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Prognostic Value of Chemo-Naïve Serum 
Carcinoembryonic Antigen Level in Patients with

Non-Small-Cell Lung Cancer

Hsu-Ching Kao*, Huang-Chih Chang*, Meng-Chih Lin*,**, Wen-Feng Fang*,**,
Kuo-Tung Huang*, Chia-Chen Tseng*, Shih-Feng Liu*,**, Chin-Chou Wang*,**

Background: Carcinoembryonic antigen (CEA) is a known marker for non-small cell lung 
cancer (NSCLC) and was suggested as a risk factor for mortality and poor prognosis in some 
studies of a small sample size involving patients in early and advanced stages of NSCLC. 
The aim of this study was to assess the prognostic value of the serum CEA level in a larger 
chemo-naïve patient population with NSCLC of different stages.

Methods: Two hundred fifty-one (251) patients with stage II to IV NSCLC had their serum 
CEA measured before chemotherapy, and then received cisplatin and gemcitabine as first-
line chemotherapy at Kaohsiung Chang Gung Memorial Hospital from 2008/01 to 2011/12. 
Patients were subdivided into 2 groups: pre-chemotherapy serum CEA level ≥40 ng/ml and 
<40 ng/ml. We analyzed the difference in clinical characteristics, overall survival, and 2-year 
mortality between the 2 groups. We also examined the association between the serum CEA 
level and the sites of metastasis.

Results: Of the 251 patients with NSCLC, 183 (72.9%) had a serum CEA level <40 ng/
mL and 68 (27.1%) had a CEA level ≥40 ng/mL. Univariate analysis showed adenocarcinoma 
(p=0.014), advanced staging (p=0.007), and metastasis (p=0.037) were associated with CEA 
≥40 ng/ml. Multivariate Cox regression analysis showed that performance status (AHR 3.49; 
95% CI, 1.81-6.72; p=0.000), staging (AHR 5.37; 95% CI, 1.94-14.82; p=0.001) and age ≥70 
(AHR 1.84; 95% CI, 1.02-3.24; p=0.044) were prognostic factors for mortality in patients with 
NSCLC. The serum CEA level was not a prognostic factor for mortality, nor did it predict the 
site of metastasis in patients with stage IIIb NSCLC. 

Conclusions: Serum CEA level was not a prognostic factor for mortality in patients with 
NSCLC in our study. (Thorac Med 2014; 29: 200-208) 

Key words: non-small cell lung cancer, carcinoembryonic antigen (CEA), mortality, predictor

*Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Kaohsiung Chang Gung 
Memorial Hospital, Chang Gung University College of Medicine, Kaohsiung 833, Taiwan
**Department of Respiratory Therapy, Kaohsiung Chang Gung Memorial Hospital, Chang Gung University College 
of Medicine, Kaohsiung 833, Taiwan
Hsu-Ching Kao and Huang-Chih Chang contributed equally to the work for this study as first anthors.
Address reprint requests to: Dr. Chin-Chou Wang, Department of Internal Medicine, Kaohsiung Chang Gung 
Memorial Hospital, Chang Gung University College of Medicine, No. 123 Dabi Road, Niaosung, Kaohsiung, Taiwan



201Prognostic Value of Chemo-Naïve Serum Carcinoembryonic Antigen Level in Patients with Non-Small Cell Lung Cancer

胸腔醫學：民國 103 年 29 卷 4 期�

Introduction

Lung cancer is the most common cancer 
worldwide, with an estimated 1.6 million new 
cases and 1.38 million deaths in 2008 [1]. Car-
cinoembryonic antigen (CEA) is a glycosyl 
phosphatidyl inositol (GPI)-cell surface an-
chored glycoprotein whose specialized sialofu-
cosylated glycoforms serve as functional colon 
carcinoma L-selectin and E-selectin ligands. 
The role of CEA as a diagnostic and prognostic 
marker has been extensively studied in differ-
ent cancers, but its role as a prognostic marker 
in lung cancer is still widely debated. A recent 
review article [2] summarized studies on the 
role of CEA in lung cancer published in the last 
30 years. They found 23 studies investigating 
the use of the CEA serum level as a prognostic 
marker in non-small cell lung cancer (NSCLC), 
and 2 studies investigating the use of the CEA 
plasma level in NSCLC. In 18 of these stud-
ies CEA was found to be a useful prognostic 
marker for either overall survival (OS), recur-
rence after surgery or/and progression free sur-
vival (PFS) in NSCLC patients. However, most 
of these studies focused on early-stage disease 
or pre-operation in adenocarcinoma patients. 
Thus, the role of CEA as a prognostic marker in 
NSCLC is still unclear, especially at more ad-
vanced stages. Therefore, the aim of our study 
was to investigate the prognostic value of the 
serum CEA level in patients with stage II to IV 
NSCLC before receiving chemotherapy.

Material and Methods

Patients and study design
The records of 251 consecutive patients 

with newly diagnosed NSCLC at clinical stage 
II to IV were retrospectively studied. The study 

period was from January 2008 to December 
2011 at Kaohsiung Chang Gung Memorial Hos-
pital in Taiwan. All patients had serum CEA 
measured prior to chemotherapy, and subse-
quently received cisplatin and gemcitabine as 
first-line chemotherapy. The clinical investiga-
tion section of our hospital measured serum 
CEA levels using the 2-site immunoenzymo-
metric assay; the normal upper limit for this as-
say was 5 ng/mL. 

Other data retrieved from the hospital’s re-
cords included the patient’s age, gender, smok-
ing history, cancer histological classification, 
cancer staging, performance status (PS) (ac-
cording to the Eastern Cooperative Oncologic 
Group scale, ECOG), and sites of cancer metas-
tasis. The diagnosis of NSCLC was established 
histopathologically in accordance with the 
WHO classification [3]. Staging was performed 
in accordance with the TNM classification [4]. 
The study was approved by the Institutional Re-
view Board of Chang Gung Memorial Hospital, 
and the requirements for patient consent were 
waived

Adenocarcinoma was present in 138 (55%) 
patients, squamous cell carcinoma in 44 (18%), 
and adenosquamous, bronchia-alveolar cell 
carcinoma or NCSLC not otherwise specified 
(NOS) in 69 (27%) patients. Stage II to IIIA 
disease was observed in 64 (25%) patients, and 
stage IIIB and IV in 187 (75%) patients. Pa-
tients were subdivided into 2 groups: pre-che-
motherapy serum CEA level ≥40 ng/ml and <40 
ng/ml. The cutoff value for serum CEA chosen 
in our study was 40 ng/mL, based on the result 
of a previous study [5] showing that basal CEA 
serum levels ≥40 ng/mL were associated with 
adenocarcinoma histological type and presence 
of CNS metastasis at diagnosis, but not with 
age, gender, positive smoking history, or other 
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patient characteristics. The primary outcomes of 
our study were OS and mortality within 2 years 
of the diagnosis of lung cancer. Correlations 
between CEA levels and sites of metastasis in 
stage IIIB patients were also analyzed.

Statistical analysis
Categorical variables were analyzed us-

ing the chi-square test or Fisher’s exact test 
where appropriate, and continuous variables 
were compared using Student’s t-test or the 
Mann-Whitney U test. OS was calculated as 
the period from the diagnosis of malignancy 
until death from any cause or until the date of 
the last follow-up visit for patients still alive. 
Living patients were censored at the time of 
the last follow-up. The OS and 95% confidence 
intervals (CI) were calculated using the Kaplan-
Meier method. Multivariate Cox regression 
analysis was performed to identify independent 
risk factors associated with 2-year mortality.

Results

Patient characteristics
One hundred eighty-three (72.9%) of the 

251 patients had CEA levels less than 40 ng/mL 
(the low CEA group), and the remaining 68 pa-
tients (27.1%) had CEA levels greater than 40 
ng/mL (the high CEA group). Several differenc-
es between the 2 groups were noted. First, al-
though adenocarcinoma was the most common 
histological type of lung cancer in both groups, 
it was more commonly seen in the high CEA 
group (67.6% versus 50.3%, p=0.014). Second, 
there was a larger proportion of patients with 
squamous cell carcinoma in the low CEA group 
than in the high CEA group (22.4% versus 4.4%, 
p=0.001). There was no significant difference 
between the 2 groups with regard to the other 

histological types. Third, the TNM stage of lung 
cancer was also significantly different between 
the 2 groups. More patients in the high CEA 
group were at stage IIIB and IV disease than 
in the low CEA group (86.6% versus 69.9%, 
p=0.007). Fourth, when the state of metastasis 
of lung cancer was analyzed, it was found that 
metastasis (including both M1a and M1b dis-
ease) was more common in the high CEA group 
(75.4% versus 59.9%, p=0.037). There was no 
significant difference between the 2 groups in 
terms of age, gender, smoking history, and PS 
(Table 1). 

