesis. a stabilization with interbody fusion.
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Figure 1 Seriated radiological exams showing the progression of the
spondylolisthesis from grade I in 1963, to grade III in 2010.

CASE REPORT

We describe the case of a 67-year-old woman with 1.5-S1
ontogenetic spondylolisthesis known since 30 years be-
fore. The patients complained recurrence of 15-d lumbar
back pain episodes that improved after medical therapy.
She referred difficulty in walking and in the upright posi-
tion because of the presence of low back pain and right
sciatica from 2 years. The patient brought seriated radio-
logical examinations. The first one performed 30 years
earlier showing a progression of the spondylolisthesis
that from Meyerding grade I currently has become Mey-
erding grade II, with development of an important sacral
dysmorphia giving a profile of an high dysplastic spon-
dylolisthesis HDDS (Figure 1). Neurologically the patient
presents a sacral kyphosis attitude, semi flexion of knees
and hips in an upright position to compensate the pelvic
imbalance, moderate weakness to the right lower limb at
the dorsal flexion of the foot, sensitive disturbances in 1.5
territory to the right lower limb, neurogenic claudication
at 100 m. According to the literature it was performed
an orthostatic X-ray to visualizes the femoral heads and
to calculate the dysplasia indexes in order to plan a coz-
rect surgical strategy. We have calculated: slip percentage
(63%), the sacral-lumbar indexes (lumbar index 45%, pel-
vic incidence 86.2°, sagittal pelvic tilt index 0.52), the pel-
vic nutation indexes (sacral slope 39.9°, pelvic tilt 40.6°,
sacral inclination 45°) and the sacro-lumbar ratio (77.3°
slip angle, sacral kyphosis angle 25.8°). In relation to the
measurements, the diagnosis of HDDS was confirmed
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Severity index

SI = D1 x 100/D2

SI = 5.2 x 100/10.4 = 50%
Normal values < 20%

Figure 2 Analysis of the severity index and of the square of unstable
zone. It's described by Lamartina™. SI: Severity index.

Table 1 Measurements and indexes performed for the opera-

tive planning

Test Our case NR
Slipping 63%
Sacro lumbar indexes ~ Lumbar index 45% >50%
Pelvic incidence 86.2° 50°-60°
Sagittal pelvic tilt index 0.52 >0.70
Pelvic nutation indexes Sacral slope 39.9° 32°-49°
Pelvic tilt 40.6° 7.2°-7.9°
Sacral inclination 45°
Sacro-lumbar ratio Slip angle 77.3°

Sacral kyphosis angle 25.8°

(Table 1). The surgical planning requested the evaluation
of the severity index and of the square of unstable zone
(Figure 2)P4All the indexes suggested us the indica-
tion for [.4-1.5-S1 fusion and L5-S1 interbody fusion to
be executed with an anterior support. It was decided to
proceed with pedicle screw fixation associated with inter-
body fusion performed with S1-L5 trans-sacral screwing
according to the Bartolozzi’s technique!™. The procedure
was followed by a wide decompressive laminectomy (Fig-
ure 3). The patient had a progressive improvement of the
symptoms which gradually disappeared in 12 mo. The ra-
diograph at 6 and 12 mo showed a complete bone fusion

(Figure 4).

DISCUSSION

The HDDS (Meyetding grade II° and IV°), caused by
isthmus lysis, are characterized by a specific aspect, the
pelvic retroversion, which generates an L5 dimorphism
with trapezoidal shape and a consequent S1 dysplasia and
round shape of the sacral promontory. The combination
of these deformities causes L5-S1 kyphosis and increases
the incidence of the slipping of L5 on S1. Such defor-
mities cause alteration of the posture of the subject; in
particular the pelvic retroversion causes a compensatory
flexion of the hips and knees, in an attempt to realign
the sagittal balance, and the lumbosacral kyphosis causes
compensatory hypetlordosis of the adjacent lumbar seg-
ment. This process cause a considerable torsional force
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Figure 4 Computer tomography scan at 12 mo follow-up that showed the correct positioning and fusion of the system.

on the pelvis burdened by the L5-S1 disc orientation, alterations affects significantly the sagittal balance, gener-
which tends to be perpendicularly to the ground, in rela- ating shear forces that allows the vertebral body to slide
tion to the sacral inclination. This type of biomechanical ventrally causing a framework of spondyloptosis” . In
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such cases, treatment of choice is surgical, and should be
aimed to correct the sagittal loading, to decompress the
interested tract and to fuse the mobile segment. In pat-
ticular high dysplastic forms need anterior support before
fusion in order to ensure a longer stability, since the only
posterolateral or posterior interbody fusion (PLIE, TLIF)
do not contract enough the foreword slipping of L5 on
ST Pelvic indexes and severity index evaluation
allow us to identify which HDDS have such shear forces
that do not permit a 1.5-S1 short fixation, so that has to
be involved 14 too. The extension to 1.4 vertebral body
is essential in order to reduce the cutting forces and to
avoid the breaking the system™",

