
Abstract. Background: Caudal-related homeobox transcription
factor 2 (CDX2) is expressed in intestinal epithelial cells.
CDX2 is a very sensitive marker for the identification of
small and large intestine tumors, which is expressed in 85.7-
100% of colorectal cancer (CRC) cases. Case Report: A 61-
year-old female had been suffering from left shoulder pain
for one month. Computed tomography showed osteolytic
masses extending to the vertebral arch in the C5, C6, C7, and
Th3 vertebral bodies. In addition, a thickening of the sigmoid
colon was observed from the rectal-sigmoid colon, suggesting
CRC. A colon biopsy revealed poorly differentiated adeno-
carcinoma and the vertebra excision was metastatic
adenocarcinoma. However, immunohistochemically, the
vertebra tumor was negative for CK7 and CK20 but positive
for CDX2. Therefore, we made the diagnosis of CRC with
bone metastasis and decided to start treatment for CRC.
Posterior stabilization was performed for the spinal tumor 6
days after admission. About one month after admission, she
started treatment with chemotherapy. Initially, her left hand
could not move, and she could barely hold the pen with her
right hand. After adding cetuximab for the third time, she
became able to bend the dorsiflexion of her right wrist joint,
grasp a stick with her right hand, and move the fingertips of
her left hand a little. Conclusion: The presented case could

not be diagnosed as CRC unless CDX2 was examined.
Upper body paralysis due to CRC bone metastasis was
improved by chemotherapy.

Cancers of unknown primary origin still have a poor
prognosis. Caudal-related homeobox transcription factor 2
(CDX2) is expressed in intestinal epithelial cells and is
essential for their development and differentiation (1, 2).
CDX2 is expressed from the duodenum to the rectum and is
a very sensitive marker for the identification of small and
large intestine tumors. It is expressed in 85.7-100% of cases
of colorectal cancer (CRC) (3). However, CDX2 expression
is not a frequently measured marker in CRC.

Metastatic spinal tumors commonly metastasize to the
cancellous bone of the vertebral body and often extend
posteriorly (pedicles) to the vertebrae. In the case of spinal
cord compression due to extra vertebral extension of the
tumor, paralytic symptoms appear that aggravate acutely (4). 

We herein describe the findings of a CRC case that was
CDX2-positive, who dramatically responded to chemotherapy
after posterior fixation. In addition, we also provide the latest
available information on CDX2.

Case Report

A 61-year-old female had been suffering from left shoulder
pain for one month. In the manual muscle test (MMT) when
she first visited our hospital, the right deltoid muscle was
5/5, the left one was 2/5, the right biceps muscle was 5/5,
the left one was 1/5, and the right triceps muscle was 5/5 and
the left one was 2/5. Her finger extensions on both hands
were 5/5. As for leg muscle strength, the tibialis anterior,
quadriceps, and iliopsoas muscles were 5/5 on both sides.
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Therefore, marked muscle weakness of her left upper
extremity was observed (Figure 1A and B). There were no
major abnormalities in laboratory data. C-reactive protein
(CRP) was 0.36 (mg/dl) and D dimer was 1.34 (μg/ml), both
of which were slightly high. As tumor markers, carbohydrate
antigen 19-9 (CA19-9) was 570 U/ml, and soluble
interleukin-2 receptor (sIL-2R) was slightly higher 550 U/ml.
MRI showed osteolytic masses extending to the vertebral
arch in the C5, C6, C7, and Th3 vertebral bodies (Figure 2).
In addition, a thickening of the sigmoid colon was observed
from the rectal area, and the boundary with the surrounding
fat was unclear in computed tomography (CT), suggesting
CRC (Figure 3). Colonoscopy revealed a circumferential
stricture in the sigmoid colon with normal mucosa,
suggestive of stricture due to dissemination. A colon biopsy
revealed poorly differentiated adenocarcinoma (Figure 4A)
and the vertebra excision was metastatic adenocarcinoma.
However, immunohistochemically, the vertebra tumor was
negative for CK7 and CK20 but positive for CDX2 (Figure
4B). Therefore, we made the diagnosis of CRC with bone
metastasis. It took about 3 weeks to determine the diagnosis.
There were no KRAS or BRAF mutations in the tissue.

The muscle strength of the left upper extremity was
weakened at the time of the first visit, but it became
immobile after hospitalization. Not only the left upper
extremity, but also the muscle strength and movement of the
right upper extremity gradually deteriorated. Therefore,
posterior stabilization was performed 6 days after admission.
This approach significantly reduced pain in both shoulders,
especially in her left shoulder, but the numbness remained
severe. Three weeks after admission, the deltoid, biceps, and
triceps MMT score on the right changed from 5/5 to 1/5
(Figure 1A and B). Around the same time, she was diagnosed
with CRC, and we decided to start treatment with
chemotherapy for CRC.

