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Abstract

BACKGROUND

Colon cancer is a common malignancy of the digestive tract. An estimated
1148515 new cases of colon cancer were reported in 2020 worldwide. Chronic
myeloid leukemia (CML) is a malignant tumor formed by the clonal proliferation
of bone marrow hematopoietic stem cells, with an annual incidence rate of 1-2
cases per 100000 people worldwide. Leukemia can be secondary to solid tumors,
and vice versa. Reports on CML secondary malignant tumors account for 8.7% but
CML secondary to malignancy is extremely rare. Therapy-related CML is a rare
but potentially fatal adverse event of chemotherapy or radiotherapy. Herein, we
report a case of CML with colon cancer and discuss this unique patient popu-
lation. Our findings can provide effective raw data and guidance for the diagnosis
of this clinical disease.

CASE SUMMARY

A 61-year-old male patient attended our hospital due to leukocytosis for 5 days. In
February 2020, the patient was diagnosed with colon cancer and underwent ra-
dical surgery and conventional chemotherapy with a stable condition. He was
diagnosis was CML-chronic phase (Sokal score of 0.72) after examination. He was
treated with imatinib (400 mg daily). When his conditions improved, the patient
was discharged from our hospital and visited the outpatient department for
follow-up twice a month.

CONCLUSION

CML in patients with colon cancer is extremely rare. Secondary hematological
tumors may be multifactorial, and the exact mechanism is currently unknown.
Owing to the slow progression of the disease, patients with CML show no sy-
mptoms in the early stage. However, with disease progression, obvious but non-
specific symptoms may appear, including fever, anemia, bleeding tendency, and
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hypertrophy. Therefore, complete blood count monitoring for routine examination is recommended after cancer
treatment for early detection of occult hematological tumors.
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Core Tip: We report a case of chronic myelogenous leukemia secondary to colon cancer. Secondary hematological tumors
may be multifactorial, and the exact mechanism is currently unknown. Owing to the slow progression of the disease, patients
with chronic myelogenous leukemia show no symptoms in the early stage. However, with disease progression, obvious but
non-specific symptoms may appear, including fever, anemia, bleeding tendency, and hypertrophy. Therefore, complete
blood count monitoring for routine examination is recommended after cancer treatment for early detection of occult hemato-
logical tumors.
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INTRODUCTION

Colorectal cancer is the third most common cancer and the third leading cause of cancer death globally[1]. Leucovorin,
fluorouracil, and oxaliplatin (FOLFOX) or leucovorin, fluorouracil, and irinotecan (FOLFIRI) plus bevacizumab have been
widely used as the first-line treatment for metastatic colorectal cancer[2]. Chronic myeloid leukemia (CML) is a clonal
myelodysplastic disease of pluripotent hematopoietic stem cell origin caused by the Philadelphia (Ph) chromosome. Ph is
derived from a translocation t(9;22)(q34q11) that generates a BCR-ABL fusion gene and is transcribed as a protein with
abnormal tyrosine kinase activity that drives aberrant white blood cell (WBC) proliferation[3]. Solid tumors such as those
of the lung, thyroid, breast, and skin may occur in 3% of patients with CML. Gastrointestinal system malignancies such as
colon, rectal, esophageal, and liver cancers are rarely reported in patients with CML, with only a few cases of CML
secondary to colon cancer reported worldwide[4]. The origin of both concomitant malignancies is unclear. In this case
report, we describe our clinical experience of a patient with Ph-positive CML accompanying colon cancer and discuss this
unique patient population.

CASE PRESENTATION

Chief complaints
A 61-year-old male patient was diagnosed with colon cancer in February 2020 and was found to have a chronic
myelogenous leukemia in June 2023.

