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Table 2. Laboratory data obtained upon admission for the treatment of pericardial cffusion

Coagulatioun
Prothrombin time (INR) 1.08
APTT 79s

Endocrine function tests
Brain natriurctic peptide 558.5 pg/ml
0.56 U/l

1.76 ng/ml

Thyroid-stimulating hormone
Free triiodothyronin

Free thyroxin 115 ng/ml

Tumor marker

Carcinoembryonic antigen 0.8 ng/ml

Carbohydrate antigen 19-9 80 ng/ml
Autoimmunity

CH50 47 U/ml
C3c 7 mg/dl
C4 22.3 mg/dl

Antinuclear antibody <40 mg/dl
Anti-DNA antibody -

Anti-Sm antibody -

Rheumatoid factor 160-fold
Proteinasc-3-ANCAY < 1.3 U/mi
Mycloperoxidase ANCAY <1.3 U/ml

INR, international normalized ratio; APTT, activated partial thromboplastin time; CH30, 50% hemolytic unit of complement; ANCA, anti-neutrophil

cytoplasmic antibody.

Table 3. Virological cxamination of blood samples (neutralizing antibody
titer)

Acute phase at the time of
admission (Oct 2009)

Convalescence phase
4 weeks after the acute
phase (Dee 2009)

Adenovirus type7 Negative Negative
Echovirus typce6 Negative Negative
Echovirus type9 Negative Negative
Coxsackic Bl 4-fold Negative
Coxsackic B2 16-fold 16-fold
Coxsackic B3 16-lold 32-fold
Coxsackic B4 32-fold 32-fold
Coxsackic BS 4-fold 8-fold

Rapid influcnza
diagnostic test

Influcnza A —

Influcnza B —

observed (Figs | and 2). An emergency echocardiography
demonstrated a large amount of pericardial effusion (left
ventricle: 15 mm) and a slightly pendular left ventricular
wall motion. The ejection fraction was 59%. An abdominal
CT revealed local recurrence in the remnant stump of the
pancreas; the tumor size was slightly decreased when com-
pared with that before the start of gemcitabine therapy. The
serum level of CA19-9 had decreased to 31 ng/ml.
Pericardiocentesis was immediately performed to prevent the

Figure 1. Chest X-ray obtained upon admission shows cardiac enlargement
(60%), increased pulmonary markings and bilateral pleural effusion.

development complication of cardiac tamponade and to
examine the cause of the pericardial effusion. An indwelling
drain yielded ~700 ml of fluid on the first day, which
resulted in the improvement of the patient’s hemodynamic
condition and marked alleviation of both the exertional
dyspnea and the edema; however, no evidence of decrease in
the size of the bilateral pleural effusion was noted. Cytology
of the pericardial and pleural fluid samples was negative for
malignant cells, and both the pericardial and pleural fluid
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Figure 2. (a) Computed tomographic cxamination of the chest obtained
upon admission shows pericardial cffusion and bilateral pleural effusion. (b)
Computed tomographic cxamination of the abdomen obtained upon admis-
sion shows local recurrence in the remnant stump of the pancreas: the reeur-
rence was almost the same size as that observed 2 months previously.

Table 4. Laboratory data for cfTusions obtained upon admission because of
pericardial effusion

Pleural effusion  Pleural ¢ffusion  Pericardial

(right) (tefty clfusion
Total protein (g/dly 2.4 2.4 38
LDHM (1U/h 224 237 1796
Glucose (mg/dl) 145 140 55
CEA (ng/mh) 0.3 0.3 3.4
CA19-9 (ng/ml) 11 9 32
Culture Negative Negative Negative

Cytology No malignant No malignant No malignant

cell cell cell

LDH. lactate dehydrogenase.

S

Figure 3. Chest X-ray obtained 2 months after discharge showing a normal
cardiac shadow.

samples were clear, pale yellow in color and classified as
exudates. The lactate dehydrogenase level of the pericardial
aspirate was clevated, and the glucose level was low.
Cultures of both the pericardial and pleural fluid specimens
for bacteria, mycobacteria and fungi were negative
(Table 4). To treat the residual bilateral pleural effusion, the
patient was given furosemide 20 mg for 4 days and also a
preparation of human serum albumin (8.8 g) for 3 days to
counter the possible contribution of hypoalbuminemia,
which may cause the pleuropericardial effusion to worsen.
Thereafter, the bilateral pleural effusion completely resolved.
The daily drainage volume of the pericardial effusion fluid
decreased to <100 ml on the 12th day after the pericardio-
centesis procedure, and the drainage tube was removed.
Echocardiography demonstrated the dramatic decrease in
pericardial effusion (left ventricle: <5 mm) and improve-
ment of the ejection fraction to 76%. The patient was dis-
charged from the hospital 20 days after the emergency
admission. Two months later, an X-ray of the chest showed a
normal cardiac shadow (Fig. 3}, and no evidence of pleural/
pericardial effusion. In view of the risk of relapse of the
pleuropericardial effusions, re-administration of gemcitabine
was avoided. Although we proposcd other anticancer agents
as second-linc chemotherapy, she refused any additional
anticancer treatment. Therefore, she received only supportive
care thereafter and died 4 months later from hepatic metasta-
sis and failure.

DISCUSSION

The main causes of pleuropericardial effusion arc infection
(viral, pyogenic, tuberculosis, fungal etc.), acute idiopathic,
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uremia, ncoplasia, myxedema, acute myocardial infarction,
post-radiation reactions, drug-induced reactions, collagen
vascular discase, inflammatory bowel disease, aortic dissec-
tion and trauma.

In our case, a differential diagnosis between malignant ef-
fusion and a benign causec of the effusion was essential in
view of the diagnosis of cancer recurrence. The fluid
samples were found to be exudates, which by itself is not
sufficient to rule out the possibility of malignant effusion.
However, cytological cxaminations of the fluid samples
revealed no malignant cells. Furthermore, although liver me-
tastasis was diagnosed in our paticnt after she was dis-
charged from our hospital, she did not have a relapse of the
effusion for a long time after the removal of the drainage
tube despite the absence of anticancer treatment. Therefore,
a malignant effusion was thought to be unlikely. At the time
of the diagnosis of pleuropericardial effusion, the patient’s
oral intake was sufficient and her serum albumin level was
3.5 g/dl. Therefore, hypoalbuminemia did not causec the
pleuropericardial effusion. Although proteinuria (2+) and
hematuria (3-4) were observed at the time of the diagnosis
of pleuropericardial effusion, the serum creatinine level was
normal. The renal dysfunction may have been caused by
hypertension and the chemotherapy. The severity of the
renal dysfunction was too low to be a possible cause of the
pleuropericardial effusion. Bacteriologic and mycobacterio-
logic cultures of the blood, pericardial and pleural fluid
(both gides) samples were all negative. Complement fixation
tests of paired serum samples to detect an clevation in the
antibodies to major causative viruses of pleuropericardial ef-
fusion were negative. Chest pain, high fever and ST eleva-
tion on the electrocardiogram, which are typical findings of
acute pericarditis induced by viral infection, were absent.
The patient did not have any history of injury, radiation or
thoracic surgery. Other causative diseases, such as collagen
vascular diseases, cardiovascular diseases, renal failure
and hypothyroidism, were excluded based on the results of
the physical examination, laboratory examination and
imaging studies. Although the use of common medicines
was continued, with the discontinuation of gemcitabine,
after the diagnosis of the pleuropericardial effusion, the ef-
fusion did not recur. In view of the above-mentioned clin-
ical information, we concluded that the most probable
causc of the pleuropericardial effusion in our patient was
the gemcitabine treatment. Although the re-administration
of gemcitabine with follow-up might have improved the re-
liability of our conclusion, such treatment was not ethically
acceptable, especially as the patient refused any further
chemotherapy.

Although pulmonary toxicity is a well-known side effect
of gemcitabine, there have been only a few reports of pleural
cffusion developing as a complication secondary to the pul-
monary toxicity of this drug (17—-20). With regard to peri-
cardial effusion, only onc previous report describing four
cases of pericardial effusion caused by gemcitabine-induced
radiation recall reactions was identified (10). Therefore, our

Jpn J Clin Oncol 2012;42(9) 849

case is the first report of pleuropericardial effusion induced
by gemcitabine treatment alone.

