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Table 6. Univariate Analysis of Prognostic Factors for Overall Survival Rate

Proton
Therapy, n=242
Factor OS Rate at P
5 Years, %
Age, y .7986
<70 37.3
270 38.2
Positive viral marker 9754
Hepatitis B virus 349
Hepatitis C virus 35.8
None 46.7
Performance status <.0001
0 435
1tor2or3 248
Child-Pugh classification <.0001
A 46.8
BorC 8.2
Tumor size, mm 1438
<50 3738
50-100 37.4
>100 411
Macroscopic vascular invasion .0003
Yes 33.2
No 40.3
Serum AFP, ng/mL 0026
<100 42
2100 29.5
Serum PIVKAH, mAU/mL 0109
<100 40.4
2100 355

Carbon lon All Patients,
Therapy, n=101 n=343

OS Rate at P OS Rate at P
5 Years, % 5 Years, %

6769 6448
439 39.4
26.9 36.2

1805 8586
44.6 324
40.8 36.3
33.9 46.6

2295 <.0001
43.7 436
26.8 24.1

<.0001 <.0001
412 46.6
33.3 8

0003 .0038
53.5 39.2
17.9 338
0 39.8

0055 <.0001
22 315
47.8 40.2

0024 <.0001
30.9 42,6
23.1 289

4041 .0082
58.4 41.8
16.5 33.8

Abbreviations: AFP, a-fetoprotein; OS, overall survival; PIVKAII, protein induced by vitamin K absence or antagonist {l.

compared, there were many instances in which low-dose
areas had spread into the surrounding normal liver during
proton therapy planning. This was apparently because of
the relatively large penumbra of proton beams. Conse-
quently, dose distribution in a single beam appears to be
better in carbon jon therapy than in proton therapy.
However, in terms of beam arrangement, carbon ions are
emitted from 3 fixed ports, such as vertical, horizontal, or
45-degree oblique; whereas a 360-degree rotating gantry
can be used for protons. The high positioning accuracy
achieved by irradiating patients in a supine position also
was an advantage of proton therapy. Currently, 360-
degree rotating gantries for carbon ion beams are under
construction in Japan and Germany, and it is expected
that these will enable the delivery of highly precise carbon
ion beam arrangements and, thus, will improve the effec-
tiveness of carbon ion therapy for HCC.
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In addition to dose distribution, there are evident
differences in biologic properties between the 2 beams, e,
the RBE. The RBE for proton therapy is comparatively
simple. The International Commission on Radiation
Units and Measurements has recommended 1.1 as a
generic RBE for proton therapy based on an analysis of
the published RBE values determined from in vivo sys-
tems.>*** All proton therapy centers, including the
HIBMC, have accepted this recommendation. Con-
versely, the RBE for carbon ion therapy is complex,
because there is no common model for selecting the RBE
of carbon ion beams. In addition, it may vary depending
on tissue type and the depth of the spread-out Bragg
peaks.>” Because of these differences, planning the physi-
cal dose distribution is substantially more complex for car-
bon ion beams than for proton beams; therefore, a direct
comparison of proton therapy and carbon ion therapy is
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Table 7. Independent Risk Factors Related to the Overall Survival Rate: Multivariate Analysis

Factor SE
Proton therapy
Performance status 1-3 (vs 0) 0.200
Child-Pugh classification B or C (vs A) 0.204
Macroscopic vascular invasion: Yes (vs no) 0.203
Serum AFP 2100 ng/mL (vs <100 ng/mL) 0.198
Serum PIVKAI 2100 mAU/mL (vs <100 mAU/mL) 0.199
Carbon ion therapy
Child-Pugh classification B or C (vs A) 0.519
Tumor size, mm
50-100 (vs <50} 0.569
>100 (vs <50) 1.040
Macroscopic vascular invasion: Yes {vs no) 0.6256
Serum AFP 2100 ng/mL (vs <100 ng/mL) 0.396
All patients
Performance status 1-3 (vs 0) 0.180
Child-Pugh classification B or C (vs A) 0.182
Tumor size, mm
50-100 (vs <50) 0.220
>100 (vs <50) 0.375
Macroscopic vascular invasion: Yes (vs no) 0.216
Serum AFP 2100 ng/mL (vs <100 ng/mL) 0.176
Serum PIVKAII 2100 mAU/mL (vs <100 mAU/mL) 0.186

Chi-Square RR 95% Cli P

Statistic

9.283 0.544 0.368-0.805 .0023

29731 0.329 0.220-0.490 <.0001

9.410 0.536 0.360-0.799 0022

2.281 1.349 0.915-1.990 1310

1.231 1.248 0.844-1.844 2672

17.642 0.113 0.041-0.313 <.0001
0207

6.795 4.412 1.445-13.468

3217 6.454 0.841-49.524

0.647 1.654 0.486-5.631 4211

5.406 2513 1.156-5.465 .0201

10.852 0.554 0.389-0.787 0010

45.663 0.292 0.204-0.417 <.0001
5976

0.044 1.047 0.680-1.613

0.656 0.738 0.354-1.539

10.960 0.489 0.320-0.747 L0008

4.848 1.474 1.044-2.083 0277

0.922 1.196 0.830-1.724 3371

Abbreviations: AFP, a-fetoprotein; Cl, confidence interval; PIVKAIL, protein induced by vitamin K absence or antagonist Il; RR, relative risk; SE, standard error.
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Figure 4. (A) Overall survival rates are illustrated for all 343 patients according to disease stage classified by the Barcelona Clinic
Liver Cancer classification. (B) Overall survival rates are illustrated for all 343 patients according to the operative indication

based on the Barcelona Clinic Liver Cancer classification.

not feasible. Under these circumstances, we established that
the treatment results of carbon ion therapy were equivalent
to those of proton therapy at our institute. These results
may prove the validity of our treatment planning system for
carbon ion therapy by using a variable RBE.

The current study has established the equal effective-
ness of proton and carbon jon therapies for HCC. With
regard to this result, we speculate that the superior dose

4900

distribution compensates for the limitation of carbon ion
beam arrangements at HIBMC. With the development of
irradiation equipment, compared with proton therapy,
carbon ijon therapy will play a major role in the treatment
of patients with HCC who have tumors adjacent to the
gut and/or those whose liver function has deteriorated.
However, carbon ion therapy requires huge economic
resources, and this issue should be resolved in the future.
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Figure 5. Local control rates are illustrated according to the radiobiologic equivalent dose for acute-reacting tissues (BEDyo) for
(A) proton therapy and (B) carbon ion therapy. Overall survival rates are illustrated according to the BEDyo for (C) proton therapy

and (D) carbon ion therapy.

