
Abstract. Background/Aim: Anti-EGFR antibodies or
bevacizumab comprise first-line treatment for patients with
RAS wild-type colorectal liver metastases (CLM). Which
marker better predicts efficacy, early tumor shrinkage or
morphologic response, still remains unclear. Patients and
Methods: We retrospectively evaluated 155 patients with
KRAS exon 2 wild-type CLM treated with bevacizumab (BEV
group) or anti-EGFR antibodies (EGFR group). Three
radiologists independently assessed early tumor shrinkage
(ETS) and early optimal morphologic response (EOMR) from
baseline and first follow-up CT scan. Results: Patients with
ETS had longer progression-free survival (PFS) than those
without ETS [hazard ratio (HR)=0.69] and ETS tended to be
observed in the EGFR group, while patients with EOMR had
longer PFS than those without EOMR (HR=0.64) and
EOMR tended to be observed in the BEV group. Conclusion:
Among patients with KRAS exon 2 wild-type CLM, EOMR
and ETS may predict better PFS, especially in patients
treated with bevacizumab and anti-EGFR antibodies,
respectively.

Patients with RAS wild-type and RAS-mutant metastatic
colorectal cancer (CRC) have different treatment strategies.
Anti-epidermal growth factor receptor (EGFR) antibodies are

administered to patients with RAS wild-type mCRC because
studies have shown that RAS mutations predict a lack of
response to anti-EGFR antibodies (1). Bevacizumab or anti-
EGFR antibodies in combination with fluoropyrimidine, plus
either oxaliplatin or irinotecan, is the first-line standard
treatment for patients with RAS wild-type mCRC. However,
not all patients respond to this regimen.

Recently, surrogate markers of the survival benefit of
these agents have been reported. Early tumor shrinkage
(ETS), which may be defined as either ≥20% (2) or ≥30%
(3) decrease in tumor size from the baseline, has been shown
to be a useful surrogate marker of survival benefit in patients
with KRAS wild-type mCRC who have been treated with
anti-EGFR antibodies. Another surrogate marker, optimal
morphologic response, has been reported to be a predictor of
benefit in patients with colorectal liver metastases (CLM)
who have been treated with bevacizumab (4). Morphologic
response is a measure of the transformation of liver
metastases into homogeneous and hypo-attenuating lesions
with well-defined borders after treatment (5). However, an
optimal morphologic response was defined as the best
response during first-line treatment in these previous reports
(4, 5). In addition, little has been reported on the usefulness
of morphologic response in CLM with extrahepatic
metastases. Therefore, no reports are available on whether
morphologic response is useful as an early surrogate marker
of efficacy in CLM with extrahepatic metastases. In addition,
there are no reports concerning the association between
tumor shrinkage and morphologic response as an early
surrogate marker of efficacy. 

In the present study, we analyzed morphologic response
or tumor shrinkage at an early time point after the initiation
of first-line chemotherapy in KRAS exon 2 wild-type mCRC
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patients with liver metastases, regardless of whether
extrahepatic metastases were present or not in these patients. 

Materials and Methods
Patients. We performed a retrospective review of a prospectively
maintained database of mCRC patients who underwent palliative
chemotherapy at the Aichi Cancer Center Hospital and the Tsuchiura
Kyodo General Hospital from April 2007 to December 2014.
Eligibility criteria included the following: 1) histologically confirmed,
unresectable colorectal adenocarcinoma; 2) KRAS exon 2 wild-type
tumors; 3) first-line treatment comprising fluoropyrimidines, and
either oxaliplatin or irinotecan, and either bevacizumab or anti-EGFR
antibodies (cetuximab or panitumumab); 4) liver metastases,
regardless of the presence of extrahepatic metastases; 5) Eastern
Cooperative Oncology Group performance status (ECOG PS) of 0-2;
and 6) adequate bone marrow, hepatic, and renal function.

