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Chronic myeloid leukemia following repeated diagnostic
X-ray exposure for the treatment of recurrent
spontaneous pneumothorax in a patient with ankylosing
spondylitis: A case report and literature review
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Abstract. Previous studies have indicated that X-ray irra-
diation may increase the risk of chronic myeloid leukemia
(CML), and the incidence of spontaneous pneumothorax in
patients with ankylosing spondylitis (AS) is higher than in
the general population. Patients with AS usually develop
spontaneous pneumothorax several years after the diag-
nosis of AS. The present study reports the unusual case
and complicated clinical history of a 29-year-old man with
recurrent pneumothorax and AS, who developed CML
following repeated exposure to low doses of radiation via
diagnostic X-rays and chest computed tomography imaging.
Pneumothorax was diagnosed prior to AS in this patient; the
present case report highlights the importance of recognizing
AS as a possible underlying cause of recurrent spontaneous
pneumothorax. Patients with AS may be more sensitive to
injury via X-ray-derived radiation, and even small diagnostic
doses may be associated with CML. Diagnostic X-ray
exposure should therefore be limited to reduce the risk of
radiation-associated malignancies, including CML, particu-
larly in patients with AS.
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Introduction

Ankylosing spondylitis (AS) is a systemic, multifactorial,
chronic rheumatic disease that affects the joints of the axial
skeleton (1). A thorough physical examination, in conjunction
with family history analysis, consideration of the patient's
individual medical history, X-ray imaging and serum human
leukocyte antigen (HLA)-B27 testing, is required for an accu-
rate diagnosis (2). Previous research has indicated that the
incidence of spontaneous pneumothorax in patients with AS is
0.29%, higher than that observed in the general population (1).

Although the underlying etiology of spontaneous pneu-
mothorax remains unknown, it is an uncommon lung disease
that disrupts respiration in otherwise healthy men who tend to
be tall and thin (3). Spontaneous pneumothorax results from
the rupture of a subpleural emphysematous bleb typically
located at the apex of the lung, leading to the accumulation
of air in the pleural cavity (3). During the course of diagnosis
and treatment, X-ray imaging is often utilized in patients with
spontaneous pneumothorax (4).

Chronic myeloid leukemia (CML) is characterized by the
abnormal growth of mature myeloid cells; it has been associated
with translocation involving chromosomes 9 and 22, resulting
in the formation of the Philadelphia chromosome (5,6). The
cause of this translocation is unknown, although exposure
to ionizing radiation is likely to be a risk factor (7). Previous
studies have demonstrated a dose-dependent risk of CML in
patients with cancer who undergo radiation therapy (8.,9) and
experience repeated exposure to diagnostic radiography (7).

Our previous report described the case of a patient with
AS who was diagnosed with CML following repeated chest
radiography and computed tomography (CT) (10); the report
focused primarily on a possible association between low-dose
X-ray-derived radiation exposure and CML. However, a recent
follow-up revealed that this patient experienced mild lower
back pain as well as spontaneous pneumothorax during the
course of the disease. No prior reports described the simul-
taneous occurrence of spontaneous pneumothorax and AS
followed by CML after diagnostic exposure to low-dose X-rays.
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Table I. Karyotype analysis of the patient.
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Date BCR/ABLI* (p210) BCR/ABLI (copy) ABLI (copy) BCR-ABLI/ABLI IS BCR-ABL1/ABLI
Jun 19 2014 + -(P230) - - -

Feb 13 2015 + 61.26 1.79x10* 0.003 0.003

Jun 25 2015 - - 1.63x10* 0 0

Oct 19 2015 - - 3.26x10* 0 0

“BCR-ABLI1 is an oncogenic protein resulting from fusion of the tyrosine kinase ABL1 with the BCR protein. BCR, breakpoint cluster region;

ABLI1, Abelson-1; IS, international standard.

Thus, it was surmised that it was important to reanalyze this
previous case (10), and to investigate the possible associations
between spontaneous pneumothorax and AS, and CML. The
present study reviews the unusual presence of CML following
repeated diagnostic low-dose X-ray exposure in a patient with
recurrent pneumothorax and AS.