Tumor size was the only significant risk factor for
local recurrence after particle therapy (for proton therapy,
carbon ion therapy, and all patients). Conversely, it is
noteworthy that the 6 other tumor factors, including gross
classification, macroscopic vascular invasion, perivascular
location, prior treatment history, serum AFP levels, and
serum PIVKAII levels, had no significant influence on the
local control rate after either therapy. The application of
local ablative therapies is contraindicated in tumors with
vascular invasion,”> and it has been reported by several
studies that perivascular location significantly increased
the local recurrence rate after RFA mainly because of the
heat-sink effect.®® In addition, hepatectomy frequently is
abandoned to as a treatment for centrally situated tumors
adjacent to the inferior vena cava and/or the main portal
trunk in patients with cirrhosis, because these tumor loca-
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tions tend to require major hepatectomy. In the current
study, however, neither factor reduced the efficacy of pro-
ton therapy or carbon ion therapy in terms of the local
control rate. ‘

The local control rates achieved with proton therapy
and carbon ion therapy for tumors <50 mm were 95.5%,
and 94.5%, respectively. These data are similar or supe-
rior to those reported with local ablative therapies.®® At
the same time, the local control rates achieved with proton
therapy and carbon ion therapy for tumors that measured
from 50 mm to 100 mm in greatest dimension were
84.1% and 90.9%, respectively (Table 4). Because the
upper limit of tumor size is 50 mm for local ablative thera-
pies, these results clearly demonstrate the distinct advant-
age of particle therapy over other local therapies for
tumors >50 mm. Taken together, in our opinion, particle
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Table 8. Late Toxicities After Proton and Carbon lon Therapy

Grade 2
Toxicity Proton Carbon lon  All
Therapy Therapy Patients

Dermatitis 12 (5) 5 (5) 17 (5)
Elevation of transaminase level 5(2) 33 8(2)
Upper gastrointestinal uicer 3(1) 1(1) 4(1)
Rib fracture 8 (3} 3(3) 11 @3)
Pneumonitis 4 (2) 2(2) 6(2)
Subcutaneous panniculitis 6 (2) 22 8
Biloma 0(0) 0O 0(0)
Low albuminemia 1(1) 0(0) 1(1)
Nausea/anorexia/pair/ascites 4@2) 2@ 6(2)

No. of Patients (%)

Grade 3 Grade 4

Proton Carbonlon Al Proton Carbon lon  All
Therapy Therapy Patients Therapy Therapy Patients
4 (2) 0 4(1) 1(1) 0{0) 1(1)
1(1) 3P 4(1) 00 0 () 0 ()
101 00 1(1) 0 0(0) 00
0 (0) 0(0) 0(0) 0@ 0(0) 0
0(0) 0 0(0) 0(0) 0(0) 0
00 1 1(1) 00 0 ()
1) 0(0) 10 0© 0 (0) 0(0)
0 () 0(0 0(0) 00 0 () ()
0 0@ 0 () 0 () 00 0(0)

therapy would be the best therapeutic option for patients
who have tumors that preclude currently available local
therapies because of tumor size, macroscopic vascular
invasion, or deep tumor location.

According to the BCLC classification, the 5-year
overall survival rate of patients in the operable group was
67.6%. This survival rate is comparable to reported data
associated with hepatic resection.”’ It is noteworthy that
the overall survival rate of patients classified with stage C
disease at 5 years was 30.6% in the current study; this is
far superior to other reported data.”' Patients in this stage
have macroscopic vascular invasion and/or extrahepatic
metastasis. According to the BCLC classification, these
patients usually are excluded from curative treatments and
receive either TACE or sorafenib. In the current study,
most of patients with stage C disease had macroscopic
vascular invasion without extrahepatic metastasis.
They were received proton and carbon ion therapies with
curative intent, and the local control rates for these
patients exceeded 80% (Table 4). These results suggest
that some of patients with BCLC stage C disease may ben-
efit from more aggressive local therapies, such as particle
therapy.

Most of the treatment-related toxicities in the
current study were transient, easily managed, and ac-
ceptable. Rib fracture and dermatitis were observed fre-
quently in patients who were treated during the early
period at our center. Most of these patients, including
1 patient with grade 4 dermatitis, were treated with
only 1 portal to obtain an adequate spread-out Bragg
peak. Thereafter, we used 2 or more portals and rarely
observed such complications. Regarding intraheparic
structure-related complications, no studies, including
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ours, have reported blood vessel-related complications.
This is a distinct advantage of particle therapy over
other local therapies and supports our proposal that
tumors in perivascular locations are appropriate candi-
dates for particle therapy. In contrast, although less
common, bile duct complications, including biloma
and stenosis, have been reported in several studies.'® In
the current study, biloma formation was observed in 1
patient whose tumor was adjacent to the porta hepatis.
The bile duct may stand as the single greatest obstacle
of intrahepatic structures after particle therapy. It is
almost impossible to predict bile duct complications
before treatment; thus, tumors adjacent to the porta
hepatis should be treated with caution.

Grade 2 or greater gastrointestinal ulceration was
observed in 5 patients whose tumors were adjacent to the
gut. To minimize toxicity in these patients, we reduced
the fraction size and initiated proton pump inhibitors im-
mediately after treatment; and, ultimately, we were able to
prevent the development of severity. The proximity of the
gut is an important consideration in selecting particle
therapy for patients with HCC. We introduced operative
placement of a spacer berween the tumor and the gut
before particle therapy as a countermeasure for this limita-
tion to ensure safe irradiation. >’

To our knowledge, this is the first study to assess the
clinical treatment results from both proton therapy and
carbon ion therapy. However, our study has some impor-
tant limitations: 1) the results of this study were achieved
retrospectively and not through randomized or controlled
trials; 2) during the study period, we used different treat-
ment protocols for proton therapy and carbon ion
therapy; and 3) the RBE of carbon ion beams for HCC

Cancer November 1, 2011
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has not been completely clarified. Although further inves-
tigation is required, our data can serve as a basis for future
refinement of beam selection.

In conclusion, both proton therapy and carbon ion
therapy produce favorable results as treatment for HCC.
Both therapies have great advantages in treating HCC, a
condition that is a contraindication for other local thera-
pies. Randomized clinical trials are required to compare
particle therapy with other local therapies and to clarify
the roles played by particle therapy in the HCC treatment
algorithm.
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An extremely rare portal annular
pancreas for pancreaticoduodenectomy
with aspecial note on the pancreatic duct
management in the dorsal pancreas

Ippei Matsumoto, MD, PhD, Makoto Shinzeki, MD, PhD, Takumi Fukumoto, MD, PhD, and

Yonson Ku, MD, PhD, Kobe, Japan

From the Division of Hepato-Biliary-Pancreatic Surgery, Department of Surgery, Kobe University Graduate

School of Medicine, Chuo-Ku, Kobe, Japan

A PREVIOUSLY HEALTHY 81-YEAR-OLD WOMAN with general
fatigue was admitted to our hospital in June 2009.
Her blood chemistry data were within normal limits
except for slightly elevated liver function values.
Serum levels of carbohydrate antigen 19-9 and
carcinoembryonic antigen were both normal. Gas-
troduodenoscopy showed an erosive tumor in the
ampulla of Vater. Dynamic computed tomography
(CT) revealed Dbilateral intrahepatic biliary
dilatation, and the superior mesenteric vein
(SMV) circumferentially embedded in the body of
the pancreas, as well as a slightly dilated main pan-
creatic duct (MPD) in the tissue behind the SMV
(Fig 1). The MPD was found posteriorly to the
SMV and the accessory pancreatic duct (APD) was
seen anteriorly to the SMV. The 2 ducts joined in
the body of the pancreas to the left side of the
SMV. A preoperative diagnosis was cancer of the
ampulla of Vater accompanying a portal annular
pancreas (PAP). The patient underwent pancreati-
coduodenectomy (PD). Intraoperatively, after
transection of the pancreas on the SMV, we saw
the parenchyma of the uncinate process communi-
cating behind the SMV with the body of the
pancreas (Fig 2, A). We inserted a small tube into
the cut orifice of the distal APD and performed in-
traoperative pancreatography. The dilated MPD
and the point of the ductal conjunction were
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Fig 1. Dynamic CT imaging showing pancreatic tissue
completely encircling the superior mesenteric vein
(SMV; arrow) and a dilated main pancreatic duct in the
tissue behind the SMV (arrow head).

