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Feasibility and response of helical tomotherapy in patients 
with metastatic colorectal cancer
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Purpose: To investigate the treatment outcome and the toxicity of helical tomotherapy (HT) in patients with metastatic colorectal 
cancer (mCRC).
Materials and Methods: We retrospectively reviewed 18 patients with 31 lesions from mCRC treated with HT between 2009 
and 2013. The liver (9 lesions) and lymph nodes (9 lesions) were the most frequent sites. The planning target volume (PTV) ranged 
from 12 to 1,110 mL (median, 114 mL). The total doses ranged from 30 to 70 Gy in 10–30 fractions. When the α/β value for the 
tumor was assumed to be 10 Gy for the biologically equivalent dose (BED), the total doses ranged from 39 to 119 Gy10 (median, 55 
Gy10). Nineteen lesions were treated with concurrent chemotherapy (CCRT).
Results: With a median follow-up time of 16 months, the median overall survival for 18 patients was 33 months. Eight lesions 
(26%) achieved complete response. The 1- and 3-year local progression free survival (LPFS) rates for 31 lesions were 45% and 34%, 
respectively. On univariate analysis, significant parameters influencing LPFS rates were chemotherapy response before HT, aim of 
HT, CCRT, PTV, BED, and adjuvant chemotherapy. On multivariate analysis, PTV ≤113 mL and BED >48 Gy10 were associated with a 
statistically significant improvement in LFPS. During HT, four patients experienced grade 3 hematologic toxicities, each of whom 
had also received CCRT.
Conclusion: The current study demonstrates the efficacy and tolerability of HT for mCRC. To define optimal RT dose according to 
tumor size of mCRC, further study should be needed.
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Introduction

Generally, for patients with metastases, the treatment trend 
has been toward using short courses of radiotherapy (RT) 

with palliative intent [1,2]. Advances in cancer care, including 
therapeutic advanced in surgery, RT techniques, and systemic 
therapy, however, have changed the general rules for 
treating metastatic cancer. Systemic therapies have extended 
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overall survival (OS) times in selected patients and now an 
intermediate state of metastases termed “oligometastases” 
offers the opportunity for cure [3,4]. These clinical settings 
emphasize local control of metastatic lesions with palliative-
intent RT, or sometimes curative-intent RT, and lead the 
application of advanced technologies such as intensity-
modulated radiotherapy (IMRT) or stereotactic radiotherapy 
(SRT): high doses of irradiation may be delivered to tumor with 
more limited doses to surrounding normal tissues, allowing 
local control and symptomatic relief with minimal toxicity [5]. 

Colorectal cancer (CRC) is one of the most common 
malignancies. Approximately 25% of patients present with 
metastases at initial diagnosis and almost 50% of patients will 
develop metastases [6]. Current standard treatment guidelines 
for metastatic CRC (mCRC) involve systemic therapy. Since 
the 1990s, median OS in mCRC was improved to 12 months 
with fluorouracil-based chemotherapy, to 18 months with the 
addition of oxaliplatin and irinotecan, and to approximately 30 
months with the addition of molecular target agents such as 
bevacizumab, cetuximab, or panitumumab [7-9]. The disease 
can also present with solitary metastases or oligometastases. 
The increase of OS and a distinctive feature of oligometastases 
support the use of advanced RT techniques to maximize local 
control and minimize toxicity in patients with mCRC. However, 
optimal RT technique and treatment result about mCRC has 
not been fully evaluated.

Therefore, we investigated the treatment outcome and the 
toxicity of helical tomotherapy (HT), which is unique technique 
delivering IMRT through a continuous 360o gantry rotation, in 
patients with mCRC.

Materials and Methods

1. Patient selection
From December 2009 to December 2013, 25 patients with 
mCRC received HT at Soonchunhyang University College of 
Medicine, Bucheon. We retrospectively reviewed patients’ 
hospital charts and patients who met the following reasons 
were excluded from this study: 1) foreigner who returned 
to their own country after the end of HT (four patients); 2) 
incomplete HT duo to deterioration of general condition and 
patient refusal (two patients); and 3) loss of follow-up (one 
patient). The remaining 18 patients were included in this study. 
Among these, eight patients simultaneously received HT for 
2 or 3 metastatic lesions: two patients received additional 
HT for other metastatic lesions later. One patient received 3 
sessions of HT for multiple liver metastases. In these patients, 

evaluation of radiographic response to each lesion after 
HT was available, and all treatment sites (31 lesions) were 
independently analyzed for local control by HT. This study was 
approved by the Institutional Review Board of Soonchunhyang 
University College of Medicine, Bucheon (No. 2015-08-021).

