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Abstract 

A new drug for chronic obstructive pulmonary disease has been recently added as a treatment for 
certain patients. However, new evidences indicate that there might be a connection with lung 
cancer. It is known that smoking is a major factor that induces chronic pulmonary disease and 
smoking is associated with lung cancer. The level of connection between phosphodiesterase 
(PDE)-4 inhibitors and lung cancer will be discussed based on current studies. A comment will be 
made whether lung cancer is induced to patients receiving phosphodiesterase (PDE)-4 inhibitors 
from the drug or former smoking habit. 
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Introduction 
Chronic obstructive pulmonary disease (COPD) 

is the fourth most common cause of death in the US 
and is also a major cause of morbidity.[1] Lung 
parenchymal destruction, e/g. emphysema, and ob-
structive bronchiolitis are the typical patho-logic 
changes in COPD and are characterized functionally 
by progressive airway obstruction. Inflammatory 
changes and Mucus gland hyperplasia in the larger 
airways may also occur, and are accompanied by 
chronic cough and mucus hypersecretion.[2] The 
clinical course of COPD is punctuated by exacerba-
tions, periods of deterioration characterized by 
worsening dyspnea, and increases in cough, sputum 
volume, and Sputum purulence usually associated 

with respiratory tract infection. Acute exacerbations 
of COPD are accompanied by acute deterioration in 
lung function and worsening disability. More fre-
quent exacerbations are associated with a more rapid 
decline in lung function. [3] Exacerbations that are 
severe enough to require hospitalization are particu-
larly ominous because they are associated with sig-
nificant in-hospital mortality, and discharged patients 
have a 9% mortality rate within 30 days, and 28% are 
dead within one year. CD68 macrophages and CD8 T- 
lymphocytes are the predominant inflammatory cells 
in COPD, with polymorphs increasing during acute 
exacerbations. The severity of inflammation in the 
small airways and lung parenchyma increases with 
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worsening COPD. These alterations contribute to 
airways thickening, resulting in luminal narrowing, 
and parenchymal destruction diminishes elastic re-
coil. Along with mucus hypersecretion, these abnor-
malities contribute to airways obstruction and to the 
reduction in airflow. In COPD, blood levels of the 
pro-inflammatory cytokines interleukin (IL)-1B, IL-6, 
and tumor necrosis factor-a (TNF-a) are increased. 
The level of IL=32, a recently described cytokine ex-
pressed in bronchial epithelium, macrophages, and 
CD8 cells which promotes TNF-a, IL-8, and CXCL2 
expression, is also elevated and correlates with the 
reductions in forced expiratory volume in one second 
(FEV1) in COPD patients.[4] COPD is associated with 
a variety of comorbidities and extrapulmonary 
symptoms. It has been suggested that the association 
between COPD and these other conditions is due to 
the inflammatory process extending systemically. 
Leukocyte counts and blood levels of C-reactive pro-
tein, fibrinogen, and TNFa are higher in COPD pa-
tients compared with matched controls.[5] Systemic 
inflammation is associated with, and appears to be a 
risk factor for, a variety of symptoms and conditions 
including weight loss, muscle wasting, atherosclero-
sis, malignancy, osteoporosis, diabetes, and anemia. 
One novel class of compounds that may deliver 
therapeutic Benefit in COPD is phosphodiesterase 
(PDE)-4 inhibitors. PDE is a generic term that de-
scribes a large superfamily of Enzymes that catalyze 
the breakdown of cyclic adenosine 
3,5-monophosphate-cGMP to their respective inactive 
nucleotide 5-monophosphates.[6] Eleven distinct PDE 

families have been identified, although most of the 
anti-inflammatory activity is believed to result from 
the inhibition of PDE 4, for which there is clinical 
precedent. Roflumilast is synthesized in five steps 
from 3-cyclopropylmethoxy-4-hydroxybenzald- 
ehyde. [7] Figure 1, 2. The rationale for developing 
selective PDE4 inhibitors is based on three critical 
findings: PDE4 regulates camp degradation in most 
immume and pro-inflammatory Cells; in cell-based 
systems, PDE4 inhibitors of varied structural classes 
suppress a plethora of responses that are considered 
to be proinflammatory; and PDE4 inhibitors are effi-
cacious in preclinical animal models that attempt to 
reproduce specific facets of COPD pathobiology.[8] 

 

 
Figure 1. PDE4; Phosphodiesterase 4, cAMP; Cyclic adenosine monophosphate. 

