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wild-type and SCID mice, and a dose of 100 mg/kg body weight was used to
examine the systemic reaction to the s.c. administered agent in SCID mice.

Chronological Alteration of BAL Cell Counts after Administration
of BLM and BCG Vaccine

With i.t injection of 0.1 mg/mouse BLM, the total cell and macrophage
numbers in BAL fluid were increased dramatically starting from day 3 in
both wild-type and SCID mice. The transition, however, was significantly dif-
ferent between the 2 types of mice. That is to say, they were continuously
and linearly increased until day 28 in the case of wild-type mice, whereas in
the case of SCID mice, they had returned to significantly lower levels by day
28, although the transition until day 14 was similar to that of wild-type mice
(Figure 14, B). The change in lymphocyte number in BAL fluid was simi-
lar to that in total cell and macrophage numbers, with the exception that
the lymphocyte number of SCID mice at days 7 and 14 ended to be lower
than that of wild-type mice, completcly returning o the level of untreated
mice at day 28 (Figure 1C). On the other hand, the neutrophil number in
BAL fluid was increased at days 3, 7, and 14, and completely returned to the
level of untreated mice in both types, but the numbers in SCID mice were
generally lower than in wild-type mice (Figure 1.D).

As the results with i.t. injection of BLLM suggested that the interactions
among these cells might be different between wild-type and SCID mice, sim-
ilar experiments with i.t. injection of BCG, known to causc pulmonary in-
flammation that is triggered by initial recruitment of neutrophils [28], were
performed to verify the difference. It was observed that the 2 types of mice
again displayed different transitions of these cell mumbers in BAL fluid with
the i.t administration of BCG at a dose of 0.5 mg/mouse. This time, the to-
tal cell and macrophage numbers were increased after the treatment with
a peak at day 3, followed by lower but still high levels until day 28 in the
wild-type mice, whereas the numbers were gradually decreased {rom days
7 to 28, with a clear trend of returning to the level of untreated mice in
the SCID mice (Figure 24 and B). The lymphocyte number in BAL fluid
differed greatly between the 2 types of mice. Contrary to the significant and
continuous increase according to the time course in wild-type mice, lympho-
cytes in SCID mice completely returned to the untreated level as early as day
14, with a similar peak at day 3 (Figure 2C). The change in neutrophil num-
ber was similar to that in lymphocyte number in SCID mice. The neutrophil
number of wild-type mice, however, demonstrated a complex transition: it

jumped to a peak much the same as the total cell, macrophage, and lympho-

cyte numbers, returned to an untreated level as carly as day 7, elevated again
at day 14, and once again decreased at day 28 (Figure 2D). In contrast to i.t.
injection, s.c. administration of sublethal dose (50 mg/kg) of BML did not
causc drastic alieration of ccll numbers in BAL in both wild-type and SCID
mice during the period of 28 days (Figurce 3).
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FIGURE 1 Chronological alteration of total cells (A), macrophages (B), lymphocytes {C), and neu-
trophils (1) in BAL fluids after i.t. injection of BLM (0.1 mg/mouse) or saline. Although the number
of total cells, macrophages, and lymphocytes were dramatically increased similarly in wild-type and SCID
mice, they were again decreased ac day 28 in SCID mice, in contrast 1o the continuous increase in wild-
type mice. Neutrophils were wansicatly increased in mumber after BLM injection at days 3 to 14 in both
mousc ypes, Injection of saline did not cause significant cell count shift in cither type. Closed and open
squares represent data of wild-type CB17 mice with it injection of BLM and saline, respectively. Closcd
and open circles represent data of SCID mice with i.t. injection of BLM and saline, respectively. Dots
and bars represent means and standard deviations (1= 3 for each poinc). Asterisks indicate statistically
significant differences between SCID and wild-type mice treated with BLM (P < .03; Mann-Whitney's {7
test).

Alteration of Pathological Findings of the Lung by i.t. and s.c.
Administration of BLM

Histological examinations of the lung also revealed pulmonary inflam-
mation mainly in the interstitium at 28 days after i.t. BLM administration.
Although the severities of pathological alterations were generally similar be-
tween the wild-type and SCID mice, as demonstrated by elastica van Gieson
stain, lesions in wild-type mice had more abundant lymphocyte infiltration
than thosc in SCID mice (n= 13 for SCID, n= 11 for wild-typc; Figurc 4).
In contrast, s.c. BLM administration causcd [ocal interstitial changes limited
to the subpleural regions in both wild-type and SCID mice (n = 6; Figure 5},
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FIGURE 2 Chronological alteration of total cells (A}, macrophages (8). hvmphocytes (), and nen-
wophils {P) in BAL fluids after it injection of BCG vaccine (0.3 mg/mousc) or saline. When injected
with BCG, the total cells and macrophages were increased in mumber, with their peak at day 3. Although
they were decreased from days 7 to 28, they still remained at higher levels than in the mice injected with
saling, The decrease during this period was more prominent in SCID than in wild-type mice. Lympho-
cytes afier BOG vaccine injection continued increasing in number up 1o day 28 in wild-type inice, whereas
in SCID mice they had returned to a normal level at day 4. Neutrophils were transiently increased after
BCG vaccine injection at days 3 and 14 in wild-type mice. and only at day 3 in SCID mice. Closed and
open squares represent data of wild-type CB17 mice it injected with BCG vaccine and saline, respec-
tively. Closed and open circles represent data of SCID mice it injected with BCG vaccine and saline.
respectively. Dots and hars represent means and standard deviations (# = 5 for each point). Asterisks
indicate statistically significant differences between SCID and wild-type mice rreated with BLM (2 < .05;
Mann-Whitney's {7 test).