Overall survival and 2-year mortality
Using the Kaplan-Meier model, factors as-

sociated with lower OS included age ≥70 years 
(p<0.001), male gender (p<0.001), smoker 
(p<0.001), squamous cell carcinoma (p=0.008), 
PS ≥3 (p<0.001), advanced disease stage (IIIB 
and IV) (p<0.001), and CEA level ≥40 ng/mL 
(p=0.007). When multivariate Cox regression 
analysis was performed, PS ≥3 (AHR 3.49; 95% 
CI, 1.81-6.72; p<0.001), stage IIIB or IV dis-
ease (AHR 5.37; 95% CI, 1.94-14.82; p=0.001) 
and age >70 years (AHR 1.84; 95% CI, 1.02-
3.24; p=0.044) were found to be prognostic fac-
tors for 2-year mortality. However, CEA level 
was not a prognostic factor for 2-year mortality 
in this study (Table 2).

CEA and site of metastasis 
There was no significant difference in the 

relationship between site of metastasis and level 
of CEA in stage IIIB NSCLC patients (Table 3).

Discussion

Adenocarcinoma is the most common type 
of lung cancer in contemporary series, account-
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Table 1.  The Characteristics of Patients with NSCLC* Associated with CEA* >40 and <40 ng/ml+

Univariate analysis
Total CEA <40

(N=183)
CEA ≥40
(N=68)

p value

Age 0.828
   -<70 143 104 (56.8%) 39 (57.4%)
   -≥70 98 79 (43.2%) 29 (42.6%)
Gender 0.1
   -Male 121 94 (51.4%) 27 (39.7%)
   -Female 130 89 (48.6%) 41 (60.3%)
Smoke 0.15
   -Non smoking 154 106 (57.9%) 48 (70.6%)
   -Smoking 95 75 (41.0%) 20 (29.4%)
Histology 0.003
   -Adenocarcinoma 138 92 (50.3%) 46 (67.6%) 0.014
   -SCC* 44 41 (22.4%) 3 (4.4%) 0.001
   -other 69 50 (27.3%) 19 (27.9%) 0.922
Performance Status 0.136
   -<3 199 149 (86.1%) 50 (78.1%)
   -≥3 38 24 (13.9%) 14 (21.9%)
Stage 0.007
   -<3B 64 55 (30.1%) 9 (13.2%)
   -≥3B 187 128 (69.9%) 59 (86.6%)
T 0.536
   -1 17 15 (9.2%) 2 (3.5%)
   -2 87 65 (39.9%) 22 (38.6%)
   -3 32 23 (14.1%) 9 (15.8%)
   -4 84 60 (36.8%) 24 (46.1%)
N 0.253
   -0 41 35 (32.1%) 6 (16.2%)
   -1 35 23 (16.8%) 12 (25.5%)
   -2 70 51 (37.2%) 19 (40.4%)
   -3 38 28 (20.4%) 10 (21.3%)
M 0.037
   -0 75 61 (40.1%) 14 (24.6%)
   -1 134 91 (59.9%) 43 (75.4%)

* NSCLC: Non-small cell lung cancer; CEA: Carcinoembryonic antigen; SCC: Squamous cell carcinoma
+ Categorical variables were analyzed by chi-square test and expressed as number (percentage)
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Table 2.  Independent Predictors Associated with Overall Survival in Patients with Advanced NSCLC*+

Kaplan Meier analysis Cox regression analysis
OS

Mean±SE (months)
p value AHR (95% CI) p value

Age 0.000 1.84 (1.02-3.24) 0.044
   -<70 39.05±2.93
   -≥70 23.91±3.51
Gender 0.000
   -Male 28.77±2.57
   -Female 42.49±2.71
Smoke 0.000
   -Non smoking 41.87±2.50
   -Smoking 25.71±2.73
Histology 0.023
   -Adenocarcinoma 38.47±2.58 0.063
   -SCC* 25.14±3.84 0.008
   -other 36.15±3.69 0.951
Performance Status 0.000 3.49 (1.81-6.72) 0.000
   -<3 40.25±2.15
   -≥3 11.00±1.96
Stage 0.000 5.37 (1.94-14.82) 0.001
   -<3B 52.23±3.57
   -≥3B 29.99±2.10
T 0.002
   -1 55.82±6.58 0.015
   -2 34.54±2.83 0.697
   -3 45.43±5.27 0.102
   -4 26.54±2.66 0.001
N 0.006
   -0 52.69±4.47 0.003
   -1 37.24±5.03 0.883
   -2 30.36±3.03 0.106
   -3 30.35±4.69 0.052
M 0.002
   -0 44.35±3.54
   -1 28.11±2.19
CEA* 0.007
   -<40 39.11±2.32
   -≥40 25.10±2.72

* NSCLC: Non-small cell lung cancer; CEA: Carcinoembryonic antigen; SCC: Squamous cell carcinoma
+ Categorical variables were analyzed by chi-square test and expressed as number (percentage)
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ing for more than one-half of lung cancer cases 
[1]. Our study reflected the current trend, with 
the majority of the NSCLC cases in our study 
(55%) being adenocarcinoma. CEA is a well-
known marker for NSCLC, especially for ad-
enocarcinoma. Our study result revealed that 
adenocarcinoma was the most common lung 
cancer cell type in both groups (67.6% in the 
high CEA group, 50.3% in the low CEA group). 
Only 22.4% of cancers in the low CEA group 
and 4.4% in the high CEA group were squa-
mous cell carcinoma, indicating CEA is a better 
marker for adenocarcinoma than for squamous 
cell carcinoma. This phenomenon is useful for 
the differential diagnosis of NSCLC, especially 
in clinical situations with patients with highly 
suspected lung cancer for whom invasive pro-
cedures such as bronchoscopic biopsy or open 
lung biopsy are not feasible. However, elevated 
serum concentrations of CEA were also found 
in various benign pathologies and other malig-

Table 3.  The Relationship between Serum CEA* Level and Site of Metastasis in Patients with Stage III b of NSCLC*+, and Time to Metastasis╪

CEA <40
N=89 (78.1%)

CEA ≥40
N=25 (21.9%)

p value

No metastatis* 18 (20.2%) 4 (16.0%) 0.636
Brain metastasis 16 (18%) 2 (8%) 0.227

505±324 382 0.382
Bone metastasis 23 (25.8%) 7 (28.0%) 0.829

304±254 507±274 0.406
Liver metastasis 5 (5.6%) 3 (12.0%) 0.270

686±379 289±288 0.333
Lung metastasis 2 (2.2%) 1 (4.0%) 0.629

149±106 210 0.223
Other metastasis 25 (28.1%) 8 (32.0%) 0.703

535±473 293±260 0.491
overall 432±386 354±243 0.354

* NSCLC: CEA: Carcinoembryonic antigen; Non-small cell lung cancer 
+ Categorical variables were analyzed by chi-square test and are expressed as number (percentage)
╪ Time to metastasis were expressed as Days, mean±SD

nancies, which precluded its use in screening. 
Our study revealed a high CEA level was 

associated with more advanced disease. This 
is consistent with the results of previous stud-
ies in which CEA correlated with tumor size, 
tumor burden and cancer stage [6-7]. Our result 
also showed that high CEA levels were corre-
lated with the risk of metastasis. Evidence has 
also shown that serum CEA levels produced by 
malignant cells can enhance the metastatic po-
tential of otherwise weakly metastatic cells [8-
11]. It was hypothesized that CEA may function 
as an attachment factor for cancer cells [11]. 
However, pre-chemotherapy serum CEA levels 
were not correlated with specific sites of distant 
metastasis in our study. This is contrary to a 
study [5] of 293 patients with NSCLC at a IIIB-
IV clinical stage that showed that in patients 
with an adenocarcinoma histological type, CEA 
levels greater than 40 ng/mL predicted CNS 
metastasis. Therefore, more studies are required 
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to further investigate the relationship between 
serum CEA and metastasis.

Our study did not find serum CEA to be a 
prognostic factor for 2-year mortality. The use 
of the pretreatment CEA level as a prognostic 
marker for NSCLC has been extensively inves-
tigated, but the results have been conflicting 
[12-20]. In a study [21] involving 105 patients 
with all stages of NSCLC, CEA was found to be 
a significant negative prognostic factor. How-
ever, in another study [22] on 200 patients with 
stage I-IV disease, CEA was not found to be a 
prognostic factor for survival. Due to these con-
flicting results, and even though CEA was rec-
ommended for prognostic use in the National 
Academy of Clinical Biochemistry Guidelines 
[23], the American Cancer Society (ACS) and 
the American Society of Clinical Oncology 
(ASCO) have not as yet published recommen-
dations for its prognostic use. Nevertheless, 
CEA should be considered when predicting risk 
of relapse, progression and the effect of treat-
ment. 

