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Background. The objective of this study is to systematically review the role of positron emission tomography (PET) and 
PET/computed tomography (PET/CT) with Fluorine-18-Fluorodeoxyglucose (FDG) in patients with osteosarcoma (OS).
Methods. A comprehensive literature search of published studies through October 10th, 2012 in PubMed/MEDLINE, 
Embase and Scopus databases regarding whole-body FDG-PET and FDG-PET/CT in patients with OS was performed. 
Results. We identified 13 studies including 289 patients with OS. With regard to the staging and restaging of OS, the 
diagnostic performance of FDG-PET and PET/CT seem to be high; FDG-PET and PET/CT seem to be superior to bone 
scintigraphy and conventional imaging methods in detecting bone metastases; conversely, spiral CT seems to be 
superior to FDG-PET in detecting pulmonary metastases from OS
Conclusions. Metabolic imaging may provide additional information in the evaluation of OS patients. The combina-
tion of FDG-PET or FDG-PET/CT with conventional imaging methods seems to be a valuable tool in the staging and 
restaging of OS and may have a relevant impact on the treatment planning.
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Introduction

Osteosarcoma (OS) is the most common primary 
malignant bone tumour in children and adoles-
cents, with a peak of incidence at the age of 15-19 
years.1 OS is a tumour derived from primitive mes-
enchymal cells originating from bone and rarely 
from soft tissue.2 Although OS can occur in any 
bone, it is most common in the metaphyses of long 

bones: distal femur, proximal tibia, proximal hu-
merus, and around the knee.3-5 OS has a high ten-
dency to metastatic spread: 80% of all metastases 
arise in the lungs (20% of them at initial diagnosis) 
but metastases can also develop in bone and rarely 
in lymph nodes.6-9 The 5-year survival rate for OS 
patients with metastases is 20% compared to 65% 
for patients with localised disease.10
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Usually, the treatment scheme for patients with 
OS is comprised of pre-operative chemotherapy, 
surgical removal of all detectable tumour sites 
and/or local treatment, followed by post-operative 
chemotherapy. The prognosis for patients with 
metastatic disease or recurrent disease remains 
poor.11,12 In order to correctly evaluate patients 
with OS in staging and restaging, a variety of diag-
nostic imaging modalities may be used, such as ra-
diography, computed tomography (CT), magnetic 
resonance imaging (MRI), and bone scintigraphy.13 
Fluorine-18-Fluorodeoxyglucose positron emis-
sion tomography (FDG-PET) has been successfully 
used to evaluate different malignant tumours14,15, 
such as musculoskeletal tumours.16 Tumour cells 
have a metabolic activity higher than normal cells 
and usually show an increased uptake of FDG, a 
glucose analogue. Like many other malignant tu-
mours, OS have an increased rate of glycolysis, 
and consequently demonstrates an increased up-
take of FDG. Standardised uptake value (SUV) 
can be used as semi-quantitative measure of the 
metabolic activity of a specific region of interest.17 
Through the use of hybrid devices, integrating the 
high sensitivity of FDG-PET with the high spatial 
resolution of computed tomography (CT), a better 
diagnostic accuracy of PET/CT than PET and CT 
alone in detecting malignant tumours, such as OS, 
can be achieved.16-18 Several studies have shown 
the potential role of FDG-PET and PET/CT in the 
diagnosis of OS; however, a systematic review of 
published data in this field was lacking. 

The purpose of this study is therefore to system-
atically review published data on the diagnostic 
performance of FDG-PET or PET/CT in patients 
with OS in order to assess the accuracy of these 
functional imaging methods in this setting.

Materials and methods
Search strategy

A comprehensive computer literature search of 
the PubMed/MEDLINE, Embase and Scopus da-
tabases was conducted in order to find relevant 
published articles on the diagnostic accuracy of 
FDG-PET and FDG-PET/CT in patients with osteo-
sarcoma (OS). We used a search algorithm based 
on a combination of the terms: (a) “sarcoma” or 
“sarcomas “ or “osteosarcoma” or “osteogenic sar-
coma “ or “bone sarcoma “ or  “bone sarcomas” 
or “pediatric tumors” or “pediatric tumours” or 
“pediatric sarcomas” or “pediatric sarcoma” or 
“childhood sarcomas” or “bone tumors” or “bone 

tumours” or “osseous sarcomas” or “skeletal sar-
comas” or “skeletal sarcoma” or “musculoskeletal 
sarcomas” and (b) “positron emission tomogra-
phy” or “Positron emission Tomography And 
Computed Tomography” or “PET”. No beginning 
date limit was used; the search was updated until 
October 10th 2012. Only articles in English language 
were selected. To expand our search, references of 
the retrieved articles were also screened for addi-
tional studies.

Study selection

Studies or subsets in studies investigating the diag-
nostic accuracy of FDG-PET or FDG-PET/CT in pa-
tients with OS were eligible for inclusion. Review 
articles, editorials or letters, comments, conference 
proceedings, articles not in the field of interest of 
this review, and case reports were excluded from 
this review. Only those studies or subsets in stud-
ies that satisfied all of the following criteria were 
included in the systematic review: (1) FDG-PET or 
FDG-PET/CT performed in patients with OS; (2) 
articles on the diagnostic accuracy of FDG-PET and 
FDG-PET/CT; (3) sample size of at least 10 patients 
with OS were included in the systematic review in 
order to select only the most relevant articles about 
the role of FDG-PET in osteosarcoma. Furthermore, 
this choice allowed reducing the publication bias. 
In fact, articles with a low number of patients usu-
ally report positive findings which further studies 
with a higher number of patients may exclude. 
When a possible overlap in patient data was found, 
the most complete article was included.

Four researchers (NQ, GT, MS and MVM) in-
dependently reviewed the titles and abstracts of 
the retrieved articles, applying the selection crite-
ria mentioned above. Articles were rejected if they 
were clearly ineligible. The same four researchers 
then independently reviewed the full-text version 
of the remaining articles to determine their eligibil-
ity for the inclusion. Disagreements were resolved 
in a consensus meeting.

Data extraction

For each included study in the systematic review, 
information was collected concerning the basic 
study (authors, year of publication, journal, coun-
try of origin), device used (PET or PET/CT), and 
patient characteristics (number of patients under-
going PET or PET/CT, mean age, sex, and number 
of patients with OS). Finally, the main findings of 
all articles included in this review are shown in the 
results.
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Results
Literature search

The comprehensive computer literature search 
from the PubMed/MEDLINE, Embase, and Scopus 
databases revealed 28316 articles. Reviewing titles 
and abstracts, 13 articles comprising a total sample 
size of 289 patients with OS were selected applying 
the inclusion criteria mentioned above.19-31 These 13 
studies were retrieved in their full-text version and 
included in this systematic review. No additional 
studies were found screening the references. The 
characteristics of the studies included are shown in 
Table 1.

Literature data discussion
Initial assessment: grading and staging

In 2000, Schulte et al.19 firstly demonstrated that 
FDG-PET, although never replacing biopsy, is a 
useful tool for estimating the biologic activity of 
skeletal lesions, including OS lesions. The authors 
evaluated the efficiency of FDG-PET in grading 202 

patients with primary bone tumours, 44 of them 
with OS. FDG uptake was evaluated semi-quanti-
tatively by determining the tumour-to-background 
ratio (T/B). Although sarcomas showed significant-
ly higher T/B values than benign lesions, in a few 
cases it was not possible to discriminate between 
benign and malignant lesions. Using a T/B cut-off 
level of 3.0 for malignancy, the sensitivity (SS), 
specificity (SP), accuracy, positive predictive value 
(PPV), and negative predictive (NPV) of FDG-PET 
were 93%, 66.7%, 81.7%, 78.7% and 87.9%, respec-
tively. No false negative findings occurred for pa-
tients with OS.16 In 2006, Kneisl and co-workers20 
investigated the usefulness of FDG-PET in detect-
ing occult non-pulmonary metastases at the initial 
work-up of 55 patients with bone sarcoma, 38 of 
them with OS. Only one of 38 OS patients (3%) 
has been upstaged by FDG-PET. Thus, according 
to the authors, in consideration of the high cost of 
the study, the ability of PET scan to detect occult 
non-pulmonary metastases has a minimal influ-
ence in the clinical management of OS patients at 
initial work-up.20 In 2009, Charest et al.21 evalu-
ated the diagnostic performance of FDG-PET/CT 

TABLE 1. Characteristics of the studies included in the systematic review

Authors Year Journal Country Study Design Device used
Number 

of patients  
performing 

PET

Mean 
age 

(years)
Sex 

(%male)
Number 

of OS

Garcia et al.23 1996 J Nucl Med USA Prospective PET 48 40 50 18

Schulte et al.19 2000 J Nucl Med Germany Prospective PET 202 28 63 44

Franzius et al.29 2001 Ann Oncol Germany Retrospective PET 71 14 63 32

Iagaru et al.30 2006 Nucl Med 
Commun USA Retrospective PET and PET/CT 106 45 49 21

Kneisl et al.20 2006 Clin Orthop 
Relat Res USA Retrospective PET 55 NA 51 38

Tateishi et al.25 2007 Radiology Japan Retrospective PET and PET/CT 117 42 59 19

Völker et al.24 2007 J Clin Oncol Germany Prospective PET 46 13 52 11

Charest et al.21 2009
Eur J Nucl 
Med Mol 
Imaging

Canada Retrospective PET/CT 212 47 52 24

Piperkova et al.26 2009 Clin Nucl 
Med USA Retrospective PET/CT 93 50 36 15

London et al.27 2011 Pediatr 
Radiol Australia Retrospective PET/CT 41 13 63 20

Bandopadhyaya 
et al.28 2012 ISRN Oncol India Prospective PET/CT 22 21 63 22

Cistaro et al.31 2012 Pediatr Blood 
Cancer Italy Retrospective PET/CT 18 14 61 11

Fuglø et al.21 2012
Eur J Nucl 
Med Mol 
Imaging

Denmark Retrospective PET/CT 30 30 47 14

OS = osteosarcoma; NA = not available
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for detection of soft tissue and osseous sarcomas 
in 212 patients, including 24 OS. SS of FDG-PET/
CT for diagnosis of OS was 94.7%, detecting 12/12 
tumours in the initial assessment and 6/7 tumours 
in the restaging, with mean SUV of 8.9.21 Further 
confirming results were documented in 2012 by 
Fuglø et al.22 who retrospectively studied a group 
of 89 patients with high-grade soft tissue sarcomas 
(59) and bone sarcomas (30, 14 of which were OS) 
in the initial assessment. Limiting the analysis to 
the detection efficiency of FDG-PET/CT for distant 
metastases from bone sarcoma the SS, SP, accuracy, 
PPV and NPV were 88%, 95%, 95%, 87% and 98%, 
respectively. In the lymph nodal based analysis 
FDG-PET/CT showed also high SS, SP, accuracy 
and NPV (100%, 90%, 91% and 100%, respectively) 
but a very low PPV (20%) due to confounding in-
flammatory tissue with high glucose metabolism 
in most of the patients of the study.22

Comparison with conventional imaging: 
staging and restaging

In 1996, Garcia et al.23 compared the diagnostic ac-
curacy of FDG-PET and 99mTc-sestaMIBI scintig-
raphy in 48 patients with suspected recurrent/re-
sidual musculoskeletal sarcomas, including 18 OS. 
FDG-PET appeared to be more sensitive to 99mTc-
sestaMIBI scintigraphy in detecting active muscu-
loskeletal sarcomas, with overall SS, SP, PPV and 
NPV of 98%, 90%, 98% and 90%, respectively.23 

Völker et al.24 also evaluated the impact of FDG-
PET for initial staging and therapy planning in 46 
pediatric sarcoma patients, 11 of them with OS, 
demonstrating that the combination of FDG-PET 
with the conventional imaging is a valuable tool for 
the initial staging of OS and it has a relevant impact 
on therapy decisions. In fact, FDG-PET and con-
ventional imaging reached the same efficiency in 
the detection of primary tumors (accuracy: 100%). 
In addition FDG-PET showed a higher SS than con-
ventional imaging regarding the detection of nodal 
metastases (95% versus 25%) and bone metastases. 
In particular, bone scintigraphy showed a higher 
number of false-negative lesions compared with 
FDG-PET. Instead CT was more reliable than FDG-
PET in depicting lung metastases, owing to their 
small size. Additionally combination of FDG-PET 
and conventional imaging changed the treatment 
planning in some cases.24 In the same year, Tateishi 
et al.25 demonstrated that the staging accuracy of 
combined PET/CT and conventional imaging is 
significantly higher than that of FDG-PET alone 
(p<0.0001). The authors retrospectively compared 

the diagnostic accuracy of FDG-PET/CT, FDG-PET 
and conventional imaging (bone scintigraphy, chest 
radiography, diagnostic CT of the chest and abdo-
men and locoregional MRI) in detecting nodal and 
distant metastases in a group of soft-tissue and bone 
sarcomas (including 19 OS). The standard of refer-
ence was histology or adequate follow-up. FDG-
PET/CT showed to be superior to FDG-PET and 
conventional imaging in detecting nodal metasta-
ses. Similar results were documented comparing 
the ability of imaging modalities in detecting dis-
tant metastases. The authors conclude that the in-
clusion of FDG-PET/CT to the initial imaging work-
up yields to a more accurate preoperative staging 
of bone and soft-tissue sarcomas (mainly because of 
the more accurate M-staging) and this is important 
in determining the appropriate treatment.25

In 2009, Piperkova et al.26 retrospectively re-
viewed 93 patients with bone and soft tissue sar-
comas (15 of them with OS) who underwent FDG-
PET/CT scan. The authors analyzed the results 
differentiating for FDG-PET alone, CT alone and 
combined FDG-PET/CT. For the initial staging, 
the combined FDG-PET/CT revealed the best per-
formance, when compared with FDG-PET and CT 
alone, with a SS, SP, PPV, and NPV of 100%. Also 
for the re-staging group, the combined FDG-PET/
CT revealed the best results with SS and SP of 100% 
and 95.9%, respectively. The authors concluded 
that in bone and soft tissue sarcomas for the initial 
staging and re-staging FDG-PET/CT has higher ac-
curacy than FDG-PET and CT alone.26 

In 2011, London et al.27 evaluated the perfor-
mance of FDG-PET/CT compared to the conven-
tional imaging in detecting malignant lesions with 
particular attention to lung metastases and predict-
ing a histological response to chemotherapy in 41 
children with primary bone tumours (20 patients 
with OS). On a lesion based analysis, the SS, SP, 
and accuracy of FDG-PET/CT were 81.8%, 97.5%, 
and 95.9%, respectively. In the lung lesion analy-
sis, the SS, SP, and accuracy of FDG-PET/CT were 
80.0%, 95.8%, and 93.0%, respectively. The authors 
concluded that FDG-PET/CT appears more accu-
rate than the conventional imaging in detecting 
malignant lesions in childhood primary bone tu-
mors, excluding lung lesions.27 

In their prospective study in 2012, 
Bandopadhyaya et al.28 evaluated 22 biopsy proved 
OS patients undergoing FDG-PET/CT and 99mTc-
Dimercaptosuccinic acid (99mTc-DMSA) whole 
body scintigraphy and compared the detection ef-
ficiency of the two imaging modalities. In detect-
ing the primary lesion 99mTc-DMSA scintigraphy 



Radiol Oncol 2013; 47(2): 97-102.

Quartuccio N et al. / PET and osteosarcoma 101

showed the same SS (100%) of FDG-PET but lower 
SS in depicting lung metastases probably because 
the limited resolution of gamma camera respect to 
PET/CT, which instead reported a SS of 100%.28 

Comparison with conventional Imaging: 
evaluation of pulmonary lesions

Franzius et al.29 compared FDG-PET and spiral tho-
racic CT in detecting pulmonary metastases from 
malignant primary osseous tumors in 71 patients, 
including 32 patients with OS. In OS patients, FDG-
PET revealed a SS, SP, and accuracy of 50%, 100%, 
and 92%, respectively. In all 71 patients (32 with 
OS and 39 with Ewing sarcoma), spiral thoracic 
CT revealed a SS, SP, and accuracy of 75%, 100%, 
and 94%, respectively. The authors concluded that 
spiral CT seemed to be superior compared to FDG-
PET in detecting pulmonary metastases from ma-
lignant primary bone tumors, although a positive 
FDG-PET result can be used to confirm abnormali-
ties seen on thoracic CT scans as neoplastic.29 In 
2006, Iagaru et al.30 published a retrospective study 
of 106 patients with the histological diagnosis of 
osseous and soft tissue sarcomas (21 of them with 
OS), assessing the ability of FDG-PET and FDG-
PET/CT versus chest CT in detecting pulmonary 
metastases. Overall, concordant PET and CT de-
tection of pulmonary metastases was noted in 27 
patients (67.5%). For all the patients, the SS and SP 
for FDG-PET were 68.3% and 98.4%, respectively. 
CT had a SS of 95.1% and SP of 92.3%. The authors 
demonstrated that CT of the chest was more sensi-
tive than PET in detecting pulmonary metastases 
from OS; a significant portion of pulmonary nod-
ules >1 cm on CT are PET-negative; sub-centimeter 
CT lesions should not be considered false positive 
if inactive on PET; a negative PET scan in the pres-
ence of suspicious CT findings in the chest cannot 
reliably exclude pulmonary metastases from osse-
ous and soft tissue sarcomas.30 In 2012 Cistaro et 
al.31 studied 18 patients, 11 of which with OS, who 
had undergone FDG-PET/CT scan. They firstly 
attempted to find a SUVmax cut-off value help-
ful in discriminating the nature of the pulmonary 
nodules in pediatric bone sarcoma patients. They 
showed that a SUVmax threshold >1.09 was highly 
suggestive of malignancy when the nodule diam-
eter was > 6 mm. No significant advantage was 
found in the semi-quantitative analysis (SUV max 
and SUVratio) for the assessment of lesions below 6 
mm. In the entire group of patients 18F-FDG-PET/
CT had a SS of 90.3%, a SP of 87.5%, a PPV of 87.5%, 
and a NPV of 90.3% and an accuracy of 88.9%.31

Conclusions and general 
remarks

From this systematic review on the role of FDG-
PET and FDG-PET/CT in patients with OS, we are 
led to conclude that:

1) The combined metabolic and morphological 
information of FDG-PET/CT imaging allows a high 
diagnostic accuracy for the detection of OS; FDG-
PET/CT is significantly more accurate than FDG-
PET alone and improves staging and restaging in 
patients with OS.

2) With regard to the staging and restaging of 
OS, the SS, SP, and accuracy of FDG-PET and PET/
CT seem to be high; FDG-PET and PET/CT seem to 
be superior to bone scintigraphy and conventional 
imaging methods in detecting bone metastases; 
conversely, spiral CT seems to be superior to FDG-
PET in detecting pulmonary metastases from OS. 
A combination of FDG-PET/CT with conventional 
imaging methods is a valuable tool for staging and 
restaging of OS and may have a relevant impact on 
the treatment planning.

3) Most of the articles included in this systematic 
review evaluated the diagnostic accuracy of FDG-
PET or PET/CT in mixed populations with differ-
ent types of sarcomas, including some patients 
with OS. Further large prospective and multicenter 
studies evaluating the diagnostic accuracy of FDG-
PET/CT in patients with OS are needed.
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Background. Positron emission tomography (PET) with F-18-labeled fluorodeoxyglucose (FDG) provides remarkable 
accuracy in detection, treatment monitoring and follow-up of systemic malignant lymphoma. Its value in the man-
agement of patients with primary central nervous system lymphoma (PCNSL) is less clear. 
Patients and methods. In a prospective trial, 42 FDG-PET examinations were performed in ten immunocompetent 
patients with newly diagnosed or recurrent PCNSL before and repeatedly during and after the treatment. Brain and 
whole body FDG-PET were compared to brain MRI and extra-cerebral CT, respectively. 
Results. Before the treatment, 6 of 10 patients had congruent findings on FDG-PET and MRI of the brain. Three 
patients had lesions on brain MRI, not detected by FDG-PET. One patient had additional FDG-PET positive lesions 
inconspicuous in MRI. The follow-up suggested FDG-PET to be false positive in these lesions. After the treatment, brain 
PET was in agreement with MRI in 6 of 8 patients. In the remaining 2 patients there were persistent lesions in brain MRI 
whereas FDG-uptake was reduced to normal values. In the long-term follow-up of 5 patients (63-169 weeks), 3 patients 
retained normal in both PET and MRI. In 2 patients a new focal pathologic FDG-uptake was detected 69 and 52 weeks 
after the end of the treatment. In one of these patients, recurrence was confirmed by MRI not until 9 weeks after PET.
Conclusions. Brain FDG-PET may contribute valuable information for the management of PCNSL, particularly in the 
assessment of the treatment response. Integration of FDG-PET into prospective interventional trials is warranted to 
investigate prognostic and therapeutic implications.
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Introduction

Magnetic resonance imaging (MRI) is the standard 
diagnostic modality when primary central nerv-
ous system lymphoma (PCNSL) is suspected, often 
showing characteristic radio-morphological fea-
tures such as lesion location adjacent to cerebrospi-
nal fluid (CSF) space, strong and homogenous con-
trast-enhancement, moderate oedema and absence 
of necrosis. MRI of the brain is commonly used for 
the evaluation of the treatment response, however, 
with several limitations. Contrast-enhancement re-

flecting blood-brain barrier (BBB) disruption may 
be caused not only by the tumour, but also by sur-
gical intervention, radiotherapy or chemotherapy. 
Misinterpretation as tumour residuum in these 
latter cases results in the unnecessary treatment 
which might cause late neurotoxicity. In follow-up, 
the differentiation of malignant lesions from other 
lesions like inflammatory processes or scars can 
sometimes be difficult in MRI.1

F-18-labelled fluorodeoxyglucose (FDG) posi-
tron emission tomography (PET) has demon-
strated remarkable sensitivity in the detection 
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of systemic non-Hodgkin’s lymphoma (NHL). 
Furthermore, it has been shown to provide high 
accuracy in the differentiation between cerebral 
lymphomas and either high-grade gliomas or in-
fectious lesions in patients with acquired immu-
nodeficiency syndrome (AIDS).1-3 As FDG-uptake 
in the brain relates to the rate of tissue glucose 
metabolism, FDG-PET is not limited to the assess-
ment of BBB integrity but provides functional in-
formation on tumor viability.4 

A few studies have evaluated FDG-PET in im-
munocompetent PCNSL patients.5-13 However, no 
study has systematically addressed the value of 
repeated FDG-PET in both treatment-monitoring 
and long-term follow-up in PCNSL in the same 
patients. Therefore, the aim of the present prospec-
tive study was to evaluate potential diagnostic ben-
efits of FDG-PET in a sample of immunocompetent 
PCNSL patients in the assessment of disease extent 
prior to the treatment as well as in treatment moni-
toring and in long-term follow-up.

Patients and methods

The research has complied with all relevant na-
tional regulations and institutional policies and has 
been approved by the authors’ institutional review 
board or equivalent committee.

Patients

The study included ten immunocompetent patients 
(5 females, median age at inclusion 54.5 years) 
with PCNSL who were scheduled for the treat-
ment at our institution. Seven patients had newly 
diagnosed PCNSL with a histological proof of 
high-grade B-cell lymphoma. Systemic lymphoma 
was excluded by computed tomography (CT) and 
bone marrow biopsy. Three patients had recurrent 
PCNSL with a histological proof at first diagnosis. 
HIV infection was excluded in all patients.

All 7 patients with newly diagnosed PCNSL re-
ceived chemotherapy with high-dose methotrexate 
(HDMTX) for up to a total of 6 cycles. Of 3 patients 
treated for recurrent disease, one patient (No. 3) 
received HDMTX plus ifosfamide, and 2 patients 
(No. 9 and 10) were treated with Y-90-labeled (90Y) 
ibritumomab tiuxetan.

Imaging protocol

Several imaging sessions were scheduled for each 
patient, each session including both FDG-PET 

(brain and whole-body) and MRI (brain only). 
Initially, a ‘baseline session’ was performed be-
fore the treatment initiation, followed by ‘therapy 
monitoring sessions’ after 3 HDMTX cycles (in 
the 7 patients with newly diagnosed PCNSL), and 
4-6 weeks after the completion of the treatment. 
Thereafter, ‘follow-up sessions’ were performed 
every 3-4 months. 

FDG-PET imaging

Brain FDG-PET scans were started 60 min after in-
travenous injection of about 370 MBq FDG with an 
acquisition time of 20 minutes, followed by a whole 
body scan including 6-8 bed positions. An ECAT 
EXACT system (30 sessions) and later a Biograph 16 
system (12 sessions) was used (Siemens, Erlangen, 
Germany). Transversal images were generated us-
ing the standard reconstruction algorithm of the 
system software. The attenuation correction was 
based on either a Ge-68 transmission scan (ECAT 
EXACT) or a low-dose CT (Biograph).

Reconstructed images were first analysed visu-
ally. Suspect areas of focally increased FDG up-
take were further analysed by region of interest 
(ROI) analysis. In the brain, circular ROIs of 6.4 
mm diameter were placed manually in the lesion, 
centred at the hottest voxel. The maximum stand-
ardized uptake value (SUV max, maximum activ-
ity concentration in the ROI / (injected dose / body 
weight)) was used for semi-quantitative analysis. 
In addition, an FDG uptake ratio was computed by 
dividing mean SUV in the ROI by mean SUV in the 
(manually placed) mirror ROI in the other hemi-
sphere (normal tissue). This scaling procedure re-
duces variability by elimination of global effects 
and, thus, improves the power for the detection of 
local pathological changes. 

In order to determine the normal range of the 
FDG uptake ratio in the present study, the uptake 
ratio analysis was performed for healthy cortical 
gray matter, healthy white matter, and healthy 
thalamus in each brain FDG PET scan in each pa-
tient. Univariate analyses of variance with uptake 
ratio as dependent variable, tissue type (gray, 
white, thalamus) as fixed factor, and time (delay in 
days to baseline scan of the same patient) as covari-
ate did not detect any significant effect. Therefore, 
all uptake ratios were grouped together, result-
ing in mean ± 1 standard deviation of the sample 
= 1.010 ± 0.045 (range 0.913 – 1.149). Defining the 
upper threshold of the normal range by mean + 3 
standard deviations resulted in a threshold of 1.15 
for the uptake ratio to be pathologically increased.
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MR imaging

All MRI studies were carried out using a standard-
ized protocol including sagittal T1-weighted spin 
echo (slice thickness 5 mm, inter-slice gap 0.5 mm), 
axial T2-weighted fast spin echo, coronal FLAIR 
and axial T1-weighted spin echo before and after 
Gd-DTPA injection. Additional sagittal and coro-
nal T1-weighted spin echo images were acquired 
when contrast enhancement was observed on axial 
slices. The response on MRI was evaluated accord-
ing to International PCNSL Group (IPCG) crite-
ria.14 For response evaluation, patients had to be 
off-steroids to differentiate between the effect of 
steroids and chemotherapy.

FDG-PET and MRI were interpreted indepen-
dently by an experienced nuclear medicine physi-
cian and an experienced radiologist, respectively. 
Both readers were blinded to clinical data. 

Results

Baseline

The results at baseline are summarized in Table 1 
and Figure  1. In the 7 newly diagnosed patients, 
baseline MRI was performed pre-biopsy in 3 and 
post-biopsy in 4 patients. Of patients with pre-
biopsy MRI (No. 2, 4, and 5), two patients had 
stereotactic biopsy, the other patient (No. 5) had 
open resection of one lesion. Of patients with post-
biopsy MRI (No. 1, 6, 7, and 8), one patient (No. 1) 

had stereotactic biopsy, one patient (No. 8) open 
biopsy, and 2 patients (No. 6 and 7) had open le-
sion resection. 

FDG-PET was performed after MRI and post-
biopsy in all patients. Seven patients were on corti-
costeroids at the time of the PET examination. 

Number and location of cerebral lesions at base-
line was in agreement between PET and MRI in 6 
of 10 patients (No. 3, 4, 5, 7, 8, 9; the right frontal 
MRI lesion in patient No. 5 had been resected prior 
to FDG-PET and, therefore, was excluded from the 
analysis (Table 1). Disagreement between PET and 
MRI at baseline occurred in 4 of 10 patients (No. 1, 
2, 6, 10). In 3 of these patients (No. 1, 2, 10) FDG-
PET of the brain showed less lesions than MRI. In 
2 of these 3 patients (No. 1 and 10) FDG-PET was 
rated entirely normal, whereas MRI detected a sin-
gle contrast enhancing lesion suspicious of PCNSL 
in the left thalamus (No. 1) and multiple lesions in 
the cerebellum (No. 10), respectively. In the 3rd of 
these patients (No. 2) FDG-PET was negative in a 
MRI lesion in the left cerebellum, but positive in 
the 2 further MRI lesions of this patient. In the re-
maining patient with disagreement between FDG-
PET and MRI at baseline (No. 6), FDG-PET showed 
2 lesions (right striatum, midbrain) which had not 
been detected by MRI. A lesion in the right cerebel-
lum of this patient was detected by both modali-
ties. Maximal SUV value of brain lesions in the PET 
ranged between 3.6 and 12.5 (median 5.3), the up-
take ratio ranged between 1.2 and 3.5 (median 1.5).

Whole-body FDG-PET detected extra-cerebral 
lesions in 2 of 10 patients (No. 3 and 4). In patient 

FIGURE 1. Summary of brain PET and MRI findings in all patients with at least one follow-up session. Patients 1 and 10 did not show any suspect lesion in 
the FDG-PET of the brain.
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TABLE 1. Imaging findings at baseline 
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1 F 1 left thalamus post Stereotactic yes 14 0 normal

2 F 3 left temporal 
(2.2x1.25cm)

pre Stereotactic 
(left 
temporal 
lesion)

yes 14 2 left temporal 4.1 1.7 normal

right frontal right frontal 4.2 1.2

left cerebellum

3 R 1 right parieto-
occipital 
(4x2cm)

NA No biopsy no 7 1 right parieto-
occipital

9.7 3.3 Pathologically 
increased FDG-uptake 
in lung, thoracic wall 
and mediastinal lymph 
nodes  (n=11) 

4 F 1 left parieto-
temporo-
occipital 
(3x3cm)

pre Stereotactic yes 14 1 left parieto-
temporo-occipital

4.2 1.4 Pathologically 
increased FDG-uptake 
in left kidney/adrenal 
gland (stable in follow-
up PET)

5 F 3 right frontal 
(3x1.8cm)

pre Open 
resection of 
right frontal 
lesion

yes 7 2 low FDG-Uptake 
after open 
resection right 
frontal

normal

left parietal 
(2x1.4cm)

left parietal 10.7 1.5

right parietal 
(2cmx1.5)

right parietal 12.5 1.5

6 F 1 residual contrast 
enhancement in 
right cerebellum 
(postoperative)

post Open 
resection 
of right 
cerebellar 
lesion

yes 28 3 right cerebellum 4.3 1.2 normal

right striatum 6.0 1.2

midbrain 4.6 1.2

7 F 1 right fronto-
parietal 
(4.5x2.5cm)

post Open 
resection

yes 21 1 right fronto-parietal 3.6 3.5 normal

8 F 1 pituitary gland  
(1x1cm)

post Open biopsy no 10 1 pituitary gland 8.7 1.2 normal

9 R 1 right cerebellum 
(3x2cm)

NA No biopsy no 7 1 right cerebellum 10.0 1.8 normal

10 R mult left cerebellum 
(3.75x 2cm)

NA No biopsy yes 23 0 normal

CNS = central nervous system; MRI = magnetic resonance imaging; SUVmax = maximal standard uptake value; TU = tumour; PET = positron emission tomography; NA = not 
applicable; FDG = F-18-fluorodeoxyglucose; mult = multiple
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FIGURE 2. Baseline PET and MRI of patient No. 2 shows left temporal lesion. No pathological FDG-uptake was observed after therapy but a new lesion 
in the anterior horn was seen on PET 69 weeks later (SUV=10.5). MRI at this time point was still categorized as complete remission. A contrast-enhancing 
lesion appeared on MRI 9 weeks thereafter.

