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Abstract

Objective . Upper respiratory cancer may occasionally be detected in
sputum cytology. We compared cytological features of laryngeal cancer
and early bronchial lung cancer detected in cytology screening.

Study Design . 8 cases of laryngeal cancer and 14 early bronchial lung
cancer cases detected in cytology mass screening between 1994 and
2006 were investigated. Severely atypical and squamous cancer cells
extracted from specimens were compared statistically in terms of © stain-
ing properties ; size, shape, and brightness of cytoplasm ; properties of
cell borders ; nuclear number and shape ; and nuclear chromatin.

Results * Both groups showed mildly increased chromatin. Approxi-
mately 90% of cells were small- to medium-sized orange- and yellow-
staining with mild nuclear atypia. Laryngeal cancer specimens had
numerous orange-staining cells with no cellular brightness, while early
bronchial lung cancer specimens exhibited a significantly high numbers
of yellow-staining cells and cellular brightness. Receiver operating char-
acteristic (ROC) curve analysis identified 284% of non bright orange-
staining cells with 100% sensitivity and 100% specificity for laryngeal
cancer.

Conclusions - Sputum cytology findings differed between laryngeal
cancer and early bronchial lung cancer-findings suggesting that focusing
on cytology features may help to detect laryngeal cancer early.
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L] CASE REPORT

Four Cases of Trousseau’s Syndrome Associated with
Lung Adenocarcinoma

Motoko Tachihara'?, Takefumi Nikaido', Xintao Wang', Yasuko Sato', Taeko Ishii’,
Kazue Saito’, Satoko Sekine', Yoshinori Tanino', Takashi Ishida' and Mitsuru Munakata'

Abstract

Cancer patients are at high risk of venous thromboembolism (VTE), and the combination of these two
conditions is well known as Trousseau’s syndrome. Here we present four cases of Trousseau’s syndrome as-
sociated with advanced lung adenocarcinoma. In addition to fibrinogen degradation products (FDP) and D-
dimer, the levels of mucin-producing markers, such as KL-6, were elevated. There is a possibility that mucin

production may be associated with cancer-related VTE.

Key words: lung cancer, venous thromboembolism, Trousseau’s syndrome, mucin, KL-6

(Intern Med 51: 1099-1102, 2012)
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Introduction

The relationship between venous thromboembolic features
and malignancy was first described by Armand Trousseau in
1865 (1). Recently cancer has become recognized as a
prothrombotic state. Trousseau’s syndrome has been applied
to various clinical conditions, ranging from brain infarction
to any kind of coagulopathy occurring in cancer (2). Here
we define Trousseau’s syndrome as cancer-related throm-
boembolism, and present four cases of this syndrome associ-
ated with lung adenocarcinoma.

Case Reports

Case 1

A 31-year-old non-smoker man presented with cough and
was referred to our hospital. Chest X-ray demonstrated a
mass in the right lower lung field and chest computed to-
mography (CT) showed a right lower lobe mass with right
pleural effusion (Fig. 1A, B). Bronchoscopy was performed,
and lung adenocarcinoma was diagnosed histologically. Che-
motherapy was scheduled, but before it could be adminis-
tered, right hemiplegia and articulatory disorder suddenly

developed. Brain magnetic resonmance imaging (MRI)
showed infarction in the left parietal lobe. Heparin was ad-
ministered and blood flow was resumed. In laboratory find-
ings, the elevation of FDP, D-dimer, tissue factor (TF) and
sialylated carbohydrate antigen KL-6 were seen (Table 1).
Immunostaining was positive for Periodic acid-Schiff (PAS),
suggesting a mucin-producing tumor (Fig. 2A, B). We diag-
nosed Trousseau’s syndrome accompanying lung cancer, and
performed heparin injections with chemotherapy. He re-
ceived cisplatin (60 mg/m’) and oral S-1 (120 mg/day) as
first-line chemotherapy. His best response to chemotherapy
was a partial response, which continued for four cycles. Al-
though he received up to third-line chemotherapy, he died of
progressive tumor 7 months after the diagnosis of lung can-
cer. Heparin injection was continued during chemotherapy
and thromboembolism did not occur again.

Case 2

A 64-year-old man presented with back pain, which was
diagnosed as metastasis to the lumbar vertebra. Chest X-ray
showed a tumor in right upper lung field. The tumor was di-
agnosed as stage IV adenocarcinoma. Laboratory data dem-
onstrated elevation of FDP, D-dimer, CEA, and KL-6 (Ta-
ble 1). Enhanced CT revealed deep vein thrombosis (DVT)
of the left popliteal vein. He received only first-line chemo-
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Figure 1.

Chest X-ray of Case 1 showed radiolucent fall in the right lower lung field (A). CT dem-

onstrated a mass 6 cm in diameter in the right lower lobe with right pleural effusion (B).

Table 1. Characteristics of 4 Cases of Lung Adenocuar-
icnema with Trousseau’s Syndrome

Case | Case2 Case3 Cased
Age 30 64 70 56
Sex M M M M
histology Ad Ad Ad Ad
stage v v v v
Leukocyte (/uL) 9,400 10,100 10,600 7,300
Platelet counts
(x10%L) 21.5 25.8 283 20.7
TF (pg/mL) 712 446 344 260
CEA (<5ng/mL) 0.6 180 208 580
CA19-9 (<37U/mL) 3.1 9.6 2,626 4.1
KL-6  (<450U/mL) 1,036 1,757 758 4,857
FDP  (<1.0pg/mL) 92 33.6 47 9.7
D-dimer (<5pg/mL) 55.4 22.1 223 7.3
Complication bl oyt byt pvr

infarction
Therapy of Trousseau's UFH UFH UFH UFH
syndrome
Mucin-producing
. . + - + -

histologic type

Ad, adenocaricnoma; TF, Tissue factor; CEA, carcinoembryonic
antigen; DVT, deep vein thrombosis; UFH, unfractionated heparin.

therapy in combination with heparin, and he died from pro-
gressive tumor in 5 months.