We told her that chemotherapy might not work, but she
still wanted to do something rather than do nothing, thus we
started mFOLFOX6 colorectal chemotherapy about one
month after admission. Each cycle of mFOLFOX6 consisted
of racemic leucovorin 200 mg/m2, oxaliplatin 85 mg/m2 in
a 2-hour infusion, bolus fluorouracil 400 mg/m2 on day 1,
and a 46-hour infusion of fluorouracil 2,400 mg/m2 every
two weeks. She was subjected to rehabilitation of her upper
and lower limbs every day. Initially, at the start of
chemotherapy she could not move her left hand and her right
hand could hardly hold a pen. After adding cetuximab for the
third time of mFOLFOX6, the muscle contraction improved
slightly from the elbow of the right upper limb to the
periphery of the fingers. She gradually improved. Three days
after administration of cetuximab (every 2 weeks at 500
mg/m2), she became able to bend the dorsiflexion of her
right wrist joint, grasp a stick with her right hand, and move
the fingertips of her left hand a little. Only one and a half

months after the start of chemotherapy, she was able to press
the nurse call, operate her cell phone and write letters with
her right hand. Almost at the same time her left hand also
became mobile, and finally she was able to do the pronation
and supination movements of her left hand. Numbness was
still present but was managed with pregabalin and
amitriptyline hydrochloride. 

As she was improving, she worked even harder on
rehabilitation. In order to leave the hospital, she practiced
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Figure 1. Manual muscle test (MMT) of the right and left upper
extremities. A) At the initial visit to our hospital, the MMT scores of the
deltoid, biceps, and triceps muscles of the right upper extremity were all
5/5. Despite posterior stabilization, muscle weakness in the right upper
limb progressed, and the right extremities could hardly move. However,
chemotherapy dramatically improved the patient’s muscle weakness. With
the continuation of chemotherapy, the movement of the upper right limb
gradually improved. The squares represent biceps, the triangles represent
triceps, and the arrows represent deltoid. B) At the initial visit to our
hospital, the MMT scores of the left deltoid and triceps muscles of the left
upper extremity was 2/5, while the score of the left biceps muscle was 1/5.
The left upper extremity was originally recognized to have lost muscle
strength earlier, and the muscle strength of the left upper extremity took
longer to improve in comparison to the muscle strength of the right upper
extremity. Nevertheless, chemotherapy gradually improved the movement
of his left extremity. The squares represent biceps, the triangles represent
triceps, and the arrows represent deltoid.  



putting on her jacket while using her right hand well since
she could not use her left hand. When she ate, she used a
fork or spoon that was as light as possible and tried to bring
it to her mouth. It wasn’t an easy rehabilitation, but she
didn’t complain and did her best.

She finally returned home after three months in the
hospital. At discharge, her biceps and triceps MMT scores
improved from 1 to 3 on the right hand and from 0 to 2 on
the left hand. In preparation for her discharge from the
hospital, we also enhanced her personal support. After
discharge, she was scheduled to come to the hospital once
every two weeks for chemotherapy. While at home, her aunt
helped her with her needs and the visiting nurse helped her
bathe. Based on the situation at home after discharge, we
consulted with the rehabilitation physical therapists of the
hospital in order to improve her overall ability to move.

Her hands and numbness symptoms did not change
significantly, but CT showed primary tumor’s getting bigger
and worsening peritoneal dissemination, forcing her to
change her chemotherapy regimen. Especially, after starting
Cetuximab, her hands’ symptoms improved dramatically, so
we continued as long as possible. When the effect of
mFOLFOX6 disappeared, we switched to FOLFIRI (racemic
leucovorin 200 mg/m2 in a 2-h infusion, CPT-11 150 mg/m2
in a one and a half-hour infusion, bolus fluorouracil 400
mg/m2 on day 1, and a 46-h infusion of fluorouracil 2,400
mg/m2 every two weeks) and changed cetuximab to
ramucirumab (8 kg/m2, in one-hour infusion). Continuing
chemotherapy sometimes made treatment impossible for
more than 2 weeks, so the doses of oxaliplatin and CPT-11
were reduced by one step. 

About seven months after the start of chemotherapy, there
was no significant change in muscle strength, but numbness
became stronger, and fever appeared. Considering a change
in treatment, she became pale and had a drop in blood
pressure. She noted peripheral coldness and cyanosis of her
lips. No change in her consciousness was noted, but her
respiratory status gradually worsened. About eight months
after starting her chemotherapy, she passed away. At her
family’s request, no autopsy was performed.

