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Consensus Guidelines for Delineation of Clinical Target Volume for Intensity-Modulated Pelvic 
Radiotherapy in Postoperative Treatment of Endometrial and Cervical Cancer -An Update 

W. Small1, W. R. Bosch2, J. B. Strauss3, K. Albuquerque4, S. Beriwal5, C. L. Creutzberg6, P. J. Eifel7, B. A. 
Erickson8, T. W. Fyles9, A. Jhingran7, A. H. Klopp7, C. Kunos10, L. K. Mell11, M. Powell12, A. N. Viswanathan13, C. 
M. Yashar11, D. Gaffney14, 1Loyola Stritch School of Medicine, Chicago, IL, 2Washington University, St. Louis, 
MO, 3Northwestern Memorial Hopsital, Chicago, IL, 4UT Southwestern Medical Center, Dallas, TX, 5University 
of Pittsburgh School of Medicine, Pittsburgh, PA, 6Department of Clinical Oncology, Leiden 2300 RC, 
Netherlands, 7M.D. Anderson Cancer Center, Houston, TX, 8Medical College of Wisconsin, Milwaukee, WI, 
9Princess Margaret Hospital, Toronto, ON, Canada, 10Summa Health System, Akron, OH, 11University of 
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Farber/Brigham and Women's, Cambridge, MA, 14Huntsman Cancer Hospital, Salt Lake City, UT 

Purpose/Objective(s): Accurate target definition is critical for the appropriate application of radiotherapy. In 
2008 the Radiation Therapy Oncology Group (RTOG) published an international collaborative atlas to define 
the clinical target volume (CTV) for intensity modulated pelvic radiotherapy in the post-operative treatment 
of endometrial and cervical cancer (Small et al, Int. J Radiat Oncol Biol Phys 2008;71(2):428-434). This project 
was initiated to evaluate the current variability of CTV definitions and also to expand the atlas to include the 
para-aortic and inferior obturator nodal region. 
Materials/Methods: An international consensus guideline working group was assembled in 2013 and 
discussions were held regarding modifications of the current atlas and areas of controversy. A document was 
prepared to assist in contouring definitions. A contrast enhanced abdominal/pelvic CT was made available. 
The case was then analyzed for consistency of target delineation using an exception-maximization algorithm 
for simultaneous truth and performance level estimation (STAPLE) with kappa statistics as a measure of 
agreement between observers. 
Results: Sixteen participants provided thirteen sets of contours using their own contouring software. Two 
sites provided a consensus contour among the experts at the institution. Participants were asked to provide 
separate contours of the following areas: Vaginal Cuff, Obturator, Internal Iliac, External Iliac, Pre-Sacral, 
Common Iliac and Para-aortic. There was substantial STAPLE agreement for the common iliac region 
(sensitivity 0.71, specificity 0.981, kappa 0.64). There was moderate STAPLE agreement in the external 
iliac, para-aortic, internal iliac and vaginal cuff regions (sensitivity 0.66, 0.74, 0.62, 0.59 specificity 0.989, 
0.966, 0.986, 0.976, kappa 0.60, 0.58, 0.52, 0.47 respectively). The pre-sacral and obturator regions had fair 
STAPLE agreement (sensitivity 0.55, 0.35 specificity 0.986, 0.988, kappa 0.36, 0.21 respectively). 
Conclusions: Agreement among the participants was most consistent in the common iliac region and least in 
the pre-sacral and obturator nodal regions. The consensus volumes will form the basis of the updated RTOG 
post-operative atlas. Continued patterns of recurrence research is encouraged to refine these volumes. 
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On-Treatment Serum Squamous Cell Carcinoma Antigen (SCCA) Predicts Response to Therapy on Post-
Therapy FDG-PET and Recurrence in Women Treated With Chemoradiation for Squamous Cancer of the 
Cervix 