The mechanism underlying the development of
gemcitabine-induced pleuropericardial effusion is unknown,
With regard to reports of pleuropericardial effusion caused
by other anticancer agents, this has often been reported in
patients treated with docetaxel, dasatinib or imatinib.
Docetaxel is a cytotoxic agent that is toxic to the micro-
tubule assembly in the cells. Docetaxel-induced pleuroperi-
cardial effusion is reported to be associated with systemic
fluid retention caused by the capillary protein leak syndrome
{(11,12). Although no cases of pleuropericardial effusion
have been reported, some cases of gemcitabine-induced sys-
temic capillary leak syndrome have been reported previously
{(13~15). Favorable effects of corticosteroids, which signifi-
cantly delay the onset of docetaxel-induced fluid retention,
have been reported (16), and this treatment could also be
considered for the treatment of gemcitabine-induced pleuro-
pericardial effusion. The colloid osmotic pressure of edema,
the interstitial fluid pressure and the interstitial hydrostatic
pressure were measured before and after treatment to explain
the theory of treatment-induced capillary protein leakage as
the mechanism responsible for the fluid retention in patients
treated with docetaxel (12). On the other hand, imatinib and
dasatinib, molecular-targeted agents categorized as multitar-
geted tyrosine kinase inhibitors, have been reported to cause
pleuropericardial effusion. The underlying mechanism is still
unknown, but may involve an immune-mediated pathway or
off-target inhibition of the platclet-derived growth factor re-
ceptor, B-polypeptide (8). Gemcitabine, a novel deoxycyti-
dine analog antimetabolite, does not exert off-target kinase
inhibition.

If the above-mentioned discussions are taken into consid-
eration, the pleuropericardial effusion in our case could have
been associated with the capillary leak syndrome induced by
gemcitabine.

Complications of pleuropericardial effusion, especially
cardiac tamponade, complicating pericardial effusion, and
acute respiratory failure complicating pleural effusion arc
life-threatening and might have a rapid clinical course.
Therefore, it should be kept in mind during chemotherapy
with gemcitabine, especially when patients complain of
dyspnea, tachycardia or edema.

CONCLUSION

We encountered a case of gemcitabine-induced pleuroperi-
cardial effusion in a patient with recurrent pancreatic
cancer. Physicians should be aware of the possibility of
gemcitabine-induced pleuropericardial effusion.
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Whole-genome sequencing of liver cancers identifies
etiological influences on mutation patterns and recurrent
mutations in chromatin regulators

Akihiro Fujimoto®'¢, Yasushi Totoki®!$, Tetsuo Abe!, Keith A Boroevich', Fumie Hosoda?, Ha Hai Nguyen?,
Masayuki Aoki!, Naoya Hosono!, Michiaki Kubo?, Fuyuki Miya', Yasuhito Arai?, Hiroyuki Takahashi?, Takuya
Shirakihara?, Masao Nagasaki®, Tetsuo Shibuya®, Kaoru Nakano!, Kumiko Watanabe-Makino!,

Hiroko Tanaka®, Hiromi Nakamura?, Jun Kusuda4, Hidenori Ojima®, Kazuaki Shimada®, Takuji Qlkusaka’,
Masaki Ueno®, Yoshinobu Shigekawa$, Yoshiiku Kawakami®, Koji Arihiro!9, Hideki Ohdan'l,

Kunihito Gotoh!?, Osamu Ishikawa!?, Shun-ichi Ariizumil'3, Masakazu Yamamoto!3, Terumasa Yamadal2,
Kazuaki Chayama®?, Tomoo Kosuge®, Hiroki Yamaue®, Naoyuki Kamatani’, Satoru Miyano®,

Hitoshi Nakagama®!?, Yusuke Nakamura®!3, Tatsuhiko Tsunodal, Tatsuhiro Shibata? & Hidewaki Nakagawa!

Hepatocellular carcinoma (HCC) is the third leading cause of
cancer-related death worldwide. We sequenced and analyzed
the whole genomes of 27 HCCs, 25 of which were associated
with hepatitis B or C virus infections, including two sets of
multicentric tumors. Although no common somatic mutations
were identified in the multicentric tumor pairs, their whole-
genome substitution patterns were similar, suggesting that
these tumors developed from independent mutations, although
their shared etiological backgrounds may have strongly
influenced their somatic mutation patterns. Statistical and
functional analyses vielded a list of recurrently mutated genes.
Multiple chromatin regulators, including ARIDTA, ARID1B,
ARID2, MLL and MLE3, were mutated in ~50% of the tumors.
Hepatitis B virus genome integration in the TERT locus was
frequently observed in a high clonal proportion. Our whole-
genome sequencing analysis of HCCs identified the influence
of etiological background on somatic mutatien patterns and
subsequent carcinogenesis, as well as recurrent mutations in
chromatin regulators in HCCs.

To gain insight into the molecular alterations of virus-associated
HCC, we performed whole-genome sequencing (WGS) of 27 HCC
tumors from 25 affected individuals, including two sets of multicentric

tumors (MCTs) and matched normal lymphocytes (Supplementary
Table 1). This included 11 hepatitis B virus (HBV)-related HCCs,
14 hepatitis C virus (HCV)-related HCCs and 2 HCCs without HBV or
HCV infection (INENC). Two affected individuals (HC3 and HC7) had
two independent synchronous tumors, which were determined to be
MCTs, not intrahepatic metastases, on the basis of their clinicopatho-
logical features, After PCR duplication removal, we obtained an aver-
age of 39.8x% (tumor) and 32.7x (tymphocyte) coverage of the genomes
by uniquely mapping 50-125 bp reads using paired-end sequencing
(Supplementary Fig. 1). We identified somatic point mutations and
indels with a false positive rate of less than 5% and 109, respectively
(Supplementary Note). We detected 4,886-24,147 somatic point
mutations per tumor (Fig. 1a and Supplementary Table 2), and the
average number of somatic point mutations at the whole-genome
level was 4.2 per megabase. One tumor (HC11), which exhibited an
exceptionally large number of somatic mutations (24,147 substitutions
with predominant C>T/G>A transition at CpGs and 8,950 indels;
Fig. 1a), was determined to have a DNA mismatch-repair defect due
to a somatic nonsense mutation (encoding p.Glu234*) in MLHI.
Analysis of the ratio of the depth of coverage identified 294 deleted
regions (log,R ratio < ~1) and 20 amplified regions (log,R ratio =2

(Supplementary Table 3 and Supplementary Note). Inconsistencies
in mapped reads and subsequent PCR validation identified an average
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Figure 1 Somatic substitution patterns of HCCs. (a) The number of somatic substitutions and indels (top) and somatic substitution patterns (bottorn) of
the 27 HCC genomes. (b) Repair on the transcribed strand. Fitted curves show the effect of gene expression and strand bias on substitution prevalence.
We used Agilent microarray expression data (Whole Human Genome 8 x 60K Oligonucleotide Microarray) in this transcription-coupled repair (TCR)
analysis, and exptession level indicates Agilent microarray intensity fevel units with a log, scale. UT, untranscribed strands; T, transcribed strands.

of 20.8 genomic rearrangements per tumor (Supplementary Table 4
and Supplementary Note). The number of somatic substitutions,
indels and rearrangements were not significantly different between
HBV- and HCV-related HCCs (Supplementary Fig, 2).

The distribution of somatic substitutions in HCC genomes is sig-
nificantly deviated from the assumption of a uniform mutation rate
(y-square test; Pvalue < 1 x 107300), and we identified a dominance
of T>C/A>G transitions {(odds ratio (OR) = 2.02, 95% confidence
interval (CI) = 1.95-2.08; Fig. 1a), as described previously!, as well as
C>A/G>T transversions (OR = 1.43, 95% CI = 1.36-1.50) and C>T/
G>A transitions (OR = 1.75, 95% CI = 1.68-1.82), particularly at CpG
sites (OR = 4.55, 95% CI = 4.30-4.80) (Supplementary Fig. 3). As
C>T/G>A transitions are also dominant in other cancers?®, T>C/A>G
transitions and C>A/G>T transversions could be characteristic muta-
tional signatures of HCC genomes.

