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Introduction

Despite being one of the most preventable cancers, 
colorectal cancer (CRC) continues to be a major public 
health burden worldwide, with death usually attributed to 
disease recurrence or spread. The distant metastases from 
colorectal tumors usually occur in the liver and lungs. 
Skeletal metastases are extremely rare, particularly when 
encountered in the absence of lung and liver metastases. 
Bone and bone marrow metastases (BMM) from CRC 
usually reflect a widespread disease that has been heavily 
treated and portend an ominous prognosis with a median 
survival of less than 10 months (1-7). Although these 
metastases can be expected in patients with disseminated 
solid tumors, these are seldom a presenting sign of 
carcinoma.

Even with paramount advances in understanding 
different aspects of CRC, the last few decades of research 
have failed to depict pathways incriminated in all routes 

of spread. We herein report a series of three patients who 
presented with isolated bone and BMM as first presentation 
of an underlying CRC. This paper aims to review the 
literature for all data on skeletal and BMM from CRC, 
illuminating the postulated mechanisms of spread. We 
recommend that physicians be aware of the possibility and 
the risk of this unusual phenomenon in their evaluation of 
patients with bony symptoms in the setting of CRC.

Case presentation

Patient 1

A 75-year-old man was diagnosed in July 2000 with stage 
IIIB (T3N1M0) right colon adenocarcinoma for which 
he underwent hemicolectomy followed by adjuvant 
5-fluorouracil (5-FU) and leucovorin. Until 2010, he was 
regularly followed with no evidence of disease recurrence.

In March 2013, he presented to the American University 
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of Beirut Medical Center (AUBMC) with 2-month history 
of low back pain, fevers, weight loss and mild abdominal 
distention. The exam showed an elderly frail man who 
was pale, febrile and confused. Laboratory findings were 
remarkable for a white cell count (WCC) of 19,200 cu/mm  
[normal (NL), 4,000-11,000 cu/mm], a hemoglobin (Hb) 
level of 9.6 g/dL (NL, 13-16 g/dL), platelets count of 
272,000/mm3 (NL, 150,000-400,000/mm3); reticulocyte 
count of 7% (0.2-2.0%), and lactate dehydrogenase (LDH) 
2,333 IU/L (NL, 200-480 IU/L) (see Table 1 for further 
readings). Peripheral blood smear showed moderate 
schistocytosis of 2% with nucleated red blood cells 
(nRBCs) reaching 14% and a leukoerythroblastic reaction. 
Subsequently, CT of chest, abdomen and pelvis (Figure 1) 
revealed thickened and narrowed lower rectum with no 
evidence of masses or lymph nodes elsewhere in the body. 
PET scan (Figure 2) also revealed mild increased activity in 
the lower rectum with diffuse abnormal activity involving 
the entire skeleton. A bone marrow (BM) biopsy (Figure 3)  
was concomitantly done and it showed more than 90% 
extensively necrotic malignant cells in the marrow and 
scattered viable hematopoietic component with cohesive 
clusters of large carcinomatous cells. The latter stained 
positive for cytokeratin 20 (CK20) and CDX-2 and negative 
for CK7 and PSA, suggesting a gastrointestinal origin. In 
view of the mentioned findings and a high serum CEA level 
of 566 ng/mL (NL, 0-7 ng/mL), colonoscopy followed and 
showed a large rectal mass (Figure 4) biopsy of which proved 
positive for invasive poorly differentiated adenocarcinoma. 
Molecular studies of the tumor revealed a wild-type KRAS 
gene in codons 12 and 13.

In April 2013, the patient was started on chemotherapy 
after clinical stabilization. The patient received 12 cycles 
of 5-FU, leucovorin and oxaliplatin (FOLFOX) with 
Bevacizumab. After 2 months of treatment, the BM biopsy 
of June 2013 showed less than 5% residual disease with no 
necrosis, and grade 2 reticulin fibrosis. The BM was free of 
disease by September 2013 (after 6 months of treatment). 
The CEA gradually dropped to normal and the patient 
has been kept on 5-FU, leucovorin and bevacizumab until 
the date of this report with complete response on serial  
PET scans.