No. 3, who had recurrent PCNSL, pathologic FDG-
uptake was detected in the lung, mediastinal lymph 
nodes and thoracic wall. These findings were con-
firmed as asymptomatic systemic lymphoma mani-
festations by subsequent CT. In patient No. 4, path-
ologically increased FDG-uptake was found in the 
left kidney without a correlative on CT. The lesion 
was confirmed in the follow-up PETs.

Therapy monitoring

The results of the therapy monitoring are summa-
rized in Table 2 and Figure 1. Imaging for therapy 
monitoring was performed after the completion of 
the therapy in all cases. An additional imaging ses-
sion during 3 cycles of HDMTX was performed in 1 
patient (No. 3). All patients were off steroids at the 
time of monitoring sessions.

The evaluation of the therapy response by MRI 
was performed in 9 patients. Of these, complete 
response (CR) was found in 3 patients, partial re-
sponse (PR) in 2, stable disease / minimal response 

(SD/MR) in 2, and progressive disease (PD) in 2 
patients. 

Therapy monitoring by FDG-PET was per-
formed in 8 patients. FDG-PET was in agreement 
with MRI in 6 of these: CR in MRI and normal 
FDG-PET in 3 patients (No. 3, 4, 5), PR in MRI and 
decreased FDG uptake compared to baseline (but 
still elevated) in 1 patient (No. 7), stable disease in 
MRI and persistent pathologic FDG uptake in 1 pa-
tient (No. 9), and PD in MRI and increase of patho-
logic FDG uptake in 1 lesion in PET in 1 patient 
(No. 6). There was a disagreement between MRI 
and FDG-PET in the remaining 2 patients. FDG-
PET was rated normal in both of these patients, 
whereas MRI was rated as PR (No. 2) or even SD/
MR (No. 8). The first of these patients (No. 2) did 
not show recurrence of the lesions detected at base-
line during the follow-up of 69 weeks, suggesting 
that the normal FDG-PET finding after the therapy 
was true negative, despite of the disease progres-
sion with a novel lesion in another part of the brain 
at this late time point (frontal horn, Figure  2). In 

Initial imaging After treatment Follow-up Follow-up +9 weeks
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the second of these patients (No. 8), recurrence was 
observed in FDG-PET 52 weeks after the treatment.

Follow-up

Results of the follow-up are summarized in Table 3 
and Figure 1. A long-term follow-up by both MRI 
and FDG-PET was performed in 5 patients (No. 2, 3, 
4, 5, 8). Median time of the follow-up was 98 weeks 
(range 63-169). In 3 of these patients (No. 3, 4, 5) 
both MRI and FDG-PET showed a complete remis-
sion during the whole period of the follow-up. In 1 
patient (No. 2), a new pathologic FDG uptake (SUV 
max = 10.5, uptake ratio = 2.7) was detected by PET 
in the anterior horn after 69 weeks. MRI revealed 
tumour r relapse not until 9 weeks after positive 
PET (Figure  2). In another patient (No. 8), a new 
pathologic FDG uptake (SUV max = 8.6; uptake 
ratio = 1.4) was seen on PET after 52 weeks along 
with documented stable disease on MRI. 

Discussion

First results on FDG-PET in PCNSL were reported 
by Rosenfeld et al. who, investigating 10 patients, 
found FDG-uptake in PCNSL lesions to be similar 
to that of anaplastic gliomas.10 In a series of seven 
patients evaluated at the time of initial diagnosis, 
Palmedo et al. found a good correlation between 
gadolinium enhancement in MRI and focal FDG-
uptake on PET with merely one lesion missed by 
PET and another lesion visible only on the FLAIR 

MRI sequence.9 In the present study, there was an 
agreement between PET and MRI before therapy 
in 6 of 10 patients. In 3 of the remaining 4 patients, 
FDG-PET showed fewer lesions suspicious of 
PCNSL than contrast-enhanced MRI. Two of these 3 
patients were rated normal (no lesion) in FDG PET. 
This discrepancy might be explained by initiation 
of corticosteroid therapy between MRI and PET. 
Corticosteroid-induced reduction of FDG-uptake 
has been reported in cerebral lymphoma.5 In one 
patient, the residual contrast enhancement of a 
cerebellar lesion on MRI might have been caused 
by postoperative BBB dysfunction. In this case the 
negative FDG-PET might indicate the absence of 
vital tumour after the resection. In 1 patient, PET 
showed brain lesions of the increased FDG uptake 
that were not detected in MRI. However, neither 
specific neurological symptoms nor follow-up sup-
ported the presence of lymphoma in these lesions. 
Most likely the increased tracer uptake was due to 
benign postoperative processes in these cases. In 
summary, FDG-PET might provide valuable infor-
mation in addition to MRI with respect to disease 
extent at initial imaging before therapy in most pa-
tients.

In the present study, FDG-PET included a 
whole-body scan in addition to the brain scan, in 
contrast to most previous studies. Whole-body 
FDG-PET was in agreement with CT in all patients 
newly diagnosed with PCNSL. The increased 
FDG-uptake in the left kidney in one newly di-
agnosed patient was without correlate in CT, also 
in retrospective inspection of the CT, and did not 

TABLE 2. Evaluation of treatment response

No. Treatment MRI PET

1 1x HDMTX ND (death) ND (death)

2 6x HDMTX PR No pathologic uptake

3 6x HDMTX + 
Ifosfamide

CR (cerebral) after 3 cycles, CR 
(thoracic) after 6 cycles

No pathologic uptake in the brain after 3 cycles, No 
pathologic uptake in the chest after 6 cycles

4 5x HDMTX CR No pathologic uptake

5 6x HDMTX CR No pathologic uptake

6 2x HDMTX PD Increase of pathologic uptake in 1 of 3 lesions

7 2x HDMTX PR Pathologic uptake reduced

8 6x HDMTX SD/MR No pathologic uptake

9 Ibritumomab 
tiuxetan SD Persistant pathologic uptake

10 Ibritumomab 
tiuxetan PD ND

PET = positron emission tomography; HDMTX = high-dose methotrexate; ND = not done; PR = partial response; CR = complete response; PD = progressive 
disease; SD = stable disease; MR = minimal response
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change in follow-up PET, and, therefore, most like-
ly was not malignant. Pathological extra cerebral 
FDG-uptake was found in one patient with PCNSL 
relapse, and was subsequently confirmed as sys-
temic lymphoma by CT. Based on this finding, the 
treatment was changed in this patient: systemic 
chemotherapy was initiated instead of whole-body 
immunoradiotherapy as had been planned prior 
to whole-body PET. This important finding might 
have been missed in clinical routine patient care, 
since abdominal or thoracic CT is not routinely 
performed in relapsed PCNSL patients. A previ-
ous case report by Karantanis et al. also suggests 
that whole-body PET might be superior to CT in 
the detection of extracranial disease in PCNSL.12 In 
a retrospective study, Mohile et al. evaluated the 
contribution of whole-body FDG-PET in staging 
and restaging of PCNSL patients.6 These authors 
found systemic disease in 7% of patients with sus-
pected PCNSL, which would have been missed 
with conventional CT. This rate was even higher 
(27%) in patients with CNS relapse. Thus, whole-
body FDG-PET might result in change of the treat-
ment strategy in a considerable fraction of patients.

Response evaluation can be difficult in PCNSL, 
since the residual contrast enhancement caused by 
the treatment-induced disruption of the BBB is not 
infrequent. The differentiation between CR and 
PR, which is of paramount importance for the deci-
sion about the further treatment, is often particu-
larly difficult. Standardized criteria for the evalu-
ation of the treatment response in PCNSL include 
the category of ‘unconfirmed complete remission’ 
(CRu) for patients needing corticosteroids despite 
disappearance of all gadolinium-enhancing lesions 
on MRI and patients with a small but persistent 
contrast enhancement after biopsy or focal haem-
orrhage.14 FDG-PET is expected to be particularly 
useful in these cases. In the present longitudinal 
prospective study, FDG PET was performed for 
the response evaluation as well as during the fol-
low-up in the same patients. FDG-PET provided 
different information about the therapy response 
than MRI in 2 of 8 patients. In both patients, FDG-
PET indicated CR despite of the persistent contrast 
enhancement in MRI. There was no recurrence of 
the initial lesion during the follow up of 69 weeks 
in one of these patients, suggesting a true negative 
FDG-PET, despite of disease progression with nov-
el lesions in other parts of the brain. In the second 
of these patients, FDG-PET indicated a complete 
remission whereas MRI findings were categorized 
as stable disease / minor response. The recurrence 
was observed in FDG-PET only 52 weeks after the 

treatment. These findings are in agreement with 
the results of Palmedo et al., who reported truly 
negative PET findings (confirmed by follow-up) 
despite the persistence of lesions on MRI in three 
of six patients.9 A response to initial chemotherapy 
as assessed by MRI has consistently been associ-
ated with the prolonged survival in PCNSL.15,16 
The present findings suggest that FDG-PET might 
improve the response assessment and, therefore, 
might provide improved prognostic power com-
pared to MRI. However, further studies with larger 
patient samples are required to test this hypothesis.

In the long-term follow-up of one patient, re-
lapse was detected by FDG-PET but not by MRI at 
this time point. Relapse was confirmed by MRI 9 
weeks later. However, while FDG-PET might have 
the potential to detect relapse earlier than MRI, this 
benefit might not be relevant in clinical routine, 
because making use of this benefit would require 
very short intervals between follow-up imaging 
which cannot be justified on a routine base due to 
the radiation exposure. In most cases, the relapse 
is detected by the occurrence of new neurologic 
symptoms rather than by routine imaging.

The main limitations of the present study are 
relatively small sample size, heterogeneity among 
the patients with respect to various factors (newly 
diagnosed versus recurrence, treatment strategy), 
a time interval of more than 2 weeks between MRI 
and PET at baseline in 3 out of 10 patients, corti-
costeroid treatment at the time of baseline FDG 

TABLE 3. Long-term follow-up

No. MRI PET

1 ND (death) ND (death)

2 CR at 69 weeks after 
treatment. Relapse 
detected 78 weeks 
after treatment

new pathologic 
uptake 69 weeks after 
treatment

3 CR normal

4 CR normal

5 CR normal

6 ND ND

7 ND ND

8 PR Recurrence of 
pathologic FDG 52 
weeks after treatment

9 ND ND

10 ND ND

PET = positron emission tomography; ND = not done; PR = partial response; 
CR = complete response
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PET in 7 out of 10 patients, use of two different 
PET scanners with slightly different spatial resolu-
tion, and incomplete follow-up in some patients. 
Nevertheless, the data suggest that FDG-PET may 
contribute valuable information in PCNSL. Whole-
body FDG-PET might be useful for staging prior to 
therapy. FDG-PET of the brain might be useful for 
the evaluation of the treatment response, particu-
larly in case of mild residual contrast-enhancement 
in MRI.
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Background. Synovial sarcoma is common in the extremities. Our search revealed only 17 cases of synovial sarcoma 
of the larynx in the English-language literature.
Case report. We report an additional case of a 37-year-old man with primary laryngeal synovial sarcoma who 
underwent positron emission tomography/computed tomography (PET/CT) following the treatment. Although the 
patient received comprehensive therapy including surgery, radiotherapy, repeated chemotherapies, and targeted 
therapies, he had an unfavourable outcome and died of distant metastases.
Conclusions. In synovial sarcoma of the larynx, PET/CT can detect recurrence and metastasis. PET/CT can also pre-
dict the treatment effect in patients with synovial sarcoma.

Key words: synovial sarcoma; larynx; PET/CT; follow up

Introduction

Synovial sarcoma is common in the extremities.1 
Only 3–9% of all cases of synovial sarcoma occur 
in the head and neck region, and the least frequent 
site of occurrence is the larynx.2,3 Our search re-
vealed only 17 cases of synovial sarcoma of the lar-
ynx in the English-language literature.2-18

Since few cases of laryngeal synovial sarcoma 
have been reported, its histogenesis, natural his-
tory, optimal treatment strategy, and long-term 
prognosis are unknown. Most primary synovial 
sarcomas of the head and neck metastasise to the 
lungs; among these, only a few cases were reported 
to have cervical metastases.19 The local recurrence 
rate of synovial sarcoma is 8-60%. Tumours usu-
ally recur within 2 years of the initial therapy.20 The 
diagnostic workup for recurrence or metastasis of 
synovial sarcoma involves conventional imaging, 

including computed tomography (CT) and mag-
netic resonance imaging (MRI).21 During the past 
decade, 18F-fluorodeoxyglucose (18FDG) positron 
emission tomography (PET)/CT has become an 
adjunct tool to conventional imaging in the stag-
ing and follow-up of sarcoma.22 A few reports have 
described the use of PET/CT for synovial sarco-
ma1,20,23, and no report has presented the PET/CT 
features of laryngeal synovial sarcoma.

In the majority of cases, the surgical excision 
with a wide margin is the first treatment choice. 
The effect of chemotherapy or radiotherapy is con-
troversial.24-26 We report a case of a patient with pri-
mary laryngeal synovial sarcoma who underwent 
PET/CT following treatment. Although the patient 
received comprehensive therapy including surgery, 
radiotherapy, repeated chemotherapies, and target-
ed therapies, he had an unfavourable outcome and 
died of whole-body metastasis in November 2011.
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Case report

On 4 June 2008, a 37-year-old man was referred to 
our department due to a 1-month history of sore 
throat and blood in the phlegm. He also complained 
of dysphagia. He denied hoarseness and respira-
tory dyspnoea. His medical history was unremark-
able. Laryngoscopy showed a 2 × 2.5 cm wine-col-
oured tumour in the right aryepiglottic fold that 
involved the inner wall of the right piriform sinus. 
The surface was covered with blood clots. The mo-
tion of the bilateral vocal cords and the remainder 
of the larynx appeared normal. Cervical lymphad-
enopathy was absent. CT revealed a 3.5 × 2.2 cm 
irregular soft-tissue mass in the right aryepiglottic 
fold extending to the right piriform sinus, with low 
to moderate heterogeneous enhancement after the 
injection of contrast medium. No enlarged node 

was present. Under general anaesthesia (a trache-
otomy was performed), biopsy was performed by 
suspension laryngoscopy. The frozen section re-
sults suggested that the tumour was a spindle cell 
tumour. The tumour was removed completely via 
lateral cervical incision and partial laryngectomy. 
The laryngeal function was preserved. During the 
operation, we found that the tumour was located 
in the right supraglottic area, with a pedicle in the 
right aryepiglottic fold extending to the right pi-
riform sinus. Mass was tan-red and irregular and 
had an ulcer covered by blood clots and a fleshy 
cut surface (Figure 1).

The postoperative pathological results showed 
that the tumour consisted of small, uniform spin-
dle cells invading the surrounding muscles. The 
immunohistochemical examination for vimentin 
and CD99 was positive. Epithelial membrane anti-
gen was focal positive. These results led to a diag-
nosis of monophasic synovial sarcoma. The resec-
tion margins were tumour free (Figure 2).

Postoperative radiotherapy was given; the total 
dose was 66 Gy. On 26 October 2009, MRI of the 
head and neck revealed a 1 × 2 cm mass in the re-
gion of the right hypopharynx and laryngeal inlet. 
On 4 November 2009, 18FDG-PET/CT demonstrat-
ed high FDG uptake coincident with MRI findings 
(standardised uptake value [SUV]max = 4.1) and 
no distant metastases (Figure  3). A partial laryn-
gopharyngectomy was performed. After surgery, 
the patient was followed regularly at 2-month in-
tervals with CT or MRI examination of the head 
and neck.

In August 2010, CT of the head and neck revealed 
a 3.6 × 2.6 cm mass in the right submaxillary region. 
Further CT of the lungs revealed bilateral lung 
metastases. PET/CT revealed high FDG uptake in 
the right submaxillary lymph node (SUVmax = 3.2), 
right oropharynx (SUVmax = 5.4), and multiple nod-
ules in the bilateral lungs (SUVmax = 4.6; Figure 4). 
These results suggested local recurrence and cervi-
cal lymph node and lung metastases. The patient 
received chemotherapy and concurrent targeted 
treatment comprising adriamycin (40 mg/m2, days 
1–2), ifosfamide (2 g/m2, days 1–4), dacarbazine 
(300 mg/m2, days 1–4), and anti-epidermal growth 
factor receptor monoclonal antibody (nimotuzum-
ab, 200 mg/m2, days 1–4). The patient underwent 
three cycles of chemotherapy at 3-week intervals. 
On 18 November 2010, the first-line therapy pack-
age was completed. The cervical mass was treat-
ed with intratumoural injection of recombinant 
adenovirus p53 agent injection once a week for 4 
weeks and another four cycles of nimotuzumab 

FIGURE 1. (a) The mass was tan-red and irregular and had an ulcer covered by 
blood clots and a fleshy cut surface. (b) Surgical sample.
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Table 1 English-Literature review of synovial sarcomas of larynx

Pt.No/Ref Sex/Age location treatment Follow-up

2 Al-Nemer A 
(2011)2

M/26 Larynx Surgery+radiotherapy 20m, NED

3 Fernández-
Aceñero (2009)4

M/12 Supraglottic Chemotherapy+ Local resection 4m   NED

4 Capelli (2007)5 M/57 Supraglottic CO 2 laser cordectomy  14m  NED

5 Mhawech-
Fauceglia (2007)6

M/79 Supraglottic a wide-field total laryngectomy 3m   NED

6 Abou Zeid (2006)7 M/26 Supraglottic excision of the supraglottic tumor with 
CO(2) laser surgery

NA

7 Boniver (2005)8 NA Right aryepiglottic fold CO 2 laser resection 36m NED

8 Szuhai (2004)9 M/54 Supraglottic laryngopharyngectomy a left-sided 
modified neck dissection

24 m  NED

9 Bilgic(2003)10 M/24 Supraglottic hemilaryngectomy 12m, local recurrence, total 
laryngectomy+radiotherapy 20m, 
lung metastasis, chemotherapy,
42m NED

10 Papaspyrou 
(2003)11

M/16 Supraglottic CO 2 laser+radiotherapy 24m NED

11 Taylor(2002)12 F/68 Cricoids cartilage total laryngopharyngectomy, cervical 
esophagectomy, bilateral neck 
dissection,

NA

12 Dei Tos (1998)13 M/27 Supraglottic Surgery 3m local recurrence, 
chemotherapy+radiotherapy,3m, 
hemilarygectomy,9m NED

13 Morland (1994)14 M/14 Left arytenoid Tumorectomy, Recurrence after 3 years
Total laryngectomy, CT,  radiotherapy

10m NED

14 Ferlito (1991)15 M/28 Supraglottic Supraglottic laryngectomy+right neck 
dissection+radiotherapy

16y  NED

15 Pruszczynski 
(1989)16

F/28 Right aryepiglottic fold 
and false cord

Tumorectomy,  radiotherapy  3y NED

16 Quinn (1984)17 M/76 Right subglottic area Frontolateral laryngectomy  3y  NED

17 Gatti (1975)18 F/28 Left hemilarynx
hypopharynx

Pharyngolaryngectomy, 1 year, lung metastasis, 
radiotherapy+chemotherapy,
2.5 year  died

18 Miller (1975)3 F/23 Interarytenoid and left 
arytenoids area

Supraglottic laryngectomy total 
laryngopharyngectomy

12y NED

Present case M/37 Supraglottic Surgery+chemo.-radiotherpay 28m local recurrence; 41m,  
Died of metastasis 

Ref = number of reference; NED = no evidence of disease; NA = not available

(200 mg) at 1-week intervals. CT demonstrated no 
regression of the metastatic cervical lymph node 
and lung lesions. In February 2011, the patient un-
derwent additional chemotherapy comprising doc-
etaxel (110 mg, day 1), cisplatin (40 mg, days 1-3), 
and rh-endostatin (Endostar) (15 mg, days 1-14) 
every 21 days for up to five cycles. The lesions were 
not controlled. In July 2011, the chemotherapy was 
changed to cetuximab (600 mg, day 1) every week 
for up to three cycles. CT of the lungs and MRI of 
the head and neck showed that the lesions were 
larger. On 22 September 2011, PET/CT revealed a 
7.5 × 9 cm mass in the right submaxillary region 
with high FDG uptake (SUVmax = 5.2) involving the 
right parotid gland, right tongue base, right man-
dible, jugular vein, carotid artery, and surround-

ing muscles, and multiple nodules in the bilateral 
lungs (largest = 6.68 cm in diameter; SUVmax = 6.02; 
Figure  5). The cervical mass was treated by local 
cryoablation, but did not regress. In 11 November 
2011, the patient died of brain metastases.

Discussion

Only 3-9% of all cases of synovial sarcoma occur 
in the head and neck. The least frequent site of oc-
currence is the larynx. To our knowledge, only 18 
cases have been reported (including the current 
case) (Table  1).2-18 The reported cases included 13 
males, three females, and one case in which the pa-
tient’s sex was not reported.2-18 The male to female 
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ratio was about 4:1. The age of the patients ranged 
from 12 to 79 years at initial presentation, with a 
mean age of 37 years (data were not available for 
four patients).2-18 Of the 17 patients for whom data 
were available2-7,9-18, 16 (94.1%) had tumour located 
in the supraglottic and 1 (5.9%) had tumour in the 

FIGURE 2. (a) Pathology showed that the tumour consisted of small, uniform 
spindle cells invading the surrounding muscles (HE×20). (b) Immunohistochemical 
examination for vimentin was positive (EliVision×20).

A

B

subglottis; no patient had tumour in the glottis 
area. For the 16 patients for whom follow-up data 
were available, the follow-up times ranged from 3 
months to 16 years.2-6,8-11,13-18 Of these 16 patients, 
only four (including our patient) developed re-
currence and three developed distant metastases. 
Only two patients (including our patient) died of 
the disease. The poor outcome might be related to 
the large extent of the laryngeal synovial sarcoma.18

In the majority of cases, the surgical excision 
with a wide margin is the first treatment choice for 
synovial carcinoma. The effect of chemotherapy or 
radiotherapy is controversial.25-27 The main treat-
ment regimen for laryngeal synovial sarcoma is 
surgery, including laryngopharyngectomy, hemi-
laryngectomy, tumourectomy, total laryngectomy, 
or tumour resection using a CO2 laser (for localised 
lesions).3-18 Among the patients who underwent 
CO2 laser surgery, no recurrence or metastasis oc-
curred, and the disease-free survival times were 2 
years11, 3 years8, and 15 months.5 The favourable 
results in this group might be associated with the 
low volume of the tumours subjected to CO2 laser 
surgery.5,8,11 In cases of laryngeal synovial sarcoma 
(excluding our case and one case reported by Gatti 
et al.18), postoperative chemo/radiotherapy seemed 
to be effective.2,4,11,14-16 No recurrences or metasta-
ses occurred, and the longest survival time was 
16 years.15 Chemo/radiotherapy also seemed to be 
useful in the treatment of distant metastases and 
local recurrence.10,14 Some reports had a very short 
follow-up period (<2 years), and the exact outcomes 
require a further investigation.2,4-6,9,11,13 Although 
our case involved multiple therapeutic strategies, 
including surgery, radiotherapy, repeated chemo-
therapies, and targeted therapies, the outcome was 
poor. This result was similar to that reported by 
Gatti et al.18 Consequently, the ideal treatment has 
yet to be established because of the limited number 
of available reports on laryngeal synovial sarcoma.

Magnetic resonance imaging is often recom-
mended as a follow-up modality.21,27 Recent studies 
have indicated that PET is useful in the follow-up 
of synovial sarcoma.1,23 PET/CT has also been used 
as a diagnostic tool for synovial sarcoma, as well as 
lymphoma.20,28,29 Charest et al. demonstrated 80.0% 
sensitivity of PET/CT in 20 soft-tissue synovial sar-
comas with a mean SUVmax of 10.9.28 Erturhan et al. 
reported the use of PET/CT for diagnosis and fol-
low-up in a case of kidney synovial sarcoma. They 
found slight FDG uptake in the synovial sarcoma 
and in multiple lymph nodes (SUVmax = 3.5). PET/
CT detected no differentiation in multiple lymph 
nodes in the fourth postoperative month; howev-



Radiol Oncol 2013; 47(2): 111-118.

Bao YY et al, / Poor outcome of laryngeal synovial sarcoma 115

er, CT did not show these lymph nodes, and they 
were reported as normal.23 Lisle et al. assessed 44 
patients with synovial sarcoma before therapy and 
resection by FDG-PET. They found that the pre-
treatment tumour SUVmax predicted the overall and 
progression-free survival. Patients with SUVmax  
>4.35 had reduced disease-free survival and were 
therefore at high risk for local recurrence and meta-
static disease.1 In our case, although the patient did 
not undergo pre-treatment PET/CT, three repeated 
post-treatment PET/CT examinations demonstrat-
ed the unsatisfactory treatment outcomes. In this 
case, SUVmax did not decrease in response to the 
various treatments. These findings were consistent 
with the results of Lisle et al.1 Therefore, PET/CT 
can be a useful workup tool for synovial sarcoma.

Conclusions

Here, we report a case of laryngeal synovial sar-
coma. Although the patient received a comprehen-
sive therapy including surgery, radiotherapy, re-
peated chemotherapies, and targeted therapies, he 
had an unfavourable outcome and died of whole-
body metastases. Since cases involving the larynx 
are extremely rare, the treatment of laryngeal syno-
vial sarcoma should follow the guidelines for other 
tumour sites. To our knowledge, this is the first 
report of PET/CT findings of laryngeal synovial 
sarcoma. PET/CT can detect local recurrence and 
metastasis of laryngeal synovial carcinoma. PET/
CT can also predict the treatment effect in patients 
with synovial sarcoma.

FIGURE 3. PET/CT showed high FDG uptake in the region of the right hypopharynx and laryngeal inlet (SUVmax= 4.1) and no distant metastasis.
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FIGURE 4. (a, b) Nine months after the second surgery, PET/CT revealed high FDG uptake in the right submaxillary lymph node (SUVmax= 3.2), 
right oropharynx (SUVmax= 5.4) and(c) multiple nodules in both lungs (SUVmax= 4.6).

BA C
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FIGURE 5. After radiotherapy, repeated chemotherapies and targeted therapies, (a) a whole body scan showed FDG uptake in the right 
neck and lung. (b) PET/CT revealed a 7.5 × 9-cm mass in the right submaxillary region with high FDG uptake (SUVmax = 5.2) involving the right 
parotid gland, right tongue base, right mandible, jugular vein, carotid artery, and surrounding muscles. (c) Multiple nodules in both lungs, were 
evident with the largest being up to 6.68 cm in diameter (SUVmax= 6.02).
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Background. After anterior cruciate ligament (ACL) reconstruction, formation of cortical sclerotic bone encircling 
the femoral and tibial tunnel is a part of intratunnel graft healing. During the physiological cascades of soft tissue 
healing and bone growth, cellular and hormonal factors play an important role. The purpose of this study was to non-
invasively but quantitatively assess the effect of intraoperatively applied platelet-rich plasma (PRP) on the formation 
of cortical bone encircling the tibial tunnel.
Patients and methods. In fifty patients, standard arthroscopic ACL reconstructions were performed. The PRP group 
(n = 25) received a local application of PRP while the control group (n = 25) did not receive PRP. The proximal tibial 
tunnel was examined by MRI in the paraxial plane where the portion of the tibial tunnel wall circumference consist-
ing of sclerotic cortical bone was assessed with testing occurring at one, two and a half and six months after surgery. 
Results. At one month after surgery, differences between the groups in the amount of cortical sclerotic bone encir-
cling the tunnel were not significant (p = 0.928). At two and a half months, the sclerotic portion of the tunnel wall in 
the PRP group (36.2%) was significantly larger than in the control (22.5%) group (p = 0.004). At six months, the portion 
of sclerotic bone in the PRP group (67.1%) was also significantly larger than in the control (53.5%) group (p = 0.003).
Conclusions. Enhanced cortical bone formation encircling the tibial tunnel at 2.5 and 6 months after ACL graft re-
construction results from locally applied platelet-rich plasma.

Key words: anterior cruciate ligament graft; platelet-rich plasma; tibial tunnel; cortical bone; MRI

Introduction

After anterior cruciate ligament (ACL) reconstruc-
tion, two biological mechanisms take place: liga-
mentization of the intra-articular part of the graft 
and healing in the bone tunnel.1-5

Among other processes, in the chronic repara-
tive phase of intratunnel graft healing, chondrifica-
tion, neo-ossification and proliferative osteoblastic 
activity are present at about 6 weeks after recon-

struction3 with the formation of new cortical bone, 
creating the tunnel wall.

During the physiological cascades of soft tissue 
healing and bone growth, cellular and hormonal 
factors play an important role, the most important 
among them being various growth factors (GF).5,6 
These proteins have a positive effect on fibroblast 
proliferation and the synthesis of extracellular ma-
trix proteins and therefore on the enhancement of 
tissue healing.7-9 Platelet-derived growth factors 
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(PDGFs) particularly enhance the graft incorpora-
tion process.9

Platelet-rich plasma (PRP), defined as a portion 
of the plasma fraction of autologous blood hav-
ing a platelet concentration above the baseline, 
contains an autologous concentration of platelets 
and growth factors.9,10 PRP can be activated with 
thrombin to create platelet-rich plasma gel. The 
role of local application of various GF in ACL re-
construction has been analysed by previous stud-
ies in animals, where their effect has been evalu-
ated with histological findings or biomechanical 
tests.11-14

MRI is because of its excellent contrast resolu-
tion15,16 feasible method for demonstrating the os-
teosclerosis, where cortical bone is hypointense on 
all pulse sequences. To the best of our knowledge, 
no radiological research has yet evaluated the ef-
fect of PRP on the formation of cortical bone encir-
cling the tibial tunnel after ACL reconstruction in 
humans. We found only one study, which assessed 
the cortication of the tunnel wall, however, only 
its presence was evaluated with CT, in comparing 
two different graft fixation screws.17 The enhanc-
ing effect of PRP and bone GF on bone formation 
was demonstrated by histological studies in animal 
models as well as in periodontology.18-25

Therefore, the aim of presented study was to as-
sess the effect of intraoperatively locally applied 
PRP, using MRI, for quantitative but noninvasive 
measurement of the cortical sclerotic bone forma-
tion, encircling the tibial tunnel. We hypothesized 
that PRP promotes the tunnel wall cortical bone 
(TCB) formation that can be quantitatively as-
sessed by MRI.

Patients and methods
Patient selection, surgical technique and 
platelet gel preparation

The study was designed as a 6-month, single-cen-
tre trial, approved by the national ethics committee 
and was carried out in accordance with the ethi-
cal standards laid down in the 1964 Declaration of 
Helsinki. All patients gave their written informed 
consent for participation in the study.

The 50 patients included in the study, aged be-
tween 18 and 50, were treated for ACL rupture. The 
main indication for reconstruction was a symp-
tomatic, unstable knee joint due to ACL rupture, 
assessed by the orthopaedic surgeon. All patients 
with inflammatory diseases, diabetes mellitus, 
advanced knee osteoarthrosis (3rd and 4rd degree), 

previous knee surgery (osteotomies, reconstructive 
ligament and meniscal procedures and chondral 
lesions treatment), malignant diseases, allergy to 
the contrast media, renal diseases and thrombocy-
topenia were excluded from the study.

All patients undergoing arthroscopic ACL re-
construction were randomized into 2 groups: PRP 
group comprised 25 patients (15 men, 10 women), 
and the control group (16 men, 9 women).

All procedures were performed by the same 
orthopaedic surgeon. In all cases, the standard 
arthroscopic reconstructive procedure, using the 
single-incision technique with a double-looped 
semitendinosus and gracilis tendon graft, was per-
formed. The tunnel sizes in the tibia and femur 
were matched to the cross-sectional size of the graft 
and measured 7-9 mm in diameter. The graft was 
inserted antegrade via the tibial and femoral tunnel 
and fixed with 2 bioabsorbable cross pins (3.2 mm, 
DePuy Mitek, Massachussets, USA) in the femoral 
tunnel and with one bioabsorbable interference 
screw (8-10 mm, DePuy Mitek, Massachusetts, 
USA) in the tibial tunnel.

