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1. Introduction
Colorectal cancer is the third most common malignancy 
after breast and lung cancers. Although surgery is 
accepted as the main treatment strategy in colon 
cancer, a multidisciplinary approach including surgery, 
radiotherapy, and chemotherapy is usually necessary 
in rectal cancer (1). Long-course chemoradiotherapy 
or short-course radiotherapy followed by surgery is the 
standard protocol in the management of locally advanced 
rectal cancer (LARC) (2,3). After the German trial CAO/
ARO/AIO-94, preoperative radiotherapy combined 
with chemotherapy followed by surgery and adjuvant 
chemotherapy is now widely accepted as the standard of 
care for patients with stage II–III rectal cancer (4). The 
results of the CAO/ARO/AIO-94 study emphasized low 
toxicity, downstaging, sphincter preservation, and high 
local control rates through an accurate delineation of 
tumor extent with preoperative chemoradiotherapy (5).

Although conventional computerized tomography 
(CT) is the standard imaging technique in radiation 

planning for rectal cancer, it has considerably low 
sensitivity and specificity toward the primary tumor and 
the lymph nodes (6). The target volume created with CT 
frequently does not fit to the true tumor volume in clinical 
practice (7). Therefore, more precise assessment tools are 
necessary to show local and distant tumor extensions in 
rectal cancer.

Recently, new imaging techniques for tumor 
visualization, such as positron emission tomography-
computed tomography (PET/CT), have begun to have a 
major impact on radiation therapy planning (8), although 
PET/CT is still gaining acceptance for its use in many 
tumor types. Nevertheless, in rectal cancer, a PET/CT-
based tumor volume definition may provide higher local 
control rates given the accurate tumor delineation, defined 
as ‘biologic target volume’, obtained through metabolic 
information (9). Furthermore, PET-directed irradiation, 
which has been shown to facilitate dose escalation in the 
tumor and reduce toxicity to normal tissue in various 
tumors, can be used in LARC (10). 

Background/aim: To investigate the effect of positron emission tomography-computed tomography (PET/CT)-based contouring on 
dosimetric parameters in rectal cancer patients undergoing preoperative intensity-modulated radiation therapy (IMRT).

Materials and methods: Preoperative radiation therapy plans with conformal radiotherapy (CRT) or IMRT were created and examined 
according to the CT- and PET/CT-based contouring of 20 rectal cancer patients, retrospectively. 

Results: The target volumes delineated with PET/CT were significantly larger than the volumes created by CT (P = 0.043). Dose delivered 
to 98% of the planning target volume was high in IMRT planning contouring with CT and PET/CT compared with CRT planning, but 
the difference was not statistically significant (P = 0.056). Percent volumes receiving 105% of dose and 110% of dose were low in IMRT 
planning when compared with CRT (P < 0.0001 and P = 0.044, respectively). The volumes receiving 45 Gy for the small intestine, femur 
heads, and bladder and the maximum dose received by the bladder were significantly lower in IMRT.

Conclusion: We showed that the target volumes created with PET/CT are significantly larger than the target volumes created with 
CT and that IMRT provides lower radiation exposure to the tumor-free tissues compared to the CRT planning. The dosimetric results 
primarily favor IMRT planning in rectal cancer patients and consequently present the significant alteration in target volumes.
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Dose escalation can improve local tumor control in 
rectal cancer. However, the toxicity to surrounding normal 
tissue is an important dose-limiting factor. Therefore, 
intensity-modulated radiation therapy (IMRT) might be 
effective in minimizing this problem. IMRT also allows 
better dose conformity and improved possibility of 
closely tailoring the dose distribution around the target 
compared to 3-dimensional conformal radiotherapy 
(CRT) techniques (11,12). Moreover, using PET/CT in 
conjunction with IMRT may have additional advantages 
in rectal cancer radiation therapy. Despite the existence of 
cumulative data on the use of PET/CT in CRT planning, to 
our best knowledge, there is no published study observing 
the potential benefits of PET/CT in IMRT planning for 
rectal cancer.  

The aim of the present dosimetric study is to 
elucidate the effect of PET/CT-based contouring on the 
target volumes and critical structures in LARC patients 
undergoing preoperative radiation therapy with either 
CRT or IMRT planning. 

2. Materials and methods
This study was conducted in Gazi University Hospital, 
Department of Radiation Oncology, Turkey. The study 
design was approved by the local ethics committee. The 
data of rectal cancer patients who received preoperative 
chemoradiotherapy with the diagnosis of LARC between 
March 2008 and July 2011 were retrospectively evaluated. 
Twenty patients who had PET/CT on their initial 
evaluation were enrolled. 