Patient 2

A 56-year-old man presented to AUBMC in October 2013 
for evaluation of severe back pain, fever and abdominal 
distention of 20 days duration. On physical examination he 

had slightly icteric sclera and diffuses paraspinal tenderness. 
The complete blood count (CBC) showed a WBC of  
7,200 cu/mm (NL, 4,000-11,000 cu/mm), Hb 7.1 g/dL (NL, 
13-16 g/dL), platelets count of 60,000/mm3 (NL, 150,000-
400,000/mm3) and evident early myeloid precursors. The 
reticulocyte count was 8.6% (NL, 0.2-2.0%). Other routine 
laboratory tests were relevant for a total bilirubin of 2 mg/dL  
(NL, 0.1-1.2 mg/dL) with direct bilirubin of 0.6 mg/dL  
(NL, 0-0.2 mg/dL); serum haptoglobin was less than  
0.0719 mg/dL (NL, 0.34-2.0 mg/dL); alkaline phosphatase 
was 1,578 IU/L (NL, 35-120 IU/L) and LDH of 920 IU/L  
(NL, 200-480 IU/L) (see Table 1 for further readings). 
In addition, peripheral blood smear showed leukopenia, 
thrombocytopenia, and rare nucleated RBCs.

The clinical suspicion in this case was that of myeloma. 
On BM studies (Figure 5) ,  the marrow was found 
significantly invaded by a metastatic, gland forming 
adenocarcinoma with focal signet ring cytology. These 
tumor cells stained positive for CK 7 and partially for CK 20 
and CDX-2 and negative for TTF-1. This immunoprofile 
suggested a gastrointestinal origin. Colonoscopy (Figure 6) 
was then performed and showed significant rectosigmoid 
narrowing at 25-30 cm from the anal verge with fixed colon. 
No definite masses were seen and no biopsy could have 
been taken. Gastroscopy was normal. Enhanced CT scans 
of the chest, abdomen and pelvis with oral, intravenous and 
rectal contrast (Figure 7) showed apparent thickening of an 
approximately 5 cm mid sigmoid segment with secondary 
stenosis associated with several diverticula at that level. On 
the bone window, diffuse mixed sclerotic and lytic lesions 
were seen along the entire skeleton, highly suspicious 
of metastatic disease. A bone scan (Figure 8) confirmed 
the widespread metastatic disease involving the axial and 
appendicular skeleton as well as the skull. Moreover, CA 
19-9 level was 141 U/mL (NL, 0-37 U/mL) and CEA 
102 ng/mL (NL, 0-7 ng/mL). Molecular studies on the 
BM specimen for BRAF V600E, KRAS codons 12 and 13, 
HRAS mutations and NRAS-exons 2, 3 and 4 mutations 
were all negative.

The patient then received one cycle of FOLFOX as 
treatment of a primary CRC. Unfortunately, he was lost to 
follow up but we found that he continued chemotherapy 
outside our institution and then died of disease 6 months 
after initial diagnosis.

Patient 3

A 55-year-old man presented to AUBMC in August 2013 
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Table 1 Summary of the three patients’ clinical presentation and findings

Patients Patient 1 Patient 2 Patient 3

Age (years) 75 56 55

Gender Male Male Male

Chief complaint Fever, back pain Fever, back pain Back pain

GI symptoms Mild distention Severe distention None

WCC (NL, 4,000-11,000) (cu/mm) 19,200 7,200 13,200

Hemoglobin (NL, 13-16) (g/dL) 9.6 7.1 7.5

Platelets (NL, 150,000-400,000) (/mm3) 272,000 60,000 78,000

LEB Yes Yes Yes

nRBCs (%) 14 2 2

Retic count (NL, 0.2-2.0%) (%) 7 8.6 2.5

LDH (NL, 200-480) (IU/L) 2,333 920 950

ALP (NL, 35-120) (IU/L) 564 1,578 500

Bili T/D (NL, 0.1-1.2) (mg/dL) 1.1/0.4 2/0.6 1.8/0.6

Haptoglobin (NL, 0.34-2.0) (mg/dL) 1.66 <0.0719 <0.075

Coombs D/I Negative Negative Negative

Schistocytes on PBS 2% None 2%

CEA (NL, 0-7) (ng/mL) 566 102 495

CA 19-9 (NL, 0-37) (U/mL) <0.6 141 6,452

Evident mass on CT Thickened lower rectum 5 cm mid sigmoid thickening 

and stenosis

None

Regional LNs on CT No No No

Bone scan Not done Widespread metastases Not done

Other sites of metastases No No No

Colonoscopy findings Large rectal mass Rectosigmoid narrowing at 

25-30 cm from the anal verge 

with fixed colon

Large circumferential 

infiltrative ascending colon 

mass

Pathology Invasive poorly differentiated 

adenocarcinoma

Adenocarcinoma with focal 

signet ring cytology

Invasive poorly differentiated 

adenocarcinoma with signet 

ring features

KRAS Wild type Wild type Mutant codon  

12(VAL-codon-12) (c.35G>T)