There were some limitations to our study 
that should be mentioned. The retrospective 
design of the study brought with it several dis-
advantages, including non-uniform serum CEA 
collection time-points prior to chemotherapy, 
and the inability to control confounding factors 
such as chemotherapy duration or any addition-
al therapy such as radiotherapy. Nevertheless, 
there were also strengths in this study. First, we 
were able to recruit patients at various stages of 
NSCLC, which allowed us to examine the cor-
relation of CEA in different stage spectrums of 
NSCLC. Also, the cut-off serum CEA level was 
selected in a way that normal variants (for ex-
ample, a high CEA level in a smoker) had mini-
mal impact on the interpretation of our results. 

Conclusion

Our study found that in patients with 
NSCLC, high CEA levels were associated with 
adenocarcinoma cell type, more advanced stage, 
and higher risks of metastasis. Age ≥70 years, 
advanced disease stage, and poor PS were prog-
nostic factors for 2-year mortality. Serum CEA 
level was not a prognostic factor for mortality 
in patients with NSCLC in our study.
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血清癌胚抗原在未接受化學治療的非小細胞肺癌患者
之預測價值

高旭卿 *　張晃智 *　林孟志 *,**　方文豐 *,**　黃國棟 *　曾嘉成 *
劉世豐 *,**　王金洲 *,**

背景：癌胚抗原（CEA）是一個已知的非小細胞肺癌（NSCLC）的標記。而在一些針對非小細胞肺

癌患者中的小樣本研究中發現，癌胚抗原是這些患者死亡率和預後不良的一個危險因素。本研究目的是

評估血清癌胚抗原值，在不同腫瘤分期且未接受化學治療，且較大樣本數的非小細胞肺癌患者中之預測價 
值。

方法：251 位患有第 2 期至第 4 期非小細胞肺癌者，其血清癌胚抗原值在接受化療前接受測量。之後

251 位患者於 2008/01 to 2011/12 期間，在高雄長庚紀念醫院接受 cisplatin and gemcitabine 的第一線化學治

療。這些病人被分為兩組：一組其血清癌胚抗原值在接受化療前大於等於 40 ng/mL，另一組血清癌胚抗

原值小於 40 ng/mL。我們分析此兩組病人在臨床特徵，總生存率，以及 2 年死亡率之差異。另外，我們

也檢視血清癌胚抗原值與癌症轉移部位之關聯性。

結果：在 251 個患者中，183 位（72.9%）其血清癌胚抗原值小於 40 ng/mL，68 位（27.1%）血清癌

胚抗原值大於等於 40 ng/mL。單變項分析發現肺腺癌（p=0.014），後期肺癌（p=0.007），以及癌細胞轉移

（p=0.037）與血清癌胚抗原值大於或於 40 ng/mL 有關。Cox 多變項回歸分析結果顯示病人體能狀態，癌

症分期，以及患者年齡大於等於 70 歲為非小細胞肺癌患者死亡的獨立預測因子。血清癌胚抗原值並非患

者死亡與否的預測因子，也無法預測 IIIb 期患者之後癌症轉移部位。

結論：在此研究中，血清癌胚抗原不是非小細胞肺癌患者死亡的預測因子。( 胸腔醫學 2014; 29: 200-
208)

關鍵詞：非小細胞肺癌，血清癌胚抗原，死亡，預測因子
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High Incidence of Treatment-Related Hypothyroidism 
in Multidrug-Resistant Tuberculosis Patients

Wan-Chun Huang, Cheng-Wei Huang, Ko-Ming Hsu,
Shen-Hsuan Chien, Ming-Chih Yu

Background: Hypothyroidism is a known adverse effect of treatment for multidrug-
resistant tuberculosis (MDR-TB). It has been suspected to be rare; however, recent 
studies report an incidence ranging from 3.5% to 71.4%. Development of hypothyroidism 
is considered to be attributed to the administration of prothionamide, ethionamide, and 
p-aminosalicylic acid, but whether a combination of these drugs influences this development 
is not known. The present study retrospectively analyzed the incidence of hypothyroidism in 
patients treated for MDR-TB and the correlation with these drugs. 

Methods: The records of 50 patients treated for MDR-TB from January 1, 2009 to 
March 31, 2012 were retrospectively analyzed. All patients were followed until completion 
of treatment, or until March 31, 2012. Data regarding patient characteristics, co-morbidities, 
baseline blood test and thyroid function test results, administration of prothionamide and 
p-aminosalicylic acid, and thyroid-stimulation hormone (TSH) levels during treatment were 
extracted for analysis. 

Results: Twenty-four (48%) of the 50 patients developed hypothyroidism. The median 
and mean times from start of treatment to detection of hypothyroidism were 151 days and 
162 days, respectively. Patients who developed hypothyroidism were significantly younger 
(p=0.045) than those who did not. Prothionamide and p-aminosalicylic acid were found to 
be associated with hypothyroidism development. The combination of these 2 drugs was 
associated with a higher risk of developing hypothyroidism (odds ratio=4.385, p=0.03) than 
the use of prothionamide alone. 

Conclusion: Hypothyroidism is relatively common in patients treated for MDR-TB. The 
incidence is higher in patients receiving a combination of prothionamide and p-aminosalicylic 
acid. Clinicians should be aware of this possible adverse effect, and watch for clinical 
symptoms and signs suggesting hypothyroidism, especially in young patients and during 
the first few months of treatment. Beginning TSH testing as early as 1 month after beginning 
treatment may be appropriate. (Thorac Med 2014; 29: 209-217) 

Key words: multidrug-resistant tuberculosis, hypothyroidism, prothionamide, p-aminosalicylic acid

Division of Pulmonary Medicine, Department of Internal Medicine, Wan Fang Hospital, Taipei Medical University
Address reprint requests to: Dr. Ming-Chih Yu, Division of Pulmonary Medicine, Department of Internal Medicine, 
Wan Fang Hospital, Taipei Medical University, No. 111, Section 3, Hsin-Long Road, Taipei, Taiwan



210 Wan-Chun Huang, Cheng-Wei Huang, et al.

Thorac Med 2014. Vol. 29 No. 4

Introduction

The World Health Organization (WHO) 
recently reported a reduced number of tubercu-
losis (TB) patients globally. However, 3.7% of 
new cases and 20% of previously treated cases 
worldwide are estimated to have multidrug-
resistant TB (MDR-TB), which is defined as TB 
that is resistant to at least isoniazid and rifam-
picin [1]. According to the WHO guidelines, at 
least 4 effective drugs, including an injectable 
drug, are suggested as combination chemother-
apy to avoid treatment failure and drug resis-
tance in cases of MDR-TB [2]. 

Nevertheless, poor adherence to treatment 
due to the side effects of medications remains a 
major concern in treating patients with MDR-
TB. Known side effects include skin rash, gas-
trointestinal upset, nephrotoxicity, hepatotoxic-
ity and psychosis. Since poor drug adherence 
probably leads to more drug resistance, manag-
ing side effects is indeed crucial [3]. 

Hypothyroidism is a known side effect re-
lated to the treatment of MDR-TB, and has been 
suspected to be rare. However, studies in the past 
decade have reported an incidence ranging from 
3.5 to 71.4% [4-9]. The reason for this wide vari- 
ation is not known, and there is no published 
data regarding the incidence of hypothyroidism 
among Taiwan’s MDR-TB patient population. 

The development of hypothyroidism in 
MDR-TB patients is considered to be related 
to the administration of certain medications, 
especially prothionamide, ethionamide, and 
p-aminosalicylic acid. However, whether the 
combination of these drugs influences hypothy-
roidism development is not known. 

The purpose of this retrospective study was 
to determine the incidence of hypothyroidism 
among patients receiving treatment for MDR-

TB in Taiwan. Patient characteristics and drugs 
related to the development of hypothyroidism 
were also evaluated. 

Methods

Study setting
This retrospective study included all pa-

tients who received treatment for MDR-TB at 
Taipei Medical University-Wan Fang Hospital 
from January 1, 2009 to March 31, 2012. Pa-
tients who did not participate in the “directly 
observed treatment, short-course-plus” (DOTS-
Plus) program were excluded. In addition, pa-
tients who had hypothyroidism before MDR-
TB treatment and who did not have subsequent 
thyroid-stimulating hormone (TSH) levels 
examined during post-treatment follow-up were 
also excluded. 

The treatment regimens for MDR-TB were 
designed by chest specialists according to the 
WHO guideline [2]. The initial regimens con-
sisted of effective first-line drugs, an injectable 
drug, a fluoroquinolone, and other second-line 
oral drugs to ensure there were at least 4 effec-
tive anti-TB drugs. Subsequent drug regimens 
were adjusted based on drug susceptibility test 
results and side effects. 