confirmed (Fig 2, Band C). Pancreaticojejunostomy
was performed after a second pancreatic transec-
tion at the distal side of the ductal conjunction.
Histologically, the resected specimen revealed an
adenocarcinoma of the ampulla of Vater. The post-
operative course was uneventful and the patient was
discharged on postoperative day 32.

DISCUSSION

PAP is a rare pancreatic anomaly in which the
uncinate process of the pancreas extends to and is
fused to the dorsal surface of the body of the
pancreas by surrounding the portal vein or the
SMV. During pancreatic surgery, the presence of
PAP significantly affects the procedure, especially
pancreatico-intestinal reconstruction after PD. Al-
though an incidence of 1.14% has been reported by
Karasaki et al,1 based on an institutional review of
CT scans, only 11 cases of PAP have been reported
in the English literature.” Four of these cases had
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Accessory panereatic duct
Tube for intracperative pancreatography

e,
Accessory pancreatic duct e

Ductal conjunction

Main pancreatic duct

Fig 2. A, Intraoperative findings. The parenchyma of the
uncinate process is communicating behind the superior
mesenteric vein (SMV) with the body of the pancreas
(arrow), as seen after transecting the pancreas on the
SMV. A small tube was inserted into the cut orifice of
the distal accessory pancreatic duct (arow head) to per-
form intraoperative pancreatography. CHA, Common
hepatic artery; SV, splenic vein. B, Intraoperative pancre-
atography showing a dilated main pancreatic duct and
the point of the ductal conjunction (arrow). C, Scheme
of the intraoperative pancreatography.
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PD performed due to periampullary disease.'™
Joseph et al® reviewed all 11 cases and proposed a
new classification according to their positioning of
the MPD: Type I, when the ventral bud of the pan-
creas is fused to the body with the MPD posterior
to the PV without the APD; type II, when type 1 is as-
sociated with pancreas divisum; and type III, when
the uncinate process without the ductal system is in-
volved in the encasement of the PV and fusion.
Therefore, to our knowledge, this is the first case
showing the MPD posterior to the SMV and APD
anterior to the SMV and the 2 ducts joining in the
body of the pancreas.

Pancreatico-intestinal reconstruction is an im-
portant procedure to prevent postoperative pan-
creatic fistula (POPF), which is associated with
prolonged hospital stay, intra-abdominal abscess
and hemorrhage. Marjanovic et al* reported a case
of PD with a modification of the resection of
the pancreatic head accompanying PAP for a
duodenal-infiltrating gastric cancer. This patient’s
postoperative course was complicated by accumu-
lation of fluid related to the POPF. To simplify
pancreatico-intestinal reconstruction and reduce
the risk of POPF, we transected the pancreas at
the distal side of the ductal conjunction. Intraoper-
ative pancreatography was useful for confirmation
of the structure of the ductal system and deciding
the position of pancreas transection.

In conclusion, we report a case of PAP, which is
an extremely rare pancreatic anomaly. It is very
important to confirm pancreatic ductal system
integrity preoperatively and intraoperatively when
recognizing this anomaly to avoid technical prob-
lems at the time of PD.
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Abstract

Introduction and background Autoimmune pancreatitis (AIP) is a rare disease that closely mimics pancreatic cancer (PC) in
its presentation. It is very important for clinicians to distinguish one from the other because their treatment and prognosis are
vastly different. Typical radiological imaging findings, in particular observation of diffusely or segmentally narrowed main
pancreatic duct (MPD) with an irregular wall by endoscopic retrograde cholangiopancreatography (ERCP), are essential for
making the diagnosis of AIP. On the other hand, MPD obstruction is one of the most frequent features on ERCP.

Case report We report a rare case of a patient with focal mass-forming AIP strongly suspected of being PC because of MPD

obstruction on ERCP.

Conclusion It was difficult to distinguish PC from AIP with current diagnostic modalities. We will continue to make an
effort to distinguish between the two disorders to prevent unnecessary surgery.

Keywords Autoimmune pancreatitis - Pancreatic cancer -
Endoscopic retrograde cholangiopancreatography - Main
pancreatic duct - Diagnosis

Autoimmune pancreatitis (AIP) is a rare disease that closely
mimics pancreatic cancer (PC) in its presentation. It is very
important for clinicians to distinguish one from the other
because their treatment and prognosis are vastly different.
In 2006, the Japanese Pancreas Society proposed clinical
diagnostic criteria for AIP based on a combination of
clinical, laboratory, imaging, and histological findings.'
According to these criteria, typical radiological imaging
findings, in particular observation of diffusely or segmen-
tally narrowed main pancreatic duct (MPD) with an
irregular wall by endoscopic retrograde cholangiopancrea-
tography (ERCP), are essential for making the diagnosis of
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AIP. On the other hand, MPD obstruction is one of the most
frequent features on ERCP.

Here, we report a rare case of a patient with focal mass-
forming (FMF) AIP strongly suspected of being PC
because of MPD obstruction on ERCP.

Case Report

A previously healthy 79-year-old man with epigastric pain
was admitted to another hospital. After examination, he was
diagnosed as having acute pancreatitis due to a tumor of the
pancreatic tail. After treatment for pancreatitis, he was
referred to our hospital for further examination and
treatment of the tumor. The patient's blood chemistry data
were within normal limits except for slightly elevated
serum pancreatic amylase (264 TU/l) and lipase levels
(430 TU/). Serum levels of CA19-9 and CEA were both
normal. Serum gamma globulin and total IgG were normal,
but IgG4 was elevated (256 mg/dl). Serum autoantibodies
and rheumatoid factor were negative. Dynamic CT imaging
revealed an irregular mass measuring 40Xx23 mm in the tail
of the pancreas. The tumor was not enhanced on the arterial
phase and slightly enhanced on the portal phase (Fig. la).
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Fig. 1 Dynamic abdominal CT scans in arterial phase showed a low-
density mass (arrow) measuring 40x23 mm in the tail of the pancreas
(a). ERCP showed an obstruction of the MPD (arrow) at the site of
the pancreatic mass (b)