Chemotherapy FOLFOX/Bevacizumab FOLFOX FOLFOX/cetuximab then 

FOLFIRI

Current status Alive Dead Dead

Cause of death − Disease progression Recurrent infections and 

disease progression

Overall survival after diagnosis 27 months (until July 2015) 6 months 4 months

GI, gastrointestinal; WCC, white cell count; NL, normal; LEB, leukoerythroblastic reaction; nRBCs, nucleated RBCs; Retic count, 

reticulocytes count; LDH, lactate dehydrogenase; ALP, alkaline phosphatase; BILI T/D, bilirubin total/direct; D/I, direct/Indirect; 

PBS, peripheral blood smear; CEA, carcinoembryonic antigen; LNs, lymph nodes; FOLFOX, 5-fluorouracil, leucovorin and 

oxaliplatin; FOLFIRI, 5-FU, leucovorin, irinotecan.
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for evaluation of severe low back pain after sustaining a 
fall. He also reported having significant weight loss and 
decreased appetite without any gastrointestinal symptoms. 
A meticulous physical exam failed to disclose any relevant 
findings. Upon presentation, the CBC showed a WBC of 
13,200 cu/mm (NL, 4,000-11,000 cu/mm), a Hb of 7.5 g/dL  
(NL, 13-16 g/dL), platelets count of 78,000/mm3 (NL, 
150,000-400,000/mm3) with some early myeloid precursors 
and nRBCs of 2%. The reticulocyte count was slightly 
elevated at 2.5% (0.2-2.0%) and the serum haptoglobin was 
very low, less than 0.075 mg/dL (NL, 0.34-2.0 mg/dL) (see 
Table 1 for further readings). The LDH recorded a high 
level of 950 IU/L (NL, 200-480 IU/L) and the peripheral 

blood smear was remarkable for moderate schistocytes. 
Owing to the history of fall and the presence of back pain, 
a magnetic resonance imaging (MRI) of the whole spine 
(Figure 9) was performed showing a patchy abnormal signal 
involving multiple vertebral bodies of the thoracic and 
dorsal spine with complete involvement of D4 vertebra. 
An intradural and extramedullary lesion was also found 
at L5 level with abnormal soft tissue thickening, having 
increased T1 signal intensity and bright signal on T2-
weighted images. These findings were highly suggestive 
of infiltrative malignant disease. BM studies (Figure 10) 
showed a metastatic carcinoma forming sheets and nests 
with focal glandular formation, mucin production and 
necrosis, replacing about 80% of marrow cellularity. These 
tumor cells stained positive for CK 7 and partially for CK 
20 and CKA1/3, and CK8/18 while negative for TTF-1,  
HEPAR-1, PSA and Synaptophysin. The differential 
diagnoses included carcinomas of the pancreas, bile duct, 
urothelium and stomach. Moreover, the Ca 19-9 was 
markedly increased at 6,452 U/mL (NL, 0-37 U/mL) and 
CEA at 495 ng/mL (NL, 0-7 ng/mL). Enhanced CT scans 
of the chest abdomen and pelvis with oral and intravenous 
contrast (Figure 11) only showed a slightly prominent liver 
measuring 18 cm of size with homogeneous CT density but 
no evidence of pancreatic masses or biliary ductal dilatation. 
On the bone window, lytic lesions with compression 
fractures involving the vertebral bodies of T8, T9, T12, 
L1 and L2 were apparent. A bone scan was not performed. 
Colonoscopy (Figure 12) showed a large circumferential 
infiltrative ascending colon mass, biopsy of which revealed 
an invasive poorly differentiated adenocarcinoma with 
signet ring features. KRAS gene was found mutated at 
codon 12 (VAL-Codon-12) (c.35G>T). Despite four cycles 
of FOLFOX, his disease significantly progressed and the 
hospital course was complicated by recurrent bacteremia. 
Unfortunately, he died in hospital 4 months after the initial 
diagnosis.

Discussion

CRC is the third leading cause of cancer-related death in 
the world (8) for both men and women. Similar to most 
other malignancies, CRC has historically established a 
certain pattern of metastasis. More than 70% of patients 
will have liver involvement as the most common first site 
of spread. However, in 40-50% of these patients, other 
organs are concomitantly involved by colorectal metastases. 
The lung is the second most common target organ, hosting 

Figure 1 Pelvic cut of the CT scan showing thickened lower 
rectum (red arrow).