Low-grade HDDS (Meyerding [ and II) are treated
via postetior approach with interbody fusion (PLIE,
TLIF), or when this is not executable, with PLE, provid-
ing good results in terms of long term fusion. From a
technical point of view, the interbody fusion with anteri-
or approach is the key point for the choice of treatment;
the technique of choice for anterior interbody fusion is
certainly the ALIF, performed with retroperitoneal an-
tetior approach!”. The advantages of this approach are:
the direct visualization of the 1.5-S1 disc, the possibility
of insertion of the cage very antetiorly favoring arthrod-
esis, and the possibility of releasing the disc, increasing
the mobility of L5 to S1 and favoring the maneuvers
of reduction of the lysthesis that will be performed via
posterior approach. The risks associated with the ante-
rior approach are: peritoneal perforation, visceral lesions
(ureters, bladder, intestines, efz.), vascular lesions (arteries
and iliac veins), lesions of the hypogastric plexus (vaginal
dryness in women and retrograde ejaculation in men) and
the morbidity linked to the autologous bone graft donor
site. In addition, the lack of familiarity to this approach
puts the spinal surgeon in the position of having to
have a general sutgeon or a vascular surgeon to perform
anterior approach. In the light of this, we decided to
perform anterior arthrodesis with trans-sacral screw fixa-
tion described by Bartolozzi ez al™?. In our opinion, this
technique has some advantages over ALIF. First of all,
the risks related to the antetior approach and to the bone
donor site morbidity are eliminated. The insertion of
the screw is possible with the same surgical exposure of
the via posterior approach, exposing the 1.5-S1 disc, the
S1 back wall and the S1 lower limiting; this is achieved
with a simple laminectomy. The exposure of the screw
entry point is obtained by a slight pull of the dural sac
medially, without any risk of neurological damage. Fur-
thermore, as described in the literature, the possibility to
insert two screws, one on the right site and one on the
left site, reduces the manipulation on the dural sac. The
inclination of the screw has to be almost perpendicular
to the operating table, so there ate no particular needs of
inclination of the instrumentation. The screw are auto
tapping and can be filled within autologous bone, allow-
ing a good interbody fusion that offers excellent fusion.
From a biomechanical point of view, the angle assumed
by the screw respect the stabilization system, pointing
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from the bottom upwards, provides adequate support
to L5 that in this way counteracts the forces of sliding
downward arresting the progression of the slipping out
of the HDDS.The choice of treatment in 1.5-S1 ontoge-
netic spondylolithesis is related to a correct clinical and
diagnostic planning (X-ray, computer tomography, mag-
netic resonance imaging, measurement). In particular, the
severity index and the square of unstable zone, and the
standard measurements already described in the literature,
are important to understand and to plane the correct sur-
gical strategy that require, in most of the times, stabiliza-
tion and interbody fusion. The choice of the technique
depends on the surgeon and on the grade of fusion he
wants to obtain: PLIF < TLIF < ALIF"""*",. HDDS re-
quire anterior support (ALIF or trans-sacral fusion) since
posterior fusion in long term stabilization have an high
risk of failure. The choice to extend the fusion at 1.4-1.5
cannot be left to chance, but has be carefully planned on
the basis of the preoperative exams (square of unstable
zone), since in cases where it is necessary, its contribution
to the stability of the system is essential.
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Abstract

We report the case of a left laparoscopic nephroureter-
ectomy with the incidental discovery of a non-Hodgkin's
lymphoma in one of the lymph nodes of the renal hilum.
A laparoscopic nephroureterectomy was decided on for a
64-year-old man. Renal cell carcinoma in the kidney and
one lymph node of the renal hilum with non-Hodgkin'’s
lymphoma was found. Chemotherapy was not started for
the lymphoma discovery. There are no signs of relapse
after two years of follow up. Coexistence in the same
patient is an extremely rare condition. We review the lit-
erature about this issue to clarify this association.

© 2013 Baishideng. All rights reserved.

Key words: Renal cell carcinoma; Lymphoma; Nephrectomy

Core tip: This is a case of a nephroureterectomy for a re-
nal mass incidentally discovered by imaging techniques.
One of the lymph nodes of the renal hilum was diag-
nosed as non-Hodgkin’s lymphoma B type, the patient
being asymptomatic at that moment. Chemotherapy was
not started and extension studies were requested.
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INTRODUCTION

The association between kidney cancer and lymph node
lymphoma is infrequent. The biggest series reported with
the two coexisting tumors included no more than twenty
patients“’zl. Nevertheless, many authors have studied this
relationship and suggest that it might be a statistical state-
ment rather than sporadic.

We report a case of a nephroureterectomy for a renal
mass incidentally discovered by imaging techniques. One
of the lymph nodes of the renal hilum was diagnosed as
non-Hodgkin’s lymphoma B type. With the patient being
asymptomatic, chemotherapy was not started and exten-
sion studies were requested.

We review the medical literature about the relationship
between kidney cancer and non-Hodgkin’s lymphoma.

CASE REPORT

We report a 64-year-old man with the incidental ultra-
sound discovery of a left kidney mass in the context of
image studies for elevated blood pressure.