All patients underwent testing of their 
baseline thyroid function before treatment. Sub-
sequent thyroid function measurements were 
done based on clinical symptoms and physician 
judgment. Patient characteristics, co-morbid-
ities, previous first-line and second-line drug 
treatment history, and other baseline biochem-
istry and hemogram data were collected for risk 
factor stratification. Data regarding exposure to 
and dosage of prothionamide and p-aminosal-
icylic acid were also extracted to identify their 
correlation with the development of hypothy-
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roidism. Patients were followed until comple-
tion of treatment or until March 31, 2013, the 
study end date. 

Hypothyroidism was defined according to 
clinical practice guidelines from the American 
Association of Clinical Endocrinologists, the 
American Thyroid Association, and The Na-
tional Health and Nutrition Examination Survey 
(NHANES III) [10-11]. Hypothyroidism was 
defined as (1) a free-T4 level <0.93 ng/dl with a 
TSH level >4.5 mIU/l, or (2) a free-T4 level be-
tween 0.93-1.71 ng/dl with a TSH level >10.0 
mIU/l. 

Statistical analysis
Continuous variables were compared using 

the t-test, and categorical variables were ana-
lyzed with the Chi-square test. Correlation be-
tween the development of hypothyroidism and 
usage of prothionamide and p-aminosalicylic 
acid were examined with logistic regression 
analysis. The Kaplan-Meier method was used 
for analysis of hypothyroidism occurrence dur-
ing the period of MDR-TB treatment. p values 
<0.05 were considered statistically significant. 
Statistical analyses were conducted with SPSS 
version 17 software (IBM). 

Results

From January 1, 2009 to March 31, 2012, 
54 patients received MDR-TB treatment in the 
DOTS-Plus program at Taipei Medical Uni-
versity-Wan Fang Hospital. One patient with 
hypothyroidism before the start of MDR-TB 
treatment was excluded, and 3 patients without 
TSH levels during follow-up after treatment 
were also excluded. Thus, 50 patients, their 
clinical characteristics, co-morbidities, blood 
test results, and baseline TSH and free-T4 lev-

els (Table 1), were included for analysis. The 
patients who developed hypothyroidism were 
significantly younger those that did not. 

The mean baseline TSH level was 1.71 
mIU/l. The mean number of TSH results per 
patient was 5.3; the number for patients who 
developed hypothyroidism was higher than for 
those that did not (6.6 vs. 4.0). 

During the treatment period, 24 patients 
(48%) developed hypothyroidism. The median 
and mean times from start of MDR-TB treat-
ment to detection of the development of hypo-
thyroidism were 151 days and 162 days, respec-
tively, with a range of 29-460 days (Figure 1). 

Of the 24 patients who developed hypothy-
roidism, 23 (95.8%) received prothionamide 
and 20 (83.3%) also received p-aminosalicylic 
acid (Figure 2). One patient received a regimen 
without prothionamide and p-aminosalicylic 
acid, and another received p-aminosalicylic acid 
but not prothionamide. These 2 patients were 
not separately analyzed because of the small 
case numbers. Patients who received prothion-
amide plus p-aminosalicylic acid had more than 
4 times the risk of developing hypothyroidism 
than patients that received prothionamide alone 
(Table 2). 

Among these 24 patients, 9 (37.5%) had 
clinical symptoms or signs of hypothyroidism. 
All of them complained of general weakness 
or lethargy. Two had poor appetite and 1 had 
cold intolerance. An enlarged thyroid gland 
was noticed in 1 patient. We discontinued the 
suspected offending agent (prothionamide or p-
aminosalicylic acid) for 4 of the 9 patients, pro-
vided a thyroid hormone supplement for 3 pa-
tients, and a thyroid hormone supplement along 
with discontinuation of the offending agent for 
the remaining 2 patients. They all returned to an 
euthyroid status after the above management.
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Fig. 1.  Kaplan-Meier estimate of the proportion of patients developing hypothyroidism after treatment for 
multidrug-resistant tuberculosis. MDR-TB, multidrug-resistant tuberculosis; PAS, p-aminosalicylic acid.

Fig. 2.  Bar chart showing the incidence of hypothyroidism development in patients treated for 
multidrug-resistant tuberculosis. Patients treated with prothionamide plus p-aminosalicylic acid (PAS) 
had a higher rate of hypothyroidism development.
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Table 1.  Clinical Characteristics of the Multidrug-Resistant Tuberculosis Patients

Characteristics
Patients without 
hypothyroidism

Patients with 
hypothyroidism p value

(n=26) (n=24)
Age (year) 53.5±18.3 42.7±18.8 0.045*
Male gender 17 (65.4) 16 (66.7) 1.000 
Body mass index (kg/m2) 20.7±3.6 20.8±5.0 0.912 
Smoking habit 15 (57.7) 11 (45.8) 0.579 
Family history of tuberculosis 5 (19.2) 6 (25.0) 0.881 
History of previous drug use
  New case 17 (65.4) 15 (62.5) 1.000 
  Previous treatment with 1st-line drugs 8 (30.8) 8 (33.3) 1.000 
  Previous treatment with 2nd-line drugs 1 (3.8) 1 (4.2) 1.000 
Comorbidity
  Diabetes mellitus 7 (26.9) 6 (25.0) 1.000 
  Hypertension 7 (26.9) 5 (20.8) 0.863 
  Hepatitis B 1 (3.8) 5 (20.8) 0.158 
  Hepatitis C 1 (3.8) 4 (16.7) 0.299 
Baseline blood tests
  Hemoglobin (g/dl) 12.5±2.1 12.5±1.5 0.979 
  AST (U/l) 29±17 24±7 0.169 
  ALT (U/l) 28±32 17±7 0.111 
  Creatinine (mg/dl) 1.26±1.89 1.12±1.74 0.801 
  TSH (mIU/l) 1.91±1.33 1.53±1.09 0.287 
  Free-T4 (ng/dl) 1.04±0.11 1.09±0.15 0.228 
Drug dosage
  Prothionamide (mg/kg) 10.3±1.8 10.5±2.4 0.666 
  P-aminosalicylic acid (mg/kg) 152.5±26.2 161.3±47.3 0.503 

Abbreviations: TSH, thyroid stimulating hormone; AST, aspartate aminotransferase; ALT, alanine aminotransferase
Data are presented as mean±SD or No. (%).
*p value <0.05

Table 2.  Logistic Regression Analysis of the Occurrence of Hypothyroidism

Variables Odds Ratio 95% Confidence Interval p value
Prothionamide Reference - -
Prothionamide plus p-aminosalicylic acid 4.385 1.156-16.636 0.030*

*p value <0.05
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Discussion

MDR-TB is an emerging global public 
health threat. The overall treatment success of 
MDR-TB is only 48%, and 28% of cases are re-
ported as lost to follow-up or have no outcome 
information [1]. These data indicate the neces-
sity of a better patient management and follow-
up program. Drug side effects and related poor 
adherence to treatment, which could lead to 
more drug resistance, are still major problems; 
therefore, monitoring and managing of drug 
side effects cannot be overlooked. 

The incidence of the development of hypo-
thyroidism in patients treated for MDR-TB is 
higher than previously expected. Nathanson et 
al. [5] reported an incidence of 3.5% in a total 
of 818 MDR-TB patients. Satti et al. [6-7], fol-
lowing the WHO guideline recommendations 
for routine testing of TSH at 6 and 12 months, 
reported that of 186 patients tested, 129 (69%) 
had hypothyroidism. Gupta et al. [8] also dem-
onstrated that 71.4% of patients receiving treat-
ment for MDR-TB developed hypothyroidism. 
In our study, 48% of patients developed hypo-
thyroidism during treatment for MDR-TB. Our 
result confirmed that hypothyroidism is rela-
tively common in patients receiving MDR-TB 
treatment. 

Possible risk factors related to the develop-
ment of hypothyroidism are of clinical impor-
tance. Among the aforementioned studies, only 
1 found that male sex was associated with the 
development of hypothyroidism [9]. No risk 
factors were reported in any of the other studies. 
In our study population, we found that patients 
who developed hypothyroidism were younger 
than those who did not, and the difference was 
statistically significant. This finding indicates 
the need for awareness of the possible develop-

ment of hypothyroidism in young MDR-TB 
patients. 