The patients in the platelet group received a 
local application of PRP, which the patients in 
the control group did not receive. PRP prepara-
tion was similar to that previously described.26,27 
During the surgical procedure; autologous blood 
was obtained and centrifuged. The fraction of PRP 
was then mixed with activated autologous human 
thrombin and applied after autograft positioning, 
into the femoral and tibial tunnels (1 ml in each of 
them), as well as onto the graft itself (3 ml), where 
the autologous PRP was formed. An interference 
screw was inserted after PRP application. All pa-
tients were blinded to the treatment with PRP. 
Both groups followed the same standard rehabili-
tation protocol.

Radiological assessment

The MRI was performed in proton density (PD) se-
quence with fat suppression (TR 2900ms, TE 22 ms, 
3 NEX, matrix 320x224, FOV 200, slice thickness 3 
mm, 1 mm spacing). The tibial tunnel was exam-
ined in the paraxial plane, perpendicular to the tun-
nel axis. The tibial tunnel is more easily identified 
than the femoral tunnel on scout images, which fa-
cilitates planning and analysis. Examinations were 
performed one, two and a half and six months after 
the ACL reconstruction.

At the first examination one month after recon-
struction, the slice with the most pronounced TCB 
between the tibial plateau and the tip of the inter-
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ference screw, where images were free of volume 
averaging from the plateau and artefacts from the 
screw, was chosen for the analysis. In each patient, 
the same slice was chosen in follow-up assess-
ments.

TCB was defined as a clearly hypointense rim of 
the tibial tunnel wall that was at least 1 mm thick, 
assessed on paraxial slices. The portion of the tun-
nel wall circumference, consisting of TCB, was as-
sessed by the consensus of the radiologist (M.R.) 
and the orthopaedic surgeon (M.V.), rounded off to 
ten percent (Figure 1). The examiners were blinded 
to group assignment but not to the time of the pro-
cedure.

Statistical analysis

Numerical data are presented as mean values, 
while categorical data are expressed as propor-
tions. Differences in TCB between the platelet and 
control groups were analysed using the Mann-
Whitney test. Changes in TCB from the first to 
the final examination after ACL reconstruction 

were analysed by the Friedman two-way analy-
sis of variance. As the post-hoc tests, Wilcoxon’s 
signed ranks tests with Keppels modification of 
the Bonferroni correction of alpha were used. A P 
value less than 0.05 were taken to represent statisti-
cal significance. Data were analysed using PASW 
18 software (SPSS Inc., Chicago, IL, USA).

Results

20 patients from the control group and 21 patients 
from the PRP group were available for the follow-
up and were analysed, while 9 patients from initial 
group were lost to follow-up. A comparison of the 
preoperative parameters of remaining patients in 
the PRP and the control groups showed that both 
groups were comparable in gender, age, injury site 
and body mass index (Table 1).

We observed a gradual increase in the percent-
age of the tunnel wall consisting of TCB during the 
follow-up (Table 2). In each group, post-hoc com-
parisons showed a significant increase in average 

FIGURE 1. Proton-density weighted fat-suppressed paraxial images just below the tibial plateau from the same patient one (A), two and a half (B) and 
six (C) months after reconstruction. Because of the perpendicular orientation of slices the cross section of the tibial tunnel was in the rule circular. At 
the first month (A), only small part of the tunnel wall is sclerotic (estimated to be 10%, arrow). At two and a half months (B) about 20% of the tunnel wall 
is sclerotic. At six months (C), a thick sclerotic rim encircles estimated 90% of the tunnel. Note also some high signal intensity surrounding the tunnel, 
representing oedema, which also decreased during the follow-up.

TABLE 1. Preoperative data on injured patients

Characteristic Control group
(n=20)

PRP group
(n=21)

p-value for differences 
between groups

Men, n (%) 15 (75) 13 (62) 0.505
Age, years 32.6±12.3 37.2±8.4 0.112
Injured knee, n (%) 1.000

Right 12 (60%) 12 (57%)
Left 8 (40%) 9 (43%)

BMI 24.5±2.1 26.5±4.1 0.078

Numerical data are expressed as mean ± standard deviation; BMI = body mass index

A B C



Radiol Oncol 2013; 47(2): 119-124.

Rupreht M et al. / MRI in anterior cruciate ligament reconstruction122

values of TCB between the three control examina-
tions with increasing postoperative time (p<0.001 
in all paired comparisons).

At the first postoperative month we found only 
small amount of TCB in each group with a nonsig-
nificant difference between the groups (p = 0.928). 
At two and a half months as well as at six months 
after surgery, the mean percentage of TCB (Table 2) 
was significantly higher in the PRP group than in 
the control group (36.2 vs 22.5 and 67.1 vs 53.5, p = 
0.004 and p = 0.003, respectively).

Discussion

For ethical reasons, histological evaluation of ACL 
graft incorporation in humans is impossible, par-
ticularly in the bone tunnels. However, MRI is a 
method of choice for the evaluation of the knee.28 
Graft healing in the tibial tunnel starts immedi-
ately after the operation as an acute inflammatory 
response with oedema, neutrophils and recruited 
macrophages present in the tendon bone interface 
as early as 4 days after surgery.2,3 At 3 weeks, small 
vessels appear along with an increased number of 
osteoblasts on the bone surface. After 6 weeks, the 
vessels decrease in number and there is a shield-
like new bone formation surrounding the graft 
as well as an increased number of collagen fibers 
integrating along the tendon.6 Sharpey-like fib-
ers, which anchor the fibroproliferative process to 
the bone, were found at 6 to 12 weeks after recon-
struction in a dog model, followed by progressive 
bone ingrowth.2,3 The tissue maturation process is 
finished at about 26 weeks, although this differs 
among various animals and also between different 
types of grafts.1,2,4

In the intratunnel graft healing process, incorpo-
ration progresses through the formation of a new 
matrix at the tendon-bone interface. Proliferation 
of new bone trabeculae along the edge of the tunnel 
is seen as early as three weeks after surgery.6 This 
pattern is not uniform, as some areas exhibit a car-
tilaginous interface between tendon and bone. The 

zone of fibrocartilage may persist and represents a 
form of direct healing by tissue which may under-
go enchondral bone formation.6 This histological 
evidence is consistent with our observation of focal 
areas of sclerosis, representing the TCB, which in 
the follow-up period in each group expanded and 
finally fused. Although, on average, two thirds of 
the tibial wall circumference were sclerotic in the 
PRPG group at six months, we did not detect com-
plete TCB formation surrounding the entire tunnel 
in any patient. This could be the consequence of a 
relatively short follow-up period and is in accord-
ance with the observation of increased osteoblastic 
activity up to two years after reconstruction.4

Several reports of the enhancing effect of PDGF 
and various other GFs on bone proliferation exist, 
particularly in periodontology.11-25 These factors 
have been shown to enhance murine osteoblast 
activity and proliferation in vitro.23 In vivo, 2-fold 
increases in uptake of the bone-seeking radiop-
harmaceutical Technetium 99-MDP, as well as 
histologically up to a 10-fold increase in new bone 
and cement were found in dogs.21 Locally added 
PRP accelerated bone healing after mandibular re-
construction in goats considerably.25 In humans, 
significant increase in alveolar bone formation in 
the process of periodontal regeneration was dem-
onstrated as effects of locally applied PDGF and 
insulin-like GF.22,24 

Despite the lack of radiological evidence in hu-
mans, assessment with MRI in sagittal and coronal 
slices demonstrated significantly more periosteal 
and intratunnel bone formation as effects of lo-
cally applied combination of bone GF during the 
ACL reconstruction in rabbits. This was histologi-
cally confirmed with more extensive new bone tra-
beculae and cartilage formation at the tendon-bone 
interface at two and eight weeks after reconstruc-
tion and generally more mature tissue at the graft-
tunnel interface.18 In addition, other histological 
studies in animal models also showed more new 
bone formation at this interface as effects of local 
application of bone morphogenetic protein (BMP)-
7 and BMP-2 up to eight weeks after reconstruc-

TABLE 2. Percentage of tibial tunnel wall cortical bone in both groups at follow-up examinations. Values are given as means (95% 
confidence interval)

Period from surgery (months) Control group
(n=20)

PRP group
(n=21)

p-values for differences 
between groups

1 5.0 (1.8-8.2) 6.7 (1.8-11.5) 0.928

2.5 22.5 (17.3-27.7) 36.2 (28.7-43.7) 0.004

6 53.5 (47.0-60.0) 67.1 (61.0-73.3) 0.003
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tion.19,20 Moreover, all of the above-mentioned 
studies also found higher tensile strength in bone 
GF groups.

We did not detect differences in the TCB be-
tween the groups at one month, which is not in 
agreement with the above-mentioned animal 
studies, possibly because of a higher sensitivity 
with histological analysis, which may detect small 
changes in the TCB in the first weeks after surgery, 
when changes are too subtle for observation with 
MRI. The assessment of joint or even graft stability 
was not a part of the study protocol which could 
represent a limitation. However, increased anterior 
knee stability resulting from PDGF or bone GF has 
been demonstrated in various studies of humans 
and animals,18-20,27 although the clinical effect of 
the PRP is still debated.26,29 There are several other 
limitations of the study. We did not evaluate the 
femoral tunnel because such examination would 
have to be performed in a different plane, and 
would therefore significantly prolong the examina-
tion. In the tibial tunnel, the analysis of additional 
neighbouring slices could be more accurate, but 
also time-consuming, therefore in each patient the 
same slice was meticulously selected for analysis 
in all follow-up examinations. Owing to superior 
spatial resolution with even thinner slices, CT ex-
amination could be possibly more accurate, but at 
the cost of significant radiation exposure, impor-
tant particularly in this young study population. 
We did not perform preoperative MRI, nor did we 
evaluate for lower degrees of osteoarthrosis and 
concurrent procedures during arthroscopy, as well 
as injury chronicity and possible drugs intake like 
NSAR and corticosteroids. All these factors could 
influence the inflammatory response in the healing 
process, which is, however, rather questionable in 
the intratunnel region compared with intra-articu-
lar inflammation.

In conclusion, the results of our study demon-
strate that formation of focal areas of sclerotic corti-
cal bone with subsequent fusion into a thick tibial 
tunnel wall is a part of the ACL graft incorporation 
process that can be quantitatively assessed by MRI. 
Furthermore, we observed that local application of 
PRP results in enhanced cortical bone formation 
encircling the tibial tunnel at 2.5 and 6 months but 
not 1 month after ACL reconstruction.
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subtle clinical findings: US and MRCP findings
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Background. Fascioliasis is a disease caused by the trematode Fasciola hepatica. Cholangitis is a common clinical 
manifestation. Although fascioliasis may show various radiological and clinical features, cases without biliary dilatation 
are rare. 
Case report. We present unique ultrasound (US) and magnetic resonance cholangiopancreatography (MRCP) 
findings of a biliary fascioliasis case which doesn’t have biliary obstruction or cholestasis. Radiologically, curvilinear 
parasites compatible with juvenile and mature Fasciola hepatica within the gallbladder and common bile duct were 
found. The parasites appear as bright echogenic structures with no acoustic shadow on US and hypo-intense curvilin-
ear lesions on T2 weighted MRCP images.
Conclusions. Imaging studies may significantly contribute to the diagnosis of patients with subtle clinical and labora-
tory findings, particularly in endemic regions.

Key words: fascioliasis; ultrasonography; magnetic resonance cholangiopancreatography

Introduction

Hepatobiliary fascioliasis is caused by the trema-
tode Fasciola hepatica (F. hepatica). The worldwide 
increase in the diagnosis of fascioliasis is related to 
the increased availability and use of ultrasonogra-
phy, awareness of the important role of imaging in 
diagnosis, and the recent development of specific 
serologic tests. The parasite is common in sheep, 
goat and cattle. It is transmitted to humans via con-
taminated water or green vegetables such as water-
cress. The disease is endemic in some Middle and 
Far East countries and in some parts of Central and 
South America.1,2

Human fascioliasis mainly involves the hepato-
biliary system. It has two different phases: hepatic 
(acute), and biliary (chronic) phase. The hepatic 
phase of the disease occurs when immature para-
sites pass into the liver through its capsule. The par-
asites migrate through the liver parenchyma to the 
biliary system. Biliary phase of the disease occurs 
in the presence of parasites in the biliary system.2,3

Typical radiological findings of biliary fascio-
liasis have been reported previously.4,5 Herein we 
present a case of biliary fascioliasis with no biliary 
obstruction and cholestasis; unique MRCP and US 
imaging findings.

Case report

33-year-old female patient from the south-east part 
of Turkey has been referred to the department of 
gastroenterology with a stomach ache complaint. 
Laboratory results and physical examination were 
normal, except tenderness in the right upper quad-
rant and high erythrocyte sedimentation ratio. 

MRCP revealed heterogeneous intensities with-
in the gallbladder along with mild dilatation of 
common bile duct and intra-ductal linear hypo-
intense lesion which was reached at 2 cm length on 
T2 weighted series (Figure 1A, B). Heterogeneous 
lesions at right liver lobe with maximum size of 1.5 
x 1cm were also noted. F. hepatica was suspected 
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since our region was endemic for that parasite. 
Three days after MRCP imaging, the US examina-
tion of the patient had depicted multiple mature 
F. hepatica parasites in the gallbladder and main 
bile ducts lumen with approximately 2 cm mean 
size (Figure 2A,B). Stool sample was (+) for F. he-
patica and Helicobacter pylori. In ELISA testing, the 
result was read photometrically at 450 nm (Tecan 
Sunrisemicro ELISA). The absorbance value of the 
patient was 18 DRG Units=DU/ml. The excretory/
secretory antigens was used for immuno-diagno-
sis of fascioliasis in the kit (values greater than 11.0 
DRG Units=DU/ml are interpreted as seropositive, 
cut-off value 10).

The patient received 10 mg/kg of triclabenda-
zole therapy per day. Six weeks after initial treat-
ment, erythrocyte sedimentation rate value re-
turned to normal and parasites were not seen any 
more with the US and MRCP investigation.

Discussion

F. hepatica is a zoonosis which can rarely infect 
people who have an oral contact with water or 
water plants contaminated by the larvae. Two dif-
ferent phases of fascioliasis with distinct signs and 
symptoms have been described. Hepatic (acute) 
phase is characterized by right upper quadrant 
pain, hepatomegaly, intermittent fever, urticaria 
and marked eosinophilia. In biliary (chronic) 
phase, patients have dyspeptic symptoms and in-
termittent right upper quadrant pain with or with-
out cholestasis. Overlaps between both phases 
may occur.6-8

The diagnosis of fascioliasis is based on clini-
cal symptoms, stool examination, serological and 
radiological studies the egg production rate of F. 
hepatica is low and. Therefore, stool examination 
is not very sensitive. Presently, serological studies 
are the main diagnostic tool and the most common 
serological method is ELISA which detects anti-
bodies to the excretory-secretory antigen products 
from F. hepatica.9,10 Our patient had both positive 
serological tests and stool examination.

The presence of parasites in the biliary system 
in the chronic phase of the disease, is character-
ized by cholangitic fevers and dyspepsia caused 
by partial biliary obstruction. In this phase, US is 
able to demonstrate the floating parasites in the 
biliary system and accompanying oedema of gall-
bladder or distal bile duct. Parasites usually ap-
pear as leaf-like or snail-like non-shadowing oval 
echogenic structures.6-8 In our case, intraluminal 

FIGURE 1A. MRCP image shows mild dilation of the common bile duct and 
linear hypointense signal changes in the distal common bile duct (arrow). 

FIGURE 1B. Thick-section (7 mm) MRCP image demonstrates the curvilinear 
parasite.
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floating parasites were visible but concomitant bil-
iary system oedema was not present.

In case series of five patients, Koç et al. found hy-
po-intense expansive filling defect due to F. hepatica 
on T2W images on MRCP of one particular patient.11 
Linear hypo-intense appearance with no luminal ex-
pansion on MRCP was seen in images of our patient.

Parasites have variable length between 5 and 25 
mm, but their characteristic size is 10 mm. In our 
case parasites were not at the same location on US 
and MRCP images. In our opinion it might be due 
to the movement of parasites during the time pe-
riod between the examination dates.

Cholangitis is a common clinical manifestation 
of biliary fascioliasis. Gallbladder or common bile 
duct wall thickening along with mild intrahepatic 
biliary ductal dilatation frequently occur in these 
cases.8,9,12 Mild dilatation of common bile duct with 
no apparent oedema was found in our case.

In conclusion, fascioliasis should be a differen-
tial diagnosis when bile duct dilatation or intralu-
minal curvilinear structures are encountered on the 
US or MRCP images of patients with subtle clinical 
findings, particularly at endemic regions. Imaging 
findings should be supported by ELISA testing. 
Fascioliasis may show various radiological features 
and radiologists should be aware of this information.
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FIGURE 2B. Sonogram of the common bile duct depicts curvilinear 
echogenic parasites (arrow).

FIGURE 2A. Transverse sonogram shows floating echoes (arrows) with no 
acoustic shadowing in the gallbladder of patient with fascioliasis.
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Background. Bilitranslocase (TC 2.A.65.1.1) is a bilirubin-specific membrane transporter, found on absorptive (stom-
ach and intestine) and excretory (kidney and liver) epithelia and in vascular endothelium. Polyclonal antibodies have 
been raised in rabbits in the past, using a synthetic peptide corresponding to AA65-77 of rat liver bilitranslocase, as an 
antigen. Affinity-purified antibodies from immune sera have been found to inhibit various membrane transport func-
tions, including the bilirubin uptake into human hepatocytes and the uptake of some flavonoids into human vascular 
endothelial cells. It was described by means of immunohistochemistry using polyclonal antibodies that bilitranslocase 
expression is severely down-regulated in clear cell renal carcinoma. The aim of our work was development and char-
acterization of high-affinity, specific mAbs against bilitranslocase, which can be used as a potential diagnostic tool in 
renal cell carcinoma as well as in a wide variety of biological assays on different human tissues.
Materials and methods. Mice were immunized with a multi-antigen peptide corresponding to segment 65-75 of 
predicted primary structure of the bilitranslocase protein. By a sequence of cloning, immune- and functional tests, we 
aimed at obtaining a specific monoclonal antibody which recognizes a 37 kDa membrane protein, and influences 
the transport activity of bilitranslocase.
Results. On the basis of previous results, specific IgM monoclonal antibodies were produced in BALB/c mice, in order 
to further improve and extend the immunological approach to the study of bilitranslocase in renal cancer cells as well 
as to develop its potential diagnostics use. 
Conclusions. In this article we show an immunological approach, based on newly developed monoclonal antibod-
ies, to a detailed biochemical and functional characterization of a protein whose gene and protein structure is still 
unknown. We were able to demonstrate our novel mAb as a tumor marker candidate of renal cell carcinoma, which 
may prove useful in the diagnostic procedures.

Key words: bilitranslocase; monoclonal antibody; peptide antigen; kidney; renal cell carcinoma; tumor marker

Introduction

Bilitranslocase (BTL, TC 2.A.65.1.1) is a plasma 
membrane transporter originally identified in rat 

liver.1 It transports various polyaromatic com-
pounds, whether endogenous, such as bilirubin, or 
of plant origin, such as dietary flavonoids. It is ex-
pressed in various rat and human tissues, includ-



Radiol Oncol 2013; 47(2): 128-137.

Montanic S et al. / Bilitranslocase as a new biomarker of renal carcinoma 129

ing the gastro-intestinal epithelium, the vascular 
endothelium2-4 and the kidney.5-7 

Given the unusual feature of BTL coding se-
quence, which corresponds to the anti-sense strand 
of a segment of the gene encoding for the plasma 
protein ceruloplasmin1, the only way to assess the 
expression of this protein in cells and tissues is by 
immunological approach, using specific anti-pep-
tide antibodies. 

A previous investigation using anti-peptide 
polyclonal antibodies has shown that bilitranslo-
case expression is severely down-regulated in clear 
cell renal carcinoma.8

The most used anti-peptide, polyclonal anti-
body, targeting an extracellular domain of mam-
malian bilitranslocase was produced by immuniz-
ing rabbits with a multi-antigen peptide, corre-
sponding to segment 65-75 of the primary struc-
ture of rat liver bilitranslocase.

The affinity-purified antibody showed a wide 
biological activity, recognizing both the denatured 
protein in immunoblots and inhibiting its function 
in intact cells and purified plasma membrane frac-
tions.9 

To further improve and extend the immunologi-
cal approach to the study of bilitranslocase expres-
sion in pathological tissue in kidney cancers, we 
aimed to produce a monoclonal antibody raised in 
BALB/c mice that, while keeping the above biologi-
cal features, would also meet the requirements of 
indefinite reproducibility, stability and long shelf-
life necessary for a reliable diagnostic tool.

Renal cell carcinoma (RCC), the most common 
neoplasm of the adult kidney accounts for 2–3% 
of all malignant diseases in adults. It is the sev-
enth most common cancer in men and the ninth 
most common in women. Global incidence and 
mortality rates of RCC are rising10 with its inci-
dence worldwide of about 209 000 new cases per 
year and 102 000 deaths per year.11 The majority 
of kidney tumors are of the clear cell (ccRCC) sub-
type.12 Although imaging techniques for abdomi-
nal screening have led to the increased incidental 
detection of renal tumors13, unfortunately 25-30% 
patients still have metastases at presentation. The 
prognosis of RCC is quite variable. The great-
est risk of recurrence following nephrectomy is 
within the first 3-5 years.14 Metastatic renal cell 
carcinoma (RCC) is one of the most treatment-
resistant malignancies and patients have a dismal 
prognosis with a <10% five-year survival rate. The 
identification of markers that can predict the po-
tential of metastases will have a great impact in 
improving the patient’s outcome.15-17 Currently, 

the patient’s prognosis is assessed by histological 
parameters and a multivariate analysis developed 
at Memorial Sloan Kettering18, but neither is suf-
ficiently accurate. A more accurate assessment of 
the prognosis is urgently needed to better guide 
the patient’s management. As our preliminary 
data on bilitranslocase expression in renal cancer 
compared to corresponding normal tissue showed 
remarkable differences, we aimed at producing a 
monoclonal antibody that would meet the require-
ment of serving as a tool for the assessment of bili-
translocase as a novel biomarker of human kidney 
cancers.

Materials and methods 
Experimental design

Mice were immunized with a multi-antigen pep-
tide corresponding to segment 65-75 of predicted 
primary structure of the bilitranslocase protein. 
By a sequence of cloning, immune- and functional 
tests, we aimed at obtaining a specific IgM mono-
clonal antibody, which recognizes a 37 kDa mem-
brane protein, and influences the transport activity 
of BTL, by inhibiting the transfer of BSP in plasma 
membrane vesicles. Thus, we aimed at producing a 
tool suitable to give an insight into both the expres-
sion and the functioning of BTL.

Peptide and peptide conjugate

A multi-antigen peptide corresponding to segment 
65-75 of the predicted amino acid sequence of bili-
translocase (AA 65-75; EDSQGQHLSSF) was con-
jugated to keyhole limpet hemocyanin (KLH) by 
Inject mcKLH Immunogen EDC Conjugation Kit 
(Pierce). 

Immunization of Balb/c mice and 
generation of mAbs

Animals were fed with standard laboratory chow 
(Harlan Teklad) and tap water ad libitum; they 
were housed in temperature controlled rooms 
and humidity at the Animal House of the Blood 
Transfusion Centre of Slovenia (BTCS), Ljubljana, 
Slovenia. Three female BALB/c mice were immu-
nized subcutaneously with 15 μg of multi-antigen 
peptide in complete Freund’s adjuvant followed 
by three intraperitoneal inoculations of 15 μg of 
the same antigen in incomplete Freund’s adjuvant 
after 2, 4 and 9 weeks (authorized by Veterinary 
Administration of the Republic of Slovenia, No.: 
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3440-63/2006, of 31.7.2006). After 4th immuniza-
tion, polyclonal sera were collected from the tail 
vein and antibody titres were estimated with in-
direct ELISA (as described below). Two mice with 
the highest antibody titre were boosted with pep-
tide in physiological saline and sacrificed. Fusion 
of spleen lymphocytes with mouse myeloma NS1 
cells was performed by hybridoma technology, 
according to our protocols. After HAT (hypoxan-
thine-aminopterine-thymidine) selection, hybri-
domas producing antibodies of desired specificity 
were determined by indirect ELISA and cloned by 
limiting dilution.

Screening of the sera and hybridoma 
supernatants by enzyme-linked 
immunosorbent assay (ELISA)

The presence of specific antibodies in antisera and 
hybridoma supernatants was checked by indirect 
ELISA. Microtiter plates (Corning) were coated 
with 50 µl of peptide (3 µg/ml) in 50  mM carbon-
ate/bicarbonate buffer (pH 9.6), incubated over-
night at +4°C, washed with PBS 0.05% Tween20, 
pH 7.2 (buffer B) and then blocked with 1% BSA 
(bovine serum albumin) in the same buffer (buffer 
C). 50 µl of hybridoma supernatant or correspond-
ing serum dilution was added to the wells and 
incubated for 90 min at +37°C. Negative isotypic 
controls were carried out by using equivalent 
amounts of hybridoma supernatants produc-
ing mAbs against blood group antigen B. Plates 
were washed with buffer B and 50 µl of HRP con-
jugated anti-mouse immunoglobulin (Jackson 
ImmunoResearch), diluted 1:3000 in buffer C, was 
added to each well and incubated for 90 min at 
+37°C. After a final wash in buffer B, 50 µl ABTS 
substrate (Sigma) was added to each well. The ab-
sorbance was measured at 405 nm after 30 min of 
incubation at +37°C. Titres were evaluated by the 
end-point dilution approach (the highest dilution 
of the sera that was still two times higher as the 
background). 

Purification of monoclonal antibodies

Monoclonal antibodies were purified from the cell 
culture supernatants by liquid chromatography 
system FPLC on HiTrap Protein G HP column (GE 
Healthcare) by affinity chromatography, using 
0.1 M glycine, pH 2.7, for elution or HiTrap IgM 
Purification HP column (GE Healthcare) by thio-
philic adsorption on 2-mercaptopyridine, coupled 
to Sepharose at 1M ammonium sulphate.

Rat liver subfractions preparation: 
plasma membrane vesicles, microsome 
and cytosolic fraction

Subfractions were prepared from Wistar albino 
female rat liver (250 g). Animals were fed with 
standard laboratory chow (Harlan Teklad) and 
tap water ad libitum; they were housed in tempera-
ture controlled rooms and humidity at the Animal 
House of the University of Trieste according to the 
provision of the European Community Council 
Directive (n.86/609/CEE) and to the provision of 
Italy (D.L.vo 119/92). For the preparation of plasma 
membrane vesicles, microsomes and cytosolic frac-
tions, 6 rats were used as described below.

Plasma membrane vesicles preparation

Plasma membrane vesicles were prepared from 3 
rat livers as described.7 The final pellet was sus-
pended in 10 mM Hepes, pH 7.4 /0.25M sucrose, 
and stored in liquid nitrogen. Vesicles, thawed at 
+37°C, were used for the bilitranslocase activity 
assay. When denaturized in SDS-PAGE sample 
buffer, they were subjected to the western blot 
analysis.

Rat Liver Microsomes and cytosolic subfraction

To get sufficient tissue preparation to perform all 
assays, three livers (7 g each) were rapidly excised, 
minced with scissors and washed out the excess 
of blood with chilled Homogenization Buffer (1 
mM EDTA in PBS, pH 7.4). Liver pieces were fur-
ther suspended in 4 volumes, equivalent to sample 
weight, of Homogenization Buffer with Protease 
Inhibitor Cocktail (PIC; Sigma) and homogenized 
by 30 ml Glass/Teflon grinder, submerged in a 
small bucket of ice during homogenization. The 
homogenate was further centrifuged for 15 min at 
15.000 g at +4°C. Mitochondrial pellet was discard-
ed and the supernatant was centrifuged at 100.000 
g for 60 min at +4°C. The upper lipid layer was re-
moved, the cytosolic supernatant collected (SN2), 
whereas the microsome pellet was resuspended 
in Homogenisation Buffer with PIC (Sigma). Both 
samples (SN2 and microsomes) were aliquoted 
and stored at -80°C. Protein concentration was 
measured according to the Bradford method.

Western blot

Rat plasma membrane microsome and cytosolic 
preparations were denaturated with SDS-PAGE 
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sample buffer at +100°C for 5 min. 50 μg of sam-
ple per lane was loaded on SDS-tris-glycine poly-
acrilamide gels (9%) and separated by PAGE. The 
separated proteins were transferred to 0.2 μm ni-
trocellulose membranes (Whatman) by a standard 
procedure. The membranes were blocked in 5% 
non-fat milk and incubated for 90 min at room tem-
perature (RT) with tested hybridoma supernatants, 
diluted 1:5 in 1% milk/TBS-T, or purified mono-
clonal antibodies (mAb) at a final concentration of 
10 μg/ml. As negative controls were used equiva-
lent amounts of purified monoclonal antibody of 
the same isotype against blood group antigen B. 
Membranes were washed with TBS-T and incubat-
ed for 90 min at RT with HRP labeled anti-mouse 
secondary antibody (Jackson ImmunoResearch) 
1:5000 in 1% milk/TBS-T. Chemiluminescence 
detection was performed using ECL reagent 
(Amersham Biosciences). 

Cell culture

Human hepatoblastoma HepG2 cell line was ob-
tained from American Type Culture Collection 
(Rockville, MD, USA) and maintained in Eagle’s 
Minimum Essential Medium (Sigma), supplement-
ed with 2 mM glutamine, 1mM Sodium pyruvate, 
10% (v/v) fetal bovine serum, 100 μg/ml strepto-
mycin and 100 U/ml penicillin (Sigma). Cells were 
grown in a humidified incubator at 5% CO2 and 
+37°C. Cells for the flow-cytometry analysis were 
detached from the flasks after 6 days of culture 
with 20 mM EDTA and used for the experiment. 
Alternatively, cells were seeded on cover glasses 
and after 4 days of culture, they were fixed with 
2% paraformaldehyde, being ready for the immu-
nocytochemistry assay.

Flow cytometry 

For each sample, 5×105 HepG2 cells were first 
washed with staining solution (1% FCS, 0.02% 
Na-azide in PBS), stained with primary mAb for 
30 min at +4°C, then washed again with staining 
solution and incubated with secondary antibody 
(Sigma), diluted 1:50 for 30 min at +4°C. After 
staining, cells were washed three times and resus-
pended in 300 μl of staining solution. Detection 
was immediately performed on a flow cytometer 
(Becton Dickinson). Polyclonal rabbit antibodies 
were used as a positive control. For the intracellu-
lar analysis, the cells were first fixed with 4% para-
formaldehyde and permeabilised with permea-

bilisation buffer (0.5% saponine, 5% BSA, 0.02% 
Sodium Azide in PBS).

Immunocytochemistry

HepG2 cells, fixed on the cover glasses, were per-
meabilised with 0.2% Triton (Sigma) and blocked 
with blocking solution (5% normal goat serum 
(Sigma) and 4% BSA (Sigma) in PBS (Sigma) for 1 
hour at +37°C. The staining with primary antibod-
ies was performed at a final concentration of 50 µg/
ml overnight at +4°C. Negative controls were ob-
tained by using purified monoclonal antibody of 
the same isotype against blood group antigen B. 
Next day, the cells were incubated with secondary 
antibodies (Sigma), diluted 1:100 in blocking solu-
tion for 1 h at +37°C. Cell nuclei were stained by 
incubating with 1 µg/ml DAPI (Sigma; 4-6-diami-
dino-2 phenylindole) in 1% Tween-PBS for 5 min at 
RT. Between all incubation steps, cells were always 
washed with PBS. Finally, cells were dehydrated 
with 50%, 85% and 96% ethanol and mounted with 
1.4-diazabicyclo (2.2.2.) octane (DABCO; Sigma) on 
microscope slides.