Medical history included ankylosing spondylitis with
no other pathologies. Blood analysis showed low platelets
with the rest of parameters within normal limits. One of
the three urine cytologies showed urothelial atypia.

Abdominal computed tomography (CT) was request-
ed and revealed a solid mass at the lower pole of the left
kidney, in touch with the lower calyceal group, and with
contrast enhancement, a permeable renal vein and one

June 16, 2013 | Volume1 | Issue 3 |
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Figure 1 Abdominal contrast enhanced tomography with left kidney
mass.

Figure 3 A microscopic view of the tumors. In the left, renal conventional
clear cell carcinoma. In the right, a lymph node with small B cell lymphoma.

hilum adenopathy (Figure 1).

Exploration of the ureter with an ureterorenoscopy
was performed to exclude ureteral lesions.

After discussion about the case with the contrast en-
hanced computed tomographic images, we performed
a left laparoscopic nephrectomy and ureterectomy. We
argued that the laparoscopic nephroureterectomy would
not add mote morbidity post surgery and it would give us
information about the complete upper left urinary system
(Figure 2).

The pathology report described a renal clear cell car-
cinoma, 3.8 cm in diameter and II Fuhrman cell grade.
Additionally, lymphoid spreading was reported at one of
the lymph nodes of the left renal hilum with pathology
stage pTINO. These findings and the immunochemistry
studies (which were positive for CD20, bcl-2 and bcl-6
and negative for CD10) were in concordance with fol-
licular non-Hodgkin’s lymphoma B type and cell grade 2,
with extension out of the node capsule and peripheral fat
(Figure 3).

The post operative course was uneventful and the pa-
tient was discharged on the fifth day.

The patient was followed up by urology and hematol-
ogy. Extension studies were requested and a neck-thorax-
abdominal CT showed no special radiological findings.
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Figure 2 Yellow kidney tumor in touch with rose node, located at hilum, 4 cm
in diameter.

Bone marrow biopsy was negative for lymph proliferative
disease. Chemotherapy was not started and after two
years of follow up, the patient is asymptomatic with no
imaging signs of relapse in the control studies that were
requested.

DISCUSSION

The American Cancer Society has reported that one of
five Americans will develop cancer in their lifetime. For
those patients who develop a tumor, the chance of de-
veloping a second tumor during their lifetime is one in
three!!,

Renal cell carcinoma (RCC) and non-Hodgkin’s
lymphoma are relatively common neoplasms that have
dramatically different natural histories and management
strategies. These neoplasms are considered curable in the
early stages but the ability to treat the advanced disease is
much more limited in renal cell carcinoma'.

Second malignancies reported to be associated with
renal cell carcinoma include bladder™, prostate, rectum',
lung[(’], non-Hodgkin’s lymphoma and melanoma. In gen-
eral, 27.4% of the cases were related previously, 44.5%
were synchronous and 39.2% were subsequent. Rabbani
et al” reported the specific association between non-
Hodgkin’s lymphoma and RCC from the whole sample
of patients with RCC (763 patients) with a second pri-
mary malignancy (209 patients). They described 19 cases
of non-Hodgkin’s lymphoma, 8 as an antecedent, 8 syn-
chronous and 3 metachronous'”.

Many authors have reported the association between
non-Hodgkin’s lymphoma and kidney cancer but there
are contradictory results”. However, in one of the biggest
series with patients affected by the two kinds of tumors
(1425 patients), the standardized incidence of ratios (SIR)
were used to estimate the risk of later primary cancer in
patients diagnosed with renal cancer, calculated as the
ratio of observed numbers (ONo) and expected numbers
(ENo) of cases. The SIR for a second primary cancer in
patients with RCC was significantly higher for bladder

cancet, melanoma and non-Hodgkin’s lymphoma. Addi-
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tionally, non-Hodgkin’s lymphoma was reported to occur
with a much stronger rate after renal transplantation'”.

In 1996, Tihan e a/” studied the coexistence of RCC
and lymphoma, with 1252 renal cancer patients and 1660
non-Hodgkin’s lymphoma patients reported. Two neo-
plasms coexisted in 15 patients, 11 females and 4 males.
The average age was 62 years. The clinical presentation of
patients with coexisting RCC and non-Hodgkin’s lympho-
ma showed three patterns. In the most common pattern,
patients developed lymphoma and staging work up re-
vealed a low grade renal cancer. The second pattern was a
renal mass and incidental diagnosis of low grade lympho-
ma located at the retroperitoneum or spleen. In the third
pattern, there were 9 years between the occurrence of
renal neoplasm and lymphoma. Most of the renal masses
were managed by nephrectomy and the lymphoma with
chemotherapy. Complete remission was reported in 50%
of cases. Consequently, there was a statistical association
and the possible etiology could be immune deficiencies or
genetic/familiar predispositionm.