History of present illness

The patient visited a Fenghuang County Human County Hospital with a complaint of hematuria on June 18, 2023, and
the initial examination showed an elevated WBC count of 40 x 10°/L (normal range, 4.0-10.0 x 10°/L), a platelet count of
165 x 10°/L and a hemoglobin level of 119 g/L. Doppler ultrasound of the abdomen (also known as color blood flow
chart; the color ultrasound instrument is unified as red from the near ultrasound probe; the blood flow leaving the probe
is blue; turbulence and shunt are polychromosaic) revealed a large liver and double kidney stones. Intravenous
meropenem (1 g intravenous drip per 8 hours) and fluid replacement to control these symptoms. Hematuria improved
following the anti-inflammation routine, while the leukocyte levels increased significantly (about 60 x 10°/L). The patient
consulted the hematology department of our hospital on June 20, 2023 due to leukocytosis.

History of past illness

In February 2020, the patient was diagnosed with colon cancer and underwent radical surgery and conventional
chemotherapy with a stable condition. Past medical history also included type 2 diabetes for more than 10 years and
appendectomy.

Personal and family history
No special personal or family history.
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Physical examination
The patient had stable vital signs, no superficial lymph node enlargement, and no tenderness or mass in the abdomen.

Laboratory examinations

In 2021 (Hunan Provincial People’s Hospital), routine blood tests were normal. In June, 2023 (Fenghuang County Human
County Hospital), the initial examination showed an elevated WBC count of 40 x 10°/L (normal range, 4.0-10.0 x 10°/L), a
platelet count of 165 x 10°/L and a hemoglobin level of 119 g/L. In June, 2023 (the First Affiliated Hospital of Jishou
University), routine blood test revealed a WBC count of 78.03 x 10°/L (normal range, 4.0-10.0 x 10°/L), a hemoglobin
level of 125 g/L (normal range, 120-160 g/L), and a platelet count of 273 x 10°/L (normal range, 100-400 x 10°/L). Bone
marrow cytology (rapid smear of fresh bone marrow 0.1-0.2 mL was collected, and cells was performed, and further
chemical staining such as peroxidase and glycogen staining) indicated hyperactive hyperplasia and an increased
proportion of granulocytes, eosinophils, and basophils (Figure 1). Erythroid cell proportion was reduced, mainly those of
middle and late red but the morphology of mature red cells was not abnormal. There was a decrease in the proportion of
lymphocytes, specifically mature lymphocytes (Figure 2). Flow cytometry (DxFLEX, Beckman Coulter, Kaluza Software-
Analysis) revealed an increased proportion of granular lines, whereby eosinophils and basophils were easily observed.
Bone marrow biopsy (the tissue blocks were fixed with Bouin fluid without decalcification or molding Material bag
buried. Three to five consecutive sections were sectioned for each specimen, lined separately hepatocyte growth factor,
hematoxylin and eosin, and Gomori staining) showed that the bone marrow was active in nucleated cell proliferation
(about 70% of the hematopoietic area), with scattered immature cells (Figure 3). Moreover, mainly middle and late
juvenile erythroid cells were observed. Karyotype analysis (ISCN2020) showed Ph [t(9;22)(q34;q11)] (Figure 4).
BCR::ABL1 fusion genotyping (qualitative) indicated P210 positivity (el4a2+) (two-color dual-fusion DNA probe, Beijing
Jinpujia Company; Olympus-BX 51 fluorescence microscope). Peripheral blood smears showed rare plasma cells (< 10%).
The blood routine review at discharge indicated a WBC count of 35.8 x 10°/L, a hemoglobin level of 117 g/L, and a
platelet count of 191 x 10°/L.

Imaging examinations

In February, 2020 (Hunan Provincial People’s Hospital), enhanced abdominal computed tomography suggested irregular
thickening in the middle and upper part of the rectum, and rectal cancer was considered. Magnetic resonance imaging
results showed the following: (1) Rectal (upper) carcinoma, muscle layer invasion, circumferential margin (negative),
positive external vessel invasion, lower margin 71 mm from the anus, four lymph nodes in the mesenteric area, pelvic
and pelvic floor muscles (no) invasion, and bilateral internal and external iliac vessel branches (no) invasion; and (2)
Magnetic resonance stage: Stage cT3N2. Furthermore, results of the electronic colonoscopy showed the following: Rectal
cancer (?), straight junction polyps, and colonic polyps (transverse and descending colonic polyps were removed). The
pathologic results of polyps were as follows (Figure 1): Moderately differentiated tubular adenocarcinoma (rectal mass)
and adenoma (transverse colon polyp). In June, 2023 (Fenghuang County Human County Hospital), Doppler ultrasound
of the abdomen (also known as color blood flow chart; the color ultrasound instrument is unified as red from the near
ultrasound probe; the blood flow leaving the probe is blue; turbulence and shunt are polychromosaic) revealed a large
liver and double kidney stones.