The splenic vein was obstructed by the tumor. MRI imaging
showed that the intensity decreased in the T1-weighted
images of the pancreas and increased in the T2-weighted
images. Endoscopic ultrasonography (EUS) revealed a
hypoechoic lesion detected in the tail of the pancreas. EUS-
guided fine needle aspiration (EUS-FNA), however, did not
reveal any cancer cells. 18-Fluorodeoxyglucose positron
emission tomography (FDG-PET) showed hot spots of FDG
uptake at the site of the pancreatic mass. No extrapancreatic
lesions were detected. ERCP revealed an obstruction of the
MPD at the site of the tumor (Fig. 1b). Insertion of a
guidewire to the distal MPD was impossible. Brush cytology
was negative for cancer cells. We suspected PC concomitant
with AIP or rather than AIP. The patient underwent a distal
pancreatectomy with an uneventful postoperative course.
Gross inspection of the resected specimen revealed a
diffusely enlarged and firm pancreas. Histologically, it was
remarkable for an intense mixed inflammatory cell infiltrate
predominantly composed of lymphocytes and plasma
cells, and centered on the pancreatic ducts. The inflam-
mation was associated with significant acinar dropout
and parenchymal fibrosis. An obliterative venulitis was

noted at the leading edges of the inflammatory cell infiltrate.
Immunohistochemical labeling with an antibody to IgG4
revealed large numbers of IgG4-expressing plasma cells.

Discussion

Although diagnosis of AIP has improved thanks to a
growing awareness of the condition and proposed diagnostic
criteria,' there remains no practical strategy to differentiate
PC from AIP. One must distinguish between the two
disorders to prevent unnecessary surgery or delayed initia-
tion of corticosteroid therapy. However, about 3-5% of
patients undergoing pancreatic resection for presumed PC
in fact has AIP? Kamisawa et al.® reported that 7 of 37
(18.9%) AIP patients had surgery because they were
misdiagnosed as having PC or bile duct cancer. In particular,
it is very difficult to differentiate between FMF ATP and PC.
Chang et al.* reported that 8 of 26 (31.8%) AIP patients were
FMF AIP who were frequently surgically treated because
differentiating FMF AIP from PC was so difficult. Kamisawa
et al.® also reported that 6 of 17 (35.3%) FMF AIP patients
were surgically treated (resection; 3, bypass operation; 3)
because PC was suspected.

To obtain images of the pancreatic duct, it is necessary to
use ERCP, and additionally direct images taken during the
operation or of specimens. Kamisawa et al.> reported that
the three ERCP features required for AIP diagnosis were
(1) a >3-cm-long narrowed main pancreatic duct; (2) skip
lesion of the MPD; and (3) maximal upstream MPD
diameter of <5 mm. On the other hand, features highly
suggestive of PC were a pancreatic low density mass, MPD
obstruction, distal pancreatic atrophy, and metastases. There
have been four reports of retrospective evaluation of ERCP
imaging in" AIP patient.®’ The frequency of MPD
obstruction on ERCP in AIP patients was 0-5.9%, whereas
in PC patients, it was 35-60%, but only three patients with
MPD obstruction have been reported. Although the
measurement of serum IgG4 level is useful for differenti-
ating between the two diseases, 10% of PC patients also has
elevated IgG4.® Moreover, there are a few reports of AIP
patients with concomitant PC.”' EUS-FNA is frequently
used to rule out PC. However, its accuracy for PC is not
perfect (about 70-90%) because some cases of PC are
accompanied by chronic inflammation and fibrosis around
the mass, so a negative biopsy does not rule out cancer.
Diagnosis of AIP by EUS-FNA is difficult because the
specimen is too small. Taken together, we cannot exclude
the presence of PC in many cases. Further improvement of
diagnostic strategies, such as core biopsy techniques, or
development of new immunohistological diagnostic criteria
from results of cytologic and tissue specimen analyses are
needed to avoid unnecessary surgery.
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In conclusion, we report an extremely rare case of
FMF AIP mimicking PC with MPD obstruction. It was
difficult to distinguish PC from AIP with current diagnostic
modalities.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which
permits any noncommercial use, distribution, and reproduction in
any medium, provided the original author(s) and source are
credited.
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Hepatocellular carcinomas can develop in
simple fatty livers in the setting of
oxidative stress

Sir,

It is doubtless that non-alcoholic fatty liver disease (NAFLD)
has become a critical public health issue in most developed
countries.” In addition to its close association with metabolic
disorders and cardiovascular events, NAFLD itself can pro-
gress to life-threatening liver diseases, cirrhosis and hepato-
cellular carcinoma (HCC).'? Surprisingly, recent clinical
observations have revealed that HCC can develop in non-
cirrhotic, but steatotic livers without significant fibrosis.>*
In the reports, authors emphasised the importance of underlying
metabolic disorders and oxidative stress in hepatocarcinogen-
esis in such NAFLD cases.

We herein report a case of NAFLD complicated by HCC, in
which the potential contribution of oxidative stress to hepato-
carcinogenesis in NAFLD has teen further strongly suggested.

In May 2006, a 72-year-old obese Japanese man was
admitted to the National Hospital Organization Osaka National
Hospital, Japan, because of a hepatic nodule. The patient had a
5 year medical history of hypertension and fatty liver. He
underwent an operation for abdominal aortic aneurysm in April
2004, and had since been an outpatient. Follow-up abdominal
ultrasonography showed, in addition to hepatic steatosis, a
nodular lesion approximately 2 cm in diameter in the left lobe
of the liver. The hepatic nodule had been growing larger, and
findings of computed tomography (CT) strongly suggested that
it was HCC (Fig. 1).

On admission, he appeared to be healthy except for obesity,
and the laboratory test results showed normal serum levels of
transaminases and negativity for hepatitis B and C viruses.
After the examinations, under the tentative diagnosis of HCC,
a surgical operation was performed to remove the left lobe of
the liver. The cut surface of the liver sample was smooth and
yellowish-brown, and demonstrated the clearly circumscribed
nodule Scm in diameter (Fig. 2). Histological examination
revealed that the nodular lesion was well-differentiated
HCC (Fig. 3A), and the background hepatic disorder was
simple steatosis without inflammation and fibrosis
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Fig. 1 Findings of computed tomography. A hypervascular nodule is seen in
the left lobe of the liver (asterisk).

Fig. 2 The cut-surface of the liver sample. A well-circumscribed nodular
lesion 5cm in diameter is present.

(Fig. 3B). Routine pathological examination couldn’t detect
any causative factors in hepatocarcinogenesis, such as iron
overload. However, an immunohistochemical analysis
revealed that as well as tumour cells, a few non-tumourous
hepatocytes showed immunoreactivity for anti-oxidised
phosphatidylcholine (0xPC; Fig. 3A,B insets), a marker of

g ks Y p ¥ %

Fig.3 Microscopic findings of the liver sample. (A) The hepatic nodule consists of well-differentiated HCC (H&E). (B) A background liver condition is simple steatosis
without fibrosis (Azan-Mallory stain for collagen). Insets: steatotic liver cells of both tumourous and non-tumourous portions are positive for 0xPC (immunoperoxidase

with anti-oxPC).
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oxidative cellular injury.’ The immunoreactivity was found
restrictively in steatotic cells in both tumourous and non-
tumourous portions. It suggested that the steatosis-related
oxidative hepatocellular injury had persisted and had played
a certain role in the development of HCC. His postoperative
course was uneventful and he was discharged. Follow-up
examinations have been done every 3 months, resulting in
no evidence of tumour recurrence. When last seen, in Decem-
ber 2009, he was well.