2. HT technique
Computed tomography (CT) simulation with contrast medium 
was performed for each patient with 2–5 mm slice thickness 
during free breathing. All patients were immobilized with a 
posterior vacuum-lock body fixation device. In cases of lung 
or liver lesions, patients were asked to take shallow breaths 
and were immobilized with an anterior vacuum-sealed cover 
sheet to reduce respiratory movement. The simulation data 
were entered into a Pinnacle planning system (Philips Medical 
Systems, Madison, WI, USA). Gross tumor volume (GTV) was 
identified and contoured by using axial CT images. When 
necessary, magnetic resonance imaging and positron emission 
tomography/CT were used to delineate GTVs accurately. 
Generally, GTV was considered to be equal to the clinical target 
volume (CTV); CTVs of 2 para-aortic lymph node lesions and 
2 colon lesions included elective nodal area; CTVs of 1 pleural 
lesion and 4 bone lesions had a generous margin to cover 
microscopic tumor extension. Planning target volume (PTV) 
was defined as GTV or CTV plus a setup margin of 5 mm. When 
tumors were located in a moving organ, an additional margin 
of 5–10 mm was added to the PTV. 

All regions of interest were transferred to a Tomotherapy 
Hi-Art II Planning System (Accuray Inc., Sunnyvale, CA, 
USA) for inverse treatment planning. Total prescribed doses 
depended on the physicians’ judgment of the patients’ 
performance, the extent of tumors, the expected morbidity, 
the aim of HT (curative vs. palliative), and whether or not the 
patient was receiving concurrent chemotherapy (CCRT). PTVs 
were prescribed as 30–70 Gy in 10–30 fractions. The optimized 
prescription aimed to deliver at least 95% of the prescribed 
dose to 95% of PTVs. RT was delivered using a TomoTherapy 
device (TomoTherapy Inc., Madison, WI, USA). HT was delivered 
once daily and a megavoltage CT scan was performed to 
correct interfractional variations before each treatment. 

3. Failure definition and toxicity assessments
Radiographic tumor response was evaluated using the 
Response Evaluation Criteria for Solid Tumors (RECIST) ver. 
1.1 [10]. As various PTVs (curative vs. palliative) were applied, 
the further progression in the RT field was classified as local 
progression. Any progression regardless of the RT field was 
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defined as disease progression. The follow-up period was 
defined as the time from the start of HT until the last follow-
up or death. Toxicity within 3 months after the end of HT was 
assessed according to the Common Terminology Criteria for 
Adverse Events (CTCAE) ver. 4.0.

4. Statistical analysis
The primary endpoints were local progression free survival 
(LPFS), disease-progression free survival (DFS), and OS. Survival 
probabilities were estimated by the Kaplan-Meier method. 
To examine the relationships between possible prognostic 
parameters and LPFS, univariate analysis was conducted using 
log-rank test. PTV was analyzed as binary variable based on 
median value. Biologically equivalent dose (BED) was analyzed 
as binary variable with cut-off point of 48 Gy10, when α/β for 
the tumor was assumed to be 10 Gy [3]. Based on the result 
of univariate analysis, the significant variables were selected 
for the initial multivariate Cox proportional hazard regression 
model. The final multivariate model, identifying parameters 
that affected LFPS, was determined by backward selection 
eliminating nonsignificant variables with p ≥0.1. All statistical 
analyses were performed using the SPSS software ver. 14.0 
(SPSS Inc., Chicago, IL, USA), and two-sided p <0.05 was 
considered statistically significant.

Results

1. Patients’ and treatment characteristics
Initially, eight patients (44%) were diagnosed with rectal 
cancer and 10 patients (56%) with colon cancer. Twelve 
patients (61%) underwent resection of the primary tumor: 11 
patients with curative intent and one patient with palliative 
intent. Six patients (39%) received palliative chemotherapy 
alone. Patients’ age at the time of HT for mCRC ranged from 
18 to 79 years (median, 55 years). There were 9 males (50%) 
and 9 females (50%). The Eastern Cooperative Oncology Group 
performance scores were 1 in 17 patients (94%) and 2 in one 
patient (6%). A total of 31 lesions were treated with HT: the 
liver (9 lesions, 29%) and LNs (9 lesions, 29%) were the most 
frequent sites. Two lesion (7%) presented regional recurrence 
and 10 lesions (32%) presented oligometastases, which was 
defined as limited metastases ≤5 on image study. These 12 
lesions were treated with curative-intent HT, which signified 
the inclusion of all viable tumors within the RT field. On the 
other hand, 19 lesions (61%) presented distant metastases and 
were treated with palliative-intent. Five lesions (16%) received 
reirradiation (Re-RT): 1 pelvic LN and 1 seeding nodule were 

