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Fig. 7 An example of a surveillance schedule after curative resection of stage I to stage Il colorectal cancer

(3) chemotherapy, retrospective investigation of factors such as the
(4) radiotherapy, common sites and the incidence of recurrence and the
(5) counseling for psychiatric symptoms. efficacy of treatment (Fig. 7).
Chapter 8: Surveillance after surgery for colorectal 2. Surveillance after curability B resection of colorectal
cancer cancer and after resection of recurrent tumors

1. Surveillance for recurrence afier curabiliry A resection o The same surveillance method as for stage II colorectal

of colorectal cancer cancer is used. It should be noted that recurrence and
re-recurrence are common in organs that were previ-
o Surveillance is not required for stage O (pM cancer) if ously operated on.

the resection margin is cancer-free. However, when
evaluation of the resection margin is difficult, colon-
oscopy is performed 6 months to 1 year later to deter-
mine whether local recurrence is present.

o In principle, the duration of surveillance is 5 years after
surgery, but the surveillance examinations are scheduled

3. Surveillance of meiachronous multiple cancer

e Colonoscopy is performed for surveillance of metach-
ronous multicentric colorectal cancer.

at shorter intervals during the first 3 years after surgery. Comments
¢ It should be noted that there is a high incidence of lung [Aim of surveillance]

i n r surgery for rectal . . . . .
metastasis and local recurrence after surgery for rec e The aim of surveillance is to improve the patient’s
cancer. . .

. . prognosis by early detection and treatment of recur-
e As a general rule, the duration of surveillance for .
nastomotic recurrence is until 3 years after surgery rences. Meta-analyses of RCTs conducted in Europe
;‘h following i e of 2 surveillance sche dx;lc and the United States have shown that surveillance after
® . . . .
¢ following Is an example of a surve curative surgical resection of colorectal cancer contrib-

i i to 11 colorec . . .
after cutr]?t:vc re;ect.xo: gf itiﬁe ]t:) i:tzig‘:he r:.: lot ;a; utes to improving the resection rate of recurrent tumors
cancer that was designed on the bas uis o and to improving the prognosis [70-74] (CQ-19).
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[Recurrence rate, sites of recurrence, times of recurrence]

s The results of a review of the project study by the
JSCCR are shown in Figs. 8, 9 and Tables 7, 8, 9, 10.
The subjects were patients who underwent curative
resection of colorectal cancer between 1991 and 1996
at the 14 institutions that participated in the project, and
the follow-up period was 6-11 years.

(I) Times of the recurrences and sites of the recurrences
(Fig. 9; Tables 7, 9, 10).

¢ More than 80% of the recurrences were detected
within 3 years after surgery, and more than 95%
of the reyjcurrences were detected within 5 years
after surgery.

o The overall incidence of recurrence more than
5 years after surgery was less than 1%,

e Among lung recurrences, 5% of recurrences were
detected more than 5 years after surgery.

—— Stage | 1367 patients

More than 95% of the anastomotic recurrences
were detected within 3 years after surgery.

Local recurrence and lung recurrence were more
frequent in rectal cancer than in colon cancer.
There have been reports regarding recurrences
after curative resection in Europe and the United
States showing that approximately 50% of the
recurrences were detected within 1 year after
surgery, that approximately 70% of the recur-
rences were detected within 2 years after surgery
[75, 76]; and that in most patients the recurrences
were detected within S years after surgery [76].

(2) Characteristics according to stage (Fig. 8; Tables 7, 8)

1.

Stage I

o The recurrence rate of pSM cancer was
approximately 1% in both colon cancer and
rectal cancer.

e The overall recurrence rate of pMP cancer
was 6.4%, and it was 5.0% in colon cancer
and 8.3% in rectal cancer,

e Two-thirds of the recurrences were detected

5
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Table 7 Recurrence rate after curative resection of colorectal cancer according to stage and cumulative incidence of recurrence according to the
number of years after surgery

Stage (no. of

Recurrence rate

Cumulative incidence of recurrence

Percentage of patients

patients) (no. of patients according to the number of years after surgery experiencing recurrence more than
with recurrence) (cumulative no. of patients with recurrence) 5 years after surgery among all
3 yoars 2 years 5 yours patients (no. of patients)
1 37% 68.6% 82.4% 96.1% 0.15%
(1,367) (51) (35) 42) A9 (2)
| 13.3% 76.9% 88.2% 92.9% 0.94%
(1,912) (255) (196) (225) 237) (18)
m 30.8% 87.0% 93.8% 97.8% 0.67%
(1,957) (600) (522) (563) (587) (13)
All 17.3% 83.2% 91.6% 96.4% 0.63%
(5,230) (906) (753) (830) 873) (33
Project study of the JSCCR: patients in years 1991-1996
Table 8 Recurrence rate of Stage I No. of No. of patients Recurrence p value
stage I colorectal cancer (RS patients with recurrence rate (%)
cancer was counted as colon
cancer) Tumor location
Colon 891 24 2.7 0.0056
Rectum 476 27 57
Depth of tumor invasion
SM 714 9 13 <0.0001
MP 653 42 64
Tumor location and depth of tumor invasion
Colon
SM 528 7 1.3 0.0024
MP 363 17 47
Rectum
SM 186 2 1.1 0.0005
Project study of the JSCCR: MP 290 25 8.6

patients in years 1991-1996

Table 9 Recurrence rate according to the site of the first recurrence after curative resection of colorectal cancer and cumulative incidence of
recurrence according to the number of years after surgery

Site of first

Recurrence rate (no.