FINAL DIAGNOSIS
The final diagnosis was CML-chronic phase (Sokal score of 0.72).

TREATMENT

Excluding the contraindications, the first cycle of chemotherapy following the FOLFOX6 regimen was administered on
February 23, 2020. Specifically, the following drugs were administered: Oxaliplatin 140 mg + fluorouracil 660 mg +
leucovorin calcium 200 mg + fluorouracil 4000 mg (pumped for 48 hours), supplemented with those for liver protection
and against gastric nausea. The preoperative examination identified improvement in colon cancer. Indocyanine green
laparoscopic radical resection of rectal cancer and intestinal adhesiolysis were performed on March 3, 2020. After
chemotherapy, the patient’s condition improved. Subsequently, four cycles of FOLFOX6 regimen chemotherapy were
administered on March 12, April 18, May 5, and May 30 in 2020, with the same specific medication as stated above.
Repeated colonoscopy showed a reduction in the tumor area. XELOX chemotherapy was initiated on June 13, 2020, with
the following drugs: Oxaliplatin 200 mg day 1 and capecitabine 3000 mg day 1-14. Subsequently, three cycles of XELOX
chemotherapy with the same specific drugs as above were administered on July 4, July 25, and August 11 in 2020. The
patient visited Hunan Provincial People’s Hospital for examination, and the results showed that the patient’s condition
was under control and the blood routine was normal. The patient was eventually diagnosed with CML-chronic phase
(Sokal score of 0.72) and received imatinib (400 mg daily) on June 26, 2023.
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Figure 1 Bone marrow cytology. A and B: At the time of chronic myelogenous leukemia diagnosis, cytology of bone marrow smears showed hypercellularity
and marked myeloid hyperplasia (A: x 10; B: x 100).

Figure 2 A decrease in the proportion of lymphocytes. A: Lump/mass size is 3 cm x 2.5 cm x 1 ¢cm; B: Pathologic diagnosis (immunohistochemistry):
caudal type homeobox 2 (+), chromogranin A (1), cytokeratin 20 (+), cytokeratin 7 (-), Ki67 (+ 60%), MutL homolog 1 (+), melanocyte-stimulating hormone 2 (+),
melanocyte-stimulating hormone 6 (+), PMS 2 (+), synuclein (-).

OUTCOME AND FOLLOW-UP

After discharge, the patient was prescribed imatinib (400 mg daily) and hydroxyurea tablets (0.5 g twice a day) and
visited the outpatient department for follow-up monthly. The patient visited the outpatient department of our hospital in
late December 2023, and the blood routine review indicated that the counts of WBC, platelets, and hemoglobin levels
were all normal.

DISCUSSION

Secondary malignancies such as non-Hodgkin’s lymphoma, myelodysplastic syndrome, and acute leukemia have been
observed in some patients with cancer. As a rare complication, secondary CML accounts for approximately 2.6% of all
cases of secondary leukemia. Although CML only accounts for a small portion of secondary leukemia, reports on therapy-
related CML (TR-CML) have increased in recent years along with continuously updated treatment methods[4,5]. This
report describes a case of CML secondary to colon cancer, and we summarize the treatment options for this unique
patient population.

