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Abstract
Background  Early tumor shrinkage (ETS) is a response-related endpoint of clinical trials of chemotherapy (CHT) of patients 
with metastatic colorectal cancer (mCRC). It identifies a dimensional reduction of tumor size by at least 20–30% after 
6–8 weeks of CHT.
Methods  A literature search of randomized trials of systemic treatment including CHT with or without antiangiogenics or 
anti-EGFR inhibitors in patients with mCRC has been conducted, and studies reporting the results of the relationship of ETS 
with overall survival (OS) and progression-free survival (PFS) were selected.
Results  Twelve trials, including 3117 patients, have been included; all data were retrospective and only 72% of the enrolled 
patients have been evaluated for ETS. Two meta-analyses, each including 20 study cohorts from the selected 12 trials, reported 
a strong relationship of ETS with OS (HR 0.62; CIs 0.55–0.69) and of ETS with PFS (HR 0.66; CIs 0.60–0.73). However, 
both meta-analyses displayed a high level of heterogeneity. Among nine possible moderators, three variables (median age, 
surgery of metastases, and publication year) were able to explain at least a part of this heterogeneity.
Conclusion  ETS is a simple and interesting intermediate endpoint for clinical practice and future trials of medical treatments 
of patients with mCRC, but a large prospective analysis and validation are mandatory.
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Introduction

Colorectal cancer (CRC) is one of the leading cause of can-
cer morbidity and mortality worldwide, and an increase 
in global burden is expected, which will persist until the 
year 2035 [1]. The median overall survival (OS) of meta-
static colorectal cancer (mCRC) is progressively increas-
ing due to surgery of metastases, the introduction of new 
drugs, and a better understanding of molecular targets. A 
milestone meta-analysis of cytotoxic chemotherapy in 2004 
concluded that the number of drugs received by the patient 
during the course of the mCRC was more important than the 
intensity of the first-line regimen [2] in determining a longer 
OS. This result has made it even more difficult to assess the 
effectiveness of first-line CHT regimens. Among clinical 
endpoints of randomized trials, progression-free survival 

(PFS), considered by many authors for a long time as the 
reference endpoint [3], has recently proved to be unreliable 
in predicting OS [4]. This finding has been confirmed in a 
previous analysis of clinical trials, in which we found that 
the response-related endpoints performed better than PFS in 
the most recent phase-3 trials of first-line therapy of mCRC 
[5].

Early tumor shrinkage (ETS) is particularly interesting 
among response-related endpoints due to its early and sim-
ple determination. ETS has been studied retrospectively by 
many authors at different cutoffs of tumor size reduction 
percentages and at different timepoints, with encourag-
ing results, especially in trials of CHT plus anti-epidermal 
growth factor receptor (EGFR) antibodies [6]. Two indi-
vidual patient data analyses (IPDA) of the phase-3 trials of 
the ARCAD database were published in abstract form: the 
first one included 10,962 patients receiving CHT (16 tri-
als) and reported that ETS is an early predictor of OS, with 
similar results from 6 to 12 weeks [7]; the second one was a 
similar analysis on 4776 patients (eight trials) who received 
a first-line combination of CHT plus antiangiogenics, which 
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confirmed the predictive role of ETS on OS [8]. Finally, a 
pooled analysis, while noting a strong relationship between 
ETS and OS (HR 0.58), concluded that it is not possible to 
consider ETS as a surrogate endpoint of OS [9].

The aim of the current paper is to perform a trial-level 
meta-analysis of studies of first-line medical treatment, with 
the purpose to evaluate the relationship of ETS with OS and 
of ETS with PFS in randomized trials of first-line medical 
therapy of patients with mCRC and to assess the variables 
moderating such relationships.

Patients and methods

Study selection

A literature search of randomized trials of first-line medi-
cal treatment in patients with mCRC was conducted on 3 
March 2018. This search was performed on the electronic 
database MedLINE. The criteria used for the research were 
as follows: “colorectal cancer” and “early tumor shrinkage”. 
The search was limited to randomized prospective studies 
published from January 2008 to December 2017. Editorials, 
comments, and letters were excluded, reviews were consid-
ered for references, but were not included in the final analy-
sis, as well as non-randomized studies. A manual search was 
performed for the abstracts presented at the annual meetings 
of the American Society of Clinical Oncology and of the 
European Society for Medical Oncology. A first selection 
of eligible studies was made by GC, who selected by title 
and abstract, all randomized trials that enrolled patients with 
mCRC and reported the analysis of the ETS. The candidate 
articles were then selected for inclusion in the review. This 
was followed by a further evaluation of the selected articles 
by GC and AV, and only those that examined OS/PFS and 
the ETS in relation with OS/PFS were included in the study 
analysis. Based on the determination of the ETS, the whole 
trial or two arms per trial were selected for the analysis as 
separate study cohorts.