Case 3

A 70-year-old man presented with dyspnea and hemop-
tysis. Investigation led to a diagnosis of mucin-producing
stage IV lung adenocarcinoma. Laboratory data showed ele-
vation of FDP, D-dimer, CEA, CA19-9, and KL-6. Occlu-
sion of the right pulmonary artery was found on enhanced
CT (Fig. 3A). He also had pain of the left foot, and DVT
was found on enhanced CT (Fig. 3B). He received chemo-
therapy in combination with heparin. After decreasing the
level of FDP and D-dimer to within the normal range, ad-
ministration of heparin was ended. He received up to
second-line chemotherapy and the effect of chemotherapy
was a good partial response. He is alive for 2 years after the
diagnosis of lung cancer.

Case 4
A 56-year-old man presented with cough and dyspnea. He

was diagnosed as having stage IV lung adenocarcinoma.
Laboratory data showed elevated FDP, D-dimer, CEA, and
KL-6. DVT of the left popliteal vein was found on en-
hanced CT. He received chemotherapy with heparin, but the
tumor progressed. We changed his treatment to erlotinib
(Tarceva®) as second-line chemotherapy and the tumor de-
creased markedly. When FDP and D-dimer were decreased
to within the normal range, we stopped the administration of
heparin. He remains alive 3 years after the diagnosis of lung
cancer.

The patient characteristics and laboratory data of the pre-
sent four cases are listed in Table 1. These data were exam-
ined when patients were hospitalized before administration
of heparin. Plasma TF level was measured with the
IMUBINED Tissue Factor ELISA Kit (American Diagnos-
tica Inc., Greenwich, CT, USA). All four were stage IV ade-
nocarcinoma and the elevation of FDP and D-dimer was
seen in all of them. Two of the patients (Cases 1 and 3) ap-
peared to have mucin-secreting adenocarcinomas histopa-
thologically.

Meanwhile, the serum levels of KL-6 (reference range, <
500 U/mL), a type of mucin, were elevated in all four pa-
tients (mean + SD, 2,102.0+1,884.3 U/mL) despite there be-
ing no evidence of interstitial lung disease. These levels
were higher than those in the other 11 patients with ad-
vanced adenocarcinoma without Trousseau’s syndrome
(499.1+200.4 U/mL) (Fig. 4A). In contrast, plasma TF lev-
els in the above-mentioned patients with adenocarcinoma
(440.5x196.3 pg/mL) were not particularly high among pa-
tients (564.5+331.5 pg/mL) (Fig. 4B).

Discussion

Cancer has become recognized as a major risk factor for
VTE, increasing the risk about 6-10 fold, and the associa-
tion is well known as Trousseau’s syndrome (3-5). Patients
with cancer account for 0.6-13.6% of cases of VTE (6-8).
Multiple interacting mechanisms are thought to explain the
increased incidence of thrombosis in patients with malignan-
cies. The main causes are prothrombotic agents such as TF,
mucin, cysteine proteinase (CP) and plasminogen activator
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Figure 2. Histological examination demonstrated adenocarcinoma (A: Case 1, Hematoxylin and
Eosin staining, x20). Periodic acid-Schiff stain (PAS) was positive, and it suggested mucin-producing

tumor (B: Case 1, PAS stain, x20).

Figure 3. Enhanced CT of Case 3 revealed thrombus of the right pulmonary artery (A) and left
popliteal vein (B) (arrow).
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Trousseau’s syndrome  advanced adenocarcinomas without Trousscau’s syndrome advanced adenocarcinomas without
A (n=4) Trousseau’s syndrome (n=11) B (n=4) Trousseau’s syndrome (n=11)

Figure 4. KIL-6 level (A) and plasma level of tissue factor (B) in the present cases and advanced

adenocarcinomas without Trousseau’s syndrome.

inhibitor -1 (PAI-1) which are produced by tumor
cells (2, 9-11). TF is a transmembrane glycoprotein which
contributes to a variety of pathologic processes, such as
thrombosis, metastasis, and angiogenesis (2, 9-13). Mucins
produced by cancer are large glycosylated molecules which
act as ligands for the selectins. Mucins are thought to be a
trigger of coagulation (14) and cause induction of dissemi-
nated thrombosis (2, 15). Meanwhile, the clinical risk fac-

tors and candidate laboratory biomarkers predictive of
cancer-associated VTE  have recently been  as-
sessed (7, 8, 16, 17). These factors were reported as tumor
type, stage of disease, hospitalization, elevation of platelet,
leukocyte counts and D-dimer. In addition, it is reported that
VTE rates are higher in patients with adenocarcinoma than
in those with squamous cell carcinoma in lung can-
cer (18, 19). In the present cases, they all were adenocarci-
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noma at advanced stage, and the level of FDP and D-dimer
were high. They were in line with the reported risk factors.
Moreover, what was common in the 4 cases was the mucin-
producing tumor. KI-6 was elevated in all four patients, that
suggested mucin secretion. As for Cases 1 and 3, the KL-6
level was not markedly high, but it was clarified that they
produced mucin histopathologically. And also CA19-9, a
type of mucin, was extremely high in case 3. We presumed
that the mucin-producing subtype histopathologically or the
elevation of marker such as KL-6 may be predictive factors
of coagulopathy. In this examination, we could not find a
correlation between Trousseau’s syndrome and TF.