Alteration of Hydroxyproline Contents in the Lung by i.t. and s.c
Administration of BLM

Hydroxyproline content in the lung clevated significantly at day 28 af-
ter i.t, BLM injection, when compared to that after saline injection, in both
SCID and wild-type mice. Both before and after BL.M administration, there
was no significant difference in hydroxyproline content between wild-type
and SCID mice (n= 6; Figure 64). In contrast, s.c. administration of the

361



Downioaded By: [Takiguchi, Yuichi] At: 01:19 19 January 2008

Bleouycin Toxicity in SCID Mice 9

X 10%/iung X 10%lung
10 7 10 7
A ' B
51 5

0 T T T 1 0 - T T T ]

0 7 14 2t 28 0 7 14 21 28

days days
X 10%lung X 10%/lung
27 2 7
C D

|4 4
0--r s 1=5 0 '*’“‘@%

0 7 t4 21 28 0 7 14 21 28

days days

FIGURE 3 Chronological alicration of 1o1al cclls (A), macrophages (B), lymphocytes (), and new-
teophils (1)) in BAL (luids aficr s.c. adininistration of BLM (50 mg/kg) or saline. Administration of B1.M
andl saline did now canse significant celi count shift in cither mice type. Closed and open squares rep-
resent data of wildaype CBI7 mice with s, administraion of BLM and saline, vespectively. Closed and
open circles represent data of SCID mice with s.c. administration of BLM and saline, respectively. Dots
and bars represent means and standayd deviations (n = 7 for cach poinl).

agent did not alter hydroxyproline content in the lung at day 28 after
implantation of osinotic minipumps, in both wild-type and SCID mice (n=
6; Figure 6B).

Changes in Organs Other Than Lungs

At day 11 after the start of continuous s.c. administration of BLM at
a lethal dose (100 mg/kg), histological examination of brain, heart, liver,
kidneys, stomach, and small and large intestines failed to demonstrate any
abnormalities in SCID mice, and there was no difference between SCID
mice treated with BLLM and saline (n= 5; data not shown). Esophagi of
SCID mice treated with s.c. BLM, however, showed a remarkable degree of
hyperplasia of cells with large nuclei, accompanicd by severe keratosis in the
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FIGURE 4 Pubmonary lesions in wild-type (AL B, and €) and SCID (1, E. and F7) mice at day 28 by .t
injection of BLM (0.1 mg/body). Iistological examination revealed thickening ol alveolar sepia. prolif-
crating hroblasis, and infiltvation of histiocytes and lymphocyics in both animals. The degree of severity
and distribution of the lesions were generadly similar between the 2 mouse types whent demonstrated by
low power magnilication (A and O, original magnification x {0, [I&E stain). Elastica van Gicson stain 4
and £, griginal maguification x20) also disclosed similarity in coltagen fiber deposition between the 2
types. Closer observation with higher magnification (€ and F, ovighial magnilication 20, [I&KE stain),
however, uncovered more prominent fymphocyte infiluation in wild-ype tuan in SCID mice. The bars
vepresent 100 jon.

epithelium. In contrast, SCID mice treated with saline and wild-type mice
treated with s.c. BLM did not show such alteration (Figure 7). Bone marrow
cell counts in SCID miice treated with s.c. BLM were significantly elevated
when compared with those with saline, and no myclosuppression with s.c.
BLM administration was noted (Table 3). According to the observation of
mice during breeding, SCID mice treated with s.c. BLM ate and drank far
less than the ones treated with saline, although there was no evidence of
diarrhea in ecither group (data not quantified). As a consequence, mice
treated with s.c. BLM lost body weight in a 10-day period, whereas those
treated with saline gained weight probably because of their natural growth
(Table 3}.
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FIGURE 5 Pulmonary lesions in wilsd-type (A, B. and ) and SCID {D. . aud I) micc at day 28 by
s.c. administration of BLM (50 mg/kg). Histological examination revealed focal fibrosis limited 10 sub-
pleural regions in both witd-type and SCID mice. The degree of severity and distribution of the lesions
were generally similar between the 2 mouse types with low- and higher-power magnifications (A and D,
oviginal magrification x 10; ¢ and F, original magnification !x20, H&E stain). Elastica van Gicson stain
(B and I, with original magnification x20) also disclosed similarily in collagen fiber deposition between
the 2 types. The bars represent 100 jom.
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DISCUSSION

Intratracheal instillation of sublethal dose BLM induced diffuse pul-
monary infiltration and fibrosis, whereas its systemic administration caused
focal subpleural scarring in wild-type mice. This was concordant with the
well-established data of the experimental model of BLM-induced pulinonary
fibrosis [5]. This situation in pulmonary lesions was similar in case of SCID
mice. BAL and hydroxyproline content analyses with sublethal dose BLM
also did not cause significant alterations in inflammatory cell numbers and
pulmonary fibrosis in both wild-type and SCID mice. The significant dif-
ferences between the outcomes of i.t. and s.c. injection routes may be due
to the organ specificity of BLM-induced damage [29] and the fact that the
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FIGURE 6 Hydroxyproline content in the lung. Lungs were removed after the mice were sacrificed,
and were evaluated for hydroxyproline content. Lungs of wild-type and SCID mice contained shmilar
amounts of hydroxyproline at day 28 of i.c. salinc injection. They had significantly increased amounts of
hydroxyproline at day 28 of i.t. acininistration of a sublethal dose (0.1 mg/body) of BLM. There was no
significant difference beiween wild-type and SCID mice, suggesting that i.t. BLM administration causcd
severe fibrosis of the lungs of comparable degree between the two types of monse (A). In contrast, there
was no significant difference in hydroxyproline content between wild-type and SCID mice at day 28 of s.c
adininistration of a sublethal dosc (50 mg/kg) of the agent {B). The columns and bars represent means
and standard deviations (# = 6).

distribution of the BLM-inactivating enzyme, bleomycin hydrolase, is lack-
ing in the lung and skin [30].