Like the present case, HCC can develop in non-inflamma-
tory, non-fibrotic, but steatotic livers. A previous case report of
HCC arising in the absence of advanced NAFLD emphasised
the potential roles for metabolic factors (diabetes, hypertension,
obesity and dyslipidaemia) and oxidative stress in hepatocar-
cinogenesis.4 Oxidative stress is generally recognised as an
important factor in hcpatocarcinogenesis.z‘ Our immunohis-
tochemical results showed oxPC-positive steatotic hepatocytes
in the background liver tissue of HCC. OxPC, one of the lipid
peroxides, is a highly specific marker of oxidative damage. In
our previous observation, its immunoreactivity was seen
mainly in steatotic or degenerated hepatocytes in NAFLD,
and only in some Kupffer cells in normal liver tissues.’
Hence, the present result suggested that the fatty liver had
chronically been exposed to oxidative stress, which was
probably initiated prior to hepatocarcinogenesis. To our
knowledge, this is the first direct evidence of oxidative
hepatocellular injury occurring in simple fatty livers comipli-
cated by HCC. Excess fat accumulation itself, even in' the
absence of inflammation, can be a source of oxidative stress
that induces hepatocarcinogenesis. In conclusion, simple
steatosis-related oxidative stress should be considered as
one of the risk factors of HCC.
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Benign prostatic glands as a tissue
component of testicular teratoma: an
uncommon histological finding

Sir,

The occurrence of benign prostatic tissue as a component of
testicular teratoma has only been described as a single case
report.” This may be due to its rare occurrence, as well as the
failure of the diagnostic pathologist to recognise glands as
prostatic on routine sections and to subsequently confirm this
by immunohistochemistry. In our laboratory we utilise Solufix
(Tissugen, Australia), a glutaraldehyde-based tissue fixative for
routine histology. This agent preserves the spermine content of
prostatic secretory granules (PSG) which stain intensely with
eosin on routine stains allowing easy recognition of prostatic
epi‘[helium.2

We present two cases of benign prostatic glandular tissue
occurring in two patients with primary testicular tumours; a
mature teratoma in a 35-year-old male and a mixed germ cell
tumour (30% mature teratoma) in a 39-year-old male. Each
patient underwent routine inguinal orchidectomy for a clini-
cally detected testicular mass.

On microscopy, benign gland structures were recognised
which were lined by two cell types and bore some resemblance
to prostatic acini. These glands were highlighted by their
intense eosinophilic PSG (Fig. 1 and 2), and were distributed
either singularly or as clusters separated by bland stroma.
Lining epithelium showed variable morphology ranging from
bland epithelial cells consistent with benign prostatic glands
(Fig. 1) to epithelial cells with larger nuclei and prominent
nucleoli (Fig. 2), consistent with prostatic intraepithelial neo-
plasia (PIN). The prostatic nature of the glands was sub-
sequently confirmed by strong diffuse cytoplasmic reactivity
with immunohistochemistry for PSA (Dako, USA; Fig. 1 inset)
and prostatic acid phosphatase (Dako; not shown). Basal cells
were confirmed with immunostaining for high molecular
weight cytokeratin 34BE12 (Dako; Fig. 2 inset).

Recognition of the first case prompted 2 histological review
of all testicular teratomas over a 10 year period which included
20 testicular tumours comprising pure teratomas (n= 10) and
mixed germ cell tumours with a mature teratoma component
of >10% (n=10). This review identified the second case,

Fig.1 Benign prostatic glands within a testicular germ cell umour surrounded
by bland stroma. Small eosinophilic granules (prostate secretory granules) are
seen in the apical cytoplasm confinming prostatic epithelial differentjation.
Inset: These cells are strongly labelled with PSA immunostaining.
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Abstract

Purpose Triple-negative breast cancers (TNBCs) do not
derive benefit from molecular-targeted treatments such as
“endocrine therapy or anti-HER2 therapy because they lack
those molecular targets. On the other hand, TNBCs have
been shown to respond to neoadjuvant chemotherapy
(NAC). In this study, we analyzed TNBC patients who
were treated with NAC at Osaka National Hospital over a
recent S-year' period to clarify the predictive factors for
NAC and prognostic factors.

Patients and methods Thirty-three TNBC patients under-
went sequential NAC with anthracycline (FEC100: S5FU
500 mg/m?, epirubicin 100 mg/m?, and cyclophosphamide

500 mg/m?%q3w, 4 courses) and taxanes (paclitaxel 80 mg/ -

m?/qw, 12 courses or docetaxel 75 mg/m?/q3w, 4 courses)
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- non-basal-like phenotype (23 vs.

,PgR

from May 2003 to July 2008. Pre-therapeutical and surgical
specimens were studied for expressions of ER, PgR,
HER-2, EGFR, cytokeratin 5/6, Ki-67, p53 and androgen
receptor by immunohistochemistry (IHC). We analyzed
clinicopathological factors and molecular markers in regard
to the response to NAC and prognosis.

Results  Pathological complete response (pCR) was

. achieved in 12 TNBC patients (36%). The pCR rate in

the basal-like phenotype was significantly lower than in the
64%, respectively:
P =0.02). High pre-operative expressions of Ki-67 (>50%)
and HER-2 (2+) were considered as predictive factors for a
better response from NAC. Pre-operative Ki-67 expression
showed a significant correlation with disease-free survival
(DES) and a lower expression of Ki-67 (<50%) after NAC
was favorable for DFS among non-pCR patients.
Conclusions A non-basal-like phenotype and higher
expressions of Ki-67 and HER-2 (2+) were favorable fac-
tors for NAC. However, a higher expression of Ki-67 on
the surgical specimen after NAC was also a poor prognosuc
factor.

Keywords Triple-negative breast cancer - Neoadjuvant
chemotherapy - Pathological complete response - Ki-67 -
Basal-like phenotype

Abbreviations

TNBC Triple negative breast cancer
NAC  Neoadjuvant chemotherapy

pCR  Pathological complete response
ER Estrogen receptor

Progesterone receptor

AR Androgen receptor

EGFR Epidermal growth factor receptor
CK Cytokeratin
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Introduction

Triple-negative breast cancers (TNBCs) are characterized
" by the lack of expression of estrogen receptor (ER), proges-
terone receptor (PR), and human epidermal growth factor
receptor 2 (HER-2). These cancers occur in ~20-25% of
all breast cancers and are associated with an unfavorable
prognosis. They derive no benefit- from molecularly tar-

geted treatments such as endocrine therapy or trastuzumab

[1]. Therefore, identifying appropriate treatments for
TNBC is an important issue. ‘