To examine the influence of transcription-coupled repair,
we compared gene expression levels (Supplementary Tables 5 and 6)
and the number of substitutions in seven HCCs. Only T>C and C>A
changes but not C>T changes were effectively repaired on the tran-
scribed strand (Supplementary Fig. 4a~c), and these repairs occurred
more frequently in highly expressing genes
(HB10 in Fig, 1b and Supplementary Fig, 5).
Of note, transcription-coupled repair did
not occur in the mismaich repair-deficient
tumor with MLF1 inactivation (HCI11 in
Fig. 1b). Another case (HB11) had a familial
disposition to cancer (Supplementary
Table 1) and exhibited a distinct mutation

Figure 2 Mutation patterns of MCTs, (a) Circos
plots?0 of the MCTs from two subjects (HC3

signature (increased indels, less dominance of T>C/A>G transi-
tions and a decreased effect of transcription-coupled repair at T>C
transitions) (Fig. 1a,b), although no causal mutation explaining the
DNA-repair deficiency was identified. These findings suggest that
transcription-coupled repair preferentially repairs somatic substitu-
tions that are specifically increased in cancer.

One of the characteristic features of HCC is multiple occurrences
or MCTs in a strong carcinogenetic background. First, we compared
somatic mutation sites of the two pairs of MCTs (HC3 and HC7). It
protein-coding regions, no comimon somatic mutations were identi-
fied. ATM, FSIP2 and LRENS5 were mutated in both MCTs of HC3,
but the locations of the mutations were different. In non-coding
regions, WGS identified 30 and 37 common somatic point muta-
tions and indels in the HC3 and HC7 pairs, respectively. However,
most of these occurred in repetitive regions, and all candidates that
could be analyzed by Sanger sequencing (# = 20) were found to be
germline variants (Supplementary Note)., We also found no common
structural alterations in these MCTs (Fig. 2a). These findings suggest
that these synchronous MCTs developed through an accumulation of
a completely different set of genetic alterations. Second, we applied

and HC7). Each circle plot represents validated b c
rearfangements (inner arcs) and copy-number 3]
alternations (inner rings). In rearrangements, Hcgs
lines show translocations (green), deletions ol
(blue), inversions {orange) and tandem 2,
duplications (red). Copy-number gain and loss 2@
regions are shown in green and red. (b) PCA of LN o) 2 3

. o a HC10 HC2
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Table 1 Significantly mutated genes and their mutation frequency in the validation set

CDS length  Coding . Frequency
Gene Chr. Start End (bp) indel  Missense Nonsense Splice site  Total Pvalue gvalue in validation set
TP53 17 7,572,927 7,579,912 1,218 0 11 0 3 14 ¢} -0 : NA
ERRFI1 1 8,073,270 8,075,679 1,397 1 0 2 0 3 0.00020 - 0,0034 3"'1% (2/65)
2Ic3 126,648,851 136,652,229 1,412 0 3 0 0 3 0.00050° 0.0041  3.3% (4/120)
CTNNB1 3 41,265,560 41,280,833 2,398 0 3 0 0 3 0.0015 - 0.0071 o NA
GXYLTI 12 42,481,588 42,538,448 1,351 0 3 0 0 3 0.0013- . 0.0071 - 0.8% (1/120)
OTOP1 4 4,190,530 4,228,591 1,859 1 2 0 0 3 0.0015 0.0071 0.8% (1/120)
ALB 4 74,270,045 74,286,015 1,882 3 0 0 0 3 0.0022° - 0.0(4)89:‘ -3.3% (4/120)
ATM 11 108,098,352 108,236,235 9,415 1 4 0 0 5 0.0037. . 0.013 . 5.0% (6/120)
ZNF226 19 44,674,234 44,681,827 2,424 1 1 1 0 3 0‘0043 V 0.014 3.3% (4/120)
USP25 21 17,102,713 17,250,794 3,260 1 2 0 0 3 0.0051 0.015: 0% (0/120)
WWpP1 8 87,386,280 87,479,122 2,857 2 1 0 0 3 - 0.0060 0.016 . 7.7% (5/65)
1GSFI10 3 161,164,477 151,176,497 7,892 0 4 0 0 4 0.0091 0.023 3.3% (4/120)
ARIDIA 1 27,022,895 27,107,247 6,934 2 1 0 ¢} 3 0.011 0.026 . 10% (12/120)
UBR3 2 170,684,018 170,938,353 5,819 0 3 0 0 3 0.018 0.041 0.8% (1/120)
BAZZ2B 2 160,176,776 160,335,230 6,643 0 3 0 0 3 0.024 0.050 1.6% (2/120)

Significantly mutated genes with more than two mutations are shown. Chr., chromosome,

principal-component analysis (PCA) to further examine genome-wide
somatic mutation patterns. Two HCCs (HC11 and HB11) exhibited
quite distinct substitution patterns compared to the other samples
due to their mismatch-repair deficiency (Supplementary Fig. 6a).
Therefore, they were excluded from PCA. Notably, the pairs of each
MCT (HC3 and HC7) were tightly clustered in PCA (permutation
test; P value = 0,00050), indicating similar somatic substitution pat-
terns on the whole-genome level (Fig. 2b,c). Considering that these
MCTs shared the exact same genetic and environmental backgrounds,
the somatic substitution patterns are likely to be determined by the
etiological backgrounds in which the tumors developed.

We also examined associations between the principal components
and clinical factors, Although the correlations between somatic substitu-
tion patterns and age at diagnosis, tumor grade, liver fibrosis and tumor
size were not significant, habitual alcohol drinking and the occurrence
of synchronous or metachronous multiple liver nodules showed signifi-
cant association with principal components of the somatic substitution
patterns (habitual alcohol drinking, P = 0.028; multiple liver nodules,
P = 0.016) (Supplementary Fig. 6b,c). Virus type showed a marginal
association with substitution pattern (P = 0.091) (Supplementary
Fig. 6d). In addition to viral infection, alcohol abuse, obesity, diabetes
and other metabolic disorders are also risk factors for liver carcino-
genesis, and its background etiology is very heterogeneous®. Multiple
background factors, including germline variants, epigenetic status of
liver, virus infection, exposure to other environmental carcinogens,
inflammation and a combination of these factors, would contribute to
the somatic mutation pattern in cancer genomes,

Across all 27 HCC genomes, we detected a total of 2,048 (75.9 per
tumor) protein-altering point mutations, including 1,734 missense
mutations, 101 nonsense mutations, 161 short coding indels and
52 splice-site mutations (Supplementary Table 2), After adjusting for

Figure 3 Mutant allele proportions of point mutations. HMG, highly
mutated genes, genes whose mutation frequency was greater than 3%

in the validation set (ARIDIA, IGSFI0, ATM, ZNF226, ZIC3, WWP1

and ERRFI1); TSG, known tumor suppressor genes annotated by
MutationAssessor2!; NS, nonsynonymous; S, synonymous. Non-coding
includes point mutations in non-coding regions except for in splice sites.
The edges of the boxes represent the 25! and 75t percentile values.
The whiskers represent the most extreme data points, which are no
more than 1.5 times the interquartile range from the boxes. *P < 0.05;
**P < 0.01; ***P<(0.001.

the regional deviation of somatic mutation rate and gene length, signif-
icantly frequent mutations were found to occur in 15 genes, with a false
discovery rate (FDR) of £0.05 (Table 1 and Supplementary Table 7).
TP53 and CTNNBI (encoding fi-catenin) genes were significantly
mutated in HCC, as previously reported®. Five mutations of ATM were
detected in four tumors without TP53 mutations. Sequencing analysis
on an independent set of 120 HCCs detected 6 additional ATM muta-
tions (5%) (Table 1 and Supplementary Table 8). Three mutations of
ARIDIA, two frameshifts and one missense, were detected in three
tumors by WGS. ARIDIA encodes a key component of the SWI-SNF
chromatin-remodeling complex, and ARIDIA mutations have been
detected in ovarian cancer® and many other cancers’. Sequencing
analysis of the 120 HCCs detected 12 additional mutations of ARIDIA
(10%) (Table 1 and Supplementary Table 8). WGS detected three
somatic mutations in ERRFI1, two nonsense and one frameshift, in two
tumors. ERRFII encodes a protein that inhibits the kinase domains of
EGFR and ERBB2 (ref. 7), and Errfil knockout mice showed enhanced
hepatocyte proliferation®. These mutations may cause the loss of inhib-
itory function and thereby activate the EGFR signaling pathway in
HCC. We detected 2 additional mutations of ERRFI1 (3.1%) in 65
independent HCCs (Table 1 and Supplementary Table 8). Three
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Figure 4 Mutations in chromatin regulators and functional analysis of potential driver genes. (a) Mutations in chromatin regulators in 27 HCC genomes.
Mutations in chromatin-regulator genes are summarized. In addition to point mutations, 55.6-kb genomic deletion of AR/D2 in NBNC2, which was
identified by the read-pair method, and several copy-number alternations of chromatin-regulator genes are included. HC6 had both 1-bp deletion

and low-level loss in ARID1A. (b) Functional assays of potential driver genes in HCC cell tines. Changes in cell proliferation in five HCCs compared to
proliferation with control siRNA treatment are presented. Magenta and blue boxes represent more than 2-fold and less than 0.5-fold changes in the cell
number, respectively. Genes involved in chromatin modification are indicated by the line.