Due to deficiency in DNA DSB repair in SCID mice, the cells of the
animals are hypersensitive to BLM that causes DNA DSB [24]. At the same
time, the SCID phenotype includes lymphocyte dysfunction due to the lack
of V(D)] recombination capability [16, 21-23}, and this may influences the

TABLE 3 Body weight and bonie marvow cell counts in the mice teated with s.c. BLM

Before After!  value*?
Bone marrow cell (x |()7)
BIM (100 mg/kg) NTY! L7 4045 (n = 10) —
Saline NT 0.63 £ 0.10 {0 = 0) —
p value*? 0.001
Body weight (g)
BLM (100 mg/kg) 248 £ 0.7 (n=12) 179+ 0.5 (u=12) 0.0018
Saline 248+ 1.2 (h = 6) 275 & 14 (n =06) 0.0231
p value™ (.8419 0.0003

12 ac 14 days afier the start of continuous s.c. adminisiration. .
“%: comparison betwveen hefore and after with Wilcoxon's rank sum test (paired).
4 comparison between BLM and saline with Manu-Whitney's {7 st

Y not Lested.
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FIGURE 7 Esophageal lesion by s.o. adiministetion of BLM, BLM ol 100 mg/kg was continuously ad-
ministered Cor 10 days by the osmotic minipumps implamed in the flank subauis. Severe esophagitis
characterized by thick epithelium, significaau undulation, keratinization, congested submncosal vessels,
and hyperplasia of cells with large-sized nuclei was evidentin SCID wiice {A and #B), whereas no signs of
esophiagitis developed in wildrtype mice with (he same dose of the agent (data not shown) or in SCID
mice weated with saline (€ and D). Esophagids scamed to be the most likely cause of deadls in SCID
mice treated with systemic delivery of BLM. Original magnitication was x 10 for A and €, and x40 for B
and D (H&E stain). The bars represent 100 jan.

development of pulmonary lesions by the agent, considering the lymphocyte
roles in this process. These 2 factors may interfere with each other in the
pathogencsis of pulmonary lesions by BL.M in SCID micc.

As cxpected, SCID mice had a much higher mortality than wild-type
mice with the systemic administration of BLM. Bone marrow suppression,
however, was not evident in SCID mice, confirming the fact that the agent
has only a mild effect on bone marrow |31]. Pathological examinations re-
vealed no abnormality in organs except for the esophagus, in which severe
csophagitis with remarkable hyperkeratosis and severe dysplasia developed.
Although the precise cause of death in SCID mice was not identified, this
severe esophageal damage might have had some impact on body weight loss
preceding death.

In contrast to systemic administration, mortality with i.t. injection of
BIL.M to SCID and wild-type mice was similar. That is to say, i.t. BLM-induced
pulmonary damage was comparable in terms of functional damage severity.
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The chronology of the alteration of BAL cells, however, was significantly
different between the 2 mouse types. Lymphocytes in BAL fluid of SCID
mice increased in number until 14 days after BLLM administration, the same
as in wild-type mice, but then declined by day 28 to the level of the saline-
injected control animals, whereas they continued to increase in number at
day 28 in wild-type mice. This phenomenon is in fact quite reasonable, as
SCID mice rendered impaired lymphocyte function with Icaky lymphocytces
[16]. Accordingly, the total cells and alveolar macrophages in BAL fluid at
day 28 were significantly less in number in SCID mice than ones in wild-type
mice.

. To verify this phenomenon, a strong stimulant of cellular immunity,
BCG, was injected to mice by i.t. route. Again, the lymphocyte number
in BAL fluid of SCID mice was significantly less than that of wild-type
mice when evaluated at days 7, 14, and 28. In addition, total cells, alveo-
lar macrophages and neutrophils in BAL fluid of SCID mice were signifi-
cantly less than those of wild-type mice at days 14 and 28. These observa-
tions confirmed the existence of an impaired lymphocyte response in the
process of pulmonary inflamnmation in SCID mice, as well as the diversity in
pulmonary damage between SCID and wild-type mice despite of the similar
mortality. Pathological cxaminations of the lungs after i.t. injection of BLLM
demonstrated that interstitial pncumonitis developed in both types of mice,
but that the pneumonitis in SCID mice was characterized by less lympho-
cyte infiloration than that in wild-type mice. This was in agreement with the
findings regarding the aforementioned differentiated cell numbers in BAL
fluid. Significantly elevated hydroxyproline contents by i.t. injection of BL.M
were observed similarly in both mouse types. All these findings suggested
that the severity of pulmonary fibrosis from i.t. BLM injection in SCID mice
was comparable to that in wild type, regardless of the lesser degree of lym-
phocyte involvement in the process in SCID mice.