Cumulative incidence of recurrence according

to the number of years after surgery

Percentage of patients
experiencing recurrence more than

recurrence of patients with
recurrence {cumulative no. of patients with recurrence) 5 years after surgery among all
(including overlaps) patients (no. of patients)
3 years 4 years 5 years
Liver 7.1% (373) 87.9% (328) 94.1% (351) 98.7% (368) 0.10% (5)
Lung 4.8% (250) 78.0% (195) 88.8% (222) 94.8% (237) 0.25% (13)
Local 4.0% (209) 80.9% (169) 90.4% (189) 96.2% (201) 0.15% (8)
Anastomotic 0.4% (22) 95.5% (21) 95.5% (21) 95.5% (21) 0.02% (1)
Other 3.8% (199) 79.4% (158) 91.0% (181) 95.5% (190) 0.17% (9
All (5,230 17.3% {906)

Project study of the JSCCR: patients in years 1991-1996
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Table 10 Comparison between
the recurrence rates of colon
cancer and rectal cancer
according to the site of the first
recurrence (RS cancer was
counted as colon cancer)

Project study of the JSCCR:
patients in years 1991-1996

Fig. 10 Treatment strategies
for pSM cancer after endoscopic
resection

Daepth of invasion
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 Intestinal resection with lymph node dissection - Intestinal resection with :

Site of recurrence Calon cancer Rectal cancer p value
(3,583 patients) (1,647 patients)
Liver 7.0% (252) 7.3% (121) NS
Lung 3.5% (126) 7.5% (124) <0.0001
Local 1.8% (64) 8.8% (145) 0.0001
Anastomotic 0.3% (9) 0.8% (13) 0.0052
Other 3.6% (130) 4.2% (69) NS
All 14.1% (506) 24.3% (400) <0.0001
. . . Positive vertical
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v
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v l v

is considered . lymph node dissection .

[Surveillance of metachronous multiple primary cancer]

» A past medical history of colorectal cancer, regardless
of stage, is a risk factor for metachronous colorectal

cancer [77].

e The recommended interval between colonoscopy ran-
ged from 1 to 5 years, depending on the report [78].

e There was no evidence indicating the necessity of
periodic detailed examinations for cancer in other
organs (multiple cancer) after surgery for colorectal

cancer (CQ-19).

Clinical questions

CQ-1: Indication criteria for additional treatment

after endoscopic resection (Fig. 10)

Recommendation: Category B

s Surgical resection is preferable when the vertical

margin is positive.

o If any of the following findings is observed during
histological examination of the resected specimen,

@ Springer

intestinal resection with lymph node dissection is
considered as an additional treatment:

(1) Depth of SM invasion >1,000 pm,

(2) vascular invasion positive,

(3) poorly differentiated adenocarcinoma, signet-ring
cell carcinoma, or mucinous carcinoma [79],

(4) Grade 2/3 budding at the site of deepest invasion
[79].

Note:

“Vertical margin-positive” means that carcinoma is
exposed at the submucosal margin of the resected
specimen. ’
Depth of SM invasion is measured by the method
described in “Side Memo 1™ (Fig. 11).

Vascular invasion consists of lymphatic and venous
invasion (Figs. 12, 13, 14).

The method for assessing budding is described in
Fig. 15.

The principle for the treatment of pSM carcinomas,

which are invasive carcinomas, is intestinal resection with

lymph node dissection. However, some pSM carcinomas
have a very low risk of metastasis, and the purpose of these
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Fig, 11 Method for measuring
depth of SM invasion. a When it
is possible to identify or
estimate the location of the
muscularis mucosae, depth of
SM invasion is measured from
the lower border of the
muscularis mucosae. b, ¢ When
it is not possible to identify or
estimate the location of the
muscularis mucosae, depth of
SM invasion is measured from
the surface layer of the
muscularis mucosae, Sessile
lesion (b), pedunculated lesion
(c). d For pedunculated lestons
with tangled muscularis
mucosae, depth of SM invasion
is measured as the distance
between the point of deepest
invasion and the reference line,
which is defined as the
boundary between the tumor
head and the stalk, e Invasion by
pedunculated lesions that is
limited to within the head is
defined as *head invasion.”

criteria is to minimize the need for additional resections
that eventually result in overtreatment of such patients.
While no diagnostic methods make it possible to predict
lymph node metastasis (pN) without fail, the degree of risk
of metastasis can be used as a basis for determining whe-
ther or not to perform additional treatment.

Factors such as the depth of submucosal invasion (SM
invasion depth) [80], histological type (such as poorly
differentiated adenocarcinoma, signet-ring cell carcinoma,
and mucinous carcinoma [79]), the presence of a poorly
differentiated area and muconodules at the site of deepest
invasion, budding, and vascular invasion have been
reported to be risk factors for regional lymph node
metastasis by pSM carcinoma [79, 81].

The above criteria for determining whether additional
treatment is indicated were prepared based on the follow-
ing 3 criteria for performing additional intestinal resection
of pSM carcinoma described in the Japanese Classification
of Colorectal Carcinoma (2nd edition, 1980): (1) obvious
intravascular carcinoma invasion; (2) poorly differentiated
adenocarcinoma or undifferentiated carcinoma; (3) mas-
sive carcinoma invasion extending to the vicinity of the
margin [82]. The description of “massive carcinoma
invasion” in the 4th edition of the Japanese Classification
of Colorectal Carcinoma was revised to the following more
specific description in the 5th edition (1994): invasion
deeper than “very shallow invasion” (e.g., invasion
exceeding approximately 200 to 300 um) [83].
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Fig. 12 Venous invasion (arrow in a). a Located in the vicinity of an artery (a). b Elastic fibers in the vein wall have been highlighted by
Victoria blue staining

¥

Fig. 13 Lymphatic invasion (arrow in a), a A cancer cell nest is visible in the interstitial space. b Double staining for cytokeratin and D2-40.
Cancer cells are stained brown, and the lymphatic endothelium is stained purplish red

Subsequent case series studies in Japan have shown that ~ JSCCR, additional intestinal resection has been added to
“200-300 pm” can be extended to 1,000 um [84].  the list of factors that should be considered in this revised
According to the results of the project study by the JSCCR,  edition. None of the guidelines in other countries include
the lymph node metastasis rate of colorectal carcinoma  depth of invasion or budding as criteria for additional
with an SM invasion depth of 1,000 um or more was  treatment.