Table 1. Treatment characteristics

Parameter No. of lesions

Treatment site
   Lung
   Liver
   Lymph nodes
   Bone
   Colon
   Seeding nodule
   Pleura
Disease status
   Regional recurrence
   Oligometastasesa)

   Distant metastases
Aim of HT
   Curative 
   Palliative
Chemotherapy response before HT
   Upfront radiotherapy
   PR after chemotherapy
   SD after chemotherapy
   PD after chemotherapy
Reirradiation
   Yes
   No
CCRT
   Yes
   No
PTVs (mL), median (range)
Total dose (Gy), median (range)
   48 (1.6 Gy/fx)
   51 (1.7 Gy/fx)
   40 (2.0 Gy/fx)
   42 (2.1 Gy/fx)
   44 (2.2 Gy/fx)
   45 (2.25 Gy/fx)
   69 (2.3 Gy/fx)
   50 (2.5 Gy/fx)
   30 & 33 (3.0 Gy/fx)
   35 (3.5 Gy/fx)
   40 (4.0 Gy/fx)
   50 (5.0 Gy/fx)
   70 (7.0 Gy/fx)
BED (Gy10), median (range)
Adjuvant chemotherapy
   Yes
   No

 
 3
 9
 9
 5
 2
 2
 1

 
 2
10
19

 
12
19

 
10
 2
 4
15

 
 5
26

 
19
12

 114 (12–1,100)
44 (30–70)

2
3
4
2
5
1
1
3
2
2
1
3
2

55 (39–119)
 
18
13

HT, helical tomotherapy; PR, partial response; SD, stable disease; 
PD, progressive disease; CCRT, concurrent chemoradiotherapy; 
PTV, planning target volume; BED, biologically equivalent dose 
when α/β for the tumor was assumed to be 10 Gy.
a)Limited metastases ≤5 on image study.
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overlapped with previous preoperative CCRT; 2 liver lesions 
were overlapped with previous HT to liver metastases; 1 
pelvic LN was consulted duo to PD after previous palliative 
RT with 2-dimensional (2D) technique. Remaining treatment 
characteristics are summarized in Table 1. PTV and BED 
according to RT site are shown in Fig. 1.

2. Treatment outcomes
The median follow-up from HT start date was 16 months 
(range, 2 to 54 months): five-alive patients were follow-up 
loss within 1 year. The median survival time of 18 patients 
was 33 months, and the OS rate was 68% and 42% at 1 and 3 
years, respectively. The DFS rate was 22% and 11% at 1 and 3 

years, respectively. Among 31 lesions, complete response (CR) 
was achieved in 8 lesions (26%) at 2–12 months after HT: CR 
of 2 colon lesions was confirmed by pathologic review. The 
LPFS rate for 31 lesions was 45% and 34% at 1 and 3 years, 
respectively. Details regarding survival outcomes are shown in 
Fig. 2. 

On univariate analysis, chemotherapy response before HT, 
aim of HT, CCRT, PTV, BED, and adjuvant chemotherapy were 
significant parameters in determining LPFS for 31 lesions (Table 
2). On Cox multivariate regression analysis, PTV (≤113 mL vs. 
>113 mL; hazard ratio [HR], 5.155; 95% confidence interval 
[CI], 1.697 to 15.661; p = 0.004) and BED (≤48 Gy10 vs. >48 
Gy10; HR, 4.539; 95% CI, 1.492 to 13.816; p = 0.008) were 
statistically significant factors affecting LPFS. Fig. 3 shows 
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Fig. 1. Planning target volumes (PTV) and biologically equivalent 
dose (BED) according to treatment site. Grey color indicates lesion 
without local progression; black color with local progression; 
others include bone, colon, seeding nodule, and pleural 
metastases. LN, lymph node.
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Fig. 2. Local progression-free survival (LPFS), disease-free survival 
(DFS), and overall survival (OS) after helical tomotherapy for 
metastatic colorectal cancer.