A body of evidence has already illustrated the important roles of T
cell-mediated immune reactions in the development of BLM-induced
pulmonary damage; suppression of T-cell function by anti-CD4, anti-CD8
antibodies [6] and ant-CD3 antibody [32] diminished BILM-induced
pulmonary fibrosis as measured by hydroxyproline content in the lung,
and suppression of suppressor T ccells by means ol cyclophosphamide
augmenicd pulmonary fibrosis in a BL.M-resistant mouse strain [33].
Observations in athymic nude mice, inherently defective in T-cell func-
tions, however, scem controversial. One study demonstrated significantdy
decreased BLM-induced pulmonary fibrosis as measured by histological
findings, hydroxyproline content, and net collagen synthesis in the lung
[34], whereas another failed to demonstrate differences in pulmonary
fibrosis between athymic nude and its wild-type mice as measured by
histological examinations [35}. Although the reasons for these conflicting
results are not fully explained, ultimately, the difference in injection route
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of BLM, that is, the i.t. route in the former and i.p route in the latter,
possibly had a not insignificant role in these contrasting outcomes. In any
events, as far as the i.t. route is concerned, T-cell dysfunction in mice leads
to attenuation of pulmonary cell-mediated immune reaction, as was also
observed in the BAL findings of the currentstudy. On the other hand, other
studies [36, 37] demonstrated BLM (i.t. route)-induced pulmonary fibrosis
developmentin SCID mice with a comparable degree of severity Lo wild-type
mice, similarly to the present study. They also suggested a direct effect
of BLM on macrophages, based on the fact that IL-12 and TNF-« mRNA
were sustained at a high level in the affected lungs, and speculated that
pulmonary fibrosis in SCID animal was not the result of leaky T-cell develop-
ment [36]. A study concerning topically injected BLM-induced skin lesions
also disclosed comparable dermal fibrosis between SCID and wild-type mice
[38]. Accordingly, those studies concluded that lymphocyte functions were
not necessary in the development of fibrosis in these organs. Although
they did not compare the kinetics of inflammatory-cell recruitments in
the affected organs, our research clearly showed remarkable lymphocyte
infiltration in BAL fluid in the process of Bl.M-induced inflammation in
wild-type mice, as well as significantly higher sensitivity of SCID mice to
BLM.

SCID mice have somatic cells including pulmonary cpithelial and pul-
monary vascular endothelial cells that are hypersensitive to BLM, and im-
paired lymphocyte function. These 2 factors may cancel each other out,
thereby establishing pulmonary fibrosis with a similar degree of severity to
wild-type mice. In other words, the pulmonary lesions in SCID and wild-wype
mice represent 2 types of interstitial hing disease models: one with severe di-
rect tissue damage and mild inflammatory process, and the other with mild
direct tissue damage and severe inflammatory process. Although the present
study is preliminary in that it does not elucidate the kinetics of potentially in-
volved cytokines and chemokines, it proposes 2 types of lung injury models
by means of a single causative agent.

In conclusion, the i.t. injection of BLM to SCID and wild-type mice es-
tablished a novel experimental model for pulmonary fibrosis. In clinical sit-
uations, administrations of BLM and radiotherapy are exclusively for cancer-
bearing paticnts who, in many cascs, arc rclatively immune deficient duc to
their tumor burden and pretreauncnts with cytotoxic agents and/or radia-
ton, Therefore, the present experimental lung injury model promises to be
of significant value for practical lung injury by BLM and radiation exposure.
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Abstract

A 72-year-old man with tongue carcinoma complained of dyspnea on exertion 18 days after starting treat-
ment with S-1. Chest radiograph and CT scan suggested diffuse interstitial lesions with ground glass opacity
on both lungs. Bronchoalveolar lavage and transbronchial lung biopsy revealed moderate lymphocyte infiltra-
tion with granuloma. Drug lymphocyte stimulation test was positive against tegafur, one of the components
of S-1. These findings were consistent with S-1-induced lung injury. Both his symptoms and the radiographic
findings were resolved dramatically after high-dose corticosteroid therapy. Clinicians should be aware that S-
I has the potential to cause lung injury when it is included in chemotherapy.

Key words: lung injury, corticosteroid, drug lymphocyte stimulation test (DLST), S-1
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Introduction

Pulmonary toxicity by cytotoxic agents, in theory, falls
into three categories according to the mechanisms involved.
The first one relates to direct tissue damage by agents, the
second one is due to abnormal inflammatory cytokine induc-
tion or suppression by the agent’s original function or via
the effect of cytotoxicity, and the final one is by allergic re-
action to agents (I, 2). Now, a majority of the putmonary
toxicity cases caused by cytotoxic agents are considered a
consequence of a combination of the three mechanisms. For
example, pulmonary toxicity by bleomycin is initiated by
pulmonary vascular endothelial ccll damage, followed by
imbalance of cytokines and adhesion molecules, resulting in
severe damage to the alveolar epithelium and interstitium
(3).

S-1 is a recently approved oral anti-neoplastic agent com-
posed of three components, tegafur, 5-C-2, 4-dihydroxypyr-
idine (CDHP), and potassium oxonate (Oxo). Tegafur is a
prodrug of 5-FU that has been a key drug for gastrointesti-
nal cancers (4), and the other two components are combined
to enhance the cytotoxicity and suppress toxicity. In addition
to the clinical relevance of 5-FU, there is an increasing body
of evidence to suggest the clinical usefulness of S-1 (5-7).

The major adverse effects of S-1 arc hematological and gas-
trointestinal, but pulmonary toxicity is not well described.
Here, we report a case with S-l-induced lung injury, in
which the causative component of the drug was identified
by lymphocyte stimulation test (DLST), and treatment was
performed successfully with corticosteroid therapy.

Case Report

A 72-year-old man with advanced tongue carcinoma
(T4N2MO) was scheduled to undergo hemi-glossectomy. S-1
(80 mg/day) was started prior to surgery as induction che-
motherapy by an oral and maxillofacial surgeon. Eighteen
days after initiation, he experienced dyspnea on exertion and
fever (39.0C), accompanicd by severe hypoxemia (PaO: of
54.8 torr and PaCO: of 24.8 torr). Then he was admitted to
the respiratory department of our hospital. He was a current
smoker (two packs daily for 50 years) and his past clinical
history included mild renal dysfunction from chronic
glomerulonephritis, alcoholic liver discase, and gastro-
esophageal reflux disease. He had been given a proton pump
inhibitor (rabeprazole sodium), in addition to S-1.