" Recent precise gene expression analysis revealed that
TNBC is a heterogeneous group of tumors. One of the sub-
groups is a basal-like subtype, which is characterized by
similar gene expression as the basal/myoepithelial cells of
the normal breast [1-5]. Basal-like breast cancer has also
been identified with immunohistochemicalr(IHC) staining
of basal markers, such as cytokeratins (CKs) and epithelial
growth factor receptor (EGFR). TNBCs without these basal
markers are classified as non-basal-like subtypes, which are

rare breast cancers, and classifications based on gene

expression have not been clarified yet. Non-basal-like
tumors are also reported to have a better prognosis than
.basal-like phenotypes [6, 7]. Because of the lack of targeted
therapies and their aggressive clinical behaviors, TNBCs
are relevant groups to be investigated for their characteris-

tics. Though TNBCs are considered to have poor prognosis

generally, TNBCs have been shown to be chemosensitive.
Neoadjuvant chemotherapy (NAC) in primary breast
cancers has been shown to produce an outcome equivalent
to that of adjuvant chemotherapy [8, 9]. Patients who show
a pathological complete. response (pCR) in the primary
tumors after NAC have a better prognosis [10]. The patho-
logical responses are important prognostic parameters and
can be used as surrogate parameters for clinical outcome, so
we analyzed the effects of clinicopathological factors as
well as immunohistochemical factors on pathological
responses after NAC. However, the paradox that TNBC
and HER-2 positive subtypes showed higher chemosensi-
tivity but worse survival due to higher relapse after chemo-
therapy is also known well [10, 11]. '
. Several biological markers have been proposed as prog-
nostic characteristics in breast cancers. ER, PR and HER-2
are such biological markers as well as being therapeutic
markers and Ki-67, p53 and androgen receptor (AR) are
shown to be associated with prognosis [12-16]. AR is
known to be present in the majority of primary and meta-
static invasive breast tumors and is often co-expressed with
ER and PR in these tumors. Though little is known about
the role of AR in hormonal response, AR expression has
been shown to be associated with a better outcome for
untreated breast cancer patients [14]. Ki-67 is a nuclear
antigen expressed in the G1, S, and G2 phases but not in the
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- (FEC1
" phosphamide 500 mg/m%q3w, 4 courses) and taxanes (pac-
litaxel' 80 mg/m%qw, 12 courses or docetaxel 75 mg/m?%/

GO or resting phase of the cell cycle. Ki-67 has been estab-
lished as a proliferation marker in breast cancers and high
proliferation activity has been found to-have predictive
value for the response to NAC [17]. Also p53 expression
status has been used as a predictive factor for response to

- systemic therapy, because tumor cells with non-functional

p53 do not respond to systemic therapy due to a failure in
apoptosis [13, 15]. ‘

Because chemotherapy is the only treatment other than
surgery for TNBC, the definition of clinical markers in
regard to chemotherapeutic response and prognosis is very
important. However, there are still few studies focusing on
TNBC. In this study, we analyzed clinicopathological fac-
tors, phenotypes, and molecular markers of TNBC in
regard to the response to NAC and prognosis.

" Patients and methods

Patients and neoadjuvant chemotherapy

One hundred and 63 breast cancer patients underwent
NAC with a sequential regimen containing anthracycline
: 5FU 500 mg/m?, epirubicin 100 mg/m?, cyclo-

q3w, 4 courses) at Osaka National Hospital (Osaka, Japan)
from May 2003 to July 2008. The criteria for entry were
invasive breast cancer patients from 20 to 70 years old with
any T and NO-2 disease, who were diagnosed histologi-
cally, wefe absent from distant metastasis and with normal
organ functions. Thirty-three patients (20%) among 163
breast cancer patients were identified as TNBCs. The clini-
cal evaluation of the response to NAC was determined by
clinical findings, CT and MRI examinations according to
RECIST. All patients were included in clinical trials
approved by an institutional review board and asked for
written informed consent.

" Immunohistochemistry

Pre-therapeutical specimens were obtained by the 14G-nee-
dle biopsy in all cases and pathological examinations using
standard hematoxylin and eosin staining were carried out.
Immunohistochemical -evaluation for ER, PgR, HER-2,
EGFR, CK5/6, Ki-67, p53 and AR in tissue sections were
detected using antibodies (ER:Cat.No. 760-2596I, PgR:
760-2816, HER-2:760-2901, EGFR:790-2988, CK5/6:960-
4253, Ki-67:760-2910, p53:760-2912, Ventana Japan,
Yokohama, Japan, AR:M3562, Dako Japan, Tokyo, Japan).
Visualization of the bound antibodies was performed using
a DAKO EnvisionTM + System (Dako Japan Inc., Tokyo,
Japan) according to the manufacturer’s instructions, Positive
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cell rates (%) of ER and PgR were determined as a ratio of
positive cells to total cancer cells and a value of 10% or
higher were rated as positive [18, 19]. HER-2 expression
was defined as (0) to (3+) based on positive cell rates and
the intensity of IHC staining. Tumors showing weak over-

expression (2+) of HER-2 were also tested by the fluores-

cence in situ hybridization (FISH) method to clarify the
gene amplification of the HER-2 gene. The HER-2 gene is

visualized as green fluorescent grains and a control of cen-
tromere 17 is visualized as orange fluorescent grains (Path -

Vysion, Abbott, IL, USA). Thus, HER-2 positives were
either strong positives (3+) from IHC or positive for gene
amplification from FISH analysis.

TNBCs are negative for ER, PgR and HER-2 as A

described earlier. Among TNBCs with 1-9% of ER and/or
PgR expression were defined as hormone receptor (HR)

weak and analyzed separately. TNBCs with HER-2 (2+)

and that were FISH negative wete also analyzed separately.
Proliferative activity was determined by IHC for the

Ki-67 antibody. Ki-67 values were expressed as the percentage -

of positive cell counts among at least 100 tumor cells in
-each case. Patients with positive staining of Ki-67 at 50%
or more were defined as high Ki-67 patients. AR and p53

were defined as positive if tumor cells showed positive

staining regardless of rate. Basal-like subtype was defined
as CK5/6 positive and/or EGFR positive in 5% or more
cells.

Surgical treatment

All patients underwent surgical treatment after NAC.
Breast conservative therapy or a mastectomy with or

without axillary dissection was performed according to the

decision of the surgeons’ conference. Surgical specimens
were histologically analyzed again, and the pathological
response for NAC was evaluated. When no residual inva-
sive tumor cells were found, tumors were identified as path-
ological - complete response (pCR). Surgical specimens
from non-pCR patients were analyzed for expressions of
Ki-67, p53 and AR as described earlier.

Statistics

A univariate analysis of the pCR rate was carried out by the
x* test, and a multivariate analysis was done by multiple
logistic regression analysis. The patients’ survival was cal-

~culated from the first date of treatment until the date of
death or the end of follow-up. A univariate analysis of dis-
ease-free survival (DFS) was done using the Kaplan-Meier
method with a log-rank test, and a multivariate disease sur-
vival analysis was carried out under the Cox proportional
hazards model. All data were analyzed with JMP for Win-
dows (SAS Institute, Tokyo, Japan).

Results
Relationship between pCR and clinicopathological factors

Thirty-three patients were identified as TNBCs, and the .
patients’ data are shown in Table 1. The age of the patients
ranged from 30 to 68 years old (median 50.0) and 21
patients had clinically positive nodes. Clinical response

after NAC was rated as clinical complete response for 14

patients (42%), a clinical partial response for 14 patients
(42%), a clinical stable disease for 3 patients (9%), and as a
clinical progress disease for 2 patients (6%). Also pCR was
achieved in only 12 patients (36%).

