Oncology and Translational Medicine

  

February 2020, Vol. 6, No. 1, P39–P42

DOI 10.1007/s10330-019-0374-4

CASE REPORT

The application of 3D printing in the development
of RECIST standard for evaluating tumor efficacy*
Xiaodan Yang1, Tao Han1 (Co-first author), Yue Zhang2, Yanming Zhang2, Gao Li3, Yongye Liu1,
Zhaozhe Liu1 (), Zhendong Zheng1 ()
1

2
3

Department of Oncology, Cancer Center, General Hospital of Northern Theater Command, Shenyang 110840,
China
Oncology Phymatology, Jinzhou Medical University, Jinzhou 121000, China
Department of Clinical Pharmacy, Shenyang Pharmaceautical University, Shenyang 110840, China

Abstract

Received: 19 August 2019
Revised: 11 September 2019
Accepted: 30 October 2019

Three-dimensional (3D) printing technology, as a novel technical method, can convert conventional
computed tomography (CT) or magnetic resonance imaging (MRI) scans to computer-aided design files
and develop a 2D spatial structure into a 3D imaging structure. In recent years, the technology has been
widely used in numerous areas, including head and neck surgery, orthopedics, and bio-medicinal research.
This article uses examples of 3D printed tumor models to develop Response Evaluation Criteria In Solid
Tumors (RECIST) standards to evaluate the changes in tumors. RECIST standard is currently recognized
as the standard for assessment of chemotherapy. Under the RECIST standard, changes occurring in tumors
before and after the surgery, are evaluated. The assessment depends upon a CT evaluation of the changes
in the lesions with the largest diameters. In addition, the disease progression and stability of remission
is also assessed. Three-dimensional printing technology is more intuitive in the evaluation of changes to
human tumors following chemotherapy and targeted therapy. However, a few reports are available.
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Case 1: A 75-year-old man, diagnosed over half a
month ago with a tumor in the left lung, was admitted
to the hospital. In September 2015, obvious causes of
cough, sputum, fever, and shortness of breath following
activity, were not observed. In October 2015, the
presence of a pulmonary hilar measuring 4.4 cm × 3.6 cm
was detected in the left lung via a chest CT scan. (Fig.
1a). Multiple lymph node metastases were also noted.
The pathological and immunohistochemical results were
as follows: lower differentiation of adenocarcinoma, a
wild-type EGFR gene, and an unfused EML4-ALK gene.
Upon admission, no significant assessment result was
noted, except for weak breathing sounds in the left lung.
Based on clinical, pathologic, imaging, and preliminary
assessment results, the patient was diagnosed with low
differentiated adenocarcinoma of the left lung (IIIA,
cT2N2M0). Pemetrexed, in combination with Endostar,
was administered to the patient. The Chest CT results

indicated that the left hilar mass was significantly
reduced after two cycles of treatment. A part remission
was indicated by the RECIST standard efficacy rating.
Comparison of the two 3D print results were shown in
Fig. 1b and 1c.
Case 2: A 66-year-old woman, experiencing chest
tightness and heavy expectoration for 6 months, was
admitted to the hospital. In February 2015, no apparent
cause of chest tightness and cough white foam sputum
was observed, and no system treatment was found. In
August 2015, the aforementioned symptoms worsened.
A CT scan revealed the presence of hilar lesions in the
left lung (Fig. 2a). A physical examination indicated no
abnormalities. Baseline examinations and CT scan results
revealed presence of lesions measuring approximately 4.0
cm × 3.3 cm, in the left pulmonary hilum and left lung leaf
with approximately 2.1 cm × 1.4 cm nodules. Central-type
lung cancer with left lung lobe metastasis was considered.
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Fig. 1 (a) CT showed a change in the left lung mass before and after
treatment; (b) 3D print before and after the treatment of left lung hilar
mass change; (c) 3D print entity model diagram