mutations of WWPI were detected by WGS. WWPI encodes an E3
ubiqutin ligase that affects protein stability of some oncogenes, such
as ERBB4 (ref. 9). We also detected 5 additional mutations (7.7%)
of WWPI in 65 HCCs (Table 1 and Supplementary Table 8). We
detected additional mutations of IGSF10, ZNE226, ZIC3 and ALB, each
at' a 3% frequency (Table 1 and Supplementary Table 8), but their
functional significance in cancer is unknown. Next, we compared the
mutant allele proportions of point mutations in highly mutated genes
whose frequency was validated (ARIDIA, IGSF10, ATM, ZNF226,
ZIC3, WWP] and ERRFII) among the significantly mutated genes,
known tumor suppressor genes and non-coding regions. The propor-
tions of point mutation alleles of both highly mutated genes and tumor
suppressor genes were significantly higher than that of non-coding
regions (Fig. 3), which indicates that either the wild-type alleles were
deleted or mutations in these genes were generated in the ancestral cell
population of tumer cells. The mutant allele proportion or mutation
clonality within a tumor would provide useful information te identify
driver mutations!®,

To identify biologically relevant mutations in HCCs, we per-
formed gene-set enrichment (GSE) analysis on the mutated genes!..
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We attempted to enrich functional mutations by selecting genes with
deleterious mutations (nonsense, indel and splice-site mutations).
In GSE analysis, the ‘bromodomain’ and ‘chromatin-regulator’ gene
sets were found to be significantly enriched in the mutated gene list
(Supplementary Table 9). WGS detected recurrent somatic muta-
tions in several genes annotated to be associated with chromatin
regulation, such as ARIDIA, ARIDIB, ARID2, MLL, MLL3, BAZ2B,
BRD8, BPTF, BRE and HIST1H4B. Notably, 14 out of the 27 tumors
(52%) had somatic point mutations or indels in at least one of these
chromatin regulators (Fig. 4a and Supplementary Tables 7 and 10).
Sequencing analysis of the 120 independent HCCs detected 8 addi-
tional mutations of ARIDIB (6.7%), 7 of ARID2 (5.8%), 5 of MLL3
(4.2%),2 of MLL (1.7%) and 2 of BPTF (1.7%), as well as 12 of ARID1A
(10%) (Supplementary Tables 8 and 18). In both the WGS and the
validation set, the number of indels was significantly higher in chro-
matin regulators than in genes in other categories (P = 2.1 x 10719
indel/nonsynonymous: 23/38 in chromatin regulators and 154/1,820
in genes in other categories), suggesting that loss-of-function
mutations are enriched in these chromatin-regulator genes in HCC
genomes, We observed that mutations in chromatin regulators were
marginally associated with the stage of liver fibrosis and hepatic vein
invasion (Fig. 4a and Supplementary Tabie 11), supporting the idea
that mutations of chromatin regulators or the ARID family may con-
tribute to poor prognosis for individuals with HCC.

To determine whether the recurrently mutated genes have any biologi-
cal affect in HCC, we knocked down 17 candidate driver genes, including
the chromatin regulators, through small interfering RNA (siRNA) in a
panel of five HCC celi lines (Supplementary Fig. 7). Downregulation

Figure 5 Clonal proportion of HBV integration sites in cancer cell populations
of four HBV-integrated HCCs. Integration sites (1Ss) in the TERT locus

are indicated by red. Digital PCR analysis indicates 4.0-57.8% clonal
population of HBV integration at each locus. The average proportion of the
TERT integration sites (41%) was higher than that of other integration sites
(32%). Error bars, s.e.m. from four replicate measures.
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of three genes (ERRFI1, JGSF10 and MLL3) promoted cell proliferation
in four out of five HCC cell lines when compared to those treated with
control siRNA (Fig. 4b). Knockdown of another eleven genes pro-
moted cell growth in at least one HCC cell line (Fig. 4b). The growth-
promoting effect was not observed in HCC cell lines that did not express
the gene (Supplementary Fig, 8). This dataimplicates that these candi-
date driver genes, many of which are chromatin regulators, may have a
tumor suppressive effect in HCC cells. The mutated chromatin regula-
tors in HCC may change their target’s gene expression though diverse
remodeling of nucleosome structures and histone modification!®4,
Moreover, multiple long non-coding RNAs, suggested to regulate chro-
matin status and transcription by coupling with chromatin regulators'®,
were also mutated at statistically significant frequencies in our WGS
analysis (Supplementary Table 12 and Supplementary Note).

We determined HBV integration sites using sequence read-pair
mapping information!. Twenty-three breakpoints were predicted
by 3 or more supporting read-pairs and all were validated by PCR
and Sanger sequencing. The breakpoints within the HBV genome
were primarily localized to the downstream region of the HBx gene
whereby deletion of C-terminal region may contribute to develop-
ment of HCC (Supplementary Fig. 9). Interestingly, HBV genome
integration was observed within or upstream of the TERT gene in four
HBV-related HCCs as previously observed!” (Supplementary Fig. 10
and Supplementary Table 13). Using digital PCR, we quantified the
clonal population with HBV integration in seven HBV-integrated
HCCs and corresponding non-cancerous liver tissues, and the pro-
portion of the integrated alleles ranged from 4.0% to 57.8% in the
tumors (Fig. 5), while no clonal integration breakpoint was detected
in the paired non-cancerous liver tissues. Considering HBV genome
integration is an early event during chronic HBV infection!®, HBV
integration in the TERT locus may confer clonal advantage in the
early phase of HBV-related liver carcinogenesis.

This study provides a comprehensive analysis of the mutational land-
scape of heterogeneous virus-associated HCC genomes. The variation
in somatic substitution patterns in individual tumors may reflect differ-
ent exposure to carcinogens, DNA repair defects and cellular origin'®,
Considering the high complexity and heterogeneity of HCCs of both
etiological and genetic aspects, further molecular classification is required
for appropriate diagnosis and therapy in personalized medicine.

URLs. Human Genome Center, The University of Tokyo, http://sc.hgc.
jp/shirokane.html; ICGC, http://www.icgc.org/; Gene Expression
Omnibus (GEO) database, http://www.ncbinlm.nih.gov/geo/;
ICGC data portal, hitp://dcc.icgc.org/; human reference genome
(GRCh37), htip://www.ncbinlm.nih.gov/projects/genome/assembly/
grc/human/.

METHODS
Methods and any associated references are available in the online
version of the paper.

Accession codes. Information on all point mutations and indels was
deposited to the ICGC web site, and the data can be acquired from the
ICGC Data Portal site. Microarray expression data are deposited at
the Gene Expression Omnibus (GEO) database under the accession
number GSE36390.

Note: Supplementary information is available in the online version of the paper.
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Clinical samples. The clinical and pathological features of 25 subjects and
their 27 HCCs that were used for WGS are shown (Supplementary Table 1).
HBV-related tumors were defined by the presence of HB surface antigen
(HBsAg) in serum, and HCV-related tumors were defined by the presence
of antibody to HCV (HCVAD) in serum. NBNC tumor was defined by a lack
of both HBsAg and HCVAD. All subjects had undergone partial hepatectomy,
and pathologists confirmed HHCC with more than 80% viable tumor cells. High
molecular weight genomic DNA was extracted from fresh-frozen tumor speci-
mens and blood. All subjects agreed with informed consent to participate in the
study following ICGC guidelines®. Ethical committees at RIKEN, the National
Cancer Center and all groups participating in this study approved this work.

