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Figure 2. Comparison of protein and mRNA expression levels of various factors between low and highly metastatic gastric cancer
cell lines. (A) Western blot analysis of total cell lysates shows protein expression levels of NDRG1, growth factor receptor, EMT-related proteins, Wnt/
B-catenin-related proteins, and other factors in HSC-58, 58As1 and 58As9 cells. (B) Comparison of mRNA expression levels of NDRG1, E-cadherin,
vimentin, Snail, MMP-1 and B-catenin in HSC-58, 58As1 and 58As9 cells by qRT-PCR analysis. (C) Immunocytochemical analysis of E-cadherin and -
catenin in HSC-58 and 58As9, using specific antibodies against E-cadherin, B-catenin and DAP1. Magnification x200. (D) Western blot analysis shows
expression of B-catenin and Snail in nucleus and cytosol fraction. CREB, a nuclear marker, and o-tubulin, a cytosol marker. (EF) Comparison of
luciferase activity driven by E-cadhrin promoter and B-catenin (TopFlash) driven promoter between HSC-58 and its highly metastatic cell lines. The
relative promoter activity is presented when normalized by the activity in HSC-58. *p<<0.01.

doi:10.1371/journal.pone.0041312.g002

expression of the vimentin (VIM) and Snail (SNAII). We next microarray analysis (Figure 4B, C). These two cell lines showed
performed western blot and qRT-RCR analyses for several much lower expression of both NDRGI mRNA and protein
molecules that were modulated by NDRG1 knockdown in the compared to the Asl/Mock3 cells. Enhanced expression of E-
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Figure 3. Comparison of biological characteristics between highly metastatic 58As1 and its NDRG1 knockdown cell lines. (A) Cell
proliferation in RPMI 1640 containing 10% FBS was followed after seeding 5x10* cells/dish on day 0. Doubling times were similar for As1/
Mock3(black), As1/Sic50(gray) and As1/Sic54(white) cells (26-30 hr). (8) Cell morphology of As1/Mock3, As1/Sic50 and As1/Sic54. Typical cell
morphology in culture shows As1/Mock3 suspension-type cell growth and attached layer-type cell growth of both NDRG1 knockdowned cell lines. (C)
Representative images of colonies of As1/Mock3, As1/Sic50 and As1/Sic54 when incubated for 14 days in soft agar (left panel). Quantitative analysis
of colony formation activity by three cell lines when 5 dishes for each line were scored (right panel). Significant differences (¥*p<<0.01) in colony
number between 58As1 and its NDRG1 knockdown cell lines.

doi:10.1371/journal.pone.0041312.g003
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cadherin was consistently observed in Asl/Sic50 and Asl/Sic34
cells compared to Asl/Mock3 cells by western blot analysis. In
As1/8ic50 and Asl1/8ic54 cells, both western blot and gRT-PCR
analyses confirmed decreased expression of vimentin and Snail
without affecting expression of p-ERK1/2, ERK1/2, p-Akt, Akt,
p-GSK-3B and GSK-3p (Figure 4B, C).

On the other hand, NDRGI is well known to suppress
metastasis and cell proliferation by prostate and colon cancer
cells. Recent studies have demonstrated that NDRG1 modulates
‘Wnt-B-catenin signaling pathway with enhanced expression of E-
cadherin in human prostate and colon cancer cell [18,19].
However, NDRG1 knockdown in 38As! cells did not affect the
B-catenin expression both at protein and mRINA level (Figure 4B,
(). And also B-catenin driven promoter activity by TopFlash
reporter assay revealed no difference in the promoter activity
between Asl/Mock and NDRG1 silenced cell lines. Therefore, -
catenin expression was not affected by NDRG! knockdown.
NDRG]1 knockdown thus consistently increased expression of E-
cadherin and decreased expression of Snail and vimentin in the
highly metastatic cell line. However, there was no apparent change
in expression of B-catenin by NDRGI knockdown.

Enhanced E-cadherin Promoter Activity by NDRG1
Knockdown through Snail in Gastric Cancer Cells

Of various transcription factors that suppress expression of E-
cadherin including Snail, Slug, Twist, TCF4 and SIPl [20],
expression of Snail was specifically modulated by NDRGI1 in
gastric cancer cells. We examined whether expression of E-
cadherin and/or vimentin could be regulated by Snail in HSC-58
cells. Transient treatment with Snail siRNA resulted in increased
expression of E-cadherin, but not that of vimentin and NDRG1, in
time-dependent manner (Figure 5A). There was only a slight if any
increase in P-catenin expression by Snail knockdown. Further-
more, E-cadherin promoter-driven luciferase activity was signifi-
cantly suppressed by transfection of Snail complementary DNA in
two cancer cell lines tested (Figure 5B). We next compared E-
cadherin promoter activity between Asl/Mock3 and its NDRG1
silenced cell lines. As seen in Figure 5C, there was significant
(*p<0.05) enhancement of E-cadherin promoter activity by
NDRG! knockdown.

GSK-3B is a key enzyme for activation of EMT pathway
[20,21], and also for phosphorylation of NDRGI1 [22,23].
Expression of p-GSK-3B was increased in the highly metastatic
cell line, 58As! (see Figure 2A). We examined whether GSK-3f
was involved in NDRG1 induced altered expression of E-cadherin
and vimentin. Treatment with an inhibitor (CT99021) of GSK-3f
resulted in decreased expression of p-NDRG1 and p-GSK-3p, and
also increased expression of E-cadherin and B-catenin in 58Asl
cells (Figure 3D). As shown in Figure 3E, B-catenin knockdown did
not affect expression of E-cadherin, vimentin and Snail.

NDRG1 Knockdown Induces Mesenchymal Epithelial
Transition and Suppresses Metastasis to the Peritoneum
by Highly Metastatic Gastric Cancer Cells

Comparing tumor growth rates of Asl/Mock3, As1/Sic50 and
Asl/8icd4 cells in a xenograft model revealed slower tumor
growth rates of both Asl/Sic30 and Asl/Sic34 by NDRGI
knockdown (Figure 6A, B). NDRG1 knockdown suppressed the
local invasion of Asl/Mock3 tumor cells into the surrounding
stroma and adjacent adipose and/or muscle tissue, and encapsu-
lated tumor growth (Figure 6C). High expression of E-cadherin
was observed in Asl/Sic50 and Asl/Sic34 tumors, while high
expression of vimentin was observed in cancer cells of Asl/Mock3
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tumors (Figure 6D). By contrast, there was almost no change in
expression of P-catenin in As1/Sic50 and Asl/Sic34 tumors as
compared with Asl/Mock3 tumor.

To examine whether NDRG1 knockdown could affect metas-
tasis to the peritoneum and accumulation of ascites, we compared
the metastatic potential of Asl/Sic50 and Asl/Mock3 cells after
orthotopic transplantation. Figure 7A shows representative images
of the enlarged abdominal cavity and the presence of cancer
nodules in the peritoneum. After orthotopic inoculation of Asl/
Sic30 cells, the number of the nodules appearing in the
peritoneum was about 30% less than those resulting from Asl/
Mock3 cells, but this decrease was not statistically significant
(p=10.21) (Figure 7B). However nodules resulting from As1/81c50
cells showed much smaller sizes than those from Asl/Mock3 cells
(Figure 7A). The accumulation of ascites by Asl/Sic50 cells was
significantly (*p<<0.01) decreased, to about 10% of that induced by
As1/Mock3 cells (Figure 7C). Furthermore, there was a significant
(*4<<0.01) increase in the survival rate of mice inoculated with
As1/8ic50 cells (51216 days) compared with 35214 days for mice
inoculated with Asl/Mock3 cells, indicating that NDRGI
knockdown prolongs survival (Figure 7D).