All the patients provided written informed consent for their
treatment. The protocol for the present study was reviewed and
approved by the Institutional Review Boards of the Aichi Cancer
Center Hospital (approval number: 2015-1-059) and the Tsuchiura
Kyodo General Hospital (approval number: 467). 

Evaluation of imaging. All the patients underwent enhanced CT at
the start of chemotherapy and then approximately every 2–3 months
during follow-up to evaluate tumor response. Three radiologists
blinded to the clinical data independently reviewed the CT images
from the scans taken at baseline and at the first follow-up visit.
Morphologic response of the liver metastases was assessed
according to morphologic criteria (4, 5), and tumor shrinkage of the
liver metastases was assessed according to the Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.1 (6). Discrepancies
between radiologists were resolved by consensus review.

Morphologic criteria were defined as follows: group 3,
heterogeneous attenuation and a thick, poorly defined tumor-liver
interface; group 1, homogeneous low attenuation with a thin,
sharply defined tumor-liver interface; group 2, intermediate
morphology that could not be rated as either group 3 or group 1 (4,
5). Early optimal morphologic response (EOMR) was defined as a
change in morphology from group 3 or 2 at baseline CT to group 1
at the first follow-up CT. In patients with multiple liver metastases,
morphologic response was assigned on the basis of the response
observed in the majority of tumors. ETS was defined as a ≥30%
decrease from baseline to the first follow-up CT scan, in the longest
diameter tumor measurement. 

Statistical analysis. Progression-free survival (PFS) was defined as
the time from the first administration of treatment to the first
radiological or clinical observation of disease progression or death
due to any cause, whichever occurred first. Overall survival (OS)
was defined as the time from the first treatment administration until
death due to any cause or censored at the last follow-up date. The
median PFS and OS were estimated using the Kaplan−Meier
method. Patient characteristics were compared using the Fisher’s
exact test. PFS and OS were compared using the log-rank test, and
hazard ratio (HR) and 95% confidence interval (95%CI) were
estimated using the Cox proportional hazards model. All statistical
analyses were performed using JMP version 10 (SAS Institute, Cary,
NC, USA). All statistical tests were two-sided, and p-values <0.05
were considered to be statistically significant.

Results

Patient characteristics. A total of 285 patients with KRAS
exon 2 wild-type mCRC were treated with fluoropyrimidines
and oxaliplatin or irinotecan in combination with bevacizumab
or anti-EGFR antibodies as first-line chemotherapy at the two
institutions included in this study. Patients excluded from the
retrospective study included 100 patients without liver
metastases, 29 patients without baseline or follow-up
enhanced CT scans, and one patient with an ECOG PS 3.
Patient characteristics of the 155 patients included in the
retrospective study are listed in Table I. More patients were
treated with oxaliplatin in combination with bevacizumab than
with oxaliplatin in combination with anti-EGFR antibodies
(95% vs. 42%). The bevacizumab treated group had fewer
patients with lymph nodes metastases (25% vs. 42%) and
fewer patients with high white blood cell (WBC) counts (8%
vs. 24%) compared to the group treated with anti-EGFR
antibodies. Almost all other baseline characteristics were
similar between patients treated with bevacizumab and those
treated with anti-EGFR antibodies. 

Frequency of EOMR and ETS according to treatment with
targeted therapies. EOMR was observed in 39 (42%) of 93
patients treated with bevacizumab and 10 (16%) of 62
patients treated with anti-EGFR antibodies (p=0.0008). ETS
was observed in 41 (44%) of 93 patients treated with
bevacizumab and 36 (58%) of 62 patients treated with anti-
EGFR antibodies (p=0.10) (Table II). 