Whole-genome sequencing. We prepared insert libraries of 300-500 bp from
1.5-3 g of genomic DNA from tumors and lymphocytes and sequenced them
using the Iumina Genome Analyzer IT and HiSeq 2000 platforms with paired-
end reads of 50-125 bp according to the manufacturer’s instructions.
Somafic point mutation and short indel calls. Read sequences were mapped
by Burrows-Wheeler Aligner (BWA)? to the human reference genome
(GRCh37). Possible PCR duplicate reads were removed by SAMtools®* and in-
house software. After fillering by pair mapping distance, mapping uniqueness
and orientation between paired reads, the mapping result files were converted
into the pileup format with SAMtools. Mutation calling was conducted in part
on the basis of methods we have published elsewhere!?, A detailed explana-
tion is provided in the Supplementary Note.

Identification of significantly mutated genes. Because the number of muta-
tions in a gene is influenced by gene length and the background mutation rate,
we calculated the probability of the number of protein-altering mutations under
the given mutation rate and gene length using the following set of calculations.
First, we divided the genomic region into 1-Mb bins and estimated the muta-
tion rates for point mutations and indels. Because the mutation rates in CpG
sites were much higher than those of other regions (Supplementary Fig, 3), we
estimated the mutation rate for point mutations in CpG and non-CpG sites sepa-
rately. We used mutations in. non-coding regions for mutation rate estimation.
Second, the number of nonsynonymous sites was counted for each gene. Finally,
the expected number of mutations in each gene was calculated by the total
number of nonsynonymous sites and the background mutation rate, Tests of
significance for each gene were performed by assuming a Poisson distribution.
We adjusted for multiple testing using the Benjamini-Hochberg method?®,

Somatic genomic rearrangement calls. To identify genomic searrangements, we
used inconsistent and stretched read pairs that were uniquely mapped. We dis-
carded read pairs with mapping quality of <30 and those with proper orientation
and a distance between read pairs of <1 kb. If candidate rearrangements were sup-
ported by three or more read pairs and no rearrangement breakpoint was called
within 500 bp of the tumor breakpoint in the matched lymphocyte sample, then
we performed realignment to GRCh37 with blastn®, and candidates supported by
uniquely mapped read pairs were used for the validation study. We also discarded
candidates that were not supported by at least one perfect-match read pair, We
performed PCR validation of the candidales. Although only 10% of candidates
that were supported by three read-pairs were validated, 74.1% of candidates sup-
ported by 24 read pairs were successfully validated (Supplementary Fig, 11).

Somatic copy-number alteration calling, We estimated copy-number alter-
ation (CNA) over 5-kb windows. The ratio of standardized average depth
between lymphocyte and cancer samples (log,R ratio) was calculated. CNA
regions were defined by DNAcopy?. Segments with alog,R ratio of 22 or <-1
in two or more samples were considered as recurrent amplifications or dele-
tions, respectively. Segments with a log,R ratio of 21 or £--0.6 in five or more
samples were considered as recurrent gain (low-level amplification) and loss
(low-level loss) regions, respectively.

HBYV integration calls. To find HBV genome sequences in the tumor genome,
we mapped read sequences o the genome of HBV genotype C (GenBank
Nucleotide, NC_003977.1), which is most prevalent in Japan and east Asia.

Our WGS analysis detected HBV genomic sequence in 8 out of 11 genomes of
HBV-related HCCs. This is consistent with the previous observation that the
HBY genomic sequence was not detected in cancerous or non-cancerous lver
tissue in 20-35% of individuals with HCC that had HBsAg-positive sera?»,
To identify HBV integration sites, we selected read pairs in which one read
was mapped to the HBV genome and the other was mapped to the human
reference genome GRCh37. Twenty-three candidate sites were supported by
three or more read pairs. We performed PCR validation of these candidates,
and all candidates supported by three or more read pairs were successfully
validated, and the breakpoints identified by Sanger sequencing were near the
breakpoints predicted by the paired-end method.

PCA of the somatic substitution pattern. By comparing the genomes between
the tumor and control sample from each affected subject, we counted the
number of somatic mutations stratifying with substitution patterns, including
C>A/G>T, C>G/G>Cand C>T/G> A transversions at non-Cp( sites, C>A/G>T,
C>G/G>C and C>T/G> A transversions at CpG sites and T>A/A>T, T>C/A>G
and T>G/A>C transversions. By dividing by the total substitution number
within each individual i with HCC, we calculated substitution frequencies for
these nine groups as fj;, fip.... fig» respectively. Because they are normalized
so that the sum of the frequencies from all groups = 1, we used vectors of the
frequencies (), £,,... £ (f = 1-27) for PCA. PCA was implemented using the
R command prcomp with the scaling option on. We used principal components
that had eigenvalues of >1.0. For calculating correlation coefficients between
the principal-component score vectors and phenotypes of HCC (for example,
HBV/HCV/NBNC classification), we used a canonical correlation analysis and
tested Wilks’ A values to evaluate significance. Two HCCs (HC11 and HB11)
showed guite distinct substitution patterns compared to others due to deficiency
in DNA mismatch repair (Supplementary Fig. 6a) and were therefore excluded
from PCA. PCA for other mutation sets was also performed (Supplementary
Table 14). Also, we calculated correlation between each principal-component
score and phenotypes across tumors. Similarities between the MCTs were
examined by permutation test (Supplementary Note).

Mutation validation by exon sequencing, To discover recurrent mutations in
HCCs, we amplified all protein-coding exons of the candidate genes using the
DNA from 120 independent HCCs and their corresponding lymphocytes or
non-cancerous livers and prepared the sequencing libraries from the amplicon
mixture of pooled tumor DNA and pooled normal DNA. In total, we mixed
457 amplicons, corresponding to approximately 203 kb of DNA. The amplicon
libraries were sequenced by HiSeq 2000. The average read depth per base was
174,141x and 198,103x for the tumor and non-tumor pools, respectively. We
mixed in plasmid DNA as a negative control, and threshold frequencies were
determined by the distribution of errors in plasmid DNA. Detailed methods
have been described previously®!. For some genes, we amplified each exon
from DNA from a set of 65 HCCs and corresponding DNA from blood, and
performed Sanger sequencing for each amplicon.

Digital PCR. The proportions of integration sites in cancer cell populations
were examined using digital PCR™?. We designed PCR primers to amplify
integration sites and non-integration sites (Supplementary Table 13).
Sequences for primers and probes are available upon request. The estimated
{frequencies of both integration sites (HB2-1S1 and HB2-1S2) were consistent,
indicating that our estimation was highly reliable.

siRNA transfection and measurement of cell proliferation. Five HCC cell
lines (JHH4, JHHS5, JHH7, HuH-1 and HuH-7) were obtained from the
Japanese Collection of Research Bioresources Cell Bank. Mixtures of three
siRNAs targeting each gene and control, non-silencing siRNA were pur-
chased (Thermo Fisher Scientific). Cell lines (1,000 cells) were seeded on
96-well plates and transfected with siRNA using Lipofectamine RNAIMAX.
(Invitrogen), according to the manufacturer’s protocol. The number of cells
in triplicate wells was measured by CellTiter96 AQueous One Solution Cell
Proliferation Assay (Promega) on the sixth day after transfection.
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Abstract

Background: The chemotherapy for small-cell lung carcino-
ma (SCLC) has been adopted for advanced extrapulmonary
neuroendocrine carcinomas (EP-NECs). The aim of this study
was to clarify the efficacy of standard SCLC regimens when
used to treat EP-NECs and to compare the outcome with that
for SCLC. Methods: We reviewed the medical records of 136
patients (41 with EP-NEC and 95 with SCLC) who were treated
using a platinum-containing regimen for advanced disease
between January 2000 and October 2008 at our hospital. Re-
sults: The primary site of the EP-NEC was the gastrointestinal
tract in 18 patients (Gl tract group); the liver, biliary tract or
pancreas in 16 patients (HBP group), and other sites in 7 pa-
tients (‘others’ group). The response rate in the SCLC patients
was 77.8%, and the response rate in the EP-NEC patients was
30.8% (37.5% in the Gl tract group, 12.5% in the HBP group,
and 57.1% in the ‘others’ group). The median survival time for

the SCLC patients was 13.6 months, while that for the EP-NEC
patients was 9.2 months (14.9 months in the Gl tract group,
7.8 months in the HBP group, and 8.9 months in the ‘others’
group). A multivariate analysis demonstrated that a poor
performance status, liver involvement, and the treatment
regimen were independent unfavorable prognostic factors.
Conclusion: The response rate and prognosis of the patients
with advanced EP-NECs were worse than those of the pa-
tients with SCLC in this study. The Eastern Cooperative On-
cology Group performance status, liver involvement, and
treatment regimen had a larger impact on the prognosis
than the primary tumor site, as demonstrated by multivari-
ate analysis. Copyright © 2012 5. Karger AG, Basel