In conclusion, we report the case of a patient that,
after an intervention for a kidney tumor, a follicular non-
Hodgkin’s lymphoma was discovered in one of the lymph
nodes of the renal hilum. The coexistence of RCC and
non-Hodgkin’s lymphoma is infrequent. However, many
reports have investigated if this association is sporadic or
statistical. In spite of the existence of papers in both direc-
tions, the most important studies with a significant num-
ber of patients suggest that the relationship between these
two neoplasms is stronger than other kinds of tumors.
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Abstract

Colonic lipomas are submucosal nonepithelial tumors
covered by intact or eroded mucosa. In rare cases,
alterations in the mucosa covering a lipoma include hy-
perplasia, adenoma, atrophy, ulceration, and necrosis.
Here, we report a case of a colonic lipoma covered by
hyperplastic epithelium in a 68-year-old woman. Based
on the colonoscopy findings, a snare polypectomy was
performed for a presumptive diagnosis of an epithelial
lesion; however, the histological examination revealed a
colonic submucosal lipoma with overlying hyperplastic
epithelium.

© 2013 Baishideng. All rights reserved.

Key words: Lipoma; Colonic lipomas; Hyperplastic;
Colonoscopy

Core tip: we report a rare case of a colonic lipoma with
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overlying hyperplastic epithelium. Removing an asymp-
tomatic colonic lipoma is not necessary, as it may have
no clinical significance. However, treatment plans for
colonic lipomas might be reconsidered as transforma-
tion of the mucosa lining of a lipoma could occur in
small and asymptomatic lesions.

Yeom JO, Kim SY, Jang EC, Yu JY, Chang ED, Cho YS. Colonic
lipoma covered by hyperplastic epithelium: Case report. World
J Clin Cases 2013; 1(3): 124-127 Available from: URL: http://
www.wjgnet.com/2307-8960/full/v1/i3/124.htm DOI: http://
dx.doi.org/10.12998/wjcc.v1.i3.124

INTRODUCTION

Lipomas are generally rare, but are the most common
nonepithelial benign tumors of the gastrointestinal
tract. Colonic lipomas are uncommon mesenchymal
neoplasms, with a reported incidence of 0.2%-4.4%".
Colonic lipomas are usually asymptomatic and detected

incidentally at colonoscopy, radiological investigation,

surgery, or autopsy. The most common colonoscopic
finding is a smooth, slightly yellow, spherical polyp, that is
usually sessile and rarely pedunculated, with intact ovetly-
ing mucosa”. In rare cases, the mucosa covering a lipoma
shows alterations such as hyperplasiaﬁ’“, atrophy[sl, adeno-

6,7 . . 810
: ], and necrosis and/or ulcerations®™ ",

matous changes
We herein report a case of colonic lipoma covered with
hyperplastic epithelium in a 68-year-old woman and re-

view the literature pertaining to this condition.

CASE REPORT

A 68-year-old woman with abdominal discomfort for
several weeks was referred to our department by a private
internist for further investigation of a 9 mm polyp in the
ascending colon that was revealed during a barium enema
for the evaluation of symptom. She denied constipation,

June 16, 2013 | Volume1 | Issue 3 |
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Figure 1 Colonoscopy showing a sessile polyp located in the ascending colon (A), after saline was injected (B), endoscopic mucosal resection was per-

formed (C and D).

diarrhea, hematochezia, or melena. Her physical examina-
tion and medical history were unremarkable. All labora-
tory examinations, including complete peripheral blood
cell counts, blood biochemistry, and carcinoembryonic
antigen levels were within normal ranges. Colonoscopy
revealed a sessile polyp about 9 mm in diameter in the
ascending colon (Figure 1). We resected the polyp using a
endoscopic mucosal resection (EMR) after a saline solu-
tion injection. No procedural-related complications were
observed. A histopathological examination revealed a tu-
mor composed of adipose tissue covered by hyperplastic
and serrated epithelium consisting of columnar and gob-
let cells (Figure 2). The patient has been followed closely
and has shown no recurrence. A follow-up colonoscopy
revealed no remarkable findings 6 mo after the EMR.

DISCUSSION

Colonic lipomas are benign, slow growing tumors of
mesenchymal origin that rarely cause symptoms and are
usually detected incidentally“’“]. The most common sites
of colonic lipomas are the cecum, ascending colon, and
sigmoid colon, in decreasing frequency. These benign
tumors arise from the submucosal layer in approximately
90% of cases and from the subserosal or intermucosal
layer in the remaining cases”. Pathologically, lipomas are
composed of well-circumscribed, mature adipose tissue

with varying amounts of fibrous stroma covered with in-
[1,2,11]

