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Adaptive extended‑field 
intensity‑modulated radiation therapy 
with simultaneously integrated boost 
for locally advanced cervical cancer 
with lymph node metastases
Yukihiro Hama1, Etsuko Tate1

Abstract:
Performing external beam radiotherapy alone without chemotherapy or brachytherapy for locally 
advanced cervical cancer with multiple lymph node metastases is challenging. The purpose of 
this case report is to present the efficacy of high‑dose adaptive extended‑field intensity‑modulated 
radiotherapy (IMRT) with simultaneous integrated boost (SIB) in treating locally advanced cervical 
cancer with multiple lymph node metastases. A 67‑year‑old woman with locally advanced squamous 
cell carcinoma of the uterine cervix was treated by external beam radiotherapy alone due to the refusal 
of chemotherapy and intracavitary brachytherapy. In order to maximize the efficacy of treatment, 
extended‑field radiotherapy that includes the paraaortic lymph nodes as well as an adaptive IMRT‑SIB 
plan, was applied. The treatment was successful, resulting in complete tumor disappearance without 
severe adverse events. In conclusion, high‑dose adaptive IMRT‑SIB may be an alternative treatment 
option for locally advanced cervical cancer with multiple lymph node metastases.
Keywords:
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Introduction

Concurrent chemoradiotherapy with 
intracavitary brachytherapy is the 

standard treatment for locally advanced 
cervical cancer with multiple pelvic 
lymph node metastases. [1,2] Surgical 
resection of bulky lymph nodes has been 
attempted optionally. If chemotherapy 
or brachytherapy cannot be administered 
or if the patient refuses these treatments, 
external beam radiotherapy is the treatment 
of choice. In the case of multiple bulky pelvic 
lymph node metastases or metastases in 
the paraaortic lymph nodes, the radiation 

field should be extended to the paraaortic 
lymph node area.[3] Despite the potential 
efficacy of extended‑field radiotherapy, 
there are several concerns about serious 
adverse effects such as gastrointestinal, 
genitourinary, and hematologic toxicity 
due to the larger radiation field and higher 
radiation dose.[4]

Helical tomotherapy is a radiation therapy 
technique that uses a binary multileaf 
collimator with 64 leaves to modulate beam 
intensity with high speed and precision. 
This technique provides a helical delivery 
of radiation that allows a large field of 
view up to 40  cm  ×  160  cm. This feature 
is particularly useful in treating large 
tumors or lesions.[5] There are no reports 
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of extended‑field adaptive radiotherapy for locally 
advanced cervical cancer with lymph node metastases 
with tomotherapy alone. Here, we report a case of locally 
advanced cervical cancer with multiple pelvic lymph 
node metastases treated with helical tomotherapy alone 
with extended‑field high‑dose adaptive radiotherapy.

Case Report

A 67‑year‑old woman was referred to our institution 
for  evaluat ion  and t reatment  of  squamous 
cell carcinoma  (SCC) of the uterine cervix. The 
patient had already undergone a cervical biopsy 
at the referring hospital and was diagnosed with 
moderately differentiated SCC. Whole‑body computed 
tomography  (CT), pelvic magnetic resonance 
imaging  (MRI), and 18F‑fluorodeoxyglucose  (FDG) 
positron emission tomography (PET) were performed to 
evaluate the extent of cervical cancer. T2‑weighted images 
showed the heterogeneous mildly hyperintense tumor in 
the cervix infiltrating the vagina and bladder [Figure 1a]. 
Apparent diffusion coefficient maps obtained using a 
b‑value of 800  s/mm2 showed a low signal intensity 
lesion in the cervix [Figure 1b]. Gadolinium‑enhanced 
volumetric interpolated breath‑hold examination (VIBE) 
T1‑weighted images showed heterogeneous enhancement 
of the tumor [Figure 1c]. 18F‑FDG PET scans showed a 
hypermetabolic tumor in the cervix consistent with 
cervical cancer [Figure 1d]. Pelvic lymph node metastases 

were observed in the bilateral external iliac lymph nodes 
and the left common iliac lymph node on MRI and PET 
scans  [Figure  1e and f]. Several suspicious metastatic 
lymph nodes were found in the paraaortic and bilateral 
inguinal lymph nodes, but no distant metastases were 
detected. Serum SCC antigen  (SCC‑Ag) level was 
elevated (23.2 ng/mL; normal 0–2.5 ng/mL). Based on 
CT, MRI, and PET imaging findings, the patient was 
diagnosed with FIGO stage IVA cervical cancer. She 
declined chemotherapy and intracavitary brachytherapy, 
which were recommended as part of the treatment 
regimen along with external‑beam radiotherapy. 
Therefore, we decided to administer external‑beam 
radiotherapy only.