When he was admitted the respiratory department, physi-
cal examination revealed no abnormality except for bilateral
fine crackles and pyrexia. Laboratory data included leuko-
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(B)

Figure 1. (A) HRCT on admission showed diffuse a reticu-
lar shadow and ground glass opacity predominantly at sub-
pleural lesions. (B) The lesions were dramatically resolved 7

days after corticosteroid treatment.

cyte counts of 3.9x10°/L with eosinophilia (12%) and mono-
cytosis (25%), elevated lactate dehydrogenase of 279 U/L,
alkaline phosphatase of 495 U/L, IgG of 1,945 mg/dl, IgE
of 811 mg/dl, blood urea nitrogen of 27 mg/dl, serum cre-
atinine of 1.45 mg/dl, CRP of 3.4 mg/ml and KL-6 of 750
U/ml. Chest radiograph showed reticular shadows on both
lung fields. High-resolution CT scan (HRCT) revealed dif-
fuse interstitial lesions with alveolar septal thickening and
ground glass opacity. (GGO), predominantly at subpleural le-
sions without findings of lung volume loss and honeycomb-
ing (Fig. 1A).

A pulmonary function test showed a marked decrease in
diffusing capacity of carbon monoxide (32.5% of predicted).
Microbiological examination was unremarkable including
negative antigen of Cytomegalovirus, Legionellu pneumo-
philia, negative PCR data for Mycobacterium tuberculosis,
Pneumocystis jiroveci, and negative antibodies to Myco-
plasma pneumoniae and Chlamydia pneumoniae. Bronchoal-
veolar lavage (BAL) from the right middle lobe showed
moderately increased cell counts (3.0 x 10*/ml) with lym-

Figure 2.
moderate lymphocyte infiltration in the pulmonary inter-

Specimen of transbronchial lung biopsy showed

stitiwm with fibro-edematous thickening and mild vasculitis.
Granuloma formation (arrow) was also seen (HE, original
magnification: x 10).

phocyte predominance (alveolar macrophages 17%, lympho-
cytes 79%, eosinophils 2%, and neutrophils 2%) and a nor-
mal T lymphocyte ratio of CD4/CD8 as 2.48. Transhron-
chial lung biopsy (TBLB) from the anterior segment of the
right lower lobe demonstrated moderate lymphocyte infiltra-
tion with granulomas (Fig. 2). DLST was employed for the
possible drugs that he was given. The three components of
S-1 were examined independently. The stimulation index
(SI) cut-off was set at 200%, and each drug was examined
at multiple concentrations. At higher concentrations, S-1 and
tegafur showed an apparently positivg response (the maxi-
mum SI of 460 and 619, respectively), whereas for rabepra-
zole sodium, CDHP yielded negative results. DLST for Oxo
showed a positive result with mild elevation of SI (246%)
only at one dilution point (Fig. 3). Taken together, a diagno-
sis of drug-induced lung injury was established. By the time
of the diagnosis, S-1 and rabeprazole had been discontinued,
although hypoxia and fever were still present.

High-dose corticosteroid (500 mg of methylprednisolone)
was initiated intravenously for three consecutive days fol-
lowed by oral prednisonc (1 mg/kg/day). Seven days after
treatment, both his symptoms and radiographic findings
were dramatically resolved (Fig. 1B). Also, aiveolar-arterial
oxygen gradient (A-aD0.) was significantly decreased from
64.2 to 40.8 torr, and predicted diffusing capacity was in-
creased from 32.5 1o 60.3% after treatment (Fig. 4).

Discussion

Most antineoplastic drugs have the potential to induce
pulmonary toxicity, involving lung parenchyma, airways,
pleura, and pulmonary circulation (8). The mainstay of treat-
ment of drug-induced pneumonia is to identify and remove
the causative agent as soon as possible. However, diagnosis
is often difficult due to the patient’s confounding factors,
i.e. pulmonary co-morbidities and other modalities such as
concomitant chemotherapy and radiation therapy (9).
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cpm
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Figure 3. Resuits of DLST with drugs administered to the

patient. The three components of S-1 were also cxamined
separately. Each agent, diversely diluted from 50 ~50° fold of
the original concentration (indicated in the figure), was
added to culture medinm containing the patient’s peripheral
lymphocytes. Note that the tests with tegafur and S-1 pro-
vided positive results at muitiple dilution points. The figure
also indicates the level of negative control and threshold for
judging as posilive.

Interstitial lung disease is the most common form of
drug-induced lung injury. Based on TBLB findings, the pres-
ent case was proven to have intcrstitial pneumonia, which
indeed responded to corticosteroid treatment. DLST was
also helpful for establishing the diagnosis. Although the re-
sult of DLST with Oxo was positive with mild elevation of
ST at one dilution point, this was not reproducible with other
dilution points. As the test was performed with multiple di-
lution points for each agent, and the three components of S-
I were examined independently, the pneumonitis of the pre-
sent paticnt was considered to be drug-induced, most likely
by tegafur. Kurakawa et al reported the first case of S-1 as-
sociated lung injury diagnosed by DLST, without specifying
a causative component (10).