tact colonic mucosa
Diagnostic tools for colonic lipomas include colonos-
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copy, computed tomography, barium enema, and endo-
scopic ultrasonography. Among these, colonoscopy allows
direct visualization of a colonic lipoma. Lipomas are seen
as smooth, slightly yellow, rounded polyps with a thick
stalk or broad-based attachment”. Characteristic features
include the “tenting sign” (grasping the overlying mucosa),
the “pillow sign” (pressing forceps against the lesion re-
sults in depression or pillowing of the mass), and the “na-
ked fat sign” (extrusion of yellowish fat after biopsy)“’z’m.
The current case did not show these three characteristic
features of a lipoma but the morphology of an epithelial
lesion such as hyperplastic polyp or sessile serrated ad-
enoma. The resected specimen was a submucosal lipoma
and the covering epithelium was hyperplastic, resembling
a hyperplastic polyp. The epithelium was serrated and
comprised of both columnar and goblet cells, but lacking
atypia or mitotic activity. To the best of our knowledge
the association of lipoma and hyperplastic polyp has been
reported only once. Radhi ez al’ showed a large lipoma in
the sigmoid colon with overlying hyperplastic epithelium
that was detected during an operation in a patient with
diverticulitis. It was unclear whether the co-occurrence of
these entities was coincidental or correlated. Hyperplastic
polyps have been considered non-neoplastic lesions with-
out malignant potential for many years. However, recent
studies have shown that some hyperplastic polyps possess
molecular features similar to those of colorectal carci-
nomas' 'Y, Several subtypes of serrated polyps, such as
sessile serrated adenomas, traditional serrated adenomas,
and mixed polyps, have been proposed to be colorectal
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Figure 2 Microscopic image of the resected specimen showing a colonic lipoma with overlying hyperplastic epithelium in the low-magnified image (hematox-
ylin-eosin, x 40). The lining epithelium resembles a hyperplastic polyp and a tumor composed of adipose tissue in the high-magnified image (hematoxylin-eosin, x 100).

carcinoma precursors. In addition to hyperplastic changes
of the epithelium lining in a lipoma, rare cases of adeno-
matous transformation have been reported®”. Tt is specu-
lated that chronic trauma due to the passage of stools
may lead to hyperplasia and adenomatous transformation
of overlying mucosa”. In rare cases, the colonoscopy may
reveal ulcerations, a finding that may lead to a mistaken
diagnosis of adenocarcinoma™",

Although most lipomas require no treatment, a small
subgroup requires surgical intervention, including those
with suspected malignancy, symptomatic lipomas, surgical
emergencies such as intussusception, and obstruction with
ulceration and bleeding[l’z’“]. Colonic lipomas < 2 c¢cm can
be safely removed endoscopically, whereas larger lesions
should be removed by segmental resection™*'"¥. In the
present case, the polyp was initially suspected as a small
epithelial lesion based on the colonoscopic findings and
was resected endoscopically.

In conclusion, we report a rare case of a colonic
lipoma with overlying hyperplastic epithelium. Remov-
ing an asymptomatic colonic lipoma is not necessary, as
it may have no clinical significance. However, treatment
plans for colonic lipomas might be reconsidered as trans-
formation of the mucosa lining of a lipoma could occur
in small and asymptomatic lesions.
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Abstract

Peripheral cemento-ossifying fibroma (PCOF) is a rare
osteogenic neoplasm that ordinarily presents as an
epulis-like growth. This is of a reactive rather than neo-
plastic nature and its pathogenesis is uncertain. PCOF
predominantly affects adolescent and young adults with
greatest prevalence around 28 years. We report here a
rare clinical case of PCOF of the mandible, 1 cm mesio-
distally and 1.5 cm occluso-gingivally in diameter, which
caused difficulty in eating and speech, in a 42-year-old
female patient. She was asymptomatic for 1 year and
on follow-up for 6 mo post surgically showed gingival
health and normal radioopacity of bone without any
recurrence. Clinical, radiographic and histological char-
acteristics are discussed and recommendations regard-
ing differential diagnosis, treatment and follow up are
provided. The controversial varied nomenclature and
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possible etiopathogenesis of PCOF are emphasized.

© 2013 Baishideng. All rights reserved.

Key words: Peripheral cemento-ossifying fibroma; Gin-
givectomy; Granuloma

Core tip: The cemento-ossifying fibroma is a central
neoplasm of bone as well as periodontium. The patho-
genesis of this tumor is uncertain. Due to their clinical
and histopathological similarities, some peripheral ce-
mento ossifying fibromas (PCOFs) are believed to show
fibrous maturation and subsequent calcification. The
diagnosis of PCOF based only on clinical observation is
difficult, hence radiographs and histopathological exam-
ination are essential for accurate diagnosis. In addition,
a complete excision of the lesion is required to prevent
reoccurrence.

Mishra AK, Maru R, Dhodapkar SV, Jaiswal G, Kumar R, Pun-
jabi H. Peripheral cemento-ossifying fibroma: A case report with
review of literature. World J Clin Cases 2013; 1(3): 128-133
Available from: URL: http://www.wjgnet.com/2307-8960/full/
v1/i3/128.htm DOI: http://dx.doi.org/10.12998/wjcc.v1.i3.128

INTRODUCTION

Many types of localized reactive lesions may occur on
the gingiva, including focal fibrous hyperplasia, pyogenic
granuloma, petipheral giant cell granuloma and peripheral-
cemento-ossifying fibromal. These lesions may arise as a

result of irritants such as trauma, microorganisms, plaque,
calculus, dental restorations and dental appliances[z’31

The 1992 World Health Organization classification
groups under a single designation (cemento-ossifying
fibroma) two histologic types (cementifying fibroma and
ossifying fibroma) that may be clinically and radiographi-
cally indistinguishablew.
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Figure 1 Lingual view of the lesion with smooth non-ulcerated surface and broad attachment base. A: The lesion with smooth non-ulcerated surface; B: Broad

attachment base.