Concerning therapy for Trousseau’s syndrome, treatment
of the cancer itself is a priority. In addition, thrombolytic
therapy and thromboprophylaxis are necessary. Compared
with vitamin K antagonist (VKA), heparin is reported to
provide a statistically significant reduction in VTE (20).
This is because heparin has several antithrombotic mecha-
nisms that VKA does not, such as inhibition of the binding
of mucin to selectin and release of tissue factor pathway in-
hibitor from endothelial binding sites (2). We used heparin
in combination with chemotherapy for the present four
cases, and continued it as long as possible with the aim for
FDP and D-dimer levels to fallen adequately within the nor-
mal range. In Case 1, the anticoagulant was changed from
heparin to Warfarin® once, but FDP, and D-dimer levels be-
gan to rise again, This episode supports the favorable effect
of heparin compared with VKA in this syndrome.

In conclusion, we reported four cases of lung adenocarci-
noma with Trousseau’s syndrome. In addition to the ele-
vated levels of FDP, D-dimer in advanced adenocarcinoma,
we presume that there is a possibility that mucin production
may be predictive factor of cancer-related VTE.

The authors state that they have no Conflict of Interest (COI).
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Primary pulmonary extranodal natural killer/T-cell
lymphoma: nasal type with multiple nodules

To the Editors:

Primary pulmonary lymphoma (PPL) is an uncommon disease
representing only 3—4% of extranodal non-Hodgkin’s lymphoma
(NHL), and <1% of NHL [1]. The true incidence of PPL other
than NHL is unknown, while primary pulmonary T-cell
lymphoma is extremely rare. Natural killer (NK)/T-cell lym-
phoma usually shows an extranodal presentation. Nasal NK/T-
cell lymphomas occur in the nose and the upper aerodigestive
tract. Extranasal NK/T-cell lymphomas represent the counter-
part of nasal NK/T-cell lymphomas and can involve every other
part of the body. Primary sites of involvement are mainly the
skin, soft tissue, gastrointestinal tract and testis [2]. Although
some cases of primary pulmonary T-cell lymphoma have been
reported, there are only two reports written in English to date
[3, 4]. Here, we describe a case of primary pulmonary NK/T-cell
lymphoma with multiple nodules in both lung fields.

The patient was a 50-yr-old Japanese male with an abnormal
shadow on chest radiography in a health examination (fig. 1a).
He was an office worker with no history of dust inhalation or
asbestos exposure and was a current smoker (50 pack-yrs). He
had a history of hypertension and gallstones. He had a high
fever of over 39°C for 10 days before the health examination,
and had appetite loss and general fatigue. A chest computed
tomography (CT) on admission revealed multiple nodules,
measuring a maximum of 40 mm in size, were in both lung
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fields (fig. 1b—d). Administration of broad-spectrum antibiotics
did not resolve his symptoms. Bronchoscopic examination and
CT-guided needle biopsy did not give a definite diagnosis.
Laboratory data showed elevation of lactate dehydrogenase,
transaminases, hepatobiliary enzymes and an inflammatory
reaction without cytopenia. Two sets of blood cultures were both
negative and no tumour markers were elevated. Anti-neutrophil
cytoplasmic antibodies were negative and soluble interleukin
(IL)-2 receptor was elevated to 5,060 U-mL™. Although we first
planned a surgical biopsy to make a definitive diagnosis, it was
not performed due to the rapid deterioration in his performance
status. The final needle aspiration showed lymphocytes of
various morphologies invading the blood vessels.

At this point, we suspected pulmonary lymphoma, such as
lymphomatoid granulomatosis. The Otolaryngologists investiga-
tion of the upper respiratory tracts showed no specific findings.
Lung nodules increased and grew larger, and hypoxia pro-
gressed. His clinical condition deteriorated so rapidly that we had
to start treatment without a definitive diagnosis. He was treated
with methylprednisolone (mPSL) pulse therapy (1,000 mg per
day for 3 days) twice followed by cyclophosphamide pulse
therapy (500 mg per day) as a salvage therapy. Progressive
hypoxia was temporarily improved; however, his respiratory
condition immediately worsened. Direct haemoperfusion using a
polymyxin B immobilised fibre column was also performed;
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FIGURE 1. a) Chest radiograph, and b) upper, ¢) middle and d) lower computed tomography images on admission showing bilateral nodules in both fung fields.

however, it improved the condition only temporarily. At 10 days
after the second mPSL pulse therapy, when continuous haemo-
diafiltration was started for progressive renal insufficiency, he
developed marked hepatosplenomegaly. His clinical condition
continued to deteriorate in spite of the intensive treatment. His
respiratory condition worsened progressively and he died of
multiple organ failure on the 29th day after admission.

The post mortem examination showed multiple whitish nodular
lesions in both lungs. These nodular lesions were also seen on
the cut surface of the heart. Slight lymphadenopathy was seen
in the mediastinum, paratracheal, bifurcation and bilateral
hilar regions. The spleen was swollen and fragile, and the liver
was markedly enlarged.

The microscopic examination showed that medium to large sized
atypical lymphoid cells proliferated in both lungs, the myocar-
dium, the spleen, the portal areas, both adrenal glands, the
interstitium of both kidneys, the marrow of the examined bones
(sternum, vertebrae and rib), the lymph nodes in the mediasti-
num, and the paratracheal, bifurcation and bilateral hilar regions,
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but not in the entire gastrointestinal tract. The cells stained
positively for cytoplasmic CD3, CD56 and Epstein—Barr virus
(EBV)-encoded small RNA (fig. 2b—d), but negatively for CD20
and CD79 (B-cell markers). As CD3 and CD56 are T- and NK-cell
markers, respectively, the immunocytochemistry showed that
these atypical lymphoid cells were of T- and NK-cell lineages.
Based on the neoplastic morphology and the immunohistochem-
ical examination of the atypical lymphocytes, the pathological
diagnosis was extranodal NK/T-cell lymphoma (nasal type).