S. Markovina1, L. Henke2, S. Pak3, T. A. DeWees1, G. Silverman3, J. Pfeifer2, P. W. Grigsby4, 1Washington 
University, St. Louis, MO, 2Washington University School of Medicine, St. Louis, MO, 3University of Pittsburgh 
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Purpose/Objective(s): Recurrence from cervical cancer is common in women with advanced disease and 
adverse risk factors. Efforts to risk-stratify patients include [18F]fluorodeoxyglucose emission tomography 
(FDG-PET) and serum squamous cell carcinoma antigen (SCCA), which are both strongly prognostic for 
recurrence. SCCA is a serine protease inhibitor that is important for resistance to stress-induced cell death. 
We hypothesized that on-treatment serum SCCA metrics and in-situ pre-treatment protein levels can better 
stratify patients for treatment response and risk of recurrence and death, and that SCCA plays a cellular role 
in resistance to radiation therapy. 
Materials/Methods: 217 patients treated with definitive chemoradiation for cervical squamous carcinoma 
with serum SCCA measured at diagnosis were included (normal range 0 - 2.2 ng/mL). Serum SCCA was 
measured at weekly intervals during chemoradiation in 124 patients (57%). Pre-treatment FDG-PET was 
performed on all patients and post-treatment FDG-PET was performed on 172 patients (80%). In situ SCCA 
protein levels were measured by immunohistochemistry on a 102-patient tissue microarray. Cervical tumor 
cell lines were treated with 2, 4, 6 or 8 Gy and cellular SCCA levels measured by ELISA. Chi-squared and 
Kaplan-Meier with log-rank analyses were used for pair-wise and logistic tests, respectively. 
Results: We found that serum SCCA >30ng/mL at diagnosis is strongly associated with both residual disease 
on post-treatment FDG-PET (p = 0.02) and with recurrence (p < 0.0001), as is failure of serum SCCA to 
normalize by the end of treatment (p = 0.0006 and p < 0.0001, respectively). Failure to normalize was 
associated with recurrence even if serum SCCA at diagnosis was low (p = 0.015). A transient increase in serum 
SCCA after initiation of chemoradiation was seen in 52 patients (42%), and further stratified patients for 
recurrence (p < 0.0001). Although tumor recurrence almost uniformly resulted in death, high in situ SCCA on 
pre-treatment specimens was strongly associated with death in this population (p < 0.0001). Preliminary 
findings in cervical tumor cell lines demonstrate increased SCCA after radiation in relatively radioresistant 
lines, and increased relative radioresistance with exogenous expression of SCCA. 
Conclusions: Serum SCCA is an independently powerful prognostic tool in cervical carcinoma. Preliminary 
data suggest that SCCA may also play a cellular role in mediating resistance to radiation and this may 
promote recurrence and death in a subset of patients. We are currently investigating this hypothesis. 
Selected escalation of therapy in these patients could then be considered. 

Author Disclosure:  S. Markovina: None. L. Henke: None. S. Pak: None. T.A. DeWees: None. G. Silverman: 
None. J. Pfeifer: None. P.W. Grigsby: None. 

Presentation Number: 198 

Expression of DNA Damage Response Proteins in Cervical Cancer Patients Treated With Radical 
Chemoradiotherapy 
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Purpose/Objective(s): In response to ionizing radiation, DNA damage sensor poly(ADP-ribose) polymerase 1 
(PARP1) activates signaling ataxia telangiectasia mutated (ATM) molecules, and repair pathways involving 
DNA-dependent protein kinase catalytic subunit (DNA-PKcs). Activity of these proteins in turn determines the 
extent of genomic instability, and response to radiotherapy. Currently there are limited data assessing the 



 

