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Abstract
BACKGROUND
With the advancement of medical technology and improvement in living standards, the incidence of multiple primary cancers has gradually increased. In particular, tumors of the digestive system account for a large proportion of multiple primary cancers. The diagnosis and treatment of chronic myeloid leukemia, particularly with synchronous gastric cancer, at the first consultation is relatively rare.

CASE SUMMARY
Herein, we present the case of a middle-aged man who was referred to the Department of Hematology owing to an elevated white blood cell count. After the examination, he was diagnosed with chronic myeloid leukemia and was administered imatinib. Three months after the initial diagnosis, he visited our hospital again for abdominal pain, and further examination revealed gastric malignancy. After discussion with a multidisciplinary team, S-1 (Tegafur, Gimeracil, and Oteracil Potassium Capsules) combined with oxaliplatin—SOX regimen—was initiated. Later, the patient’s condition rapidly progressed. He developed colonic obstruction and underwent an ostomy; however, he died less than 6 months after the initial diagnosis.

CONCLUSION
Multiple primary cancers are influenced by environmental and genetic factors; a standardized multidisciplinary discussion plays a key role in treatment.
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Core Tip: Digestive system tumors consist of a large proportion of multiple primary cancers. In this study, we present the case of a patient with gastric cancer and concomitant chronic myeloid leukemia. To better diagnose and treat such patients, we reviewed the literature available on leukemia complicated by gastric cancer-related multiple primary cancers and analyzed its disease mechanisms, clinical symptoms, and treatment alternatives. This study will be a useful reference for the diagnosis and treatment of patients with such conditions.

INTRODUCTION
Among malignant tumors, gastric cancer has the highest morbidity and mortality. Patients with early gastric cancer often exhibit no overt symptoms, whereas those with advanced gastric cancer may present with abdominal distention, discomfort, nausea, vomiting, hematemesis, and melena. In contrast, leukemia is a malignant clonal disease of hematopoietic stem cells. The primary clinical manifestations of leukemia include anemia, abnormal coagulation, fever, susceptibility to infection, hepatosplenomegaly, lymphadenopathy, and ostealgia[1]. The administration of chemotherapy drugs, such as imatinib, has resulted in a better prognosis and improved quality of life in patients with leukemia and gastric cancer[2].
Cases of patients with multiple primary cancers involving gastric cancer combined with leukemia are extremely rare, and diagnosis and treatment of this condition is difficult. Wang reported the case of an older patient with acute leukemia complicated by gastric cancer who presented with abdominal pain and discomfort but eventually died of multiple organ failure 1 mo after consultation3. This patient was initially diagnosed with chronic myeloid leukemia and then with gastric cancer 1 mo later.
Diagnosis of such patients is extremely difficult, and we reviewed the literature that could be relevant in the diagnosis and treatment of such patients.

CASE PRESENTATION
Chief complaints
The patient was a 43-year-old male farmer who was admitted to the hospital owing to the diagnosis of chronic myeloid leukemia for 3 mo and a 1-mo history of intermittent vomiting.

