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  Abstract 
Aim: The frequency of secondary cancers has increased in myeloproliferative   
neoplasms (MPN) compared to the general population. The association of 
MPN and secondary cancer has a negative effect on the patient's survival. This 
study aims to retrospectively evaluate secondary cancers that developed dur-
ing the diagnosis and follow-up of patients with MPN. Materials and Me-
thods: Patients diagnosed with MPN between 2000 and 2019 were retrospec-
tively evaluated. Patients who developed secondary cancer simultaneously 
with the diagnosis of MPN or during the follow-up period were examined. 
Their clinical characteristics, treatment details, progression, death, and toxici-
ties for both diseases were analyzed. Results: Among 328 MPN patients, 9 of 
them had secondary malignancies. The most common malignancies were 
squamous cell carcinoma of the skin (1%), and breast invasive ductal carci-
noma (1%). The median time between the diagnosis of MPN and the devel-
opment of secondary malignancy was 60 (range 0-144) months. The median 
follow-up was 100 (range 1-161) months. All patients were alive as of the end 
of the study. Conclusion: It is important to be aware of the increased inci-
dence of secondary cancers in MPN patients. This study showed that in MPN 
patients with secondary cancer, the treatment of both diseases can be per-
formed simultaneously without a life-threatening problem and without hin-
dering the treatment of the diseases. The possibilities for advanced diagnosis 
in both hematological and solid malignancies are constantly increasing, and 
our knowledge at the molecular level is expanding. This knowledge can create 
targeted treatment possibilities in the management of both diseases separately 
or together. 
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1. Introduction 

This study evaluated secondary malignancies of MPN patients in a single institution. 
Philadelphia chromosome-negative myeloproliferative neoplasms (MPN) are malignant, clonal diseases of the-

bone marrow. MPNs including primary myelofibrosis (PMF), polycythemia vera (PV), and essential thrombocy-
themia (ET) have been associated with transformation to acute myeloid leukemia [1]. Moreover, the risk of lym-
phoid neoplasms in patients with MPN is increased [2]. Whether secondary cancers increase in MPN patients has 
been an increasing concern in recent years. Results of a population-based study on secondary neoplasms in MPN 
population based on the SEER database showed that in 10 years, the cumulative incidence of any secondary malig-
nancy among MPN patients was estimated at 15.2% (95% CI 14.4 – 16.0%), and MPN patients had a HR of 1.44 
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for developing second cancer versus the age-adjusted general population (IR 2004.6/100,000 person-years) [3]. A 
recent Danish study has shown that MPN patients have a 1.5 to 3-fold increased risk of developing second cancer 
compared with the general population [4]. According to the Chinese study, compared with normal subjects, MPN 
patients had a 6.41-fold increased risk of developing second cancer [5]. Patients with MPN and secondary cancer 
together had significantly shorter survival compared to MPN patients without secondary cancer [5, 6]. Risk factors 
for the development of secondary cancer in MPN patients and the possible contribution of drugs are still not clear 
[6, 7].  

2. Materials and Methods 

Patients diagnosed with Philadelphia chromosome-negative MPN, according to 2016 WHO diagnostic criteria [8] 
in a single center between 2000 and 2019 were retrospectively evaluated. Patients who developed secondary cancer 
simultaneously with the diagnosis of MPN or during the follow-up period were examined. Patients older than 18 
years were available for inclusion. Patients’ diagnosis, age at diagnosis, gender, mutational status (JAK2, CLAR, 
and MPL), treatment details for MPN, cytogenetic results (if present), JAK2 allele burden status (if present), 
thrombotic events (arterial and venous), timing, treatment, and type of secondary malignancy, progression, death, 
and toxicities were recorded. Toxicity was evaluated in every visit by physical and laboratory examinations, ad-
verse events were graded using National Cancer Institute Common Toxicity Criteria for Adverse Events scale, ver-
sion 3.0.  

Data were reported as frequency (percentage) or median for categorical and continuous variables. 
This study was approved by the local ethics committee (Ege Üniversitesi Tıbbi Araştırmalar Etik Kurulu, 

05.11.2020, 20-11T/81) and was conducted according to the principles of the Declaration of Helsinki. All patients 
provided written informed consent. 