The radiation treatment planning data and PET/CT 
and CT images of the patients were reloaded into our 
radiation treatment planning system. The target volumes 
were contoured by a radiation oncologist with experience 
in colorectal cancer treatment according to the guidelines 
of the International Commission on Radiation Units and 
Measurements Report 62 (13). First, all radiologically 
visible tumors were contoured as the gross tumor volume 
according to the CT findings (GTVtm-CT). Secondly, GTVtm-

PET/CT was delineated on PET/CT fused images using axial 
images and the window and level settings found most 
appropriate for each patient. Autocontouring for tumor 
delineation on PET/CT fused images was not used. Since 
all of the target volumes were greater than 4 cm3, a fixed 
threshold value of 40% of the maximum uptake in the lesion 
to define GTVtm-PET/CT was chosen (14). The tumor clinical 
target volume (CTVtm) was contoured for microscopic 
disease with a 1.5 cm additional margin peripherally 
and 2.5 cm craniocaudally over the GTVtm-CT/GTVtm-PET/

CT. The lymph node clinical target volume (CTVnode) was 
delineated according to the Radiation Therapy Oncology 
Group (RTOG) guidelines of colorectal cancer treatment 
planning. The planning target volume (PTVCT/PTVPET/

CT) was created with an additional 0.5 cm margin over 
the CTVCT/CTVPET/CT (15). The small intestines were 
contoured as the complete peritoneal cavity and were 
defined as organs at risk (OAR) together with the bladder 
and femoral heads. 

Radiation fields were designed as 2 lateral wedged 
fields and 1 posterior field for CRT planning and the 5-field 
technique was applied for IMRT planning. The radiation 
dose was defined as 1.8 Gy/fx up to a total dose of 45 
Gy, for both CRT and IMRT planning. For each patient, 
2 different CRT plans were developed: a CT-guided plan 
and a PET/CT-guided plan. Similarly, 2 IMRT plans were 
developed for the same patient. Thus, 4 different plans 
were created for each patient, namely 3D CRT-CT, 3D 
CRT-PET/CT, IMRT-CT, and IMRT-PET/CT.

Dose limits in IMRT plans for the small intestine (small 
intestine ≤180 cm3, dose limit >35 Gy; small intestine ≤100 
cm3, dose limit >40 Gy; small intestine ≤65 cm3, dose limit 
>45 Gy; no small intestine, dose limit >50 Gy.), femoral 
heads (femoral heads ≤40%, dose limit >40 Gy; femoral 
heads ≤25%, dose limit >45 Gy; no femoral head, dose 
limit >50 Gy), and bladder (bladder ≤40%, dose limit >40 
Gy; bladder ≤15%, dose limit >45 Gy; no bladder, dose 
limit >50 Gy) were applied according to the RTOG 0822 
protocol (15). The percent dose delivered to 98% of the 
planning target volume (PTV D98), percent volumes that 
received 105% of the dose (V105), percent volumes that 
received 110% of the dose (V110), and percent volumes 
that received 115% of dose (V115) were generated on dose-
volume histograms. Doses received by OAR were also 
evaluated; the small intestine received percent volumes of 
35 Gy, 40 Gy, and 45 Gy (V35, V40, V45) and the femoral 
heads and bladder received percent volumes of 40 Gy and 
45 Gy (V40, V45).

All the data were collected in a database and were 
verified by a second independent physician. Descriptive 
statistics were generated for all study variables, including 
mean and standard deviation (SD) or median and range 
for continuous variables and relative frequencies and 
percentages for categorical variables. 

The PET-GTV and PET-CTV were compared with CT-
GTV and CT-CTV by Wilcoxon rank test for paired data. 
All data were reported as mean ± SD and 95% confidence 
interval (CI) for continuous variables, or as a percentage 
with 95% CI calculated using binomial distribution. 
Statistical analysis was performed using SPSS 16 for 
Windows, (SPSS Inc., Chicago, IL, USA). 

The results of the planning data (3D CRT-CT, 3D CRT-
PET/CT, IMRT-CT, and IMRT-PET/CT) were compared 
by Kruskal–Wallis test and 2 independent groups were 
evaluated by Mann–Whitney U-test. Consistency with 
RTOG 0822 protocol was compared by chi-square test. P < 
0.05 was considered statistically significant. 
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3. Results 
The volumes delineated by PET (CTVPET/CT) were 
significantly larger than the volumes defined according 
to the CT findings (CTVCT) (P = 0.043) (Table 1). The 
median CTVPET/CT was 559.73 mm3 (minimum 226.32 
mm3; maximum 857.62 mm3), and the median CTVCT 
was 468.43 mm3 (minimum 226.32 mm3; maximum 
750.15 mm3). The conformity index was approximately 1 
in IMRT planning with PET/CT contouring. There was 
no statistically significant difference among all 4 groups 
with regards to conformity indexes. Homogeneity indexes 
in IMRT planning were statistically better than in CRT 
planning. D98 PTV was higher in IMRT planning, but the 
difference did not reach a statistically significant level (P 
= 0.056). V105 and V110 were lower in IMRT planning than 
in CRT planning (P < 0.0001 and P = 0.044, respectively). 
V105 median values were 15.71% in CT-CRT, 16.28% in 
PET/CT-CRT, 1.25% in CT-IMRT, and 1.26% in PET/CT-
IMRT.