Discussion

We have previously reported that NDRG1 is closely correlated
with tumor angiogenesis and poor survival in patients with gastric
cancer, suggesting that NDRGI is a predictive biomarker for
malignant progression of gastric cancer [9]. From our present
study, we observed the following properties underlying the
acquisition of a high metastatic potential in gastric cancer:
microarray, western blot and RT-PCR analyses together revealed
upregulation of NDRG1 in the highly metastatic cell lines, 58Asl1
and 58As9, compared with their low metastatic parental
counterpart, HSC-38; higher expression of vimentin, Snail, and
MMP-1, and lower expression of E-cadherin and B-catenin were
evident in the highly metastatic cell lines compared with their
parental counterpart; of the genes downregulated in the highly
metastatic cell line, NDRG1 knockdown resulted in upregulation
of E-cadherin, and downregulation of vimentin and Snail, but
almost no effect on expression of B-catenin; E-cadherin promoter
activity was significantly augmented by NDRG! knockdown;
NDRG! knockdown also suppressed peritoneal dissemination and
accumulation of ascites, and invasion of highly metastatic cells into
surrounding normal tissues.

In the present study, NDRGI knockdown resulted in the
suppression of metastasis by highly metastatic gastric cancer cells
(Figure 6, 7), suggesting that NDRGI may be a metastasis
promoter gene rather than a metastasis suppressor gene in gastric
cancer. Our present study strongly supports the idea that whether
NDRGI promotes or suppresses the malignant progression of
human cancer depends upon tumor types and/or differentiation
status [11,12]. However, it remains unclear why NDRGI
functions as tumor suppressor or promoter depending upon tumor
types or histological types. Our previous study demonstrated that
NDRGT suppresses tumor growth and angiogenesis of pancreas
cancer through NDRG1 driven attenuation of NF-xB signaling
pathway [24,25]. Recent study has reported that expression of
metastasis suppressor gene, KAII gene, is involved in NDRGI
mediated metastasis suppression of prostate cancer through ATF3-
NF-xB pathway [26]. Further study is required to understand
which regulatory mechanism is specifically responsible for
NDRGI1 driven promotion of malignant progression by gastric
cancer cells.
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Figure 4. Altered expression of EMT-related factors by NDRG1 knockdown in highly metastatic 58As1. (A) Microarray analysis for the
effect of NDRG1 knockdown on expression of genes that are up- or down- regulated in Asl/Sic50 versus As1/Mock3. Relative expression rates are
presented on genes belonging to three biological functions. (B) Comparison of protein expression levels of NDRG1, EMT-related proteins, B-catenin,
Akt, p-Akt, ERK1/2, p-ERK1/2, GSK-3B, p-GSK-3B and EGFR by western blot analysis with total cell lysate. (C) The mRNA expression of NDRG1, E-
cadherin, vimentin, Snail, MMP-1 and B-catenin was determined by qRT-PCR analysis. (D) Comparison of luciferase activity driven by B-catenin
(TopFlash) between As1/Mock3 and its NDRG1 knockdowned cell lines. Relative luminescence fold is presented when normalized by the value in As1/
Mock3. Each column is average of triplicate trials=SD.

doi:10.1371/journal.pone.0041312.g004
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Figure 5. Enhancement of E-cadherin promoter activity by NDRG1 knockdown in highly metastatic gastric cancer cell. (A)
Comparison of protein expression levels of E-cadherin, B-catenin, NDRG1 and vimentin when transiently treated with Snail siRNA for 0, 48 and 96 hr
by western blot analysis in HSC-58 cell. (B) E-cadherin promaoter-driven luciferase activity in the absence or presence of Snail expression in HSC-58 and
BxPC-3 cells. E-cadherin-luc was transfected with or without pcDNA3-Snail, and the luciferase activity was measured. Each column is average of
triplicate trials (*p<<0.05). (C) Comparison of E-cadherin promoter-driven luciferase activity (E-cadherin-luc) in As1/Mock3, As1/Sic50 and As1/Sic54.
Each column is average of triplicate trials (*p<0.05). (D) The effect of CT99021 on protein expression of NDRG1 and various EMT-related molecules by
Western blot analysis. 58Asl| cells were treated with indicated doses of the drug for 24 hr. (E) The effect of B-catenin knockdown by its siRNAs on
expression of E-cadherin. HSC-58 cells were transfected with siRNAs for 24 hr, and total cell lysates were analyzed by Western blot analysis.

doi:10.137 V/journal.pone.0041312.9005
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Figure 6. NDRG1 knockdown suppresses tumor growth and invasion by highly metastatic cancer cell. (A) Tumor growth was followed
after subcutaneous inoculation of 5x10% As1/Mock3 (), As1/Sic50 (M) and As1/Sic54 cells (A). Inlet shows no apparent NDRG1 expression in either
As1/Sic50 or As1/Sic54 tumors. (BJTumor volume for As1/5ic50 (p=0.87) and As1/Sic54 cells were slightly smaller than for As1/Mock3 (day28). Each
column is an average of four animals (£5D) (*p<0.05). (C) Representative H&E staining of tumor samples. Dashed lines indicate tumor margins,
closed triangles indicate invasion of cancer cell in normal tissue. ‘T" indicates tumor cells. (D) IHC images of E-cadherin, vimentin, f-catenin and Ki-67
expression in As1/Mock3, As1/5ic50 and As1/5ic54 tumors.

doi:10.1371/journal.pone.0041312.g006
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Figure 7. Suppression of peritoneal dissemination by NDRG1 knockdown. (A) Macroscopic images show enlarged peritoneal cavity and
metastatic nodules by As1/Mock3 and As1/Sic50. Arrowheads show nodules. (B) Number of metastatic nodules in the mesenterium was 51216 (As1/
Mock3) and 35+ 14 (As1/5ic50) (p = 0.21), but the As1/Mock3 nodule size was 3-4 times larger than those of As1/5ic50. (C) Comparison of the volume
of ascites between As1/Mock3 (3.91.0 ml) and As1/Sic50 cells (0.5%0.6 ml) following orthotopic implantation (n=7) (* p<<0.01). (D) Survival curves
show that survival rate in As1/Sic50 tumor-bearing mice was significantly (* p<<0.01) longer than that of As1/Mock3 tumor-bearing mice (n =6). (E)
Our hypothetic model how NDRG1 overexpression promotes metastasis including peritoneal dissemination through alteration of EMT by scirrhous
gastric cancer cells, possibly through modification of Snail expression.

doi:10.1371/journal.pone.0041312.g007
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EMT is a recent highlight that could be closely associated with
cancer malignant progression including acquirement of highly
metastatic potential [15,16]. In our present study, NDRGI
knockdown enhanced the expression of E-cadherin and suppressed
the expression of vimentin both in vitro and in vivo. NDRG1 may
play a key role in the switch from a polarized epithelial phenotype
to a highly motile mesenchymal phenotype. Partial or complete
loss of E-cadherin is often observed during the progression toward
malignancy in numerous tumors, including gastric cancer [27,28].
Oliveira et al. [29] reported a close link between E-cadherin loss
and high metastatic potential in gastric cancer. Chan et al. [30]
also reported soluble E-cadherin as a biomarker for prolonged
survival of gastric cancer patients. NDRG1 knockdown resulted in
relatively higher E-cadherin expression in Asl/Sic30 tumors than
in Asl/Mock3 tumors, suggesting that NDRG1 may specifically
control the EMT possibly through the transcription factor Snail by
gastric cancer cells (Figure 7E).