Association between ETS or EOMR and survival in the
whole study population. The median follow-up time of
patients in the study was 29.3 months. PFS of patients with
ETS was significantly longer than that of patients without
ETS (non-ETS) (ETS vs. non-ETS, 13.0 vs. 10.3 months;
HR=0.69; 95%CI=0.50–0.96; p=0.03) (Figure 1a). ETS was
also associated with better OS (ETS vs. non-ETS, 32.8 vs.
27.1 months; HR=0.76; p=0.13). In addition, PFS of patients
with EOMR was significantly longer than that of patients
without EOMR (non-EOMR) (EOMR vs. non-EOMR, 14.5
vs. 10.5 months; HR=0.64; 95%CI=0.44-0.90; p=0.01)
(Figure 1b). EOMR was also associated with better OS
(EOMR vs. non-EOMR, 34.5 vs. 25.9 months; HR=0.70;
p=0.06). Among patients without EOMR, ETS was also
associated with better PFS (ETS vs. non-ETS, 12.8 vs. 8.7
months; HR=0.63; p=0.03), while among patients without
ETS, EOMR was also associated with better PFS (EOMR vs.
non-EOMR, 14.5 vs. 8.7 months; HR=0.52; p=0.01). 

Early predictive biomarkers of survival for patients treated
with anti-EGFR antibodies. The median follow-up time of
patients treated with anti-EGFR antibodies was 24.3 months.
Patients with ETS had significantly longer PFS compared to
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those without ETS (ETS vs. non-ETS, 14.9 vs. 6.8 months;
HR=0.47; p=0.01) (Figure 2). In addition, although EOMR
was associated with better PFS (EOMR vs. non-EOMR, 20.9
vs. 10.0 months; HR=0.39; p=0.01), the number of patients
with EOMR was very small (16%). 

In patients with left-sided tumor (left-sided transverse
colon, descending colon, sigmoid colon, and rectum),
patients with ETS had significantly longer PFS compared to
those without ETS (ETS vs. non-ETS, 17.7 vs. 6.8 months;
HR=0.41; p=0.009), while in patients with right-sided tumor
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Table I. Patient characteristics.

Characteristics                                                                All                                      Bevacizumab                      Anti-EGFR antibodies                 p-Value
                                                                                 N=155 (%)                                  N=93 (%)                                   N=62 (%)

Age
   <65 years                                                         95                (61)                           60               (65)                         35               (56)                         0.32 
   ≥65 years                                                         60                (39)                           33               (35)                         27               (44)                           
Gender
   Male                                                                96                (62)                           56               (60)                         40               (65)                         0.62
   Female                                                             59                (38)                           37               (40)                         22               (35)                           
ECOG performance status
   0-1                                                                 144                (93)                           88               (95)                         56               (90)                         0.35
   2                                                                       11                  (7)                             5                 (5)                           6               (10)                           
Histological type
   Well/Moderately                                           131                (84)                           75               (81)                         56               (90)                         0.15
   Poorly/Mucinous                                            20                (13)                           15               (16)                           5                 (8)                           
   Unknown                                                           4                  (3)                             3                 (3)                           1                 (2)                           
Primary tumor location
   Right-sided colona                                          36                (23)                           22               (24)                         14               (23)                         1.00
   Left-sided colonb/rectum                              118                (76)                           70               (75)                         48               (77)                           
   Unknown                                                           1                  (1)                             1                 (1)                           0                  0                            
Metastases
   Synchronous                                                 129                (83)                           74               (80)                         55               (89)                         0.19
   Metachronous                                                 26                (17)                           19               (20)                           7                (11)                           
Primary tumor resection
   Yes                                                                 109                (70)                           69               (74)                         40               (65)                         0.21
   No                                                                    46                (30)                           24               (26)                         22               (35)                           
Metastatic sites
   Liver                                                              155              (100)                           93             (100)                         62             (100)                         –
   Lung                                                                60                (39)                           37               (40)                         23               (37)                         0.87 
   Lymph node                                                    49                (32)                           23               (25)                         26               (42)                         0.034
   Peritoneum                                                      27                (17)                           17               (18)                         10               (16)                         0.83 
Liver-limited disease
   Yes                                                                   57                (37)                           37               (40)                         20               (32)                         0.40
   No                                                                    98                (63)                           56               (60)                         42               (68)                           
Number of liver metastases
   ≤4                                                                    59                (38)                           38               (41)                         21               (34)                         0.40
   ≥5                                                                    96                (62)                           55               (59)                         41               (66)                           
Maximum size of liver metastases
   <50 mm                                                           78                (50)                           51               (55)                         27               (44)                         0.19
   ≥50 mm                                                           77                (50)                           42               (45)                         35               (56)                           
Cytotoxic agents 
   Oxaliplatin                                                    114                (74)                           88               (95)                         26               (42)                      <0.0001
   Irinotecan                                                        41                (26)                             5                 (5)                         36               (58)                           
WBC count
   <10,000 /μl                                                   133                (86)                           86               (92)                         47               (76)                         0.005 
   ≥10,000 /μl                                                      22                (14)                             7                 (8)                         15               (24)                           
ALP levels
   <300 IU/l                                                         55                (35)                           32               (34)                         23               (37)                         0.74
   ≥300 IU/l                                                       100                (65)                           61               (66)                         39               (63)                           