V45 values of the small intestine, femoral heads, and 
bladder were statistically lower in IMRT planning (Table 
2). The maximum dose received by the bladder was lower 
in IMRT planning than in CRT planning and this was 
statistically significant (P < 0.0001).

Therefore, it is demonstrated that the isodose 
distribution correlates more precisely to the tumor volume 
in IMRT planning than in CRT planning (Figures 1A–1D).

4. Discussion
To our knowledge, this is the first dosimetric study 
demonstrating the value of PET/CT in target delineation 
for preoperative IMRT planning in rectal cancer. 
According to our results, CRT or IMRT plans created with 
the guidance of PET/CT were not superior to the CRT and 
IMRT plans created with the guidance of CT. However, we 
showed that CTV as delineated with the guidance of PET/
CT was significantly larger than the CTV delineated with 
the guidance of CT.  

Table 1. Clinical target volumes of 20 LARC patients created by CT and PET/CT. CTV = Clinical target volume; CT = computed 
tomography; PET = positron emission tomography.

Patient no. CTV by CT (mm3) CTV by PET/CT (mm3) Altered CTV by PET/CT(mm3)

1 324.72 390.94 +66.22

2 750.15 857.67 +107.52

3 499.64 523.93 +24.29

4 349.07 418.26 +69.19

5 448.10 463.90 +15.8

6 572.01 618.57 +46.56

7 492.54 593.13 +100.59

8 456.78 509.40 +52.62

9 370.01 367.42 –2.59

10 494.72 666.37 +171.65

11 350.99 457.30 +106.31

12 654.80 638.37 –16.43

13 483.85 576.17 +92.32

14 480.07 560.06 +79.99

15 287.28 322.05 +34.77

16 226.32 226.32 0

17 417.49 500.82 +83.33

18 577.11 590.10 +12.99

19 403.57 440.16 +36.59

20 612.75 626.14 +13.39
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Similarly, Anderson et al. reported the data of 25 
patients with rectal cancer and showed that integration 
of PET data altered the PTV in 17% of patients and the 
radiation treatment-planning process was changed in 
26% of patients (16). In contrast to our study, this study 
evaluated PET/CT in conventional CRT planning.

Ciernik et al. evaluated the application of PET/CT in 
radiation planning of patients with rectal cancer (17). An 
increase in GTV was observed in approximately half of the 
patients (56%), with a mean GTV increase of 50% and a 

PTV increase of 20%. The results of our study also showed 
that target volumes contoured with PET/CT were larger 
than volumes contoured with CT and this was statistically 
significant (P = 0.043).

PET is a functional and valuable method that was used 
as a research tool for over 25 years before it was recognized 
for its clinical benefits 15 years ago; it has since had a role in 
the clinical setting. PET is currently most widely used in the 
diagnostic evaluation of oncological patients and it has been 
extensively applied in the planning of radiotherapy (18). 

Figure 1. The conformal radiation therapy (CRT) plans with CT contouring (A) and with PET-CT contouring 
(B). The intensity-modulated radiation therapy (IMRT) plans with CT contouring (C) and with PET-CT 
contouring (D). 

Table 2. The output of planning (CT-CRT, PET/CT-CRT, CT-IMRT, PET/CT-IMRT) in terms of critical structures. CT = Computed 
tomography; CRT = conformal radiation therapy; IMRT = intensity-modulated radiation therapy; PET = positron emission tomography. 

Volume receiving 45 Gy CT-CRT
(median, cm3)

PET/CT-CRT
(median, cm3)

CT-IMRT
(median, cm3)

PET/CT-IMRT
(median, cm3) P-values

Small intestine 116.50 122.30 61.50 67.75 0.026

Femoral heads 4.75 6.00 2.91 1.70 0.008

Bladder 87.55 86.85 55.00 55.00 <0.0001
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The introduction of the concept of ‘biologic target 
volume’ in radiotherapy amplifies the importance of PET 
in radiation oncology. This concept aims to clearly define 
the target volume through true biologic information in 
order to create more accurate radiation treatment volumes. 
The biologic target volume contoured according to the 
PET images potentially reduces the risk of geographic 
misses, allowing maximal sparing of surrounding healthy 
tissues. Although CT-guided target volume is still the most 
widely accepted standard procedure for CRT of rectal 
cancer, PET-guided radiation therapy is rapidly gaining 
acceptance (19). Moreover, through the understanding 
of the potential benefits of the PET/CT combination in 
the clinical settings, and given its importance in assessing 
tumor biologic activity and improving staging accuracy 
with spatial localization, PET/CT is becoming an accepted 
and routine clinical tool for radiation delivery (20).  