12.5% (Table 11) [80, 84]. However, approximately 90%
of patients with a depth of invasion of 1,000 pm or more
did not have lymph node metastasis, and it is important to
determine whether additional treatment is indicated after
sufficiently considering other factors in addition to depth of
SM invasion, such as whether other risk factors for lymph
node metastasis are present, the physical and social back- e  Accurate preoperative endoscopic diagnosis is essential,

CQ-2: Endoscopic resection of cM carcinomas
and cSM carcinomas with a maximum diameter
of 2 cm or greater

Recommendation: Category B

ground of the patient, and the patient’s wishes. Because and whether resection by EMR, piecemeal EMR, or ESD
budding was demonstrated to be an important risk factor is indicated is determined after taking the operator’s skill
for lymph node metastases in the project study by the in performing endoscopic resection into consideration,
@ Springer
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Fig. 14 Space formed by artifacts during. preparation of the specimen (arrow in a). a A cancer cell nest is visible in the interstitial space.
b Double staining for cytokeratin and D2-40. The interstitial space is D2-40-negative

Fig, 15 Budding (arrows in b). a A cancer cell nest consisting of 1 or less than 5 cells that has infiltrated the interstitium at the invasive margin
of the cancer is seen. b is the square area in a

Table 11 Depth of invasion of sm cancer and lymph node metastasis (modified from [80])

sm invasion distance (um) Pedunculated Nonpedunculated

Number of lesions n (+) (%) Number of lesions n (+) (%)
Head invasion 53 3.7
0 <X <500 10 0 (0) 65 0 (0
500 < X < 1,000 7 0 (0) 58 0 (0)
1,000 < X < 1,500 11 1 (9.1) 52 6(11.5)
1,500 = X < 2,000 7 1(14.3) 82 10 (12.2)
2,000 < X < 2,500 10 1(10.0) 84 13 (15.5)
2,500 < X < 3,000 4 0 71 8 (11.3)
3,000 < X < 3,500 9 2(22.2) 72 5(6.9)
3,500 < X 30 2(6.D 240 35 (14.6)

The lymph node metastasis rate of patients with a depth of invasion of 1,000 pm or above was 12.5%
All 3 lymph node metustasis-positive patients with head invasion were ly positive
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Side Memo 1

e Method for n‘leasuring depth of SM invasion (Fig. 11):

~ When it is possible to identify or estimate the location
of the muscularis mucosae, depth of SM invasion is
measured from the lower border of the muscularis
mucosae of the lesion, regardless of the macroscopic
type.

— When it is not possible to identify or estimate the
location of the muscularis mucosae, the depth of SM
invasion is measured from the surface of the lesion. The
phrase “possible to identify or to estimate™ means that
there is no “deformity” (i.e., disarray, dissection,
rupture, fragmentation, etc.) of the muscularis mucosae
as a result of SM invasion, If a deformed muscularis
mucosa is used as the baseline of the measurement, the
depth of SM invasion may be underestimated.
Although judging whether there is a “deformity” is
not always straightforward, if a desmoplastic reaction is
present around the muscularis mucosae, it is assumed to
be “deformed.”

~ For pedunculated lesions with a tangled muscularis
mucosae, depth of SM invasion is measured as the
distance between the point of deepest invasion and the
reference line, which is defined as the boundary between
the tumor head and the stalk (the boundary between the
tumor area and the non-tumor area in the mucosa).
Invasion by pedunculated lesions that is limited to
within the head is defined as “head invasion.”

o Method for assessing vascular invasion (Figs. 12, 13, 14):

— Attention to arteries is a key factor in assessing venous
invasion. Venous invasion is highly likely when a
circular, semicircular, or oblong cancer cell nest with
regular margins is located in the vicinity of an artery
and distant from the main lesion. If such a cancer cell
nest is surrounded by venous wall structures (such as
internal elastic membrane or perivascular smooth
muscle), it can be concluded to represent venous
invasion. However, the venous wall structures are often
displaced or obliterated by the cancer cell nest, and it is
difficult to recognize in hematoxylin and eosin stained
sections.

— The presence of cancer cells and cancer cell nests in the
interstitial space suggests lymphatic invasion. A space
filled with lymph and lymphocytes is especially likely
to be a lymph vessel. When endothelial cells are
identified around the space, the space can be concluded
to represent a lymph vessel. However, it is often
difficult to identify endothelial cells in specimens

@ Springer

stained with hematoxylin and eosin, and spaces may
be artifacts created during the process of preparing the
specimen,

~ As stated above, evaluation of vascular invasion, which
is an important indicator for determining treatment
strategies for SM cancer, is often difficult in hematox-
ylin and eosin stained specimens. Special staining
methods are useful for evaluating vascular invasion,
such as elastica van Gieson staining or Victoria blue
staining for venous invasion, and D2-40 immunostain-
ing for lymphatic invasion.

» Method for assessing tumor budding (Fig. 15):

[Definition of tumor budding] [79]

A cancer cell nest consisting of 1 or less than 5 cells that
infiltrates the interstitium at the invasive margin of the
cancer.

[Grade of budding]

After selecting one field where budding is the most

" intensive, the number of buddings is counted in a field

measuring 0.785 mm> observed through a 20x objective
lens (WHK 10x ocular lens). Depending on the number of
buddings, the grade of budding is defined as follows:

Grade 1: 04
Grade 2: 5-9
Grade 3: 10 or more

¢ The lymph node metastasis rate associated with grade 2/3
tamors is significantly higher than that associated with
grade 1 tumors. A multi-center study conducted by the
Budding Investigation Project Committee (2005-) of the
JSCCR in which grade 1 was defined as “low grade” and
grade 2/3 as “high grade” showed that high grade is an
independent predictor of lymph node metastasis.