ECOG: Eastern Cooperative Oncology Group; WBC: white blood cell; ALP: alkaline phosphatase. aCecum, ascending colon, and right-sided
transverse colon; bLeft-sided transverse colon, descending colon, and sigmoid colon.



(cecum, ascending colon, and right-sided transverse colon),
patients with ETS had similar PFS to those without ETS
(ETS vs. non-ETS, 7.6 vs. 7.2 months; HR=0.76; p=0.66). 

Early predictive biomarkers of survival for patients treated
with bevacizumab. The median follow-up time of patients
treated with bevacizumab was 30.2 months. PFS was longer
for patients with EOMR compared to those without EOMR,
(EOMR vs. non-EOMR, 12.8 months vs. 10.9 months;
HR=0.68; p=0.07) (Figure 3). However, ETS was not
associated with better PFS (ETS vs. non-ETS, 11.2 vs. 11.8
months; HR=0.89; p=0.59). 

Discussion

In this retrospective cohort study, among KRAS exon 2 wild-
type mCRC patients with liver metastases, we showed that
EOMR may predict a better therapeutic outcome, even in the
absence of ETS and tended to be observed in patients treated
with bevacizumab. It was also shown that ETS may predict a
better therapeutic outcome, even in the absence of EOMR and
tended to be observed in patients treated with anti-EGFR
antibodies. Based on these results, it appears that morphologic
response is an early predictive marker of therapeutic outcomes,
especially in patients treated with bevacizumab and tumor
shrinkage is an early predictive marker of therapeutic outcomes,
especially in patients treated with anti-EGFR antibodies. To the
best of our knowledge, the present study is the first to evaluate
whether morphologic response and/or tumor shrinkage can
serve as an early predictive marker of therapeutic outcomes in
patients treated with bevacizumab or anti-EGFR antibodies.

It has been reported that an optimal morphologic response
during first-line treatment is a prognostic marker in patients
with CLM (4, 5, 7). Conversely, we investigated whether a
morphologic response measured at the first follow-up CT
was as an early predictive marker of improved PFS and OS
in patients with CLM, regardless of whether extrahepatic
metastases were present or not. Early assessment of
morphologic response may enable early decisions as to
whether a chemotherapy regimen should be changed, and
incentivize for patients to continue receiving chemotherapy

treatment. However, further studies are required to evaluate
the actual advantages of early decisions regarding altering
chemotherapy regimens.