Wht signaling has pivotal roles in the malignant progression and
metastasis by lung and breast cancer cells [31,32], and Wnt
signaling also induces EMT which involves the metastatic
progression of epithelial cancer [31,33]. NDRGI is known as a
metastasis suppressor gene in prostate and colorectal cancer cell
[11,12]. Liu et al [18] has reported that NDRGI1 suppresses
metastasis through Wnt/B-catenin signaling pathway in prostate
cancer cells. A relevant study by Chen et al [19] has also
demonstrated that NDRG! modulates TGF-B-induced EMT
through altered expression of f-catenin and E-cadherin in
colorectal cancer cell. Our present study showed decreased
expression of P-catenin in both highly metastatic cell lines
compared to the parental counterpart, HSC-38. However, both
western blot and gRT-PCR analyses showed no marked change in
expression levels of B-catenin and also B-catenin driven promoter
activity between highly metastatic 58Asl cells and its two NDRGI1
silenced cell lines. It seems less likely that B-catenin plays a pivotal
role in suppression of metastasis by NDRG1 knockdown in highly
metastatic cancer cells.

On the other hand, GSK-38 is also known to play a role in the
control of EMT [20,21], and GSK-3 is an essential enzyme for
the phosphorylation of NDRG1, an excellent substate of GSK-3f
[22,23]. The expression of p-GSK3B was relatively higher in the
highly metastatic cell lines than their parental cell line (Figure 2B).
Treatment with a potent inhibitor of GSK-3f resulted in a
suppressed expression p-NDRG1, accompanied by upregulation
of E-cadherin and B-catenin (Figure 5D). However, there was
almost no difference in expression of GSK-3p and p-GSK-3f by
NDRGI1 knockdown in the highly metastatic cells (Figure 4B),
suggesting that GSK-3B may not play a major role in the
induction of EMT through NDRGI in gastric cancer cells.

Snail is a representative transcription factor that controls
expression of E-cadherin [20]. Of various regulatory factors that
transcriptionally control E-cadherin, expression of Snail was
specifically modulated by NDRGI in gastric cancer cell lines used
in this study. Snail knockdown induced upregulation of E-cadherin
(Figure 5A), and exogenous tarnsfection of Snail cDNA suppressed
E-cadherin promoter activity (Figure 3B).

In highly metastatic gastric cancer cell lines, expression of Snail
was upregulated as compared to their low metastatic counterpart,
HSC-58 (Figure 2A, B). Both NDRGI silenced cell lines, Asl/
Sic50 and Asl/Sic4, showed decreased expression of Snail as
compared to their highly metastatic counterpart, Asl/Mock3
(Figure 4B, C). Furthermore, E-cadherin promoter activity was
significantly stimulated in both NDRG! silenced cell lines as
compared to their highly metastatic counterpart (Figure 5C).
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In conclusion, NDRG1 knockdown induced the upregulation of
E-cadherin and downregulation of vimentin and Snail, and
suppressed the invasion, metastasis and accumulation of ascites
by the highly metastatic gastric cancer cells. This NDRGI
mediated regulation of E-cadherin and/or vimentin expression
affected epithelial mesenchymal transition of gastric cancer cells.
This NDRG1 induced modification of EMT seems to be at least in
part attributable to the transcriptional factor Snail. NDRGL, in its
close context with EMT-related genes, might participate in the
acquisition of a high metastatic potential by progressive gastric
cancer cells.

Materials and Methods

Materials and Cell Lines

HSC-38 was established from human scirrhous gastric carcino-
mas and 38Asl and 58As9 were independently established by
repeated orthotopic implantation of HSC-58 cells into the gastric
wall of athymic mice as described previously [5,6]. Asl1/Sic50 and
Asl/8Sicd4 cells were established by the stable transfection of
NDRGI shRNA into 58As! cells. All cell lines were maintained in
RPMI-1640 medium supplemented with 10% fetal bovine serum
(FBS). BxPC-3, a human pancreatic cancer cell lines, was obtained
from the American Type Culture Collection (Manassas, VA).
Anti-NDRG1 antibody was generated as previously described
[34]. Other antibodies were purchased as follows: anti-B-actin
antibody and anti-Snail antibody were from Abcam; anti B-
catenin antibody, anti-B-catenin (ser 33/37), anti-B-catenin (ser
552), anti-Wnt, anti-Ki-67, anti-GSK-3f antibody, anti-EGFR
antibody, anti-GAPDH antibody, anti-p-GSK-3B antibody, anti-
ERK1/2 antibody anti-p-ERK1/2 antibody, anti-AKT antibody,
anti-p-AKT antibody were from Cell Signaling Technology; anti-
vimentin antibody was from Calbiochem; anti-E-cadherin anti-
body was from BD. CT99021 was purchased from Axon
Medchem BV (Netherlands).

Gene Expression Microarrays

Complementary RNA was amplified, labeled, and hybridized to
a 44K Agilent 60-mer oligomicroarray according to the manu-
facturer’s instructions (Agilent Technologies). All hybridized
microarray slides were scanned by an Agilent scanner. Relative
hybridization intensities and background hybridization values
were calculated using Agilent Feature Extraction Software. To
identify up or down-regulated genes, we calculated ratios (non-log
scaled fold-changes) from the normalized signal intensities of each
probe for comparison between control and experimental samples.
We then established criteria for regulated genes: up-regulated
genes, ratio =2-fold; down-regulated genes, ratio =<0.5.

Construct of NDRG1 shRNA and Establishment of NDRG1
Knockdown Cell Lines

To obtain human a U6 siRNA vector based on pcDNAS3
(Invitrogen, Carlsbad, CA), the human U6 promoter (containing
Hindlll and BamHI cloning sites) was amplified from human
genomic DNA with the primer pair 3'-AGATCTGAATTCCC-
CAGTGGAAAGACGCGCAGGC and 5'-AGATC-
TAAGCTTCTCGAGGATCCCGCGTCCTTTCCACAAGA-
TATATAAACCCAAG, and ligated into the Bgll site of
pcDNAS. The partial DNA fragments of human NDRG1 DNA
were chemically synthesized and cloned into pcDNA3-hU6siRNA
cleaved with Hindlll and BamHI to produce pcDNA3shNDRGIL.
The synthesized DNAs for pcDNA3shNDRGL were: 5'-
GATCCGCGTGAACCCTTGTGCGGAATTCAAGA-
GATTCCGCACAAGGGTTCACGTTTTTTGGAAA and: 5'-
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AGCTTTTCCAAAAACGTGAACCCTTGTGCGGAATCTC-
TTGAATTCCGCACAAGGGTTCACGCG. The snail ¢DNA
was prepared as described previously [33]. Snail ¢cDNA was
ligated into the pcDNA3 (pcDNA3-Snail). Cells were transfected
with pcDNA3shNDRG1 or pcDNA3-Snail using Lipofectamine
2000 (Invitrogen) following the manufacturer’s protocol. Stable
transfected clones were established using G418 selection.

Transfection of Small Interfering RNA

SiRNA corresponding to nucleotide sequences of Snail and -
catenin were purchased from Invitrogen (Carlsbad, CA), respec-
tively, siRNA duplexes were tranfected using Lipofectamine
RNAIMAX and Opti-MEM medium (Invitrogen) according to
the manufacture’s recommendation.