 

 
Figure 2. GTP; Guanosine-5'-triphosphate, cGMP; cyclic guanosine monophosphate, MEKK1; a protein kinase of the STE11 family, CTNNB1; Catenin, beta-1, JNK1; c-Jun 
N-terminal protein kinase, PKG; cGMP-dependent protein kinase or Protein Kinase G , PDE5; A phosphodiesterase type 5 inhibitor, Tcf/Lef; T cell factor/lymphoid enhancer 
factor, Hif-1α; Hypoxia-inducible factor 1-alpha, SEK1; SAPK/ERK kinase-1. 
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There are major differences between several and 
the FDA analysts’ reports with respect to the number 
and severity of roflumilast side-effects. [9, 10] The 
analyst reports showed more intractable diarrhea, 
acute pancreatitis, weight loss, and psychiatric 
symptoms, and significantly more prostate, lung, and 
colorectal cancers in the roflumilast groups compared 
with the placebo groups. In the four studies analyzed 
by FDA staff, intractable diarrhea needing hospital 
admission was seen in five patients on the drug and in 
none on placebo. There were four cases of acute pan-
creatitis in the roflumilast group and one in the pla-
cebo group. Weight loss was carefully measured in 
the M2-124 and M-125 studies. The FDA reviews 
show that, in the roflumilast group, 67,4% had weight 
loss compared with 37,7% In the placebo group. Se-
vere weight loss, defined as loss of more than 10% of 
bodyweights, was seen in 7,1% versus 1,9% in the 
roflumilast and placebo groups, respectively.[11] 
Weight loss was greatest in the patients with most 
severe COPD who were least able to tolerate it. The 
average weight loss of patients in the roflumilast 
groups was About 2,5 kg. However, loss of 10% of 
bodyweight in 1 year in 7% of cases is a serious prob-
lem over a lifetime of roflumilast use. The FDA ana-
lysts’ reports combine data from several studies when 
reporting the incidence of cancer. The incidence of 
cancers was significantly higher in the roflumilast 
group than the placebo group. Studies in animals also 
showed an increase in cancer on roflumilast. Even 
though these observations do not establish a cause 
and effect relation, it is a side-effect that cannot be 
ignored. Analysis of the overall roflumilast clinical 
development program revealed a total of 218 can-
cers/tumors in 208 patients. Disproportionately more 
{n=131, 60%} of these lesions were in the 
roflumilast-treatment group when compared with 
placebo. Specifically, there was a greater Incidence of 
lung and prostate cancer reported in patients given 
roflumilast than those individuals given placebo. The 
significance of this observation is unclear. If 
roflumilast is carcinogenic, one might expect a greater 
than one-year latency period before tumors develop. 
Indeed, people smoke cigarettes for decades before 
they get lung cancer. Thus, the possibility that these 
findings are a chance observation, similar to the initial 
reports with omalizumab, rather than a response to 
treatment, should not be dismissed. Long-term stud-
ies were conducted in hamsters and mice with 
roflumilast to evaluate its carcinogenic potential. In 
2-years oral gavage carcinogenetic studies, roflumilast 
treatment resulted in dose-related, statistically signif-
icant increases in the incidence of undifferentiated 
carcinomas of nasal epithelium in hamsters 
at>8mg/kg/day [approximately 11 times the MRHD 

based on summed AUCs of roflumilast and its me-
tabolites]. Supplementary Table 1.  

The tumorigenicity of roflumilast appears to be 
attributed to a reactive metabolite of 4-amino-3,5- 
dichloropyridine N-oxide [ADCP N-oxide]. No evi-
dence to tumor-genicity was observed in mice at 
roflumilast oral doses up to 12 and 18 mg/kg/day in 
females and males, respectively [approximately 10 
and 15 times the MRHD, respectively, based on 
summed AUCs of roflumilast and its metabolites].  

Supplementary Material 
Supplementary Table 1. Published studies. 
http://www.jcancer.org/v05p0625s1.pdf 
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