CQ-3: Laparoscopic surgery for colorectal cancer

Recommendation: Category B

e Since laparoscopic surgery requires surgical skills that
are different from those required for open abdominal
surgery, and an understanding of regional anatomy is
essential for laparoscopic surgery, the indication crite-
ria should be determined depending on the skills of the
surgical team.

Laparoscopic surgery is suitable for D2, D1 or DO
resection of colon and RS cancer, and is well indicated for the
treatment of cStage 0 to cStage I disease. Because laparo-
scopic colectomy with D3 dissection is difficult, whether
it is indicated for patients with cStage II to cStage III
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disease should be determined after carefully considering the
skills of the surgical team. Laparoscopic surgery is also
difficult in patients with transverse colon cancer, in severely
obese pdtiems, and in patients with severe adhesions. The
efficacy and safety of laparoscopic surgery for rectal cancer
has not been sufficiently established.

CQ-4: Resection of the primary tumor in patients
with unresectable distant metastases

Recommendation: Category B

e The initial resection of the primary tumor should be
determined based on the performance status of each
patient, such as the symptoms caused by the primary
tumor, the status of distant metastases, and the patient’s
general condition. Resection of the primary tumor is
often desirable when a patient has symptoms caused by
the primary tumor that cannot be well controlled by
other therapies, if the patient is sufficiently able to
tolerate surgery, and the resection can be accomplished
with acceptable morbidity.

CQ-5: Resection of peritoneal metastases
(carcinomatous’ peritonitis)

Recommendation: Category C

e If patients with localized peritoneal dissemination (P1,
P2) have no other unresectable distant metastases and
resection will not result in excessive invasion, it is
preferable to resect the disseminated tumors at the same
time as the resection of the primary tumor.

CQ-6: Surgical treatment for local recurrence of rectal
cancer

Recommendation: Category B

e Resection should be considered for local recurrence of
rectal cancer when RO resection is considered possible.

CQ-7: Resection in patients with liver and lung
metastases

Recommendation: Category C

e The efficacy of resection in patients who have liver and
lung metastases at the same time has been shown, and
thus resection should be considered for patients with
resectable liver and lung metastases.

However, there are insufficient data to determine the
indication criteria for surgery. It is necessary to obtain

informed consent after informing the patient of the rather
low cure rate and the absence of outcome predictors.

CQ-8: Adjuvant chemotherapy after curative resection
of liver metastases

Recommendation: Category B

e The efficacy of adjuvant chemotherapy after hepatec-
tomy has not been established. It is desirable to
investigate its efficacy in clinical trials.

CQ-9: Preoperative chemotherapy for resectable liver
metastases

Recommendation: Category B

o The safety of preoperative chemotherapy for resectable
liver metastases has not been established. It should be
evaluated in properly designed clinical trials.

CQ-10: Chemotherapy for unresectable liver metastases.

Recommendation: Category B

e Hepatectomy should be considered for liver metastases
that have become resectable after successful
chemotherapy.

No clear difference has been observed between hepatic
arterial infusion therapy and systemic chemotherapy in
terms of the prolongation of survival time of patients with
unresectable liver metastases.

CQ-11: Postoperative adjuvant chemotherapy and age

Recommendation: Category A

e Even in patients 70 years old or older, postoperative
adjuvant chemotherapy can be performed if their PS is
good, if the function of major organs is adequate, and if
there are no complications that may be a risk for
performing chemotherapy.

CQ-12: Postoperative adjuvant chemotherapy for stage
II colorectal cancer

Recommendation: Category A

e The usefulness of postoperative adjuvant chemotherapy
for stage II colorectal cancer has not been proven, and it
is not appropriate to routinely administer adjuvant
chemotherapy to all patients with stage II colorectal
cancer,
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CQ-13: Duration of postoperative adjuvant
chemotherapy

Recommendation: Category A

e Although no definitive conclusion regarding the dura-
tion of postoperative adjuvant chemotherapy has been
reached, the current standard duration of treatment by
5-FU-based adjuvant chemotherapy is 6 months.

CQ-14: Oxaliplatin (L-OHP) in postoperative adjuvant
chemotherapy

Recommendation: Category A

e In August 2009, L-OHP was approved for postoperative
adjuvant chemotherapy in Japan. When selecting target
patients, the indication should be determined after
obtaining sufficient informed consent regarding adverse
events and medical care costs as well as the expected
additional benefit in terms of survival time,

CQ-15: Molecular target drugs for secondary treatment

Recommendation: Category B

‘s It is desirable to use bevacizumab as secondary
treatment in patients who can be treated with bev-
acizumab and have not received it as primary treatment.
There is no clear evidence supporting the optimal dose
in this situation (5 or 10 mg/kg) [44, 49].

CQ-16: KRAS gene mutations and anti-EGFR antibody
drugs

Recommendation: Category A

o The usefulness of anti-EGFR antibody drugs has been
reported in metastatic colorectal cancer without KRAS
gene mutations [38-41, 47, 53, 55, 85-901.

Side Memo 2

o Anti-EGFR antibody drugs and EGFR immunostaining

Since most clinical research on cetuximab has been con-
-ducted on EGFR-positive patients, insurance coverage is
limited to EGFR-positive patients. On the other hand, most
clinical research on panitumumab has also been conducted
on EGFR-positive patients, and evidence in regard to
EGFR-negative patients is insufficient, but insurance cov-
erage has been restricted to EGFR-positive patients. A
recent report showed that there is no relationship between
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the effect of anti-EGFR antibody drugs and the level of
EGFR expression assessed by immunostaining [91].

e CPT-11 and UGT1A] genetic polymorphism

SN-38 is an active metabolite of CPT-11 and the
UGT1Al gene encodes an intrahepatic metabolizing
enzyme which converts the active form SN-38 to the
inactive form SN-38 G. In patients who are double het-
erozygotes for "6 and *28 or homozygotes for *6 or #28 of
the UGT1A1 gene, the glucuronic acid conjugation capacity
of UGT1A1 is known to be decreased and the metabolism
of SN-38 to be delayed, and serious adverse drug reactions
such as neutropenia may occur as a result. It is especially
desirable to test for a UGT1Al genetic polymorphism
before administering CPT-11 to patients with a high serum
bilirubin level, elderly patients, patients whose general
condition is poor (e.g., PS2), and patients in whom severe
toxicity (especially neutropenia) developed after the last
administration of CPT-11. On the other hand, because CPT-
11 toxicity cannot be predicted with certainty on the basis of
the presence of a UGT1A1 genetic polymorphism alone, it
is essential to monitor the patient’s general condition during
treatment and manage adverse drug reactions carefully
regardless of whether a genetic polymorphism is detected.