3. Results 

A total of 328 MPN patients were evaluated (97 PV, 173 ET, 50 PMF, and 8 prefibrotic MF), 172 of them were 
female (52%). Among 328 MPN patients, 9 of them had secondary malignancies. There were 3 patients with 
squamous cell carcinoma of the skin (1%), 3 patients with breast invasive ductal carcinoma (1%), 1 patient with 
bladder cancer (0.3%), 1 patient with papillary thyroid carcinoma (0.3%), and 1 patient with rectum adenocarcino-
ma (0.3%). 

The median age at the time of MPN and secondary malignancy diagnosis was 66 years (range 49-78) and 72 
years (range 49-85) respectively. The male/female ratio was 4/5. The majority of the patients were diagnosed with 
ET (5 patients, 55%). The median time between the diagnosis of MPN and the development of secondary malig-
nancy was 60 (range 0-144) months. One of the patients was diagnosed with breast cancer and ET simultaneously. 
The median follow-up was 100 (range 1-161) months. All patients were alive as of the end of the study. The clinical 
characteristics of all patients are summarized in Table 1. 

Only one of the patients received systemic chemotherapy (no 7). This patient's need for phlebotomy decreased 
with the effect of chemotherapy and she did not experience thrombocytopenia that would cause discontinuation of 
aspirin therapy during chemotherapy. Two patients with breast cancer who received only hormone therapy and re-
ceived radiotherapy in combination with hormone therapy did not have any problems that would hinder their MPN 
treatment. In all patients who underwent surgery or interventional procedures, aspirin therapy was interrupted ap-
proximately 7 days before the operation and low molecular weight heparin prophylaxis was started until postopera-
tive bleeding control was achieved. Nail pigmentation developed in one patient (no 5) who received hydroxyurea. 
This complaint also regressed when anagrelide was added to the treatment and the hydroxyurea dose was reduced 
during follow-up. In the patient who received ruxolitinib (no 8), anemia requiring transfusion (grade 3) developed 
in the first weeks of treatment, and anemia resolved during the follow-up period. 

4. Discussion 

The median age at diagnosis of secondary cancer in this study was higher than in another study (62 vs 72) [5]. In 
other studies, the time from diagnosis of MPN to diagnosis of secondary malignancy varies between 3.1-5.0 [7] and 
5-13 years [5], although it differs between MPN types. In this study, the time to diagnosis was 5 years (60 months) 
and no distinction was made between MPN types. 

The frequency order of cancers is similar to our study and the Chinese study [5]. In the Danish MPN cohort, 
which included a large number of patients (including chronic myeloid leukemia in this group), the incidence of 
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oropharyngeal, esophageal, liver, pancreatic, lung, prostate, kidney, urinary tract, eye, and skin cancers were found 
to be higher than expected in PV patients [9]. Breast, which is the most common cancer in this study, did not in-
crease more than expected according to the Danish cohort. 

Table 1. Clinical characteristics of patients 

Pa-
tient 
No 

Gend-
er 

Diagno-
sis 

Age at 
MPN 

diagno-
sis 

JAK2 
V617

F 
status 

JAK2 
V617

F 
Allele 
bur-
den 

Other 
muta-
tions 

Thrombo-
sis Treatment for MPN Secondary 

malignancy 

Time 
between 

MPN and 
secondary 

malig-
nancy 

(month) 

Treatment for  
malignancy 

1 M PMF 78 + NA  No HU SCC, skin 84 Surgery 
2 M ET 70 -   No HU, ASA SCC, skin 60 Cryotherapy 
3 F ET 61 + 19%  No ASA SCC, skin 60 Surgery 

4 M ET 66 + NA  PE HU+anagrelide+AS
A Papillary TC 144 Surgery +RAI 

5 F ET 56 -   DVT HU+anagrelide+AS
A Breast IDC 72 Surgery+hormonetherapy 

6 F ET 49 -  CALR No ASA Breast IDC 0 Surgery+hormonetherapy+RT 
7 F PV 50 + 10%  No ASA+phlebotomy Breast IDC 21 Neoadjuvantchemotherapy 

8 M PMF 70 -   No 4 years HÜ, last 1 
yearruxo Bladdercancer 24 Transurethralresection+intravesi

cal BCG 

9 F PV 74 + NA  No HU+ASA Rectum ade-
nocarcinoma 72 Surgery 

M: Male, F: Female, PMF: Primary myelofibrosis, MPN: Myeloproliferative neoplasms, ET: Essential thrombocytemia, PV: Polycytemiavera, NA: Not 
available, CALR: Calreticulin, PE: Pulmonary embolism, DVT: Deep venous thrombosis, HU: Hydroxyurea, ASA: Acetylsalicylicacid, Ruxo: 
Ruxolitinib, SCC: Squamous cell carcinoma, Papillary TC: Papillaythyroidcarcinoma, Breast IDC: Breast invasive ductal carcinoma, RAI: 
Radioactiveiodine, RT: Radiotherapy, BCG: BacillusCalmette-Guerin. 