Figure 2 Whole body FDG-PET CT scan showing diffuse 
abnormal activity involving the entire skeleton (green arrows) 
including the long bones as well as mild increased activity in the 
lower rectum which appeared to be mildly thick.
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20-30% of all distant CRC metastases (9). In contrast, 
metastases to adrenals, bones, brain and skin have seldom 
been reported.

The breakthroughs in understanding CRC pathogenesis, 
management and treatment have resulted in marked 

improvement in the overall survival even in metastatic 
patients. Therefore, the likelihood of developing rare and 
symptomatic metastases during the course of the disease has 
clearly increased in parallel.

Skeletal metastases of primary CRC appear to be more 
frequently detected, incidentally or purposely, especially 
with improved radiological tools and the expanding role of 
PET scan. However, a thorough literature review hardly 
reports an overall incidence of 5-11% (1-3,10,11). Since 
bony metastases are most often associated with synchronous 
liver and lung metastases, isolated skeletal metastases 
are even more uncommon, occurring at an estimated 
frequency of 1-2% (11). Despite the increased awareness 
of their existence, the literature about the natural history is  
scarce (12) and reported studies focused primarily on 
determining prognostic variables in relation with metastasis 
to other organs (1,11,13-15).

Review of reported studies (see Table 2)

In a study by Sundermeyer et al. (16), 1,020 patients with 
metastatic CRC were collected from 1993 to 2002 at the 

Figure 3 Bone marrow biopsy of patient 1. The intertrabecular area is around 95% necrotic with only few viable clusters of carcinoma cells (A) 
that are positive for (B) CK20 and (C) PSA and (D) CDX-2 and negative for CK7. The picture is consistent with infiltration of a metastatic 
CRC and almost complete tumor necrosis inside the bone marrow. CK20, cytokeratin 20; CRC, colorectal carcinoma. (A, HE ×200; B, 
×400; C,D, ×200).

Figure 4 Colonoscopy showing large ulcerating rectal mass  
(red arrows).

A

C

B

D



289Journal of Gastrointestinal Oncology Vol 7, No 2 April 2016

© Journal of Gastrointestinal Oncology. All rights reserved. J Gastrointest Oncol 2016;7(2):284-297www.thejgo.org

Fox Chase Cancer Center and their medical records were 
retrospectively reviewed. The incidence of bone and brain 
metastases was found to be 10.4% and 3% respectively. 
In this study, the presence of lung metastases was the 
most important predictive factor of development of bone 
metastases. The skeletal metastases were also more common 
with increased numbers of active systemic agents received: 

0 agent (3.7%), 1 (9.4%), 2 (10.9%), 3 (16.3%), and 4 or  
5 agents (17.4%; P=0.001; trend test). Interestingly, those 
who received Irinotecan or Oxaliplatin were significantly 
more likely to develop bone metastases (13.2% vs. 
8.3%, P=0.01 for Irinotecan; 16.9% vs. 9%, P=0.003 for 
Oxaliplatin). Regarding the location of the tumor, patients 
with primary rectal versus primary colon were more likely 
to have bone metastases (16% vs. 8.6%; P=0.001) at any 
point of time.

Kanthan et al.  (1) also studied this pattern in a 
population-based retrospective survey covering a 25-year  
review of 5,352 patients with skeletal metastases secondary 
to CRCs registered at  The Saskatchewan Cancer 
Foundation in Canada from 1970 to 1995. In this report, 
the incidence of osseous metastases was found to be 6.6%, 
in correlation with the reported literature. However, among 
these patients (6.6%), 17% had skeletal metastases only, 
concluding to a 1.1% frequency of isolated metastases, 
whereas 83% had skeletal metastases in combination with 
lung, liver or brain metastases.

Interestingly, Kanthan et al. (1) found that the disease-
free interval from the time of diagnosis of CRC to the onset 
of skeletal metastases ranged from 10 days to 5,309 days,  
with 38% of patients with skeletal metastases being alive 

Figure 5 The bone marrow is involved by clusters of malignant cells with hyperchromatic nuclei, prominent nucleoli and abundant 
cytoplasm. The cells are forming glands, consistent with a metastatic adenocarcinoma. (A,B) Nuclear staining for CDX-2 and (C) 
membranous staining of (D) CK-20 are consistent with an adenocarcinoma of colorectal origin. CK-7 stain is negative.  (A, ×100; B, ×200; 
C,D, ×400).