Immunohistochemistry

Immunohistochemistry (IHC) was performed on 
3 µm tissue sections of renal cancer carcinoma 
tissue section and a normal human kidney tissue 
section according to standard procedures. The im-
munostaining was performed with the Vectastain 
Universal Elite ABC kit (Vector Laboratories). 
Briefly, after de-waxing and rehydration, slides 
were treated with H2O2 and blocked by Vectastain 
Elite ABC kit (Vector Laboratories) for 20 min. 
Incubation with the primary antibody was per-
formed at RT for 1 hour (2 µg/ml in PBS contain-
ing 0.1% BSA). After washings in PBST, the slides 
were incubated for 30 min with the biotinylated 
secondary antibody and submitted to ABC kit 
for the staining development. As described by 
the manufacturer, IHC was performed with DAB 
as chromogen and hematoxylin as counterstain. 
To investigate the specificity of the primary mAb 
in IHC detection, the primary antibody solution  
(1 ml) was added on HepG2 monolayers grown on 
75 cm2 flasks for 30 min at RT. Then, the same an-
tibody solution was transferred to another flask of 
HepG2 cells monolayer and again incubated for 30 
min. This procedure was repeated once more. This 
pre-adsorbed antibody solution was tested on tis-
sue sections, where staining was negligible.
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Bilitranslocase transport activity assay

The transport activity of BTL was characterized in 
rat liver plasma membrane vesicles by real-time 
dual wavelength spectrophotometric recording of 
BSP (sulfobromophtalein) disappearance from the 
medium into the vesicles at 580 nm-514 nm.19

Electrogenic BSP uptake inhibition by 
antibodies

The kinetics of bilitranslocase transport activity in-
hibition by antibodies was examined as described19 
by pre-incubation of rat liver plasma membrane 
vesicles at +37°C with antibody. Controls were car-
ried out by using equivalent amounts of purified 
monoclonal antibody against blood group antigen 
B. Aliquots of the pre-incubation mixture were 
withdrawn during a 15 min span and added to the 
transport medium for the assay of bilitranslocase 
transport activity.

Data analyses

As previously described19, the extent of inactiva-
tion of each time sample was expressed as TI/T0 
(relative transport activity), where T0 and TI are 
transport activities, measured in the absence (or 
at time zero) or in the presence of the antibody, 
respectively. The following equation was fitted to 
data: y = y0+ae-kt, where y = TI/T0, y0 = residual TI/
T0 at steady state, a = 1-y0, e = 2.7183, t = time and 
k = inactivation rate constant (min-1). Thus, the in-
activation rate constants parameters in the absence 
(k0) and in the presence of increasing bilirubin con-
centrations (kS1, kS2, … kSn) were obtained. The 
inhibition rate constants can be related to bilirubin 
concentration by the Scrutton & Utter equation20

kS/k0 = k2/k1 + Kd(1- (kA/k0))/(S)

where kS and k0 are the inactivation rate constants 
either in the presence or in the absence of various 
concentrations of a bilirubin, k2 and k1 are the rate 
constants of the inhibition of the bilitranslocase-bil-
irubin complex and of free bilitranslocase, respec-
tively. Kd is the dissociation constant of the appar-
ent bilitranslocase-bilirubin complex. 

Data for the characterization of the kinetics 
of electrogenic BSP uptake fitted the Michaelis-
Menten equation and the apparent Km and Vmax 
values were derived with their standard errors. 
Data were analyzed by means of SigmaPlot 2001 
(SPSS Science Software Gmbh). 

Statistics

Immunoblotting experiments were performed 3 
times, obtaining consistent results. Figure 1A dis-
plays the most successful one (less background, 
optimal protein load, optimal primary and second-
ary antibody dilutions and time of exposure).

The transport activity assay was performed 
on a single vesicle preparation. Tests were done 
in quintuplicate in preliminary experiments (not 
shown), testing the dependence of BSP uptake rate 
on either protein or valinomycin. The coefficients 
of variations were always below 2%. All measure-
ments, displayed in Figure 3A, B, C, are single. To 
assess the reproducibility of the parameters of the 
best fitting curves, experiments were performed at 
least three times.

Results

According to our previous results, the immu-
nogenic epitope of interest is segment 65-75; 
EDSQGQHLSSF of the predicted primary structure 
of bilitranslocase. Polyclonal antibodies against 
such epitope already showed multiple biological 
activities, i.e. to react with 1) the protein, expressed 
in E. coli, 2) a single protein in rat liver microsomes, 
separated by SDS-PAGE electrophoresis and 3) the 
purified rat liver bilitranslocase.13 The same anti-
bodies also inhibited a) the BSP electrogenic up-
take in rat liver plasma membrane vesicles, b) the 
BSP electrogenic uptake in microsomes obtained 
from HepG2 cells and c) the uptake of bilirubin 
and BSP into HepG2 cells.9,21 These properties jus-
tified the development of a mAb raised against the 
same peptide in order to produce a reproducible 
and unlimited tool.

Testing of the immune response against 
peptide, preliminary screening and 
cloning

The polyclonal immune response to peptide 
EDSQGQHLSSF was tested by ELISA. Immunization 
resulted in a strong immune response in all injected 
BALB/c mice. The mouse with the highest anti-pep-
tide titre was chosen for the cell fusion. Two separate 
cell fusions of mouse splenocytes with NS1 mouse 
myeloma cells were performed. 

Over 3000 hybridomas were obtained after the 
cell fusion and, after screening by ELISA, 67 clones 
produced antibodies, which reacted with the cho-
sen peptide, but not with KLH. The second step of 
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the selection was done by ELISA, using rat liver 
microsomes as antigen for coating the plate. The 
results restricted the number of positive clones to 
22. The antibodies, produced by selected hybrid-
oma cell lines, were also analyzed in western blot 
(WB), checking their binding capacity to rat liver 
microsome (M) or cytosolic fraction (SN2) dena-
tured preparations (data not shown).

Selected hybridomas, which also satisfied cell 
culture freezing, growing features and production 
of stable mAbs, were chosen for cloning and ad-
ditional screening. The first step of the screening 
confirmed the results, obtained before cloning of 
hybridomas by repeating ELISA and WB analysis. 
Fluorescence-activated cell sorting (FACS) and im-
munocytochemistry (ICC) were carried out as in vit-
ro assays for the further antibody characterization. 
Selected antibodies recognized a protein with MW 
37 kDa, both in microsomes rat liver and cytosolic 
preparations (data not shown). Clone 6E4/1F2 was 
the best candidate in our early selection criteria.

Final screening, antibody 
characterization and applications

Cell line 6E4/1F2 was further cloned and mAbs 
were purified. All ELISA/WB/FACS/ICC tests were 
repeated as described above and lead to the finally 
selected mAb, named 6E4/1F2/1E2, produced by 
stable hybridoma cell line.

WB analysis, performed with purified mAb, 
as shown in Figure 1A, confirmed the binding to 
a protein with MW around 37 kDa. The purified 
mAb 6E4/1F2/1E2 was tested also in immunocy-
tochemistry (Figure 1B) and as it is shown in this 
figure, the antibody formed immune complexes on 
the surface of fixed HepG2 cells. 

Our findings show that the selected mAb dis-
plays the required features of selectivity and speci-
ficity of binding to BTL.

FACS analyses were carried out including both, 
intracellular and surface protocols. Fixed HepG2 
cells were used only for intracellular staining, 
whereas surface staining was applied on non-fixed 
cells in order to limit any possible antigen damage 
due to the fixation procedure. This strategy was ap-
plied in order to confirm the apparent BTL locali-
zation, derived from ICC results. Figure 2 shows, 
as expected, prevalent extracellular staining.

The antibody was also tested for its inhibition 
of electrogenic bromosulphalein (BSP) transport in 
rat liver plasma membrane vesicles, a specific as-
say of bilitranslocase transport activity. Inhibition 
was time-dependent (Figure  3A) and linearly de-

pendent on antibody concentration in the range 
tested (Figure  3A, inset). Two other clones of the 
cell line 6E4/1F2, i.e. 1C8 and 2A8, were also includ-
ed in testing. Clone 2A8 was inactive. Clone 1C8 
displayed a lower inhibition capacity than 1E2, the 
second order rate constant of inhibition of the latter 
being 1.4-fold higher than the former. 

To check if the apparent transport inhibition 
observed might be due to an unspecific change of 
vesicles conductivity, the following experiment 
was carried out. 

Vesicles (2.4 mg/ml in 0.25 M sucrose and 10 
mM Hepes pH 7.4) were incubated with the anti-

FIGURE 1. Application of purified anti-BTL mAb in WB and ICC assays. (A) WB of rat 
liver denatured microsome (M), performed with purified mAb 6E4/1F2/1E2 (10µg/ml). 
(B) ICC staining of HepG2 cells with mAb 6E4/1F2/1E2 (10µg/ml).

A B

FIGURE 2. Application of purified anti-BTL mAb in FACS. Reactivity of mAb 6E4/1F2/1E2 
with native BTL, expressed on HepG2 cells, determined by FACS as follows: cells only 
(black line), cells with secondary antibody (black dotted line), intracellular staining 
(green line), surface staining (red dotted line).
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bodies (12 μg/ml) at +37°C for 30 min. Then, they 
were diluted twice in 0.15 M potassium phosphate 
buffer pH 8.0 at +20°C and assayed for the electro-
genic BSP uptake immediately after dilution and 
then after 1, 2 and 4 min. In case of disruption of 
the membrane conductivity, it should be expected 
that K+ would move from the medium into the ve-
sicular compartment, whereas H+ would move out 
from the vesicles (pH 7.4) to the medium (pH 8.0). 
So, the electrogenic BSP transport activity should 
be abolished, due to the collapse of the driving 
forces of BSP movement and accumulation into the 
vesicles, i.e. K+ diffusion membrane potential and 
pH.11 It was found that the transport activity was 
stable for 2 min following the addition of the po-
tassium phosphate buffer pH 8.0 (0.68±0.01 of con-
trol) and decreased insignificantly at 4 min (from 
0.68±0.01 to 0.66±0.02). This set of results indicates 
that the antibody changed neither the K+ nor the H+ 
conductivity. Otherwise, a drastic and instantane-
ous effect of the assay should have occurred, i.e. a 
significant decrease of the transport rate.

To further assess if the antibody targeted a bil-
irubin-binding epitope, exposed on the surface on 
plasma membrane vesicles, inhibition tests were 
carried out in the presence of increasing concentra-
tions of bilirubin, in the range 0 nM-50 nM. As pre-
viously observed, bilirubin caused the inhibition 
reaction to proceed at a slower rate (Figure 3B,C). 
The rearrangement of the data by the Scrutton & 
Utter equation enabled the derivation of the dis-

sociation constant of the transporter-bilirubin 
complex (Kd=2.67±0.38 nM), which was similar to 
the one, previously obtained with polyclonal anti-
sequence antibodies. It might be argued that the 
slower inactivation rate, observed in the presence of 
bilirubin might be ascribed to an interaction of the 
latter with the hypervariable region of the immu-
noglobulins, thus preventing antibody complexa-
tion with the protein epitope. A control experiment 
was, therefore, carried out to test this hypothesis. 
The antibody and bilirubin (50 nM) were pre-incu-
bated at +37°C and then used to test the rate of BSP 
transport inactivation. No significant change of the 
rate constant could be observed (data not shown). 
However, the large decrease in the pseudo-first 
order rate constant of transport inactivation ob-
served (dropping from 0.4456 min-1 in the absence 
of bilirubin to 0.0695 min-1 with 50 nM bilirubin) 
cannot be accounted for by a sequestration of the 
antibody by bilirubin, since, under the prevailing 
experimental conditions, mAb was in 5-fold molar 
or 10-fold equivalent excess, respectively, in favor 
of the highest bilirubin concentration tested, i.e. 50 
nM. Even by assuming that bilirubin complexed 
with the antibody so reducing its effective concen-
tration by an over-estimated 20%, this should be 
revealed by a decrease of the pseudo-first order 
rate constant of transport inactivation from ca. 0.45 
min-1 to ca. 0.35 min-1, as predicted by the value of 
the second-order rate constant obtained from the 
experiment shown in Figure  3. However, 50 nM 

Figure 3. Application of purified anti-BTL mAb in protein activity inhibition. (A) Time-dependent inhibition of electrogenic BSP transport activity in rat 
liver plasma membrane vesicles by mAb 6E4/1F2/1E2. Vesicles (3.6 mg protein/ml) were pre-incubated with mAb 6E4/1F2/1E2 (μg/ml) as follows: 12 (),  
26 (), 40 (), 78 () at 37°C. Aliquots (3.5 μl) were assayed for electrogenic BSP transport (24 µM BSP). The calculated second order rate k was  
0.01±0.00 min-1 ml μg-1; r2=0.99. (B) Time-dependent inhibition of electrogenic BSP transport activity in rat liver plasma membrane vesicles by mAb 
6E4/1F2/1E2 tested in the presence of bilirubin. Vesicles were pre-incubated with mAb 6E4/1F2/1E2 (40μg/ml) in absence or in the presence of bilirubin, 
as follows (nM): 2 (), 5 (), 12.5 (), 30 (), 50 () at 37°C. Aliquots (3.5 μl) were assayed for electrogenic BSP transport (24 µM BSP). (C) Scrutton & 
Utter plot. The parameters of the regression curve are: y0 = 0.143±0.04; slope = Kd = 2.67±0.38 nM; r2=0.94. Best-fitting curves to the data were obtained 
as described in Materials and methods.
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bilirubin caused a 5-fold higher decrease of the 
first-order rate constant (i.e. 0.0695 min-1).

The use of this antibody in immunohistochemis-
try was tested on human early stage (grade I.) RCC 
and on normal kidney. Figure 4A shows that the 
antibody selectively stained distal tubules and the 
collecting tubules, but none of the segments of the 
Henle loop. The proximal tubules were also posi-
tive (not shown), whereas the vascular structures 
were negative (not shown). Significantly, staining 
was nearly abolished (Figure  4B) by pre-adsorp-
tion of the antibody solution on a monolayer of 
HepG2 cells. This outcome was expected, since the 
immunogenic peptide is a part of an extra-cellular 
domain of hepatic BTL (Figure  2).9 On the oppo-
site, the staining of the grade I RCC tissue section 
(Figure 4C) was negative. 

Discussion
Bioactivity of the bilitranslocase mAb 

Data obtained by numerous immunological meth-
ods show that we selected an IgM mAb, specific for 
a bilirubin-binding membrane protein. This mAb 
upgraded properties of our previously tested poly-
clonal antibodies, with unlimited source and mono-
specific binding, binding not only unfolded protein, 
but also a native one, where it causes a functional 
loss (Figure 3). Such noteworthy property depends 
on the fact that antibody binds to an extracellular 
epitope involved in the transport cycle of the pro-
tein. Thus, antibodies targeting that epitope enable 
to follow not just the expression but also the func-
tion of bilitranslocase in viable experimental mod-
els, endowed with increasing morphologic com-
plexity, as best seen in vascular endothelial cells.2,4 

Such dual activity of the mAb is particularly 
advantageous, since bilitranslocase antibodies are 

currently the only probes to study the occurrence 
and the function of bilitranslocase. This trans-
porter is, indeed, encoded by an antisense tran-
script, disabling its detection by current molecular 
biology tools and approaches. As a consequence, 
sense-antisense overlaps limit the choice of prim-
ers and probes and antisense RNA has usually 
very low expression levels.22 The coding sequence 
of bilitranslocase (GenBank: Y12178.1) is 94% ho-
mologous to a segment of the antisense strand of 
the ceruloplasmin transcript, including part of 
its 3’-UTR (NM_012532, segment 2621-3637). The 
bilitranslocase-ceruloplasmin sense-antisense pair 
is classified as entry RNO 30106 in the anti-CODE 
database (http://www.anticode.org) that collects 
these RNAs. Antisense RNAs are usually non-cod-
ing RNAs, though the bilitranslocase transcript has 
mRNA-like characteristics.1,21

In cell biology, the correlation between down-
regulation of the expression of a protein, by either 
RNA interference or gene deletion, and decreased 
cellular function, represents an essential piece of 
evidence. However, with proteins, translated from 
antisense transcripts, this cannot be accomplished 
by the currently validated approaches. Thus, it is 
clear that antibodies, especially if endowed with 
the abovementioned dual properties, still repre-
sent the reagents of election to track and function-
ally characterize the so far rare proteins, translated 
from antisense transcripts. 

Bilitranslocase as a negative tumor 
marker 

Our preliminary findings by immunohistochemi-
cal tests showed that bilitranslocase was severely 
down-regulated in grade I clear cell kidney cancer  
(cc RCC) compared to normal kidney tissue. The 
reason for such difference is currently unknown. 

FIGURE 4. Application of purified anti-BTL mAb in IHC on human RCC and normal kidney tissue sections.
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Further investigations are needed to verify if it is 
associated to this renal cancer specific histologi-
cal type and/or to renal cancer aggressiveness. 
Anyway, bilitranslocase could be inactivated in 
cancerous tissue for various reasons. This may 
point at bilitranslocase involvement in tumor sup-
pressor activity and thus its inactivation poten-
tially contributing to tumorigenesis in kidney tis-
sue. Further analyses are needed to confirm this 
hypothesis.

Further Applications of the  
anti-bilitranslocase mAb 

Modulation of expression 

The mAb will be an invaluable tool for the study of 
the expression of bilitranslocase in various stages 
of rat embryogenesis and cell differentiation. In the 
intestinal epithelium, the onset of bilitranslocase 
expression appears to coincide with the differen-
tiation of stem cells into mature epithelial cells.1 
This observation would justify the employment of 
bilitranslocase mAb to mark the stages of normal 
differentiation as well as of de-differentiation in 
carcinogenesis. 

Tissue and cell distribution of bilitranslocase and 
its assessment as a membrane transporter 

Immunological assays allow the identification of 
the presence of bilitranslocase in tissues and cells, 
in both animal and plant species, helping to infer 
aspects of organ physiology depending on the 
bilitranslocase function. The expression of bili-
translocase in both absorptive (gastro-intestinal) 
and excretory (liver and kidney) epithelia as well 
as in the vascular endothelium makes it a tremen-
dously interesting drug target. As shown above, 
bilitranslocase is assessed in plasma membrane 
vesicles as a BSP electrogenic transporter.19 This 
activity is competitively inhibited by various com-
pounds, suggesting that they cannot only bind 
into the transport site of the protein, but also be 
directly transported. The latter demonstration can 
be obtained in isolated cultured cells, where the 
uptake of a given molecule is inhibited by cells 
pre-treatment with bilitranslocase antibodies.2,9 
This antibody-based approach to the study of drug 
transport can be implemented in normal cells and 
tissues, without gene or RNA manipulation, which 
unbalance the transcription level of a protein, or 
counterbalance on the expression level of function-

ally subsidiary proteins, or disrupt the intracellular 
network of protein-protein interactions. For these 
features, the immunological approach to the study 
of other drug and nutrient transporters might be-
come standard.

Conclusions 

In conclusion, the described mAb might be used as 
a research tool to assess bilitranslocase as a marker 
of transition from normal tissue to its neoplastic 
transformation in human kidney. In further stud-
ies, this antibody could be developed as a diagnos-
tic reagent for kidney cancer. However, this mAb 
will enable us to screen a variety of tissue samples 
to prove its use in diagnostics.
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Background. The aim of this study was to analyse whether the level of tissue inhibitor of metalloproteinases (TIMP) 
1 is associated with the tumour response and survival to preoperative radiochemotherapy in rectal cancer patients. 
Patients and methods. Ninety-two patients with histologically confirmed non-metastatic rectal cancer of clinical 
stage I- III were treated with preoperative radiochemotherapy, surgery and postoperative chemotherapy. Plasma TIMP-1 
concentrations were measured prior to the start of the treatment with an enzyme-linked immunosorbent assay (ELISA).
Results. Median follow-up time was 68 months (range: 3-93 months) while in survivors it was 80 months (range: 
68-93 months). The 5-year locoregional control (LRC), disease-free survival (DFS), disease-specific survival (DSS) and 
overall survival (OS) rates for all patients were 80.2%, 56.4%, 63.7% and 52.2%, respectively. The median TIMP-1 level 
was 185 ng/mL (range: 22-523 ng/mL) and the mean level (±standard deviation) was 192 (±87) ng/mL. Serum TIMP-1 
levels were found to be significantly increased in patients with preoperative CRP>12 mg/L and in those who died from 
rectal cancer or had cT4 tumours. No correlation was established for age, gender, carcinoembriogenic antigene 
(CEA) level, platelets count, histopathological grade, response to preoperative therapy, resectability and disease re-
appearance. On univariate analysis, various parameters favourably influenced one or more survival endpoints: TIMP-1 
<170 ng/mL, CRP <12 mg/L, platelets count <290 10E9/L, CEA <3.4mg/L, age <69 years, male gender, early stage 
disease (cN0 and/or cT2-3), radical surgery (R0) and response to preoperative radiochemotherapy. In multivariate 
model, LRC was favourably influenced by N-downstage, DFS by lower CRP and N-downstage, DSS by lower CRP and 
N-downstage and OS by lower TIMP-1 level, lower CRP and N-downstage. 
Conclusions. Although we did not find any association between pretreatment serum TIMP-1 levels and primary 
tumour response to preoperative radiochemotherapy in our cohort of patients with rectal cancer, TIMP-1 levels were 
recognized as an independent prognostic factor for OS in these patients.

Key words: tissue inhibitor of metalloproteinases; rectal cancer; preoperative radiochemotherapy; prognostic factors

Introduction 

Rectal cancer is one of the major health problems 
due to increasing incidence and in a substantial 
proportion of patients it is diagnosed in advanced 

stages. The primary treatment is surgery. In trans-
mural extension of tumour or node positive dis-
ease, preoperative radiochemotherapy is recom-
mended to improve local control and survival.1-3
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Poor prognosis of rectal cancer patients was at-
tributed to the increase in tumour aggressiveness 
and its metastatic potential which, among others, 
were found to be determined by the activity of 
matrix metalloproteinases (MMPs) and their in-
hibitors (TIMPs) which play an important role in 
the process of degradation of the extracellular ma-
trix and the basal membranes. The activity of the 
MMPs depends on the balance between the level 
of the active enzyme and its inhibitor.4-7 The TIMP 
family consists of 4 members: TIMP-1, TIMP-2, 
TIMP-3 and TIMP-4, which act as negative regula-
tors of the degradation processes in the extracel-
lular matrix. The latest evidences suggest that they 
also participate in cell signalling by regulating cell 
growth, apoptosis, angiogenesis and genomic in-
stability.6,8,9 

By analysing TIMP (and TIMP-1 in particular) 
expression in tumour tissue or circulating TIMP 
levels in plasma, they were recognized as can-
didate markers for diagnosis and prognosis in 
patients with different types of cancer, e.g. colo-
rectal, breast, lung, ovarian, bladder carcinoma6,9, 
but, also in a variety of nonmalignant conditions: 
asthma, diabetes, cardiovascular and autoimmune 
diseases.9 Increased TIMP-1 plasma levels were 
found in patients with colorectal cancer compared 
to healthy controls, and were associated with ad-
vanced disease stage and poor prognosis.6,8-12 In 
metastatic colorectal cancer, elevated level of the 
inhibitor in plasma was predictive for low proba-
bility of response to chemotherapy.13 Finally, Unsal 
et al. reported that matrix metalloproteinase-9 ex-
pression correlates with a poor tumour response to 
preoperative chemoradiotherapy in patients with 
locally advanced rectal cancer.14 

The aim of this study was to determine the pre-
dictive and prognostic value of TIMP-1 plasma 
level for local tumour response to preoperative 
radiochemotherapy and survival in patients with 
rectal cancer. 

Patients and methods
Patients and treatment

Ninety-two patients (63 male, 29 female), aged from 
42 to 86 years (mean 73 years), with histologically 
confirmed non-metastatic rectal cancer of clinical 
stage I- III, were included in prospective study. 
They were treated with preoperative radiochemo-
therapy at the Institute of Oncology in Ljubljana 
between March 2005 and October 2006. In majority 
of patients (76; 82.6%) tumours were staged as cT3 

TABLE 1. Characteristics of patients and their tumours (N=92)

Patients

     Sex (female/male) 29/63

     Age 73 (42-86)*

Primary tumour site

     Lower rectum 30 (32.6%)

     Middle rectum 44 (47.8%)

     Upper rectum 18 (19.6%)

UICC cTNM-classification

N0 N1 N2 Total

T1 0

T2 4 3 0 7

T3 40 33 3 76

T4 0 6 3 9

Total 44 42 6 92

Overall stage

     Stage I 4 (4.3%)

     Stage II 40 (43.5%)

     Stage IIIA 3 (3.3%)

     Stage IIIB 42 (45.6%)

     Stage IIIC 3 (3.3%)

Histopathological grading

     Well differentiated, G1 14 (15.2%)

     Moderately differentiated, G2 59 (64.1%)

     Poorly differentiated G3 19 (20.7%)

*Median (range), in years

UICC = International Union Against Cancer; cTNM = clinical stage 
tumour-nodes-metastases

and clinically positive regional nodes were found 
in more than half of the cases (48; 52.2%) (Table 1). 
Patients underwent a general clinical examination, 
including rectal examination by two independent 
examiners, complete blood tests, chest radiogra-
phy and abdominopelvic computer tomography 
(CT), rectoscopy, endoscopic ultrasound (US) and 
magnetic resonance imaging (MRI) of the pelvis. 

Preoperatively, patients were irradiated using 
CT-based 3-dimensional (3D) planning and four-
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field box technique at a 15 MV linear accelerator. 
Radiotherapy regimen was comprised of 45 Gy in 
25 fractions to small pelvis with a boost of 5.4 Gy 
to the primary tumour. In case of cT4 tumour or 
unresectable disease the booster dose was 9 Gy. 
Concurrently with irradiation all patients had 
chemotherapy (ChT), consisted of continuous 
peroral capecitabine (825 mg/m2 b.i.d., days 1–33, 
without weekend breaks) or of 2 cycles of intrave-
nous 5-fluorouracil (5-FU) and leucovorine (425 
mg/m2/day and 20 mg/m2/day, days 1 to 5). 

Surgery employing total mesorectal excision 
(TME) technique was scheduled 6‒8 weeks after 
the completion of chemoradiation and sphincter 
preservation procedure was done whenever pos-
sible. Four cycles of chemotherapy with either 
capecitabine (1250 mg/m2 bid, days 1‒14, every 3 
weeks) or bolus 5-FU and leucovorine (425 mg/m2/
day and 20 mg/m2/day, days 1‒5, every 4 weeks) 
were planned postoperatively. The choice of post-
operative chemotherapy was left to the oncolo-
gist’s discretion. After finishing all therapies, pa-
tients were followed in 3 month intervals for the 
first 2 years and thereafter every six months up to 
the 5th year. 

Determination of plasma TIMP-1 level

Blood samples were collected in vacutainer EDTA 
tubes. After centrifugation at 1500 x g at 4°C for 10 
minutes, plasma was separated and kept at –80°C 
until analysis. Plasma TIMP-1 concentrations 
were measured with an enzyme-linked immuno-
sorbent assay (ELISA) using commercially avail-
able TIMP-1 ELISA kit, purchased from Oncogen 
Science, Cambridge (MA), USA. Procedures were 
performed according to the manufacturer´s proto-
col in duplicate, using diluted samples. All meas-
urements differed by less than 10% and the mean 
value was calculated and used for statistical analy-
sis. The inter-assay precision coefficients of varia-
tion of TIMP-1 ranged between 3.9% and 8.8% at 
the different levels.

Statistical analysis

Statistical analysis was performed using personal 
computer and software statistical package SPSS, 
version 13 (SPSS Inc., USA). The main endpoints of 
the study were response to preoperative therapy, 
locoregional control (LRC, the event was local or 
regional recurrence), disease-free survival (DFS, 
the event was local, regional or systemic recur-
rence), disease-specific survival (DSS, the event was 

death due to the rectal cancer) and overall survival 
(OS, the event was death from any cause). Mann-
Whitney test for independent groups was used to 
assess the differences in plasma TIMP-1 levels and 
clinicopathological parameters between various 
groups of patients. The survival of patients was 
computed from the first day of therapy to the clo-
sure date (December 31st, 2012). The Kaplan-Meier 
estimate was employed to calculate survival proba-
bility15, and the differences between plotted curves 
were tested using the log-rank test.16 Independent 
prognostic value of factors that appeared statisti-
cally significant on univariate analysis was tested 
in multivariate Cox proportional hazard regression 
analysis.17 A two-tailed P < 0.05 was considered as 
statistically significant.

The study protocol was approved by the Medical 
Ethics Committee at the Ministry of Health of the 
Republic of Slovenia. All of the included patients 
gave their informed consent to the voluntary par-
ticipation in the study.

Results
Course of treatment and outcome

Therapy as planned was delivered to 67 (70.8%) of 
patients: 16 (17.4%) patients had no concurrent ChT 
(history of ischaemic heart disease or other serious 
comorbidity) and in 9 (11.8%) patients it was omit-
ted before the end of the preoperative treatment 
due to the acute side effects. Abdominoperineal 
excision, low anterior resection, and palliative sur-
gery only was performed in 32 (34.8%), 52 (56.6%) 
and 4 (4.3%) patients, respectively. Four (4.3%) pa-
tients had no surgery (refusal 1, disease progres-
sion 3). Histopathologically radical resection (R0) 
was performed in 80 (87%) patients and pathologi-
cal complete and partial response rates after preop-
erative radiochemotherapy were 16.3% and 34.8%, 
respectively. Postoperatively, adjuvant ChT was 
administered to 27 (29.3%) patients and 70.4% of 
them received 4 cycles.

Median follow-up time was 68 months (range: 
3‒93 months) and was 80 months (range: 68‒93 
months) in survivors. On the close-out date, 42 
(45.7%) patients were alive, 33 (35.9%) patients 
died of rectal cancer whereas in 11 (12%) patients 
the causes of death were vascular events (8) and 
pneumonia, metachronous bronchus cancer and 
malignant melanoma in 1 patient each, but, in 6 
patients the cause of death was unknown. Sites of 
failure were as follows: local/locoregional 9 (9.8%), 
distant 23 (25%), local/locoregional and distant 5 
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(5.5%). The 5-year LRC, DFS, DSS and OS rates for 
all patients were 80.2%, 56.4%, 63.7% and 52.2%, 
respectively. 

TIMP-1 and prognosis

The median TIMP-1 level was 185 ng/mL (range: 
22-523 ng/mL) and the mean level (± standard de-
viation) was 192 (±87) ng/mL. Serum TIMP-1 lev-
els were found to be significantly increased in pa-
tients with preoperative CRP>12 mg/L and in those 

who died from rectal cancer and were marginally 
increased in patients who had cT4 tumours. No 
correlations were established for age, gender, cN-
stage, CEA level, platelets count, histopathological 
grade, response to preoperative therapy, resect-
ability and disease re-appearance.