Case report

Our previous report (10) described a case of recurrent sponta-
neous pneumothorax and the development of CML following
repeated exposure to low-dose diagnostic chest radiography
and CT. The findings indicated the importance of investi-
gating the potential dangers of low-dose diagnostic radiation.
However, that report only included follow-up information up
to January 2015 (10). A more recent follow-up revealed that
the patient was diagnosed with AS one month later. As the
simultaneous occurrence of these two conditions is quite rare,
it was considered vital to reanalyze the case.

The patient was a slender man with no history of smoking who
had been diagnosed at the Department of Respiratory Medicine,
Zhejiang Provincial Hospital of Traditional Chinese Medicine
(Hangzhou, China) with spontaneous pneumothorax on May 6,
2013 at the age of 26. Following the insertion and removal of
chest tubing, the patient was discharged from hospital. However,
the patient then developed recurrent pneumothorax. On May 24,
2013, the patient underwent thoracoscopic surgery for the resec-
tion of bullae. Over the 9 months following the initial diagnosis
of spontaneous pneumothorax, the patient underwent 10 radio-
graphic examinations and 4 CT scans of the chest, constituting
a total effective radiation dose of 11.7 mSv. On April 18, 2014
a general health examination revealed that the patient's white
blood cell (WBC) count had increased to 13.9x10%/1 (normal
range, 4-10x10%/1). On June 6,2014, the patient's WBC count had
increased to 25.4x10%/1. Following bone marrow smear testing
on June 13 2014 and a karyotype analysis on June 19, 2014 the
patient was diagnosed with CML (10).

On June 28, 2014, the patient began receiving imatinib
mesylate at a dose of 400 mg/day for the treatment of CML.
A WBC count revealed that the abnormally high WBC count
had begun to decrease on September 4, 2014. An additional
karyotype analysis was subsequently performed (Table I) and
a second bone marrow smear test on May 5, 2015 revealed no
abnormal cells.

The patient continued to receive imatinib mesylate until
June 2016. As of January 2015 he had reported no feelings

Figure 1. Computed tomography image of the narrowing of the gap in the
bilateral sacroiliac joint, and cystic changes in the bilateral iliac bones. The
grey arrow indicates narrowing of the sacroiliac joint on the left. Cystic
changes and damage were more apparent at the surface of the left sacroiliac
joint (black arrows).

of discomfort, as previously described (10). However, the
patient did report bilateral sacroiliac joint pain in February
2015. Careful inquiry revealed that the patient had begun to
feel intermittent, mild bilateral sacroiliac joint pain as early
as January 2014, 6 months prior to the initiation of imatinib
treatment. However, the patient had not noted this information
because symptoms were mild.

Although the risk of developing CML following repeated
exposure to chest radiography and CT was of concern, a pelvic
CT scan was ultimately performed on February 16, 2015 to
confirm the diagnosis of AS (Fig. 1). The scan revealed bilat-
eral narrowing of the sacroiliac joints in addition to bilateral
cystic changes, which were more apparent at the surface of the
left sacroiliac joint.

Joint pain, muscle pain and muscle cramps are known poten-
tial side effects of imatinib. In the current case, the location
and nature of the pain had not changed after receiving imatinib
for 6 months. Moreover, a pelvic CT scan was performed
7 months after the initiation of imatinib treatment. To the best
of our knowledge, there have been no prior reports of imatinib
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resulting in AS, thus we hypothesize that AS occurred before
the patient was administered imatinib.

The patient tested negative for HLA-B27 and rheumatoid
factor, but a diagnosis of AS was reached in accordance with
the New York criteria (11). The occurrence of pneumothorax
and the subsequent occurrence of CML and AS were docu-
mented within the same 2-year period. The Institutional Ethics
Committee of the Zhejiang Provincial Hospital of Traditional
Chinese Medicine (Hangzhou, China) approved the current
study. The subject of this case report provided written informed
consent agreeing to publication.