The value of anatomic-biologic tumor targeting 
achieved with PET/CT in the radiotherapy planning 
process has been clearly defined in lung, head, and neck 
malignancies as well as lymphoid neoplasms (8–10). 
Published data also suggest improvements in the imaging 
of esophageal, cervical, and rectal cancers (21,22). For 
colorectal cancers, PET/CT is frequently used in the initial 
staging of tumors, evaluation of treatment response, and 
detection of tumor recurrence. The accuracy of PET/CT 
for rectal cancer initial staging is between 83% and 93%, 
and it has been shown to have a sensitivity and specificity 
of 96% and 97%, respectively, on local recurrence and 
of 95% and 98%, respectively, in the detection of distant 
metastases (16). Although these results are considerably 
high and comparable with other cancer sites, some studies 
on the inflammatory processes in and around the tumor 
in rectal cancer emphasize a low specificity (43%–79%) as 
shown by PET/CT (23). Some studies therefore suggest the 
use of contrast-enhanced FDG-PET/CT, which has been 
shown to be more accurate in the preoperative staging of 
rectal cancer (3). 

Currently, PET/CT-targeted radiation treatment 
delivery is not a standard procedure in rectal cancer; 
nevertheless, the clear benefits of adapting PET/CT in 
multimodality imaging technology of radiation planning 
has developed a great interest in this area. The precise 
delineation of the primary tumor and accurate detection 
of local nodal disease is the state-of-the-art in preoperative 
radiation management of rectal cancer (24). With the 
impact of PET/CT on showing the biological target volume, 
applying irradiation to the whole tumor without missing 
any sections might be possible. Another important issue 
is interobserver variability in tumor contouring among 
radiation oncologists, which may adversely affect the 
radiation planning. Functional PET imaging in radiation 
simulation in lung cancer has been shown to significantly 

decrease the inter- and intraobserver variation in tumor 
contouring (25). The functional imaging and anatomical 
confirmation achieved by PET/CT radiotherapy in rectal 
cancer simulation may provide these opportunities. 

We showed that IMRT planning was superior to 
CRT in terms of dosimetric factors when contouring 
with both CT and PET/CT. We could only demonstrate 
the impact of PET/CT on target volumes in preoperative 
rectal cancer patients. Interestingly, even if larger volumes 
were contoured according to the PET/CT findings 
on radiotherapy planning, IMRT planning had better 
dosimetric outcomes. IMRT was superior regarding both 
conformity index and tolerance doses of OAR and was 
compatible with RTOG dose limits in our dosimetric 
analysis. 

Additionally, compared with CRT, IMRT has the 
advantage of adapting the dose distribution to the shape 
of the target while sparing critical normal structures. With 
regards to altering local control while maximizing the 
dose to the tumor without increasing toxicity to critical 
structures, IMRT emerges as the prominent treatment 
modality in radiotherapy for rectal cancer (26,27).

The volumes contoured with PET/CT were larger in 
our experience; however, the conformity index of IMRT 
planning was better than that of CRT planning. This was 
the same with IMRT plans created with CT volumes. 
Therefore, the present dosimetric study primarily favors 
IMRT planning in rectal cancer patients and consequently 
presents the significant alteration in target volumes with 
PET/CT contouring. 

However, the following study limitations should 
be addressed. First, we examined radiation treatment 
planning retrospectively; nevertheless, the high accuracy 
of our patient records minimizes the negative impact of 
this aspect. Additionally, given that this is a dosimetric 
study, we believe that the retrospective study pattern 
does not have a considerable effect. Secondly, the low 
number of included patients may be seen as a limitation. 
This is inevitable, given that PET/CT is not yet a standard 
procedure in rectal cancer management and therefore 
not all rectal cancer patients are routinely scanned with 
PET/CT. In addition, the number of patients is statistically 
acceptable for a dosimetric study.

In conclusion, the results of our study showed that 
both CT-guided and PET/CT-guided IMRT provide a 
lower radiation exposure to the tumorless tissues than 
CRT. With the propensity to use PET/CT in radiation 
treatment planning, IMRT appears to be an essential 
radiotherapy technique for preoperative rectal cancer 
patients. This is only a dosimetric study, but we argue that 
the clinical reflection of our study will be better as can be 
estimated easily. Further clinical studies including a larger 
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number of rectal cancer patients may show the impact 
of PET/CT-guided CRT and PET/CT-guided IMRT. A 
prospective randomized clinical study has been planned 
following the promising results of the present study. In 

addition, long-term follow-up of the patients will clarify 
the gain of survival and toxicity profile. We propose that 
the results of this dosimetric study should be considered 
when designing clinical studies in this field.  
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