On univariate analysis, various parameters fa-
vourably influenced one or more survival endpoints: 
TIMP-1 < 170 ng/mL (Figure  1), CRP < 12  mg/L,  
platelets count < 290 109 L, CEA < 3.4 mg/L, age 
< 69 years, male gender, early stage disease (cN0 

TABLE 2. Tissue inhibitor of metalloproteinases (TIMP-1) and clinicopathological variables

Clinicopathological variables N=92 TIMP-1 level in ng/mL
Median (range) p-value

Age 
   < 69 years
   ≥ 69 years

37
55

172 (55-350)
204 (22-523) NS

Gender
   Male
   Female

63
29

183 (22-421)
200 (79-523) NS

cT
   cT2+3
   cT4

83
9

187 (22-421)
227 (129-523) 0.084

cN
   cN0
   cN+

44
48

172 (66-318)
190 (22-523) NS

Resectability
   R0
   R1+R2

80
8

185 (22-523)
183 (82-263) NS

pT
   pT0+1+2
   pT3+4

32
56

187 (22-421)
183 (66-523) NS

pN
   pN0
   pN+

66
22

187 (22-362)
183 (82-523) NS

T- downstage
   Yes
   No 

32
56

190 (22-523)
175 (66-350) NS

N- downstage
   Yes
   No

72
16

190 (22-523)
168 (82-255) NS

pCR
   Yes
   No

15
73

182 (80-421)
187 (22-523)

 
NS

CEA (mg/L)
   < 3.4
< 3.4

44
48

187 (22-523)
185 (66-350) NS

Platelets count (10E9/L)
   < 290
< 290

40
52

185 (55-421)
190 (22-523) NS

CRP (mg/L)
   < 12
   ≥ 12

73
19

175 (22-421)
227 (92-523) 0.031

Recurrence
   Yes
   No

37
55

187 (66-523)
190 (22-421) NS

Death from rectal cancer
   Yes 
   No

33
59

200 (66-523)
172 (22-421) NS

Dead 
  Yes
  No

50
42

207 (55-523)
167 (22-362) 0.02

NS = not significant; pCR = pathologic complete remission; CEA = carcinoembriogenic antigene, CRP = C reactive protein
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and/or cT2-3), radical surgery (R0) and response 
to preoperative radiochemotherapy (Table 2). The 
following parameters were introduced in mul-
tivariate model to test their independent prog-
nostic value: CRP, T-downstage, N-downstage 
and pretreatment TIMP-1 level. LRC was favour-
ably influenced by N-downstage (Hazard ratio  
[HR] = 6.10; 95% confidence interval [CI]: 1.78‒20.89;  
p = 0.004); DFS by CRP (HR = 3.09; 95%  
CI: 1.33‒7.18; p = 0.009) and N-downstage (HR 
= 3.66; 95% CI: 1.58‒8.52; p = 0.003); DSS by CRP  
(HR = 2.77; 95% CI: 1.13‒6.76; p = 0.03) and 
N-downstage (HR = 3.88; 95% CI: 1.62‒9.32; p = 0.002); 
OS by TIMP-1 level (HR = 2.15; 95% CI: 1.01‒4.56;  
p = 0.047), CRP (HR = 2.14; 95% CI: 1.08‒4.25; p = 0.029) 
and N-downstage (HR = 2.89; 95% CI: 1.35‒6.18;  
p = 0.006) (Table 3). 

Discussion

Several authors reported on the positive correla-
tion between elevated serum or tissue TIMP-1 lev-
els and increased aggressiveness of the disease. We 

FIGURE 1. Overall survival and tissue inhibitor of metalloproteinases 1 (TIMP-1).

TABLE 3. Multivariate analysis of survival

Parameter Locoregional control Disease-free survival Disease-specific survival Overall survival

HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value

TIMP-1
< 170 ng/mL/
≥ 170 ng/mL

1.33 0.33-5.31 NS 1.16 0.50-2.72 NS 1.34 0.53-3.37 NS 2.15 1.01-4.56 0.047

T- downstage
Yes/No 2.76 0.59-12.99 NS 1.93 0.82-4.57 NS 1.72 0.71-4.17 NS 1.55 0.79-3.01 NS

N- downstage
Yes/No 6.10 1.78-20.89 0.004 3.66 1.58-8.52 0.003 3.88 1.62-9.32 0.002 2.89 1.35-6.18 0.006

CRP
< 12 mg/L /
≥ 12 mg/L

2.75 0.68-11.17 NS 3.09 1.33-7.18 0.009 2.77 1.13-6.76 0.03 2.14 1.08-4.25 0.029

HR = hazard ratio; CI-confidence interval; NS = not significant

can assume that elevated TIMP-1 levels reflect the 
degree of proteolytic activity which is an essen-
tial process implicated in invasiveness of tumour 
cells. Therefore, it was hypothesized that if TIMP-1 
is predictive for relapse and survival6,8,10,11,18,19 it 
could be used to distinguish between patients with 
higher and those with lower risk for the disease 
recurrence. Detailed knowledge on risk level for 
disease re-appearance would allow us to avoid 
over- or undertreatment. Furthermore, the ability 
to predict efficiency of specific type of therapy, e.g. 
preoperative radiochemotherapy in rectal cancer 
patients, could help us to tailor the entire “treat-
ment package” more according to individual tu-
mour characteristics which are usually not taken 
into consideration. 

In this view, our intention was to assess the pre-
dictive value of serum TIMP-1 levels in cohort of 
patients with rectal cancer who were treated with 
preoperative radiochemotherapy. The studied pop-
ulation was representative in regards to the treat-
ment results such as percentage of radical resec-
tions (87%), T- and N-downstaging (34.8%), patho-
logical complete responses (16.3%) and survivals 
(at 5 years: LRC-80.2%, DFS-56.4%, DSS-63.7%, and 
OS-52.2%) which are from all aspects comparable 
with the results of other researchers.20,21

When analysing the association between estab-
lished clinicopathological parameters and TIMP-1, 
we found elevated TIMP-1 levels in patients with 
higher cT-stage and those who died from rectal 
cancer or had increased CRP before the start of the 
preoperative treatment. In several studies, higher 
TIMP-1 levels were associated with advanced stage 
of the disease and poor prognosis.6,10,11,22 On the 
other hand, Holten-Anderson et al. did not find any 
differences in the TIMP-1 levels between Dukes 
stage A, B or C; patients with Dukes D rectal can-
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cer, however, had significantly increased TIMP-1 
level compared to less advanced stages.23 In many 
studies TIMP-1 was reported to be in positive cor-
relation with patients’ age6,10,22,24, although Tayebjee 
et al. and our study found just the opposite.25 The 
relationship between TIMP-1 and CRP can be ex-
plained with the fact that they both participate in 
the processes of inflammation. Frederiksen et al. 
who systematically followed TIMP-1 levels before 
and after the surgery suggested that prolonged 
recovery due to postoperative infections may con-
tribute to prolonged increase of plasma TIMP-1 
level.9 

In the present study, no correlation between 
TIMP-1 levels and the response to preopera-
tive radiochemotherapy was observed, although 
Sørensen et al. reported that TIMP-1 can be predic-
tive for the response to chemotherapy in colon car-
cinoma13 and Unsal et al. found that positive MMP-
9 expression correlated with poor tumour response 
in patients with locally advanced rectal cancer un-
dergoing preoperative radiochemotherapy.14 

We also analysed the relationship between 
TIMP-1 levels and CEA, which is well recognized 
and still the only recommended marker used in the 
diagnosis and follow-up of patients with colorectal 
cancer. As confirmed in several studies, increased 
pretreatment CEA levels reflect an advanced dis-
ease stage and are forecasting an increased risk of 
recurrence and poor prognosis.26 However, similar 
as Holten-Andersen et al.23 we also did not find any 
association between TIMP-1 and CEA levels. 

In Cox multivariate analysis we confirmed that 
patients in whom N-downstaging resulted from 
preoperative radiochemotherapy had more fa-
vourable LRC, DFS, DSS and OS, but patients with 
T-downstage did not have better survival at all. 
Furthermore, in patients younger than 69 years we 
did not find better survival rates, which is oppo-
site to the results of other studies.27,28 Finally, we 
found increased TIMP-1 levels (≥170mg/mL) to be 
an independent risk factor for worse OS (p = 0.047). 
This observations are consistent with the reports of 
other authors who also identified higher TIMP-1 
levels as being a negative predictor of shorter sur-
vival.6,8-13,18,19,23 To the opposite, Ishida et al. were 
not able to confirm any prognostic value of TIMP-1 
for colorectal cancer patients.24

Conclusions

Although we did not find any association between 
pretreatment serum TIMP-1 levels and primary tu-

mour response to preoperative radiochemotherapy 
in our cohort of patients with rectal cancer, TIMP-1 
levels were recognized as an independent prognos-
tic factor for OS in these patients. 
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Background. Acute pain after axillary lymphadenectomy is often related mainly to axillary surgery. The aim of the 
prospective randomized study was to find out if continuous wound infusion of local anaesthetic reduces postopera-
tive pain, consumption of opioids and the incidence of chronic pain compared to the standard intravenous piritra-
mide analgesia after axillary lymphadenectomy in breast carcinoma patients. 
Methods. Altogether 60 patients were enrolled in the prospective randomized study; half in wound infusion of local 
anaesthetic and half in the standard (piritramide) group. 
Results. In the recovery room and on the first day after surgical procedure, the wound infusion of local anaesthetic 
group reported less acute and chronic pain, a lower consumption of piritramide and metoclopramide, but their alert-
ness after the surgical procedure was higher compared to the standard group. 
Conclusions. After axillary lymphadenectomy in breast carcinoma patients, wound infusion of local anaesthetic re-
duces acute pain and enables reduced opioid consumption, resulting in less postoperative sedation and a reduced 
need for antiemetic drugs. After wound infusion of local anaesthetic there is a statistical trend for reduction of chronic 
pain.

Key words: breast carcinoma; pain treatment; wound infusion of local anaesthetic; elastomeric pump 

Introduction 

The sense of pain is an individual experience; it de-
pends on pain memories and present circumstanc-
es.1 Breast cancer surgery can be painful, but acute 
pain is often related mainly to axillary surgery. 
Furthermore, breast surgery can be emotionally 
distressing.2 The risk of clinically meaningful acute 
pain was increased in patients with preoperative 
anxiety.3 Surgery and inflammation that follow the 
intervention, activate peripheral nociceptors in the 
skin, ligaments and muscles. A noxious stimulus 
is propagated by thin, unmyelinated C type fibres 
and thinly myelinated A-delta fibres to the central 

nervous system.4 During axillary lymph node dis-
section, the surgeon should avoid an injury of the 
long thoracic and thoracodorsal nerve, because the 
lesion of these nerves causes a muscular deficit 
and results in physical deformities.5 However, the 
intercostobrachial nerves are often injured or cut 
during axillary surgery. Already a small lesion of 
these nerves can cause pain.6 Despite a meticulous 
surgical technique; there is a 35%-50% risk of de-
veloping numbness, pain, or paraesthesia. 

Patients who develop pain or paraesthesia are 
at risk of progression to chronic pain syndromes. 
Five years after axillary dissection, as many as 30% 
of patients continue to experience symptoms.7,8 
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Chronic pain syndrome after axillary dissection for 
breast carcinoma is known as post-mastectomy syn-
drome.9 The chronic pain syndrome is often a re-
sult of inadequately treated acute pain.10 Persistent 
pain can be avoided through continuous use of a 
sufficient level of pain medication.9 Perioperative 
analgesia has traditionally been provided by opioid 
analgesics. Large doses of opioids can be associated 
with an increased incidence of postoperative com-
plications: respiratory depression, sedation, nau-
sea and vomiting, pruritus and ileus.11,12 Therefore, 
anaesthesiologists and surgeons are increasingly 
turning to non-opioid analgesic techniques for 
managing pain during the perioperative period in 
order to minimize the adverse effects of analge-
sic medications.12 Local anaesthetics can improve 
postoperative pain management.11 They suppress 
the afferent nociceptive signal and inflammatory 
reaction.13 Local anaesthetics for postoperative an-
algesia are used in many fields of surgery: ortho-
paedics, abdominal surgery, gynaecology, urology, 
cardiothoracic surgery and breast cancer surgery.14 
Continuous administration of local anaesthetics 
into the wound via a catheter placed directly at the 
end of surgery represents a simple and efficacious 
means to provide postoperative analgesia.15,16 At 
the Institute of Oncology in Ljubljana, intravenous 
administration of the opioid piritramide is a stand-
ard treatment of perioperative pain. Piritramide is 
used because it has lower frequency of side effects, 
i.e. vomiting, respiratory depression or cardiovas-
cular instability, compared to morphine.17 Based on 
good results of our retrospective data; we wanted 
to prove the superiority of the continuous local an-
aesthetic infusion over the standard intravenous an-
algesia after axillary dissection in breast cancer pa-
tients. We hypothesized that a continuous infusion 
of the local anaesthetic through a wound catheter 
after axillary dissection in breast carcinoma patients 
reduces acute pain more effectively than the stand-
ard intravenous opioid analgesia. Our prospective 
randomized study was also aimed at testing if the 
patients with a continuous infusion of the local 
anaesthetic have a lower consumption of opioids, 
a lower need for antiemetic drugs, lower sedation, 
and less frequent chronic pain compared to the 
standard opioid based analgesia group of patients. 

Patients and methods 
Methods 

Patients listed for axillary dissection because of 
breast cancer were screened preoperatively dur-

ing the routine anaesthetic assessment. Allergies 
to local anaesthesia, male gender or dependence 
on analgesics were the criteria excluding patients 
from our study. Female patients undergoing breast 
cancer surgery with axillary dissection were rand-
omized into a group having a wound catheter with 
elastomeric pump, or into the standard piritramide 
treatment group. From December 2010 to July 2011, 
a total of 60 patients were enrolled: 30 patients in 
the test group and 30 in the standard group. 

The study was reviewed by the appropriate 
Ethics Committee and performed in accordance 
with the ethical standards laid down in an appro-
priate version of the 1964 Declaration of Helsinki. 
Our study was approved by the Institutional 
Review Board and conducted with the under-
standing and consent of the involved human sub-
jects. 

The surgical procedure was performed during 
general anaesthesia. Anaesthetic technique for all 
the patients was the same. All of them received a 
single prophylactic dose of antibiotic before the 
beginning of the surgical procedure. Patients with-
out diabetes received 4 mg of dexamethasone. All 
patients were given 1  mg of granisetron in order 
to prevent nausea. Before the end of the surgical 
procedure, all patients received our standard an-
algesic infusion mixture, which contained 7.5 mg 
of piritramide, 2.5 g metamizole and 10 g of meto-
clopramide. 

Test group of patients 

Before wound closure, 30 patients, who were ran-
domized into the test group, received a fenestrat-
ed wound catheter, which was placed into their 
wound cavity near to the axillary vein and upon 
the whole length over the upper side of the wound. 
The wound catheter was fenestrated in the distal 
part, 15 cm in length. A bolus of 15 ml of 0.25% levo-
bupivacaine was injected in the wound through the 
catheter immediately after wound closure. Soon 
after the administration of bolus, the elastomeric 
pump was connected to the wound catheter. 

Surgical drains and the fenestrated catheter 
were clamped for five minutes after the adminis-
tration of levo-bupivacaine in order to enable the 
absorption of levo-bupivacaine from the bolus. 
After five minutes, clamps on surgical drains were 
released in order to evacuate seroma. After another 
15 minutes, the clamp on fenestrated catheter was 
also released, enabling a continuous infusion of 
levo-bupivacaine. The amount of the local anaes-
thetic in the elastomeric pump was 100 mL at the 
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flow rate of 2 mL per hour. The catheter was re-
moved 50 hours later, when the elastomeric pump 
reservoir was empty. 

Control group of patients 

The control patients, i.e. those who received the 
standard intravenous piritramide treatment, were 
on a continuous intravenous infusion with piritra-
mide (30 mg), metoclopramide (20 mg) and meta-
mizole (2.5 g) in total amount of 100 mL of saline 
until the next morning. The rate of infusion was be-
tween 3 mL/h and 6 mL/h. The nursing staffs were 
instructed to maintain the lowest rate of drip in-
fusion, which relieved the patient of her pain. The 
volume of infusion has been registered. 

Both groups of patients could get the intrave-
nous bolus of a rescue analgesic or an antiemetic 
drug whenever needed. In a case of severe pain, 
the patient received a bolus of 3 mg of piritramide. 
A total consumption of all intravenous drugs used 
during the first 24 hours after the surgical proce-
dure was registered. 

Pain measurement 

Pain was measured using a standard visual ana-
logue scale (VAS) score in ranging from 0 to 10. The 
first measurement was made in the recovery room. 
Thereafter, pain was measured three, six and nine 
hours after the surgical procedure. Over the next 
two days, pain was measured every eight hours. Six 
hours after the surgical procedure, we measured 
their alertness using the Observer’s Assessment of 
Alertness/Sedation Scale (OAA/S Scale) in a com-
posite way.18 The OAA/S Scale score is composed 
of four categories: 1) responsiveness, 2) speech, 3) 
facial expression, and 4) eyes. The composite score 
ranges from 1 (deep sleep) to 5 (alert). The result is 
the lowest level observed by the nurse in any one 
of the four component scores.

In case of nausea or vomiting, the patient re-
ceived a bolus of an antiemetic drug, the first one 
being metoclopramide. If no relief was achieved, 
1  mg of granisetron or, with persistent nausea, 
1.25  mg of droperidol was administered intrave-
nously. On the first postoperative day, all patients 

TABLE 1. Characteristics of patients

Characteristic Subgroup Local anaesthetic group Standard group p-value

Number of patients 30 30 -

Age (years) – mean 57.4 62.9 0.79

Height (m) - mean 1.62 1.637 0.43

Weight (kg) - mean 72.7 73.8 0.76

Body Mass Index (kg/m2) - mean 27.68 27.43 0.86

ASA score 
1
2
3

7
22
1

3
25
2

0. 46

Associated diseases 19 24 0.25

      Diabetes mellitus 4 8 0.33

      Fibromyalgia 0 1 -

      Rheumatoid artritis 0 0 -

      Depression 1 4 0.35

Side of breast carcinoma Left
Right

18
12

20
10 0.79

Type of invasive carcinoma Ductal
Lobular

28 
2 

27 
3 1.00

Gradus
I
II
III

0
11 
19 

1 
11 
18 

1.00

Metastatic lymph nodes – mean 5.2 5.3 0.37

Resected lymph nodes – mean 17.3 19.3 0.15

Hormone receptors positive 24 26 0.73

HER-2 positive  5 6 1.00
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received analgesics in the form of tablets. They 
were administered 100 mg of diclofenac, a combi-
nation of paracetamol and tramadol and, in case of 
nausea, an antiemetic drug. The consumption of 
drugs during hospitalization was registered. 

After surgical procedure the majority of patients 
had adjuvant treatment: chemotherapy (67%), irra-
diation (63%) and/or hormone therapy (82%). 

All complications (inflammation, hematoma 
and others) were recorded. Three months after the 
surgical procedure the patients were asked about 
pain in the postoperative area or the upper extrem-
ities. All patients were examined and asked about 
neuropathic pain in the axilla, shoulder, arm or 
chest wall six months after the surgical procedure. 

Statistical analysis 

The student t-test or the Mann-Whitney U test 
was conducted according to the data distribution. 
The association between categorical variables was 
tested by chi2 or Fisher’s exact test, as appropri-
ate. All comparisons were two-sided and a p-value 

of ≤ 0.05 was considered statistically significant. 
Statistical packages PASW 18 (SPSS Inc., Chicago, 
IL, USA) and R 2.11.1 (R Foundation for Statistical 
Computing, Vienna, Austria) were used for the 
analysis. 

Results 

The mean age of patients was 60 years (range 30-
84), height 163 cm (range 150–176), weight 73 kg 
(range 43–114), and body mass index (BMI) 27.4 
(range 15.4–41.4). There were no significant differ-
ences between both study groups either in BMI, 
American Society of Anaesthesiology (ASA) score, 
comorbidities (Table  1), length of surgical proce-
dure, extent of lymph node dissection, volume of 
seroma or number of punctions of seroma (Table 2). 

All lymphadenectomies were performed by 
eleven experienced surgeons. There were no sig-
nificant differences between various surgeons ei-
ther in VAS score during hospital stay (p = 0.66) or 
in rate of chronic pain after six months (p = 0.32). 

TABLE 2. Treatment of patients and chronic pain after adjuvant therapy

Subgroup
Local 

anaesthetic 
group

Standard 
group p-value

Surgical procedure

Modified radical mastectomy 16 19

0.29Axillary lymph node dissection 13 8

Quadrantectomy with axillary  
lymph node dissection 1 3

Median duration of surgical procedure (minutes) 72 62 0.18

Extent of axillary dissection Three levels
Two lewels

29
1

28
2 0.61

Number of patients with punction of seroma  19 23 0.42

Seroma - mean volume  per patient (mL)  206 353 0.24

Seroma - cumulative volume (mL) 6175 10601 0.07

Number of punctions for seroma - mean 1.77 2.83 0.15

Neoadjuvant chemotherapy Yes
No

6   
24 

4 
26 0.73

Postoperative chemotherapy Yes
No

22
8

18
12 0.21

Postoperative radiotherapy Yes
No

19
11

19
11 1.00

Hormone therapy Yes
No

24
6

25
5 1.00

Pain 6 month after chemotherapy (N=40) Yes
No

5
17

6
12 0.50

Pain 6 month after radiotherapy (N=38) Yes
No

5
14

8
11 0.30

Pain after 6 months on hormone therapy (N=49) Yes
No

6
18

10
15 0.36
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FIGURE 1. Visual analogue scale (VAS) scores at rest and at movement in the recovery room (A, B) on the day of the surgery (C, D) on the first 
postoperative day (E, F).
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Acute pain 

Figure  1 shows VAS scores at rest and during 
movement in the recovery room on the day of the 
surgery and on the first postoperative day. Data 
about postoperative pain in VAS scores are pre-
sented in Table 3. 

Opioid consumption 

Consumption of piritramide during the first 24 
hours after the surgical procedure was smaller in 
the test group compared to the control group (p < 
0.0001) (Figure 2). Alertness, as measured six hours 
after the surgical procedure, was higher in the test 
group compared to the test group (p = 0.001). 

Nausea 

Patients in the test group reported less nausea than 
patients in the standard group. Consumption of 
metoclopramide during the first 24 hours (Figure 3) 
after the surgical procedure was also smaller in the 
test group compared to the standard group (p < 
0.0001). 

Complications 

No local signs of infection were observed in the ar-
ea, where the wound catheter was inserted. All mi-
crobiological samples taken were negative. There 

were no significant differences in the complications 
following the surgical procedure between the two 
groups. Altogether three patients (5%) underwent 
another surgical procedure because of haematoma: 
two cases from the test group and one case from 
the standard group. Inflammation after the surgi-
cal procedure occurred in nine cases (15%): five 
cases (17%) in the test group and four cases (13%) 
in the standard group. 

Hospital stay 

The average postoperative hospital stay was 1.7 
days. There was no significant difference in the du-
ration of the hospital stay between the two groups. 

Late complications (three and six 
months after lymphadenectomy) 

Questionnaire about pain was answered by pa-
tients three months after lymphadenectomy. Pain 
was reported by 17% and 50% of patients from 
test and control group (p = 0.01), respectively. Six 
months after surgical procedure patients from test 
and control group had neuropathic chronic pain 
in 20% and 40% (p = 0.09), respectively. Oedema 
of the arm was present in 21 patients, 10 from 
the control group and in 11 from the test group. 
Limited shoulder movement was present in 14 pa-
tients (23.3%), 7 from each group. Chronic pain af-
ter 6 month was present in 18 patients (30%). There 

TABLE 3. Pain, consumption of drugs and alertness in local anaesthetic group and standard group of patients

Local anaesthetic 
group Standard group p-value

VAS in recovery room
at rest 0.0 1.0 0.05

at movement 1.0 3.0 0.02

VAS pain on surgery day 
at rest 0.3 1.5 0.005

at movement 1.3 3.2 0.007

VAS pain on first pooperative day
at rest 0.3 1.2 0.05

at movement 3.2 3.8 0.119

Opioid consumption during first 24 hours (mg) 7.5 19.4 < 0.0001

Metamizol consumption during first 24 hours (g) 2.5 3.5 < 0.0001

Metoclopramide consumption during first 24 hours (mg) 10 17.7 < 0.0001

Tramadol/paracetamol consumption during first three days (tablets) 4 6 0.035

Diclofenac consumption during first three days (mg) 200 200 0.13

Alertness OAA/S six hours after surgery 5.0 4.5 0.001

Pain after three months 5 15 0.01

Data is presented as the median value or number. 
VAS = visual analogue scale; OAA/S = Observer’s Assessment of Alertness/Sedation
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were no differences in both arms of our study in 
frequency of chronic pain after adjuvant treatment 
(Table 2). 

Discussion 

Axillary lymph node dissection is a standard sur-
gical procedure in case of positive lymph nodes 
in breast cancer or melanoma.19-21 Unfortunately, 
it can cause long-term morbidities: chronic post-
operative pain, limited shoulder movement and/
or lymphoedema.5,6 Our present prospective ran-
domized study showed that acute pain following 
breast cancer surgery and axillary lymph node 
dissection was less frequent and intense after a 
continuous wound infusion of local anaesthetic 
compared to a systemic intravenous analgesia 
with opioids. To our knowledge, there were only 
six studies dealing with the use of a local anaes-
thetic for postoperative analgesia in breast carci-
noma patients.2,5,9,13,22,23 In only three of these stud-
ies2,5,9, a local anaesthetic was applied to the surgi-
cal wound, and only two2,5 of these three studies 
were designed as a prospective randomized trial. 
Jacobs and Morrison reported the results of a ret-
rospective study, where the wound catheter was 
connected to an elastomeric pump containing 
local anesthetic.9 They found out that this type 
of analgesia was safe and reduced postopera-
tive pain.9 Talbot et al. performed a prospective, 
double-blind, randomized, placebo controlled 
trial on 42 patients after a modified radical mas-
tectomy.2 They did not find any difference in 
analgesia between the treatment group, which 
received levo-bupivacaine irrigation through the 
axillary wound drain every four hours for the first 
24 hours postoperatively, and the control group, 
which received irrigation with normal saline.2 
Instead of perforated catheters, they used axillary 
drains, which were clamped for 20 minutes every 
four hours following the application. Thus, a local 
anaesthetic was not administered continuously. 
Furthermore, because they did not use perforated 
catheters, it is questionable if the local anaesthetic 
irrigated the entire wound area. Our patients with 
a continuous infusion of local anaesthetic had a 
lower consumption of opioids and a reduced need 
for antiemetic drugs compared to the standard 
opioid-based analgesia group of patients. These 
results are in accordance with the conclusions of 
the majority of investigators who studied the role 
of local anaesthetics in postoperative pain man-
agement.5,9,13,23-29 

FIGURE 2. Consumption of piritramide during the first 24 hours after the surgical 
procedure in the local anaesthetic group and in the standard group.

FIGURE 3. Consumption of metoclopramide during the first 24 after the surgical 
procedure in the local anaesthetic group and in the standard group.

In our study a cost-benefit analysis was not 
done. The costs of drugs were almost the same 
in both study arms. So, the cost of treatment with 
elastomeric pain pump is bigger than standard 
pain treatment for a price of elastomeric pain 
pump and perforated catheter, which is 175 Euros 
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in our country. But, we proved that patients with 
a continuous infusion of local anaesthetic had 
a lower sedation rate compared to the standard 
opioid-based analgesia group of patients as a con-
sequence of a reduced use of opioids. Almost all 
patients from the test group had an excellent alert-
ness OAA/S score already on the day of the surgi-
cal procedure. Therefore, we believe that a continu-
ous infusion of a local anaesthetic represents a very 
good pain management option for patients who 
underwent axillary lymph node dissection and 
are thus treated as a day case, which has already 
become a standard of care in some hospitals, for 
example in the Memorial Sloan-Kettering Cancer 
Centre in New York.30 Painless postoperative pa-
tient management and a shorter hospital stay are 
an essential part of a patient-friendly treatment. 

Another very important issue of breast cancer 
treatment after axillary surgery is the incidence 
of chronic pain. Many factors are involved in the 
development of chronic pain after a surgical pro-
cedure: genetic susceptibility, psycho-social back-
ground, age and gender.31 Smith et al. identified 
age, marital status, employment status and hous-
ing as risk factors for post-mastectomy pain syn-
drome.32 Many studies and reviews have noted 
that a more severe acute postoperative pain is a 
risk factor for the development of chronic postop-
erative pain.16 It is well known that an infusion of 
local anaesthetics in the peripheral nerve sheath 
reduces the incidence of chronic pain after a lower 
limb amputation33, and that an epidural block with 
a local anaesthetic before the surgery reduces long-
term post-thoracotomy pain.34 However, the use of 
a local anaesthetic immediately after the surgical 
procedure to prevent the post-mastectomy pain 
syndrome is still not sufficiently defined. Three 
months after lymphadenectomy, our patients on 
postoperative continuous infusion of local anaes-
thetic reported pain less often than patients on opi-
oid-based analgesia (17% vs. 50%; p = 0.01). 

However, six months after lymphadenectomy 
there was just a trend for lower pain in continu-
ous infusion of local anaesthetic group of patients 
in comparison to opioid-based analgesia (20% vs. 
40%; p = 0.09). Similar outcome on occurrence of 
post-mastectomy pain syndrome was reported by 
Fassoulaki et al.13,22 In their first study, the anaes-
thetic cream was applied locally on the skin just 
before and at the end of the surgical procedure, 
and daily thereafter for a total of four days. The 
incidence of pain three months after surgical pro-
cedure was 43% in the study group and 91% in the 
placebo group (p = 0.002).22 In their second study, 

the incidence of pain after three months was 45% 
in the treatment group (local anaesthetic cream, ir-
rigation of brachial plexus and intercostal places 
with a local anaesthetic and gabapentin tablets) 
versus 82% in the placebo group (p = 0.028). They 
reported that chronic pain after six months in the 
treatment group (30%) was less common than in 
the placebo group (57%), but the difference was 
not significant. Obviously, a local anaesthetic ap-
plied at the time of a surgical procedure can affect 
the frequency and intensity of pain in subacute 
phase, but it is questionable if it can affect chronic 
post-mastectomy pain syndrome. In our study, 
the complication rate after a surgical procedure 
did not differ in patients treated with a continuous 
infusion of a local anaesthetic through the wound 
catheter and those who received a standard intra-
venous opioid analgesia. The experience of other 
authors who used local anaesthetics is similar. 
The rates of inflammation or hematomas were not 
higher after the use of local anaesthetics compared 
to the placebo or standard analgesia treatment gro
ups.2,5,9,13,15,24-26,28,29,33,34 On the contrary, local anaes-
thetics seem to reduce the occurrence of inflam-
mation.35,36,37 Like other authors, we also did not 
notice any toxic side effects of local anaesthetics. 
In our study, we used 0.25% levo-bupivacaine, 
which was reported as one of the safest local an-
esthetics.38 

To conclude, our prospective randomized study 
confirmed that the application of a wound catheter 
with an elastomeric pump with a local anaesthetic 
is safe, easy and effective for reducing acute post-
operative pain. Continuous infusion of a local an-
aesthetic into the wound reduces opioid consump-
tion and results in less postoperative sedation and 
a reduced need for antiemetic drugs. The elasto-
meric pump is comfortable for both the patients 
and a nursing stuff. Thus, the patients are more 
alert, do not feel pain and, consequently, do not 
need intensive monitoring and nursing care. 
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Background. Accurate applicator placement is a precondition for the success of gynaecological brachytherapy 
(BT). Unrecognized uterine perforation can lead to bleeding, infection, high doses to pelvic organs and underdosage 
of the target volume, resulting in acute morbidity, long-term complications and reduced chance of cure. We aimed 
to assess the incidence and clinical characteristics of our cases with uterine perforation, review their management 
and impact on the treatment course.
Patinets and methods. In all patients, treated with utero-vaginal image guided BT for gynaecological cancer 
between January 2006 and December 2011, the CT/MR images with the applicator in place were reviewed. The inci-
dence of uterine perforations was recorded. Clinical factors that may have predisposed to increased risk of perfora-
tion were recorded. Management of perforations and their impact on treatment course was assessed.
Results. 219 patients (428 applications) were suitable for analysis. Uterine perforation was found in 13 (3.0%) applica-
tions in 10 (4.6%) patients. The most frequent perforation site was posterior uterine wall (n = 9), followed by anterior 
wall (n = 2) and fundus (n = 2). All cases were managed conservatively, without complications. Prophylactic antibi-
otics were administered in 8 cases. In 4 patients, abdominal and/or transrectal ultrasound (US) guidance was used 
on subsequent applications for applicator insertion; adequate applicator placement was achieved and treatment 
completed as planned in all cases.
Conclusions. 3D imaging for BT planning enables accurate identification of uterine perforations. The incidence of 
perforations at our department is one of the lowest reported in the literature. US guidance of applicator insertion is 
useful and feasible, allowing to complete the planned treatment even in challenging cases.