All procedures performed in this case report were 
in accordance with the ethical standards of the 
institutional and national research committee and 
with the 1964  Declaration of Helsinki and its later 
amendments. Institutional review board approval was 
waived because every treatment was approved by the 
national health insurance. Informed consent was obtained 
from the patient for the use of clinical data. Adaptive 
radiotherapy was planned to treat the multiple metastatic 
lymph nodes in the pelvic region and the suspected 
metastases in the paraaortic and bilateral inguinal lymph 
nodes. To compensate for the lack of chemotherapy and 
brachytherapy, we used intensity‑modulated radiation 
therapy (IMRT) with simultaneous integrated boost (SIB) 

Figure 1: Magnetic resonance imaging and 18F‑fluorodeoxyglucose (FDG) positron emission tomography (PET) scans before radiotherapy. (a) Transverse T2‑weighted 
turbo spin echo image shows the heterogeneous mildly hyperintense tumor in the cervix infiltrating the bladder (arrow), (b) Apparent diffusion coefficient map obtained with a 
b‑value of 800 s/mm^2 shows a low signal intensity lesion in the cervix (arrow), (c) Gadolinium‑enhanced volumetric interpolated breath‑hold examination T1‑weighted image 
shows heterogeneous enhancement of the tumor (arrow), (d) Transverse 18F‑FDG PET shows significantly increased FDG uptake (arrow), (e) On T2‑weighted image, bilateral 

external iliac lymph nodes are enlarged and shows slightly higher signal than skeletal muscle, consistent with lymph node metastasis (arrowheads), (f) 18F‑FDG PET scan 
shows markedly increased FDG uptake in bilateral external iliac lymph nodes (arrowheads)
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using helical tomotherapy, which allowed us to deliver 
high‑dose radiation therapy over a large field while 
reducing the risk of radiation‑related adverse events. 
The prescribed doses were 81.4 Gy at 2.2 Gy per fraction 
for cervical cancer, 66 Gy at 2.0 Gy per fraction for the 
metastatic lymph nodes, and 45 Gy at 1.8 Gy per fraction 
of the extended field, including bilateral inguinal lymph 
nodes, pelvic lymph nodes, and paraaortic lymph node 
region. Gross tumor volumes (GTVs) were delineated 
using transverse T2‑weighted turbo spin echo images 
and contrast‑enhanced VIBE T1‑weighted images. 
GTV was created by fusing T2‑weighted images, 
contrast‑enhanced T1‑weighted images, and CT images. 
The planning target volume  (PTV) for cervical cancer 
was calculated by adding a 2–3 mm margin around the 
cervical cancer. The PTV for metastatic lymph nodes 
was calculated by adding a 3  mm margin around 
GTV. The nodal clinical target volume included the 
para‑aortic, common iliac, external iliac, internal iliac, 
obturator, presacral, and inguinal nodal basins. For 
the first IMRT‑SIB plan, the delivered doses to cervical 
cancer, metastatic lymph nodes, and lymph node 
basins were 55 Gy, 50 Gy, and 45 Gy, respectively, in 25 
fractions. After completion of the 20th fraction, CT and 
MRI were performed to make the adaptive plan. For the 
adaptive plan, the doses delivered to the cervical cancer 
and metastatic lymph nodes were 15.4 Gy and 14 Gy, 
respectively, in 7 fractions. For the final adaptive plan, 
the dose delivered to the cervical cancer was 15.4 Gy in 

7 fractions. Radiotherapy was performed 5 times a week 
using helical tomotherapy. Grade 2 diarrhea and Grade 1 
urinary urgency  (Common Terminology Criteria for 
Adverse Events v5.0) were noted during radiotherapy 
but recovered within 1  month after radiotherapy. Six 
months after radiotherapy, a whole‑body CT, pelvic 
MRI, and whole‑body PET scan confirmed that all 
tumors had completely disappeared  [Figure  2a‑f]. 
Serum SCC‑Ag levels decreased and normalized to 1.7 
(normal 0–2.5 ng/mL).