Figure 6 Colonoscopy showing rectosigmoid narrowing at  
25-30 cm from the anal verge.
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at 5 years of follow up, compared to 16% only in cases 
of skeletal and other metastases. However, there was no 
significant difference in the 10-year survival curves from the 
onset of osseous metastases in the two groups.

More recently, some of the findings by Kanthan et al. 
were questioned by a survey conducted by Roth et al. (6)  
This was also a qualitative retrospective study aiming 
specifically at determining which site of metastasis of primary 
CRC more significantly predicts the development of bone 
lesions, and whether the presence of liver vs. lung metastases  

correlates better with the increased likelihood and the timing 
of bone metastasis. The 252 collected CRC patients were 
initially staged or restaged using whole-body 18F-FDG 
PET and CT or PET/CT in contrast to the population of 
Kanthan et al. study where skeletal lesions were diagnosed by 
a bone scan or plain radiography or both (1).

Figure 8 Tc-99m bone scan showing widespread metastatic disease 
involving the axial and appendicular skeleton as well as the skull.

Figure 9 Dorso-lumbosacral cuts of MRI of the whole spine 
showing a patchy abnormal signal involving multiple vertebral 
bodies of the thoracic and dorsal spine with complete involvement 
of D4 vertebra. In addition, an intradural and extramedullary 
probable lesion is found at L5 level with abnormal soft tissue 
thickening, having increased T1 signal intensity and bright signal 
on T2-weighted image.

Figure 7 Cuts of CT of abdomen and pelvis with IV and oral contrast showing a thickening of an approximately 5 cm mid sigmoid segment 
with secondary stenosis. On the bone window, diffuse mixed sclerotic and lytic lesions are seen.

5 dm 5 dm
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During the survey period, Roth et al. (6) again calculated an 
overall incidence of skeletal metastases at 5.5%. Nevertheless, 
no case of isolated bone metastasis was recorded. Among 
patients with skeletal metastases, 57% had concomitant liver 
involvement whereas 71% had lung metastases.

This finding contrasts with the previous study by 
Kanthan et al. (1) in which 1.1% of CRC population 

developed isolated bone metastases. One possible 
explanation is that Kanthan et al. (1) detected these lesions 
using bone scans and plain radiography, which, both, may 
overestimate the actual incidence of bone metastases due 
to their low specificity. In fact, the more sensitive and 
specific FDG-PET and CT scans may have contributed to 
early detection of liver and lung metastases compared with 

Figure 11 CT scan cuts showing lytic lesions with compression fractures involving the vertebral bodies of T8, T9, T12, L1 and L2.

Figure 10 The bone marrow is almost completely replaced by a metastatic carcinoma forming cohesive sheets of cells with focal glandular 
differentiation. (A,B) The tumor cells are positive for (C) CK 7 (weak) and (D) CK 20 (strong). (A, HE ×100; B, HE ×200; C,D, ×400).
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traditional radiography, probably accounting for the strong 
correlation among lesions to the liver, lung, and bone in the 
study of Roth et al. (6).

In summary, for Roth et al. (6) a general temporal pattern 
of CRC spread does truly exist: lung lesions appear to be 
a forerunner of future bone metastasis as evidenced by the 
short time span from lung metastasis to bone involvement 
[3.3 months (±4.2); CI, 0.7-5.9] (6).

Finally, it appears from the study of Sundermeyer  
et al. (16) that some difference exists between colon and 
rectal cancers in terms of frequency of skeletal metastases 
where rectal cancers are more frequently (16%) associated 
with bone metastases than other portions of the colon 
(8.6%). In addition, CRC with signet ring features have 
historically shown a trend toward higher incidence of bone 
metastasis (2,11,18). However, this finding was rejected by 
Santini et al. (17) who conducted a study to illustrate the 
natural history and characteristics of bone metastases in 
CRC patients and its relation to disease outcomes. Their 
retrospective, Italian multicenter, observational review 
comprised 264 patients with the majority having pathologic 
T3/4 disease at CRC diagnosis. The vertebral column 
was involved in 65% of patients, followed by hip/pelvis 
(34%) then long bones (26%) and other sites (17%). The 
median time from CRC diagnosis to development of bone 
metastases was 11 months, and these patients survived for 
a median of 7 months after bone metastases diagnosis, 
keeping in line with published literature. In addition, of the 

subsets of univariate analyses exploring tumor site, tumor 
histology, tumor stage, tumor grade, node status, and use 
of adjuvant chemotherapy as possible prerequisites for 
development of bone metastases, only tumor grade has been 
found to significantly correlate with the time to developing 
bone metastases (Table 2).