The development of hypothyroidism in pa-
tients treated for MDR-TB was suspected to be 
related to the administration of prothionamide, 
ethionamide, and p-aminosalicylic acid. Pro-
thionamide and ethionamide are thionamide 
derivatives of isonicotinic acid, and their struc-
tures are similar to other thionamides, such as 
methimazole and propylthiouracil. It is believed 
that they can inhibit the synthesis of thyroid 
hormone through inhibition of iodine organifi-
cation. P-aminosalicylic acid is one of the old-
est anti-TB medications, and is also believed 
to cause hypothyroidism through inhibition of 
iodine organification. However, whether a com-
bination of these drugs influences hypothyroid-
ism development has not been documented. 

Our result confirmed the contribution of 
prothionamide and p-aminosalicylic acid to hy-
pothyroidism development in patients treated 
for MDR-TB. We found that 25% and 59% of 
patients who received prothionamide alone and 
prothionamide plus p-aminosalicylic acid, re-
spectively, developed hypothyroidism, and the 
risk of hypothyroidism in the later patient group 
was significantly higher (odds ratio: 4.385, 
p=0.03). 

WHO guidelines published in 2011 indicate 
that regimens should include at least pyrazin-
amide, a fluoroquinolone, a parenteral agent, 
ethionamide (or prothionamide), and either cy-
closerine or p-aminosalicylic acid if cycloserine 
cannot be used. Cycloserine may cause psy-
chotic symptoms and depression, which limit its 
use. However, because of the high incidence of 
hypothyroidism in patients receiving the com-
bination of prothionamide and p-aminosalicylic 
acid, the choice between these second-line oral 
medications should be prudently considered to 
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avoid poor patient compliance. 
The WHO guidelines recommend that pa-

tients should be screened for hypothyroidism 
with a serum TSH test at 6 months after begin-
ning treatment. However, the median time to 
hypothyroidism development in our patients 
was 151 days, indicating more than half of our 
patients had developed hypothyroidism by 6 
months. In addition, the shortest time to the de-
velopment of hypothyroidism was 29 days after 
the start of treatment. Thus, to avoid the con-
sequences of a delayed diagnosis, screening of 
TSH levels at 1, 3, and 6 months after the start 
of treatment may be appropriate. Of note, most 
of our patients had subtle symptoms, further 
suggesting that routine measurement may avoid 
a delay in diagnosis. Subsequent measurement 
should be done based on clinical suspicion. 

After detection of hypothyroidism, WHO 
guidelines suggest thyroid hormone supplement 
since drug choices are limited in patients with 
MDR-TB [7]. Rather than thyroid hormone 
supplement, Dutta et al. reported a case series 
of patients with improved thyroid function after 
discontinuation of ethionamide alone [12]. All 
our patients with symptomatic hypothyroidism 
returned to an euthyroid status after thyroid 
hormone supplement, discontinuation of the of-
fending drugs, or both. Clinicians should take 
the patient’s drug adherence and available drug 
choices into consideration for management after 
hypothyroidism is detected.

There are limitations to this study. This was 
a retrospective study, and TSH levels were not 
measured on a regular basis, which might have 
delayed the diagnosis and decreased the detec-
tion rate. Most of our patients received prothi-
onamide in accordance with WHO guidelines. 
Instead of p-aminosalicylic acid, some patients 
were given cycloserine or other drugs. As a re-

sult, only 1 patient received a regimen contain-
ing p-aminosalicylic acid but no prothionamide. 
The contribution of p-aminosalicylic acid alone 
to the development of hypothyroidism could not 
be evaluated. Nevertheless, the results suggest 
that p-aminosalicylic acid is associated with a 
higher risk of hypothyroidism development. 

In conclusion, our study found that hypo-
thyroidism is relatively common in patients 
treated for MDR-TB. The incidence was higher 
in patients receiving a combination of prothi-
onamide and p-aminosalicylic acid. Clinicians 
should be aware of this possible adverse effect, 
and watch for clinical symptoms and signs sug-
gesting hypothyroidism, especially in young 
patients and during the first few months of 
treatment. We suggest examining TSH levels 
beginning 1 month after starting treatment, and 
then checking them on a regular basis. How-
ever, further prospective studies are needed for 
a more appropriate screening and monitoring 
protocol. 
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多重抗藥性結核治療產生高發生率的甲狀腺功能低下症

黃萬均　黃晟維　徐克明　簡慎萱　余明治

背景：甲狀腺功能低下症是已知的多重抗藥性結核治療副作用，在過去被認為是罕見的狀況，然而

最近文獻報導的發生率介於 3.5 到 71.4%。甲狀腺功能低下症的發生被認為和丙硫異煙胺、乙硫磷酰胺及

對氨基水楊酸有關，但合併這些藥物的使用是否影響甲狀腺功能低下症的發生並不清楚。本研究回顧性分

析多重抗藥性結核病人產生甲狀腺功能低下症的機率以及與這些藥物的相關性。

方法：本研究回顧性分析從 2009 年 1 月 1 日至 2012 年 3 月 31 日開始接受治療的 50 位多重抗藥性

結核病人，並且這些病人都追蹤至治療完成或至少到 2013 年 3 月 31 日。我們收集病人的臨床特徵、共 
病、基礎血液檢測及甲狀腺功能、丙硫異煙胺和對氨基水楊酸的使用以及促甲狀腺激素數值進行分析。

結果：50 位病人中有 24 位（48%）發生甲狀腺功能低下症，從治療開始到檢測出甲狀腺功能低下症

的中位時間及平均時間分別為 151 天及 162 天，發生甲狀腺功能低下症的病人比起沒有發生的病人明顯較

年輕（p=0.045）。丙硫異煙胺及對氨基水楊酸和甲狀腺功能低下症的發生有關聯性，這兩種藥物合併使用

比單純使用丙硫異煙胺有更高的發生率（odds ratio=4.385, p=0.03）。
結論：甲狀腺功能低下症在接受多重抗藥性結核治療的病人中是常見的，在合併使用丙硫異煙胺和

對氨基水楊酸的病人中其發生率更高。臨床人員應該留意這個可能的副作用，並且觀察相關的臨床症狀，

特別是較年輕的病人及開始治療的前幾個月。我們認為，開始治療後一個月即進行促甲狀腺素的測量可能

是必要的。( 胸腔醫學 2014; 29: 209-217)

關鍵詞：多重抗藥性結核，甲狀腺功能低下症，丙硫異煙胺，對氨基水楊酸
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Primary Tracheal Squamous Cell Carcinoma - 
Presenting with Circumferential Invasion and Treated 

with Photodynamic Therapy

Lih-Yu Chang*, Sheng-Kai Liang**, Chia-Lin Hsu*, Jang-Ming Lee***, Chong-Jen Yu*

Primary neoplasms of the trachea are extremely rare. The diagnosis usually depends 
on computed tomography (CT) scan. We report a 50-year-old woman who suffered from 
chronic productive cough for 1 year. Roentgenograms and chest CT showed no abnormal 
finding. Bronchoscopy showed diffuse circumferential papilloma-like lesions at the trachea. 
Endobronchial ultrasound showed submucosal invasion of the trachea. The pathology of the 
endotracheal biopsy showed squamous cell carcinoma. She received photodynamic therapy 
as first-line treatment with a good response and tumor regression. (Thorac Med 2014; 29: 
218-223) 

Key words: squamous cell carcinoma, tracheal tumor, bronchoscopy, endobronchial ultrasound, 
photodynamic therapy
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Introduction

Primary tracheal tumors are rare, and are 
usually malignant in adults (80-90%) and be-
nign in children (60-70%) [1-2]. Clinical pre-
sentations include dyspnea (58%), cough (54%), 
hemoptysis (45%), wheezing (36%) and stri-
dor (24%) [3]. Diagnosis is often delayed for 
months due to initial misdiagnosis as asthma, 
chronic obstructive airway disease, or chronic 
bronchitis.

The conventional chest radiograph is usu-
ally not diagnostic. Computed tomography (CT) 
scan is the most important imaging tool for di-

agnosis of tracheal tumor and evaluation of the 
relationship between the surrounding tissue and 
organs [1]. Pulmonary function test may show 
fixed upper airway obstruction [1]. Bronchos-
copy is used for tissue sampling and assessment 
of the location and extent of the disease [1]. 