Key words: uterine perforation; brachytherapy; 3D imaging; ultrasound guidance

Introduction

Combination of external beam radiotherapy, con-
comitant chemotherapy and brachytherapy (BT), 
is an essential treatment modality for locally ad-
vanced gynaecological cancer. In intracavitary (IC) 
BT of cervix cancer, an applicator (uterine tandem 
and vaginal ovoids, cylinder or ring) is placed in 
the uterine cavity and vaginal fornices in general 
or spinal anaesthesia. In the definitive treatment of 
endometrial cancer, Heyman capsules are inserted 

into the uterus. Intraoperative complications of IC 
BT include vaginal lacerations, penetration of the 
tandem into the uterine wall and perforation of the 
uterus and other pelvic organs with the applica-
tor.1-3 Reported incidence of uterine perforations by 
an IC BT applicator ranges from 1.75% to 13.7%.1,4-6 
The most common site of perforations, cited in the 
literature, is uterine fundus.4 Patients over 60 years 
are particularly predisposed to uterine perforation, 
probably due to vaginal atrophy and anatomical 
distortion of the cervix.2,3,6 Uterine perforation oc-
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curs more frequently in patients with anatomical 
distortions of the cervix and/or cervical stenosis 
due to advanced disease, post irradiation fibrosis 
and previous cone biopsy.1,3,4 Other predisposing 
factors include retroverted/retroflexed and ex-
tremely anteverted/anteflexed uterus.6-8

Most cases of uterine perforations resolve 
without squeals after conservative treatment. 
Nevertheless, infection, haemorrhage or peritoneal 
tumour-cell seeding may occur.1,9 Uterine perfora-
tions therefore require specific attention from the 
medical team, including the radiation oncologist, 
gynaecologist and anaesthesiologist. An important 
potential consequence of an unrecognized uterine 
perforation is a high level of uncertainty regarding 
the dose distribution in the tissues around the in-
correctly inserted IC applicator. Accurate position-
ing of the IC applicator is critical for delivering ap-
propriate doses of irradiation to the target volume 
while keeping the doses to the surrounding organs 
at risk below their tolerance limits. Consequently, 
unrecognized uterine perforation can lead to under 
dosage of the target volume, compromising local 
control probability.10 In addition, the perforating 
applicator may come in direct contact or in vicinity 
of the organs at risk, leading to their exposure to 
excessive doses, resulting in acute and long-term 
gastrointestinal and genitourinary complications.

At the Institute of Oncology Ljubljana, we have 
been using 3D MRI/CT - assisted BT for gynaeco-
logical malignancies since 2006.11-18 The main ad-
vantages of this approach over conventional 2D ra-
diography-based techniques19 include: (1) the abil-
ity for individualized treatment tailoring, based on 
patients anatomy, tumour size and topography, (2) 
analysis of the dose volume histogram parameters 
and (3) straightforward recognition of applicator 
misplacement, including the uterine perforations. 

The main objective of the present study was 
to determine the incidence and characteristics of 
uterine perforations at our department between 
January 2006 and December 2011 in the era of 3D 
MRI/CT – assisted BT. We evaluated the character-
istics of the patients presenting with perforation 
and reviewed their management and impact of the 
perforations on the treatment course.

Patients and methods
Patients

All patients, treated with utero-vaginal 3D image 
based BT at our department for gynaecological can-
cer between January 2006 and December 2011, were 

included in analysis, irrespective of the treatment 
intent (curative vs. palliative). Pelvic MRI and/or CT 
images from each insertion with the applicator in 
place were reviewed retrospectively to find the inci-
dence and location of uterine perforations. Patients’ 
medical records were studied to evaluate their 
management and assess the impact on the treat-
ment course. Clinical factors, known to predispose 
to an increased risk of perforation, were recorded.

Treatment

Our general treatment approach, as applied in the 
cases of radiotherapy with curative intent, was de-
scribed elsewhere in detail.11-15 In palliative treat-
ments, judicious individualisation of treatment 
techniques and dose fractionation schedules was 
applied. However, the brachytherapy technique 
did not differ considerably from the method used 
in curative treatment, as described below.

3D conformal CT based external beam radio-
therapy (EBRT) was delivered at a 15 MV linear 
accelerator with a 4-field box technique, planning 
to apply a total dose of 45 to 50.4 Gy (1.8–2 Gy per 
fraction, five fractions per week) to the whole pel-
vis. Prophylactic paraaortic or inguinal irradiation 
was planned in selected patients. A boost to bring 
the total EBRT dose up to 60–65 Gy was planned 
for macroscopically involved metastatic lymph 
nodes. Concomitant chemotherapy (weekly cispl-
atin, 40 mg/m2) was considered in all cervix cancer 
patients. Following EBRT, 1–3 BT applicator inser-
tions were scheduled in weeks 6 and 7 of treat-
ment. Prior to each insertion, gynaecological exam-
ination was carried out by the radiation oncologist. 
Application technique was individually adapted to 
each patient at each insertion, based on the clinical 
and radiological findings. The insertion was car-
ried out with the patient in subarachnoid, general 
or paracervical anaeasthesia, placed in lithotomy 
position. All applications were performed by a ra-
diation oncologist alone, except in 3 cases, where 
the procedure was carried out in cooperation with 
a gynaecologic oncologist. Following dilatation 
of the cervical canal, a CT or MRI-compatible ap-
plicator was inserted into the uterus and vaginal 
fornices. In cervix cancer patients, a plastic or me-
tallic tandem was used as the intrauterine part. In 
endometrial cancer, plastic Heyman capsules or 
metallic Rotte Y-applicator were applied. For other 
tumour sites, the decision on the intrauterine part 
was individual. In selected patients, a combined 
intracavitary/interstitial (IS) application was per-
formed, using a ring template-cap for guidance of 
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plastic needles into the parametria20-22 or by free-
hand transvaginal insertion. Ultrasound guidance 
was used to aid applicator placement in challeng-
ing situations. Vaginal packing was used to fix the 
applicator position. Following the insertion, the 
patients were transported to the MRI or CT scan-
ner. The paradigm of our BT dose prescription and 
treatment planning practice is represented by the 
image guided adaptive BT of cervix cancer and was 
described elsewhere.11-18

Results
Incidence and characteristics of 
perforations

From January 2006 to December 2011, 496 utero-
vaginal applicator insertions were performed in 
253 patients. After exclusion of 34 patients with 
plain radiography based BT, 428 applications in 
219 patients were left for analysis.

Median patient age was 62 years (range 31 to 88), 
126 (57.5%) of them were older than 60 years. The 
most common tumour site was cervix (172 patients; 
78.5%). FIGO stage distribution of the cervix cancer 
patients was as follows: stage I in 21, stage II A or 
B in 69, stage III A or B in 67 and stage IV A in 15 
cases. Thirty nine (17.8%) patients were treated for  
endometrial cancer (FIGO stage distribution: stage 
I in 14, stage II in 3, stage III in 4 and stage IV in 1 
case; in 17 cases FIGO stage had not been defined). 
Four patients (1.8%) were treated for vaginal carci-
noma, two (0.9%) for recurrent ovarian cancer with 
palliative intent and two (0.9%) for atypical endo-
metrial hyperplasia. 

One hundred and nineteen out of 219 patients 
(54.3 %) underwent 2 BT insertion procedures. The 
maximum number of insertions was 3 in 48 (21.9 %) 
patients. Tandem – ring applicator was used in 329 
(76.9%), tandem – ovoids applicator in 25 (5.8%) 
and Heyman capsules in 74 (17.3%) applications.

Uterine perforation was identified in 13 (3.0%) 
applications in 10 (4.6%) patients. Median age of 
patients, presenting with perforation, was 74 years 
(range 51–83 years). All patients with perforation, 
except two, were older than 60 years. Seven (70%) 
patients were treated for cervical cancer, two (20%) 
for endometrial and one (10%) for ovarian cancer. 
Five patients were treated with palliative intent. 
Posterior uterine wall was the most common site 
of perforation with 9 (70%) cases, followed by the 
anterior wall and fundus with 2 (15%) cases each 
(Figure 1). In most cases, one or more of the char-
acteristics, previously described as the predispos-
ing factors to uterine perforation (necrotic cervi-
cal tumour, cervical polyp, submucosal myoma, 
stenosis or distortions of cervical canal, especially 
due to prior conization, retroflexed or extremely 
anteflexed uterus) was found.1–4,6 The most com-
monly identified risk factor was age over 60 years 
in 8 (80%), followed by necrosis and distortion of 
cervical canal in 4 (40%) cases. Table 1 summarizes 
the frequency of these characteristics in individual 
patients, presenting with uterine perforation.

Management and impact on the 
treatment course

In all cases where a perforation was identified 
on post-insertion imaging, the applicator was re-

FIGURE 1. The sites of the uterine perforations. White arrows point at a perforation of posterior uterine wall (A), uterine fundus (B) and anterior uterine 
wall (C) by an IU applicator (tandem or Heyman capsule).

A B C



Radiol Oncol 2013; 47(2): 154-160.

Segedin B et al. /Uterine perforation after 3-D image guided gynaecological brachytherapy 157

moved and the patient treated conservatively. 
General condition, blood pressure and blood 
count were monitored for a minimum of 24 hours. 
Prophylactic antibiotics, in most cases dual proph-
ylaxis with ciprofloxacin and metronidazol, were 
administered in 8 (62%) patients. Three (20%) pa-
tients received blood transfusion due to a drop 
in haemoglobin level (median 22g/L (15–26)). 
All patients with uterine perforation that were 
treated with definitive irradiation with curative 
intent, completed their treatment as planned. In 
4 (40%) patients, transabdominal and/or transrec-
tal ultrasound guidance was used in subsequent 
application(s) and in three (30%), the subsequent 
application(s) were performed by a gynaecologic 
oncologist. At subsequent application, re-perfora-
tion occurred in three patients (without the use of 
ultrasound guidance) and was followed by a suc-
cessful reposition of the applicator to an appropri-
ate position under same anaesthesia in one patient. 
No other major intraoperative complications oc-
curred in our series. The incidence of vaginal lac-
erations was not systematically recorded.

At the time of the last follow up there were no 
signs of intraperitoneal tumour-cell seeding in any 
of the patients in whom uterine perforation oc-
curred.

Discussion

Age over 60 years, anatomical distortion of the cer-
vix, cervical stenosis, especially due to prior cone 
biopsy and variations of the physiological position 
of the uterus have already been reported as risk 
factors for uterine perforation in the literature.1-4,6 
In our group of patients, age over 60 was the most 
common identified risk factor; most of the patients 
had at least one additional risk factor.

Corn et al. analysed whether the technical quali-
ties of a BT application have an impact on the out-
come of patients with locally advanced cervix can-
cer treated by definitive irradiation.10 The analysis 
was restricted to patients having only one intra-
cavitary application to avoid potential interference 
effect of subsequent implants, which could com-
pensate the presumed negative impact of a tech-
nically suboptimal first application. Plain radio-
graphs of 66 patients were reviewed by a radiation 
physicist and a radiation oncologist with expertise 
in gynaecologic radiotherapy. On the basis of as-
sessment of four parameters, the applications were 
scored as »ideal«, »unacceptable« or »adequate«. 
Significantly improved 5-year local control was 

seen when comparing ideal and adequate place-
ment to unacceptable placement (68% vs. 34%, p = 
0.02). A strong trend toward improved 5-year sur-
vival was also noted among the group with ideal 
and adequate placement as opposed to unaccepta-
ble placement (61% vs. 42%, p = 0.13). This study 
demonstrates direct influence of competent techni-
cal implant performance on local tumour control 
and even on survival.

Insertion of the intrauterine tandem or Heyman 
capsules at the time of IC BT procedure has tra-
ditionally been performed by relying only on the 
experience of the operating physician, the clinical 
assessment of the insertion adequacy and the post-
operative 2D imaging – plain radiography. Specific 
radiological criteria, based on assessment of two 
orthogonal pelvic radiographs with the applicator 
in place were proposed to identify cases at risk of a 
misplaced applicator.7 However, notwithstanding 
the importance of clinical evaluation and the ex-
perience accumulated with conventional radiogra-
phy-based techniques, this approach has some in-
herent limitations. Conventional radiography can 
only show the applicator position relative to the 
bony structures, not to the adjacent organs, even the 
uterus itself. Consequently, it can be expected that 
the techniques that employ only the clinical evalu-
ation and plain radiography may underestimate 
the incidence of uterine perforations. Accordingly, 
the published results on the use of postoperative 
plain radiography show that even in case where 
tandem position is considered ideal according to 
2D radiological criteria, 3D imaging reveals uter-
ine perforation in approximately 3–10%.23,24 Recent 
review of medical records of the patients treated at 
our department from 2001 to 2005 with IC +/- IS BT 
for gynaecological tumours revealed only 1 clini-
cally suspicious perforation (unpublished results). 
We can assume that this underestimates the true 
incidence of uterine perforations at our depart-
ment during that period when only conventional 
2-D radiography was used for BT planning. 

Over past decades a variety of techniques have 
been described to determine the position of the 
tandem and to identify uterine perforation. Pelvic 
pneumography was proposed, but was soon aban-
doned, because it was technically too demanding.25 
Hysterography with contrast application through 
a modified tandem was proposed, but fell out of 
favour due to the potential risk of dissemination 
of tumour cells into the pelvic cavity.26 Matsuyama 
et al. proposed attachment of surgical haemostatic 
clips in the uterine serosa during laparotomy in or-
der to visualise the outer contour of the uterus on 
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plain radiographs.5 The need for surgery and also 
the possibility to underestimate the incidence of 
uterine perforation led to the abandonment of the 
technique.4 Laparoscopic evaluation is also used, 
but it is now reserved only for rare cases in which 
3D imaging techniques are not suitable or do not 
give enough information about tandem position.7

3D imaging techniques are superior to the above 
listed approaches, because they allow for a direct, 
non-invasive and unequivocal visual assessment 
of the tandem position and identification of even-
tual uterine perforation. They allow for an excel-
lent visualization of the tandem and surrounding 
structures and also the relationship of the tandem 
to these structures. These imaging techniques are 
performed post-insertion with the main purpose of 
3D optimization of the dose distribution. Detection 
of the uterine perforation by using CT or MRI re-
quires removal of the tandem and another attempt 
of insertion, which consequently delays the treat-
ment and requires anaesthesia. If the procedure is 
conducted in spinal anaesthesia, it is in some cases 
possible to correct the position of the tandem in the 
same anaesthesia session. Repeated imaging (CT/
MRI) is required for verification of applicator posi-
tion and treatment planning, delaying the proce-
dure and increasing the cost.

Recently, 3D image guided BT has been imple-
mented at a growing number of institutions world-
wide, tailoring the dose distribution individually, 
according to the patient’s patho-anatomical situ-
ation. Favourable reports on dosimetric outcome 
of the 3D techniques are reflected in encouraging 
clinical results.13,27-32 However, to our knowledge, 
the value of 3D imaging in identifying the cases of 
uterine perforations in BT has not been addressed 
so far. Uterine perforation was found in 13 (3.0%) 

applications in our series. By using 3D imaging, 
these cases were identified immediately following 
applicator insertion, allowing taking appropriate 
medical measures on time. In this way, the risk of 
potentially serious sequels of the perforation could 
be avoided in all patients and curative treatment 
could be completed as planned.

Ultrasound allows for a good visualization of 
the intrauterine applicator, uterus and urinary 
bladder, and can, consequently, demonstrate uter-
ine or urinary bladder perforation. Importantly, 
ultrasound can be performed either postoperative-
ly or intraoperatively as on-line guidance of the 
insertion.4,33-35 Granai et al. reported on the use of 
postoperative ultrasound in 50 consecutive appli-
cations (28 patients). In 17 applications (34%), the 
tandem was found to be suboptimally positioned. 
In 12 (24%) applications, it penetrated the myome-
trium and in 5 (10%) cases it frankly perforated 
the uterine wall. In all cases where postoperative 
ultrasound identified the applicator malposition, 
clinical and radiographic assessment indicated ac-
curate placement. In a report on the use of intraop-
erative ultrasound in 73 consecutive applications, 
ultrasound allowed direct visualization of the 
procedure and accurate tandem positioning in 72 
cases.4 Consistent with findings of other authors, 
intraoperative transabdominal ultrasound was 
identified as a useful adjunct at the time of IC BT, 
allowing to complete the planned treatment even 
in difficult cases.35,36 According to Davidson et al., 
the use of transabdominal US influenced the length 
and angle of IU tandem chosen in 49% of patients.24 
They also report on shortening of the applicator in-
sertion time and fewer requests for assistance of a 
gynaecologist at the procedure. Fleischer et al. re-
ported on use of transrectal sonography (TRUS) at 

TABLE 1. Presence of the known risk factors in individual patients and tumours in which uterine perforation occurred 

Risk factor Patient presenting with uterine perforation

1 2 3 4 5 6 7 8 9 10

Age > 60 y • • • • • • • •

Necrosis • • • •

Cervical polyp •

Myoma • •

Distorted CC • • • • •

RF uterus • • •

Conization •

y = years; CC = cervical canal; RF = retroflected



Radiol Oncol 2013; 47(2): 154-160.

Segedin B et al. /Uterine perforation after 3-D image guided gynaecological brachytherapy 159

the time of IC BT and also for some other gynaeco-
logical procedures.37 They found transrectal ultra-
sound to be useful in providing guidance for these 
procedures and at the same time helpful in avoid-
ing uterine perforation and urinary bladder injury. 
Sharma et al. published a series of 40 gynecological 
BT procedures performed with TRUS guidance.38 
In all cases, adequate position of IU tandem was 
achieved, while the procedure time was not pro-
longed with the use of TRUS. In our experience, 
the use of intraoperative US provides immediate 
feedback information and enables a guided appli-
cation. At our department, intraoperative, mainly 
transrectal ultrasound guidance of insertion is 
used in challenging cases. In the present study, 
transabdominal and/or transrectal ultrasound was 
used in 4 (31%) patients with prior uterine perfora-
tion, and enabled successful insertion in all cases. 
Importantly, corrective measures can be made im-
mediately and therefore there is no need for an 
additional anaesthesia. Moreover, ultrasound is 
widely available, feasible and associated with low 
costs compared to other imaging modalities.

Conclusions

3D imaging techniques, used for BT planning, 
not only allow for the treatment optimisation, but 
also enable accurate identification of uterine per-
forations, preventing potential acute and chronic 
complications, including treatment failure due to 
underdosage of the tumour and overdosage of the 
organs at risk. Transrectal or transabdominal in-
traoperative ultrasound guidance is a very useful 
tool at the time of IC BT and generally allows for 
an appropriate positioning of the applicator, even 
in difficult cases. Special care is warranted when 
performing BT applications in elderly patients in 
the presence of known predisposing factors for 
uterine perforation. In such cases, as well as in pa-
tients with prior perforation, US guidance is rec-
ommended.
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Background. Tandem autologous hematopoietic stem cell transplantation (ta-HSCT) is a standard treatment for 
multiple myeloma (MM). Patients receive a high-dose cyclophosphamide (CY), followed by two myeloablative cycles 
of melphalan (MEL). There are scarce data about long term cardiotoxicity. 
Patients and methods. We studied 12 patients (62.25 ± 8.55 years) six years after the completion of MM treatment 
with ta-HCST. Late cardiotoxic effects were evaluated clinically and echocardiographically. 
Results. None of the patients developed clinical signs of heart failure, all were in sinus rhythm and NT-pro BNP con-
centration was elevated (778 ± 902.76 pg/mL). The left ventricular (LV) size remained normal. The LV ejection fraction 
did not decrease (73.75 ± 5.67%, 69.27 ± 6.13%, p = NS). The LV diastolic function parameters (E, A, ratio E/A and A/a) 
did not change significantly. In tissue Doppler parameters we observed a nonsignificant decrease in Em (10.26 ± 2.63 
cm/s, 7.57 ± 1.43 cm/s) and Sm velocities (8.7 ± 0.87 cm/s, 7.14 ± 1.17 cm/s, p = NS). The E/Em values were in an abnormal 
range (8.66 ± 1.05, 10.55 ± 2.03). 
Conclusions. The treatment of MM with ta-HSCT, during which patients receive a high dose CY followed by two 
myeloablative cycles of MEL, causes mild, chronic, partially reversible and clinically silent cardiotoxic side-effects. 
However, ta-HSCT in patients with MM is a safe regarding cardiotoxic side effects, but, because of increasing life 
expectancy needs long term attention.

Key words: cardiotoxicity; cyclophosphamide; melphalan; echocardiography

Introduction

Autologous hematopoietic stem cell transplanta-
tion (HSCT) is one of the most efficient therapies 
for patients with multiple myeloma (MM).1 The in-
tensification of the treatment with double autolo-
gous HSCT very likely results in increased survival 
rates for MM patients.2,3 In the era of novel agents, 
upfront tandem autologous hematopoietic stem 
cell transplantation (ta-HSCT) may not be as strong 
a treatment modality as some years ago.4 However, 

the procedure remains a powerful tool against the 
disease and if not performed upfront, it represents 
a reliable treatment option at the time of disease 
relapses.    

Because our study started in the era before novel 
agents were available, included patients received 
vincristine, epirubicin, dexamethasone (VED) in-
duction chemotherapy, followed by cyclophospha-
mide with granulocyte colonies stimulating factor 
(G-CSF) as part of the stem cell mobilization and 
collection regimen and  first myeloablative cycle 
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of melphalan (200 mg/m2). Patients who did not 
respond completely underwent a second ta-HSCT 
with the same dosage of melphalan within the next 
few months. They, thus, received a high dose cy-
clophosphamide and two myeloablative dosages 
of melphalan during a short period of time. Both 
chemotherapeutic agents may exert cardiotoxic 
side effects.5 Namely, neurohormonal activation of 
heart failure was observed during the treatment. 
Doppler echocardiography studies revealed the 
worsening of the left ventricular diastolic function 
and the occurrence of functional mitral regurgita-
tion. We have found no reports on chronic cardio-
toxic effects of cyclophosphamide and melphalan 
administered as a part of the treatment with ta-
HSCT.

Cyclophosphamide doses greater than 1.5 g/m2 
may be associated with the acute cardiotoxic risk.6 
Cardiac toxicity is manifested as acute-onset heart 
failure and/or myocarditis occurring within 1 to 
10 days after the administration of the first dose 
of cyclophosphamide. Echocardiography revealed 
reversible reduction in the left ventricular ejection 
fraction.7

Cardiac toxicity of melphalan may manifests 
itself as paroxysmal artial fibrillation.8 The use of 
melphalan in combination with purine analogue 
fludarabine has been reported to produce acute-
onset left heart failure, even in individuals with no 
history of prior heart disease.9 Prospective studies 
conducted to date have not confirmed long-term 
cardiotoxic effects of melphalan, yet cardiotoxic 
side effects of the drug cannot be ruled out com-
pletely. 

In the former echocardiographic study of acute, 
subacute and early chronic cardiotoxic side effects 
of cyclophospamide and melphalan in the treat-
ment MM with ta-HSCT, we confirmed a diastolic 
left ventricular dysfunction and the increase inci-
dence of mitral regurgitation.5

Therefore, this study was undertaken to evalu-
ate possible late cardiotoxic effects of the afore-
mentioned drugs and prospectively investigate the 
cardiac function and indicators of heart failure in 
individuals six years after the treatment with ta-
HSCT.

Patients and Methods
Patients

We studied 12 surviving patients (out of 30 pa-
tients initially treated) six years after successful 
autologous HSCT because of MM: 7 men and 5 

women, aged 53 to 75 (62.25 ± 8.55). None of them 
had at presentation, nor later on in the course of 
the disease, the extramedullary form of MM in-
volving the chest, cervical or thoracic spine that 
would require the treatment by irradiation of the 
thoracic cavity. 

Study design

During the year 2005, thirty patients with MM un-
derwent ta-HSCT. The trial started four weeks af-
ter the completion of the last out of three cycles of 
VAD chemotherapy, i.e. prior to the administration 
of cyclophosphamide at a dose of 4 g/m2 as a part of 
the stem cell mobilization/collection regimen. Prior 
to the initiation of cyclophosphamide therapy, 
physical examination and baseline echocardiogra-
phy (phase 0) were carried out. Two months after 
the cyclophosphamide therapy, the administration 
of the first myeloablative cycle of melphalan (200 
mg/m2) was administered. Four months after the 
administration of the first cycle of melphalan, the 
patients received the second myeloablative cycle of 
melphalan (200 mg/m2) as a part of the ta-HSCT. 
Three months after the patients had received the 
second cycle of melphalan, we made the final as-
sessment of cardiac toxicity of cyclophosphamide 
and two successive myeloablative dosages of mel-
phalan, based on the last physical examination and 
echocardiography (phase 1). In the year 2007, two 
years after the completion of autologous HSCT, the 
echocardiographic study was repeated (phase 2) 
and in the year 2011, six years after double autolo-
gous HSCT, we finished the trial with the fourth 
echocardiographic follow up (phase 3). At each 
step of the study we examined the patients regard-
ing clinical signs and symptoms of heart failure 
and performed ECG. N-terminal prohormone of 
brain natriuretic peptide (NT-proBNP) serum con-
centrations were measured at the very end of the 
study.

Echocardiography

Each patient was evaluated at each phase with 
two-dimensional, conventional Doppler and tis-
sue Doppler echocardiographic studies. All exami-
nations at all times were carried out by the same 
examiner. We determined left ventricular end-di-
astolic (LV EDD), left ventricular systolic diameter 
(LV ESD), calculated the left ventricular ejection 
fraction (LV EF), and assessed the left atrial trans-
versal and longitudinal diameters. The systolic 
function of the left ventricle was assessed also by 
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the velocity time integral of the left outflow tract 
(VTI). The left ventricular diastolic function was 
assessed by measuring diastolic mitral inflow ve-
locities (E and A-wave), pulmonary vein systolic 
(s-wave), diastolic (d-wave) and atrial reversal (a-
wave) velocities. The E/A velocities index and A/a 
duration ratio were calculated as markers of the di-
astolic left ventricular function. In addition, tissue 
Doppler echocardiography of the mitral annulus 
was used for assessing the left ventricular systolic 
and diastolic function. Mitral annulus systolic (Sm) 
and early mitral annulus diastolic tissue velocity 
(Em) were measured. The E/Em index was calculat-
ed as a marker of increased left atrial pressure. We 
used the mean value of three consecutive measure-
ments for each of the parameters examined. Each 
examination included the evaluation for potential 
mitral regurgitation and pericardial effusion.

Statistical analysis

All analysed variables are distributed normally 
and are presented as the mean ± standard devia-
tion. The associations between NT-proBNP serum 
concentration and individual echocardiographic 
parameters were evaluated by calculating Pearson 
correlation coefficients. Repeated measures gener-
al linear model (GLM) with Bonferroni’s multiple 
comparisons test was used to assess the possible 
significance of changes in each echocardiographic 
parameter in successive time points. A p value of 
0.05 or less was considered statistically significant. 
Statistical analyses were performed with the SPSS 
software package (version 13.0).

Results
Patient data

The study included 12 surviving patients with MM 
(7 men and 5 women) after successful double au-
tologous HSCT. Eighteen out of 30 patients initially 
included in the study died because of MM progres-
sion during the period of six years. None of them 
complained of heart failure symptoms, nor did 
they manifest signs of it during the period men-
tioned. 

All 12 enrolled surviving patients had normal 
baseline cardiovascular status. None of them de-
veloped clinically overt heart failure at any point in 
the study and electrocardiographic recordings dis-
closed no dynamic changes or rhythm abnormali-
ties. In phase 3, the average value of NT-proBNP 
was 778 ± 902.76 pg/mL (range 124 - 2724 pg/mL).

Echocardiography

The echocardiographic parameters are indicated in 
Table 1.10, 11 The left ventricular and atrial size did 
not increase significantly in any phase of the study 
and remained within normal limits. Standard pa-
rameters for the left ventricular systolic function 
and LVEF did not decrease. The VTI decreased 
significantly between phases 0 and 2 (p = 0.04) but 
it recovered as late as six years after the treatment 
with double autologous HSCT. However, the val-
ues were within normal. The Sm, a very sensitive tis-
sue Doppler parameter, mildly decreased through-
out the study and finally the values dropped under 
the lowest reference values. 

The standard parameters identifying the diastol-
ic left ventricular function by mitral flow velocities 
(E, A, E/A, A duration) did not change significantly 
during the six years of observation. Nevertheless, 
the E/A ratio reached the criteria of the abnormal 
relaxation in phases 1 and 2 and was restored in the 
phase 3. The duration of a wave in pulmonary vein 
flow decreased from phase 1 to 2 significantly (p = 
0.04). The ratio A/a improved from phase 1 to 2 sig-
nificantly (p = 0.001). No statistical differences re-
garding the baseline values could be found in other 
pulmonary vein parameters. In tissue Doppler pa-
rameters we observed a mild progressive decrease 
of Em velocities without statistical significance. The 
E/Em values were in an abnormal range for this age 
group from the phase 1 on. The E/Em ratio showed 
the gradual increase during all phases with statisti-
cal significance (p=0.01) and was in an abnormal 
range from phase 1 on. The only positive correla-
tion was found between serum NT-proBNP con-
centration and E/Em (p = 0.009).

The frequency of mitral regurgitation and peri-
cardial effusion did not reach statistically signifi-
cant difference between the baseline study and 
phase 2 or 3. 

There were no statistically significant differenc-
es between results of the baseline study (phase 0) 
and the results of the long term study in any of the 
observed parameters.

Discussion

Ta-HSCT is an efficient and frequently used treat-
ment modality regimen for patients with MM. 
Patients treated with ta-HSCT develop immediate 
but transient, mostly reversible and clinically non-
overt neurohormonal activation of heart failure in 
each phase of their treatment. Early post-treatment 
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abnormalities including diastolic dysfunction with 
abnormal left ventricular relaxation, elevated left 
atrial pressure and functional mitral regurgitation 
are detected echocardiographicaly.12 Very little 
is known about eventual chronic cardiac toxicity 
of this treatment regimen, which includes cyclo-
phosphamide and a high dose melphalan as part 
of stem cell mobilisation and collection, followed 
by two autologous HSCT. There are no long term 
trials on cardiotoxicity in this treatment modality. 

In this long term study, we followed up 12 sur-
vivors out of 30 treated MM patients with ta-HSCT. 
The rest, 18 out of 30 patients initially included, 
died of MM progression and did not suffer from 
symptoms of heart failure at any time. In the 12 
currently alive MM patients, the clinical examina-
tion did not reveal any signs of heart failure. 

ECG did not show any rhythm disturbances. 
They were all in sinus rhythm. The left atrial and 
ventricular size and left ventricular ejection frac-
tion did not show any significant changes in a pe-
riod of six years after the completion of therapy 
and all parameters were in the range of normal 

values. This result is as expected, because these 
are rather nonsensitive parameters of cardiotoxic-
ity. The VTI, Doppler echocardiographic marker of 
systolic left ventricular function, was in the range 
of normal values as well, although it showed a 
mild decrease for the period of the follow-up but 
recovered to baseline values within six years. The 
tissue Doppler parameters are more sensitive and 
we noticed a gradual decrease in Sm; the values did 
not reach normal range even after the completion 
of the therapy. The Sm decrease was not statistically 
significant, probably because of the small number 
of patients. Therefore, we can conclude that there 
are some indices for a mild systolic dysfunction at 
long term follow-up. We suggest that stress echo-
cardiography may be helpful in solving this ques-
tion. 