Introduction

Neuroendocrine neoplasms are defined as all neo-
plasms originating from endocrine glands, nerve ele-
ments, or from elements of the diffuse neuroendocrine
system [1]. The World Health Organization (WHO) has
proposed a grading system for neuroendocrine neo-
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plasms that divides them into three tiers based on prolif-
eration as follows [2]: (1) neuroendocrine tumor (NET)
(G1): mitotic count <2 per 10 high power fields (HPF)
and/or a Ki67 index of <2%; (2) NET (G2): mitotic count
2-20 per 10 HPF and/or a Ki67 index of 3-20%, and (3)
neuroendocrine carcinoma (NEC): mitotic count >20 per
10 HPF and/or a Ki67 index of >20%. Among these class-
es, NEC is a poorly differentiated, high-grade malignant
neoplasm. The definition of NEC refers to neoplasms
previously classified as small-cell carcinoma or poorly
differentiated (neuro)endocrine carcinoma (PDNEC).
Since the first report of ‘extrapulmonary oat cell carci-
noma’ of the mediastinum by Duguid and Kennedy [3] in
1930, extrapulmonary NECs (EP-NECs) have been re-
ported to arise in a variety of organs, such as the gastro-
intestinal tract, pancreas, head and neck region, or uro-
genital tract [4-16]. EP-NECs are a fairly rare, heteroge-
neous disease entity, and no standard treatment has been
established [17, 18]. Especially for extended or recurrent
EP-NECs, treatment with combined etoposide and cis-
platin, which is a representative regimen for the treat-
ment of small-cell lung carcinoma (SCLC), has been
mainly adopted [19-21] until now because these tumors
share many features, including their immunohistochem-
ical findings and aggressive clinical behavior [8]. How-
ever, some cytogenetic analyses have revealed differences
between the two entities [6, 14, 22]. Therefore, EP-NECs
may differ from SCLC with respect to their sensitivity to
anticancer agents or patient outcome [7]. The aim of the
present study was to clarify the efficacy of standard SCLC
regimens when used for the treatment of advanced EP-
NECs and to compare the outcome with that for SCLC.
Moreover, we compared the sensitivity to systemic che-
motherapy and the patient outcome according to the pri-
mary tumor site to identify prognostic factors.

Materials and Methods

Patients and Methods

This study was approved by the Ethics Committee of the Na-
tional Cancer Center, Japan. The pathology records of the Na-
tional Cancer Center Hospital, Tokyo, Japan (January 2000 to De-
cember 2008) were searched for neuroendocrine neoplasms. In all
the patients, a fine-needle biopsy or surgical specimen had been
used for the pathological diagnosis. Clinical information was ob-
tained from the patients’ medical records. Patients with EP-NEC
or small-cell lung cancer according to the WHO classification |2,
23], chemotherapy-naive patients with extended or recurrent dis-
ease, and patients treated with platinum-based combined chemo-
therapy [a regimen consisting of cisplatin and etoposide (PE reg-
imen), cisplatin and irinotecan (IP regimen), or carboplatin and
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etoposide (CE regimen)] were considered for enrollment. If accu-
rate proliferation fraction, such as Ki67 index or mitotic count,
could not be obtained, tumor differentiation was diagnosed mor-
phologically. In such cases, PDNECs according to the WHO 2004
[24] classification were considered as eligible. Patients who were
participating in ongoing prospective clinical trials were excluded
from the analysis. All the patients underwent computed tomog-
raphy (CT) examinations to determine the tumor stage. CT scans
of the brain or bone scans were also performed mainly in symp-
tomatic patients. Upper and lower gastrointestinal endoscopic ex-
aminations were performed in patients with gastrointestinal
NECs or unknown primary tumors. An extended NEC stage was
defined as the presence of any single or multiple metastases at any
distant anatomical site (including non-regional nodes), corre-
sponding to the extended stage of the two-stage system for SCLC
that was originally introduced by the Veterans’ Administration
Lung Study Group [25]. We investigated the patients’ back-
grounds, treatment efficacy, and the patient outcome according
to the primary site. Thereafter, we compared the sensitivity to
systemic chemotherapy and the patient outcome according to the
primary tumor site to identify prognostic factors.

Study Design

The response to chemotherapy was assessed according to the
Response Evaluation Criteria in Solid Tumors (RECIST), version
1.0 [26]. A response rate was defined as the sum of the complete
response rate and the partial response rate. The x? test was used
to assess differences in the patient characteristics of the EP-NEC
and SCLC groups and the relation between the primary tumor site
and the response rate. Overall survival (OS) was calculated from
the first day of treatment until the date of death or the last day of
the follow-up period. In the univariate analysis, the cumulative
survival proportions were calculated using the Kaplan-Meier
method [27], and any differences were evaluated using the log-
rank test. Only variables that achieved statistical significance in
the univariate analysis were subsequently evaluated in the multi-
variate analysis using Cox’s proportional hazards regression
model [28]. A p value of <0.05 was considered statistically sig-
nificant, and all the tests were two-sided. All statistical analyses
were performed using the SPSS statistical software program pack-
age (SPSS version 11.0 for Windows).

Resulis

We retrospectively reviewed 981 patients with a patho-
logically confirmed diagnosis of neuroendocrine neo-
plasms (511 from extrapulmonary organs and 470 from
the lung). Overall, 136 patients (41 with EP-NECs and 95
with SCLC) met the above-described criteria (fig. 1). The
patient characteristics are summarized in table 1. The
median age of the patients with EP-NECs was 58 years,
which was significantly younger than that of the patients
with SCLC (67 years). The patients included 26 males
(63.4%) with EP-NECs and 75 males (78.9%) with SCLC;
while the percentage of male subjects with EP-NECs was

325

Neuroendocrinology 2012;96:324-332



Total 981 patients with a pathologically confirmed diagnosis of neuroendocrine neoplasms
1
I |

Extrapulmonary (n=511) Pulmonary (n = 470)

Fig. 1. Study population. The target pop-
ulation of this study was patients with
extended or recurrent extrapulmonary I

f—{n=102" No therapy at our institute )= 46 Je—]
Any therapy at our institute (n = 409) Any therapy at our institute (n = 424)
F{n=311 _  Nothighgrade  n=58]«]

NEC(n =98) NEC {n = 366)
>[n=26" " Nochemotherapy - n=168k—]
Chemotherapy (n =72) Chemotherapy (n = 198)
[ n=T6_ Neither PE, IP nor CEregimen =30 |
PE, IP or CE regimen (n = 56) PE, IP or CE regimen (n = 168)
F»[n=6  Limieddisease n=53)«]

Extended disease (n = 50) Extended disease (n=115)

oo largescellNECT T n=10]e]
i_‘ Small-cell carcinoma (n = 105)
| 'n29 " /Lackofefficient clinical:data ., n=1.

Sufficient clinical data (n = 41)

Sufficient clinical data (n = 104)

Participarit ongoing clinical trial |~ n=9_ |+

n=41

n=95
J

PDNECs or small-cell carcinoma who had
been treated with chemotherapy (PE, IP or
CE regimen) at our institute.