According to the World Health Organization 2008 classification,
NK-cell tumours are classified into two types: 1) extranodal
NK/T-cell lymphoma (nasal type); and 2) aggressive NK-cell
leukaemia. NK/Tell lymphomas are uncommon but are more
prevalent in Asia, Mexico, and Central and South America [5].
In the present case, the abdominal CT, which was taken 10 days
before admission, showed no involvement of other organs
except the lungs, and the physical examination on admission
showed no hepatosplenomegaly. In addition, the post mortem
examination did not indicate the involvement of the upper
respiratory tract and the entire gastrointestinal tract. It is
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FIGURE 2. Post mortem lung histology showing profiferation of medium to large sized atypical lymphoid cells infiltrating alveolar septa. a) Haematoxylin and eosin
staining. Positive staining for b) CD3, ¢) CD56 and d) Epstein-Barr virus-encoded small RNA was seen by immunohistochemical analysis. Scale bar = 50 um.

difficult to locate the definite primary site in the present case;
however, it is reasonable to suggest that the lung is the primary
site, based on the clinical and radiological findings obtained
before and at admission. Although lung involvement is some-
times seen in the end stage of extranodal NK/T-cell lymphoma
[6-8], there have been cases of the lesions found only in the
lungs even in the early stage (3, 4].

EBV is frequently seen in tumour cells of NK/T-cell lymphoma.
The first report showing the aetiological role of EBV in the
development of NK/T-cell lymphoma was published in 1990
[9]. A strong relationship between EBV infection and NK/T-cell
lymphoma has been suggested. However, NK/T- and T-cell
peripheral lymphomas are responsible for the majority of
lymphoma-associated haemophagocytic syndrome (HPS), and
it has been reported that about half of lymphoma-associated HPS
is associated with EBV [10]. The patient did not fulfil the diag-
nostic criteria of the 2004 haemophagocytic lymphohistiocytosis
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guidelines on admission, but developed fever, splenomegaly,
cytopenia, elevated levels of ferritin and soluble IL-2 receptor in
the end stage. Although haemophagocytosis in bone marrow
was not proven, we can say that the patient developed HPS
during disease progression.

NK/T-cell lymphoma usually presents a highly aggressive clini-
cal course and the prognosis is generally poor. The International
Peripheral T-cell Lymphoma Project demonstrated that extra-
nasal NK/T-cell lymphoma (nasal type) has worse clinical fea-
tures and survival rate, even in cases with apparently localised
disease, than nasal NK/T-cell lymphoma in extranodal NK/T-
cell lymphoma [11]. The present case is considered to be at high
risk at the time of admission according to the international
prognostic index, from which the median overall survival for
patients with stage II/IV extranasal disease is 0.28 yrs. The
overall clinical course of this case was ~2 months, which is
consistent with the previous report [11].
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The standard treatment for advanced NK/T-cell lymphoma
has not been determined. However, some asparaginase-
containing regimens have been reported to be effective for
this disease. The results of a recent phase II study have shown
L-asparaginase with methotrexate and dexamethasone to be
effective for refractory or relapsing extranodal NK/T-cell
lymphoma [12], and YAMAGUCHI ef al. [13] have shown the
efficacy of another L-asparaginase regimen containing etopo-
side, ifosfamide and methotrexate for NK/T-cell lymphoma.

In summary, primary pulmonary NK/T-cell lymphoma with
multiple nodules in both lungs is scarcely reported. To date,
only two cases of primary pulmonary NK/T-cell lymphoma
have been reported in English [3, 4], and these two cases did not
present multiple nodules. One presented collapse/consolidation
with pleural effusion, and the other consolidation with small
nodules. Our case is, therefore, the first of primary pulmonary
NK/T-cell lymphoma with multiple nodules in both lung fields.
Transbronchial biopsy and CT-guided core needle biopsy were
not helpful for making a definite diagnosis because specimens
obtained by these procedures are usually toc small. As the
clinical course of this disease is very rapid and aggressive, we
suggest the use of surgical lung biopsy for making a definite
diagnosis. Although NK/T-cell lymphoma of the lung is very
uncommon, the accumulation of case-based reports sheds light
on the understanding of this devastating disease.
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Abstract :

Purposes: (a) To measure the urinary excretion of antineoplastic drugs of three patients during 48 h after the administration
of cyclophosphamide (two patients) and S-fluorouracil (one patient). (b) To evaluate environmental contamination with
antineoplastic drugs via excreta of patients in the home setting. (c) To evaluate exposure of family members to antineoplastic
drugs by measuring the drugs in their urine during the 48 h after completion of the chemotherapy by the patients.
Methods: Two patients were administered cyclophosphamide by iv. bolus injection. One patient was administered
S-fluorouracil by iv. bolus injection and thereafter immediately administered the same drug by continuous infusion for
46 h. Urine samples from the patients administered cyclophasphamide and their family members, and wipe samples from
their home environment, were analysed for the unchanged form of cyclophosphamide. For 5-fluorouracil, the urine samples
from the patient and the family member were analysed for the 5-fluorouracil metabolite w-fluoro-f-alanine. Wipe samples
were analysed for 5-fluorouracil. Drugs were detected and quantified with gas chromatography in tandem with mass
spectroscopy-mass spectroscopy or by high-performance liquid chromatography with ultraviolec-light detection.
Results: A total of 35 and 16 urine samples were collected from the three patients and their family members, respect-
ively. The drugs were detected in all samples.

Cyclophosphamide was detected at levels of 0.03-7.34 ng/cm? in 8 of the 12 wipe samples obained from the homes of
the patients administered cyclophosphamide. For the patient administered 3-fluorouracil, drug levels in his home envir-
onment were below the limit of detection.