Table 2. Univariate analysis for parameters affecting LPFS

Parameter
No. of 
lesions

3-yr LPFS 
(%)

p-value

Radiotherapy site
   Lung
   Liver
   Lymph nodes
   Othersb)

Chemotherapy response before HT
   Progressive disease
   Othersc)

Aim of HT
   Curative
   Palliative
Reirradiation
   Yes
   No
CCRT
   Yes
   No
Planning target volume
   ≤113 mL
   >113 mL
BED 
   ≤48 Gy10

   >48 Gy10

Adjuvant chemotherapy
   Yes
   No

 
3
9
9

10
 

15
16

 
12
19

 
5

26
 

19
12

 
15
16

 
8

23
 

18
13
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33a)

21
32a)

 
0
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16a)

 
0
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0.680
 
 
 
 

0.000
 
 

0.018
 
 

0.160
 
 

0.007
 
 

0.002
 
 

0.005
 
 

0.007
 
 

LPFS, local progression free survival; HT, helical tomotherapy; 
CCRT, concurrent chemoradiotherapy; BED, biologically equivalent 
dose when α/β for the tumor was assumed to be 10 Gy.
a)Means LPFS rate at 30 months. b)Includes bone, colon, seed-
ing nodule, and pleural metastases. c)Includes partial response or 
stable disease after chemotherapy before HT or upfront RT when 
distant metastases are developed.
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LPFS rates according to PTV and BED.

3. Toxicities
Grade 3 hematologic toxicity was occurred in four patients 
during HT (Table 3). They received CCRT: two patients (patients 
1 and 4 in Table 3) received further chemotherapy with a 
dose reduction of 80%. On the other hand, there was no 
nonhematologic toxicity ≥grade 3 during HT. After the end 
of HT, grade 3 gastrointestinal toxicity was reported in three 
patients. One patient (patient 1 in Table 3) experienced grade 
3 colitis at 1 month after the end of HT; one patient (patient 
2 in Table 3) experienced grade 3 stomatitis and esophagitis 
at 1 week after HT: gastrointestinal toxicities were occurred in 
an organ far from the RT field shortly after the end of HT. On 
the other hand, one patient received Re-RT to pelvic LN with 
50 Gy in 10 fractions after 3 months following 2D RT with 30 
Gy in 10 fraction and experienced grade 3 radiation-colitis at 2 
months after HT. These patients with grade 3 toxicity required 
hospitalization and total parenteral nutrition. There was no 
treatment-related death.

Discussion and Conclusion

The diagnosis of mCRC dose not equal an acute fatal illness 
and might be classified more as a chronic disease with 
a clinical disease state between locoregionally confined, 
oligometastatic, and widely spread metastatic disease [11]. 
Several international guidelines recommend various treatment 
modalities according to disease status of mCRC, although 
systemic therapy is mainly considered [12]. Traditionally, we 
apply palliative-intent RT using simple technique for mCRC. 
However, technical evidence, derived from IMRT’s ability to 
deliver higher doses to the tumor, reduce toxicity, and improve 
quality of life (QOL), has been used to support the adoption 
and implementation of IMRT for metastatic disease [13]. The 
Surveillance, Epidemiology and End Results-Medicare linked 
databases showed a significant decrease in the portion of 2D 
RT and a significant increase in the use of IMRT and SRT in 
the last year of life among patients diagnosed with metastatic 
cancer [14]. HT is a unique IMRT machine, with a different 
dose delivery and treatment plan prescription compared 

Table 3. Hematologic toxicity during helical tomotherapy

No. Age/sex Treatment site PTV (mL) CCRT Regimen Gradea) Adverse event

1
2
3
4

38/F
43/F
18/M
52/F

Pleura
Pelvic LN
Mediastinal and pelvic LN
Rib and liver

1,110
34

259 & 63
65 & 896

Yes
Yes
Yes
Yes

Cisplatin
FOLFIRI
FP
PLF

3
3
3
3

Leukopenia and thrombocytopenia
Leukopenia
Leukopenia
Thrombocytopenia

PTV, planning target volume; CCRT, concurrent chemoradiotherapy; LN, lymph node; FOLFIRI, irinotecan/leucovorin/fluorouracil; FP, fluo-
rouracil/cisplatin; PLF, cisplatin/leucovorin/fluorouracil.
a)Grade was scored according to the Common Terminology Criteria for Adverse Events ver. 4.0.
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Fig. 3. (A) Local progression-free survival (LPFS) according to planning target volume (PTV) after helical tomotherapy (HT) for metastatic 
colorectal cancer (mCRC) on univariate analysis. (B) LPFS according to biologically equivalent dose (BED) after HT for mCRC on univariate 
analysis. BED was calculated when the α/β value for the tumor was assumed to be 10 Gy.
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to conventional linear accelerators-based IMRT, enabling 
treatment implementation for a wide spectrum of clinical 
cases, ranging from very small tumor to vast target volumes 
[15]. A few studies of HT in patients with metastatic cancer 
have reported effectiveness with a symptom control rates of 
76%–90% within a time frame as short as 6 months [16-18]. 
In terms of colorectal oligometastases, several studies have 
reported CR rates of 16%–35% and 1-year LPFS rates of 54%–
87% after HT [11,19-21]. The current study yielded comparable 
results, with a CR rate of 26% and an LPFS rate of 45% at 1 
year with median follow-up of 16 months. 