The interpretation of DLST for antincoplastic drug re-
quires a certain caution. Some anti-metabolites directly af-

Torr

100 L.S-1 (80mg/body) |

—&— A-aDO02 (Torr)

80 mPSL
500mg
40
20
.. PSL40mg. . PSL 30wy
0 6 12 18 24 30 36 42
Days after S-1 initiation
% DLco 325 60.3

Figure 4. Clinical course. Interstitial pneumonia induced
by S-1 dramatically responded to corticosteroid therapy.

fect the *H-thymidine uptake of lymphocytes by inhibiting
DNA de novo synthesis, which could result in a false nega-
tive response. However, tegafur is able to elicit enhanced T-
cell proliferation even in non-sensitized individuals. In fact,
1 out of 10, and 4 out of 20 healthy volunteers showed
positive response against UFT (11), and S-1 (12), respec-
tively, when the SI cut-off was set at 200%. It would be im-
portant to note, however, that the SI in these healthy volun-
teers was not so very high, except for one subject with SI of
460% against S-1 (12), that is, it ranged from 124 to 204%
against UFT, and from 90 to 247% against S-1. This means
that attention should be paid to the cvaluation of DLST data
with anti-metabolites, and diagnosis should be made in com-
bination with other circumstantial evidence. The present case
was most likely affected with hypersensitivity to tegafur,
with other clinical findings including eosinophilia and an
clevated IgE level.

Pulmonary toxicity of S-1 has rarely been reported. Other
cytotoxic agents, 5-FU (active form of S-1) and UFT, which
also includes tegafur, however, have been reported to cause
mortality by lung injury (13, 14). As the use of S-1 be-
comes more common, the incidence of S-I related pulmo-
nary toxicity may also incrcasc. All clinicians should be
aware that S-1 has the potential to cause lung injury.
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Randomised phase I trial of irinotecan plus cisplatin vs irinotecan,
cisplatin plus etoposide repeated every 3 weeks in patients with
extensive-disease small-cell lung cancer
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Small-cell lung cancer (SCLC), which accounts for approximately
(4% of all malignant pulmonary tumours, is an aggressive
malignancy with a propensity for rapid growth and early
widespread metastases (Jackman and Johnson, 2005). A combina-
tion of cisplatin and etoposide (PE) has been the standard
treatment, with response rates ranging from 60 to 90% and median
survival times (MSTs) from 8 to 11 months in patients with
extensive disease (ED)-SCLC (Fukuoka et al, 1991; Roth et al,
1992). A combination of irinotecan and cisplatin (IP) showed a
significant survival benefit over the PE regimen (MST: 12.8 vs 9.4
months, P=0.002) in a Japanese phase I1I trial for ED-SCLC (Noda
et al, 2002), although another phase II[ trial compating these
vegimens failed to show such a benefit (Hanna et al, 2006). Thus,
irinotecan, cisplatin and etoposide are the current key agents in
the treatment of SCLC. A phase If trial of the three agents, IPE
combination, in patients with ED-SCLC showed a promising
antitumour activity with a response rate of 77%, complete
response (CR) rate of 17% and MST of 12.9 months (Sekine
¢t al, 2003).

We have developed these IP and IPE regimens in a 4-week
schedule where irinotecan was given on days 1, 8 and 15. The dose
of irinotecan on day 15, however, was frequently omitted because
of toxicity in both regimens (Noda ef al, 2002; Sekine et al, 2003).

*Cormrespondence: Dr | Seline, Division of Intemnal Medicine and
Thoracic Oncology. National Cancer Center Hospital, Tsukiji S-1-I,
Chuo-ku, Tokyo 104-0045, Japan; E-mail: isekine@nccgo.jp

Received 5 October 2007; revised 2 January 2008; accepted 9 Janvary
2008
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Patients with previously untreated exlensive-disease smafl-cell lung cancer were treated with irinotecan 60mgm™" on days | and 8
and cisplatin 60mgm"‘Z on day | with (n=>55) or without {n = 54) etoposide 50 mgm"‘ on days | -3 with granulocyte colony-
stimulating factor support repeated every 3 weeks for four cydles. The triplet regimen was t00 toxic to be considered for further

British Journol of Cancer advance online publication, 5 February 2008; doi:{0.1038/sj.bjc.6604233 www.bjcancer.com

Keywords: small-cell lung cancer; chemotherapy, irinotecan; etoposide; three drug combination

The objectives of this study were to evaluate the toxicities and
antitumour cffects of IP and IPE regimens in the 3-week schedule
in patients with ED-SCLC and to select the right arm for
subsequent phase III trials.

PATIENTS AND METHODS

Patient selection

Patients were envolled in this study if they met the following
criteria: (1) a histological or cytological diagnosis of SCLC; (2) no
prior treatment; (3) measurable disease; (4) ED, defined as having
distant metastasis or contralateral hilar lymph node metastasis; {5)
performance status of 0~2 on the Eastern Cooperative Oncology
Group (ECOG) scale; (6) predicted life expectancy of 3 months or
longer; (7) age between 20 and 70 years; (8) adequate organ
function as documented by a white blood cell (WBC) count
4.0 x 10° ul™", neutrophil count >2.0 x 10> 1™}, haemoglobin
295gdl™", platelet count >100x10°;0"", total serum
bilirubin < 1.5mgdl™", hepatic transaminases<100IU17’, serum
creatinine <1.2mgdl™", creatinine clearance >60mimin™", and
Pa0, >60torr; and (9) providing written informed consent.
Patients were not eligible for the study if they had any of the
following: (1) uncontrollable pleural, pericardial effusion or
ascites; (2) symptomatic brain metastasis; (3) active infection;
{4) contraindications for the use of irinotecan, including
diarrhoea, ileus, interstitial pneumonitis and lung fibrosis; (5)
synchronous active malignancies; (6) serious concomitant medical
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illness, including severe heart disease, uncontroliable diabetes
mellitus or hypertension; or (7) pregnancy ot breast feeding.