prognostic or predictive value of these proteins in cervical cancer patients. The purpose of this study was to 
determine the impact of ATM, PARP1, and DNA-PKcs protein expression in pre-treatment tumor specimens 
from cervical cancer patients treated with chemoradiotherapy (CRT). 
Materials/Methods: 166 patients with cervical cancer treated with radical CRT (cisplatin-based) at a single 
institution between 1999 and 2008 were evaluated. Pre-treatment formalin-fixed, paraffin-embedded tumor 
specimens were retrieved, and tissue microarrays were constructed. Tumor ATM, PARP1, and DNA-PKcs 
protein expression were measured using quantitative fluorescence immunohistochemistry within the pan-
cytokeratin-defined tumor compartment. Low tumor protein expression was defined by the lowest quintile. 
Association of clinical factors and protein expression status with OS was determined at 5 years. 
Results: The most common FIGO stage was II (42%). Median tumor size was 5 cm; 87% were squamous 
histology. Median follow-up was 5 years. Twenty-five % of patients had pre-treatment hemoglobin (Hb) 
below 115 g/L. ATM, PARP1, and DNA-PKcs expression was successfully evaluated in 62% of cases. On 
univariate analysis, advanced FIGO stage was associated with worse OS [HR 1.9 (1.2-2.9), p=0.007]. In 
addition, low tumor ATM, PARP1, and DNA-PKcs expression was associated with worse OS - ATM: [HR 2.2 
(1.2-4.2), p=0.01], PARP1: [HR 2.8 (1.5-5.2), p=0.001], DNA-PKcs: [HR 2.3 (1.2-4.4), p=0.01]. Five-year OS, for 
low vs. high tumor ATM expression was 47% vs 70%, p=0.012; for PARP1: 48% vs 69%, p=0.0009. Low DNA 
damage sensor status was associated with low pre-treatment Hb (ATM, p=0.01; PARP1, p=0.02; DNA-PKcs 
p=0.006). On multivariate analysis, low ATM and low PARP1 status remained significant for worse OS in 
patients with “high” pre-treatment Hb (>115g/L) status, adjusted by stage, ATM: [HR 2.6 (1.1-6.3), p=0.03]; 
PARP1: [HR 3.0 (1.2-7.6), p=0.02]; with a trend to significance in DNA-PKcs tumors [HR 2.5 (1.0-6.3), p=0.05]. 
Conclusions: In this cohort of cervical cancer patients treated with radical CRT, low tumor ATM and PARP1 
status were independently associated with worse OS in patients with “high” Hb status. Further investigation 
of the interactions of DNA damage and repair proteins in these tumors is warranted to appreciate the 
association between inherent genomic instability and radiation sensitivity effects, and to determine better 
treatment strategies. 
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Dose and Volume Response for Local Control in Locally Advanced Cervical Cancer Treated With EBRT 
Combined With MRI Guided Adaptive Brachytherapy 
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Purpose/Objective(s): Currently there is no broad consensus on dose planning aims and dose prescription in 
image guided adaptive brachytherapy (IGABT) in locally advanced cervical cancer. Planning aims vary from 
75Gy and up to >85Gy total EQD2 to high risk clinical target volume (HR CTV) according to institutional 
practice. This study analyses dose and volume response for local control in cervix cancer with the purpose to 
provide evidence for dose planning aims for HR CTV, GTV and intermediate (IR) CTV. 
Materials/Methods: A number of 852 locally advanced cervical cancer patients were retrospectively enrolled 
in the retroEMBRACE study. The patients were treated in 12 institutions by CT or MR IGABT using GEC ESTRO 
guidelines. In 462 patients (6 centres) MRI was systematically performed. GTV and IR CTV dose reporting was 
available in subgroups of 250/462 and 327/462 patients, respectively. IGABT was combined with 45-50Gy 
whole pelvis EBRT and weekly cisplatinum (76%). IGABT was administered as high dose rate (HDR) (36%) or 
pulsed dose rate (PDR) (64%). Dose-response relationship for local control was evaluated for HR CTV D90, 
GTV D100 and IR CTV D90 by generalized linear modelling (GLM) logit analysis in 3 stage groups: 1) IB, 2) IIA, 
IIB and 3) IIIA, IIIB, IVA&B. Furthermore, a HR CTV dose (D90) and volume (HR CTV volume) response GLM 
logit analysis was performed with both dose and volume as continuous covariates. 
Results: FIGO stage distribution was IB (19%), IIA (7%), IIB (50%), IIIA (3%), IIIB (18%), IV (3%). Median HR CTV 
volume was 30cm3, mean HR CTV D90 86Gy. At a median follow up of 47 (2-150) months, 43 local failures 



 

occured: 1 in stage I, 21 in stage II, and 21 in stage III+IV. In stage II and III there was a significant dose 
response effect for HR CTV D90, GTV D100, and IR CTV D90 (p<0.05), except for IR CTV D90 in stage III 
(p=0.137). In stage I, there was only one recurrence (HR CTV D90 of 76Gy), and it was not possible to 
establish a logistic dose response relationship. Both HR CTV dose and volume were significant predictors of 
local control in the logit model (p<0.05). Local control is shown in table 1 for different levels of HR CTV dose 
and volume according to the GLM logit analysis. 
Conclusions: A clear dose and volume response for local control in cervix cancer was found in a multicenter 
setting. For small residual tumors (HR CTV volume 92% of the patients when D90 of HR CTV was >85 Gy. For 
large residual tumours (HR CTV volume >30cm3) local control of >85% was achieved at HR CTV D90 >85Gy. 
Dose escalation from 85Gy to 90Gy improved local control by 3-4%. 