Conclusion: We demonstrated contamination of the home setting and exposure of family members to cyclophospha-
mide via the excreta of outpatient receiving chemotherapy. Exposure of the family member of the patient administered
S-fluorouracil was also demonstrated. These findings indicate the importance of strict precautions by the members of
treated cancer patients as well as healthcare workers, to reduce the risk of exposure to antineoplastic drugs.
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Introduction

With the development of antineoplastic drugs, the
treatment of malignant tumours has been advancing
rapidly. Antineoplastic drugs primarily exert cytotoxic
cffccts on tumour cells, but often also affect normal
cells. In other words, most antineoplastic drugs are
harmful to all cells in cancer patients, causing both
beneficial and toxic effects. These drugs not only exert
therapeutic effects in cancer patients but also have the
potential to harm healthcare workers who prepare and
administer antineoplastic drugs, such as pharmacists
and nurses, as a result of occupational exposure to
these drugs. To date, numerous studies have demon-
strated the occurrence of adverse effects due Lo occupi-
tional exposure to antincoplastie drugs, including acute
allergic reactions, carcinogenicity, genotoxicity, fetal
abortion and congenital anomalies.

Antincoplastic drugs arc classified as hazardous
drugs that exhibit cytotoxicity. Various guidelines have
been issued to ensure their safe use (National {nstitute
for Occupational Safety and Health;'* Occupational
Safety and Health Administration;'* American Society
of Health System Pharmacists;'® Oncology Nursing
Society;'” Health, & Safcty Executive'®). The guidelines
recommend adopting preventive measures for 48 h afier
drug administration, because the unchanged form of an
administered cytotoxic antineoplastic drug (or its active
metabolites) may be part of the substances excreted by
the patient. The guidelines also stress that drug-specific
durations are desirable, as the duration of excretion of
hazardous drugs varies. These guidelines also recom-
mend that one should wear protective clothingfequip-
ment (gloves, gown, goggles and a face. shield if any
scattering of bodily fluids is likely) while handling
urine, facces, blood or vomitus. Furthermore, these
guidelines state that caution should be exercised during
flushing the toilet (performed twice) after appropriately
placing the toilet scat cover following disposal of the
excreta of the patients administered cytotoxic drugs
within the previous 48 h. However, no studies have pro-
vided evidence supporting the efficacy of flushing the
toilet twice

The aforementioned guidelines provide an out-
line for procedures, which healthcare professionals,
janitorial staff and thc family members of patients
should conform to, in the hospital and at home.

The administration of chemotherapy in the hospital
setting is different from thut of an outpatient setting.
Administration methods for outpatient chemotherapy
(such as FOLFOX and FOLFIRI) include bolus i.v.
administration of an antineoplastic and also continu-
ous infusion of 5-fluorouracil (5-FU) for approximately
46h. In the latter case, the antineoplastic drug is con-
tinuously administered over a long period of time

1418

including while the patient is at home. This further
increases the risk of exposure of the patient’s family
members and associates to the antineoplastic drug via
the patient's excreta. Following outpatient chemother-
apy administration. cancer paticnts spend most of their
time 4t home or in the workplace. The exposure of the
associates of a cancer patient to an antineoplastic drug
via the patient’s excreta can negatively affect their
health, similarly as in the case of occupational expesure
to these hazardous drugs. Thus, it is necessary to con-
sider that the people at risk of exposure to antineoplas-
tic drugs not only include healthcare workers but also
the family members and associates of the patient. As far
as we know, no papers have published the antineoplas-
tic drug contamination of the homes of cancer patients
via their excreta, and at preseat, it remains unclear
whether the family members of these patients are
exposed to these drugs.

The present study wus conducted with the following
three objectives: (a) to measure the urinary excretion of
antineoplastic drugs of three treated patients during
48h after the administration of cyclophosphamide
(CPM: two patients) and S-fluorouracil (5-FU: one
patient); (b) to evaluate environmental contamination
with antincoplastic drugs viu excreta of patients in the
home setting and (¢) to cvaluate exposure of family
members to antineoplastic drugs by measuring the
drugs in their urine during the 48 h after completion
of the chemotherapy by the patients,

The antineoplastic drugs used in the current study
have been extensively and frequently used in therapy.
CPM has been used for adjuvant chemotherapy after
breast cancer surgery. During chemotherapy, patients
receive a bolus i.v. dose of CMP once every 3 to 4 weeks
for several cycles at an outpatient facility. CPM is an
alkyluting agent. which is converted to its active meta-
bolite, phosphoramide mustard, and has been classi-
fied as a genotoxic carcinogen in humans by the
International Agency for Rescarch on Cancer.' 5-FU
is used to treat colon cancer. For FOLFOX and
FOLFIRI therapies using 5-FU, patients are first
administered & bolus i.v. dose of 3-FU at an outpaticnt
facility, followed by continuous iv. infusion for 46h.
This procedure is repeated every 2 weeks. 5-FU is
administered by continuous i.v. infusion, making it
neeessary te manage long-lerm administration of the
drug in a patient's home, which increases the risk of
exposure of the family members and associates of the
patient.

Patients and methods

Three cancer patients who were receiving chemother-
apy at the Outpatient Chemotherapy Center of
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University Hospital A in Japan were enrolled in this
study. Each paticnt and their family members provided
informed written consent to participate in the study.
The antineoplastic drug administered in Patients |
and 2 was CPM and in Patient 3 was 5-FU.

Case |

Patient | wasa 58-year-old female diagnosed with breast
cancer, This was her third course of chemotherapy, and
she was administered CPM 700 mg (500 mg/m®) via an
iv. bolus on an outpatient basis, Her husband (Family
Member 1), who was in his 60s, underwent biological
monitoring to measure CPM in his urine. Her husband
was mandatorily retired and was often away from home
pursuing his hobbics. Henee, his urine samples were col-
lected only when he was at home during the 48-h post-
administration period.