Diastolic dysfunction parameters are much 
more reliable and sensitive markers of cardiotoxic-
ity than parameters of the left ventricular systolic 
function, as has been proven for acute cardiotoxic-
ity in many Doppler echocardiographic studies.12-14 
The E/A ratio reached the criteria of the abnormal 

TABLE1. Echocardiographic characteristics

Phase 0 Phase 1 Phase 2 Phase 3 Signif phase
1:2 p

Signif phase
1:3 p

Signf phase
0:2 p

Signif phase
0:3 p

LV EDD (cm) 4.69±0.4 4.45±0.63 4.63±0.38 4.65±0.85 NS NS NS NS

LV ESD (cm) 2.65±0.3 2.7±0.35 2.6±0.31 2.87±0.56 NS NS NS NS

LA tr (cm) 4.06±0.54 3.85±0.53 3.93±0.45 4.08±0.92 NS NS NS NS

LA long (cm) 4.4±0.43 4.42±0.47 4.34±0.75 4.67±0.79 NS NS NS NS

LV EF (%) 73.75±5.67 68.66±9.3 75±4.41 69.27±6.13 NS NS NS NS

VTI (cm) 25.45±4.09 21.35±3 22.66±3.47 24.28±2.51 NS 0.05 0.04 NS

E (m/s) 0.86±0.16 0.76±0.16 0.74±0.18 0.79±0.13 NS NS 0.02 NS

A (m/s) 0.88±0.16 0.89±0.16 0.82±0.21 0.82±0.2 0.05 NS NS NS

E/A 1.03±0.34 0.88±0.26 0.97±0.43 1.05±0.42 NS NS NS NS

A/a 1.3±0.28 0.98±0.22 1.34±0.3 1.28±0.25 0.001 NS NS NS

s (m/s) 0.72±0.14 0.67±0.09 0.65±0.15 0.61±0.11 NS NS NS NS

d (m/s) 0.55±0.16 0.48±0.13 0.47±0.12 0.51±0.18 NS NS NS NS

s/d 1.38±0.45 1.5±0.45 1.44±0.43 1.34±0.55 NS NS NS NS

Sm (cm/s) 8.7±0.87 8.1±2.68 7.77±0.97 7.14±1.17 NS NS NS NS

Em (cm/s) 10.26±2.63 7.78±1.44 7.68±1.58 7.57±1.43 NS NS NS NS

E/Em 8.66±1.05 10.43±1.69 9.69±1.79 10.55±2.03 NS 0.01 NS NS

PE (N) 1 2 2 3 NS NS NS NS

MR (N) 4 6 1 3 NS NS NS NS

LV EDD = left ventricular end diastolic volume; LV ESD = left ventricular end systolic volume; LA tr = transverse diameter of the left atrium; LA long = longitudinal diameter of the 
left atrium; LV EF = left ventricular ejection fraction; E = mitral early diastolic flow velocity; A = mitral A-wave velocity; E/A = ratio in mitral diastolic flow; A/a = ratio between the 
duration of mitral A-wave and duration of a-wave in pulmonary venous flow; s/d = ratio between systolic and diastolic pulmonary venous flow; Sm = mitral annulus systolic tissue 
velocity; Em = early mitral annulus diastolic tissue velocity; E/Em = ratio between mitral early diastolic flow velocity (E) and early mitral annulus diastolic tissue velocity (Em ); Phase 
0 = at baseline; Phase 1 = three months after the patients had received the second dosage of melphalan; Phase 2 = two years after successful double autologous HSCT; Phase 
3 = six years after double autologous HSCT; Normal values10,11; PE = pericardial effusion; MR = mitral regurgitation 
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relaxation after the treatment and we noticed its 
recovery to the normal ratio not earlier than at the 
six-year follow-up. The changes in duration of the 
transmitral A wave and the pulmonary a wave also 
showed a pattern significant for the elevated left 
atrial pressure, especially the A/a ratio. Despite 
that, the A/a ratio normalized as early as two years 
after the completion of the therapy. At the end of 
the follow-up there were no significant differences 
in Doppler echocardiographic diastolic function 
markers between the baseline study and the fi-
nal study. So the conventional echocardiographic 
methods exclude late complications of cardiotoxic 
therapy with a high dose cyclophosphamide and 
melfalan in the context of ta-HSCT. In recent years, 
tissue Doppler echocardiography has been used 
with the aim to identify acute and chronic sub-
clinical alterations of the left ventricular function 
in patients treated by antracyclines, while we have 
very little experience with tissue Doppler echocar-
diography in patients treated by other chemother-
apeutic agents.15 In our group of patients, we no-
ticed abnormal Em velocities from the completion 
of therapy on and further on the values reached 
neither normal nor baseline levels at the end of the 
study. We believe that the decrease of Em velocities 
did not reach statistical significance because of the 
small number of patients. The E/Em ratio, a marker 
of elevated filling pressure of the left ventricle, was 
increasing throughout the follow-up and at the end 
of the study exceeded the value immediately after 
the completion of the therapy; it was in the abnor-
mal range.11 This result is suggestive of the elevated 
filling pressures late after the therapy. Positive cor-
relation in the serum concentration of NT-proBNP 
and E/Em supports this fact. The highest values of 
NT-proBNP were present in two patients with the 
lowest E/Em.

Conclusions

We conclude that the treatment of patients with 
MM with ta-HSCT, in which the patients receive 
a high dose cyclophosphamide and two myeloab-
lative dosages of melphalan, causes mild, chronic, 
partially reversible, but clinically silent cardiotoxic 
side effects. The most reliable parameters were NT-
proBNP and tissue Doppler parameters of diastolic 
function of the left ventricle. To determine this with 
certainty, we need studies with a greater number 
of patients and stress echocardiographic studies. 
Long term studies with a longer period of obser-
vational time would not improve our knowledge 

of long term side effects because of the influence of 
age on Doppler and especially on tissue Doppler 
parameters. 

However, our study shows that ta-HSCT in pa-
tients with MM represents a safe treatment modal-
ity regarding cardiotoxic side effects, but because 
life expectancy in these patients is increasing, 
needs a long term follow up.
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Background. Agents targeting the epidermal growth factor receptor (EGFR) are amongst the most extensively used 
of the targeted agents in the therapy of some of the most common solid tumors. Although they avoid many of the 
classic side effects associated with cytotoxic chemotherapy, they are associated with unpleasant cutaneous toxici-
ties which can affect treatment compliance and impinge on patient quality of life. To date, despite a plethora of 
consensus recommendations, expert opinions and reviews, there is a paucity of evidence-based guidance for the 
management of the skin rash that occurs in the treatment of patients receiving EGFR-targeted therapies. 
Methods. A literature search was conducted as a first step towards investigating not only an evidence-based ap-
proach to the management of skin rash, but also with a view to designing future randomized trials.
Results. The literature search identified seven randomized trials and a meta-analysis was conducted using the data 
from four of these trials involving oral antibiotics. The meta-analysis of the data from these four trials suggests that pro-
phylactic antibiotics might reduce the relative risk of severe rash associated with EGFR-targeted agents by 42–77%. 
Vitamin K cream was also identified as having a potential role in the management EGFR-targeted agent induced 
rash.
Conclusions. This review and meta-analysis clearly identify the need for further randomized studies of the role of oral 
antibiotics in this setting. The results of the ongoing randomized trials of the topical application of vitamin K cream plus 
or minus doxycycline and employing prophylactic versus reactive strategies are eagerly awaited.

Key words: acne-like skin rash; cetuximab; antibiotics; erlotinib; gefitinib; panitumumab; vitamin K

Introduction

Recognition of the importance of the epidermal 
growth factor receptor (EGFR [HER1]) in tumo-
rigenesis and tumor progression1-5 led to the de-
velopment of EGFR-targeted therapies, including 
the monoclonal antibodies (mAbs) cetuximab and 
panitumumab, and the EGFR tyrosine kinase in-
hibitors (TKIs) gefitinib, erlotinib and lapatinib, 

for use in the therapy of a range of solid tumors 
including those of the colon and rectum, head and 
neck, lung, pancreas and breast.6Although, the tox-
icity profiles of EGFR-targeted therapies, across 
the different malignancies, largely exclude many 
of the severe side-effects observed with cytotoxic 
agents (e.g. hematological side-effects and hair 
loss), they are associated with the development of 
cutaneous toxicities.7-12 The earliest and most com-
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mon of these, for both classes of EGFR-targeted 
agents, is a papulopustular skin rash13, although 
the variety of terms used to describe skin rash has 
made direct comparisons of its incidence between 
trials and agents complicated.10 Other well-docu-
mented cutaneous toxicities associated with these 
agents include xerosis, pruritus, and specific hair 
and nail changes (Table 1).8,12,14 An overview of the 
incidence of skin toxicities with different EGFR-
targeted agents, according to their licensed indica-
tions is presented in Table 2. 

Generally, the cutaneous toxicities associated 
with these targeted agents are classified as mild to 
moderate, but if left untreated they can potential-
ly affect both patient quality of life (QoL)15-17 and 
treatment compliance.18,19 They can also predispose 
the skin to bacterial, fungal, or viral infections. 
Also, given the association between the manifesta-
tion of cutaneous toxicities and the clinical efficacy 
of EGFR-targeted treatment approaches,10,20-24 it is 
becoming increasingly clear that therapeutic and 
preventive strategies need to be, and should be, 
adopted in the management of such toxicities to fa-
cilitate treatment continuation whilst maintaining 
maximal patient tolerability and the avoidance of  
treatment delays and interruptions. 

This narrative review will focus on the reactive 
and prophylactic approaches, for the improved 
management of the cutaneous toxicities, specifi-
cally rash, induced by EGFR-targeted agents, in-
vestigated in recent randomized clinical trials. As a 
meta-analysis is a systematic approach to identifi-
cation and abstraction of critical information from 
different randomized25, controlled trials, we also 
made the meta-analysis of the data obtained from 

four of these recent randomized trials investigating 
the use of antibiotics. 

Methods

A search of Medline and of the abstracts on on-
cology meeting databases provided the literature 
sources on which this review is based. This search 
identified four manuscripts, reporting the data 
from four individual randomized trials on the skin 
toxicities caused by EGFR targeted agents that 
could be combined in a meta-analysis of skin toxic-
ity. The primary results from the meta-analysis of 
these four trials will also be reported.

Results
EGFR-targeted agent induced skin 
toxicity
Grading and treatment strategies

To date, the National Cancer Institute Common 
Terminology Criteria for Adverse Events (NCI-
CTCAE) version 3.0 grading scale, published in 
2006, is the scale that has been used most often 
for grading the skin toxicities induced by EGFR-
targeted therapies. However, this scale is not opti-
mal for grading the skin toxicities, and in particu-
lar the papulopustular acneiform rash, induced by 
this class of agent. As a consequence an updated 
version of this grading scale26, and other grading 
systems have been proposed.27,28 In addition, the 
lack of a standardized approach to both the grad-
ing and management of skin reactions induced by 
EGFR-targeted therapies has been identified.29

It is against this background that at least five 
sets of consensus recommendations have been 
published8,9,29-31, together with expert opinions and 
recommendations for the treatment of the skin 
toxicities associated with EGFR-targeted therapies 
in general12,19,26,33,34, and the radiation dermatitis 
seen in patients with locally advanced squamous 
cell carcinoma of the head and neck (SCCHN) 
receiving cetuximab concomitantly with radio-
therapy35, in particular. There have also been sev-
eral reviews.10,11,36-38 Most have detailed strategies 
utilizing the topical application of emollient and 
antibiotic and steroid creams, administration of 
systemic steroids and antibiotics, avoidance of sun 
exposure, and the use of high-protection factor sun 
creams, for the management of skin rash. To date, 
there has been at least one randomized trial of the 
prophylactic use of sunscreen39,40, five randomized 

TABLE 1. Summary of the different forms of cutaneous toxicities 
induced by epidermal growth factor receptor (EGFR)-targeted 
agents8,12,14

Site Description of cutaneous toxicity

Skin Acneiform skin rash
Erythema 
Eczema
Photosensitivity
Fissures, rhagades 
Xerotic skin and pruritus 
Hyperpigmentation and teleangiectasia 

Nails Paronychia
Fissures

Hair Trichomegaly (growth of eyelashes)
Hypertrichosis 
Alopecia

Eyes Conjunctivitis
Blepharitis 
Sicca syndrome, increased lacrimation 
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trials of oral antibiotics (Table 3)16,41-44 , and one of 
the prophylactic use of topical pimecrolimus, an 
immunomodulator45, developed for the treatment 
of inflammatory skin disease. These randomized 
studies were conducted with a view to providing 
a much needed evidence base for the refinement 
of the treatment approaches used in the manage-
ment of the cutaneous toxicities experienced by pa-
tients receiving EGFR-targeted therapies. They are 
discussed in detail below according to individual 
category.

Randomized trials 
Antibiotics and skin rash

Standard tetracycline is commonly used for the 
treatment of acne, and the similarity between acne 
and EGFR-targeted agent-induced skin rash sug-
gested a possible role for tetracycline in the treat-
ment or prevention of the skin rash that occurs fol-
lowing treatment with these agents.41 It was also 
thought that the anti-inflammatory effects of tet-
racycline might provide effective rash palliation. 
Thus, following on from several case/small stud-
ies46-48, there have been five randomized trials of 
the use of standard tetracycline and tetracycline-
class (minocycline and doxycycline) antibiotics 
in the treatment of skin rash in patients receiving 
EGFR-targeted therapies. 

Tetracycline

The first of these was a randomized, placebo-con-
trolled, phase III trial (N03CB), conducted in the 
US by the North Central Cancer Treatment Group 
(NCCTG). In this trial, 61 cancer patients (31 lung, 
16 CRC and 15 other malignancies), starting treat-
ment with an EGFR-targeted agent (cetuximab or 
gefitinib), were randomized to receive either tetra-
cycline (500 mg/bid for 28 days) or placebo.41 The 
primary objective of the study was to compare the 
incidence of rash in patients treated with prophy-
lactic tetracycline versus placebo. Patients were 
evaluated at the end of weeks 4 and 8, for perfor-
mance status, adverse events and rash according to 
NCI-CTCAE version 3.0. In addition, the skin-spe-
cific, health-related QoL questionnaire Skindex-16 
49 was used to measure the effects on patient QoL. 

The incidence of rash was found to be compa-
rable across the two arms. Sixteen (70%) patients 
treated with tetracycline and 22 (76%) patients 
treated with placebo developed physician-report-
ed rash (p = 0.61), during the first 4 weeks. During 
the subsequent 4 weeks, when patients were no 
longer receiving either tetracycline or placebo, 
physician-reported rash was recorded for 13 tetra-
cycline-treated patients (87%) and 16 placebo-treat-
ed patients (84%) (p = 0.84). There were however, 
some indications that tetracycline might have had 

TABLE 2. Incidences of skin toxicity with EGFR-targeted agents in different licensed indications8,63-67

Drug Indication Skin toxicities, %

All grades Grade 3/4

EGFR-specific monoclonal antibodies

Cetuximab Metastatic KRAS wild-type CRC
Monotherapy (after failure of 5-fluorouracil, oxaliplatin,  
irinotecan or intolerance of irinotecan)
Plus irinotecan chemotherapy
Combination with irinotecan-containing chemotherapy 
Combination with oxaliplatin-containing chemotherapy 
SCCHN
Combination with radiotherapy
Combination with chemotherapy

90a

88a

NR
NR

87a

NR

8a

14a

16.4
11

17a

9
Panitumumab Metastatic KRAS wild-type CRC

Monotherapy (after failure of fluoropyrimidine-, oxaliplatin- and irinotecan regimen) 
Combination with oxaliplatin-containing chemotherapy 
Combination with irinotecan-containing chemotherapy 

90
22a

96
NR

16
1a

36
37

EGFR small molecule tyrosine kinase inhibitors

Erlotinib
Erlotinib

Gefitinib

Metastatic pancreatic cancer first-line in combination with gemcitabine
Metastatic NSCLC – monotherapy (after failure of at least one prior chemotherapy 
regimen)
Metastatic NSCLC – monotherapy (for continued treatment after failure of prior 
chemotherapy regimen) 

69a

65

47a

5a

16

2a

aRash only
EGFR = epidermal growth factor receptor; mCRC = metastatic colorectal cancer; NR = not reported; NSCLC = non-small cell lung cancer; SCCHN = squamous cell carcinoma 
of the head and neck
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an effect on rash severity. By week 4, physician-
reported grade 2 rash was recorded for 4 (17%) 
tetracycline-treated patients compared with 16 
(55%) placebo-treated patients (p = 0.04) (Table 3). 
By week 8, physician-reported rash was reported 
in 27% and 47% of tetracycline- and placebo-
treated patients (p = 0.5), respectively. Results for 
patient-reported rash also suggested slightly better 
outcomes for those patients receiving tetracycline. 
In addition, patients treated with tetracycline also 
reported less itching, burning, stinging and skin ir-
ritation than patients treated with placebo.

The results of this study suggested therefore 
that the prophylactic use of oral tetracycline might 
be beneficial41, despite the fact that the primary 
endpoint of the trial was not achieved. As a con-
sequence the authors concluded that because of 
the preliminary benefits observed and the general 
acceptance of tetracycline for the treatment of skin 
rashes, there should be no objection to its prescrip-
tion to reduce the severity of the rash associated 
with EGFR-targeted agents. Unfortunately, how-
ever, the confirmatory NCCTG supplementary 
randomized N03CB trial conducted in 65 patients 
(33 in the tetracycline arm and 32 in the placebo 
arm) of whom >50% had metastatic colorectal can-
cer (mCRC) and >60% received cetuximab, failed to 
demonstrate any benefit conferred by tetracycline 
in terms of either the incidence or severity of rash 
in patients receiving therapy with EGFR-targeted 
agents.42 

Tetracycline-class antibiotics
Minocycline 

However, an earlier randomized trial of the broad-
spectrum tetracycline antibiotic minocycline, in 48 
patients with mCRC, showed that patients receiv-
ing prophylactic oral minocycline, on the same day 
as initiation of therapy with the EGFR-targeted 
mAb cetuximab, had a lower mean facial lesion 
count than those receiving placebo (Table 3).43 

In this trial, the time course of the development 
of cetuximab-induced rash was comparable with 
that reported for previous studies,12,13 with rash 
developing rapidly following the start of thera-
py, peaking weeks 2–4, and becoming less severe 
as treatment continued. Clinical assessments in-
cluded questionnaires and skin examinations at 
the end of weeks 1, 2, 4 and 8. In addition, photo-
graphic images of the face were reviewed by two 
independent dermatologists who were blind to the 
treatment arms. Total facial lesion counts were sig-
nificantly lower in patients receiving minocycline 
weeks 1–4. Also, a lower proportion of patients in 

the minocycline arm reported moderate–severe 
itch than in the placebo arm (20% versus 50%, p = 
0.05). A review of the severity of facial rash showed 
4 patients (20%) with severe rash in the minocy-
cline arm compared with 8 patients (42%) in the 
placebo arm (p = 0.13). The difference in the num-
ber of facial lesions and subjectively assessed itch 
had reduced by week 8. Prophylactic minocycline 
was therefore considered to be effective at reduc-
ing the severity of rash occurring during the first 4 
weeks of treatment with cetuximab, but could not 
be recommended for use beyond 8 weeks. 

Doxycycline

The randomized phase II trial ‘Skin Toxicity 
Evaluation Protocol with Panitumumab’ (the 
STEPP study) was the first to investigate the pre-
emptive (prophylactic) versus reactive use of skin 
treatment strategies which included the use of 
moisturizers, sunscreen, topical steroids and oral 
doxycyline (100 mg/bid), a semi-synthetic tetracy-
cline. Patients with mCRC (n = 95) being treated 
with the EGFR-targeted agent panitumumab and 
randomly assigned 1:1 to one or other treatment 
strategy, showed grade >2 skin toxicity to be re-
duced from 62% in the reactive patient group to 
29% in the prophylactic patient group during the 
6-week skin treatment period (odds ratio 0.3, 95% 
confidence interval [CI] 0.1–0.6).16 In addition, 
grade 2 and 3 skin toxicities of interest were report-
ed in 23% and 40% of patients, and 6% and 21% 
of patients, for the prophylactic and reactive treat-
ment arms, respectively. Furthermore, patients 
in the prophylactic treatment group reported im-
proved QoL, between weeks 2 and 3 in particular, 
which was the median time to development of the 
first grade >2 skin toxicity in the reactive treatment 
group.50 The results of this study clearly support 
the prophylactic use of antibiotics in the manage-
ment of EGFR-targeted agent-induced skin toxic-
ity.

In another large randomized trial (CYTAR) in-
vestigating the prophylactic use of doxycycline 
versus placebo in 147 NSCLC patients being treat-
ed with the TKI erlotinib, those patients receiving 
doxycycline showed a marked reduction in the 
severity of Grade ≥2 erlotinib-induced folliculitis 
from 82% to 39% (Table  3).44 Patients were ran-
domly assigned to erlotinib with or without doxy-
cycline (100 mg/day). Serial photographs were tak-
en for blind review. The primary objective of the 
study was to assess the efficacy of doxycycline in 
reducing the incidence of erlotinib-induced follicu-
litis during the first 4 months of treatment and the 
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secondary objective to assess the impact of doxycy-
cline on rash severity. The incidence of folliculitis 
was 71% in patients pretreated with doxycycline 
and 82% in those who were not pretreated (p = 
0.117). This difference approached significance (p 
= 0.055) when those patients who did not actually 
take doxycycline were excluded from the analysis 
of the doxycyline arm. Doxycyline was shown to 
significantly reduce the severity of all erlotinib-
induced folliculitis (p =<0.001), and the severity of 
other treatment-induced cutaneous AEs. The trial 
results also indicated that QoL was significantly 
less impaired in the doxycycline arm compared 
with the placebo arm at day 14 (p = 0.04).

Thus, overall, a significant reduction in the sever-
ity of skin rash was noticed in three16,41,44 out of the 
four randomized studies16,41,2,44 using NCI-CTCAE 
version 3.0 criteria for the evaluation. The greatest 
effect of the use of oral antibiotics probably occurs 
during the first 6–8 weeks of treatment, and the best 

data at this time would appear to derive from the 
two studies using doxycycline.16,44 Certainly, the 
CYTAR trial is the largest randomized trial to date 
to investigate the prophylactic use of a drug against 
EGFR-targeted agent-induced skin rash, and while 
the overall incidence of skin rash was not reduced, 
patients receiving doxycycline showed a signifi-
cant reduction in the severity of their erlotinib-in-
duced folliculitis and significantly less impairment 
of their QoL. Furthermore, the use of doxycycline 
did not affect the clinical efficacy outcomes of the 
EGFR-targeted therapies, namely panitumumab or 
erlotinib, in either trial. The data, therefore, would 
appear to support the prophylactic use of doxycy-
cline for patients receiving EGFR-targeted therapy. 
Significantly also, with the exception of one stand-
ard tetracycline trial42, all the other antibiotic trials 
(Table 3) indicate that the skin-related QoL is better 
in the group receiving prophylactic antibiotics re-
gardless of the assessment tool used. These obser-

TABLE 3. Oral antibiotics in the treatment of skin rash

Reference Patients
(n)

Patient
characteristics

Antibiotic Duration of  
skin treatment

Endpoint Assessment
tools

Skin toxicity
Results
Placebo vs 
intervention

Skin-related 
quality of life 

NCCTG N03CB 
-Jatoi et al.,
200839

61 Lung/
gastrointestinal/
other patients 
treated with 
gefitinib, 
cetuximab, 
erlotinib/other 
investigational 
agent

Tetracycline 500mg bid
4 weeks

Incidence of 
Grade >2 skin 
rash, QoL

NCI-CTCAE 
version 3.0,
Skindex 16

76% vs 70% 
developed a 
rash.

Grade 2  
55% vs 17% at 
week 4

Less skin 
irritation, 
burning or 
stinging 
(Skindex-16)
in  tetracycline 
arm

Supplementary
NCCTG N03CB-
Jatoi et al., 201140

65 As above Tetracycline 500mg bid
4 weeks

Incidence of 
Grade >2 skin 
rash,
QoL

NCI-CTCAE 
version 3.0,
Skindex 16 and 
LASA.

Grade 2 
identical

Identical  
(Skindex-16)

Scope et al.,
200741

48  mCRC patients 
treated with 
cetuximab

Minocycline 100mg/d
8 weeks

Total facial 
lesion counts;

Photography 
and 
patient- 
assessed 
rash severity 
and other 
cutaneous 
changes

Lower facial 
lesion count 
during 
weeks 1–4 in 
minocyline 
arm (p=0.005),
Less severe 
facial rash 
(42% vs 20%

Less severe 
itching in 
minocycline 
arm,
50% vs  20%
(p=0.05)

Lacouture et al., 
201015

95 Previously treated 
mCRC patients 
treated with 
panitumumab-
containing 
therapy;

Doxycycline 100mg bid
6 weeks
+
skin moisturizer 
and sunscreen

Prophylactic 
vs reactive.
incidence 
of protocol 
specified 
Grade >2 skin 
rash,
QoL

NCI-CTCAE 
version 3.0,
DLQI

Grade 2
reduced from
62% in the 
reactive group 
to 29% in the 
prophylactic 
group

Better (DLQI) 
in prophylactic 
group;
change from 
baseline 
score less for 
prophylactic 
than reactive 
group

Deplanque et al., 
201042

147 Non-small cell lung 
cancer patients 
treated with 
erlotinib; all 

Doxycycline 100 mg/d
4 months

Incidence 
of erlotinib 
folliculitis

NCI-CTCAE 
version 3.0

Incidence 82% 
vs 68%,
Grade ≥2
reduced from
82% to 39%, 
also significant 
decrease 
in other 
cutaneous 
AEs.

na

AEs = adverse events; DLQI = Dermatological Life Quality Index; na = not available; NCI-CTCAE = National Cancer Institute Common Terminology Criteria for Adverse Events; 
mCRC = metastatic colorectal cancer
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vations are in part consistent with the data from a 
small meta-analysis which was conducted on four 
of the trials as outlined below.

Meta-analysis of antibiotics in the treatment of 
skin rash

From a review of the literature it was determined 
that the data from four of the above studies investi-
gating the use of antibiotics could be combined41-44 
(Table  3) in meta-analyses of rash incidence and 
rash severity. The randomized STEPP study16, with 
panitumumab, was excluded from the analysis be-
cause it had no placebo arm. 

For each study the relative risk was used to 
measure and test the differences in rash incidence 
between treatments51, with Cochran’s Q statistic 
used to test the heterogeneity of the relative risks 
between the studies. Fixed and random effects esti-
mates were calculated and compared.52 Two meta-
analyses of the incidence of EGFR-targeted agent 
associated rash were performed, one including and 
one excluding the study of minocycline in patients 
with mCRC treated with cetuximab.43 This was be-
cause the relative risk for this study43 was based 
on the presence of rash rather than the incidence 
of moderate/severe rash. Both analyses of rash 
incidence, i.e.: without and with the minocyline 
study (Figures 1 and 2), showed non-significant 
heterogeneity between the relative risks accord-
ing to Cochran’s Q statistic. The fixed and random 
effect analyses were identical/nearly identical and 
the combined relative risks were not significantly 
different from 1.0. Neither meta-analysis provided 
strong evidence that the use of an antibiotic re-
duced the incidence of rash associated with treat-
ment with EGFR-targeted agents. 

Conversely, the meta-analysis of severe rash 
(Figure  3) showed significant heterogeneity be-
tween relative risks according to Cochran’s Q sta-
tistic, and the fixed and random effect analyses 
were not similar. The estimated relative risk that 
appears to have caused the significant heteroge-
neity is the negative tetracycline study.42 The esti-
mated relative risks indicate that the risk of severe 
rash was reduced by 42–47% with the use of an an-
tibiotic to control rash associated with the use of 
EGFR targeted agents (Figure 3). However, based 
on these data it is possible that tetracycline is not 
effective and that additional confirmatory studies 
are needed to validate the potential roles of doxy-
cycline and minocycline. Thus, it is probably too 
early to claim doxycycline to be a ‘pseudo-stand-
ard’ in the management of patients treated with 
EGFR-targeted therapies. FIGURE 3. Meta-analysis of rash severity

FIGURE 1. Meta-analysis of rash incidence excluding study of Scope et al.43

FIGURE 2. Meta-analysis of rash incidence including study of Scope et al.43
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Topical treatment approaches

Topical treatments that might provide an alter-
native treatment approach to oral antibiotics also 
need to be considered, as topical treatment ap-
proaches are used extensively in this setting.

Sunscreen and prevention of skin rash 

Some patients receiving EGFR-targeted agents 
have been reported to show widespread erythema, 
infiltration and pustules in sun-exposed areas.19,53,54 
One randomized study, N05C4, conducted in the 
US by NCCTG, has investigated the prophylactic 
use of SPF60 sunscreen in cancer patients receiving 
an EGFR-targeted agent as part of their therapy.39

Prior to randomization, patients in the study 
were stratified according to first-line cancer thera-
py, type of EGFR-targeted agent prescribed or an-
ticipated (TKI versus mAb), and the use of any con-
current medication that might be associated with 
increased sensitivity to sun exposure.40 Overall, 
110 rash-free patients (39 lung, 45 CRC and 26 
other malignancy) were randomized to receive 
an application of SPF60 sunscreen twice daily for 
4 weeks versus placebo. Patients were monitored 
for rash and QoL using the skin-specific question-
naire Skindex-16 49 during the 4 weeks of topical 
application and for the 4 weeks following cessation 
of the treatment intervention.40 The primary objec-
tive of the study was to compare the incidence of 
rash in sunscreen- and placebo-treated patients. 
During the 4 weeks of intervention 78% and 80% 
of patients developed physician-reported skin rash 

in the sunscreen and placebo arms, respectively. 
Furthermore, no significant difference in the in-
cidence of rash was reported for the subsequent 
4 weeks. However, the incidence of higher-grade 
skin rash (grade 2 or >50% of body surface area) 
was lower, 33% versus 52% (p = 0.06), in the sun-
screen arm of the study at 4 weeks.40

Although in this study, prophylactic treatment 
with sunscreen failed to reduce the overall inci-
dence of skin rash, the fact that the incidence of 
higher-grade skin rash was markedly reduced in 
the sunscreen arm of the study led the study in-
vestigators to conclude that the prophylactic use of 
sunscreen should be continued in patients receiv-
ing EGFR-targeted therapy.

Tazarotene

A parallel study of topical tazarotene, a retinoic ac-
id receptor specific retinoid, in the same patients as 
those investigated in the randomized minocyline 
trial, showed tazarotene to be ineffective with con-
siderable patient attrition in the tazarotene portion 
of the study.43 

Pimecrolimus

The authors of the randomized minocycline trial 
also conducted a randomized trial of the topical 
application of the immunomodulator pimecroli-
mus to one side of the face for patients with mCRC 
receiving cetuximab therapy45, and although the 
treated sides of the face had a greater decrease in 
lesion counts, this did not translate into a clinically 
meaningful benefit for patients. 

TABLE 4. Ongoing trials of Vitamin K in the management of skin toxicities induced by EGFR-targeted agents

Trial Planned 
patients (n)

Patient characteristics Design Primary endpoint Secondary endpoint(s)

EVITA
NCT01345526

124 mCRC
FOLFIRI + cetuximab

Vitamin K1 cream
+
Oral doxycycline
versus
Placebo
+
Oral doxycycline

Occurrence of acne-like 
skin rash grade >2
National Cancer Institute 
Common Terminology 
Criteria for Adverse 
Events version 4.0

Response
Quality of life
WoMo score 25

NCT0065678624 24 Patients with EGFR-
targeted agent-induced 
rash

Menadione - vitamin K3 
lotion
Treatment-emergent
versus
Prophylactic

Safety and tolerability of 
vitamin K3 topical lotion

-

NCT01094444 36 Chemotherapy plus 
cetuximab in
mCRC or squamous cell 
carcinoma of the head 
and neck patients

Prophylactic
versus
Reactive application of 
vitamin K3 lotion

Reduction of cutaneous 
side effects

Investigation of possible 
side-effects of lotion

EGFR = epidermal growth factor receptor; FOLFIRI = irinotecan, 5-fluorouracil, leucovorin; mCRC = metastatic colorectal cancer
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Vitamin K 

Vitamin K1 (phylloquinone) is naturally occurring. 
Vitamin K has been used for the treatment of blood 
vessel disorders of the skin, cosmetic skin treat-
ment and skin treatment following laser treatment. 
It is thought to prevent disruption of the balance 
between proliferation and differentiation, thinning 
of the epidermis, immune reaction and inflam-
matory reactions leading to folliculitis. Topical 
vitamin K3 (Menadione) prevents erlotinib- and 
cetuximab-induced EGFR inhibition in the skin.55-57

To date, there have been four observational 
studies investigating the topical application of 
0.1% vitamin K1 cream, three reactive 58-60 and one 
prophylactic.61 In all three reactive studies good 
control of EGFR-targeted therapy-induced rash 
was observed. In one study, in 79 mCRC patients 
premedicated with an H1 antagonist and corticos-
teroids, receiving weekly cetuximab plus chemo-
therapy59, the topical application of a cream con-
taining urea and 0.1% vitamin K1 twice daily on 
the appearance of acne-like rash (NCI-CTCAE v. 
3.0), reduced the severity of the rash. The median 
time to improvement was 1.2 weeks and the medi-
an time to downstaging of the rash by ≥1 grade was 
2.3 weeks.59 In another study, patients receiving ce-
tuximab/panitumumab for the treatment of mCRC 
were treated with vitamin K1 cream at the first on-
set of grade ≥2 skin rash. The median duration of 
vitamin K1 cream treatment was 24 weeks (range, 
6–28). Thirteen patients (39.4%) also received oral 
tetracycline therapy. A decrease in skin rash to 
grade 0–1 was observed in 12 (36.4%) patients, 
and 13 (39.4%) patients showed unchanged grade 
2 skin toxicity. Overall, good skin rash symptom 
control was obtained in 69.2% of patients.60 

In the prophylactic study61, the use of vitamin 
K1 cream (0.1% bid) applied to the face and chest 
was very effective at reducing the severity of cetux-
imab-induced skin toxicity (NCI-CTCAE 3.0) in 48 
patients with mCRC receiving cetuximab in com-
bination with chemotherapy, first-line. Application 
of vitamin K1 cream delayed the development of 
acne-like rash which peaked in the third week, and 
reduced the need for topical and systemic antibio
tic treatment. All skin toxicities were grade 1/2 and 
no cetuximab dose reductions or treatment delays 
were required.