History of present illness
The patient showed an elevated white blood cell count during the national grassroots public welfare physical examination at a local hospital 3 mo before admission. He did not report fever, chills, low-grade fever, night sweats, dizziness, headache, or rash. Next, he was referred to a higher-level hospital for a more thorough blood examination, which revealed the following results: red blood cell count, 3.57 × 1012/L; white blood cell count, 150.27 × 109/L; promyelocyte percentage, 15%; mature lymphocyte percentage, 60%; and mature monocyte percentage, 15%. Later, inpatient examination revealed the following results: white blood cell count, 136.59 × 109/L, red blood cell count, 3.82 × 1012/L; neutrophil percentage, 90.7%; and neutrophil count, 123.98 × 109/L. T and B lymphocyte immune function test revealed the following findings: cluster of differentiation (CD)3+, 31.2%; CD3+ and CD4+, 15.7%; CD3+ and CD8+, 12.0%; CD4+/CD8+, 1.31%; and CD3− and CD19+, 4.5%. The bone marrow cytology test revealed the following findings: (1) Myeloid hyperplasia was observed to a significant extent with 93.5% myeloid cells and 6.5% erythroid cells; (2) The granule:red ratio was 14.38:1; (3) The myeloid system was abnormally hyperplastic, particularly with middle and late myelocytes; eosinophils, basophils, and mitotic cells were also observed; (4) The extent of erythroid hyperplasia was relatively low; (5) A decreased proportion of lymphocytes was observed; and (6) Seven megakaryocytes, which were granular giant cells, were observed within 1 wk.
Identifying middle and late myelocytes on blood films was easy. The size of the red blood cells did not change, the bone marrow smear filling was acceptable, and platelets were scattered and clustered. At this stage, chronic myeloid leukemia was considered. The leukemia immunophenotyping test revealed the following results: a blast cell area accounting for approximately 0.6% of nuclear cells was observed; increased proportion of granulocytes by approximately 90.7% was noted; fully expressed cMPO, CD13, CD33, and CD64 along with partially expressed CD16, CD15, CD11b, CD10, and CD4 were observed, and the remaining were negative. An early myeloid development pattern was observed, with most development observed in the middle stage; therefore, mature granulocyte proliferative disease (chronic phase chronic myeloid leukemia) was considered. The level of P170 (CD243) was 0.2%. The digital quantitative analysis test detected the BCR-ABL-p210 fusion gene. Chest computed tomography (CT) scan revealed the following results: (1) Micronodules were observed in the posterior segment of the left upper lobe apex, which could be old lesions; and (2) The local bone of the left fifth anterior rib was rough and dense, which could be an old fracture. Color Doppler showed slight tricuspid valve and aortic regurgitation but normal left ventricular systolic and diastolic function.
At this point, the diagnosis of chronic myeloid leukemia was clear (Figure 1), and symptomatic treatment (alkalization, hydration, and plasma cells) was provided. After the white blood cell count reduced to a safe level, he was treated with imatinib mesylate and discharged. One month after discharge, the patient developed pain in the left lower extremity, which was not reported in the consultation. Later, he developed nausea, which was relieved after vomiting a small amount of gastric content. This was accompanied by a productive cough with white sticky sputum, but he did not show fever, chills, abdominal pain, or diarrhea. His body weight decreased by 7.5 kg over 3 mo.

History of past illness
The patient was a healthy individual without diabetes, hypertension, or other underlying diseases.

Personal and family history
The patient had no contributory family history.

Physical examination
Physical examination showed slight abdominal tenderness, with no rebound tenderness and tension.

Laboratory examinations
For further diagnosis and treatment, we performed a series of laboratory and imaging examinations. The results of the blood routine and biochemical tests were normal. The four tests for hematopoiesis showed a slight decrease in vitamin B12 and ferritin levels.

Imaging examinations
CT examination of the chest and abdomen showed an increase in the thickness of the wall of the gastric antrum and pylorus. It revealed a blurred surrounding fat space and the presence of multiple enlarged lymph nodes in the cardia, hepatic hilum, greater omentum, and retroperitoneum (Figure 2). A whole body bone scan revealed abnormal bone metabolism in the bilateral scapula, rib, and iliac bone; thus, multiple bone metastases were considered (Figure 3). Meanwhile, gastroscopy showed the presence of a large amount of retained material in the gastric cavity; yellowish mucus; and huge ulcers in the lower part of the gastric body, gastric angle, and gastric antrum. Although the pylorus was deformed, the lens body could pass through it. These findings were suggestive of gastric cancer (Borrmann type IV) with bile reflux 2 and reflux esophagitis grade C (Figure 4).

Pathology
Pathological analysis revealed a small number of atypical cells in the gastric antrum. Immunohistochemical results were as follows: CKL(2+), CD56(−), ki67 (40%), CD68 (focal 1+), her-2(1+), MPO(−), CD117(−), CD15 (focal 1+), and CD34 (vascular+). Considering the results of morphological and immunohistochemical analyses (Figure 5), poorly differentiated adenocarcinoma was diagnosed.

FINAL DIAGNOSIS
Based on the patient’s medical history, clinical characteristics, and diagnostic results, the final diagnosis was advanced gastric cancer, abdominal lymph node metastasis, bone metastasis, and chronic myeloid leukemia.

TREATMENT
Owing to the distinct condition of the patient, we opted to conduct a multidisciplinary discussion on this case. It was decided that imatinib (400 mg, once daily) administration was to be continued for chronic myeloid leukemia and SOX regimen to be started for gastric cancer with bone metastasis. Antiemetics and acid-suppressing drugs were used as adjuvant therapy.

