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Abstract
BACKGROUND
Bone marrow metastasis is common in liver and lung cancer, but there are few reports on bone marrow metastasis in colon cancer. To date, there are no such reports from mainland China, and reports of bone marrow metastasis with septic shock as the main manifestation are even rarer.

CASE SUMMARY
A 71-year-old woman with sepsis as the first symptom presented with high fever, low blood pressure and high inflammation indicators. Computed tomography (CT) examination revealed mild inflammation of the lungs and no obvious abnormalities in the abdomen. Blood culture suggested Escherichia coli, Aeromonas hydrophila and Aeromonas caviae infection. Antibiotic treatment significantly improved the patient’s sepsis symptoms; however, her thrombocytopenia (TCP) could not be corrected despite repeated platelet transfusions. Many malignant cells were ultimately found following a bone marrow puncture smear, and further positron emission tomography/CT (PET/CT) examination confirmed that the malignant tumor in the ascending colon was accompanied by multiple metastases, including the liver and bones. Colon adenocarcinoma was confirmed by autopsy.

CONCLUSION
Patients with advanced colon cancer may not have typical clinical symptoms, and sepsis may be the first symptom. When patients have severe TCP that cannot be explained by sepsis of intestinal origin, it is necessary to be aware of the possibility of bone marrow metastasis of intestinal tumors. As such patients often cannot tolerate endoscopy, bone marrow biopsy smears or biopsy tests for specialized cells can help obtain a diagnosis, especially in less developed countries where PET/CT is scarce.
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Core Tip: Colon cancer symptoms are often not obvious, and the incidence of secondary bone marrow metastasis is low. Once secondary intestinal sepsis and refractory thrombocytopenia occur, bone marrow aspiration can help confirm the diagnosis promptly.


INTRODUCTION
Colon cancer is a common malignant tumor[1]. Blood metastasis typically occurs in the advanced stages of the disease. The most common sites of metastasis are the liver and lung, followed by the lymph nodes; implantation metastasis also occurs. Bone marrow metastasis is extremely rare in clinical practice[2,3]. Bone marrow metastasis usually occurs in the advanced stage of the disease. Due to poor bone marrow reserves, hematopoietic function is affected, and patient tolerance to radiotherapy and chemotherapy is poor. Colorectal cancer with bone marrow metastasis is associated with a very poor prognosis. However, bone marrow metastasis has no typical symptoms or manifestations, and early clinical detection is challenging. Here, the case of a patient with bone marrow-metastatic colon cancer presenting with sepsis as the primary manifestation is reported to improve understanding of the disease.

CASE PRESENTATION
Chief complaints
The patient developed a fever 3 h prior to admission with a peak temperature of 39 °C.

History of present illness
Fever in this patient was accompanied by chills, but no cough, expectoration, pharyngeal pain, abdominal pain, diarrhea, increased urination frequency, increased urination urgency, perianal pain and other symptoms. 

History of past illness
The patient was a 71-year-old female who had experienced hypertension for 3 years. She took oral valsartan capsules 80 mg daily which controlled her blood pressure. 

Personal and family history
There was no other special medical history or family history.

Physical examination
The patient was anemic, with wet rales in the right lung, regular heart rhythm, no obvious tenderness or rebound pain in the abdomen, no obvious masses in the abdomen, and no edema in the limbs.

Laboratory examinations
Routine blood examination showed the following: White blood cell (WBC) count 13.2 × 109/L, neutrophil percentage 88.5%, hemoglobin (Hb) 66 g/L, platelet (PLT) count 11 × 109/L, and blood glucose 33 mmol/L. 

Imaging examinations
Chest and abdominal computed tomography (CT) examination revealed inflammation in both lungs and bilateral pleural thickening (Figure 1). 

Admission diagnosis
The suspected diagnoses on admission were as follows: Fever of undetermined origin (potentially indicating severe sepsis); pneumonia; hypertension.