Peripheral cemento-ossifying fibroma (PCOF) is a
relatively rare lesion with variable forms. It is defined
as a well demarcated and occasionally encapsulated le-
sion consisting of fibrous tissue which contains variable
amounts of mineralized material resembling bone (os-
sifying fibroma), cementum (cementofying fibroma) or
both™.

PCOF usually follows a salient clinical course, except
in the case of lesions affecting gingiva which present as
an enlarging mass that grows progressively, finally pro-
ducing a facial deformity. The pathogenesis of this lesion
is uncertain and it is thought to arise from the periosteal
and periodontal membrane!”. Because of the close prox-
imity and similarity to the periodontal tissue, the term
periodontoma sometimes is applied”. There is however
no proof to support this connection and their occur-
rence in areas distant from periodontal ligament remains
unexplainedm.

PCOF accounts for 3.1% of all oral tumors and
9.6% of gingival lesions'"”. It may occur at any age but
exhibits a peak incidence between the second and third
decades. The average age is around 28 years with females
being affected more than males"". Female predilection
has been reported to be as high as 5:112"*Y. Clinically
PCOFs are sessile ot pedunculated, usually ulcerated and
erythematous or exhibit a color similar to that of sur-
rounding gingivam’w]. These lesions are generally < 2 cm
in size although lesions larger than 10 cm are occasionally
observed. About 60% of the tumors occur in the maxilla
and more than 50% of all cases affect the region of the
incisors and canines. A potential for tooth migration due
to the presence of PCOF has been reported™"". In the
vast majority of cases, there is no apparent underlying
bone involvement visible on roentgenograms. However
on rare occasions, there appears to be supetficial erosion
of bone!*".

PCOF should be surgically excised and submitted to
microscopic examination for confirmation of diagnosis.
The extraction of adjacent teeth is seldom necessary or
justified. Recurrences are uncommon but have been de-
scribed”. There have, however, been few reports on this
rare lesion. A case of PCOF in the mandibular gingiva of
a 42-year-old female patient is described here. In this age
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group and in the mandibular anterior quadrant, PCOF is
rare and has not previously been reported in the literature.

CASE REPORT

A 42-year-old female patient presented at the outpatient
Department of Periodontics, Sti Aurobindo Institute of
Dentistry and Post Graduate Institute Indore, Madhya
Pradesh, India with the chief complaint of gum swelling
in the lower right back tooth region (Figure 1). The swell-
ing had been present for 1 year and had been slowly in-
creasing in volume over that time. Occasionally bleeding
occurred when the patient brushed her teeth and was as-
sociated with slight pain. She denied tobacco and alcohol
use. The patient’s past dental and medical histories were
unremarkable.

Clinical examination

Extraoral examination showed facial symmetry and the
overlying skin showed no signs of inflammation. The re-
gional lymph nodes were palpable but were not enlarged
or tender.

Intraoral examination revealed a solitary, diffuse, non-
tender pinkish-red growth of approximately 1 cm X 1.5
cm, confined to the lingual gingiva in the mandibular II
premolar region. The lesion was neither fluctuant nor did
it blanch with digital pressure, and had firm consistency.
The labial gingiva was not involved. The local irritants,
plaque and calculus were abundant in the 44, 45 region.

Radiographic examination

Intraoral periapical, occlusal and ortho pantomo roent-
genograms were obtained. The radiographic examination
showed no signs of involvement of the alveolar ridge

(Figure 2).

Blood investigations

The patient underwent complete blood investigation
prior to the surgery and all readings, including hemoglo-
bin, bleeding time, clotting time, total and differential
leukocyte counts were within normal limits. The patient
was negative for human immunodeficiency virus and
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Figure 2 Non involvement of bone. A: Intra oral periapical radiograph; B:
Maxillary occlusal radiograph; C: Ortho pantomo radiograph.

Australian antigen (hepatitis B surface antigen).

Diagnosis

Provisional diagnosis of PCOF was made. Clinically,
the differential diagnosis included pyogenic granuloma,
fibrous hyperplasia, peripheral ossifying fibroma and pe-
ripheralgiant cell granuloma.