Case 2

Patient 2 was a 44-year-old female diagnosed
with breast cancer. This was her {ifth course of chemo-
therapy, and she was administered CPM 712mg
(500 mg/m®) via an i.v. bolus on an outpatient basis.
CPM was measured in the urine of her husband
(Family Member 2), who was in his 40s. The husband
was away from home, at work, during the day and
therefore, his urine samples were collected only during
the time when he wag at home, from approximately
19:00 in the evening until abouit 7:00 in the morning
when he left for work (on two consecutive days).

Case 3

Patient 3 was a 78-ycar-old male diagnosed with rectal
cancer who had undergone a colostomy. This was his
eighth course of chemotherapy, and he was adminis-
tered 5-FU 549mg (400 mg/m*) via an i.v. bolus on
an outpatient basis. Immediately thereafter. a continu-
ous i.v. infusion of 5-FU 3293 mg was initiated that
lasted 46h.

The patient’s wifc (Family Member 3) was in her 70s
and her urine samples were analysed for a-lluoro-f-
alanine (FBAL). The wife remaincd at her husband’s
side throughout his outpaticnt treatment. At home,
both the patient and his wife spent most of their time
at a small table in their living room. including sleeping
at the same site cach night in Japanese-style beds. Their
toilet was Japanese style, having no toilet seat lid. The
collection of the wife’s urine samples was stopped at
32 h due to personal circumstances,

The performance status was Grade 0 for all patients
according to the Eastern Cooperative Oncology Group
criteria.®®

This survey was conducted with the approval
of the Ethics Committee of Fukushima Medical
University.

Urine sampling (biological monitoring) and wipe
sampling (environmental monitoring)

After cach patient completed outpatient chemotherupy
in the hospital. the surveyor visited their homes and
repeated the explanations of these tests and the urine
sample collection method to the patients and their
family members. A sccond visit was made 1o each
patient’s home 48 h after the completion of outpatient
chemotherapy, during which time wipe sampling of the
home environment was performed and the urine sam-
ples were collected.

Each patient and family member collected their own
urine samples during the 48-h post-administration
period. Each patient and family member was respon-
sible for recording the frequency and time of voiding
and measuring the urinary output at each urination.
Ten millilitres of urine were collected (urine sample
kit provided) and stored in a small freezer solely used
for this purpose.

Wipe surveys were conducted in the homes of the
three cancer paltients to clarify the status of drug con-
tamination during 48h after administration. The sur-
veyor visiting the patients’ homes asked them how
many times they had urinated and defecated after
administration, and asked for information about
vomiting, if occurred.

The surveyor identificd possible arcas of drug con-
tamination based on the answers provided by each
patient and conducted wipe surveys of these areas.
The wipe samples were taken from 17 arcas in the
homes of the three patients. The arcas from which
wipe samples were taken included the toilet seat,
toilet seat cover, flush handle, toilet door knob, floor
around the toilet, tilet paper holder. toilet handrail
and sink faucets. The wipe samples were collected in
the following manner. After measuring the size of
cach target arca. 17mbL of a 0.03M NaOH solution
were applicd to cach target arca using a wipe kit to
detect CPM and 5-FU. For target areas that were not
flat. the solution was poured over the area and subse-
quently, the samples were collected using two pieces of
nonwoven cloth. placed at a downhill location to soak
up the solution.

All urine and wipe saumples were immediately stored
frozen at —20"C after sampling and during transport
until sample preparation and analysis by Exposure
Control Sweden AB (Bohus-Bjorkd. Sweden). The
urine and wipe samples were collected using Cyto
Urine kits and Cyto Wipe kits with Exposure Control
Sweden AB. The methods to collect, store and exact
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urine sampling and wipe sampli’ng’ were performed
according to standard procedures.™ %

Analyses of the samples

Analyses were performed to detect the unchanged form
of CPM in the urine samples of the patients adminis-
tered CPM and their family members, and in the wipe
samples from their home environment. Analyses were
performed to detect FBAL in the urine samples col-
lected by the patient administered 5-FU and his
family member. Wipe sumples were analysed for 5-FU.

The wipe samples were prepared for amalysis by
adding a 0.03M NaOH solution (total volume:
160mL). After extraction, a portion of the extract
was further purificd according to the standurd proced-
ure.?"2% The contamination per square centimetre was
calculated by assuming 100% recovery and wipe effi-
ciency. The limits of detection of CPM and 5-FU were
0.1 and 20 ng/mL NaOH, respectively.

The sample volume used for the determination of
CPM and FBAL in urinc was SmL. The limits of detec-
tion of CPM and FBAL were 0.01 and 5 ng/mL urine.
respectively. 2™

CPM and FBAL were analysed with gas chromatogra-
phy in tandem with mass spectroscopy-mass speclroscopy
and 5-FU was analysed by high-performance liquid chro-
matography with ultraviolet-light detection.”"™

Results

There were 35 and 16 urine sumples collected for the
three patients and their family members, respectively,
Antineoplastc drugs were detected in all samples.

For Case 1. patient | urinated eight times (total
volume: {870 mL) and defecated twice during the 48-h
post-administration period (Figure 1). The detected
amount of CPM per urine sample ranged from 0.04
to 62.64mg. The highest CPM excretion occurred at
3h after drug administration. Thereafier. the amount
excreted decreased gradually over time to 0.04 mg in the
final urine sumple. The total amount of CPM excreted
in the urine during the 48-h post-administration peried
was 170.10 mg. representing 24.3% of the total admin-
istered dose.