In previous reports, tracheal tumor almost 
always presented with a protruding mass and 
could be easy diagnosed by chest CT. We pres-
ent a case of primary tracheal squamous cell 
carcinoma with circumferential invasion, which 
is difficult to diagnose with chest CT. The pa-
tient was treated with photodynamic therapy 
(PDT) after diagnosis.
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Case Report 

A 50-year-old woman with a history of hy-
perthyroidism under medical control suffered 
from chronic productive cough for 1 year. Her 
symptom exacerbated when in contact with 
cold air or cold water. No fever, chills, dyspnea, 
or body weight loss was noted during this pe-
riod. She first visited a hospital in Hsinchu City, 
where the chest radiography (Figure 1) and 
pulmonary function test each showed no abnor-
mal findings. Chest CT revealed no lung paren-
chymal lesion or endotracheal/endobronchial 
lesion. She was transferred to our hospital for 
further work-up. Bronchoscopy was performed 
and showed diffuse tracheal mucosal swell-
ing with circumferential papilloma-like lesions 
(Figure 2). The tracheal tumor was located from 
2 cm below the vocal cord to 1 cm above the ca-
rina, with a total length of about 6.5 cm. Endo- 
bronchial ultrasound (EBUS) with radial probe 
was performed to evaluate the depth of tracheal 

invasion, and showed the tumor submucosal in-
vasion. Malignant neoplasm was suspected and 
several endobronchial biopsies were taken from 
the papilloma-like lesion. Pathology showed 
squamous cell carcinoma and dysplastic squa-
mous epithelium. The squamous cell carcinoma 
showed diffuse and strong positive immuno-
reactivity to p16. Since the human papilloma 
virus (HPV) can degrade retinoblastoma protein 
and lead to aberrant overexpression of p16, the 
pathology presentation was compatible with 
HPV-related neoplasm [4]. No evidence of gas-
trointestinal tract malignancy or nasopharyngeal 
cancer was seen. The final diagnosis was prima-
ry tracheal squamous cell carcinoma. Staging 
work-up for primary tracheal cancer was then 
completed. The final stage was T4N0M0, stage 
IIIA, according to the 7th edition of the TNM 
system for lung and pleural tumors, but the 
stage was changed to T2N0M0, stage II, using 
the staging system proposed by Bhattacharyya 
[5]. 

Fig. 2.  Bronchoscopy showed diffuse papilloma-like lesions with 
circumferential involvement of the trachea (before photodynamic 
therapy)

Fig. 1.  No definite airway or parenchymal lesion was noted in the 
chest X-ray.
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After discussion with the patient and her 
family, she underwent PDT (energy: 200J, 2 
times, with cytotoxic photosensitizer porfimer 
sodium (PHOTOFRIN®) 2 mg/kg body weight). 
Tumor necrosis with debris-induced airway ob-
struction occurred repeatedly after PDT (Figure 
3). At least 3 episodes of acute airway obstruc-
tion occurred within 3 days after PDT. The air-
way obstruction was relieved by bronchoscopic 
intervention with removal of the tumor debris. 
After rigid bronchoscopy with tracheal debride-
ment, the patient was able to wean off the venti-
lator and extubated successfully. The follow-up 
endotracheal biopsies 1, 3, and 5 months after 
PDT showed no evidence of residual malignant 
cells. However, she suffered from tracheal ste-
nosis with the clinical presentation of progres-
sive dyspnea about 45 days after PDT. Balloon 
dilatations were performed several times, but 
tracheal re-stenosis occurred repeatedly and 
endotracheal stent implantation had to be per-
formed about 3 months after PDT.

Discussion

Primary tracheal neoplasm is a rare type of 
malignancy (0.2% of all respiratory tract malig-
nancies; 0.04% of all malignancies) [6]. Squa-
mous cell carcinoma and adenoid cystic carci-
noma are the most common types and comprise 
about two-thirds of all adult primary tracheal 
tumors. Other pathologic types including ad-
enocarcinoma, large-cell undifferentiated carci-
noma, neuroendocrine tumors, and soft-tissue-
type sarcoma [1-2]. Chest radiography usually 
shows no abnormality and the diagnosis is usu-
ally dependent on chest CT scan. However, the 
CT scan could not demonstrate the endotracheal 
lesion in our patient due to circumferential tu-
mor invasion without a mass protruding into the 
tracheal lumen. 

The diagnosis of our patient was dependent 
on bronchoscopy, for the following reasons. 
First, the tracheal cancer could be seen by bron-
choscopy due to the character of the lesion 
morphology alone. Second, endobronchial bi-
opsy disclosed the nature of the tracheal cancer. 
Third, the EBUS result showed a lesion with 
submucosal invasion. The trachea and bronchus 
laminar histologic structure could be identified 
by EBUS, as well [7]. With the EBUS result, 
we could determine whether the tracheal lesion 
was within the tracheal wall or had invaded 
other neighborhood structures.

The American Joint Committee for Cancer 
(AJCC) and Union for International Cancer 
Control (UICC) have not established a staging-
ing system for primary tracheal cancer. Only 
2 staging systems were proposed in 2004 and 
2006 [1,5]. Due to the rarity of cases, the value 
and outcome of the predictive effect of the 2 
staging systems requires further investigation.

The current recommendation for treatment 

Fig. 3.  Tracheal tumor regression was noted with bronchoscopy 
after photodynamic therapy
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of tracheal malignancy is surgery [6]. The al-
ternative choices of treatment include radio-
therapy, systemic chemotherapy treatment and 
endotracheal treatment [8]. Of the alternative 
treatment modalities, endotracheal treatment 
could relieve the airway obstruction caused by 
the tumor mass sooner. The endotracheal treat-
ment techniques include mechanical core-out, 
electrocoagulation, neodymium-doped yttrium 
aluminum garnet (Nd:YAG) laser, carbon diox-
ide laser or argon beam coagulation, and cryo-
therapy or PDT. 

PDT, which was developed in the 1970s, 
can target cancer selectively by exposing the 
target site to light after administration of a 
photosensitizer [9-10]. In general, the indica-
tions for PDT include palliative treatment of 
tracheobronchial tree advanced obstructing can-
cers, and curative treatment of asymptomatic 
early lung cancer [11-14]. Due to the delayed 
effect and possible swelling following therapy, 
trachea-carina lesions have been considered as 
a relative contraindication for PDT [15]. Few 
studies have discussed the use of PDT in tra-
cheal malignancy treatment [9,11,16-18], and 
only 1 study focused on primary tracheal cancer 
[9]. Martin LK, et al. reported a case series with 
10 primary tracheal carcinoma patients who 
received PDT. Eight patients showed an objec-
tive response with observed tumor regression 
within 1 month after PDT, and 5 of 7 patients 
who received post-treatment biopsies had nega-
tive biopsies of the tumor site within 1 month 
of treatment. Most patients had no acute PDT-
related complication within the first 30 days 
after treatment, only 1 patient suffered from 
tracheal stenosis 2 months after the third PDT 
and needed balloon dilatation and endotracheal 
stent management. 

The other studies discussing PDT use for 

airway malignancies reported the major adverse 
effect was skin photosensitivity; other com-
plications included mild hemoptysis, cough, 
chest discomfort, tracheal-esophageal fistula, 
and airway obstruction by tumor debris [18]. 
The overall morbidity rates were between 6-8% 
[16]. Post-PDT-related airway obstruction is a 
major complication, especially in patients with 
poor pulmonary function. Toilet bronchoscopy 
(usually rigid bronchoscopy) performed 1 to 3 
days after PDT to prevent airway obstruction is 
recommended [17]. Tracheal stenosis has been 
reported, but no incidence rate or peak timing 
of the occurrence of stenosis has been reported. 
In our case, a good treatment response was 
observed after PDT. However, the patient also 
suffered from acute airway obstruction and sub-
acute tracheal stenosis. 

In conclusion, primary tracheal cancer is 
rare and the diagnosis is usually delayed. PDT 
provides an alternative treatment choice for 
patients who are not suitable for surgery. Acute 
airway obstruction and tracheal stenosis after 
treatment may occur and need close monitoring 
and emergency management.
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原發性氣管內鱗狀細胞癌－以氣管環狀侵犯為表現
並接受光動力療法治療

張立禹 *　梁勝鎧 **　許嘉林 *　李章銘 ***　余忠仁 *

原發性的氣管腫瘤非常罕見，其診斷往往需要倚賴電腦斷層掃瞄。本篇病例報告一位 50 歲女性病患，

主訴慢性咳嗽約一年。胸部 X 光及電腦斷層皆無發現異常。支氣管鏡檢查發現瀰漫性且呈環狀侵犯的氣

管內乳突瘤狀病灶，而支氣管鏡超音波檢查發現此病灶已侵犯超越基底膜的範圍。該病灶的病理切片結果

為鱗狀細胞癌。病患接受光動力療法做為第一線治療且初步獲得不錯的腫瘤治療反應。( 胸腔醫學 2014; 
29: 218-223)

關鍵詞：鱗狀細胞癌，氣管腫瘤，支氣管鏡，支氣管鏡超音波，光動力療法
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Upper Airway Obstruction and Tracheal Perforation 
Caused by Thyroid Involvement of