CQ-17: Significance of preoperative
chemoradiotherapy for rectal cancer

Recommendation: Category C

e Preoperative chemoradiotherapy is standard treatment
for rectal cancer in Europe and the United States.
However, there is insufficient evidence in support of its
efficacy and safety in Japan, and it needs to be
evaluated in properly designed clinical trials.

CQ-18: Chemoradiotherapy for unresectable locally
advanced and locally recurrent rectal cancer

Recommendation: Category C

e The indication for chemoradiotherapy aiming at complete
cure by RO resection will also be considered for locally
advanced or locally recurrent, unresectable rectal cancer.

CQ-19: Significance of surveillance after surgery
of colorectal cancer

19A: Diagnosis of recurrence
Recommendation: Category A

e Early detection of recurrence has been shown to
contribute to an improvement in outcome, and
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postoperative surveillance examinations should be
performed regularly. However, an optimal surveillance
protocol incorporating the health economical point of
view has not been sufficiently established.

19B: Multiple cancer
Recommendation: Category B

With the exception of hereditary colorectal cancer, a
past medical history of colorectal cancer has not been
demonstrated to be a risk factor for the development of
cancer in other organs, and it is unnecessary to
incorporate special surveillance for multiple cancer
into the surveillance performed after curative surgery
for colarectal cancer.
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Summary Currently, no prospective data exists to support a
“stop-and-go™ modified FOLFOX6 regimen with bevacizu-
mab in metastatic colorecial cancer (mCRC) patients. This
study aimed to evaluate the efficacy and safety of this
regimen in first-line mCRC patients. Eligible patients
{age =20 years) had previously unireated mCRC; East-
ern Cooperative Oncology Group performance status of
0-2; and adequate hematologic, hepatic, and renal func-
tion, The modified FOLFOX6 regimen and bevacizumab
(5 mg/kg) was administered intravenously every 2 weeks.
After 8 cycles, patients received maintenance therapy
with simplified LV5FU2 and bevacizumab until completion
of 8 cycles or disease progression. After maintenance therapy,
patients received another 8 cycles of medified FOLFOX6
with bevacizomab until completion of 8 cycles or disease
progression. We recruited 50 patients between August 2007
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and January 2009. The overall response raie was 48% (80%
confidence interval [CI]; 38.2-58) with outcomes as follows:
complete response, #=1; partial response, #=23; stable dis-
case, n=21; progression, #=1; and not evaluated, n=4. Me-
dian time to treatment failure was 7.7 months (80% CI: 6.2—
8.0), and median progression-free survival was 12.8 months
{80% CI: 10.8-14). Grade 3/4 toxicities included neutropenia
{40%}), nausea (4%, diarrhea (14%), thrombosis (4%), and
hypertension (4%) et al. Grade 1, 2, or 3 peripheral neuropathy
was reported in 38%, 40%, and 10% of patients, respectively.
The stop-and-go modified FOLFOX$é and bevacizumab reg-
imen is effective and well tolerated as first-line chemotherapy
for mCRC patients,
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Introduction

Bevacizumab is a recombinant humanized monoclonal anti-
body directed against vascular endothelial growth factor
{VEGF), a pro-angiogenic cytokine. Bevacizumab binds to
VEGF and inhibits VEGF-receptor binding, thereby preventing
the growth and maintenance of tumor blood vessels.

The addition of bevacizumab o a regimen consisting of
bolus 5-fluorouracil (5-FU), leucovorin, and irinotecan
{IFL) was shown to improve survival for first-line chemo-
therapy of metastatic colorectal cancer (mCRC) [1]. Second-
line treatment with a regimen of oxaliplatin plus 5-FL/
folinic acid (FOLFOX4) combined with bevacizumab was
found to improve survival [2]. In the first-line setting, the
addition of bevacizumab to oxaliplatin-based chemotherapy
improved progression free survival (PFS) [3]. In that study,
a large proportion of patients stopped treatment earlier than
allowed by the study protocol,

FOLFOX4 often induces grade 3 neurotoxicity in previ-
ously untreated metastatic colorectal cancer patients [4]. In
some case, neurotoxicity became the reason for discontinua-
tion of oxaliplatin. Moreover, the symptom remains for sev-
eral years after discontinuation of oxaliplatin [5]. There were
some reports to prevent neurotoxicity of oxaliplatin [6, 7]. A
stop-and-go sirategy, stop oxaliplatin after a difined period of
time and later reintroduction, can be an effective approach for
avoiding severe neurotoxicity [8, 9]. On the other hand, mod-
ified FOLFOX6 with or without bevacizumab is effective,
tolerable and less burdensome for patients as a first line
treatment [10]. Therefore, in the present phase II study, we
investigated the efficacy and tolerability of the stop-and-go
strategy for therapy with mFOLFOX6 plus bevacizumab.