Treatment schedule

In the IP arm, cisplatin, 60mgm~% was administered intra-
venously over 60 min on day 1 and irinotecan, 60 mgm™?, was
administered intravenously over %0min on days 1 and 8.
Prophylactic granulocyte colony-stimulating factor (G-CSF) was
not administered in this arm. In the TPE arm, cisplatin and
irinotecan were administered at the same dose and schedule as
the [P arm. In addition, etoposide, 50 mgm™, was administered
intravenously over 60 min on days 1-3. Filgrastim 50 ugm™> or
lenograstim 2 pgkg ™ was subcutaneously injected prophylacti-
cally from day 5 to the day when the WBC count exceeded
10.0 x 10® yi4~'. Hydration (2500 ml} and a SHT; antagonist were
given en day I, followed by an additional infusion if indicated in
both arms. These treatments wete repeated every 3 weeks for a
total of four cycles. :

Toxicity assessment, treatment medification and response
evaluation

Toxicity was graded according to the NCI Common Texicity
Criteria version 2.0.

Doses of anticancer agents in the following cycles were modified
according to toxicity in the same maaner in both arms. Objective
tumour response was evaluated according to the Response
Evaluation Criteria in Solid Tumors {RECIST) (Therasse et al,
2000).

Study design, data management and statistical
considerations

This study was designed as a multi-institutional, prospective
vandomised phase II trial. This study was registered on 6
September 2005 in the University hospital Medical Information
Network (UMIN) Clinical Trials Registry in Japan (http://
www.umin.ac.jp/ctrfindex.htm), which is acceptable to the Inter-

" national Committee of Medical Journal Editors (ICMJE) (hitp:/

www.icmje.org/faq.pdf). The protocol and consent form were
approved by the Institutional Review Board of each institution.
Patient registration and randomisation were conducted at the
Registration Center. No stratification for randomisation was
performed in this study. The sample size was calculated according
to the selection design for pilot studies based on survival (Liu et al,
1893). Assuming that (1) the survival curve was exponential for
survivals; (2) the MST of the worse arm was 12 months and that of
the better arm was {2 months X 1.4; (3) the correct selection
probability was 90%; and (4) additional follow-up in years after the
end of accrual was 1 year, the estimated required number of
patieats was 51 for each arm. Accordingly, 55 patients for each arm
and their accrual period of 24 months were planned for this study.

The dose intensity of each drug was calculated for each patient
using the following formula as previously described:

The dose intensity (mgm 2 week ™)
__ Total milligrams of a druginall cycles perbody surfacearea
- Total days of therapy/7

where total days of therapy is the number of days from day { of
cycle 1 to day 1 of the last cycle plus 21 days for both arms
(Hryniuk and Goodyear, 1990).

Differences in the reason for termination of the treatment and
the frequencies of grade 3-4 toxicities were assessed by ¥, tests.
Survival was measured as the date of randomisation to the date of
death from any cause ot the date of the most recent follow-up for
overall survival and to the date of disease progression or the date
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of death for progression-free survival {PFS). The survival of the
arms was estimated by the Kaplan-Mejer method and compared
in an exploratory manner with log-rank tests (Armitage et al,
2002).

RESULTS
Patient characteristics

From March 2003 to May 2005, 55 patients were randomised to IP
and 55 patients to IPE. One patient in the 1P arm was excluded
because the patient was ineligible and did not receive the study
treatment. The remaining 109 patients were included in the
analyses of toxicity, tumour response and patient survival. There
were no differences between the two arms in any demographic
characteristics listed (Table 1).

Treatment delivery

Treatment was well tolerated with respect to the number of cycles
delivered in both arms (Table 2). Among reasons for termination
of the treatment, disease progression was noted in nine (17%)

Table 1 Patient characteristics
iP {n=54) IPE (n=55)

Sex '

Female i 8

Male 43 47
Age (years)

Median {range) 63 (12-70) 62 (18~70)
129

0 T 12

1 42 41

2 | 2
Weight lass

0—4% 38 43

5-9% 0 10

210% 6 2
Table 2 Treatment delivery

IP(n==54) IPE (n=35)
No. (%) No. (%)

Number of ccies delivered

6 — )

4 4l (76) 36 (65)

3 611 6 (1)

2 3(6) 6 (1)

i 4 @) 6(11)
Reasons for terminatien of the treatment’

Completion 40 (74) 3564 - -

Disease progression 9 (17} 2 (4)

Toxicity 3{6) 13 24)

Patient vefusaf 2(1) -4 ()

Others 00 1
Total number of cycles delivered 192 (£00)
Total number of omission on day 8 35 (18) 37(17)
Total number of cycles with dose reduction 28 (15) 31 (17)

'P=0013 by * test. *Protocal violation.

© 2008 Cancer Research UK
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patients in the IP arm and in two (4%) patients in the IPE arm,
whereas toxicity was noted in three (6%) patients in the IP arm and
13 (24%) patients in the IPE arm (P = 0.013) (Table 2). The dose of
irinotecan on day 8 was omitted in 35 (18%) cycles in the IP arm
and 37 (179) cycles in the IPE arm (Table 2). The total dose and
- dose intensity of cisplatin and etoposide were similar between the
IP and IPE arms in the present study (Table 3).

Toxicity
The myelotoxicity was more severe in the IPE arm (Table 4). Grade

3 febrile neutropaenia was noted in 5 (9%) patients in the IP arm
and 17 (31%) patients in the IPE arm (P = 0.005). Packed red blood

Table 3 Total dose and dose intensity

3.week regimens in this study 4-week regimen®

1P (rt - 54)
Median (range)

tPE (n =585)
Medlan (range)

{PE {n--30)
Median (range)

Totaf dose {mgm™?)

Cisplatin 240 (60-240) 240 (60-360) 340 (60-240)

lrinptecan 420 (60-480) 390 (60-720) 563 (60-720)

Etoposide 0 600 (150-300) 600 (150-600)
Dose intensity {mgm™ 2 vicek™")

Cisplatin 19 (14-25) 20 (16-34) (5 (1215)

irinotecan 33 (11-40) 35 (15-55) 35 (19-45)

Etoposide 0 48 (34-68) 37 (28-38)

'From our previous study (Sekine etol 2003).