Treatment

Since the gingival growth was diffuse, surgical removal
by internal bevel gingivectomy was chosen. Under local
anaesthesia containing xylocaine with adrenaline 1:80000
concentration, the initial scalloped internal bevel incision
was made with a 15 No. BP blade at a point far apical to
the growth. While making this incision, care was taken to
preserve as much attached gingiva as possible apical to
the lesion. A second crevicular incision was made with a
12 No. BP blade at the base of the pseudopocket, until
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Figure 3 Excised tissue measuring 1.5 cm x 1 cm. A: Length 1.5 cm; B:
Width 1 cm.

it met the first internal bevel incision. To split the labial
and palatal, a third interdental incision was made with a
11 No. BP blade in the adjacent interproximal areas tis-
sue. Only the lingual mucoperiosteal flap was reflected
with periosteal elevators until the apical end of internal
bevel incision was visible. The three incisions completely
removed the gingival growth which measured 1 cm X 1.5
cm (Figure 3). The tissue removed was submitted for his-
topathological examination. Adjacent teeth were scaled
to remove local irritants. Underlying bone was curetted
to remove periodontal ligaments and periosteum. The
flap was inspected for any tissue tags and sutured with
interdental interrupted non-resorbable 3-0 silk sutures
(Figure 4). Non-eugenol coe-pack was applied both lin-
gualy and labially. The patient was discharged with post-
operative instructions and told to come-back after 7 d for
suture removal. The patient was given cap. amoxicillin
500 mg every 8 h, beginning 1 d before the operation and
continued for a 5-d postoperative period, and 500 mg
of acetaminophen three times daily for 5 d along with
0.2% chlorhexidine gluconate for rinsing twice daily until
proper plaque control technique could be resumed.

Microscopic examination

The microscopic examination of the excised tissue re-
vealed a parakeratinized stratified squamous epithelium
with long and slender rete ridges. Underlying connective
tissue was fibrocellular, comprising collagen fibers. The
connective tissue contained a few round to ovoid cemen-
tum-like calcified blood vessels, fibroblasts and dense in-
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Figure 4 Interrupted sutures placed with 3-0 black braided silk.

Figure 6 Post operative photograph of surgical site showing satisfactory
healing 30 d after surgery.

flammatory cell infiltrate. Deeper areas showed highly cel-
lular connective tissue comprising plump cells with oval
nuclei surrounding small globular areas of calcification,
resembling cementoids. In some areas bone trabeculae
with osteocytes and osteoblastic rimming was also seen.
The features were suggestive of “PCOF” (Figure 5).

Follow-up

The patient presented for follow-up examination 7 d post
operatively. The coe-pack and the sutures were removed
and the operated area was irrigated with normal saline.
The surgical site appeared to be healing well and there
was no need to repack the site. At one month postopera-
tively the surgical site had healed completely, the flap was
well adapted to the underlying bone with physiologically
scalloped contours and thin knife-edge margins (Figure 6).
There was no evidence of recurrence of the lesion at 6
mo and the patient was asymptomatic.

DISCUSSION

PCOFs have been described in the literature since the
1940s. Many names have been given to similar lesions
such as epulism, peripheral fibroma with calcifications™,
peripheral ossifying fibroma™” calcifying fibroblastic
granuloma” peripheral cemetifying fibroma®, petipheral

fibroma with ccmentogcnesis[w

I and petipheral cemento
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Figure 5 The features were suggestive of “peripheral cemento-ossifying
fibroma”. A: Histological picture showing long slender rete ridges and parake-
ratinized stratified squamous epithelium; B: Round to ovoid basophilic cemen-
tum-like calcifications [hematoxylin-eosin (HE) staining, x 10]; C: Basophilic
globules of calcified mass along with osteoid tissue, round to ovoid basophilic
cementum-like calcifications (HE staining, x 40).

ossifying firoma"”. The sheer number of names used for
fibroblastic calcifying gingival lesions indicates that there
is much controversy surrounding their classification”

The basis of benign fibro-osseus lesions was estab-
lished by Wladron". They are divided into three main
categories: fibrous dysplasia, reactive lesions (periapial
cemento-osseus dysplasia, focal cemento-osseus dysplasia
and florid cementoosseus dysplasia) and fibro-osseus neo-
plasms. PCOF is actually considered as a fibro-osseus dys-
plasia and has been included in the group of non odonto-
genic tumours since the 1992 WHO classification™”

Alt hough the etiopathogenesis of PCOF is uncertain,
an origin from cells of the periodontal ligament has been
suggested™. The reasons for considering a periodontal
origin for PCOF include the exclusive occurrence of
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PCOF in the gingiva, the proximity of gingiva to the
periodontal ligament and the presence of oxytalan fibers
within the mineralized matrix of same lesions”. Exces-
sive proliferation of mature fibrous connective tissue is a
response to gingival injury, gingival irritation, subgingival
calculus or a foreign body in the gingival sulcus. Chronic
irritation of the periosteal and periodontal membrane
causes metaplasia of the connective tissue and resultant
irritation of bone formation or dystrophic calcification.
It has been suggested that the lesion may be caused by
fibrosis of the granulation tissue!”. The clinical evolution
of tumors is usually as follows. Initially asymptomatic,
the tumor progressively grows to the point where its size
causes pain as well as functional alteration and cosmetic
deformities™. This was observed in our patient who
presented with an enlarged mass accompanied by slight
pain and cosmetic deformity. Cases of tooth migration
and bone destruction have been reported, but these are
not common'**!!, In the present case the lesion was pink,
firm, slightly tender on palpation with a smooth non-
ulcerated surface and a broad attachment base. The di-
mensions were 1 cm X 1.5 cm, well within the expected
range. Although the majority of lesions occur in the sec-
ond decade of life""”, this female patient was 42-year-old
with the lesion occurring in mandibular right premolar
region[l 1,14,22] .