Possible mechanisms of skeletal metastases in CRC

It is universally accepted that isolated skeletal metastases are 
a common finding in breast, lung, and prostate cancers (19).  
By contrast, CRC typically metastasizes to bone in less than 
10% of patients (11) and isolated skeletal metastases are 
found in almost 1% of cases (1), suggesting again that this 
neoplasm possesses a unique clinical and biological behavior 
in terms of metastatic pathways. The fact that CRC involves 
the liver and lungs more than other organs has been 
attributed to the pattern of blood flow from the colorectal 
area to the portal system. In addition, molecular signaling 
and biological interaction between organs appear to play a 
pivotal role in CRC distant spread (9,20,21).

Chambers et al. (20) previously demonstrated that the 
liver and the lungs contain dense capillary networks that 
trap and seed colorectal tumor cells. Furthermore, Schlüter 
et al. (9) conducted an experimental study on rats injected 
with CRC cells with different metastatic potentials. For the 
first time, they were able to demonstrate that each of these 
organs is also supported by a unique microenvironment, 
including vessel walls, which modulates tumor cells via 
inherent molecular signaling pathways and exerts effects on 
adhesion molecules, contributing to the efficacy of tumor 
spread and implantation (9,20).

The discrepancy between reported studies concerning 
the incidence of skeletal metastases might subsequently 
flow from two possible explanations: on the one hand, the 
microscopic metastatic disease may be present since diagnosis 
and it remains inactive for long periods, as a specific crosstalk 
between the tumor and its micro-environment and a number 
of particular steps are required for the formation of these 
secondary tumors (20). On the other hand, many patients 
with tumor deposits on the bones will probably never develop 
an overt clinical metastatic disease in these areas (16) or the 
process might take a certain time during the natural history 
of CRC. Further studies at the molecular level are however 
needed to clarify the pathogenesis of metastases in rarer 
organ sites including the skeleton.

Figure 12 Colonoscopy showing large circumferential ascending 
colon cancer.
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Characteristics of skeletal metastases

The vertebral column is the most common site for osseous 
metastases from CRC. Other sites of spread including 
the skull, pelvis, sacrum, femur and humerus have been 
also reported (22). These sites are classically involved 
concomitantly or directly after visceral and lymph nodes 
involvement by CRC (1,23-25). However, isolated 
involvement of the skeleton has been reported in the 
English literature (1,21,26-29).

Skeletal metastases of CRC, mainly to the vertebral 
column, are primarily blood-borne. The paravertebral 
venous plexus of Batson is thought to be responsible for 
spread as its valveless ramifications infiltrate and invest the 
sacrum, the lumbar spine, and the adjacent wings of the  
ilia (30). In addition, the communications between the spinal 
veins in the lumbar region with the iliofemoral venous 
system may indicate that colorectal tumor emboli might 
seed to the lower extremities in a retrograde fashion (31). 

Malignant cells may also spread after breakage of the 
lymphatic system. If these lymphatics do not particularly 
belong to the portal system, CRC cells may more readily 
reach to the lungs and bones (11). Finally, metastases from 

colorectal area to the appendicular skeleton may potentially 
occur through the arterial system (1). 

Regarding the metastases to limbs, Chang et al. (32) 
suggested that the crosstalk between several factors such 
as trauma, temperature gradients, hormonal factors, local 
hemodynamic factors or immune factors, as well as the 
properties inherent to the metastasizing cell contribute 
altogether to growth of deposited CRC cells.

From bone to bone marrow (BM)

The rich vascularization of the BM makes it one of the most 
relevant factors accounting for the development of bone 
metastases. The slow blood flow in the red marrow may 
aid in the deposition of metastatic cells (33). In addition, 
the adhesive interactions between tumor cells and BM 
stroma activate and release a number of growth factors. 
These factors operate primarily during bone resorption and 
contribute to angiogenesis, providing a unique nutritional 
support for tumor growth. Therefore, the BM has been 
progressively recognized as a common homing repository 
for metastatic carcinomas, independent of the primary 
tumor site and the temporal pattern of metastases (34).