Table 4 Grade 3~ toxicities

IP (n=54) IPE (n =58)
Grade3 4 3+4(%) Gradel 4 344 (%)
Leukocytopaenia 9 109 18 1 2% (53
Neutropaenia 17 I 28 (52) 24 28 52 (95)°
Anzemia 18 0o 1825 6 9 25{45)
Thrombocytopaenia 2 0 29 13 0 13013
Fetrile neutropaenia 5 0 59 17 0 7(i3)
Diarvhoea 8 0 8{l9) 1l 2 13(9)
Vomiting 4 0 4 3 ¢ 30
Fatizue f 0 1{) S (RN
Hyponatracmia 9 31222 H 2 139
AST efevation 0 0 0 3 0 3()
CRN efevition 1 0 1 (2) 0 ¢ 0(0)
“P<0001: 'P<001; and 1P = 0,054 by #? test.
Ao
8
ot 0.8
2
0
8 0.6
g
=04
2
k~
g 0.2
o«
0
0 6 12 18 24 30 36 42

Months
Figure |
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cells were transfused in 4 (7%) patients in the IP regimen and 14
(26%]) patients in the IPE regimen (P=0.011). Platelet concen-
trates were needed in none in the IP regimen and 2 (4%) patients
in the IPE regimen (P =0.16). Grade 3-4 diarthoea was observed
in 8 (15%) patients in the I? arm and 13 (24%) patients in the [PE
arm (P =0.262). Grade 3-4 fatigue was more common in the IPE
arm with marginal significance (2 vs 11%, P =0.054). The severity
of other non-haematological toxicities did not differ significantly
between the arms, No treatment-related death was observed in this
study.

Response, treatment after recutrence and survival

Four CRs and 37 partial responses (PRs) were obtained in the IP
arm, resulting in the overall response rate of 76 with 95%
confidence interval (CI) of 65-87%, whereas six CRs and 42 PRs
were obtained in the IPE arm, and the overall response rate was
87% with a 95% CI of 79-96% {P=0.,126). Median PES was 4.8
months (35% CI, 4.0-5.6) in the IP and 5.4 months (95% CI, 4.8~
6.0) in the [PE arm (P =0.049) (Figure 1A). After recurrence, 22
(449) patients in the IP arm and 8 (16%) patients in the IPE arm
received etoposide-containing chemotherapy. The MST and 1-year
survival rate were 12.4 months (95% CI, 9.7~ 15.1) and 54.8% (95%
Cl, 41.4~-68.2%) in the IP and 13.7 months (95% CI, 11.9-15.5)
and 61.5% (95% CI, 48.6-74.4%) in the [PE arm {(P=0.52},

‘respectively (Pigure 18).
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Proportion surviving

DISCUSSION

This study showed that the IPE regimen in a 3-week schedule with
CSF support produced a promising response rate, PFS and overall
survival. Haematological toxicity in the IPE arm, however, was
very severe in spite of the G-CSF support with the grade 3 febrile
neutropaenia noted in 31% of patients.

In comparison between the 3-week IPE regimen in this study
and the 4-week IPE regimen in the previous study, the delivery of
cisplatin and etoposide was improved in the 3-weelk IPE regimen
when compared with the 4-week IPE regimen at the cost of the
irinotecan total dose. The response rate and MST were 87% and
13.7 months, respectively, in the 3-weck IPE regimen and 77% and
12.9 months in the previous 4-week schedule, and toxicity profiles
were comaparable to each other (Sekine et al, 2003). .

The MST of 12.4 months in the IP arm in this study was
comparable to that of the previous phase 11I study, with an MST of
12.8 months (Noda et al, 2002). Thus, this study showed the
reproducible excellent survival outcome of patients with ED-SCLC
who were treated with the 1P combination. In contrast, a recent
American phase Il study of the PE regimen vs IP regimen fziled to
show the superiority of the IP regimen to the PE regimen; the MST

6 12 18 24 30 38 42 48
Months

4]

Progression-free survival {A) and overall survival (B). Thick fine indicates the IPE regimen and thin line indicates the IP regimen,
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for the PE regimen was 10.2 months and that for the IP regimen
was 9.3 months (Hanna ef al, 2006). The discrepancy between the
Japanese and American trials may be explained by the different
cisplatin dose schedules; cisplatin was delivered at a dose of
tSOrﬂgm‘2 on day 1 every 3 or 4 weeks in the Japanese trials,
whereas cisplatin was delivered at a dose of 30mg m~? on days 1
and 8 every 3 weeks in the American one. A platinum agent
administered at divided doses was associated with poor survival in
patients with ED-SCLC in our previous randomised phase IT study
(Sekine et ai, 2003).

The issue of adding further agents to the standard doublet
regimen has been investigated in patients with ED-SCLC. The
addition of ifosfamide or cyclophosphamide and epirubicin to the
cisplatin and etoposide combination produced a slight survival
benefit, but at the expense of greater toxicity (Loehrer ef al, 1995;
Pujol et al, 2001). Phase 11 trials of cisplatin and etoposide with or
without paclitaxel showed unacceptable toxicity with 6-13% toxic
deaths in the paclitaxel-containing arm (Mavroudis et al, 2001;
Niell et al, 2005). The results in these studies and the current study
are consistent in the increased toxicity despite the G-CSF support
and no definite survival benefit in the three or four drug
combinations over the standard doublet in patients with ED-SCLC.
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In conclusion, the IPE regimen was marginally more effective
than the IP regimen, but was too toxic despite the administration
of prophylactic G-CSE.
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