Luciferase Assay

To obtain E-cadherin-Luc vector, E-cadhein promoter (—262
to +120) was amplified by PCR using the following primer pairs:
5"~ AGATCTTAGTGAGCCACCGGCGGGGC-3" and 5'-
AAGCTTGGCCGGGGACGCCGAGCGAGGG-3'. Underlines
indicate restriction enzyme cleavage sites. The amplified fragment
was ligated into the pGEM-T easy vector (Promega) and
transferred to the pGL3-basic vector (Promega) in Bglll and
HindIII sites. E-cadherin-luc and pcDNA3-Spail were transfected
using Lipofectamine LTX and Opti-MEM medium (Invitrogen)
according to the manufacture’s recommendation. After 24 hr, the
luciferase activity was measured according to the manufacturer’s
instructions (Promega). Furthermore, we also examined luciferase
activity driven by P-catenin using TopFlash reporter vector as
described previously [18].

Soft Agar Colony Forming Assay

4x10% cells were plated in 1 ml of culture medium containing
0.36% (w/V) top agar layered over a basal layer of 0.72% (w/v)
agar in 6-well plates and allowed to grow for 3—4 weeks. Colonies
were photographed and counted in ten random fields of view at
50X magnification using light microscopy. Each experiment was
done in triplicate.

Western Blot Analysis and Fractionation of Nucleus and
Cytoplasm

Cells were lysed in buffer containing 50 mM Tris-HCI,
350 mM NaCl, 0.1% NP40, 5 mM EDTA, 50 mM NaF, 1 mM
phenylmethylsulfonyl fluoride, 10 ug/mL aprotinin, 10 pg/mL
leupeptin, and 1 mM Na3VO4. Total cell lysates were subjected
to SDS-PAGE and blotted onto Immobilon membranes (Millipore
Corp., Bedford, MA) as described previously [24,25]. To prepare
cytosol and nuclear fraction, cells were lysed in bufferA(10 mM
HEPES, pH 7.9, 10 mM KCl, 10 mM EDTA, | mM DTT, 0.4%
IGEPAL and protease inhibitors) and incubate for 20 min on ice.
After centrifugation (3 min, 5,000 rpm), supernatant was used as
cytoplasmic fraction. The resulting pellets were resuspended in
bufferB (20 mM HEPES, pH 7.9, 200 mM NaCl, 1 mM EDTA,
5% glycerol, 1 mM DTT and protease inhibitors) and incubated
on for 2 hr with continuous agitation at 4°C. After centrifugation
(5 min, 15,000 rpm), supernatant was used as nuclear fraction.
Both nuclear and cytoplasmic fraction were further analyzed by
western blotting.

Quantitative Real-time Polymerase Chain Reaction (gRT-
PCR)

Total RNA was isolated from cell culture using ISOGEN
reagent (Nippon Gene Co. Ltd., Tokyo, Japan) according to the
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manufacture’s instructions, as described previously [24,25]. The
primer pairs and probes were obtained from Applied Biosystems.
The thermal cycle conditions included maintaining the reactions
at 50°C for 2 min and at 95°C for 10 min, and then alternating
for 40 cycles between 93°C for 15 s and 60°C for 1 min. The
relative gene expression for each sample was determined using the
formula 2" (~delta Ct) = 2" (C{GAPDH)-Ct(target)), which reflect-
ed the target gene expression normalized to GAPDH levels.

Ethics Statement

All animal experiments were approved by the Ethics of Animal
Experiments Committee at Kyushu University Graduate School of
Medical Sciences. All mice were purchased from Charles River
Laboratories and housed in microisolator cages maintained under
a 12-hr light/dark cycle. Water and food were supplied ad &bitum.
Animals were observed for signs of tumor growth, activity, feeding,
and pain in accordance with the guidelines of the Harvard
Medical Area Standing Committee on Animals.

Evaluation of Tumor Growth

Tumor growth rate was tested by the subcutaneous injection of
1x107 cells suspended in 0.2 mL RPMI1640 medium into 6-
week-old female BALB/c nude mice. Mice were examined twice
weekly for tumor development. The tumor mass was measured in
two dimensions with calipers, and the tumor volume was
calculated according to the equation (LxW?%/2 (L =length, W-
wide).

Orthotopic and Peritoneal Cavity Implantation

Orthotopic implantation was performed according to Yanagi-
hara et al [3]. In brief, 6-week-old female BALB/c nude mice were
anesthetized by ip. injection of 0.28 mg/g 2.2 2-tribromoethanol
(Aldrich Chemical, Milwaukee, WI). A small median abdominal
incision was made under anesthesia, then 1x10° cells in 0.05-mL
volume of RPMI medium were inoculated into the middle wall of
the greater curvature of the glandular portion of the stomach using
a 30-gauge needle (Nipro, Tokyo, Japan). The stomach was then
returned into the peritoneal cavity, and the abdominal wall and
skin were closed with an AUTOCLIP applier (Becton-Dickinson,
Sparks, MD). The mice were killed when moribund, and
peritoneal dissemination was evaluated by counting the number
of tumor nodules in the mesenterium. We also assayed for
peritoneal dissemination by direct implantation into the peritoneal
cavity. We injected 1x10° cells in 0.5-mL volume of RPMI
medium into 6-week-old female BALB/c nude mice. On day 55,
we calculated the number of tumor nodules on the mesentery and
the volume of ascites.

Immunocytochemical Fluorescence Analysis

Cells were seeded on glass coverslips, and then fixed with
precooled methanol (-30°C) for 20 min. After washing with PBS,
cells were stained with E-cadherin and B-catenin antibody. The
anti- E-cadherin antibody was detected with a Cy3-labeled, anti-
mous secondary antibody (Invitrogen). The anti-B-catenin anti-
body was detected with a 488-labeled, anti-rabbit secondary
antibody (Cell Signaling technology). The nuclei were stained with
DAPL The cells were examined with a confocal microscope.

Immunohistochemical (IHC) Analysis of Xenograft
Tumors

IHC analysis of tumors in the xenograft animal model was
performed as described previously [24,25] using specific antibodies
against vimentin, E-cadherin, B-catenin and Ki-67.
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Purpose

The prognosis of acute- and lymphoma-type adult T-cell leukemia/lymphoma (ATL) is poor, but
there is marked diversity in survival outcomes. The aim of this study was to develop a prognostic
index (PI) for acute- and lymphoma-type ATL (ATL-PI).

Patients and Methods

In a retrospective review, data from 807 patients newly diagnosed with acute- and lymphoma-type
ATL between January 2000 and May 2009 were evaluated. We randomly divided subjects into
training (n = 404) and validation (n = 403) samples, and developed a Pl using a multivariable
fractional polynomial model.

Results

Median overall survival time (MST) for the 807 patients was 7.7 months. The Ann Arbor stage (I
and Il vIll and IV), performance status (0 to 1 v2 to 4), and three continuous variables (age, serum
albumin, and soluble interleukin-2 receptor [sIL-2R]) were identified as independent prognostic
factors in the training sample. Using these variables, a prognostic model was devised to identify
different levels of risk. In the validation sample, MSTs were 3.6, 7.3, and 16.2 months for patients
at high, intermediate, and low risk, respectively (P < .001; x* = 89.7, 2 df; log-rank test). We also
simplified the original ATL-PI according to dichotomizing age at 70 years, serum albumin at 3.5
g/dL, and slL-2R at 20,000 U/mL and developed an easily calculable Pl with prognostic
discrimination power (P < .001; x* = 74.2, 2 df; log-rank test).

Conclusion
The ATL-Pl is a promising new tool for identifying patients with acute- and lymphoma-type ATL at
different risks.