OUTCOME AND FOLLOW-UP
The patient had severe nausea and vomiting during the second cycle of chemotherapy, which was attributed to incomplete intestinal obstruction (Figure 6). However, the obstruction was not relieved after conservative treatment, and exploratory laparotomy and ileostomy were performed. 
Following laparotomy, we found severe adhesion of the gastric antrum and colonic hepatic flexure. Portions of the small intestine, ascending colon, and transverse colon showed considerable dilatation. Multiple white, hard nodules were observed in the small mesentery. Considering the preoperative examination results, we decided to perform terminal ileal double-lumen fistula. An area of 1 cm around the right McBurney’s point was considered the stoma. The skin and subcutaneous tissue were incised layer-by-layer, and the terminal double ileum was led out through the ileocecal region, 15 cm away from the ileocecal opening. A double-lumen stoma was performed, and the stoma was sutured layer-by-layer for reinforcement. 
During the operation, several hard nodules were harvested for subsequent biopsy, which revealed metastatic adenocarcinoma (Figure 7). After discharge, the patient unfortunately passed away in December 2021 (less than 6 mo since the first consultation).

DISCUSSION
The continuous progress in medicine and improvement in living standards have extended the lifespan of humans. In addition, the detection rate of multiple primary cancers has gradually increased[4].
Duplicate carcinoma was first reported by Billroth in 1879. Also referred to as multiple primary malignant tumors, duplicate carcinoma involves the simultaneous or successive occurrence of two or more different pathological tissue types in the same organ or tissue or in different organs or tissues in different parts of the same individual. Briefly, it is the presence of two or more primary malignancies. According to the time of appearance of the second malignant tumor, multiple primary cancers can be categorized into synchronous multiple primary cancers (interval of < 6 mo) and metachronous multiple primary cancers (interval ≥ 6 mo). The diagnostic criteria for multiple primary cancers are as follows: (1) Each tumor is malignant; (2) Each tumor occurs in different parts and exists independent of each other; (3) Each tumor has unique morphological characteristics and its own metastatic pathway; and (4) Tumors showing recurrence and metastasis are excluded[5].
There are several pathogenic mechanisms underlying multiple primary cancers, and the most studied mechanisms are those underlying the carcinogenic effects of radiotherapy and chemotherapy, environmental factors, genetic factors, and gene interactions. A previous study reported the case of a woman who underwent total gastrectomy for advanced gastric cancer and received regular postoperative TS-1 chemotherapy; she was eventually diagnosed with secondary chronic myeloid leukemia after 3 years[6]. Another older male patient underwent gastric cancer surgery and was diagnosed with chronic myeloid leukemia 2 years after TS-1 chemotherapy[7]. Furthermore, chronic myeloid leukemia has been reported after chemotherapy using drugs other than TS-1[8]. Moreover, postoperative follow-up studies have shown that patients with breast cancer who received radiotherapy and chemotherapy after surgery have a substantially higher chance of developing multiple primary cancers[9]. Furthermore, environmental factors, such as long-term exposure to chemical and radioactive substances, may be associated with the occurrence of multiple primary cancers[10]. The incidence and prognosis of multiple primary cancers vary among different ethnic groups, which might be because of the effects of genetic factors[11]. A retrospective analysis of cervical cancer and endometrial cancer showed that radiation therapy, smoking, and human papillomavirus infection were significantly associated with the risk of multiple primary cancers[12]. Moreover, frequent exposure to radioactive substances, especially I131 therapy, increased the risk of second primary cancer after thyroid cancer surgery. Because of the limited number of cases of multiple primary cancers and the lack of research at present, the mechanism underlying gene interaction in the occurrence of multiple primary cancers remains unelucidated.
The patient in this case was a middle-aged man from a rural area who had no bad living habits. He had an acute onset and rapid disease progression, which may be attributed to multiple factors. First, his nutritional status was poor, with reduced immune surveillance capacity. Second, there may be a genetic interaction between the first primary cancer leukemia and gastric cancer. In particular, leukemia inhibitory factor and myeloid leukemia-1 are differentially expressed in the tissues of patients with leukemia and gastric cancer, and both play key roles in disease development. However, further studies on the interaction mechanism are warranted[13-16]. Third, during the treatment for leukemia with imatinib, the patient showed severe adverse gastrointestinal reactions, which necessitated short-term drug suspension (4 d) treatment, thereby resulting in the rapid progress of gastric cancer.
In patients with leukemia and gastric cancer, the clinical symptoms associated with leukemia and gastric cancer can either appear simultaneously or successively. The diagnosis is primarily based on blood routine, bone marrow biopsy, imaging, gastroscopy, and pathological analyses. In terms of treatment, acute leukemia is preferentially treated when it is associated with gastric cancer. When gastric cancer is complicated by bleeding, obstruction, and other emergencies, prioritizing the treatment of gastric cancer is essential. However, the effect of imatinib in the development of chronic myeloid leukemia secondary to gastric cancer chemotherapy should be noted. In cases of gastric cancer complicated by leukemia, a multidisciplinary discussion on several fields, including radiology, pathology, gastroenterology, hematology, radiotherapy, and general surgery, is ideal for formulating the best treatment plan for the patient[17,18].
Metachronous duplication carcinoma has a significantly better survival time and prognosis compared with synchronous duplication carcinoma owing to early detection of the second primary cancer of metachronous duplication carcinoma[19]. Existing studies have reported that early diagnosis and treatment can substantially improve the survival and prognosis of patients with multiple primary cancers
This patient had abdominal discomfort at the initial diagnosis and underwent abdominal B-ultrasound examination; however, gastric cancer was not detected. Advanced gastric cancer was detected on CT conducted after 1 mo of abdominal pain and discomfort. In such patients, routine chest and abdominal plain CT examinations at the initial diagnosis can be useful in the timely detection of multiple primary cancers. In addition, for further diagnosis and treatment of such patients, particular gastric cancer types—such as hepatoid adenocarcinoma of the stomach, lymphoepithelioma-like gastric carcinoma, and hereditary diffuse gastric cancer (HDGC)—cannot be ignored. Tumor markers, gastrin, C14 urea breath testing, CHD1 detection, and colonoscopy are useful in the diagnosis and treatment of these patients[20-22].