T
Target population in this study (n = 136)

lower than that of male subjects with SCLC, the differ-
ence was not statistically significant. The majority of pa-
tients in both groups had a good performance status:
97.6% of the patients with EP-NECs and 90.5% of the pa-
tients with SCLC had an Eastern Cooperative Oncology
Group performance status (ECOG PS) of 0 or 1. Brain
and lymph node metastases were observed more fre-
quently among patients with SCLC than among those
with EP-NECs (p < 0.01 and p < 0.01, respectively),
whereas liver involvement was observed significantly
more often among patients with EP-NECs than among
those with SCLC (p < 0.01). The major primary sites of
EP-NECs were the stomach in 10 patients, followed by the
pancreas in 9 patients and the esophagus in 8 patients
(table 2). We divided the patients with EP-NECs into
three groups according to the primary tumor sites: the
gastrointestinal tract group (GI tract group), comprising
43.9% of the EP-NECs; the liver, biliary tract or pancreas
group (HBP group), comprising 39.0% of the EP-NECs,
and the ‘others’ group (prostate, thymus, bladder, and un-
known primary), comprising 17.1% of the EP-NECs. Pa-
tient characteristics are summarized in table 1. Overall,
systemic chemotherapy was performed according to the
PE regimen in 31 patients, the IP regimen in 70 patients,
and the CE regimen in 35 patients (table 3). The tumor
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responses to chemotherapy are shown in table 4. The re-
sponse rate was significantly higher in the SCLC group
(77.8%) than in the EP-NEC group (30.8%; p < 0.01). Of
the patients with EP-NECs, the response rate in the HBP
group (12.5%) was significantly lower than that of the
‘others’ group (57.1%; p = 0.025) and tended to be lower
than that in the GI group (37.5%; p = 0.10). The median
survival time (MST) of the patients with EP-NECs was
9.2 months and had a tendency to be worse than that of
SCLC patients with 13.6 months, but the difference was
not significant (p = 0.067; fig. 2). The 1-year survival rate
(61.1 vs. 38.6%) was better for the patients with SCLC
than EP-NECs. And a few patients (11.8%) with SCLC but
no patients with EP-NECs survived longer than 3 years.
The MSTs of patients treated with an IP regimen, PE reg-
imen, and CE regimen are shown in table 5. Of the pa-
tients with EP-NECs, the MSTs of the patients in the GI
tract group, the HBP group, and the ‘others’ group were
14.9, 7.8, and 8.9 months, respectively (p < 0.01; fig. 3).
The following 8 of the 15 pretreatment variables that were
evaluated were identified as being significantly associat-
ed with the survival time in univariate analyses (table 6):
ECOG PS (p < 0.01), primary site (p < 0.01), neuron-spe-
cific enolase (NSE; p = 0.025), hemoglobin (p = 0.029),
albumin (p < 0.01), alkaline phosphatase (p = 0.030), liv-
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Table 1. Clinical characteristics of the patients

EP-NECs SCLC p value
Total GI tract HBP ‘Others’
group group group

Patients 41 18 16 7 95

Age, years <0.01*
Median 58 63.5 46.5 59 67
Range 27-79 27-79 30-69 33-84 43-84

Gender, n (%) 0.057%%
Male 26 (63) 15 (83) 8 (50) 3 (43) 75 (79)
Female 15 (37) 3(17) 8 (50) 4 (57) 20 (21)

EGOG PS, n (%) 0.28%*
0 12 (29) 4 (22) 4 (25) 4 (57) 21 (21)
1 28 (68) 14 (78) 11 (69) 3 (43) 65 (68)
2 1(2) 0 1(6) 0 9(9)

NSE, ng/ml 0.050%
Median 43.8 34.2 127.7 14.6 57.2
Range 7.5-1,930 9.2-210.5 20.7-1930 7.5-571.0 5.5-1,158

ProGRP, pg/ml 0.69*%
Median 43.0 47.9 31.3 48.9 668.4
Range 5.3-63,090 5.3-13,810 11.9-63,090 21.2-117.1 18.3-40,550

Metastatic site, n (%)
Liver 30 (73) 14 (78) 13 (81) 3 (43) 21 (22) <0.01**
Brain 2 (5) 1(6) 0 1(14) 27 (28) <0.01%*
Bone 4(10) 1(6) 1(6) 2 (29) 22 (23) 0.068%*
Lung 5(12) 1 (6) 3(19) 1(14) - -
Lymph node 21 (51) 13 (72) 5(31) 0 76 (80) <0.01%*

ProGRP = Pro-gastrin-releasing peptide. * Student’s t test, ** x> test.

Time to event (months)

MST (months)
< —— EP-NEC 9.2
< jp=0.067*
N B ) - N SCLC 13.6
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Table 2. Primary tumor site of the patients with EP-NECs

GI tract group

Stomach 10

Esophagus 8
HBP group

Pancreas 9

Gallbladder 4

Liver 3
‘Others’ group

Thymus 2

Prostate 2

Bladder 2

Cup 2

CUP = Carcinoma of unknown primary site.

Fig. 2. Kaplan-Meier plot of OS. The MST of the patients with EP-
NECs was 9.2 months and had a tendency to be shorter than that

of patients with SCLC, which was 13.6 months. * log-rank test.
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Table 3. Chemotherapy regimens

EP-NECs , SCLC Total
Total GI tract HBP Others
CDDP + VP-16 18 1 16 1 13 31
CDDP + CPT-11 22 17 0 5 48 70
CBDCA + VP-16 1 0 0 1 34 35
Total 41 18 16 7 104 136

CDDP = Cisplatin; VP-16 = etoposide; CPT-11 = irinotecan; CBDCA = carboplatin.

Table 4. Tumor responses

EP-NECs SCLC

Total GI tract HBP Others
Complete response 1 0 0 1 5
Partial response 11 6 2 3 72
Stable disease 17 6 9 2 7
Progressive disease 10 4 5 1 48
Not evaluable 2 2 0 0 6
Response rate 30.8% 37.5% 12.5% 57.1% 77.8%

| J 1 |
p =0.10% p = 0.025*
p <0.01* (RECIST

version 1.0)

¥ y? test.

Table 5. The MSTs of the patients treated with IP regimen, PE regimen, and CE regimen

EP-NECs SCLC Total
n MST n MST n MST
CDDP + VP-16 18 7.3 13 124 31 8.9

] p = 0.023% ] p < 0.001*
70 166

:‘ p=0.001*

CDDP + CPT-11 22 149 48 166

:] p = 0.023% :| p =0.038*
35 9.3

CBDCA + VP-16 1 169 34 9.3

CDDP = Cisplatin; VP-16 = etoposide; CPT-11 = irinotecan; CBDCA = carboplatin. * log-rank test.

Neuroendocrinology 2012;96:324-332 Terashima et al.



Table 6. Prognostic factors (univariate analysis)

n Median OS £ SE  p*
months

Age
264 years 66 12.5£0.97 0.66
<64 years 70 12.9£2.07

Sex
Male 101 12.440.99 0.74
Female 35 12.9+1.34

ECOGPS
0-1 126 13.5+1.64 <0.01
2-3 10 514£3.02

Primary site
Lung 95 13.6+0.33 <0.01
GI tract 18 14.9£8.03
HBP 16 7.81£1.49
Others 7 8.9£3.52

NSE
=15 ng/ml 118 12.1+£1.55 0.025
<15 ng/ml 18 26.2%5.05

ProGRP
245 pg/ml 97 13.3+1.35 0.83
<45 pg/ml 39 124142

Hb
=12 g/dl 85 13.7£0.40 0.029
<12 g/dl 51 10.3+£1.96

CRP
204 mg/d! 89 11.3£1.69 0.056
<0.4 mg/dl 47 14.9+1.82

Alb
>3.7 g/dl 72 14.6+1.40 <0.01
<3.7 g/dl 64 9.310.43

ALP
>360 IU/1 37 9.2+0.68 0.030
<360 1U/1 99 13.8+0.88

LDH
>230 1U/1 103 11.6+1.86 0.058
<230 1U/1 33 18.0+5.54

Brain metastases
Presence 29 12.4+0.55 0.66
Absence 107 13.6 £0.97

Bone metastases
Presence 26 104£3.72 0.078
Absence 110 13.6 +0.36

Liver metastases
Presence 51 9.1%£0.35 <0.01
Absence 85 14.1%1.46

Regimen
CDDP + VP-16 31 8.9+ 0.66 <0.01
CBDCA + VP-16 35 9.3£1.45
CDDP + CPT-11 70 16.6 £4.38

ProGRP = Pro-gastrin-releasing peptide; Hb = hemoglo-
bin; CRP = C-reactive peptide; Alb = albumin; ALP = alkaline
phosphatase; LDH = lactate dehydrogenase; CDDP = cisplatin;
VP-16 = etoposide; CBDCA = carboplatin; CPT-11 = irinotecan.
* log-rank test.
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Fig. 3. Kaplan-Meier curves of OS of the patients with EP-NECs.
The MSTs of the patients in the GI tract group, the HBP group,
and the ‘others’ group were 14.9, 7.8, and 8.9 months, respectively.
The HBP group had the worst prognosis. * log-rank test.

er involvement (p < 0.01), and chemotherapy regimen
(p < 0.01). Only 3 of the above factors were identified as
independent unfavorable prognostic factors in a multi-
variate Cox regression model: an ECOG PS of 2 or 3 (haz-
ard ratio 3.786; p < 0.01), liver involvement (hazard ratio
1.943; p = 0.013), and the PE regimen (hazard ratio com-
pared with the IP regimen 1.990; p = 0.032; table 7).