Local control according to the predictions of the logit model as a function of HR CTV dose 

HR CTV volume 20cc 30cc 50cc 70cc 

D90=75Gy 90% 88% 84% 79% 

D90=85Gy 93% 92% 89% 86% 

D90=90Gy 96% 95% 93% 90% 
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Prognostic Factors and Outcome for HPV and Non-HPV Related SCC of the Vulva Treated with Radiotherapy 

L. J. Lee, R. Murphy, N. Cimbak, C. Crum, C. Gasper, A. N. Viswanathan, Brigham and Women's Hospital, 
Boston, MA 

Objective(s): To evaluate prognostic factors and outcome for patients (pts) with HPV and non-HPV related 
SCC of the vulva treated with RT. 
Methods: We identified 115 pts with vulvar SCC who received RT from 1985-2011. HPV status was 
determined by expert pathology review based on histologic features and molecular testing when available. 
Tumors with associated classic or “usual” VINIII, p16+ immunostaining or HPV+ PCR were considered HPV-
related, while those with differentiated VIN, lichen sclerosus or absent HPV markers were considered non-
HPV cancers. Recurrence rates (RR), PFS and OS estimates were calculated by Kaplan-Meier method, and 
univariate (UVA) and multivariate (MVA) analyses by Cox proportional hazards. Median follow-up time was 
35.3 months (range, 3.7-184). 
Results: Median age was 71.5 years (range, 34-91); 60 (52%) were former/current smokers and 76 (66%) had 
lichen sclerosus (42, 37%), differentiated VIN (18, 16%) or VINIII (32, 28%). FIGO 2009 stage was: 1B (6, 5%), II 
(21, 18%), IIIA/B (37, 32%), IIIC (8, 7%), IVA/IVB (12, 10%) and recurrent (31, 27%). RT intent was pre-op (13, 
11%), post-op (45, 39%), definitive (26, 23%) and salvage (31, 27%). Median RT dose was 52.8 Gy to the vulva 
and 50 Gy to the inguinal nodes and varied by RT intent. Concurrent 5FU or platinum-based chemotherapy 
was delivered in 68 pts (59%). HPV status was characterized by pathologic features in 76 pts (66%) and 
molecular testing in 6 (5%); 33 (29%) were undetermined. By HPV classification, there were 30 HPV-related 
cancers (37%) and 52 non-HPV related (63%). Patients with HPV-related cancers were younger (66 vs. 75 
years, p<0.01) and more likely current/former smokers (77% vs. 35%, p<0.01). There was no difference in 
stage distribution, RT intent, or tumor grade between HPV and non-HPV cancers (all p>0.2). Relapse occurred 
in 67 pts at a median of 9 months, including 47 (70%) within the RT field. In-field RR were lower for HPV vs. 
non-HPV cancers (3-yr: 32% vs. 64%, p<0.01). Vulvar and nodal RR were also lower for HPV cancers and not 
related to RT dose. Patients with HPV cancers had significantly higher 3-year PFS and OS rates compared to 
those with non-HPV tumors (50% vs. 27%, p=0.01 and 60% vs. 29%, p=0.02, respectively). Results were 
similar when salvage cases were excluded. On UVA, age, stage, RT intent and HPV status were prognostic for 



 

PFS and OS (all p≤0.01). On MVA, stage, RT intent and HPV status (HR 0.41, 95% CI 0.2-0.7) remained 
independently prognostic for PFS. HPV status (HR 0.2, 95% CI 0.06-0.5), but not stage, RT dose, or intent, was 
independently associated with vulvar recurrence. 
Conclusions: Survival outcomes for HPV-related tumors were significantly better than those for non-HPV 
cancers independent of age, stage, RT intent and dose. HPV testing or a reliable surrogate for HPV positivity 
(VIN sub-classification/p16 staining) should be considered in all patients with vulvar SCC to more precisely 
assess outcome. 
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