A multicenter study evaluating 798 MPN patients who developed secondary cancer after MPN diagnosis showed 
that death after secondary cancer diagnosis was independently predicted (HR and 95% CI) by patient age >70 years 
(2.68; 1.88-3.81), secondary cancer prognostic group (2.57; 1.86-3.55), relapse of cancer (1.53; 10.6-2.21), evolu-
tion in MPN, anemia at the time of secondary cancer diagnosis (2.32; 1.49-3.59), exposure to hydroxyurea (1.89; 
1.26-2.85), and to ruxolitinib (3.63; 1.97-6.71) [6]. The use of hydroxyurea has been associated with the develop-
ment of non-melanoma skin cancer [10, 11]. Although the exact mechanism is not known, some possible risk fac-
tors exist such as old age, excessive exposure to sunlight, higher doses of hydroxyurea, and prolonged hydroxyurea 
therapy duration [10]. Of the two patients who developed SCC in our group while using hydroxyurea, one had drug 
exposure for 60 months and the other for 84 months. The number of patients in our group was insufficient to asso-
ciate the drug and the disease. It seems wise to perform periodic dermatological examinations in these patients us-
ing hydroxyurea. It is still unclear whether there is a relationship between JAK inhibitors and the development of 
secondary cancer. MPN-K study which enrolled 647 MPN patients demonstrated that patient sex posed to 
hydroxyurea, pipobroman, andruxolitinib had a higher risk of developingnon-melanoma skin cancer while these 
drugs were not associated with a higher risk of carcinoma, melanoma, and hematological secondary cancer 
compared with unexposed patients [7]. An Italian study assessed the association of ruxolitinib with secondary pri-
mary neoplasms (including lymphoproliferative neoplasms) in myelofibrosis patients and did not find an increased 
risk of secondary malignancies in ruxolitinib-treated patients with respect to ruxolitinib-naive patients [12]. The use 
of JAK 1/2 inhibitor has been shown to increase the incidence of aggressive B-cell lymphoma 16-fold. This risk is 
especially high in the presence of a pre-existing B cell clone [13]. However, subsequent analysis of large patient 
groups did not confirm the increased risk of aggressive lymphoma development in MPN patients under JAK inhi-
bitor treatment [14, 15]. Aspirin use in MPN patients administered at a dose of 100 mg was statistically associated 
with a reduction of female genital tract tumors (ovarian and endometrial cancers) and breast cancer, independently 
by MPN sub-type [7]. Supportive data was reported by Marchetti et al. that aspirin was independently associated 
with a 50% reduction in risk of death [6]. 

The connection between MPN and secondary cancers are multifactorial and cellular and molecular mechanisms 
have been suggested to link these diseases. The main genes that are considered to raise genetic susceptibility to 
secondary cancer in MPN are JAK2, TERT, DDX41, ETV6, and GATA2. Some of thesemutations can be 
eitherinheritedoracquired [16].  

Furthermore, arterial thrombosis after the diagnosis of MPN is independently associated with the risk of carci-
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noma (oddsratio, 1.97; 95% confidence interval, 1.14-3.41) [17]. 
The study is a retrospective single-center study and has limitations. The number of patients is small. No compar-

ison was made with age and sex-matched healthy people. Due to the small number of patients and the heterogeneity 
of the diseases, in-group comparisons were not able to be made.  

5. Conclusion 

Patients with MPN are at increased risk of developing another malignancy compared with the general population. 
This study is important in terms of raising awareness of this increase, which is an important issue for health profes-
sionals dealing with MPN. This study also showed that in MPN patients with secondary cancer, the treatment of 
both diseases can be performed simultaneously without any major problems. Thrombotic events are the most im-
portant cause of mortality and morbidity in MPN patients. For this reason, anti-thrombotic measures are necessary 
for MPN and should be taken while treatment for secondary cancer continues. 
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