Discussion

It may be difficult to control locally advanced cervical 
cancer with multiple lymph node metastases with 
radiotherapy alone without adverse events. When 
combined with intracavitary brachytherapy, a 
paracentric (point A) dose of 85 Gy or more is required 
for local control.[6] Due to the high recurrence rate of 
pelvic radiotherapy alone, extended‑field radiotherapy 
that includes the paraaortic lymph nodes has been 
reported to have a lower recurrence rate than pelvic 
radiotherapy alone.[4,7,8] Because the radiation field 
for extended‑field radiotherapy is larger than that 
for pelvic‑only radiotherapy, gastrointestinal and 
hematologic side effects may be problematic. However, 
IMRT‑SIB with helical tomotherapy seems to avoid this 
problem.[7] High‑dose radiotherapy with intracavitary 
brachytherapy has been used to control the primary lesion 

Figure 2: Magnetic resonance imaging and 18F‑fluorodeoxyglucose (FDG) positron emission tomography (PET) scans 6 months after radiotherapy. (a) T2‑weighted image 
shows no residual tumor in the cervix (arrow). Invasion into the bladder is completely relieved, (b) Apparent diffusion coefficient map obtained with a b‑value of 800 s/mm2 

shows a low signal intensity lesion (white arrow) in the cervix, (c) Gadolinium‑enhanced volumetric interpolated breath‑hold examination T1‑weighted image shows no 
residual tumor (arrow), (d) Transverse 18F‑FDG PET scan shows normalization of increased FDG uptake in the cervix (arrow), (e) On T2‑weighted imaging, the bilateral 

external iliac lymph nodes were significantly reduced and almost disappeared (arrowheads), (f) 18F‑FDG PET scan shows no abnormal FDG uptake in bilateral external iliac 
lymph nodes (arrowheads)
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of cervical cancer, while extended‑field radiotherapy 
with or without systemic chemotherapy plays an 
important role in controlling paraaortic lymph node 
metastases. If systemic chemotherapy or intracavitary 
brachytherapy is not available, curative doses should 
be safely delivered by external beam radiation alone. 
Adaptive IMRT‑SIB with helical tomotherapy may be a 
solution to this problem.

This case report has several strengths. First, this case 
report suggests the possibility of treatment without 
serious side effects, even with high doses of radiation to 
cervical cancer, as well as extended‑field radiotherapy 
involving paraaortic, pelvic, and bilateral inguinal lymph 
nodes. One reason for the treatment’s success is the use 
of image‑guided adaptive radiotherapy, which optimizes 
the radiation field and dose according to the shrinkage 
and shape of the tumor, delivering high doses of radiation 
precisely to the tumor while minimizing exposure to 
surrounding normal tissue. Second, IMRT‑SIB using 
helical tomotherapy enables confirmation of the tumor 
and normal tissue shapes on CT images before radiation 
delivery. This feature allows for safe delivery of large 
doses of radiation even near normal organs whose shape 
is constantly changing, such as the bladder and rectum 
while minimizing radiation exposure to normal tissue.

There are several limitations to this case report. First, even 
with helical tomotherapy, the movement of the tumor 
and surrounding normal organs cannot be monitored 
during radiation delivery. MRI‑guided radiotherapy 
may solve this limitation.[9] However, MRI‑guided 
radiotherapy systems are not compatible with helical 
or rotational IMRT, such as volumetric‑modulated arc 
therapy, and future development is warranted. Second, 
helical tomotherapy allows only coplanar irradiation and 
pelvic irradiation requires complex treatment planning 
to avoid irradiation of the femoral head. In addition, 
because helical irradiation is performed using a binary 
multileaf collimator, the larger the irradiation field, the 
longer the irradiation time. Dynamic WaveArc therapy 
using a gimbal‑head radiotherapy system can overcome 
this limitation.[10]

In conclusion, although one case report cannot be 
generalized to other cases without further scientific 
validation, high‑dose adaptive IMRT‑SIB may be an 
alternative treatment option for locally advanced cervical 
cancer with multiple lymph node metastases.
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