Disseminated Mucormycosis

Kai-Ping Chang, Tzu-Hsiu Tsai, Chong-Jen Yu

Thyroid fungal infection is extremely rare because the thyroid gland possesses a 
well-developed capsule, rich vasculature and high iodine content. We report a case of 
disseminated mucormycosis involving the thyroid gland, which caused catastrophic upper 
airway obstruction and tracheal perforation. This 57-year-old man with chronic myeloid 
leukemia had taken immunosuppressive agents for the treatment of graft-versus-host 
disease, which occurred after allogenic peripheral blood stem cell transplantation and donor 
lymphocyte infusion. The initial presentations of thyroid mucormycosis included fever, a 
painful neck mass and transient hyperthyroidism, with the imaging study showing a cystic 
lesion occupying the left thyroid gland. With extension of the thyroid abscess, the clinical 
course became complicated with upper airway obstruction, palsy of the left vocal cord, 
tracheal perforation and pulmonary infection. The diagnosis of disseminated mucormycosis 
involving the thyroid gland was made on the basis of histopathology of neck debrided tissue 
and biopsy of concomitant skin lesions, which disclosed non-septated and right-angle 
branching hyphae conforming to the morphology of mucormycosis. Despite treatment with 
antifungal agents, as well as intensive surgical debridement and reconstruction, he eventually 
succumbed to progressive pulmonary infection and deterioration of his hemodynamic status. 
Our case emphasizes the requirement of intensive monitoring and management of airway 
compromise, in addition to surgical debridement and systemic antifungal therapy, for the 
treatment of thyroid mucormycosis. The dismal prognosis and difficulty in diagnosis of this 
disease highlight the importance of a high index of suspicion regarding the presence of risk 
factors, and early invasive tissue sampling for histological and microbiological analyses. 
(Thorac Med 2014; 29: 224-232) 

Key words: mucormycosis, thyroid abscess, upper airway obstruction, tracheal perforation
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Introduction

Mucormycosis is an emerging infectious 

disease caused by the ubiquitous filamentous 
fungi of the Mucorales order. It is the third most 
common invasive fungal infection in patients 
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with hematological malignancies and alloge-
neic stem cell transplantation, in order of im-
portance after candidiasis and aspergillosis [1-
2]. The predisposing factors for mucormycosis 
in patients with hematologic malignancies 
and stem cell transplantation are prolonged 
neutropenia, use of high-dose systemic corti-
costeroid, high-risk stem cell transplantation 
(e.g., allogenic mismatched unrelated donor), 
severe graft-versus-host disease (GVHD) and 
its treatment, diabetes mellitus, previous ex-
posure to Aspergillus-active antifungal agents 
(especially voriconazole), and relapsed leuke-
mia [3-4]. Mucormycosis often manifests in a 
rhino-orbital-cerebral, pulmonary, cutaneous, 
gastrointestinal, or disseminated form [5], but 
thyroid gland involvement in mucormycosis is 
extremely rare. To the best of our knowledge, 
there are only 10 cases reported in the literature 
[6-14]. In this report, we present the case of a 
patient with chronic myeloid leukemia who had 
suffered from GVHD after donor lymphocyte 
infusion and allogeneic stem cell transplanta-
tion. Upper airway obstruction and tracheal 
perforation were complicated in this case due 
to extensive necrotizing infection of the thyroid 
gland caused by disseminated mucormycosis.

Case Report

This 57-year-old man was diagnosed with 
chronic myeloid leukemia in 2010, with bone 
marrow examination revealing t(9,22)(q34;q11). 
He had been initially treated with imatinib 
(Glivec®), with a poor response, and therefore 
was transferred to our hospital. Peripheral blood 
stem cell transplantation (PBSCT) from an al-
logeneic mismatched unrelated donor was car-
ried out in December 2010. Because of disease 
relapse, he received a donor lymphocyte infu-

sion in May 2011, along with an increased dose 
of imatinib. However, acute GVHD, which 
presented as cutaneous (grade 4), oral (grade 
4), gastrointestinal (grade 1), and ocular (grade 
2) involvement, developed 1 month after do-
nor lymphocyte infusion. Immunosuppressive 
therapy, including pulse corticosteroid, cyclo-
sporine, mycophenolate mofetil and tacrolimus, 
was administered for the treatment of GVHD.

Fever and enlargement of a neck mass were 
noted about 1 month after the development of 
GVHD. On local examination, there was ten-
der swelling in the anterior part of the neck, 
predominantly on the left side. The overlying 
skin was erythematous and indurated. Rou-
tine investigations were unremarkable, except 
the following: white blood cell (WBC) count, 
3780/µl with 89% neutrophils; hemoglobin 
(Hb), 8.4 g/dl; platelets, 15000/µl; aspartate 
transaminase (AST), 51U/L (normal range, <36 
U/L). Thyroid function tests were indicative of 
hyperthyroidism (free T4, 2.74 ng/dL [normal 
range, 0.89-1.79 ng/dL]; T4, 13.5 µg/dL [normal 
range, 4.6-12.4 µg/dL]; T3, 102 ng/dL [normal 
range, 78-182 ng/dL]; and TSH, <0.1 µIU/mL 
[normal range, 0.39-4.2 µIU/mL]), whereas 
TSH receptor antibodies were negative. Ul-
trasound examination of the neck showed en-
largement of the left lobe of the thyroid gland, 
which contained a hypoechoic cystic lesion. 
Meanwhile, magnetic resonance imaging of the 
neck revealed that the cystic lesion, measuring 
5.3×4.5×6.0 cm in size, had rim enhancement, 
suggesting the presence of a thyroid abscess 
(Figure 1A). Initial blood culture yielded group 
B Salmonella, and tests for both serum Asper-
gillus galactomannan antigen and Cryptococ-
cus antigen were reported negative. With the 
impression of acute thyroiditis and thyroid ab-
scess, possibly caused by disseminated Salmo-
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nella infection, ceftriaxone was administered, 
and incision and drainage of the thyroid abscess 

was performed. A drainage tube was placed 
after the operation, with drainage of serosangui-

(A) (B)

(C)

(D)

Fig. 1.  (A) Magnetic resonance imaging of the neck at presentation reveals a rim-enhancing cystic lesion at the left lobe of the thyroid gland, 
measuring 53×45×60 mm in size (arrow). The trachea was pushed to the right side. (B) Computed tomography (CT) of the neck 2 weeks 
later showed left thyroid abscess (arrow) with air pockets after incision and tube drainage. The surrounding wall of the abscess is interrupted. 
(C) Coronal view discloses extension of the thyroid abscess to the deep neck. (D) CT of the chest also shows multiple cavitary nodules and 
consolidations at the bilateral lungs.
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nous fluid from the thyroid abscess in the fol-
lowing days. Bacterial culture of the drainage 
fluid yielded Citrobacter freundii.

Fever persisted despite treatment with ceftri- 
axone and tube drainage of the thyroid abscess. 
Escalation of antibiotic therapy with cefepime 
was begun, but the general condition of the pa-
tient deteriorated in the following days, with the 
presentation of progressive enlargement of the 
neck mass and dyspnea. Stridor was noted later, 
and laryngoscopy disclosed palsy of the left 
vocal cord. Multiple patchy opacities appeared 
simultaneously on the chest roentgenogram. In-
tubation and mechanical ventilation were begun 
immediately due to respiratory distress, oxy-
gen desaturation and hypercapnia. Computed 
tomography of the neck and chest disclosed 
extension of the thyroid abscess, which signifi-
cantly compressed the trachea (Figures 1B and 
1C), as well as multiple cavitary lesions of the 
bilateral lung parenchyma (Figure 1D). Mean-
while, necrotic maculo-papular skin lesions 
with central gangrenous change appeared on the 
right thigh and leg, and were suspected to be 
the manifestation of septic embolization (Figure 
2). 

Surgical debridement with wide excision 
involving the deep neck was performed, and an 
antifungal agent with amphotericin-B (1.0 mg/
kg/day) was added empirically due to the sus-
picion of disseminated fungal infection. Biopsy 
of the necrotic skin lesions was also done, as 
well as tissue culture of the necrotic skin tissue. 
Histopathology of the thyroid abscess and skin 
biopsy revealed non-septated and right-angle 
branching hyphae, conforming to the morphol-
ogy of mucormycosis (Figures 3A and 3B). The 
diagnosis of disseminated mucormycosis with 
at least thyroid and cutaneous involvement was 
eventually made on the basis of pathological 

findings, although the fungal cultures from the 
debrided thyroid and skin tissues were negative. 
The dosage of amphotericin-B was adjusted to 
1.5 mg/kg/day and was later changed to liposo-
mal amphotericin-B (6 mg/kg/day). In the fol-
lowing days, air leakage from the trachea was 
noted and there was a visible tracheal perforat-
ed lesion surrounded by necrotic tissue (Figure 
4). Tracheostomy was performed after excision 
of the tracheal perforation. A second debride-
ment of the neck along with reconstruction with 
pectoris major muscle was executed. Pathol-
ogy of peritracheal tissue also disclosed non-
septated, right-angle branching hyphae. Despite 
treatment with broad-spectrum antibacterial and 
antifungal agents, as well as intensive surgical 
debridement of the thyroid abscess, the patient’s 
condition continued to decline. He succumbed 
eventually to progressive pulmonary infection 
and deterioration of his hemodynamic status.