Materials and methods

This study was a multicenter, open-label, phase II study.
Patients at least 20 years of age were eligible if they had:
histologically-confinmed metastatic or recurrent colorectal
cancer; provided written informed consent; not previously
undergone chemotherapy; Eastern Cooperative Oncology
Group performance status (PS) of 0 to 2; adequate hemato-
logic, hepatic, and renal function; and measurable disease
according to Response Evaluation Criteria in Solid Tumours
(RECIST) version 1.0 [7]. Patients were excluded if they
had brain metastasis, hypertension, proteinurea, hemor-
rhage, embolism, uncontrolled diabetes mellitus, heart dis-
ease, renal failure, liver failure, intestinal obstruction or
active infection. The study protocol was approved by the
institutional review boards of the participating institutions.
This study was registered with UMIN-CTR (number:
UMINQ00001233). All costs of medical treatment (drugs
and tests) were paid for by Japanese health insurance.

@ Springer

Treatment plan and evaluation

The modified FOLFOX& regimen consisted of oxaliplatin
(85 mg/m?) on Day 1, given as a 2-hour infusion concurrent
with /leucovorin (200 mg/m?), followed by 5-FU (400 mg/
m? by injection and 2,400 mg/m® by continuous infusion for
46 h) [10]. Bevacizumab (5 mg/kg) was administered intra-
venously on day 1 before the modified FOLFOX6 regimen,
and all therapies were administered every 2 weeks, Afier
8 cycles or until grade 3 neurotoxicity developed, patients
received maintenance therapy other than oxaliplatin (sim-
plified LY5FU2 and bevacizumab) until completion of
8 cycles or the incidence of discase progression. After
maintenance therapy, patients received another 8 cycles of
modified FOLFOX6 with bevacizumab until completion of
8 cycles or the incidence of disease progression. Prophylaxis
of nausea and premedication for allergy after one allergic
event were recommended. We did not use prophylaxis
against neurotoxicity.

Tumor response was assessed according to RECIST cri-
teria [11] every 8 weeks. Patients were re-evaluated over
4 weeks after initial documentation of complete response or
partial response to confirm the assessment. Progression-free
survival (PFS) was defined as the time from the date of
registration to the first confirmation of disease progression,
or death from any cause, and was censored at the last tumor
assessment if a patient withdrew before progression. Overall
survival (OS) was defined as the time from registration to
any death. Time to treatment failure (TTF) was defined as
the time from registration to discontinuation of the protocol
treatiment. Toxicity was assessed before each 2-week cycle
using the Common Terminology Criteria for Adverse
Events version 3.0 [12]. Clinical report forms were sent to
data managers and monitored data was sent to a statistician.
We shared our experience with toxicity evaluation in our
prior studies [13, 14] and decided how to evaluate neuro-
toxicity before planning the protocol.

Statistics

The primary objective of the trial was to estimate the response
rate for this treatment protocol. We calculated that with a
sample size of 45 patients, assuming that the observed re-
sponse rate was approximately 50% based on past studies, the
half-width of the exact 80% binomial confidence interval
would be approximately equal to 10.4%. In particular, for an
observed response rate of 50%, the exact 80% binormial con-
fidence interval was 38.4% to 59.4%. If the response rate is
lower than 30%, the protocol treatment should not be applied
in clinical practice. Assuming 5 ineligible cases, we calculated
that we would need to enroll 50 patients.

The primary endpoint of this study, the response rate, was
estimated, and the exact two-sided 80% confidence interval
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Table 1 Patient characteristics (#=50)

Sex

Male/Female 28 /22
Age

Median (Range) 61 (37-75)
ECOG performance status

0/172 34/16/0
Primary tumor site

Colon/Rectum 32/18
Histology type

Adeno/Muc/Sig 45/0/1
Metastatic site

Liver/Lung/Lymph node/Other 34/28/22/14
Surgery

Yes/No 41/9
Adjuvant chemotherapy

Yes/No 8/42

was calculated. The secondary endpoints were TTF, PFS,
08, the incidence of adverse evenis and the incidence of
grade 3 neurotoxicity. PFS, TTF and OS were estimated
according o the Kaplan-Meier method. Median PFS, TTF
and OS were estimated, and 80% confidence infervals were
calculated with the use of the Greenwood formula. The
cumulative incidence of grade 3 neurotoxicity was estimated
using competing risk analysis [15], where death was con-
sidered the competing risk. Median follow-up was comput-
ed by the reverse Kaplan-Meier method [16]. The primary
endpoint, TTF, PFS and OS were analyzed in the all eligible
cases (all patients excluded ineligible patients). The inci-
dence of adverse events and the incidence of grade 3 new-
rotoxicity were analyzed in the all treatment cases (all
patients who were received one or more the protocol ireai-
ment). The FREQ procedure with binomial option {SAS
software, version 9.2 (SAS Institute)) was used to analyze

caiegorical data and the LIFETEST procedurs was used o
analyze time-to-event data.

Results
Patient characteristics

A total of 50 patients from 7 different Japanese hospitals were
enrolled in this study from August 2007 to January 2009, All
patients were included in the efficacy and safety analysis.
Baseline characteristics are summarized in Table 1. Median
age was 61 years (range: 37-75), 56% of the patients were
men. The primary tumor was located in the colon in 32
patients (64%) and in the rectum in 18 patients (36%).

Efficacy

All 50 patients had measurable metastatic sites. The overail
response rate was 48% (80% CI: 38.2, 58) with outcomes as
follows: complete response, #=1; partial response, #=23;
stable disease, #=21; progression, »=1; and not evaluated,
n=4. The disease control rate was 90%. Two patients un-
derwent curative surgery because of tumor shrinkage during
protocol chemotherapy. After a median follow-up of
27.8 months, median TTF and PFS were 7.7 months {80%
CI: 6.2, 8.0) and 12.8 months {80% CI: 10.8, 14.0), respec-
tively (Fig. 1). At the data cut-off date, 24 patients had died,
and median OS was 30.1 months (80% CI: 25.6, -).