Initial treatment
[bookmark: OLE_LINK3805][bookmark: OLE_LINK3806]After admission, the patient received anti-inflammatory therapy with 0.5 g meropenem administered intravenously every 6 h, 5 g intravenous human immunoglobulin daily to improve immunity, 4 units of erythrocyte suspension to correct anemia, and 10 units of platelets to increase her PLT count. In addition, insulin micropumps were continuously used to control the patient’s blood glucose levels. The next day, the patient felt cold and experienced chills, her temperature reached 40 °C, and her blood pressure dropped to 85/53 mmHg. The telephone report from the microbiology unit indicated that Escherichia coli (E. coli), Aeromonas hydrophila (A. hydrophila) and Aeromonas caviae (A. caviae) were present in the blood culture. The patient was transferred to the intensive care unit and treated with a 0.5 g meropenem micropump every 6 h and a 50 mg intravenous injection of tetracycline every 12 h to fight infection. Fluid resuscitation was conducted, and vasoactive drugs were administered to maintain blood pressure stability. Following admission to the intensive care unit, the decrease in platelets and Hb was accompanied by a decrease in WBC count (Figure 2). Recombinant human granulocyte colony-stimulating factor was used to elevate the WBC count, and recombinant human PLT growth factor was used to promote PLT production. In addition, erythrocyte suspensions, platelets, and other supportive treatments were administered. One week after antibiotic treatment, the patient’s infection was controlled; her blood pressure and body temperature returned to normal, and the blood culture was negative. Although the WBC count and Hb levels returned to normal, the patient's platelets remained low and could not be corrected with repeated PLT transfusions (Figure 2). A bone marrow biopsy was performed. The bone marrow smear showed many malignant cells (Figure 3). Cancer metastasis to the bone marrow was suspected; thus, a whole-body 18F-fluorodeoxyglucose positron emission tomography/CT (18F-FDG PET/CT) examination was performed, and the results revealed high metabolic signals in the ascending colon (Figure 4).

MULTIDISCIPLINARY EXPERT CONSULTATION
Due to thrombocytopenia (TCP) caused by the patient's bone marrow metastasis, surgery and endoscopy were considered contraindicated after a joint discussion among tumor surgery, gastroenterology and intensive care medicine professionals and the patient received conservative medical treatment. 

FINAL DIAGNOSIS
An ascending colon malignant tumor was considered. 

TREATMENT
The patient received conservative medical treatment.

OUTCOME AND FOLLOW-UP
The tumor progressed, and the patient died 3 wk later. The final autopsy and pathological results showed colon adenocarcinoma (Figure 5).