In our study, PTV was the most significant parameter for 
LPFS on multivariate analysis. Although we agree with the 
necessity of further studies to improve local control of large-
sized colorectal oligometastases, it has been debatable in case 
of palliative-intent RT because of treatment related morbidity 
and poor OS [21,22]. A recent phase III study of non-small 
cell lung cancer reported that palliative CCRT with 42 Gy in 
15 fractions significantly increased OS and QOL compared 
to chemotherapy alone, especially in tumor sizes >7 cm [23]. 
They concluded that large tumor should not be considered a 
negative predictive factor in patients with poor prognosis, and 
patients with tumor >7 cm apparently benefit from addition 
of RT to palliative chemotherapy. Therefore, efforts to improve 
local control of large tumor are needed. The other significant 
parameter in our study, BED, might provide some clues. Several 
studies have reported a dose-response relationship between 
RT dose and LPFS in mCRC but an optimal RT dose would not 
be determined [21,22,24-26]. We speculate several reasons for 
these variations in RT dose. First, there are interfractional and 
intrafractional variations of tumors located in sites that are 
highly affected by respiratory motion, such as the liver and 
the lung. If motion management is inaccurate, tumors are at 
high risk of being underdosed by displacements of the tumor 
relative to the dose distribution, especially at the border, which 
could finally result in a marginal recurrence regardless of 
total doses [27]. Second, there are differences in the radiation 
sensitivity of tumors. For example, Ahmed et al. [28] suggested 
that radiation sensitivity between primary and metastatic 
tissues of colon cancer revealed significant differences based 
on anatomical location of metastases. Therefore, further 
studies are necessary to identify optimal RT dose according 
to radiation sensitivity of mCRC under a thorough control of 
moving organ.

During HT, four patients experienced grade 3 hematologic 
toxicity. They received CCRT. These toxicities were partially 
caused by HT to large metastatic lesions. However, the effect 

of size of PTV might be less than anticipated, considering 
that the percentage of red marrow within the RT field was an 
independent risk factor associated with hematologic toxicity 
and RT sites in these patients captured about 10% of active 
bone marrow in the adult [17,29]. In particular, the fact that 
two patients experienced grade 3 gastrointestinal toxicity 
in an organ far from the RT field shortly after the end of HT 
underscores the morbidity of combined treatment. Therefore, 
we consider CCRT in patients with good performance status, 
who tolerate combined modalities. Among four patients 
with 5 lesions who received Re-RT, 1 patient with pelvic LN 
metastases experienced grade 3 radiation-colitis. Considering 
Re-RT, we should be concerned with two points. First, acute 
responding tissue need some time to recover from radiation 
injury, and tolerance dose would be different according to time 
interval between initial RT and Re-RT. One study recommended 
a Re-RT dose after initial RT with median 50 Gy according to 
the interval as follows: 35 Gy for an interval of 3–12 months, 
40–45 Gy for 12–24 months, 45–50 Gy for 24–36 months, and 
50–55 Gy for more than 36 months [30]. Second, for patients 
with curative intent or for patients with palliative intent with 
a relatively long life expectancy, with the aim of durable local 
control, hyperfractionated Re-RT is recommended to minimize 
late complications [31]. Therefore, we should individually 
select the use of Re-RT, considering the time interval between 
RT sessions, the number and size of fractions, and expected 
morbidity and survival.

Our study has some limitations. First, this study was 
retrospective analysis. Thus, selection bias may have occurred, 
and the results may be affected. Treatment related toxicity 
may have been underestimated. Second, the small and 
heterogeneous patients’ group was included, although this 
study was one of the few studies to address long-term results 
of HT confined to mCRC. To conclude the effectiveness and 
safety of HT to mCRC, especially in cost effectiveness, large-
prospective studies would be needed. 

In conclusions, the current study demonstrates that HT for 
mCRC is effective in durable local control: LPFS rates for 31 
lesions were 45% and 34% at 1 and 3 years, respectively. To 
define optimal RT dose and improve the local control according 
to tumor size of mCRC, further study should be needed. 
Patients were tolerable to HT, but for patients with CCRT the 
risk of toxicity showed a tendency to increase. Therefore, CCRT 
might be considered in patients with good performance status 
who can tolerate combined modalities.
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