Among malignancies, colon cancer is the second leading cause of cancer-related mortality worldwide. Early colon
cancer is typically asymptomatic, and symptoms such as abdominal distension, indigestion, change of defecation habits,
abdominal pain, and anemia may be observed in the middle and late stages. Owing to the slow progression of the
disease, patients with CML show no symptoms in the early stage. However, with disease progression, obvious but non-
specific symptoms may appear, including fever, anemia, bleeding tendency, and hypertrophy. On the one hand, the use
of chemotherapy drugs can prolong the survival time and improve the quality of life of the patients; on the other hand, it
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Figure 3 Results of bone marrow biopsy. A and B: Nucleated cell proliferation in bone marrow is highly active (about 70% hematopoietic area). Cells are
mainly in the mature stage, and naive cells are scattered. Immunohistochemistry: CD34 small vessels (+); CD117 few (+); CD61 megakaryocytes (+), single nucleus;
CD3 less (+); CD20 less (+); CD56 (-); myeloperoxidase more (+); Ecad less (+).
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Figure 4 Result of karyotype analysis. Karyotype: 46, XY, t(9;22)(q34;911.2)[20].

increases the risk of secondary tumor occurrence.

In most cases, patients with colon cancer show peripheral blood changes with or without clinical symptoms, which was
confirmed by bone marrow puncture. This patient had undergone multiple courses of chemotherapy with capecitabine
and showed no obvious discomfort after medication. Hematological changes occurred three years after chemotherapy,
and bone marrow puncture and fusion gene testing confirmed CML. Existing case reports of CML secondary to colon
cancer are rare, and the association between these two diseases is unclear. TR-CML cannot be made cytogenetically
distinguished from de novo CML, and typical chromosomal aberrations associated with treatment-related CML have not
been described[6]. Several factors may be associated with this concomitant tumor, including host-specific features, past
radiotherapy and chemotherapy, epigenetic up-down regulation or exposure to environmental carcinogens. In this
patient, we speculate that the possible pathogenesis of CML includes the following.
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An intuitive assumption is that CML is the result of colon cancer treatment. Chemotherapy and radiotherapy may
inhibit the immune system of the body, thus weakening its monitoring effect on tumor cells, and providing opportunities
for the proliferation of tumor cells. Both solid tumors and leukemia require chemotherapy and (or) radiation therapy, and
many studies show that chemotherapy and radiation can treat tumors or cause cancer[6]. Drugs inducing secondary
leukemia include alkylating agents, topoisomerase 2 poisons (e.g., etoposide and teniposide), cyclophosphamide, and
anthracyclines[7]. Etoposide is a well-known topoisomerase 2 poison. It was first reported in 1987 that etoposide can
induce secondary leukemia, and the specific mechanism may involve mixed-lineage leukemia gene translocation[8,9].
Platinum compounds are effective broad-spectrum anticancer drugs widely used in the treatment of various malignant
tumors. Cisplatin and carboplatin are associated with the treatment-related leukemia (TRL)[10]. With improvements in
diagnosis and treatment methods, reports on oxaliplatin and TRL have increased[11,12]. Platinum drugs may kill cancer
cells by forming DNA cross-links within and between chains by forming DNA adducts, thus disrupting DNA replication
and transcription. As an antimetabolite, 5-fluorouracil is a pyrimidine analog that is ineffective on its own but becomes
potent after conversion into 5-fluorouracil by pyrimidine nucleoside phosphorylase which is preferentially found in
tumor tissues[13]. It can also simulate the functions of trona and synthetase after administration, thereby altering the
activity of thymidine synthetase and causing a failure of normal DNA synthesis by inducing p53-dependent cell growth
arrest and apoptosis[14]. Through cytotoxic therapy, selective pressure on hematopoietic progenitor cells carrying
mutations in the tumor protein p53 pathway can lead to TRL[15,16]. Irinotecan is an agent that selectively targets the
topoisomerase, and irinotecan is degraded through complex metabolic pathways[17]. Irinotecan can cause secondary
leukemia[18,19] but the mechanism is unclear and needs further clarification.

Another potential hypothesis is genetic susceptibility. The incidence and prognosis of multiple primary cancers for
different ethnicities vary, which may be due to genetic factors[20]. Although familial clustering of primary and secondary
relative malignancies in patients with CML has not been demonstrated, further research on this topic is needed. If there is
a genetic susceptibility to CML and other malignancies due to poor DNA repair, the accumulation of other malignancies
in close relatives of patients with CML can be expected. Notably, host susceptibility is related to oncogenes, and the
overexpression of oncogenes and the deletion of tumor suppressor genes are closely related to multiple primary cancers,
such as Li-Fraumeni syndrome[21]. However, genetic instability in the host may produce atypical progenitor cells, which
puts patients in a state where they are more likely to acquire a variety of diseases. During treatment, the expression of
cellular molecular pathways is down-regulated, and these malignant cells gain the ability and mechanism of anti-
apoptosis. When the immune response is lost or reduced, tumor cells escape immune surveillance leading to disease
occurrence.