J Clin Oncol 30:1635-1640. @ 2012 by American Society of Clinical Oncology

tors for ATL, including advanced performance sta-

Adult T-cell leukemia/lymphoma (ATL) is a periph-
eral T-cell malignancy caused by human T-cell lym-
photropic virus type I (HTLV-1)."? HTLV-1 is
endemic to the southwestern region of Japan, Carib-
bean basin, Central and South America, and western
Africa. The cumulative incidence of ATL is esti-
mated to be approximately 2.5% to 5% among
HTLV-1 carriers.”* Patients with ATL present with
characteristic clinical features such as increased ab-
normal lymphocytes with cerebriform or flower-
like nuclei (flower cells) in the peripheral blood,
hypercalcemia, skin lesions, generalized lymphade-
nopathy, and hepatosplenomegaly accompanied by
opportunistic infections."* A previous report by the
Japan Clinical Oncology Group-Lymphoma Study
Group (JCOG-LSG) identified five prognostic fac-

tus (PS), high lactic dehydrogenase (LDH), age of 40
years or older, total involved lesions, and hypercal-
cemia, on the basis of an analysis of 854 patients with
newly diagnosed ATL registered between 1983 and
1987.° The JCOG-LSG then proposed four clinical
subtypes: acute, lymphoma, chronic, and smoldering
types. This system is known as Shimoyama classifica-
tion and is based on prognostic factors and clinical
features of the disease.” This dassification is now
widely used for determining therapeutic strategy.
Generally, the prognosis of acute- and lymphoma-
type ATL is poor, whereas that of the chronic and
smoldering types is better. More than two decades
have passed since the pivotal reports by JCOG-LSG,
and ATL management has improved over this pe-
riod. Recently, an International Consensus Meeting
recommended treatment using chemotherapies
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such as a vincristine, cyclophosphamide, doxorubicin, and pred-
nisolone (VCAP) plus doxorubicin, ranimustine, and prednisolone
(AMP) plus vindesine, etoposide, carboplatin, and prednisolone
(VECP), which is a sequential combination chemotherapy consisting
of VCAP, AMP, and VECP*? with or without subsequent allogeneic
hematopoietic cell transplantation (HCT) for acute- and lymphoma-
type ATL, and a combination of interferon alfa and zidovudine (IFN/
AZT) for acute-type ATL outside of clinical trials."”

However, there are diverse clinical courses and survival outcomes
among patients with acute- and lymphoma-type ATL. Therefore, it is
necessary to establish a prognostic index (PI) for a risk-adapted ap-
proach and to improve the quality of clinical trials. To determine
prognosis in patients with acute- and lymphoma-type ATL, we eluci-
dated prognostic factors by performing a nationwide survey of pa-
tients diagnosed during the past decade and developed a PI.

PATIENTS AND METHODS

Patients

We conducted a retrospective survey of patients with ATL diagnosed
between January 1, 2000, and May 31, 2009, in Japan. The inclusion criterion
for this investigation was a diagnosis of acute- and lymphoma-type ATL based
on Shimoyama classification. Patients who had undergone allogeneic HCT
were excluded from this analysis because there is an undetermined impact on
survival using this novel intervention. All clinical data as well as the validity of
diagnosis of ATL were centrally reviewed by two expert hematologists.

Clinical Data

We collected information regarding sex, age, institutional based- clinical
subtype, WBC counts, neutrophil counts, lymphoid cell counts, abnormal
lymphoid cell counts, hemoglobin, platelet counts, serum total protein, serum
albumin, blood urea nitrogen (BUN), LDH, soluble interleukin-2 receptor
(sIL-2R), presence of hypercalcemia, C-reactive protein, maximum tumor
size, “B” symptoms, PS by Eastern Cooperative Oncology Group (ECOG),
Ann Arbor stage, and number of lesions of involved lymph nodes, as well as the
sites and number of involved extranodal lesions. We defined leukemic stage IV
disease as the presence of more than 1% of abnormal lymphocytes in periph-
eral blood according to the definition for diagnosing acute- and lymphoma-
type ATL in Shimoyama classification.” Overall survival (OS) was calculated
from the time of diagnosis to the date of death by any cause or to the last
follow-up date.

Approval of the study procedure was obtained from the ethics com-
mittee and institutional review board of the coordinating center (Fukuoka
University) and at each participating center on the basis of their institu-
tional policies.

Statistical Analysis

The data set was randomly split into either a training sample for devel-
oping a PI or a validation sample for evaluating the obtained PI. Continuous
variables were not categorized a priori because categorizing a predictor would
result in an inevitable loss of information.'' We applied parametric models
based on two-degree fractional polynomial (FP) functions to retain relevant
variables continuous.'? For each continuous variable X, one or two terms of
the form X? were fitted with powers, p, which were chosen from (-2, —1,
—0.5,0,0.5, 1,2, and 3). The association of each variable with OS was evaluated
using a univariable FP model, and variables showing a P value of less than .05
were considered candidate predictors. Then, the multivariable FP (MFP) pro-
cedure using backward elimination was performed. The backward elimination
wasbased on closed testing,'* and a Pvalue of less than .05 was used for variable
selection. A continuous PI from the final MFP model was categorized into
three risk groups, with two optimal cutoff points in the continuous PI found by
maximizing the log-rank statistics according to the minimal P value approach.

An explorative simplification of our continuous P1 was developed, di-
chotomizing all the predictors a priori according to their standard cutoff

1636 © 2012 by American Society of Clinical Oncology

Registered as acute and lymphoma type
(N =1,270)

— Underwent allogeneic HCT {n=227)
Excluded (n=236)
Inadequate clinical data {n=228)
Diagnostic error {n=6)
Double registration (n=2}

Assessable
(n=807)

Training sample
(n = 404)

Validation sample
{n =403}

Fig 1. CONSORT flowchart of patients: 1,270 patients diagnosed with acute-
and lymphoma-type adult T-cell leukemia/lymphoma were registered. Of these
patients, 227 patients were excluded because they had undergone allogeneic
hernatopoietic cell transplantation (HCT). Two hundred thirty-six patients were
excluded for the following reasons: 228 for inadequate clinical data at diagnosis
because they had at least one missing value of covariates in Table 1, six for
diagnostic error, and two for double registration. The remaining 807 patients
were analyzed and randomly divided into training (n = 404) and validation (n =
403) samples.

points. Concordance between three risk groups from the simplified PT and
those from the original PI was measured using weighted k.

Survival curves were estimated using the Kaplan-Meier method and
compared using the log-rank test. All statistical analyses were performed with
SAS version 9.2 (SAS Institute, Cary, NC) with %mfp8 macro'* and MATLAB
(Mathworks, Natick, MA). All P values were reported as two-sided.

. RESULTS

Patient Characteristics

Data from 1,270 patients with acute- and lymphoma-type ATL
were submitted from 81 institutions across Japan (Fig 1). A total of 227
patients had undergone allogeneic HCT and were excluded. Of the
remaining 1,043 patients, 236 patients were excluded for the following
reasons: 228 for inadequate clinical data at diagnosis because they had
at least one missing value of covariates in Table 1, six for diagnostic
error, and two for double registration. Thus 807 patients were
analyzed for the development of the PI. Baseline characteristics are
shown in Table 1. Deaths were observed in 641 patients (79%), and
the median overall survival time (MST) was 7.7 months (95% CI,
7.0 to 8.7 months). The most common cause of death was progres-
sive disease (81.3%). Death from infection without disease pro-
gression was 13.4%.