CONCLUSION
Despite the rapid progress in medical technology, more studies should be conducted for the timely diagnosis and treatment of patients with gastric cancer complicated by chronic myeloid leukemia. There is an urgent need to strengthen the understanding of recurrent cancer. For patients with high-risk factors for multiple primary cancers, conducting more comprehensive examinations, formulating an appropriate diagnosis, and ensuring adequate treatment and follow-up are critical. Appropriate guidelines regarding the diagnosis and treatment of recurrent cancer are required in addition to multidisciplinary discussions to formulate optimal treatment plans for patients with multiple primary cancers. Simultaneous gastric cancer with chronic myeloid leukemia has a worse prognosis and shorter survival time than its metachronous counterpart. The pathogenesis of gastric cancer complicated by chronic myeloid leukemia should be further studied because of the current challenges in the diagnosis and treatment of patients with malignant tumors.
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Figure Legends
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Figure 1 The patient’s karyotype is 46, XY, t (9;22) (q34;q11). A: The typical translocation between the chromosomes 9 and 22 was found in all 20 metaphase cells analyzed; B-D: Bone marrow smear shows an extremely active cellular proliferation, myeloid cells that are dominated by myelocytes and metamyelocytes, and easily observable/high rate of eosinophils and basophils.
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[bookmark: _Hlk113473749]Figure 2 Computed tomography images show gastric cancer. A: Computed tomography (CT) in venous phase show edematous and thickened gastric wall; B: CT in the arterial phase, the gastric wall was thickened and significantly enhanced.
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Figure 3 Emission computed tomography images show abnormal bone metabolism in the bilateral scapulae, ribs, and ilium; multiple bone metastases were considered.
[image: ]
[bookmark: _Hlk113474223]Figure 4 Gastroscopic images show gastric cancer (Bowman type IV). A: A large amount of retained material in the gastric cavity and huge ulcers in the lower part of the gastric body, angle, and antrum; B: The ulcers base is uneven, brittle, and easy to bleed. Local peristalsis has disappeared. 
[image: ]
Figure 5 Pathological examination after gastroscopic biopsy reveals the presence of a small number of atypical cells. A-C: Hematoxylin-eosin staining of biopsy specimens indicate poorly differentiated adenocarcinoma (A, 40 ×; B, 40 ×; C, 100 ×); D-F: Immunohistochemical staining shows that the specimens are positive for CKL (D, 200 ×), and Ki-65 (E, 200 ×) and negative for Her-2 (F, 200 ×).
[image: ]
Figure 6 Computed tomography images. A: Computed tomography images show significantly thickened gastric wall; B: The tumor has invaded the hepatic flexure of the transverse colon, resulting in marked dilation of the upper bowel.
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Figure 7 Histopathological examination shows a small mesenteric nodule, likely metastatic adenocarcinoma. A: Hematoxylin-eosin stain: 40 ×; B: Hematoxylin-eosin stain: 100 ×.
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