Host-specific factors are a possible explanation. When tumorigenic factors act on cells for a long time, they denature
and change their functions, and some damaged cells mutate or transform due to the lack of repair function or replication
errors. When human immune function is defective, these mutated or transformed cells may develop into cancer cells or
cloned cells. Many multiple tumors occur in older adults, mainly due to the long-term action of carcinogens, internal
molecular changes due to aging, and changes in the internal environment[3].

Because malignant tumors often reduce the immune monitoring function of cellular immunity and humoral immunity,
combined with strong chemotherapy or radiotherapy commonly used for treatment, the original immune deficiency is
aggravated and the chance of tumor development is greatly increased. Theoretically, weakened immune surveillance may
increase the chances of pre-leukemia cloned hematopoietic stem cells escaping from checkpoint restrictions and gaining
growth advantages after receiving additional genetic or epigenetic attacks[22]. In addition to chronic immune
stimulation, deficiencies in the immune system lead to less effective “tumor surveillance”, or abnormal DNA repair and
apoptosis in patients with cancer may contribute[20].

Chemotherapy causes translocation in bone marrow stem cells but necessitates further research[21]. The bone marrow
microenvironment may be compromised in patients undergoing chemotherapy or radiation therapy. This may lead to a
tendency to develop secondary tumors through damaged “soil” in favor of mutated hematopoietic clones. Leukemia is a
cancer of the human hematopoietic system but its exact cause is unknown. Cellular disorders and environmental factors
are certainly involved[23]. Ionizing radiation has been associated with the development of leukemia, including CML, in
surviving Japanese victims of the nuclear explosion. This exposure causes DNA mutations. Ionizing radiation produces
many double-stranded breaks in the GO/G1 phase of the cell cycle, and there are deviations in double-stranded break
proximity spatially and temporally[5]. These features favor the production of the BCR/ABL1 oncogene. Radiation
therapy triples the incidence of leukemia, with 18% of cases of CML. The incidence of leukemia appears to be related to
the dose and duration of radiation therapy, and the occurrence of leukemia can be explained by radiation-induced
chromosome breaks. Granulocyte colony-stimulating factor: The incidence of treatment-associated leukemia increases
dramatically in patients receiving granulocyte colony-stimulating factor support and tumor-producing endogenous
granulocyte colony-stimulating factor[3,11,24]. Other factors include smoking, I-131 therapy[20,25], and endocrine factors.

The accompanying disease of hematopathologic neoplasms may be multifactorial. Our patient was treated with 5-
fluorouracil, oxaliplatin, and capecitabine, each of which can lead to the occurrence of a secondary tumor[7-19]. CML may
be related to the previous use of chemotherapeutic agents in this patient. Unfortunately, evidence of TR-CML com-
plicating cytotoxic therapy is lacking. WBC count should be monitored after cancer treatment to identify insidious
hematological tumors at an early stage. There are no prospective randomized clinical trials specifically targeting TR-CML
therapy, so there is no evidence that any of the induction therapies would be superior to the standard tyrosine kinase
inhibitor (TKI) regimen. Patients showing TRL and TR-myelodysplastic syndromes generally have an inferior prognosis
than de novo cases. Patients with TR-CML generally have similar TKI responses and outcomes compared to de novo cases
[8]. Although our patient responded the best to TKI treatment, whether long-term prognosis of the defined cases given
the relatively short follow-up period is unclear.
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CONCLUSION

In conclusion, CML in patients with colon carcinoma is extremely rare. Secondary hematological tumors may be
multifactorial, and the exact mechanism is currently unknown. Therefore, further investigation and monitoring of its
potential associations are needed to identify the exact cause of secondary malignancy.
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