The number of patients who received initial treatment was 765
(95%), whereas 37 (4.6%) did not receive any treatment, and five were
uncertain. Of the 765 patients who had received initial treatment, 755
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Table 1. Baseline Characteristics of All Patients (n = 807)

Characteristic MNo. %

Age, years
Median
Range
Sex
Fernale
Male
Subtype
Acute type
Lymphoma type
Neutrophil count, % 10%/L
Median
Range
Hemoglobin level, g/dL
Median
Range
Platelet count, X 10%/L
Median
Range
Serum total protein, g/dL
Median
Range
Serum albumin, g/dL
Median
Range
BUN, mg/dL
Median
Range
LDH, IU/L
Median
Range
LOH = 2 x ULN
Soluble IL-2R, U/mL
Median
Range
Hypercalcemia present
Increased CRP present
Ann Arbor stage
1=l
-1V
ECOG PS
01
2-4
B symptoms prasent
No. of lymph node lesions
Median i)
Range 0-8
No. of extranodal sites
Median 1
Range 0-7
Mo. of total involved lesions
Median 4
Range 013
Bone marrow involvement present
Liver involvement present
Spleen involvement present
Pleural effusion present
Ascites present

67
35-91

47
53

383
424

564
243

70
30

52
0.16-37

13
7.4-18.0

206
8-885

6.6
3.28.9

36
1858

16
3.6-118.3

621
127-13,813
457 57
22,800
303-683,000
35
65

279
576

77
730

10
20

396
411
252

49
51
31

252
96
138 17
97 12
63 8

31
12

NOTE. The soluble IL-2R level by pg/mL can be converted to U/mL using the
formula: value (pg/mL) x 0.113

Abbreviations: BUN, blood urea nitrogen; CRP, C-reactive protein, ECOG PS,
Eastern Cooperative Oncology Group performance status, IL-2R, interleukin-2
receptor, LDH, lactate dehydrogenase; ULN, upper limit of normal.

WWW.jCo.org

Table 2. Results of Variable Selection by the MFP Model in the
Training Sample {n = 404)

Variable HR 95% ClI P

Stage

111 1.00

-V 191 1.26t02.92 .003
ECOG PS

01 1.00

2-4 1.42 1.13t0 1.80 003
Age, years (continuous) 1.02 1.01to0 1.03 007
Serum albumin, g/dL (continuous) 0.70 0.57 t0 0.87 001
Log,lslL-2R), U/mL {continuous) 1.45 1.191t01.76 < .001

Abbreviations: ECOG PS; Eastern Cooperative Oncology Group performance
status; HR, hazard ratio; MFP, multivariable fractional polynomial; sIL-2R,
soluble interleukin-2 receptor

had chemotherapy and 10 patients had undergone lesion-directed
treatment (Appendix Fig Al, online only). No patient received IFN/
AZT, which is considered a standard treatment for acute-type ATL in
the world,'>"* because this combination of agents has not been ap-
proved for ATL in Japan.

Development of the Pl

We randomly selected 404 patients (50% of the 807 patients) as a
training sample and developed a PI based on this set. First, in univar-
iate analysis with the two-degree univariable FP model, all variables
except sex showed P values less than .05 (likelihood ratio test). We then
performed backward elimination using the MFP model. Variables
that remained independently significant included Ann Arbor stage (I
orll vl or IV), ECOG PS (0 to 1 v 2 to 4), and the three continuous
variables of age, serum albumin, and sIL-2R. The MFP model yielded
a significant nonlinear function for sIL-2R (log transformation),
whereas the other four variables fitted linearly, thus allowing an ex-
pression of a final multivariate model in terms of the usual Cox
regression model. The estimated hazard ratios and their 95% ClIs in
the final multivariate model in the training sample are shown in
Table 2. A linear risk function based on Cox regression coefficients
(ie, the log of hazard ratios), which hereafter we call ATL-PI, was as
follows: ATL-PI = 0.65 (if stage = III or IV) + 0.35 (if ECOG
PS> 1) + 0.016 X age (years) — 0.36 X albumin (g/dL) + 0.37 X
log,, (sIL-2R [U/mL]).

The median of the ATL-PIin the training sample was 2.13 (range,
0.30 to 3.48), 10% of values were less than 1.31,and 90% of values were
less than 2.86. Potential cutoff points between 1.30 and 2.90 were
evaluated, and the value of 2.6 showed the best discrimination on the
basis of the log-rank test (1 df) and was defined as the high-risk group
for 91 patients (23%, ATL-PI = 2.6). To define the low-risk group, the
value of 1.6 was chosen as the best discriminator using the log-rank test
(2 df), and 76 patients were classified as low risk (19%, ATL-PI < 1.6).
The distribution of ATL-PI was similar in the validation sample (n =
403) with high-, intermediate-, and low-risk groups of 99 (25%), 232
(56%),and 72 (18%) patients, respectively, using the designated cutoff
points. The three risk groups according to the ATL-PI were effectively
prognostic in the validation sample, as shown in Figure 2 (P < .001;
x* = 89.7, 2 df; log-rank test). MSTs were 3.6 (95% CI, 2.4 to 4.6), 7.3
(95% CI, 6.4 to 8.5), and 16.2 (95% CI, 14.5 to 24.7) months for
patients at high, intermediate, and low risk, respectively, and OS rates
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Information downloaded from jco.ascopubs.org and provided by at Kokuritsu Gan Center on May 1, 2013 from
Copyright © 2012 American Sctfigtyl 80 2Heigal Oncology. All rights reserved.

248



Katsuya et al

1.0 —— Low: ATL-PI< 16
Intermediate: 1.6 < ATL-Pl < 2.6
0.8 —— High: ATL-PI = 2.6
©
=
S 064 (P<.0001; 42 = 89.7, 2 df; log-rank test)
@
©
5 044
=
S
0.2
0 12 24 36 48 60
. Time From Diagnosis (months)
No. at risk
Low 72 44 22 12 6 a4
Intermediate 232 56 28 18 14 8
High 99 7 4 2 0 0

Fig 2. Overall survival curves for the validation sample {n = 403} according to
the adult T-cell leukemia/lymphora prognostic index (ATL-PI): An ATL-PI score
was calculated as 0.65 (if stage I or V) + 0.35 (if Eastern Cooperative
Oncology Group performance status > 1) + 0.016 x age lyears) — 0.36 X
albumin (g/dL) + 0.37 X log,glsoluble interleukin-2 receptor (UfmL)l.

at 2 years were 4% (95% CI, 1% to 10%), 17% (95% CI, 12% to 22%),
and 39% (95% CI, 27% to 51%), respectively.

Simplified ATL-PI

In the previous section, we described how a continuous PI was
established from a model in which all relevant covariates were kept
continuous. This PI was then used to categorize the three risk groups.
Although this procedure is statistically valid for deriving the catego-
rized risk groups,'' to make the scoring system easier and clinically
practicable, we simplified the system by initially dichotomizing indi-
vidual continuous covariates. Median values of the identified contin-
uous prognostic factors for age, serum albumin, and sIL-2R were 67
years, 3.6 g/dL, and 21,500 U/mL in the training sample, respectively.
Therefore, we set the clinically appropriate cutoff points at 70 years for
age, 3.5 g/dL for serum albumin, and 20,000 U/mL for sIL-2R and
subsequently fitted a multivariate Cox model based on these dichoto-
mizations in the training sample (Table 3). The estimated Cox regres-
sion coefficients were 0.77,0.41, 0.37, 0.35,and 0.31 for the Ann Arbor
stage, ECOG PS, age, albumin, and sIL-2R, respectively. From the
weights of these variables, we defined a simplified ATL-P1I as follows:
simplified ATL-PI = 2 (if stage = Il or IV) + 1 (if ECOGPS > 1) +
1 (if age > 70 years) + 1 (if albumin < 3.5 g/dL) + 1 (if sIL-2R >
20,000 U/mL).