Statistical analysis

ETS is defined as a reduction in the initial size of measurable 
disease after a short period from the beginning of chemo-
therapy (CHT), usually 6–8 weeks. The summary hazard 
ratios (HRs) and confidence intervals (CIs) related to the 
global effect sizes were calculated using random-effects 
models. Two primary meta-analyses were performed, one 
exploring the relationship of ETS and OS and another the 
relationship of ETS and PFS. The null hypotheses tested 
were the absence of a significant association of ETS with 
the outcome variables. Meta-analyses included two outcome 
measures (OS and PFS) and 16 moderator variables for each 

study cohort (number of patients with an ETS assessment, 
sex, age, performance status, adjuvant chemotherapy, dura-
tion of first-line chemotherapy, patients receiving second-
line chemotherapy, response assessment criteria, surgery of 
metastases after chemotherapy, median follow-up, oxalipl-
atin- or irinotecan-based chemotherapy, type of fluoropy-
rimidine, primary endpoint, phase 2 or 3 study, timing of 
ETS determination, publication year, drug regimen, wild 
type, or unselected RAS tumors). For the current analy-
ses, the ETS cutoff used by the authors of each study was 
adopted.

The heterogeneity between studies was assessed by Q 
test and I2 statistics defining a significant heterogeneity as p 
value < 0.10 and/or I2 > 50%. In the case of numerical vari-
ables, a meta-regression was carried out according to the 
DerSimonian and Laird method, but if there were fewer than 
ten study cohorts that reported the explanatory variable(s) of 
interest, the meta-regression was not performed. In the case 
of categorical variables, a subgroup analysis was performed 
when the number of study cohorts allowed it.

To assess the risk of publication bias, the Egger’s test 
was reported for each analysis. Two-sided p values were 
calculated, with a p value < 0.05 considered significant for 
all tests. Finally, meta-regressions for numerical moderators 

MedLINE literature search
(n = 2000)

Records excluded
(n = 1708)

Full-text articles 
excluded 
(n = 407):

- reviews and letters (289)
- no ETS analysis (162) 

- no randomized trials (41)
- other (32)

Additional records 
identified

through other sources
(n = 137)

Records after duplicates removed
(n = 2137)

Records screened

Full-text articles
assessed for
eligibility
(n = 429)

Articles included
in meta-analysis

(n = 22)
(studies: n = 12)

Fig. 1   PRISMA diagram flow
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were performed to evaluate the effect of moderators on het-
erogeneity. All three meta-analyses were conducted using 
the ProMeta software (version 3.0), and meta-regression was 
done using the statistical computing language R (version 
3.4.0 for Linux).

Results

On 3 March 2018, the search resulted in 2000 hits on Med-
LINE database and 137 abstracts from ASCO/ESMO con-
gresses. The review process has been summarized in the 
diagram flow of Fig. 1, and the final analysis included 18 
selected articles and four abstracts, for a total of 22 reports 
about the results of 12 RCTs [4, 6, 10–29].

The characteristics and results of the selected studies are 
listed in Table 1. ETS has been separately analysed in 20 
study cohorts, derived from the arms of the 12 selected tri-
als, considering that 3/12 trials reported results of ETS for 
the whole sample and not by randomization arm [13, 18, 
23]. All reports on the ETS came from retrospective analy-
ses of the studies. The definition of ETS was different in 

the studies: six studies analyzed a reduction of at least 20% 
at week 8, one study a reduction of at least 20% or 30% at 
week 8, and another a reduction of at least 30%, two studies 
a reduction of at least 20% at week 6, and finally another 
study a reduction of at least 20% at week 7.