Table 2 Summary of reported studies of bone and bone marrow metastases in colorectal cancer

Study Sundermeyer et al. (16) Kanthan et al. (1) Roth et al. (6) Nozue et al. (2) Santini et al. (17)

Study type Retrospective Retrospective Retrospective Retrospective Retrospective

Number of 

participants

1,020 5,352 252 928 264

Study interval (years) 1993-2002 1970-1995 2000-2008 Not available 1985-2009

Imaging modality 

used for staging

Plain X-rays Bone scans and 

plain X-rays

FDG-PET Bone scans, 

plain X-rays

Bone scans; plain 

X-rays; CT scans; 

skeletal MRI

Incidence of bone 

metastases (%)

10.4 6.6 5.5 1.3 10

Incidence of isolated 

bone metastases (%)

Not reported 1.1 0 0.25 Not reported

Predictive factors Presence of lung 

metastases; rectal origin; 

signet ring features; higher 

number of systemic 

chemotherapy agents

Not specified Presence of lung 

metastases

Rectal origin Higher tumor  

grade

Survival Not reported 16-38% at 5 years 33% at  

16 months

20% at 1 year 

median survival 

of 5 months 

Median of  

7 months

MRI, magnetic resonance imaging.
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Metastatic CRC may leave tumor deposits on the 
cancellous or the cortical bone. These are usually osteolytic 
or mixed osteolytic/osteoblastic (1,29,35). Metastases might 
disrupt the normal architecture of a bone, cause severe pain, 
or even pathologic fractures and other threatening skeletal-
related events. BMM of primary CRC is often an unnoticed 
event in clinical practice and is not routinely investigated. 
The extreme rarity of BMM as first presentation of a 
primary CRC stems from two possible reasons: on one 
hand, the BM is seldom the overt isolated site of distant 
involvement by any malignant disease; on the other hand, 
the value of BM studies is limited unless supported by some 
other clinical findings, such as a leukoerythroblastic reaction 
or abnormal peripheral blood counts.

A thorough literature review disclosed one extensive 
report by Weiss et al. (36). on the frequency of BMM in 
the setting of CRC. This was a retrospective study over 
40 years investigating full necropsies of 1,541 patients. 
The reported rate of BMM was surprisingly higher than 
expected: it ranged from 16% in cases of liver metastasis 
with other organs invasion, to 34% in cases of liver and lung 
metastasis with invasion of other organs. The major study 
drawback is its reliance on necropsy series; the published 
numbers should therefore be regarded as estimates and 
not necessarily illustrative of the entire spectrum of BMM 
of primary CRC. Of note, the literature regarding the 
frequency of BM micro-metastases specifically in CRC 
patients is scarce and its clinical relevance is yet to be 
validated in larger studies (37-39).

Imaging the bone and bone marrow metastases (BMM)

For decades, conventional imaging modalities such as plain 
radiographies, bone scintigraphy, CT scan and MRI have 
been used to assess for the presence of bone and BMM.

Plain radiographies are not used in first place to detect 
metastatic bone disease since lesions might not appear if the 
bone mineral density is below 30-50%. However, they seem 
useful in the characterization of known lesions or in lesions 
at risk of impending fracture. Another utility of comparative 
plain films is the assessment of response to treatment by 
determination of progression of a lytic lesion into different 
stages of sclerosis.

Tc-99m bone scintigraphy (40) has traditionally been 
accepted as methodology of choice for diagnosis of osseous 
metastases. It certainly offers higher sensitivity than plain 
X-rays for detection of metastases, by simultaneously 
assessing the entire skeleton, staging different lesions and 

evaluating the response to treatment. Nevertheless, lytic 
lesions might not show on scintigraphy due to lack of 
osteoblastic reaction in some solid tumors (41).

CT scan is particularly useful in the evaluation of the 
vertebral column and the pelvis. It also complements 
plain radiographies by providing more information on the 
cortical involvement and the possibility of an imminent 
fracture. CT scan can as well guide biopsies of culprit bony 
lesions or the BM if a trephine biopsy is not desired or 
feasible. However, CT scan and bone scintigraphy share 
a similar drawback where lesions confined to BM will not 
be detected due to absence of reactive bone formation or 
cortical destruction in neighboring bone.

Lastly, MRI has proved to be a highly sensitive tool for 
the detection of osseous metastases as well as highly specific 
for the characterization of these lesions especially when a 
risk of medullary or neurovascular compression exists. For 
the detection of BMM, MRI is very sensitive in comparison 
to bone scintigraphy since malignant deposits in the BM 
can be easily identified before reactive changes have even 
occurred (42). However, MRI is not specific enough in 
defining BMM owing to some confounding benign entities 
such as hemangiomas, inflammatory processes, and post-
therapy changes (43,44).