Discussion

The present study describes the case of a 29-year-old man who
presented with recurrent spontaneous pneumothorax, then AS,
and who subsequently developed CML following repeated
exposure to low-dose diagnostic X-ray radiation. To the best of
our knowledge, these combined medical conditions have not
been previously reported in the clinical literature.

The patient visited the physician due to pneumothorax;
initially, only chest CT scans and chest X-ray data were avail-
able. Pelvic CT scanning was not conducted until February
16th, 2015, when it was performed to confirm the diagnosis of
AS (Fig. 1). That scan revealed the bilateral narrowing of the
sacroiliac joints, in addition to bilateral cystic changes, which
were more apparent at the surface of the left sacroiliac joint.
The possibility that imatinib caused the occurrence of AS was
rejected for the following reasons. Firstly, neither the location nor
the nature of the pain changed; secondly, following commence-
ment of imatinib treatment there were no evident changes in the
patient's symptoms: Thirdly, the pelvic CT scan was performed
just 7 months after the initiation of imatinib treatment; lastly,
as no reports of imatinib-induced AS could be located in the
literature, we considered this eventuality to be unlikely.

In the majority of cases of unclear etiology, spontaneous
pneumothorax is reported in healthy young men and stems
from the rupture of apical blebs on the visceral pleura (3).
Lee et al (1) reported that the incidence of spontaneous
pneumothorax in patients with AS is 0.29% (n=1,028), higher
than that reported for the general population. Although rare,
the development of apical pulmonary fibrosis and bullous
disease has been recognized as an extra-articular manifesta-
tion of AS (12). Studies have also demonstrated that recurrent
pneumothorax may be caused by the inadequate sealing of air
leaks, and that this can be responsible for the persistence of
pneumothorax in patients with connective tissue autoimmune
diseases, including AS (1,13).

In prior reports involving AS and concurrent pneumo-
thorax, the pneumothorax was diagnosed a number of years
(4-30 years) following the diagnosis of AS (1,14,15). In one
previously reported case study, the pneumothorax was diag-
nosed 16 months after radiation exposure (16). However, the
current patient presented with recurrent spontaneous pneumo-
thorax prior to a diagnosis of AS. Notably, previous studies
have indicated that the incidence of occult pneumothorax may
be underestimated in patients with AS, owing to the vague
nature of the symptoms or lack of diagnosis (1,12). Thus,
patients with recurrent spontaneous pneumothorax should be
thoroughly evaluated for AS.
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Specific studies have suggested that rheumatic diseases
may develop during the course of CML, although it remains
unclear whether the development of rheumatic disease in
patients with CML is due to the long-term use of drugs or
the underlying disease (17,18). AS is unlikely to be caused by
drugs; however, it is imperative to bear in mind that AS, an
autoimmune and inflammatory disease, may impair immune
function and render patients susceptible to diseases stemming
from gene mutations (19). A previous study described a case
of CML in a patient with AS following multiple CT imaging
sessions (20). Although few reports have documented an asso-
ciation between AS and the development of CML following
exposure to low-dose radiation, studies indicate that the risk
of hematopoietic cancer is increased in patients with AS (21).
The aforementioned findings, together with those of the current
case report, indicate that patients with AS may be susceptible
to the development of CML following low doses of radiation
compared with healthy individuals.

Although blood tests for HLA-B27 are positive in >90%
of Chinese patients with AS (22), the present patient tested
negative for HLA-B27. Numerous studies have also failed to
detect an association between HLA-B27 in AS and spontaneous
pneumothorax (1,12,14,15). Thus, whether patients with AS who
test negative for HLA-B27 are more sensitive to X-ray damage
remains to be elucidated. In addition, the potential contributions
of sex, age and smoking history to the development of pneumo-
thorax have been reported (1,12,14,15). Therefore, the evidence
accumulated to date indicates that further research into the
association between spontaneous pneumothorax and sensitivity
to radiation in patients with AS and CML is required.
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