On the basis of the best discriminations according to the log-rank
test in the training sample, scores from 0 to 2 were categorized into the
low-risk group, 3 and 4 into the intermediate-risk group, and from 5
to 6 into the high-risk group. The simplified ATL-PI was then applied
to the validation sample, which showed a distribution from 0 through
6(0,n=131Ln=10;2,n=54;3,n=112;4,n = 96;5,n = 78,6,
n = 40). Frequencies of the three risk groups were 118 patients (29%),
208 patients (52%), and 77 patients (19%), for high-, intermediate-,
and low-risk groups, respectively. This classification yielded a high
concordance with the original ATL-PI (weighted k, 0.82) in the vali-
dation sample and resulted in a good separation of OS curves
(P < .001; ¥* = 74.2, 2 df, log-rank test). Survival curves of the three
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Table 3. Results of Cox Regression Model With Dichotomized Covariates
in the Training Sample (n = 404)
Variable HR 95% CI P Score
Stage
111 1.00
-V 217 1.43103.30 <.001 2
ECOG PS
01 1.00
2-4 1.51 1.20t0 1.90 001 1
Age, years
=70 1.00
=70 1.45 1.15t0 1.83 .002 1
Serum albumin, g/dL
=35 1.00
<35 1.42 11210 1.79 003 1
sIL-2R, U/mL
= 20,000 1.00
> 20,000 1.37 1.09t01.73 .0o8 1
NOTE. The five variables are those selected by the multivariable fractional
polynomial model. In fitting the Cox model, age, serum albumin, and sIL-2R
were dichotomized. The last column shows an assigned score for each
variable in the calculation of the simplified adult T-cell leukemia/lyrphoma
prognostic index.
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance
status; HR, hazard ratio; sIL-2R, soluble interleukin-2 receptor.

groups according to the simplified ATL-PI are shown in Figure 3.
MSTs were 4.6 (95% CI, 2.6 to 5.4), 7.0 (95% CI, 6.3 to 8.6), and 16.2
(95% CI, 13.4 to 23.2) months, and the 2-year OS rates were 6% (95%
CI, 2% to 12%), 17% (95% CI, 12% to 23%), 37% (95% CI, 25% to
49%) for patients at high, intermediate, and low risk, respectively.
These results indicated that the simplified ATL-PI also had good
prognostic power in the validation sample.

1.0 1 — Low:score=0,1,2
——— Intermediate: score = 3, 4
0.8 1 — High: score =5, 6
= \
=
E 0.6 (P<.0001; % = 74.2, 2 df; log-rank test)
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>
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T e————
0 12 24 36 48 60
i Time From Diagnosis (months)
Low 77 45 22 n 6 3
Intermediate 208 52 26 18 14 9
High 118 10 3] 2 1] 0

Fig 3. Overall survival curves for the validation sample (n = 403) according
to the simplified adult T-cell leukemiaflymphoma prognostic index (ATL-PI):
The score for the simplified ATL-Pl was calculated as 2 (if stage = lll or IV) + 1
(if Eastern Cooperative Oncology Group performance status > 1) + 1 (if age
> 70 years) + 1 (if aloumin < 3.5 g/dL) + 1 (if soluble interleukin-2 receptor >
20,000 U/mL).
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Prognostic Index for Acute- and Lymphoma-Type ATL

Age-Adjusted ATL-PI

The simplified ATL-PI was applied to a subgroup of patients who
were 60 years ofage or younger (n = 109) or 70 years of age or younger
(n = 255). The predictive capability of the previously determined risk
factors other than age was evaluated within each age subgroup in the
validation sample. Scores from 0 to 2 were categorized into the low-
risk group, 3 and 4 into the intermediate-risk group, and 5 into the
high-risk group. The three risk groups according to this age-adjusted
ATL-PI were effectively prognostic in patient subgroups younger than
60 or 70 years of age (Appendix Fig A2, online only). MSTs were 2.8
(95% CI, 0.4 to 5.4),6.5 (95% CI,5.8 t0 9.1),and 16.2 (95% CI, 13.4 to
35.1) months for patients at high, intermediate, and low risk among
those younger than 60 years and 3.1 (95% CI, 2.1 to 5.3), 6.7 (95% CI,
5.6 to 8.4), and 16.2 (95% CI, 12.8 to 21.0) months among those
younger than 70 years, respectively.

Application of ATL-PI to Patients With Allogeneic HCT
We applied the simplified ATL-PI to 192 patients with allogeneic
HCT in whom data was available for five variates. The numbers of
high-risk patients were as few as 12 patients (6%), whereas 97 (51%)
and 83 (43%) patients showed intermediate and low risk, respectively.
MSTs were 9.2 (95% CI, 4.2 to 12.7), 14.0 (95% CI, 11.0 to 17.9), and
14.3 (95% CI, 11.3 to 26.0) months at high, intermediate, and low risk,
respectively (Appendix Fig A3). No statistical difference was observed
among the three groups (P = .08; ¥* = 5.04, 2 df; log-rank test).

PIs for specified subentities of malignant lymphoma have involved
the International Prognostic Index (IPI) for diffuse large B-cell
lymphoma (DLBCL),"* follicular lymphoma IPI for follicular lym-
phoma,'® and PI for advanced Hodgkin’s lymphoma.'” PI for
T-cell lymphoma, including peripheral T-cell lymphoma unspec-
ified and extranodal natural killer T-cell lymphoma, nasal type,
were also reported.'™'” However, there have been no studies re-
garding PI for acute- or [ymphoma-type ATL. The aim of this study
was to develop a system for risk stratification in patients with
acute- and lymphoma-type ATL. Importantly, this is the largest
study to analyze prognosis among patients with acute- and
lymphoma-type ATL, and the ATL-PI is the first PI for this cohort
enabling differentiation among three subgroups with significantly
different prognoses. The simplified version of the ATL-PI demon-
strated a similar power of prognostic discrimination.

The ATL-PI consists of five factors: Ann Arbor stage, ECOG PS,
age, serum albumin, and sIL-2R. In our multivariate analysis, the most
significant factor concerning prognostic relevance to survival was the
Ann Arbor stage (Tor [T vIIT or IV). Ann Arbor stage has been included
in prognostic indices for other types of lymphoma but not emphasized
in ATL because many patients with acute type fall into stage IV as a
result of the leukemic phase of the disease. The prognostic significance
ofthe Ann Arbor stage can be translated into better survival in patients
with acute- and lymphoma-type ATL with limited disease. Serum
SIL-2R level™™*' was a significant novel indicator in our analyses.
Notably, the survival impact of the serum sIL-2R levels was stronger
than LDH levels, which are commonly included in Pls for many types
of malignant lymphoma. It is thus conceivable that serum sIL-2R can
be a new marker of tumor load in ATL.

www.jco.org

Recent analysis of 126 patients from the International Peripheral
T-Cell Lymphoma Project suggested that the IPI, which is commonly
used in the management of patients with DLBCL, ' isalso a useful tool
for predicting clinical outcome of patients with ATL.”> However, in
contrast to our study, most patients registered in the previous project
had lymphoma type. We applied the IPI to 403 patients in the valida-
tion sample and confirmed that most patients were allocated into the
intermediate- or high-risk groups, whereas patients in the low-risk
group accounted for only 5.7%; the median age of 67 years in our
analysis was higher than that in patients involved in the IPI study (56
years),'"> and many more patients with ATL than with DLBCL were in
stage IV as a result of frequent leukemic manifestation in the periph-
eral blood. Moreover, 89% of patients surpassed the normal upper
limit of LDH in our study. A similar tendency was observed in apply-
ing the PI for peripheral T-cell lymphoma unspecified to the valida-
tion sample.'®

We additionally investigated the simplified ATL-PI according
to chemotherapeutic regimens. The MSTs were 4.8, 7.3, and 14.7
months for patients with a cyclophosphamide, doxorubicin, vincris-
tine, and prednisolone (CHOP)/CHOP-like regimen at high, inter-
mediate, and low risk, respectively, and 5.3, 8.7, and 14.9 months for
patients with VCAP-AMP-VECP, respectively. Thus the simplified
ATL-PI was not affected by chemotherapeutic regimens.