DISCUSSION
Bone marrow-metastatic carcinoma results from the migration of medullary tumor cells to the bone marrow through the blood or other body fluids. Bone marrow metastasis can occur in almost all malignant tumors. Lung, breast and prostate cancer patients are most prone to bone marrow metastasis, while this complication is relatively uncommon in colon cancer patients[4-6]. To date, no reports of bone marrow-metastatic colon cancer have been published in mainland China. In addition to the clinical symptoms of primary tumors, bone marrow metastasis is generally characterized by an abnormal blood system. This dysfunction of the blood system mainly manifests as myelosuppression, including decreased PLT counts, Hb levels and WBC counts, and some patients have myeloproliferative manifestations[7,8]. When the patient was admitted, no other obvious clinical symptoms were observed, and her tumor markers were normal. Chest and abdominal CT reports showed no other special abnormalities except mild lung inflammation. This lack of symptoms is consistent with early colon cancer. However, reviewing the abdominal CT scan on admission and subsequent PET/CT results, we found that the right ascending colon wall of the patient was significantly thickened, which was ignored by our clinicians and radiologists. This oversight was the main reason for our initial missed diagnosis. In this case, severe sepsis was the primary manifestation, including high fever, shock, and detection of E. coli, A. hydrophila and A. caviae in the blood culture. Sepsis may have been caused by the tumor destroying the normal mucosal barrier of the intestinal wall, which allowed the intestinal flora to enter the blood; this manifestation has rarely been reported in previous cases. Initially, it was difficult to determine whether the patient’s tricytopenia was the direct result of hematologic disease or caused by bone marrow suppression secondary to severe sepsis. As the patient had no history of hematological diseases, sepsis-related TCP was considered more likely. TCP caused by sepsis is generally related to bone marrow suppression and increased destruction and is often found in patients diagnosed with severe sepsis in the critical care unit, with an incidence of up to 55%[9]. Following infection control, the PLT count gradually returns to normal within 6 d, especially after the application of thrombopoietin[10]. However, when the infection was controlled and the blood culture was negative, the PLT count was difficult to maintain even after repeated PLT transfusions, which is inconsistent with the relief of bone marrow suppression after sepsis control. In addition, when the patient was first admitted to the hospital, her Hb and PLT counts decreased while her WBC count increased, which appeared inconsistent with the myelosuppression changes associated with sepsis. This finding indicated a blood system disease as opposed to sepsis. Therefore, it was necessary to look for other causes, such as blood system diseases or tumor-related TCP. A bone marrow puncture was performed, and the bone marrow smear revealed many malignant cells. Due to the patient's enteric-derived sepsis, enteric-derived tumors were considered. The diagnosis of colon cancer was confirmed by 18F-FDG PET/CT examination because the patient had severe TCP and could not tolerate endoscopy. As the patient's TCP could not be resolved and no exact pathological report could be obtained, surgery, radiotherapy and chemotherapy could not be performed, the disease progressed, and the patient died. 
The incidence of cases of TCP associated with solid tumors is increasing annually, and the underlying mechanism is complex, involving multiple immune and nonimmune factors. Among these factors, bone marrow malignant metastases damage the living microenvironment of hematopoietic stem cells and bone marrow stromal cells, interfere with the normal proliferation, differentiation and physiological functions of blood cells and are an important factor in tumor-related TCP. Studies have shown that 41% of patients with malignant tumors have bone marrow metastasis. Although colon cancer is rarely metastatic, Viehl et al[11] revealed a 38% incidence of bone marrow micrometastasis. Therefore, bone marrow smears have important auxiliary value for diagnosing bone marrow-metastatic cancer. Finding cancer cells on bone marrow smears or in biopsy samples helps diagnose tumors, and some unique cells are even helpful for identifying the primary tumor origin[12,13]. Not all metastatic cancers can be found by a single bone marrow biopsy, and staining the sediment of the puncture or bone marrow biopsy samples is necessary to improve the positive diagnosis rate[14]. The diagnosis of bone marrow metastasis can assist the diagnosis of primary tumors and prognostication, which suggests that it is a useful auxiliary method to diagnose tumors, especially in less developed countries and regions without access to advanced examination equipment, such as PET/CT.

CONCLUSION
Patients with advanced colon cancer may not have typical clinical symptoms, and bone marrow metastasis is relatively rare. However, when intestinal bacteria-derived sepsis and refractory TCP occur simultaneously, the possibility of secondary bone marrow metastasis from intestinal tumors should be considered. It should not be assumed that the TCP occurred secondary to sepsis, and a bone marrow puncture examination should be performed promptly to identify hematological diseases. Once there is evidence of bone marrow metastasis, digestive endoscopy can be completed as soon as possible, and patients who cannot undergo endoscopy can be examined by systemic PET/CT.
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Figure Legends
[image: ]
Figure 1 Computed tomography. A: The chest computed tomography (CT) revealed mild inflammation in both lungs, obvious in the right lung; B: Abdominal CT examination revealed thickening of the local intestinal wall in the ascending colon (pointed by the arrow).
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Figure 2 The platelet count is severely depressed, while the white blood cell count and hemoglobin levels improve after treatment. Hb: Hemoglobin; WBC: White blood cell; PLT: Platelet. 
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Figure 3 Bone marrow biopsy. A: The bone marrow smear stained with Wright’s stain showed a class of abnormal cells (arrow points × 10); B: Clumps of cohesive cells, uneven size, abundant cytoplasm, irregular margins, rough chromatin, visible with 1-3 faint nucleoli (× 100).
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Figure 4 18F-fluorodeoxyglucose positron emission tomography/computed tomography showed abnormally high signals in the ascending colon and left radius. A: Abdomen computed tomography (CT) showed a soft tissue mass in the right ascending colon, about 3 × 4 cm; B: 18F-fluorodeoxyglucose positron emission tomography (PET) showed that the mass of the right ascending colon showed significantly high uptake of 18F-FDG, with SUVMax = 8; C: PET/CT examination showed a mass in the right ascending colon with significantly high uptake of 18F-FDG; D: 18F- fluorodeoxyglucose PET  showed  high signals in the ascending colon and left radius.
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Figure 5 Autopsy and pathological results of the patient showed colon adenocarcinoma.
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