Family Member | collected five urine samples (total
volume: 1800 mL) during the 48-h post-administration
period. CPM was detected in all samples. The detected
amount of CPM per urine sample ranged from 24.0 to
35.0ng, and the 1otal detected amount was 152.0ng.

For Case 2, patient 2 urinated 12 times (total
volume: 1830 mL) and defecated twice during the 48-h
post-administration period (Figure 2). The amount of
CPM per urine sample ranged {rom 0.30 to 32.84 mg.
The total amount of CPM during the 48-h post-
administration period was 140.93mg, representing
19.8% of the total administered dose.

Family Member 2 collected four urine samples {total
volume: 900 mL) during the 48-h post-administration
period. CPM was detected in all sumples. Urine CPM
levels ranged from 0.07 to 0.65mg. and the total
amount detected in the four samples was 1.81 mg.

For Case 3. paticnt 3 urinated 15 times (total
volume: 1240mL) during the 48-h post-administration
period following outpatient 5-FU administration
(including continuous infusion of 5-FU for 46h)
(Figure 3). This patient had a colostomy bag.
The amount of FBAL per urine sample ranged from
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Figure 1. Time-course profiles of CPM excretion in urine samples of Patient | and Family Member |. CPM: cyclophosphamide.

fy Michika Yuki on October 14, 2012

— 175 —



Yuki et al,

0.1 to 2.2mg. The total amount of FBAL excreted in
the vrine was 16.9mg. comprising 0.44% of the total
administered dose.

Family Member 3 urinated eight times (iotal
volume: 1120mL) during the 32-h moenitoring period.
The amount of FBAL per urine sample ranged from
19.0 to 117.0 ug; the total amount in the urine was
421.0 ug.

The results from the wipe samples are presented in
Table 1. For Case 1, wipe samples from four out of six

positions were positive for CPM contamination. Of
these areas, sumples taken from the sink faucets and
toilet seat exhibited the highest level of contamination
of 3.02 and 0.57 ng/em”, respectively. The level of con-
tamination on the floor around the toilet and toilet
door knob was 0.03 and 0.09 ng:cm®. respectively.

For Case 2, CPM contamination was detected on
four out of the six positions. The levels of contamin-
ation were between 0.18 and 7.34ngiem®. The toilet
seat was the most contaminated position.
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Figure 2. Time-course profiles of CPM excretion in urine samples of Patient 2 and Family Member 2. CPM: cyclophosphamide.
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Figure 3. Time-course profiles of FBAL excretion in urine samples from Patient 3 and Family Member 3. FBAL: 2-fluoro-B-alanine.
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Table 1. Wipe test results: Surface levels of CPM and 5-FU.

Surface description Surface area (cm?) CPM (ng/mL NaOH) CPM (ng) CPM (ngfem?)
Case | Toilet seat 1960 7.03 1125 0.57

Control panel 480 ND - -

Flush handle 30 ND - -

Toilet door knob 319 0.18 29 0.09

Toilet floor 4000 0.63 101 0.03

Sink faucets & surroundings 208 393 629 3.02
Case 2 Toilet seat 700 32.12 5139 7.34

Toilet seat cover 1440 2.01 322 022

Flush handle 100 ND - -

Toilet door knob 260 0.30 48 0.18

Toilet floor 1000 .16 186 0.19

Sink faucets & surroundings 100 ND - -

Surface Description Surface area {cm?) 5-FU {ng/mL NaOH) 5-FU (ng) S5-FU (nglem?)
Case 3 Toilet seat 3200 ND - -

Toilet handrail 210 ND - -

Toilet door knob 225 ND - -

Portable pail 400 ND - -

Paper holder 150 ND - -

CPM: cyclophosphamide; 5-FU: S-fluorouracili NaOH: sadium hydroxide: ND: not detected (CPM < 0.10 ng/mL NaOH, 5-FU <20ng/mL NaOH).

The level of contamination on the toilet seal cover,
floor around the toilet and toilet door knob was 0.22,
0.19 and 0.18 ngfcm”, respectively.

For Case 3, wipe samples were taken from live pos-
itions and the level of 5-FU was below the limit of
detection at each site.

None of the three patients vomited during the 48-h
post-administration period.

Discussion

The present study assessed the amount of cytotoxic
drug cxcreted in the urine of patients and their cohabit-
ing family members during 48 h after the patients have
received chemotherapy in an outpatient sefting. The
study also demonstrated environmental contamination
with antincoplastic drugs at paticnts” home via excreta
of the treated patients.

The percentage of the dose unchanged CPM in the
urine of paticnts | and 2 during the 48-h post-admin-
istration period was approximately 24 and 19, respect-
ively. According to previous studies, the percentage of
CPM excreted in the urine during the 24-h period after
CPM administration ranged from approximately 14 to
20 of the administrated dose.”®*” Moreover, the present
study demonstrated that CPM continued to be excreted
at low levels in the urine of treated patients for at least
48 after administration. Bagley et al.®® injected radi-
olabelled CPM by iv. and found that 62% of the

administered dose was excreted in the urine within 2
days, whereas 1.8% and 1.2% were excreted in the
fucces and cxpired air within 4 days after dosing,
respectively.

Another important finding of the present study is
that the administered cytotoxic drugs were detected in
all urine samples collected by each cohabiting family
member. Although the family members did not receive

‘chemotherapy, CPM was detected in their urine sam-

ples colleeted during the post-administration period,
indicating exposure to CPM. All live urine samples col-
lected by Family Member | tested positive for CPM
(runge; 24.0 35.0 ng). However, uriné samples were col-
lected by Family Member | only when he was at home
and thus, the number of samples was approximately
half of the expected number. Therefore, it can be sur-
miscd that the actual level of exposure to the drug was
higher than measured. Similarly, Family Member 2 col-
lected four urine sumples during the time that he was at
home, and CPM was detected in all samples. The pre-
sent study is the first to demonstrate CPM exposure of
a family member of a patient at home.