Table 2 reports the relationships of ETS with OS and 
of ETS with PFS by study cohorts. ETS was available for 
3117/4327 (72%) of the patients enrolled in the studies. 
Each of the two meta-analyses found a significant associa-
tion between ETS and outcome measure, with a significant 
global effect size for both relationships, with OS (HR 0.62; 
CIs 0.55 to 0.69), and with PFS (HR 0.66; CIs 0.60 to 0.73). 
However, meta-analyses were characterized by a high level 
of study heterogeneity, for OS (Q test 64.38, p value < 0.001; 
I2 70.49%) and for PFS (Q test 105.75, p value < 0.001; I2 
82.03%). Likewise, publication bias was consistent. The 
results are resumed in Table 3a, Figs. 2 and 3. A more 
detailed analysis of the relationship between ETS and OS 
by type of pharmacological regimen (CHT plus anti-EGFR 
versus CHT plus anti-angiogenetics versus CHT) is reported 
in Table 3b: despite the low number of study cohorts, the 
HRs were 0.54, 0.57, and 0.72, respectively.

Table 1   Results of trials and 
patients’ characteristics

B bevacizumab, C cetuximab, CHT cytotoxic chemotherapy, DCR disease control rate, NR not reported, 
ORR overall response rate, OS overall survival, P panitumumab, PFS progression-free survival, uns unse-
lected, wt wild type
a Difference statistically significant

Trial [ref] Trial arms No. pts ORR (%) RAS DCR (%) PFS (m) OS (m)

Phase III
 CRYSTAL [6, 10] FOLFIRI + C

FOLFIRI
316
350

57.3a

39.7
wt 88.9

86.0
9.9a

8.4
23.5a

20.0
 PRIME [11, 12] FOLFOX + P

FOLFOX
325
331

57a

48
wt 86

84
10.0a

8.6
23.9
19.7

 FIRE 1 [13, 14] mIROX
FUFIRI

241
238

41
41

uns 68
81a

8.2
7.2

19
22

 Chinese [15, 16] CHT + C
CHT

70
68

57.1a

29.4
wt 78.0

63.2
10.2a

5.8
30.9a

21.0
 FIRE 3 [4, 17] FOLFIRI + C

FOLFIRI + B
297
295

62.0
58.0

wt 80.0
87.0

10.0
10.3

28.7a

25.0
 TRIBE [18, 19] FOLFOXIRI + B

FOLFIRI + B
256
252

65.1a

53.1
uns 89.7

85.1
12.1a

9.7
31.0
25.8

 WJOG4407G [20, 21] FOLFIRI + B
FOLFOX + B

197
198

64
62

uns 92
92

12.1
10.7

31.4
30.1

Phase II
 OPUS [6, 22] FOLFIRI + C

FOLFIRI
61
73

61a

37
wt 92a

78
7.7
7.2

22.8a

18.5
 AIO KRK 0104 [23, 24] CAPIRI + C

CAPOX + C
89
88

46.1
47.7

uns 74.2
77.2

6.2
7.1

21.1
23.5

 ACCORD 13 [25, 26] XELIRI + B
FOLFIRI + B

72
73

62
63

uns 83
86

9
9

23
23

 PEAK [27, 28] FOLFOX + P
FOLFOX + B

142
143

57.8
53.5

wt 89.8
85.5

10.9
10.1

34.2
24.3

 PLANET TTD [29] FOLFOX + P
FOLFIRI + P

38
39

74
67

wt NR
NR

13
14

37
41
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To explain the possible sources of the high level of heter-
ogeneity among the 20 study cohorts that evaluated the rela-
tionship between ETS and OS and between ETS and PFS, 
two meta-regressions of some possible explanatory variables 
were performed, as shown in Table 4. Nine of the 16 vari-
ables, which were extracted from the studies, were selected 
as possible moderators (number of patients, percentage 
of male, age, percentage of ECOG PS 0–1, percentage of 
patients who received adjuvant chemotherapy, percentage 
of patients who received a second-line chemotherapy, per-
centage of patients with a radical resection of metastatic 
disease, median follow-up, and publication year). Among 
these, only three variables were significantly able to explain 
a part of the heterogeneity of the studies. A younger age was 
related to a stronger relationship of ETS with OS and PFS. 
Studies reporting lower rates of patient receiving a post-
chemotherapy radical surgery of metastases have explained 
a reduced association between ETS and survival. Finally, 
the first published studies showed a stronger relationship 
of ETS with the outcome. To verify if this last result could 
be influenced by the different cutoffs of ETS, the subgroup 
analysis of the seven studies (12 study cohorts) with a tumor 
size reduction of at least 20% after 8 weeks was performed, 
without reporting significant differences of the global effect 
size for OS (HR 0.75; CIs, 0.67–0.83) and PFS (HR 0.69; 
CIs, 0.60 to 0.78), and of heterogeneity for OS (I2 75.16%; 

Q 44.29, p value < 0.001) and PFS (I2 77.66%; Q 49.24, p 
value < 0.001).