Discussion

CDX2 is a homeobox gene that encodes a transcription
factor that is a major regulator of intestinal development and
differentiation (1, 2). It has also been hypothesized that
CDX2 has a tumor suppressor role in the adult colon (5, 6).
Currently, CDX2 is used as an immunohistochemical marker
of the intestinal epithelium, especially when classifying
cancers of an unknown origin (7). In this case, it would not
have been possible to identify a metastatic spine tumor from
CRC without examining CDX2. More recently, CDX2 was
identified as an emerging prognostic biomarker in CRC
where CDX2 loss was found to be an independent risk factor
for reduced overall survival (OS) and disease-free survival
(DFS) (8-10). CDX2 is absent in around 10% of CRC
cancers (10), and CDX2-negative tumors are often associated
with several adverse prognostic features, such as advanced
stage, vascular invasion, poor differentiation, right-sided
location, and BRAF mutation (8, 11). Loss of CDX2
expression in CRC is associated with lower OS and DFS,
independently of ethnicity or stage (8-10). Tomasello et al.
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Figure 3. Thickening of the sigmoid colon was observed from the rectal
area, and the boundary with the surrounding fat was unclear on
computed tomography, suggesting colorectal cancer (arrow).  Figure 2. Osteolytic masses extended to the vertebral arch in the C5,

C6, C7, and Th3 vertebral bodies (arrow).  
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Figure 4. Pathology of colorectal cancer and vertebra. A) Pathology of colorectal cancer. 1. Atypical cells grew in alveolar foci. Glandular formation
was unclear, suggesting poorly differentiated adenocarcinoma (HE staining, ×200). 2. Cytokeratin 7 (CK7) negative (CK7 staining). 3. Cytokeratin 20
(CK20) negative (CK20 staining). Most colorectal cancers are CK7-negative and CK20-positive; thus, this case was not typical. B) Pathology of vertebra.
1. The tumor proliferated like an alveolus with some small glandular formations, suggesting moderately to poorly differentiated adenocarcinoma (HE
staining, ×200). It was suspected that it was a metastatic lesion, but at this point it was not known where the metastasis came from. 2. CK7 negative
(CK7 staining, ×200). 3. CK20 negative (CK20 staining, ×200). Negative results for CK7 and CK20 were consistent with colorectal cancer findings. 4.
CDX2 positive. Diffuse nuclear positivity (CK20 staining, ×200). A positive CDX2 resulted in a diagnosis of colorectal cancer.



found that CDX2 expression was associated with 50% lower
risk of death compared to poor or no CDX2 expression. This
finding is more unassailable in stage II and Ⅲ CRC, with up
to 70% risk reduction in OS. CDX2 expression was also
associated with a 52% lower risk of disease recurrence (9).
Furthermore, Bruun et al. demonstrated that CDX2 was
prognostic only in stage IV and III BRAF-mutated CRC
patients, and not in stage I, II, and III BRAF wild-type CRC
patients (12). Applying these results to this case, even if both
upper limbs were paralyzed by a metastatic spinal tumor, it
is convincing that symptoms could be improved by
performing chemotherapy for CRC.

Furthermore, metastasis of CRC to the spine is very rare.
Previous studies on metastatic CRC patients have shown that
the incidence of metastatic bone disease was 6.9-10.4% (13-
17). The treated lesions were predominantly located in the
spine among bone metastases of CRC. Furthermore, CRC
metastases to the spine presented with pain or signs of spinal
cord compression (18). The reason is that the cancer cells
grow and destroy the spine, causing pain and compressing the
spinal cord, which leads to sensory impairment and motor
paralysis. Radiation and surgical treatment are both effective
and recommended for metastatic spinal cord lesions that
compress the spinal cord. There appears to be a favorable
trend for improved neurological outcome with surgical
excision and stabilization as part of the management (19). In
this case as well, when bone destruction occurs due to bone
metastases, the spine becomes unstable. Spinal stabilization
was performed, and the strong pain in her shoulders was
greatly improved. Of course, even if there is a metastatic
spinal tumor, the primary disease should be treated. Katagiri
et al. performed radiotherapy and chemotherapy without
surgery for metastatic spinal tumors and reported their
efficacy (20). Of the 101 patients, 61.39% received radiation
and chemotherapy, and 18.81% received chemotherapy alone.
Pain relief was achieved in 67%, and 64% showed functional
improvement. However, primary lesion responsiveness to
nonsurgical therapy influenced the survival, neurological
recovery, pain control, and function. In other words,
nonsurgical treatment was successful only when primary
tumors responded to radiation and/or chemotherapy. In this
case, chemotherapy has improved the muscle weakness due
to paralysis. Actually, if the disease progresses to the point
where spinal metastasis occurs, it is almost impossible to cure
her whole disease successfully. Eventually paralysis recurs.  

Conclusion 

In this case, paralysis of the upper extremities progressed
rapidly due to a metastatic spinal tumor derived from CRC, as
indicated by the CDX2 positivity. The fact that chemotherapy
for CRC improved not only the current disease but also
muscle weakness in the upper extremities is very rare.
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