Thus, overall, topical vitamin K1 treatment 
has demonstrated significant clinical efficacy in 
the absence of any toxicity, with the limited evi-
dence favoring a prophylactic treatment approach. 
Currently, there are no randomized trial data for 

the use of vitamin K therapy in the management 
of EGFR-targeted therapy-induced skin toxici-
ties, although three randomized trials are ongoing 
(Table  4), one of which (EVITA), a double-blind, 
controlled, phase II study is evaluating the efficacy 
and safety of the prophylactic use of doxycycline 
+/- vitamin K cream in mCRC patients treated with 
chemotherapy plus cetuximab, first-line. 

Discussion

EGFR-agent-induced skin toxicities can be effec-
tively treated at all stages and grade and are gener-
ally considered to be completely reversible except 
for telangiectasias. Their management is important 
and needs to be considered at as early a stage as 
possible as a prerequisite to maintaining patient 
QoL while continuing EGFR-targeted therapy. 
Evidence from two of the studies described above, 
with different treatment approaches, namely the 
STEPP study16 for interventions containing oral 
antibiotics and the prophylactic study of vitamin 
K1 cream61, suggest that prophylactic approaches 
should be the strategy of choice, but the agents 
of choice remain to be fully established as well 
as their schedule of administration. Certainly the 
data for doxycycline and vitamin K cream provide 
considerable cause for optimism in standardizing 
the management particularly of the early skin tox-
icities associated with therapy involving EGFR-
targeted agents. The most recent guidelines by 
MASCC for the prevention of EGFR-targeted agent 
induced skin toxicities, recommend the preven-
tive/prophylactic management of skin rash when-
ever possible, based on the observations from the 
randomized sunscreen trial40, and three of the ran-
domized antibiotic trials.16,41,43  The recommended 
preventive therapy for the development of rash 
from the MASCC group would be the topical ap-
plication of a steroid cream with moisturizer and 
sunscreen twice daily and systemic minocycline 
or doxycycline.62  Other studies that might be con-
sidered with a view to establishing and/or further 
defining the role of such treatment approaches in 
the management of EGFR-targeted agent-induced 
rash might include prophylactic doxycycline at dif-
ferent doses and randomized studies of:

Prophylactic doxycycline versus prophylactic 
vitamin K therapy

Prophylactic doxycycline plus prophylactic vi-
tamin K therapy versus prophylactic vitamin K 
therapy versus prophylactic doxycycline therapy.
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Background. Comparing initial 45 Gy of pelvic intensity-modulated radiation therapy (IMRT) and non-IMRT in terms 
of the late toxicities associated with advanced cervical cancer that has also been treated with definitive concurrent 
chemoradiotherapy and high-dose rate intracavitary brachytherapy (HDRICB).
Patients and methods. This retrospective study included 320 stage IB2-IIIB cervical cancer patients treated with 
CCRT (83 IMRT and 237 non-IMRT). The two groups had similar stage and HDRICB ratings. Following 45 Gy to the pelvis, 
HDRICB of 24 Gy in four courses was prescribed. Late toxicities, including rectal complications (RC), bladder complica-
tions (BC) and non-rectal intestinal injury (NRRII), were scored by the Common Terminology Criteria for Adverse Events. 
A logistic regression was used to estimate the odds ratio (OR) of the complications.
Results. With a median follow-up duration of 33 and 77 months for IMRT and non-IMRT, 33 patients had Grade 2 or 
higher late RC (7.2% IMRT, 11.4% non-IMRT), whereas that for BC was 40 (9.6% IMRT, 13.5% non-IMRT) and for NRRII was 
48 (12.0% IMRT, 16.0% non-IMRT). The cumulative rate for total grade 3 or higher gastrointestinal or genitourinary toxici-
ties was 8.4% and 11.8% (p = 0.33). IMRT did not reduce the OR for all endpoints; however, the ORs for rectum and 
bladder reference doses to Point A were associated with RC and BC. 
Conclusions. Locally advanced cervical cancer patients treated with initial 45Gy of pelvic IMRT and HDRICB have 
similar treatment-related late toxicities as those treated with non-IMRT. Optimization of the brachytherapy scheme is 
essential to minimize late toxicities.

Key words: cervical cancer; IMRT; brachytherapy; complication

Introduction 

The use of intensity-modulated radiation therapy 
(IMRT) for gynecological malignancies has grown 

considerably1, despite limited data on long-term 
toxicities and survival. Several studies have shown 
that IMRT reduces bowel, rectal, bladder, and bone 
marrow dose and is associated with lower rates of 
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early gastrointestinal, genitourinary, and hemato-
logical toxicity compared with conventional tech-
niques.1-9 Furthermore, many IMRT studies have 
been associated with better outcomes.1-3 Although 
current findings suggest a favorable impact of 
IMRT on outcomes, so far, no randomized phase 
3 trial has been conducted to examine its benefits 
probably due to ethical concerns. Despite IMRT 
became increasingly popular for gynecological 
cancer patients treated at many institutions, it re-
mains unclear whether the lower rates of toxicity 
observed in our patients with an intact uterus. In 
this circumstance, brachytherapy might be an im-
portant factor affecting local control and late tox-
icities.10 Particularly, concurrent cisplatin may also 
cause an increased incidence of hematological and 
gastrointestinal side effects.11 A large cohort study 
has compared the impact on patients of IMRT with 
patients treated by non-IMRT as a control cohort.2 
They showed that pseudo–step-wedge intensity 
modulation can achieve better survival and less 
treatment-related late toxicities. However, cur-
rently this technique is not commonly used in most 
institutes. Furthermore, all the patient and treat-
ment variables should be compared together before 
IMRT can be assumed to improve therapeutic ratio. 

Previous studies have suggested that organ mo-
tion and deformation of the target volumes occur 

during IMRT for cervical cancer.12-16 Furthermore, 
a study showed a relative reduction in volume dur-
ing treatment of 0.02–0.79.16 In consequence, adja-
cent normal organs might receive an unexpected 
irradiation dose following the shrinkage of the 
tumor during fractionated external beam radio-
therapy (EBRT). The combination of unpredictable 
organ motion and substantial tumor regression has 
resulted in a consensus guideline suggestion that 
margins of 1.5 to 2 cm around clinical target vol-
ume (CTV) are to be recommended if good quality 
daily soft tissue verification was available during 
treatment.17 Thus, certain limitations exist when 
the physician try to reduce the physical dose affect-
ing the adjacent normal tissues when using IMRT. 

In definitive chemoradiotherapy for locally ad-
vanced cervical cancer, in which brachytherapy is 
still an essential component of radiotherapy, the 
net impact of pelvic IMRT on late toxicities remains 
to be determined. We conducted a retrospective co-
hort comparison study with controlled stage and 
demographic distributions in order to clarify the 
impact of IMRT on late complications. All the in-
cluded patients were treated with the same pelvic 
EBRT dose of 45 Gy in 1.8 Gy daily fractions, con-
current chemotherapy and a standard brachyther-
apy scheme, namely high-dose rate intracavitary 
brachytherapy (HDRICB). Furthermore, several 

TABLE 1. Patient and tumor characteristics for the IMRT and non-IMRT groups

Characteristicss
IMRT
N=83

Non-IMRT
N=237 p  

value
n (%) n (%)

Median age (years) 54 54  0.47*

Stage 0.80

IB2-IIA2 20 (24.1) 49 (20.7)

IIB 38 (45.8) 113 (47.7)

IIIA-IIIB 25 (30.1) 75 (31.6)

Histology 0.87

squamous cell ca. 74 (89.2) 214 (90.3)

adenocarcinoma or adenosquamous 9 (10.8) 23 (9.7)

Pelvic lymph node status 0.83

negative  59 (71.1) 181 (76.4)

positive  24 (28.9)  56 (23.6)

Patients with brachytherapy number = 5 12 (14.5) 24 (10.1) 0.75

Patients with reduced point A dose (≤5 Gy)  17 (20.5) 33 (13.9) 0.37

Six or more courses of concurrent cisplatin 58 (71.1) 164 (69.2) 0.90

Diabetes 8 (9.6 ) 22 (9.2) 0.88

Median follow-up (months) 33 (range:13~54)  77(range: 36~115)   0.000*

*examined by t-test 
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patient and treatment variables were analyzed to 
assess the impact of IMRT. The result will be help-
ful to institutions where the cost-effectiveness of 
IMRT is a concern, particularly where resources 
are limited.

Patients and Methods
Patients

This retrospective cohort study included 320 pa-
tients with stage IB2-IIIB cervical cancer treated 
with curative intent (83 IMRT and 237 non-IMRT) 
between 2002 and 2009 at China Medical University 
Hospital. Since 2007, most patients with newly di-
agnosed cervical cancer have been prospectively 
treated with an IMRT to the pelvis, and are labeled 
as the IMRT group. All patients in the two groups 
received comprehensive pretreatment workup, in-
cluding computed tomography, and completed an 
allocated CCRT course. Positron emission tomog-
raphy (PET) was used for the workup in selected 
patients who were observed to have a maximum 
diameter of lymph node of more than 1 cm. The 
two groups had similar stage and histological dis-
tributions. Patients with positive paraaortic lymph 
node, an extended field, or distant metastasis at di-
agnosis were excluded. The characteristics of the 
two groups are listed in Table 1. Except for the fol-
low-up duration, all the patient-related or brachy-
therapy-related factors were similar. The study 
was approved by the institutional review board.

Conventional external beam 
radiotherapy

All patients underwent CT-based planning with 
custom immobilization. Initially, the whole pel-
vis was treated with 10 MV X-ray via anterior and 
posterior parallel fields or box fields when the AP 
diameter was greater than 18 cm. We prescribed an 
EBRT dose of 45 Gy in 25 fractions over 5 weeks 
to the whole pelvis. Generally, a field margin of at 
least 1.5 cm around the gross tumor was used, as 
described previously.18 Then, bilateral parametrial 
disease was boosted to 50.4 to 59.6 Gy via anterior 
and posterior parallel field technique with a rec-
tangular central shielding of 4 cm width. By this 
technique, the mean doses to the rectum were kept 
less than 10% of the boost doses, whereas that for 
the bladder fewer than 40%. Accordingly, we made 
the assumption that the major contributor of EBRT 
to the both organs would derive from the initial 
pelvic radiotherapy (RT).

FIGURE 1. Dose-volume histiogram of adjacent normal organs between the IMRT 
and 4-field box field for one patient. 

FIGURE 2. Cause-specific survival curves according to IMRT and non-IMRT groups.

FIGURE 3. Disease-free survival curves according to IMRT and non-IMRT groups.
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IMRT technique

Intensity-modulated radiation therapy plans con-
sisted of 7 coplanar fields using 10 MV photons. 
The prescription dose to the whole pelvis was 45 
Gy. Following IMRT, bilateral parametrial disease 
was boosted to 50.4 to 59.6 Gy via anterior and pos-
terior parallel fields with the same central shield-
ing as mentioned above.

In the IMRT group, the CTV included the gross 
disease, cervix, parametrium, uterus, superior half 
of the vagina, cardinal ligament, presacral region, 
and regional lymph nodes (common, internal, 
and external iliac). Inguinal nodes were treated 
in women with involvement of the inferior third 
of the vagina. The CTV delineation was similar 
to the consensus guidelines on CTV delineation 
emerged.17 Uniform planning margins were added 
to account for organ motion and setup uncertainty. 
According to previous studies12,13, we applied a 15 
mm planning margin around the cervix, a 10 mm 
margin around the uterus and the vagina, and a 8 
mm margin around the remainder of the CTV.

Target planning constraints became standard-
ized as follows: (1) more than 97% of the planning 
target volume (PTV) receives more than 97% of the 
prescription dose, (2) less than 1% of the PTV re-
ceives less than 93% of the prescription dose, (3) 
less than 5% of the PTV receives more than 107% 
of the prescription dose. When prescribing 45 Gy 
of dose to the whole pelvis, normal tissue planning 
constraints were consistent and were as follows: (1) 
rectum, less than 50% of volume receives greater 
than 45Gy; (2) bladder, less than 50% of volume re-
ceives greater than 45Gy, and (3) non-rectal bowel, 
less than 10% of volume receives greater than 45 

Gy. No special constraint was used for the bone 
marrow. The constraints on dose-volume histo-
gram (DVH) for a normal organ given above were 
not mandatory when the physician considered it 
necessary not to compromise the PTV coverage. 
Figure  1 depicts the DVH of adjacent normal or-
gans between the IMRT and box field for one pa-
tient.

Brachytherapy

After adequate tumor regression, HDRICB was 
performed using an Ir-192 remote after-loading 
technique at 1 week intervals and concurrently 
with pelvic irradiation or parametrial boosting. 
The standard prescribed dose for each HDRICB 
was 6.0 Gy to Point A for four sessions. The Point 
A dose was reduced to 5.0 Gy for those with higher 
reference doses to the rectum or bladder, or whose 
age was over 70 years. The total prescribed Point 
A doses (EBRT + HDRICB) of a radiobiological 
equivalent dose in 2 Gy fractions (EQD2) ranged 
from 69.25 to 84.25 (median, 76.25). The details of 
the radiotherapy technique have been reported 
previously.19

The geometric sparing factor (GSF) is defined 
as the average of the ratios between the reference 
dose and the Point A dose during each HDRICB 
insertion. The mean GSF for the rectum (abbreviat-
ed as RGSF) = the average of the ICRU rectal dose/
Point A dose. The mean GSF for the bladder (ab-
breviated as BGSF) = the average of the ICRU blad-
der dose/Point A dose. The description of GSF was 
described in our previous study.19 Accordingly, in 
this study the RGSFs and BGSFs were stratified 
with cuff-offs of 0.7 and 0.9, respectively. 

TABLE 2. Late complications between the IMRT and non-IMRT groups

Classification of complication
IMRT
N=83

Non-IMRT
N=237 total p

value
n (%) n (%)

Grade 2 or higher RC
Grade 3 or higher RC

6
2

(7.2)
(2.4)

27
6

(11.4)
(2.5)

33
8

0.24
0.99

Grade 2 or higher BC 
Grade 3 or higher BC                  

8
3

(9.6)
(3.6)

32
14

(13.5)
(5.9)

40
17

0.25
0.32

Grade 2 or higher NRRII
Grade 3 or higher NRRII

10
4

(12.0)
(4.8)

38
16

(16.0)
(6.7)

48
21

0.38
0.76

Total grade 2 or higher gastrointestinal  
or genitourinary complications 19 (22.9) 71 (30.0) 90 0.24

Total grade 3 or higher gastrointestinal  
or genitourinary complications  7 (8.4) 28 (11.8) 35 0.33

Grade 2 or higher leg edema  9 (10.8) 16 (6.8) 25 0.43

RC = rectal complication; BC = bladder complication; NRRII = non-rectal intestinal injury.
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Chemotherapy

Chemotherapy consisted of cisplatin delivered 
weekly at a dose of 40 mg/m2 intravenously, with 
a total maximal dose of up to 60 mg. The first cycle 
of cisplatin was initiated at the first RT treatment. 
In accordance with the duration of RT, the treat-
ment plan included a total of five to six cycles of 
cisplatin. The detailed drug administration proto-
col was described in our previous study.18

Follow-up

After completion of radiotherapy, patients re-
ceived regular follow-up every 1 to 2 months for 
the first year, and then every 3 months afterward. 
A pelvic examination was performed during each 
follow-up; in addition, tumor markers (squamous 
cell carcinoma antigen and carcinoembryonic an-
tigen) were checked. A radiographic examination 
was carried out every 3 to 6 months and routine 
urine and stool examinations were done every 6 to 
12 months. Patients who had persistent cramping 
abdominal pain, bloody stools or hematuria under-
went sigmoidoscopy or cystoscopy to identify the 
source of bleeding, and underwent blood counts 
every 2 to 4 weeks for surveillance of the severity 
of the complications.

Complication analysis

Common Terminology Criteria for Adverse Events 
Version 3.0 was used to score the maximum late 
toxicities, including rectal complications (RC), 

bladder complications (BC), non-rectal intestinal 
injury (NRRII), and leg edema. The definition of 
the NRRII was reported in our previous study.20 
There were several study endpoints, including 
grade 2 and higher RC, grade 2 and higher BC, 
grade 2 and higher NRRII, total grade 2 and high-
er gastrointestinal or genitourinary complications, 
and total grade 3 and higher gastrointestinal or 
genitourinary complications.

Statistics

A comparison of the categorical variables was 
performed using the χ2 test. A Student’s t test 
was used to compare differences in continuous 
variables when patients were stratified into the 
two groups. A logistic regression was used to 
estimate the odds ratio (OR) of complications 
among the variables examined. Although we be-
lieve that a longer follow-up duration is needed 
to estimate survival differences between the 
two groups, cause-specific survival (CSS) and 
disease-free survival (DFS) were calculated us-
ing the Kaplan-Meier method to provide pre-
liminary results for the two treatment regimes. 
Statistical significance was considered to have 
occurred when a two-sided p value of <0.05 was 
found. Patient survival was measured from the 
date of radiotherapy initiation to the last follow-
up. The latency of complications was measured 
from the end of radiotherapy to the last follow-
up. All statistical analyses were performed using 
a commercial software package (SPSS 13.0 for 
Windows, Chicago, IL, USA). 

TABLE 3. Multivariate logistic regression estimated odds ratios (OR) for developing grade 2 or higher RC across different variables

Variables  p  
value  OR 95% CI

Age < 65 vs. ≥ 65 years 0.12 1.34 0.84~2.82

Age < 70 vs. ≥ 70 years 0.43 1.12 0.38~2.29

Diabetes  
negative vs. positive 0.70 1.32 0.39~8.31

Stage IB2-IIA vs. IIB-IIIB 0.93 1.03 0.52~2.07

Stage IB2-IIB vs. IIIA-IIIB 0.44 0.68 0.26~1.77

Non-IMRT vs. IMRT 0.67 0.76 0.22~2.56

Parametrial dose ≥ 54 vs. > 54 Gy 0.065 3.49 0.93~13.17

RAL-IC number 4 vs. 5 0.40 1.64 0.51~5.25

RGSF < 0.7 vs. ≥ 0.7 0.003 3.36 1.52~7.43

≥ Grade 2 BC 0.000 2.18 1.44~3.30

RC = rectal complication; BC = bladder complication; NRRII = non-rectal intestinal injury; RGSF = geometric sparing factor of the rectum; BGSF = 
geometric sparing factor of the bladder.
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Results

The mean follow-up duration for the 320 patients 
enrolled at the time of last visit was 62 months (33 
months IMRT, 77 months non-IMRT). At the time 
of last follow-up, 78 patients died of cancer, 10 in 
the IMRT group, and 68 in the non-IMRT group. 
Eighty-eight patients had developed a recurrence, 
16 in the IMRT group, and 72 in the non-IMRT 
group. There was a similar pattern of recurrences 
between the two groups, with more than 80% of 
patients having distant recurrences. The 3 years 
CSS for the IMRT and non-IMRT groups were 86% 
and 76% (p = 0.095), whereas the 3 years DFS was 
78% and 74% (p = 0.37) (Figure 1). 

Of the patients, 33 patients had Grade 2 or 
higher late RC (6 IMRT, 27 non-IMRT). In all, 40 
patients had Grade 2 or higher late BC (8 IMRT, 
32 non-IMRT), whereas 48 patients had Grade 2 or 
higher NRRII (10 IMRT, 38 non-IMRT). The medi-
an time for the development of RC, BC and NRRII 
was 12 months (range, 7–35 months), 19 months 
(range, 3–49 months) and 13 months (range, 3–28 
months). The cumulative rate for total grade 2 or 
higher gastrointestinal or genitourinary compli-
cations was 22.9% (19/83) in the IMRT group and 
30.0% (71/237) in the non-IMRT group (p = 0.24), 
whereas that for total grade 3 or higher complica-
tions was 8.4% (7/83) among IMRT patients and 
11.8% (28/237) among non-IMRT patients (p = 
0.33). Among IMRT patients, the cumulative rate 
for grade 3 or higher RC, BC and NRRII were 2.4%, 

3.6% and 4.8%, respectively. Details of the various 
complication endpoints for the IMRT and non-IM-
RT patients are listed in Table 2.

The correlation of patient and treatment related 
factors with several complication endpoints are 
summarized in Tables 3 to 5. Logistic regression 
analysis demonstrated a high risk of Grade 2 and 
higher RC in patients who developed BC compli-
cations (p = 0.000; odd ratio [OR], 2.18, 95% con-
fidence interval [CI], 1.44–3.30) and in those with 
higher RGSF values (p = 0.003; OR, 3.36; 95% CI, 
1.52–7.43). Furthermore, there was a high risk of 
Grade 2 or higher BC in patients who developed 
RC (p = 0.000; OR, 2.47, 95% CI, 1.65–3.70) and in 
those with a higher BGSF values (p = 0.04; OR, 2.01; 
95% CI, 1.01–4.32). There were high risk factors for 
Grade 2 or higher NRIII among those patients hav-
ing ≥ grade 2 RC (p = 0.001; OR, 1.99; 95% CI, 1.26–
3.16). In general, IMRT was associated with a lower 
risk of developing most late toxicities; however, the 
trend was not statistically significant. Age, clinical 
stage, diabetes, parametrial dose and ICB number 
were not associated with increased risk of late se-
quelae by multivariate analysis.

To minimize the confounding impact of the GSFs 
on toxicities analysis, patients were further strati-
fied according to lower and higher 50% percentile 
of the GSFs for rectum and bladder. As showed 
in Table 6, there was no significant difference be-
tween IMRT and non-IMRT groups for developing 
grade 2 or greater complications when they were 
categorized according to the median GSF values.

TABLE 4. Multivariate logistic regression estimated odds ratios (OR) for developing grade 2 or higher BC across different variables

Variables  p  
value  OR 95% CI

Age < 65 vs. ≥ 65 years                        0.57 0.69 0.18~2.56

Age < 70 vs. ≥ 70 years 0.66 1.43 0.32~6.40

Diabetes  
negative vs. positive 0.47 1.61 0.43~8.52

Stage IB2-IIA vs. IIB-IIIB 0.66 1.13 0.65~1.97

Stage IB2-IIB vs. IIIA-IIIB 0.36 0.68 0.29~1.57

Non-IMRT vs. IMRT 0.10 0.42 0.15~1.19

Parametrial dose ≥ 54 vs. > 54 Gy 0.57 0.78 0.29~2.01

RAL-IC number 4 vs. 5 0.055 2.39 0.98~5.82

BGSF <0.9 vs. ≥ 0.9 0.04 2.01 1.01~4.32

≥ Grade 2 RC 0.000 2.47 1.65~3.70

RC = rectal complication; BC = bladder complication; NRRII = non-rectal intestinal injury; RGSF = geometric sparing factor of the rectum; BGSF = 
geometric sparing factor of the bladder.
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Discussions

The application of IMRT is believed to result in the 
organs at risk being exposed to a lower dose of ra-
diation and consequently there will be a reduction 
in toxicities. Currently, long-term comparison data 
remain limited in the setting of definitive CCRT for 
locally advanced cervical cancer. Taking into con-
sideration that the follow-up duration in this study 
was not very long (median, 33 months), we found 
that initial 45 Gy of IMRT to the pelvis did not re-
duce significantly the long-term complications as 
reported in other comparable studies.2,3 By ana-
lyzing several complication endpoints, not simply 
classify the late toxicities as gastrointestinal and 
genitourinary system, or solely reporting grade 3 
late toxicities, this study comprehensively explored 
the CCRT-related toxicities during definitive treat-
ment for cervical cancer. Unlike those treated in the 
postoperative setting, in which irradiation dose is 
mainly prescribed by external beam, brachythera-
py always plays an important role in determining 
the final outcome for patients with an intact uterus. 
Thus, the application of IMRT ought to be one of 
the determinants of outcome. The impact of exter-
nal beam and brachytherapy should be assessed 
together due to the cumulative effect of both mo-
dalities. 

With the longest median follow-up duration 
among other similar IMRT studies1-3,9, we report 
here that the cumulative rates for grade 3 or high-
er RC, BC and NRRII to be 2.4%, 3.6% and 4.8%. 

Furthermore, our study disclosed that total grade 
3 or greater toxicities among patients were 8.4%. 
Despite the significant variation in follow-up du-
ration, the figure seems to be comparable with 
the other studies.1-3,9 In a study by Hasselle et al.1, 
the rate of grade 3 and greater complications in 
89 patients with intact cervix treated with IMRT 
plus low-dose rate was 4% and 5% for gastroin-
testinal and genitourinary system, respectively. 
Particularly, Kidd et al.2, showed a great differ-
ence in the incidence of late toxicities between the 
groups. Their IMRT group had only a 6% rate of 
Grade 3 or greater GI or GU toxicity, versus 17% 
for the non-IMRT group (p = 0.0017), whereas the 
median follow-up duration for IMRT and non-IM-
RT was 22 and 72 months, respectively. Despite the 
majority of the urinary and rectal complications oc-
curring within 2 to 3 years after the completion of 
therapy, the risk of developing grade 3 late compli-
cations might occur up to 25 years after treatment, 
as pointed out by Eifel et al.21 Thus, a long-term ob-
servational study is essential to verify the findings 
of the recent IMRT studies. 

This study showed that RGSF and BGSF were 
treatment-related factors in determining grade 2 
or greater RC and BC, respectively. In addition, a 
close relationship between the two complications 
was observed. All these findings verify the results 
of our previous study.19 Thus, an optimization of 
the HDRICB is essential to minimizing late com-
plications. Although our current treatment scheme 
(45 Gy to whole pelvis plus 24 Gy of HDRICB Point 

TABLE 5. Multivariate logistic regression estimated odds ratios (OR) for developing grade 2 or higher NRRII across different variables

Variables  p  
value  OR 95% CI

Age < 65 vs. ≥ 65 years                        0.29 0.46 0.11~1.94

Age < 70 vs. ≥ 70 years 0.70 1.38 0.27~7.10

Diabetes  
negative vs. positive 0.96 1.25 0.23~8.95

Stage IB2-IIA vs. IIB-IIIB 0.47 1.20 0.72~2.00

Stage IB2-IIB vs. IIIA-IIIB 0.34 1.45 0.68~3.09

Non-IMRT vs. IMRT 0.33 0.64 0.26~1.58

Parametrial dose ≤ 54 vs. > 54 Gy 0.31 0.63 0.25~1.54

RAL-IC number 4 vs. 5 0.34 0.59 0.20~1.76

RGSF < 0.7 vs. ≥ 0.7 0.42 2.14 0.33~13.75

BGSF < 0.9 vs. ≥ 0.9 0.68 0.72 0.15~3.41

≥ Grade 2 RC 0.001 1.99 1.26~3.16

≥ Grade 2 BC 0.74 1.08 0.68~1.73

RC = rectal complication; BC = bladder complication; NRRII = non-rectal intestinal injury; RGSF = geometric sparing factor of the rectum; BGSF = 
geometric sparing factor of the bladder.
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A divided into four courses) is able to achieve a 
similar outcome compared with other IMRT stud-
ies1-3,9, many aspects remains to be improved. First, 
it is imperative to continue efforts to explore ge-
netic predisposition in order to determine which 
patients are susceptible to radiation-induced nor-
mal tissues injury. Second, image-based HDRICB 
studies are appropriate approaches that might be 
used to minimize complications further.22 In this 
context, despite the fact that our study classified 
late gastrointestinal toxicities into RC and NRRII, 
the irradiated intestinal DVH due to each brachy-
therapy remains unknown. This is also a major 
drawback when investigating the NRRII. In the 
future, image-based brachytherapy might be used 
to calculate the intestinal volume during each ap-
plication. By counting the intestinal DVH due to 
IMRT and brachytherapy separately and together, 
a comprehensive dosimetric analysis for NRRII 
could be obtained.

The results should be interpreted with several 
limitations. When comparing outcomes using a 
historical control, the follow-up duration between 
groups is always a weakness when presuming the 
final treatment outcome. Although IMRT patients 
had a shorter follow-up duration, the result showed 
a trend towards similar complications between the 
groups. Accordingly, we assumed the irradiated 
strategy of combining IMRT with HDRICB needs 
to be optimized further. Second, despite most 
volumes of the rectum and bladder were spared 
during the parametrial boost field, the IMRT ben-
efit could be somewhat diluted by the non-IMRT 
boost technique. To optimize the preferable dose 
distribution made by IMRT, our study highlighted 

a need to develop a special IMRT boost technique 
to exactly match the isodose of brachytherapy. 
Finally, larger margins in the pelvic IMRT tend to 
diminish the degree of organ sparing; the advan-
tage of the dose distribution from IMRT should 
be intensified by the general implementation of 
image-guided RT and adaptive RT to circumvent 
interfraction or intrafraction motion. By correcting 
the uncertainty after tumor regression, the adap-
tive approaches allow a reduction in the margin 
that is added to the CTV. In this way, the therapeu-
tic index ought to be promoted. Nonetheless, by 
investigating several complication endpoints via 
an analysis of many patient and treatment factors, 
our experience will be helpful to those institutions 
where HDRICB is performed. In the future, moni-
toring the information of quality of life before and 
after CCRT would be essential to clarify the benefit 
of IMRT.23 Although we failed to demonstrate the 
robust advantage of IMRT in definitive CCRT for 
advanced cervical cancer, the result will also help 
where the cost-effectiveness of IMRT is a concern, 
particularly when the resources are limited. 

Conclusions

Locally advanced cervical cancer patients treated 
with a combination of 45Gy of pelvic IMRT and 
HDRICB have similar treatment-related late tox-
icities compared with those treated with a similar 
non-IMRT regimen. The ratios of rectum and blad-
der reference doses to Point A are associated with 
RC and BC. For those institutions where HDRICB 
is performed, optimization of the combining IMRT 

TABLE 6. Patients with or without IMRT on having grade 2 or higher complications according to lower and higher 50% percentile of 
geometric sparing factor for rectum and bladder

Groups Complication IMRT (%)  non-IMRT (%) p 
 value*

Lower RGSF group
(RGSF < 0.635)   
  no = 156                     

RC (+)
RC (-)  1(2.2%)

43 (97.8%)
6 (5.4%)

106 (94.6%) 0.88

Higher RGSF group
(RGSF > 0.635)
  no = 155

RC (+)
RC (-)

5 (13.2%)
33 (86.8%)

16 (13.7%)
101 (86.3%) 0.75

Lower BGSF group
(BGSF < 0.695)   
no = 157   

BC (+)
BC (-)

 3 (7.0%)
40 (93.0%)

 17 (14.9%)
97 (85.1%) 0.30

Higher BGSF group
(BGSF > 0.695)   
  no = 158   

BC (+)
BC (-)

 5 (12.5%)
35 (87.5%)

18(15.3%)
100 (84.7%) 0.97

Note: *examined by Chi-square test

RC = rectal complication; BC = bladder complication; NRRII = non-rectal intestinal injury; RGSF = geometric sparing factor of the rectum; BGSF = 
geometric sparing factor of the bladder.
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and brachytherapy scheme is essential to minimize 
late toxicities.
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