Discussion

The current meta-analyses have confirmed that ETS is a 
good predictor of survival. This happens despite the increas-
ing post-progression survival has reduced the reliability of 
PFS as an intermediate endpoint of trials of first-line CHT. 
Therefore, a one-dimensional reduction > 20% at 8 weeks 
after the start of the first-line treatment could become an 
easy intermediate endpoint for phase 2 studies, pending the 
necessary validation of the ETS as a surrogate endpoint of 
OS in prospective studies, by type of medical treatment.

Many clinical experiences outside of randomized tri-
als have reported for ETS a predictive role on OS [30–34], 
whereas other studies did not [35, 36]. This is not surprising 
in trials of second- and third-line chemotherapy. A recent 
study concluded that after the first-line medical treatment, 
the optimal cutoff for ETS remains a dimensional reduction 
of > 20% after 8 weeks, which appears to be the one most 
related to OS [37]. The performance of the early response 
in predicting survival appears similar to the best overall 
response rate by RECIST, and an IPDA meta-analysis of the 

Table 2   Results of early tumor shrinkage retrospective analyses

B bevacizumab, C cetuximab, CHT cytotoxic chemotherapy, CIs confidence intervals, ETS early tumor shrinkage, HR hazard ratio, NR not 
reported, OS overall survival, P panitumumab, PFS progression-free survival

Trial [refs.] Trial arms No. pts ETS (no/yes) PFS (HR; CIs) OS (HR; CIs)

Phase III
 CRYSTAL [6, 10] FOLFIRI + C

FOLFIRI
299
322

115/184
159/163

0.72; 0.67–0.78
0.92; 0.81–1.05

0.85; 0.80–0.90
0.90; 0.80-1.00

 PRIME [11, 12] FOLFOX + P
FOLFOX

221
221

62/159
95/126

0.62; 0.45–0.85
0.67; 0.50–0.85

0.47; 0.35–0.65
0.50; 0.37–0.66

 FIRE 1 [13, 14] mIROX / FUFIRI 201 107/94 0.78; 0.59–1.05 0.58; 0.42–0.80
 Chinese [15, 16] CHT + C

CHT
68
64

23/45
47/17

0.22; 0.12–0.39
0.46; 0.27–0.79

0.33; 0.18–0.60
0.51; 0.29–0.91

 FIRE 3 [4, 17] FOLFIRI + C
FOLFIRI + B

157
173

50/107
88/85

0.59; 0.41–0.85
0.71; 0.52–0.97

0.52; 0.34–0.80
0.49; 0.35–0.71

 TRIBE [18, 19] FOLFOXIRI/FOLFIRI + B 443 187/256 0.66; 0.52–0.79 0.54; 0.39–0.67
 WJOG4407G [20, 21] FOLFIRI + B

FOLFOX + B
179
175

66/113
75/100

0.61; 0.43–0.85
0.85; 0.61–1.19

0.58; 0.38–0.89
0.85; 0.57–1.30

Phase II
 OPUS [6, 22] FOLFIRI + C

FOLFIRI
78
90

36/42
49/41

0.68; 0.57–0.81
0.92; 0.81–1.05

0.77; 0.67–0.88
0.90; 0.80-1.00

 AIO KRK 0104 [23, 24] CAPIRI/CAPOX + C 76 31/45 0.37; 0.23–0.60 0.48; 0.29–0.82
 ACCORD 13 [25, 26] XELIRI/FOLFIRI + B 143 56/87 0.84; 0.59–1.20 0.59; 0.36–0.97
 PEAK [27, 28] FOLFOX + P

FOLFOX + B
80
74

20/60
28/46

0.46; 0.25–0.86
0.60; 0.36–1.01

0.38; 0.20–0.69
0.42; 0.24–1.30

 PLANET TTD [29] FOLFOX + P
FOLFIRI + P

27
26

6/20
5/17

0.20; 0.10–0.50
0.70; 0.20–2.20

0.30; 0.10–0.80
0.30; 0.10-1.00
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ARCAD database has recently underlined the uselessness 
of a late response or the confirmation of the response [7].

The most important limitation of the present trial-level 
meta-analyses is the presence of retrospective and partial 
data on 3117 of 4327 patients enrolled in the selected stud-
ies. This exposes our study to a possible inhomogeneity of 
the study arms, but should not interfere with the analysis of 
the individual study cohorts that was performed.