Hormonal influences may play a role, given the higher
incidence of PCOF among females, the increasing occur-
rence in the second decade and declining incidence after
the third decade!'”. In an isolated case of multicentric
PCOF, Kumar ¢z 2/ noted the presence of a lesion at an
edentulous site in a 49-year-old women which gives rise to
further questions regarding the pathogenesis of this types
of lesion. The same type of lesion at a dentulous site in a
50-year-old female was documented by Mishra ez a/””.

Radiographically, PCOF may follow different pat-
terns depending on the amount of mineralized tissue'*”.
Radio-opaque foci of calcification have been reported to
be scattered throughthe central area of the lesion but not
all lesions demonstrate radiographic calcifications'”.

Underlying bone involvement is usually not visible on
radiographs. In rare instances superficial erosion of bone
is noted”. In the present case no radiographic changes
were found, indicating that this could be an early stage
lesion. Frequently, PCOF shows similar clinical features
to other extraosseous lesions. It may be misdiagnosed
as pyogenic ganuloma, fibrous dysplasia, peripheral gi-
ant cell granuloma, osteoid osteoma, osteoblastoma,
low grade osteosarcoma, cementoblastoma, chronic
osteomyelitis and sclerosing osteomyelitis of Garre!™
In general the pyogenic granuloma presents as a red soft
friable nodule that bleeds with minimal manipulation but
tooth displacement and resorption of alveolar bone are
not observed. Although peripheral giant cell granuloma
has features similar to those of PCOFEF, the latter lacks the
blue discoloration commonly associated with peripheral
giant cell granuloma and shows flakes of calcification,
radiographically as well histologically. Thus, the diagnosis
of PCOF based only on clinical observations can be dif-
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ficult and histopathological examination of the surgical
specimen obtained by excisional biopsy is essential for an
accurate diagnosis. All the classic histopathological fea-
tures of PCOF were present in this case. The preferred
treatment is surgical, consisting of resection of the lesion
as well as curettage of its osseous floor (Petiodontal liga-
ment and Periosteum) and scaling of adjacent teeth, as
was performed in this case. Recovery was uneventful and
the patient has remained tumor free for 24 wk. Because
this lesion is pootly vascularized and well circumscribed,
it is easily removed from the surrounding bone. This is
one of the main differences with fibrous dysplasia™”.

Prognosis is excellent and recurrence is rare if cot-
rectly managed™”. The recurrence rate of PCOF is high
for reactive lesions"'” and recurrence is probably due
to incomplete removal of the lesion, repeated injury or
persistence of local irritants"®. The rate of recurrence
has been reported at 8.9%!", 9% 14%" 16%"" and
20%"”. Therefore the patient is still on a regular schedule
of follow up.

In conclusion, PCOF is a slowly progressive lesion
generally with limited growth. Many cases will progress
for long periods before the patient seeks treatment be-
cause of the lack of symptoms associated with the lesion.
A slowly growing pink soft tissue nodule in the anterior
maxilla of an adolescent should raise suspicion of PCOR
Since the diagnosis of PCOF based only on clinical fea-
tures is very difficult, radiographs and histopathological
examination are essential for accurate diagnosis.

Treatment consists of surgical excision including
periodontal ligament periosteum and scaling of adjacent
teeth. Close postoperative follow-up is required because
of the growth potential for incompletely removed lesions
and the 8%-20% recurrence rate.
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portive foundations should be provided, ¢g., Supported by National
Natural Science Foundation of China, No. 30224801
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Abstract

There are unstructured abstracts (no less than 200 words) and struc-
tured abstracts. The specific requirements for structured abstracts
are as follows:

An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be struc-
tured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write the
Aim in the form of “To investigate/study/...”), METHODS (no
less than 140 words for Original Articles; and no less than 80 words
for Brief Articles), RESULTS (no less than 150 words for Original
Articles and no less than 120 words for Brief Articles; You should
present P values where appropriate and must provide relevant data
to illustrate how they were obtained, eg., 6.92 £ 3.86 »s 3.61 £ 1.67,
P < 0.001), and CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which
reflect the content of the study.

Core tip

Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents in
your paper to attract readers.

Text

For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both.

Illustrations

Figures should be numbered as 1, 2, 3, e#., and mentioned clearly in
the main text. Provide a brief title for each figure on a separate page.
Detailed legends should not be provided under the figures. This part
should be added into the text where the figures are applicable. Keep-
ing all elements compiled is necessary in line-art image. Scale bars
should be used rather than magnification factors, with the length of
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the bar defined in the legend rather than on the bar itself. File names
should identify the figure and panel. Avoid layering type directly over
shaded or textured areas. Please use uniform legends for the same
subjects. For example: Figure 1 Pathological changes in atrophic gas-
tritis after treatment. A: ...; B: .; C: ;D Ee L Fr GrLLlere Ttis
our principle to publish high resolution-figures for the E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e, and mentioned
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Notes in tables and illustrations
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there are other series of P values, ‘P < 0.05 and ‘P < 0.01 are used.
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