The time~course profiles of CPM excretion in the
urine of the Family Members | and 2 was also an inter-
esting observation. Although the amount of CPM
excreted by Patients 1 and 2 decreased over time fol-
lowing paticnt treatment. the urinary drug cxcretion
remained fairly constant in Family Member 1. whereas
it gradually decrcased in Family Member 2, only to
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rebound to a higher excretion later. These time-course
profiles of CPM excretion by the family members can
be ascribed to their continued exposure to the drug in
their homes. Previous studies found that urinary CPM
excretion by patients peuaked at approximately 6 10h
after administration,™* whercas in patients 1 and 2.
the peaks occurred at approximately 3h following
administration. On the other hand. the time-course pro-
files of CPM cxcretion in the urine of the family mem-
bers exhibited no clear peaks during the 48h of
monitoring.

{n several studies, exposure to CPM was investigated
using the urinary excretion of CPM as a biomarker. The
mean amounts of CPM detected in the urine of workers
due to occupational exposure were 5.2 ug;day in phar-
macy personnels/nurses,’ 1.36 pgiday in pharmacy
technicians,® 0.79 pg/day in nurses;pharmacy techni-
ciansicleaning women,”  0.47pg/day in nurses.
0.39 pgiday in hospital workers,” 0.18 pgiday in phar-
macy technicians® and 0.05 pg:day in pharmacy techni-
cians/nurses.? It can be assumed that the variation in
these values reflects differences in the occupations and
strict observance of precautions to prevent exposure (o
antineoplastic drugs. However, in our study, it is note-
worthy that higher levels of CPM were detected in the
urine samples of family members than in those of health-
care workers. Moreover. there is an important difference
in the route of exposure to cytotoxic drugs between the
previous reports and the present study. That is. in the
case of healthcare workers, direct exposure via inhal-
ation, skin contact. skin absorption and;sor oral intake
occurs during handling of the drugs. On the other hand,
exposure of the family members at home occurred via
contact with patient excreta containing the drug.

We estimated the areas in the patients” homes where
CPM would likely be present. Qur efforts at detecting
the drug successfully confirmed the extent and level of
CPM contamination in the home environment. Drug
contamination was conlirmed at four arcas for both
Patients 1 and 2. The areas with the highest levels of
CPM contamination were the toilet seat, floor around
the toilet, toilet door knob and sink fauccts.

“Yuki et al.¥ investigated CPM contumination in the
homes of live female patients with breast cancer at 48 h
after outpaticnt bolus i.v. administration of the drug.
CPM was detected in 17 of 30 samples tuken from the
target areas. The toilet seat was contaminated by CPM
in all the cases, and it also had the highest level of
contamination ranging from 0.04 to 8.35ngem’.
CPM contamination was also confirmed for the (loor
around the toilet (0.19-1.53 ng/cm?), toilet door knob
(0.79 ngicm?) and toilet scat lid (0.22 ngicm?). The sites
and levels of CPM contamination in “paticnts” homes™
and the “dose of unchanged CPM™ in this study are
similar to those reported by Yuki et ul.”’
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In the US and Europe, reports have documented the
detection of antincoplastic drugs in surface wipe exam-
ination of the handling sites of antineoplastic drugs in
hospitals.” ™' The present survey data cannot be com-
pared with those from previously reported studies since
no previous study has investigated antineoplastic drug
contamination in the home environment of cancer
patients receiving outpatient chemotherapy. In Japan,
the values obtained from two surveys conducted to
assess the extent of environmental CPM contamination
in hospitals via the same wipe test method used in the
present study were used as reference values. In the
study conducted by Tanimura et al. involving six
target areas in the chemotherapy preparation room,
CPM contamination was demonstrated at levels of
0.0 0.09ngem? in all six target arcas in the first
wipe test.”> Sugiura and colleagues performed a
survey of environmental CPM contamination at six
hospitals in Jupan and reporied low contaminition
levels of 0.1 ngiem® in the outpatient chemotherapy
room. 0.01 ng;em® on the table used for handling anti-
neoplastic drugs and 0.04 ngiem® on the floor under the
drip in the fusion stand at half of the hospitals stu-
died.* Compared with the results reported by these
two studies, the CPM contamination levels detected
in the present study were significantly greater, indicat-
ing a higher degree of environmental CPM contamin-
ation in the outpatient setting than in hospitals.

The high values of our findings for CPM contamin-
ation of the toilet seats, sink faucets. floor around the
toilet and roilet door knobs at the patients home indi-
cate that urine and facces of the patients containing
CPM contaminated the toilet environment due to splat-
tering, and that this was further spread via the patients’
hands, which had been contaminated during the pro-
cess of cleaning themsclves afier urination/defecation.
Variable amounts of hazardous drugs and their metab-
olites are excreted in the urine, stool, sweat and other
bodily excreta of patients receiving the drugs.'” Bed
sheets of patients who were treated with CPM appeared
1o be contaminated by the drug.* Thus, we can surmise
that they were repeatedly exposed to the drug.

Patient 3 was administered 5-FU via an i.v. bolus on
an outpatient basis and then immediately started on a
continuous i.v, infusion of 3-FU that lasted 46h. The
amount of FBAL per urine sumple ranged from 0.1 to
2.0mg. The total amount of FBAL excreted in the
patient’s urine during the 48-h post-administration
period represented 0.44% of the total administered
dose. FBAL was also detected in all urine samples col-
lected by Family Member 3, demonstrating that she
had been exposed to the 3-FU excreted by Patient 3.
The concentration of FBAL excreted in the urine of
Family Member 3 fluctuated greatly during the sam-
pling period. and the total amount collected over a
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