The correlations between clinicopathological factors
such as tumor size, lymph nodal metastasis, age, histologi-
cal grade, and pCR rate were analyzed (Table 2). However,

Table 1 Patients’ characteristics

Variables No (%)
Total 33
Age: years-old 30-68 (50 + 11.1)
Histology ‘
Papillo-tubular 4(12)
Solid tubular  14(42)
Schirrous 11(33)
Special type 4(13)
T .
1 1(3)
2 . 24 (72)
3 . 6(18)
4 2(6)
N
0 ' 12 (36)
1 . 17 (52)
2 : 4(12)
Histological grade ) . »
o . ‘ 1(3)
2 4(12)
3 27 (81)
Unknown T 1(3)
HER-2
0 18 (55)
1+ ‘ 11(33)
2+ 4(12)
HR (hormone receptor)
Negative 26 (79)
Weak 72D

T and N were defined by the criteria of UICC-breast

HR weak is a tumor with low levels of ER and/or PgR determined by
THC (1-9% weakly positive cells)
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Table 2 pCR ratio based on clinicopathologic and immunohisto-
chemistrical factors .

Variables Number (%)  pCR(%)  Pvolume  Odd

Age (years old)
<50 18 (55) 6 (33) 0.69
50< 15 (45) 6 (40).

Size (cm)
<5 25 (76) 11 (44) 0.09 55
5< 8 (24) 1(13) :

N _

Positive 21 (64) 3(38) 0.78
Negative 12 (36) 4(33)

_Histological grade

12 5(15) 3(60) 026
3 27 (84) 9(33) -

HR '

‘Negative 26 (79)° 10(38) 0.95
 Weak 721 2028
HER-2 , ‘
0, 1+ 29 (88) 9(31) 008 667
2+ 4(12) 3(75)
ps3 ’
Positive 21 (64) 8 (38) 0.78
Negative 12 (36) 4(33)

Ki-67 : ,
50< (high) 20 (61) 10 (50) *0.04 5.5
<50 (low) 13(39) 2(15)

AR '

Positive - 6 (18) 3(50) 0.45
Negative 27 (82) 9(33)

Basal-like® ) .
Positive 22 (67) 5(23) *0.02 '59
Negative 11 (33) 7 (64) :

CK5/6
Positive 14 (42) 2(14) *0.02
Negative 19 (58) 10 (53)

EGFR S
Positive 18 (55) 4(22) 0.06
Negative 15 (45) 8 (53)

* Statistically significant "
# Basal-like subtype is defined as CK5/4 positive and/or EGFR posi-
tive. Thus, CK5/6 was not used for multivariate analysis

these clinicopathological factors did not show any correla-
tion with the pCR rate. ' '
Relationship between pCR, and molecular markers

Next, the correlation between molecular markers and the
pCR rate was also analyzed. HER-2 (2+) tended to show a
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higher pCR rate than HER-2 negative (0 or 1+; 75 and
31%, respectively). In this study, basal markers of CK5/6
and EGFR were evaluated with 22 of 33 patients (67%)
diagnosed with basal-like phenotype, and eleven patients
(33%) diagnosed with the non-basal-like phenotype. The
pCR rate for the basal-like phenotype was significantly
lower than in the non-basal-like phenotype (23 and 64%,
respectively: P = 0.02; Table 2). Ki-67 was also considered
as a predictive factor for NAC response, because the pCR
rate reaches 50% among high Ki-67 (>50%) patients, while
it was 15% in low Ki-67 patients (P = 0.04). The expres-
sions of HR, p53 and AR were not correlated with pCR in
this study. Multivariate analysis showed that only high Ki-
67 was a significant factor for the prediction of pCR
(Table 3). The classification of basal-like or non-basal-like
phenotypes was negative for multivariate analysis, proba-
bly because high Ki-67 and non-basal-like were strongly
correlated with each other; high Ki-67 accounted for 33%
in the basal-like and 75% in the non-basal-like phenotype.

Relationship between pCR and disease-free survival

All patients underwent surgical resection after NAC and
non-pCR patients were histologically evaluated. The aver-
age observation period after surgery was 2 years and eight
patients (24%) showed distant metastasis during the obser-
vation period. Seven out of 8 patients had been defined as .

. non-pCR and only one patient obtained pCR after NAC.

Non-pCR patients showed a worse DFS compared with -
pCR patients, but it was not statistically significant
(Fig. 1a). Basal-like phenotype and other clinicopathologi-
cal factors such as age, tumor size and Iymph nodal
involvement failed to show a correlation with DFS
(Table 4). Ki-67 before NAC showed a significant correla-
tion with DFS and high Ki-67 patients showed a poor prog-
nosis (Fig. 1b).

Disease-free survival among non-pCR patients

Among non-pCR patients, only 7 patients (29%) showed a

‘recurrence. We analyzed clinicopathological and IHC fac-

tors for better prognosis among non-pCR patients. The
immunohistological changes of tumors after NAC were

Table 3 Multivariate analysis of pCR and immunopathological
factors

Variables Odds P value
Non-basal-like 39 . ) 0.13
HER2 (2+) 10.2 ' 0.12
High Ki-67 8.4 0.03*

* Statistically significant
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10 Table 4 Multivariate analysis of disease-free survival and patients’
0.9 characteristics
0.8 Variables Hazard ratio P value
*71 >50 years-old 0.39 02 .
081 >Scm : 2.2 0.3
g os non-pCR N positive 42 ' 0.11
04 HR positive 3.2 0.1
0.34 HER-2 (24) 3.2 0.56
0.2- o Non-basal ' 1.4 0.6
" o4l p=0.32 High Ki-67 5.95 0.04*
ol ’ ps3 positive 048 ' 03
1009 2000 AR positive 0.000 0.054
- DAYS Non-pCR 3.7 0.16
‘o High Ki-67 post-NAC* 13.2 0.0029*
0.04 1' , # Data among non-pCR patients
0.8 o Bt — _p‘r-:l-(-i-;‘l :50% *Statistically significant ‘
o7 ) L
0.6 le a . ’ Table 5 The correlation between Ki-67 expression, pCR and the
g 054, pre Ki-67 250% change of Ki-67 expression among non-pCR patients
“J TNBC (n =33) Non-pCR ) pCR
831 ' Post-NAC Ki-67
0.2 .
o p p=0.04 High o Low
0.0 - P o Pre-NAC Ki-67
DAYS: High 7 3 10
Low - 1 : 10 2
O e e T T
0.84 post Ki-67 <50% showed a recurrence and Ki-67 values after NAC were sig-
074 ‘ nificantly correlated with DFS (Fig. 1¢c). The expressions of
06l p53 and AR after NAC were not correlated with DFS (data
g o, | not shown).
1 post Ki-67 250% .
31 Discussion
0.2 ,
ui ¢ . P=0.002 TNBC is defined by the lack of ER, PgR and HER-2
ot oy s . o o 1600 expression. Because targeted therapies are not useful, che-
DAYS ' motherapy is the only systemic treatment option for TNBC