Discussion

The definition of NET has been confused for a long
time, and the clinical and pathologic features of NETs
have been described by many investigators, with most
studies focusing on subsets of tumors restricted to one
organ or organ system. Site-longitudinal grading, stag-
ing, and classification systems have been developed by
the WHO [2, 23] and the European Neuroendocrine Tu-
mor Society (ENETS) [29, 30]. Among the parameters of
those classification systems, the proliferative index has
emerged as a fundamental grading characteristic that
now appears in most major schemata. Within these sche-
mata, NECs represent the highest grade of malignancy,
and patients with these tumor types have the worst out-
come among all patients with neuroendocrine neoplasms
[31, 32]. Therefore, the development of an effective ther-
apy for this disease entity is essential.

Systemic chemotherapy for patients with EP-NECs
has been conducted according to the regimens used for

Neuroendocrinology 2012;96:324~332 329



Table 7. Prognostic factors (multivariate analysis)

Hazard ratio {95% CI) p*

ECOGPS

2-3 3.786 (1.736-8.259) <0.01
Primary site

Lung

GI tract 1.061 (0.531-2.121) 0.87

HBP 1.390 (0.593-3.255) 0.45

Others 1.364 (0.534-3.480) 0.52
NSE

=15 ng/ml 1.480 (0.782-2.803) 0.23
Hb

<12 g/dl 1.144 (0.740-1.768) 0.55
Alb

<3.7 g/dl 1.381 (0.890-2.144) 0.15
ALP

<360 1U/1 1.189 (0.682-2.075) 0.54
Liver involvement

Presence 1.943 (1.146-3.295) 0.014
Regimen

CDDP + CPT-11

CDDP + VP-16 1.990 (1.062-3.731) 0.032

CBDCA + VP-16 1.487 (0.873-2.532) 0.14

Hb = Hemoglobin; Alb = albumin; ALP = alkaline phospha-
tase; CDDP = cisplatin; CPT-11 = irinotecan; VP-16 = etoposide;
CBDCA = carboplatin. * Cox proportional hazards model.

SCLC; however, little is known about treatment efficacy
because of the rareness of these cases, unlike SCLC (which
accounts for about 20% of all lung cancers). Consequent-
ly, we decided to conduct the present investigation. In an
attempt to unify the therapeutic procedures among uni-
fied patients, the candidates for enrollment were rigidly
restricted to patients with pathologically confirmed EP-
NECs and SCLC, extended or recurrent disease, and who
had been treated with the PE, IP, or CE regimen. The PE
or IP regimens are presently considered to be the stan-
dard treatment regimens for patients with extended
SCLC [33-35]. The CE regimen has been reported to have
a similar efficacy to the PE regimen among patients with
SCLC and can be considered as an alternative treatment
regimen [36].

The first aim of this study was to clarify the efficacy of
standard SCLC regimens when used to treat advanced
EP-NECs and to compare the treatment outcome with
that for SCLC. Our study showed that the response rate
of the patients with EP-NECs was lower than that of the
patients with SCLC. The objective response rate to plati-
num-based chemotherapy was 77.8% for the patients with

Neuroendocrinology 2012;96:324-332

SCLC, and the MST in the present study was 13.6 months,
which was similar to previously reported survival times
[33, 34, 36]. On the other hand, the efficacy of such regi-
mens against EP-NECs seemed to be worse in the present
study, with a response rate of 31.7% compared with 33~
66.7% in previous reports [5, 7, 10, 20, 21]. Although the
reason for the difference in the treatment efficacies was
unknown, possible reasons include the differences in the
criteria used to evaluate response and the relatively small
number of patients. Additionally, the response rates of
EP-NECs with different primary sites were significantly
different, with the HBP group showing the lowest re-
sponse rate. This finding also disagreed with Brenner et
al’s [5] report, which showed no differences in the re-
sponse to chemotherapy among the different anatomical
locations. The patients with EP-NECs tended to have un-
favorable outcomes compared with the patients with
SCLC in our study. Some reports have shown that the OS
of patients with EP-NECs was better than that of patients
with SCLC [7, 16]. In the present study, the most common
primary sites of the EP-NECs were the stomach, pancre-
as, and esophagus. On the other hand, relatively few pa-
tients had tumors arising in the reproductive tract, breast,
or head and neck region, which have been reported to be
associated with a better prognosis [4, 9-12]. At our insti-
tution, genitourinary EP-NECs tend to be resected, and
head and neck EP-NECs are often treated using chemo-
radiotherapy. In other words, the outcomes of the pa-
tients in a particular study might depend on the ratio of
the primary sites. Moreover, an interesting finding in the
present study was that although liver involvement was
identified as a prognostic factor in a multivariate analysis,
the primary site was not a prognostic factor. In fact, liver
metastasis is a well-documented poor prognostic factor
in patients with NETs [22, 37-40]. Actually, 73% of the
EP-NECs exhibited liver involvement in the present
study, whereas only 22% of the SCLCs exhibited liver in-
volvement.

Another interesting point of the present study is that
the IP regimen was associated with a significantly more
favorable outcome than the PE regimen in the multivari-
ate analysis. When the outcome of the SCLC patients was
examined according to the chemotherapeutic regimen
that was used, the MST associated with the IP regimen
was 16.6 months, which was significantly longer than
that associated with the PE regimen (12.4 months) or the
CE regimen (9.3 months) (p = 0.023 and p = 0.023, respec-
tively; table 5). These results agree with those of a Japa-
nese report by Noda et al. [35]. A similar trend was
observed among patients with EP-NECs in our study.

Terashima et al.



However, this result should be interpreted with caution
because of the bias introduced by the different treatment
policies with regard to the selection of chemotherapeutic
regimens among the divisions of our institute. For ex-
ample, all the patients in the HBP group were treated us-
ing the PE regimen, whereas a large proportion of the
patients in the GI and ‘others’ groups were treated using
the IP regimen (table 3).

The objectives of this study included not only patients
with ‘extrapulmonary small-cell carcinoma’ but also
those with ‘EP-NEC diagnosed based on a high Ki67 in-
dex or high mitotic count without small-cell morpholog-
ical features; NEC other than small-cell carcinoma’. It is
possible that ‘NEC other than small-cell carcinoma’ may
be biologically and clinically different from small-cell
carcinoma, and these differences could influence the
treatment outcomes of NEC in this study. However, al-
though the terms ‘small-cell carcinoma’ and ‘large-cell
carcinoma’ were specified in the WHO 2010 classifica-
tion, no definite indicators distinguishing ‘NEC other
than small-cell carcinoma’ from ‘small-cell carcinoma’
exist. Therefore, we refrained from comparing them in
this study. Additionally, some prognostic factors, such as
the Ki67 index, mitotic count or degree of necrosis, may
also influence the treatment outcomes. Because informa-
tion regarding these factors could not be obtained for all
the patients in this study and because our main purpose
in this study was to compare the clinical outcomes ac-
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cording to the primary tumor site, we did not evaluate the
chemosensitivity or the patient outcome according to
these factors. Nevertheless, these points are very impor-
tant clinical questions and should be examined in future
studies.

Another limitation of this study was its retrospective
nature, and a prospective trial with a large number of pa-
tients treated using the same chemotherapeutic regimen
is needed to confirm our findings.

In conclusion, the response rate and prognosis of pa-
tients with extended or recurrent EP-NECs, especially
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