The preliminary diagnosis was, presence of a lesion in the
left lung space, and double lung metastasis. The patient
and her family refused to undergo a bronchoscopy
biopsy and chemotherapy and requested an oral targeted
therapy. The patient was discharged. After 2 months,
the patient was readmitted to the hospital. The CT
scan results revealed the presence of lesions measuring
approximately 5.0 cm × 3.3 cm in the left lung hilum and
nodules measuring approximately 2.1 cm × 1.4 cm in the
left lung leaf. Comparison of the two 3D print results
were shown in Fig. 2b and 2c.
The cost and time of application of
3D printing technology
Approximately, one hour is required to design a 3D
printing scheme on the computer. The printing of the 3D
model requires approximately 3 to 5 h. The SD printing
cost for each organ is approximately 3000 RMB.

http://otm.tjh.com.cn

Fig. 2 (a) CT showed a change in the left lung mass before and after
treatment; (b) Print before and after the treatment of left lung hilar mass
change; (c) 3D print model diagram

Discussion
RECIST is a recognized assessment tool used
to determine the changes in the tumors following
chemotherapy and targeted therapy, and to evaluate
the prognosis of patients. The assessment depends on
CT imaging of target lesions with LD, and the sum of
changes in patients with disease progression, and stable
remission [1–2]. Provisions in the RECIST standard include
a length of at least 2 slice thickness (10 mm) for a lesion (a
thickness of less than 10 mm is considered to be normal in
lymph nodes). onfusing. However, due to the conditional
difference of CT imaging, the LD, measured in accordance
with LD recist standards, may not be credible. The
measurements may be influenced by various factors, such
as the shape of target lesions, and thus cannot be a true
assessment of the patient’s prognosis [2–4]. Moreover, the
LD cannot be used to measure tumor invasion. In some
cases, the target lesion is not a small tissue necrosis, and
as a result, changes in the tumor cannot be measured [5–7].
Three-dimensional printing technology employs
hierarchical processing, and gradually superimposes layer
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upon layer to generate a 3D entity. The technique uses
3D software and tools to compile information from CT
and MRI scans into a CAD file. The 2D cross section
is then used to develop a 3D image [8]. The 3D printing
technology, makes up for the lack of sensitivity of the
RECIST standard in the evaluation of disease progression,
remission, and stability [9]. Three-dimensional printing
technology has been used in the field of medicine, as it
captures the arbitrary complex geometry of the entity [9–
11]
. This technology allows the surgeon to understand the
anatomy of the lesion [12]. The establishment of models
of the head and neck, heart, pelvis, lung blood vessels,
other related tissues and organs, as well as the in vitro
simulation of the operating processes may improve the
probability of a successful surgery [10–11, 13–15]. In medical
oncology, 3D printing technology aids in the visualization
of tumor volume and determination of tumor location
and surrounding blood vessels. Moreover, it may enable
the comprehension of blood flow distribution in the
tumor and may provide a better observation index for the
treatment [9, 14]. According to literature [16], 3D printing
can also be used as a tool to study metastatic lesions
and assess drug sensitivity. The 3D printing technology
allows a simulation of malignant tumors within the
human body and facilitates an intuitive understanding of
tumor volume changes directly with a specific anatomical
model interaction. As a result, patients are better able
to comprehend the changes in the tumor volume. This
understanding limits the dependence on imaging science,
and allows direct communication between patients
and healthcare providers [9]. Moreover, 3D printing
technology also requires less materials and reduces labor
and production costs [8].
In this paper, the CT results of two cases of lung
tumor were compared with 3D printed models. The
results indicate a more intuitive and comprehensive
understanding of the effect of chemotherapy and
targeted therapy on the changes to the tumor volumes,
before and after the treatment. Among the two cases of
clinical studies using 3D printed models of lung tumors,
significant reduction in the volume of lung tumor of one
patient was observed. However, in the second patient
no significant change in the lung tumor volume was
observed. However, the results indicated that a 3D printed
model can provide better understanding of the volume
changes in the tumor before and after the treatment.
Three-dimensional printing is also more convenient and
facilitates better communication between doctors and
patients. With constant breakthroughs in technology and
large-sample clinical research, 3D printing technology
is expected to influence future treatments, probably in
precision medicine. It can also enable the development
of a customized treatment plan, tailored for the patient’s
specific conditions. The technology may also be extended
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to other applications and become a routine procedure
in the future. Three-dimensional printing, as a novel
technology, has not been widely promoted. Its application
requires additional clinical randomized control trials,
large-sample control studies, and long-term prognosis
and follow-up support.
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