In most guidelines, regimens containing bevacizumab or
anti-EGFR antibodies are recommended as the first-line
chemotherapy for patients with RAS wild-type mCRC
patients. Although previous studies of patients treated with
and without bevacizumab have suggested that morphologic
response is a predictor of long-term outcomes (4), no
reports are available on morphologic response in patients
treated with anti-EGFR antibodies. Although in the present
study we showed that patients treated with either
bevacizumab or anti-EGFR antibodies exhibited an EOMR,
the proportion of patients with an EOMR who received
anti-EGFR antibodies was very low (16%). This percentage
of patients is similar to that of patients treated with
cytotoxic agents not in combination with anti-EGFR
antibodies or bevacizumab who exhibited an optimal
morphologic response (12%) (4). Therefore, EOMR does
not appear to be an appropriate early predictive marker of
therapeutic outcomes for patients treated with anti-EGFR
antibodies. Consistent with previous studies in patients
treated with anti-EGFR antibodies, patients with ETS had
better outcomes than patients without ETS. Thus, ETS may
be more appropriate as an early predictive marker of
therapeutic outcomes for patients treated with anti-EGFR
antibodies than EOMR. 

The results of this study suggest that EOMR may be a
more appropriate early predictive marker of therapeutic
outcomes than ETS for patients treated with bevacizumab.
Two observations support this conclusion. First, the
proportion of patients showing EOMR who received
bevacizumab was relatively high. As tumor angiogenesis is
directly related to contrast enhancement on CT (8),
bevacizumab (9, 10) like other angiogenesis inhibitors, can
decrease attenuation on CT. Second, the present study
suggested that bevacizumab treated patients with EOMR had
better outcomes than patients without EOMR, regardless of
whether the patients exhibited ETS. 

In the present study, among patients without ETS, PFS
of patients treated with bevacizumab was longer than that
of patients treated with anti-EGFR antibodies (11.8 vs. 6.8
months, respectively). This finding is consistent with the
results of the FIER-3 trial, which compared bevacizumab
plus FOLFIRI with cetuximab plus FOLFIRI in mCRC
patients with KRAS exon 2 wild-type tumors. One reason
for the consistency in the results may be that among
patients treated with bevacizumab, PFS of patients with
EOMR was longer than that of patients without EOMR,
and the proportion of patients with EOMR was higher
among patients treated with bevacizumab than that among
patients treated with anti-EGFR antibodies, even in the
absence of ETS.
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Table II. Frequency of early optimal morphologic response (EOMR) and
early tumor shrinkage (ETS) according to targeted therapy.

                     Bevacizumab group         Anti-EGFR group          p-Value
                               (n=93)                             (n=62)

ETS                     41     (44%)                 36       (58%)                0.10
EOMR                 39     (42%)                 10       (16%)                0.0008



The present study has several limitations. First, it was a
retrospective analysis. Thus, a robust conclusion cannot be
drawn from our findings. However, because three
radiologists, blinded to clinical data, independently reviewed
the CT scans, potential bias was reduced, and the results may
be a useful guide for physicians in clinical practice. Second,
the sample size, i.e., the number of patients treated with anti-
EGFR antibodies, was small. However, the results of the
present study are consistent with those of previous studies,
which support the validity of our findings. 

In conclusion, among KRAS exon 2 wild-type mCRC patients
who have liver metastases, EOMR may predict better prognosis
in patients treated with bevacizumab, even in the absence of
ETS, while in patients treated with anti-EGFR antibodies, ETS
may predict a better prognosis, even in absence of EOMR. 
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Figure 1. Kaplan–Meier curves for progression-free survival (PFS) of the whole study population. (a) PFS of patients with early tumor shrinkage
(ETS) and without ETS (non-ETS). (b) PFS of patients with optimal morphologic response (EOMR) and without EOMR (non-EOMR). 

Figure 3. Kaplan–Meier curves for progression-free survival (PFS) of
patients with early optimal morphologic response (EOMR) and without
EOMR (non-EOMR) among patients treated with bevacizumab.

Figure 2. Kaplan–Meier curves for progression-free survival (PFS) of
patients with early tumor shrinkage (ETS) and without ETS (non-ETS)
among patients treated with anti-EGFR antibodies.
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