Fig. 1 Disease-free survival (DFS). a DFS of pCR and non-pCR pa-
tients after NAC. Non-pCR patients showed worse disease-free sur-
vival compared with pCR patients, but it was not statistically
significant (P = 0.32). b DFS based on Ki-67 expression of pre-chemo-
therapy. High Ki-67 (>50%) patients showed significantly worse dis-
ease-free survival than low Ki-67 (<50%) patients (P = 0.04). ¢. DFS
based on Ki-67 expression of post-NAC among non-pCR patients.
Non-pCR patients who had high Ki-67 expression after NAC showed
a poor prognosis (P = 0.002)

evaluated. Among non-pCR patients, 10 patients showed -

high Ki-67 before chemotherapy and 7 patients still showed
high Ki-67 after NAC (Table 5). Among these patients, 6

[1-5]. Thus, a comprehensive examination of the clinical
phenotypes of TNBCs which respond to chemotherapy is
important. TNBCs are a heterogeneous group and generally
divided into two subtypes; basal-like phenotype and non-
basal-like phenotype [6]. The basal-like phenotype is char-
acterized as having a high expression of keratins, laminin,
and EGFR. - '

Many data indicated that the pCR rate is higher in TNBC
compared with other phenotypes [10]. A pathological eval-
uation after NAC is very important because pCR after NAC
indicates better survival [8, 9]. Our data showed the pCR
rate in TNBCs was 36%, which is consistent with previous
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reports which stated 22-45% [10, V20]. This study hypothe-

sized that non-basal-like phenotype, HER-2 (2+), and high

Ki-67 could be predictive factors for pCR achievement, but
multivariate analysis revealed that only Ki-67 was a signifi-
cant factor for the prediction of pCR. This is probably
because the non-basal-like phenotype showed a signifi-
cantly higher Ki-67 expression compared with the basal-
like phenotype. This study is consistent with previous stud-
ies which showed that Ki-67 indicates proliferation and

high level of proliferation activity are associated with .

chemosensitivity [ 14]. Additionally, there are many reports
that showed that the basal-like phenotype has a positive
correlation with pCR [20]. Rouzier etal. reported that
basal-like subtypes were more sensitive to NAC than lumi-
. nal and normal-like cancers, but normal-like subtypes clas-
sified based on gene expression profiles are quite different
from non-basal-like phenotypes based on IHC, because
normal-like subtypes involved 60% of ER positive samples.
Because classification based on gene expression is difficult
for clinical use, our data based on IHC classification are
- quite useful. There are some reports that non-basal-like
tumors showed better prognosis than basal-like phenotypes
[6, 7]. Though the pCR rate was significantly higher in non-
basal-like tumors,. there was no difference in DFS between
the two groups in this study. )

Qur study failed to show the significant benefit of pCR
on DFS. That is probably because of the small number of
the patients included or the short duration after surgical
treatment in this study. Most cases which showed a recur-
rence in such a short period were non-pCR patients, and
the only recurrent case in the pCR group was a patient
with an intraductal residual after NAC and who showed
brain metastasis within a year. In this study, Ki-67 was the
only significant factor which was proved. to affect DFS.

Pre-NAC high Ki-67 was a poor prognostic factor in spite

of the positive correlation with pCR. The post-NAC status:
of Ki-67 was also correlated with recurrence. High Ki-67
expression post-NAC showed a very poor prognosis and
low Ki-67 post-NAC showed better survival even in the
non-pCR group. The contradiction of high Ki-67 tumors,
which showed a high chemosensitivity and high pCR rate
but poor prognosis, may indicate the diversity of these
tumors. As shown in Table 4, most high Ki-67 patients
who could not achieve pCR kept a high expression of

Ki-67 after NAC. Tumors which maintained high Ki-67
expression may indicate that the cellular activity is not
suppressed by NAC. All of these facts showed that high
Ki-67 tumors should be divided into two groups: tumors
which show a high sensitivity to current chemo-drugs and
a good prognosis and the tumors which continue to have
high cellular activity after NAC and show a poor progno-
sis. Further study is needed to find other treatments for the
latter.
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Though many reports defined 20~30% of Ki-67 labeling
index as a threshold [21], 50% was used for categorization
in this study because most TNBCs are positive for Ki-67
and a 50% threshold at 50% was shown to be useful to pre-
dict both chemosensitivity and prognosis in TNBC patients.

The prognosis of HER-2 positive breast cancer has been
proved by the usage of trastuzumab. The criteria of HER-2
positive are defined as a strong positive IHC or gene ampli-
fication in FISH [22]. HER-2 (2+) breast cancers without
gene amplification are generally included in TNBC but
HER-2 (2+) breast cancers showed higher chemosensitivity
in this study and HER-2 (3+) breast cancers have been
reported to be chemosensitive. The criteria of HER-2 posi-

‘tivity might be a moot point if TNBCs with HER-2 (2+)

show a different cancer biology from TNBCs with negative
HER-2. : :

- Less than 10% of hormone recéptor positivity had been
considered as uncertain endocrine tesponsiveness or poten-
tial resistance [18, 19]. Though tumors with less than 10%
hormone receptor positivity were included in TNBCs, we
classified those with 0% staining both ER and PgR as HR
negative and those with 1-9% as HR weak in this study.
But the expressions of HR were not correlated with pCR.
Moreover, tumors with any ER positive staining of at least
1% are recommended to be treated with endocrine therapy
in latest reports [21, 23]. The categories of highly endo-
crine responsive and incompletely endocrine responsive
are not relevant to the decision for endocrine therapy, but
those categories are still important for the decision of che-
motherapy. ’

In this study, we found that the pCR rate for the non-
basal-like phenotype was significantly higher than that in
the basal-like phenotype, though that difference was nega-
tive for multivariate analysis. This is because the positivity
of Ki-67 was higher in the non-basal-like phenotype
tumors. These data based on classification by THC are very
interesting and informative in a clinical setting because
there are some discrepancy between criteria by gene

_expression profiling and those by IHC. Some previous

papers were confused about classification by gene expres-
sion and by IHC. Non-basal-like subtype is a term corre-
lated with THC classification and difficult to adapt to criteria -
of gene expression. There are few reports focused on the
non-basal-like phenotype. Our data may insinuate that non-
basal-like subtypes are well adaptive to current chemother-
apy and basal-like subtybes need another therapeutic agent.
Because our data was based on a small number of patients, -
further examinations based on IHC -classification are
needed. . :

Our study indicated that TNBCs which were found to be

‘non-pCR with high Ki-67 expression after NAC had a poor
~ prognosis. How to treat these TNBCs will be a most impor-

tant subject for future study. Only chemotherapy is a



Cancer Chemother Pharmacol

proven treatment for TNBCs, but chemotherapy based on

anthracyclins and taxanes has not been shown to be
enough. There are several studies which showed the
efficacy of new chemotherapeutic agents such as carbo-
platin, bavasituzumab and poly (ADP-ribose) polymerase-1
"(PARP-1) inhibitor in TNBCs [24—26] Studies of NAC
with these agents are expected to improve the treatment of
“TNBCs.
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