Safety

Table 2 summarizes hematological and non-hematological
toxicities. Grade 3~4 neutropenia was observed in 40% of
patients, but no patient experienced Grade 34 febrile neu-
tropenia. Grade 3-4 bevacizumab-associated adverse events

Fig. 1 The median time to treat- 1.6} -eas
ment failure was 7.7 months Ty e Yy
(80% CI: 6.2, 8.0) and the me- %
dian progression free survival 0.8 2,
time was 12.8 months (80% CI Y
10.8, 14,0 o
) g 0.6 a‘_: "'- .
2 0.4 : ."-,
B : s,
0.2 e,
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Ne. at risk
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Table 2 Toxicity (#=50)

Adverse event CTC-AE v. 3.0 Gradel-2 Grade 3-4
No. % No. %
Hematologic toxicity
Neutropenia 24 43 20 40
Anemia 35 70 0 0
Thrombocyiopenia 24 48 0 0
Bevacizumab-associated toxicity
Thromboembolism 0 0 2 4
Hypertension ) 10 2 4
Protein vrea i9 38 0 0
Bleeding 22 44 0 0
Delayed wound healing 3 6 0 0
Perforation ~colon— 0 0 1 2
Non-hematologic toxicity
Diarthea 16 32 7 14
Sensory neurctoxicity 39 78 5 10
Nausea 34 68 2 4
Allergic reaction 2 18 0 0

were observed as follows: thrombosis 2/50, hypertension 2/
50, and perforation of colon 1/50. There were no ireatment-
related deaths. Figure 2 shows curnulative proportion of
grade 1-3 neurotoxicity. Grade 3 sensory neuropathy was
observed in 5 (10%) patients during the protocol treatiment.
Four of five patients with Grade 3 sensory neuropathy
recovered to Grade 0-2 after protocol treatment. Thirteen
(26%) and fourteen (28%) patients withdrew from protocol
treatment due to adverse events and doctor’s decision, re-
spectively. Protocol ireatment was discontinued due to grade
2 neurotoxicity based on the doctors’ decision in 7 patients,
and 4 patients discontinued due fo grade 3 neurotoxicity.
Three patients were needed to have oxaliplatin reintroduction

due to progression during maintenance and only one patient
could be reiniroduced.

Discontinuation during and after protocol treatment

All patients ended the protocol treatment at the data
cutoff date (April 20, 2011). Fourteen (28%) patients
received protocol re-iniroduction and only 6 patients
completed 24 cycles of protocol treatment. Thirty-six
patients were discontinued the protocol treatment before
re~introduction because of early progression (5/36), tox-
icity (24/36), patients’ refusal (4/36), or other reasons
(3/36). The re-introduction rate in eligible patients was
53.8% (14 of 26 patients). As a post-therapy, patients
received several treatments as follows: FOLFOX-based
regimen, 22%; sLV5FU2-based regimen, 36%,; irinotecan-
based regimen, 22%; and other, 20%. Nine of twelve patients
{75%) without reintroduction despite eligibility received the
sLV5FU2-based regimen.

Discussion

The FOLFOX plus bevacizumab regimen is one of the
standard chemotherapy for the first-line treatment of mCRC.
However, oxaliplatin induces severe sensory neuropathy,
and as resuit the stop-and-go strategy has been investigated
in order to decrease toxicity. There are 2 major unresolved
issues with the stop-and-go strategy: (1) whether “stop” has
the same efficacy as the normal FOLFOX regimen; and (2)
when is the optimal time to “go” (reintroduction)?
OPTIMOXI1 [8] and OPTIMOX2 [17] studies have
revealed that maintenance therapy without oxaliplatin is prom-
ising and that chemotherapy discontinuation is unfavorable. In
order to increase dose intensity, a stop-and-go regimen of
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OPTIMOX] was investigated by using 6 cycles of FOLFOX7
(oxaliplatin 130 mg/m?). On the other hand, bevacizumab
added to FOLFOX4 (oxaliplatin 85 mg/m?) in the first line
study [3]. FOLFOX4 regimen requires two times hospital visit
each cycle and modified FOLFOX6 (oxaliplatin 85 mg/m?)
plus bevacizumab is reported to be effective, tolerable, and less
burdensome for patients as first-line treatment [10]. Thus, we
added bevacizumab to mFOLFOXS6 in this siudy. Because the
dose intensity of mFOLFOX6 is lower than FOLFOX7, effi-
cacy could be reduced if the mFOLFOX6 regimen were to be
administered using a stop-and-go sirategy.

Previous studies have revealed that the response rates for
FOLFOX4 plus bevacizumab without a stop-and-go sirate-
gy were in the range of 45%~58.5% [3, 4, 8]. In our study,
the response rate was 48% (80% CI: 28.2-56.8) as com-
pared with the rate of 56% for stop-and-go mFOLFOX6
therapy reported in a previous retrospective study [18].
These results show that the early impact of stop-and-go
mFOLFOXS6 is comparable to treatment withouf “stop”.

As for the ideal number of cycles of induction with
FOLFOX, previous studies stopped at a total oxaliplatin
dose of approximately 680-780 mg/m” [8, 9, 17-19].
The estimated incidence of grade 3 neurotoxicity was
reported to be 10% after 9 cycles (oxaliplatin 765 mg/
m?) and 25% after 12 cycles (oxaliplatin 1,020 mg/m®)
[20]. In our schedule, oxaliplatin was stopped after
reaching a dose of 680 mg/m>. The total dose of oxaliplatin
during the induction chemotherapy in our protocol is the
same as in the CONcePT trial, investigated by using 8 cycles
of modified FOLFOX7 (oxaliplatin 85 mg/m?) [9]. Induction
chemotherapy should resuli in a reasonably high response
rate; we consider that tate to be roughly 50% and, therefore,
conclude that our dosages were acceptable. Further studies
are needed in order to determine the efficacy and safefy of
fower induction dose of oxaliplatin.