Discussion

The thyroid gland is resistant to infection 

Fig. 2.  Skin lesions concomitant with the thyroid abscess, which 
present as multiple erythematous maculo-papular lesions with central 
gangrenous change on the right lower extremity.
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because of its well-developed capsule, rich 
lymphatic and vascular supply, and high iodine 
content. With the widespread usage of antibi-
otics in modern medicine, infection involving 
the thyroid gland is rare. A review of published 
reports from 1980 on demonstrated that Gram-
positive bacteria (Staphylococcus and Strep-
tococcus species) is the most common cause 
of thyroid abscess, although there have been 
cases in the literature caused by mycobacteria, 

Salmonella species and anaerobes [15]. Fun-
gal infection of the thyroid gland is extremely 
uncommon, with most reports concerning sys-
temic infections in immunocompromised hosts. 
By far, Aspergillus is the most common cause 
of fungal thyroiditis [16], followed by Pneu-
mocystis jiroveci [17] and Cryptococcus [18]. 
Mucormycosis is a rarer cause of necrotizing 
thyroid infection due to fungi. Of the 10 cases 
of thyroid mucormycosis reported in the lit-
erature, only 1 involved an immunocompetent 
patient [8]; the other cases included 4 patients 
with hematological malignancy [6,13-14], 2 
solid organ transplantation recipients [11-12], 1 
patient with myelodysplastic syndrome receiv-
ing desferioxamine therapy [10], 1 with rapid 
progressive glomerulonephritis (RPGN) receiv-
ing immunosuppressive therapy [7], and 1 with 
acquired immunodeficiency syndrome (AIDS) 
[9]. Disseminated mucormycosis involving the 
thyroid is still associated with a dismal progno-
sis. Eight of the 10 patients mentioned above 
and our case succumbed due to the disseminat-

Fig. 3.  (A) Histopathology of the debrided neck tissue (periodic acid Schiff stain 400X) discloses non-septated fungal hyphae with right-angle 
branching (arrow), conforming to the morphology of mucormycosis. Superficial inflammatory cell infiltration and adipose tissue necrosis are also 
noted. (B) Histopathology of skin biopsy (periodic acid Schiff stain 400X) shows similar fungal hyphae (arrow). The background presents necrosis 
and inflammatory lymphocyte infiltration.

(A) (B)

Fig. 4.  A well-defined hole (arrow), measuring 2 mm in diameter, is 
noted on the left lateral side of the trachea, along with inflammatory 
tissue adjacent to the trachea and perforated lesion.
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ed infection, and diagnosis of the disease was 
often made postmortem [14].

In all the above cases with thyroid involve-
ment of mucormycosis, there was no mention 
of upper airway compromise. To the best of our 
knowledge, there were only 2 reported cases 
in which the upper airway, other than the nasal 
cavity, was obstructed due to mucormycosis. 
The first case was mucormycosis of the trachea 
in a young patient with diabetes mellitus [19]. 
The other was laryngeal mucormycosis with 
retropharyngeal abscess [20]. Both cases in-
volved isolated mucormycosis without dissemi-
nation, and a full recovery was achieved after 
surgical debridement and appropriate antifungal 
therapy. By contrast, our patient presented with 
upper airway obstruction caused by necrotizing 
infection extending from the thyroid mucormy-
cosis, which resulted in palsy of the left vocal 
cord, compression of the trachea, and even tra-
cheal perforation. Our case illustrated the risk 
of airway compromise in patients with thyroid 
mucormycosis, and highlighted the requirement 
of intensive monitoring and management of 
respiratory complications, in addition to aggres-
sive surgical debridement and systemic antifun-
gal therapy.

The diagnosis of invasive mold infection is 
problematic and is often delayed due to the non-
specific manifestations. The clinical symptoms 
and local signs of fungal infections involving 
the thyroid gland are indistinguishable from 
those of other causes of infectious thyroiditis, 
which could include fever, anterior cervical 
pain, and thyroid enlargement sometimes asso-
ciated with dyspnea and dysphagia. Laboratory 
features of transient hyperthyroidism, as found 
in our case, due to the release of thyroid hor-
mone from follicular cells followed by residual 
hypothyroidism, also have been described. 

Cultures of blood are nearly always negative 
for the etiologic pathogens, and cultures from 
the infectious site are often suboptimal. Fur-
thermore, there are no biomarkers to specifi-
cally identify mucormycosis, and radiographic 
findings in diseases caused by Mucorales and 
Aspergillus were often similar. Establishment 
of the specific diagnosis in fungal thyroiditis is 
usually achieved by obtaining tissue for histo-
logic or cultural confirmation, with which the 
non-septated and right-angle branching fungal 
hyphae characteristics of mucormycosis could 
be histologically revealed. It is worth noting 
that, and as observed in this case, even when 
fungal hyphae are seen in the histopathological 
analysis, microbiologic cultures might be posi-
tive in only half of all cases [4,21]. Thus, the 
index of suspicion for this disease with a dismal 
prognosis should be very high in the presence 
of risk factors, and an early invasive procedure 
for appropriate tissue sampling might be impor-
tant to make the diagnosis antemortem, and as 
soon as possible.

Early diagnosis, reversal of predisposing 
factors, appropriate antifungal therapy (such 
as amphotericin-B, including the lipoid form), 
and adequate surgical debridement are crucial 
to improve the outcome for these patients. Mu-
cormyces are resistant to voriconazole, which is 
active against Aspergillus. Liposomal ampho-
tericin-B has advantages over amphotericin-
B in the treatment of mucormycosis due to (a) 
better central nervous system penetration, (b) 
more reduction in the fungal burden, (c) immu-
nomodulatory effects, and (d) less nephrotoxic-
ity, and thus may be considered as a first-line 
antifungal agent [5]. However, tissue necrosis, 
angioinvasion, and thrombosis may lead to poor 
penetration of antifungal agents. Thus, surgery 
plays a crucial role in the treatment of mucor-
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mycosis, and has been shown to be indepen-
dently associated with treatment success and 
survival [22]. The overall mortality rate is still 
high, particularly in patients with disseminated 
disease and stem cell transplantation recipients, 
reaching more than 90% [3].

In conclusion, to the best of our knowledge 
the index case described herein represents the 
first reported case of disseminated mucormyco-
sis presenting as acute thyroiditis that resulted 
in upper airway obstruction and tracheal per-
foration. This case and a review of previous 
reports suggest that the thyroid should be added 
to the list of tissues that can be the site of in-
fection in immunocompromised patients with 
disseminated mucormycosis, and that severe 
airway compromise might ensue.
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彌漫性毛黴菌病侵犯甲狀腺引起之上呼吸道阻塞與
氣管破裂

張凱坪　蔡子修　余忠仁

甲狀腺的黴菌感染相的罕見因為它有結構良好的被膜包覆及擁有豐富的血管及高濃度的碘。我們在此

提出一個彌漫性毛黴菌感染併甲狀腺侵犯造成嚴重上呼吸道阻塞及氣管穿孔的個案。這位 57 歲慢性髓性

白血病（chronic myeloid myeloma）男性病患因週邊血液幹細胞移植（peripheral stem cell transplantation）
及移植供應者淋巴球輸注（donor lymphocyte infusion）治療後的移植物抗宿主病（graft-versus-host 
disease）而服用免疫抑制劑。甲狀腺毛黴菌感染初始表現為發燒、疼痛的頸部腫塊、及暫時性甲狀腺亢進

與影像學顯示左甲狀腺囊腫。因甲狀腺膿瘍的擴展，臨床進展成左側聲帶麻痺、氣管穿孔及肺部感染。彌

漫性毛黴菌感染的診斷是基於頸部清創組織及皮膚切片的病理學表現為非分隔及有直角分枝的菌絲。雖然

以抗黴菌藥及積極的手術清創和重建，病人仍因肺部感染進展及血循惡化而死亡。這個個案強調在治療甲

狀腺毛黴菌感染時積極的監測和處理呼吸道的併發症和手術清創及抗黴菌藥的必要性。進一步地，疾病的

不佳預後及困難診斷也突顯在高風險病患臨床懷疑及早期侵入性組織診斷的重要性。( 胸腔醫學 2014; 29: 
224-232)

關鍵詞：毛黴菌病，甲狀腺膿瘍，上呼吸道阻塞，氣管穿孔
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