In the recent years, FDG PET/CT offered a potential 
advantage of evaluating primary tumor site, lymph nodes 
status, and distant metastases, all in one study. In addition, 
FDG-PET has proved meticulous in detecting skeletal 
metastasis as well as distinctively assessing the BM for 
primary disease or metastatic deposits, therefore prompting 
accurate BM biopsies especially in cases of lymphomas 
and multiple myeloma (45,46). Since it relies on the high 
glucose metabolism of cancerous cells, PET imaging 
detects unsuspected metastatic lesions earlier than anatomic 
modifications and bone remodeling. From this fact stems 
the ability of PET/CT to easily identify the early changes in 
both medullary and cortical portions of bones whereas CT 
images detect cortical changes only (47). However, benign 
BM hyperplasia for example secondary to anemia might 
mask the presence of small metastatic lesions in the marrow.

In the study of Daldrup-Link et al. (48), FDG PET, 
whole-body MRI, and skeletal scintigraphy have a sensitivity 
of 90%, 82% and 71% respectively, for the detection of 
skeletal metastases.

More recently, BM involvement has gained major focus 
in imaging bony lesions in an attempt at early detection 
of involvement and translation into algorithms of patient 
management (49). A small Turkish retrospective review of 
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68 patients by Selcukbiricik et al. (47) studied the ability of 
FDG PET/CT scan to predict suspected or unsuspected 
BMM from the CBC, altering then the future management 
of these patients. PET/CT was found to have been ordered 
in 10 out of 68 (6.8%) patients at cancer diagnosis and out 
of these, 2 patients had CRC. PET/CT showed bone and 
BMM in 4 patients (40%) and the rest (6 patients) had 
BMM without bone involvement. Five patients (50%) who 
had probable BM involvement on their FDG PET/CT 
scans had unsuspected CBCs with regard to BMM. The 
paper concluded that PET/CT has the ability to visualize 
the metabolic activity of CRC cells disseminated in the BM, 
proving then useful as early indicator of spread.

Treatment and prognosis

The management of osseous metastases is usually 
directed toward palliation and involves the combination 
of surgery (when a single metastasis is deemed resectable) 
chemotherapy and radiotherapy for painful spots (1).

The prognosis of CRC patients with skeletal metastases 
appear to be ominous and clearly worse than other primary 
cancers with bony metastases (Table 2). The average 
5-year survival rate of these patients is around 8.1% (4) 
and median survival is usually less than 10 months (3). Of 
the reported studies, Kanthan et al. (1) found that 38% of 
patients with bone vs. 16% of those with bone and visceral 
metastases were alive at 5 years of follow-up. Nozue et al. (2)  
reported a median interval of 16.5 months from the initial 
diagnosis and operation to the onset of osseous metastases 
(range, 0-108 months). The 1-year survival rate was 20% 
and the patients with solitary osseous metastasis survived 
more than 1 year. Finally, for Roth et al. (6), an average 
of 67% of those who developed bone involvement during 
the survey were dead 16 months after detection of bone 
metastasis.

In our report, the first case describes the development of 
isolated metastatic bone disease of colorectal origin 13 years  
after the initial diagnosis and treatment of a primary 
CRC. The colorectal tumor that was recently diagnosed 
is thought to have appeared de novo and probably entails a 
different biological behavior in terms of aggressiveness and 
metastatic potential.

Conclusions

As the worldwide CRC population is aging owing to 
remarkable advances in management and treatment of the 

disease, there might be a marked increase in recording rare 
organ metastases. Nevertheless, the hypotheses that CRC do 
not usually evolve with a primary extension to the bone and 
that liver and lung metastases are an ultimate prerequisite 
remain practically questionable. Though rare, BMM of 
CRC appears as a relatively early phenomenon, at least 
at the microscopic level. The presence of clinical marrow 
involvement, especially with compromised peripheral blood 
counts, limits the oncologist in customizing chemotherapy 
options and imposes a challenge of optimal dosing. Since 
skeletal metastases of a primary CRC have been accepted as 
eventual sign of impending death, early vigilant diagnosis is 
therefore of paramount importance in future management 
and treatment decisions. Better understanding of the natural 
history of these rare metastases may prove the existence of 
a different clinical and biological behavior pattern in the 
setting of a primary CRC. We highly encourage advanced 
molecular and genetic studies on this subset of patients, in 
the hope of tracing a particular tumor expression signature 
for early diagnosis, as well as improvement of survival.
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