We excluded patients treated with allogeneic HCT in our analysis
because allogeneic HCT has an undetermined impact on survival. In
fact, allogeneic HCT may have the potential to put some patients into
cure, thus significantly prolonging their survival, whereas allogeneic
HCT causes an observed treatment-related mortality of up to
43%,>*** implying that prognoses of a specific fraction of patients are
perturbed by this intervention. We applied the simplified ATL-PI to
patients who received allogeneic HCT, but it was not possible to
distinguish patient subgroups between low and intermediate risks.
This may be because transplantation was applied to a particular pop-
ulation who could complete induction treatment and survived until
transplantation (6 months median since diagnosis), regardless of their
risk classification. The predominant difference appears in the
intermediate-risk group, where the MSTs were 14.0 and 6.5 months
for patients with allogeneic HCT and standard therapy, respectively,
suggesting that allogeneic HCT might have improved the prognosis
for the group, although this should be interpreted with caution be-
cause of the potential bias in patient selection for transplant. There isa
need for a larger study to address this issue.

In conclusion, we proposed an original ATL-PI and its simplified
version including five prognostic factors for acute- and lymphoma-
type ATL. The ATL-PI, the first PI for acute- and lymphoma-type
ATL, is a promising platform that can be used to determine optimal
treatment based on risk stratification and for well-controlled clinical
trials. Further international studies including patients treated with
IFN/AZT, which is a common treatment for acute-type ATL outside
Japan, is warranted to assess the power of the ATL-PIL.
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Severe Acute Interstitial Lung Disease After
Crizotinib Therapy in a Patient With EML4-
ALK-Positive Non-Small-Cell Lung Cancer

Introduction

The development of epidermal growth factor receptor (EGFR)
tyrosine kinase inhibitors (TKls) such as erlotinib and gefitinib, and,
more recently, that of the anaplastic lymphoma kinase (ALK) TKI
crizotinib, has had a profound impact on the treatment of advanced
non-small-cell lung cancer (NSCLC)."* The occurrence of EGFR-
TKI-associated interstitial lung disease (ILD) in patients with NSCLC
has been found to be more frequent among Japanese patients than
among white patients."*

ENSONC O LE G Y

DIAGNOSIS

Case Report

A 39-year-old male current-smoker (30 pack years) of Japanese
descent was diagnosed with poorly differentiated stage IV lung adeno-
carcinoma (T4N3M1b) with multiple pleural dissemination as well as
intra-abdominal lymph node and brain metastasis. Mutation analysis
of biopsied tumor tissue showed that the tumor was wild type for the
EGER gene. Fluorescence in situ hybridization analysis with break-
apart probes for the ALK gene revealed the presence of an ALK rear-
rangement, and subsequent reverse transcription and polymerase
chain reaction analysis confirmed the presence of transcripts for vari-
ant 1 of the echinoderm microtubule-associated-like protein-4 gene
(EML4) -ALK fusion gene. The patient received one cycle of chemo-
therapy with paclitaxel and carboplatin, but treatment was then with-
drawn because of disease progression. As a second-line treatment,

Journal of Clinical Oncology, Vol 31, No 1 (January 1), 2013: pp e15-e17
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crizotinib was administered orally at a dose of 250 mg twice daily. After
9 days of crizotinib, the patient developed acutely deteriorating dys-
pnea without demonstrable infection. With the patient breathing
oxygen via a mask at a flow rate of 10 L/min, arterial blood gas
determination revealed a P,O, of 61.5 mmHg, a P,CO, of 36.0
mmHg, and a pH of 7.46. A computed tomography scan of the chest
showed extensive bilateral ground-glass opacities throughout both
lungs, despite obvious shrinkage of the primary tumor lesions in his
left lobes (Fig 1A, before crizotinib; Fig 1B, after crizotinib [day 9]).
Crizotinib treatment was immediately discontinued, and methylpred-
nisolone pulse therapy (1 g once per day for 3 days) was initiated.
Empirical treatment with meropenem, ciprofloxacin hydrochloride,
and trimethoprim-sulfamethoxazole was also administered. The pa-
tient nevertheless developed acute lung injury in accordance with the
Lung Injury Score definitions,® and he died 21 days after his first
administration of crizotinib. Postmortem analysis of a specimen of the
right lung by hematoxylin-eosin (HE) staining revealed juvenile fibro-
blast hyperplasia (black arrow), nuclear swelling of aberrant alveolar
cells (white arrow), and mild infiltration of inflammatory small round
cells and neutrophils (Fig 2). The patient was thus diagnosed with
diffuse alveolar damage, as previously described for individuals with
severe EGFR-TKI-associated ILD.”* No evidence of infection or of
other specific etiologies was found. It can be difficult to make a diag-
nosis of pulmonary toxicity in lung cancer patients because of the high
incidence of preexisting lung disease, respiratory tract infections, and
progressive malignancy. Despite his smoking history, our patient did
not have any preexisting pulmonary fibrosis or chronic obstructive
lung disease. He developed rapidly progressive dyspnea with severe
hypoxemia and diffuse interstitial infiltrates, which were detected
radiographically 9 days after the onset of treatment with crizotinib.
The histologic characteristics of his lung tissue were consistent with
diffuse alveolar damage, thus opening up the possibility of various
potential etiologies. An infectious etiology was ruled out by exten-
sive microbiologic analysis of sputum and blood cultures and by
the postmortem examination of the lungs. The pathologic analysis
of lung tissue did not reveal any lymphangitic spread of the cancer.
The patient’s history and clinical examination did not provide any
evidence of a toxic origin, prior radiotherapy, collagen vascular
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Fig 2.
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disorders, or other usual causes of adult respiratory distress syn-
drome. The exclusion of these other causes indicated that the
severe ILD was most likely attributable to crizotinib treatment.
Written informed consent was obtained from the patient’s family
for publication of this case report and accompanying images.

Discussion

EML4-ALK was recently identified as a transforming fusion gene
in NSCLC.>'” Preclinical and clinical studies have shown that cancer
cells harboring EML4-ALK are highly sensitive to ALK inhibition.>"'
Crizotinib is the first clinically available ALK-TKI and competes with
ATP for binding to the tyrosine kinase pocket of the enzyme, inhibit-
ing tyrosine phosphorylation of activated ALK at nanomolar concen-
trations. On the basis of its pronounced clinical activity and
tolerability profile, crizotinib was approved by the US Food and Drug
Administration to treat ALK rearrangement—positive NSCLC in Au-
gust 2011. As far as we are aware, our patient is the first reported
example of histologically documented crizotinib-associated ILD. Al-
though crizotinib is generally well tolerated, physicians should thus be
aware of the possibility of such a severe adverse reaction and full
informed consent for treatment should be obtained. We have previ-
ously identified male sex, a history of smoking, and coincidence of
interstitial pneumonia as independent risk factors for EGFR-TKI-
associated ILD'%; however, it remains unclear whether these risk fac-
tors also apply to crizotinib-associated ILD. Given that drug-induced
ILD hasa high associated mortality, a systematic survey allowing direct
determination of the prevalence of and identification of risk factors for
crizotinib-induced ILD is warranted.
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