The re-introduction rate of 28% in our patients was lower
than the rates of 40.1% [8] and 55.1% [17] reported in
previous studies. We defined discontinuation of oxaliplatin
as the time patients had grade3 neurotoxicity. But doctors
and patients tended to avoid reintroduction if tumors were
conirolled and/or patients had sustained grade 2 neurotox-
icity. Although the reintroduction rate was low, the median
PFS was longer than in previous reports without bevacizu-
mab [8, 17]. Most patients without reintroduction, for rea-
sons other than progression, received a regimen of
SLVSFU2 plus BV afier protocol treatment. Bevacizumab
containing intermittent oxaliplatin also revealed a long PFS
(12.0 month) [9]. Bevacizumab could increase the probabil-
ity of tumor control. Furthermore, all patients with grade 3
sensory neuropathy received sLV5FU2, with or without
bevacizumab, after discontinuation of protocol treatment,
and most of these patients recovered to grade 0-2 neurotox-
icity. Consequently, our results suggest that reintroduction at

the time of progression is preferable io reintroduction at the
scheduled time,

It has been reported that oxaliplatin-related neurotoxicity
can be treated with calcium plus magnesium [6] or prega-
balin [7]. While these studies suggested that certain drugs
were effective in minimizing oxaliplatin-related neurotoxic-
ity, the impact of these drugs on survival was unclear. It
remains to be determined whether drugs used to treat neu-
rotoxicity have an acceptable risk-benefit balance in relation
to oxaliplatin-based regimens for mCRC. Although our
uncontrolled study data has limitations, the results indicate
that the stop-and-go mFOLFOX6 plus BV regimen is an
effective freatment modality for patienis with mCRC.
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Phase | first-in-human study of TAK-285, a novel investigational
dual HER2/EGFR inhibitor, in cancer patients
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BACKGROUND: This phase | first-in-human study was conducted in Japanese patients to investigate the safety, pharmacokinetics {PKs),
and determine the maximum tolerated dose (MTD) of oral TAK-285, a novel dual erbB protein kinase inhibitor that specifically
targets human epidermal growth factor receptor (EGFR) and HER2.

METHODS: The TAK-285 dose was escalated until MTD was determined. A second patient cohort received TAK-285 at the MTD for
at least 4 weeks. ’

RESULTS: [n all, 26 patients received TAK-285 at doses ranging from 50 to 400 mg once daily (qd.) or twice daily (bid.); 20 patients
made up the dose escalation cohort and the remaining 6 patients were the repeated administration cohort. TAK-285 was well
tolerated. Dose-limiting toxicities noted in two patients who received 400 mg b.i.d. were grade 3 increases in aminotransferases and
grade 3 decreased appetite. Consequently, the MTD was determined to be 300 mg b.i.d. Absorption of TAK-285 was rapid after oral
dosing, and plasma exposure at steady-state increased in a dose-proportional fashion for doses ranging from 50 to 300mg bi.d.
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© 2012 Cancer Research UK

tyrosine kinase inhibitor

Dimerisation of the human epidermal growth factor receptor (EGFR)
protein family members, including HERI/EGFR and HER2, activates
intracellular kinase and initiates a phosphorylation cascade that, in
tumour cells, results in erhanced cellular proliferation and survival,
Especially in the case of dimers that contain HERZ, such activation
of signal transmission can be persistent and potent, and under these
circumstances is associated with high cellular differentiation and
abnormal growth (Reid et al, 2007).

Clinically, HER2 and EGFR overexpression and the associated
increase in cellular signal transduction is a common feature of
tumours such as breast cancer and gastric cancer, and is associated
with aggressive disease (Yonemura et al, 1991; Salomon ef al, 1995;
Nicolini et al, 2006). The prognosis is worse for such patients than
for non-overexpressing patients. This also applies to many other
cancer types such as colon cancer, ovarian cancer and bladder
cancer, and small molecular weight chemotherapeutic agents or
antibodies that target EGFR and HER2 and inhibit their activity
have been proven to be clinically effective in overexpressing

*Correspondence: Dr T Doi; E-mail: tdoi@eastncc.gojp
Received 2 September 201 |; revised | December 201 |; accepted 16
December 201 [; published online 12 January 2012

A partial response was observed for one patient with parotid cancer who received 300 mg bi.id.
CONCLUSION: The toxicity profile and PK properties of orat TAK-285 warrant further evaluation.
British Joumal of Cancer (2012} 106, 666—672. doi:|0.1038/bjc.201 1.590 www.bjcancer.com

Keywords: first-in-human; phase | TAK-285; epidermal growth factor receptor; dual erbB protein kinase inhibitor family; receptor

cancers (Hynes and Lane, 2005; Shepherd et al, 2005; Thatcher
et al, 2005; Moore et al, 2007; Mok et al, 2009).

TAK-285 is a novel low-molecular weight compound that was
designed and synthesised by Takeda Pharmaceutical Company,
Osaka, Japan and has been shown to selectively and potently
inhibit HER2 and EGFR kinase activities. Biochemically, TAK-285
inhibits HER2 and EGFR phosphorylatxon, with 50% inhibition
concentrations of 17 and 23 nmol1-, respectively (Aertgeerts ef al,
2011),

The antitumour activity of TAK-285 was evaluated in several
murine models employing HER2- or EGFR-overexpressing human
tumour xenografts such as BT-474, 4-1 ST and A431. These studies
revealed that orally administered TAK-285 effectively inhibited
xenograft growth and this effect appeared to correlate with
its ability to inhibit EGRF and HER2 (Iwahara et al, 2008).
Additionally, in rodent and primate toxicity models, TAK-285
was well tolerated and induced toxicities observed with other
compounds possessing a similar mechanism of action. TAK-285
also demonstrated potentially no exhibition of elevated cardiac
risks whereas other tyrosine kinase inhibitors can elicit secondary
effects including heart toxicity (Shell et al, 2008). In total, these
non-clinical studies suggest that TAK-285 may possess exploitable
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