Differences in ETS have been detected between the com-
bination of CHT plus anti-EGFR inhibitors versus CHT, but 
poor data are available between CHT plus anti-angiogenetics 
versus CHT. From the results of the current analysis, it is 
interesting to note that the relationship between ETS and 
OS is stronger for any association of CHT plus biological 
agent versus CHT alone and that there is not a big difference 
between anti-EGFR inhibitors and anti-angiogenetics (HR 
0.54 versus 0.57).

ETS has been less studied after drug combinations based 
on anti-angiogenetics, because the mechanism of action 
of these drugs is theoretically more inclined to promote 
an increase of the time-to-tumor growth and time-to-event 
endpoints rather than increasing the dimensional reduction 
of the tumor, and the radiological dynamics of the response 
supports greater utility of the morphological response after 

CHT plus antiangionetics compared to ETS. However, 
among patients with metastatic renal cell carcinoma an 
ETS > 10% at the first radiologic evaluation after antian-
giogenics alone was the endpoint that best predicted OS, in 
comparison with RECIST, Choi criteria, and reduction of 
lesion density [38]. In addition, from the studies conducted 
on patients with mCRC, the response-related endpoints 
showed a correlation with OS similar to that of PFS with 
OS [5, 36].

Contrary to what is reported in individual studies [39] 
in our meta-analysis, the relationship between ETS and OS 
does not seem to be more robust for anti-EGFR inhibitors 
than for anti-angiogenetics, but the difference is between 
CHT plus biologic agent compared to CHT alone. In addi-
tion, this result is not surprising, given the higher remission 
rates reported compared to CHT alone [40].

Looking at the different studies and considering the 16 
variables of the meta-analyses, the relationship between ETS 
and survival appears different between the study cohorts 
receiving a first-line chemotherapy with oxaliplatin-based 
versus irinotecan-based regimens, for OS (HR 0.50 versus 
0.76, data not reported) and for PFS (HR 0.59 versus 0.73; 
data not reported); however, the low number of cohorts does 
not allow a reliable analysis of the subgroups. The reason 

Table 3   Results of the meta-analyses

CHT chemotherapy, EGFR epidermal growth factor receptor, ETS early tumor shrinkage, HR hazard ratio, VEGF vascular endothelial growth 
factor

A. ETS and overall survival and ETS and progression-free survival

Overall survival Overall survival Progression-free survival

No. study cohorts 20 20
No. patients 3112 3112
Effect size (HR) 0.62 0.66
Confidence interval 0.55–0.69 0.60–0.73
p value < 0.001 < 0.001
Heterogeneity
 Q (p value) 105.75 (< 0.001) 64.38 (< 0.001)
 I2 82.03% 70.49%

Publication bias
 Egger’s test (p value) − 2.77 (< 0.001) − 1.73 (0.004)

B. ETS and overall survival among study cohorts grouped by drug regimen

Parameter CHT + anti-EGFR CHT + anti-VEGF CHT alone

No. study cohorts 9 6 5
No. patients 1027 1187 898
Effect size (HR) 0.54 0.57 0.72
Confidence interval 0.43–0.69 0.48–0.67 0.59–0.88
p value < 0.001 < 0.001 0.001
Heterogeneity
 Q (p value) 43.39 (< 0.001) 5.59 (0.359) 26.27 (< 0.001)
 I2 81.56% 0.00% 84.72%
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for this association is not clear, as indeed a previous meta-
analysis reported that oxaliplatin was less effective than 
irinotecan in association with anti-EGFR inhibitors [41]. 
This data should be confirmed by prospective studies, and it 
would be interesting to verify if it is a bias related to the fact 

that the population receiving oxaliplatin had not performed 
adjuvant chemotherapy.

Selection of the study sample using RAS mutations did 
not interfere on the relationship between ETS and outcome, 
which is similar between the studies that enrolled mCRC 

Fig. 2   Results of meta-analysis of the relationship of early tumor shrinkage with outcome. a Overall survival. b Progression-free survival
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patients with wild-type RAS compared to those that ran-
domized patients without any RAS selection. Few expe-
riences report data by molecular subgroups, and some 
authors suggest that the role of ETS as a predictor of OS 
may be more relevant among patients with RAS-mutated 
tumors [36], a phenomenon attributed to the low number of 

therapeutic options after the first-line CHT, thus to a lower 
post-progression survival of patients with RAS-mutated 
mCRC. However, even in the 6 study cohorts of CHT plus 
anti-angiogenetics, the relationship of ETS with OS was 
strong in both the four cohorts with RAS unselected and in 
the two ones with wild-type RAS (HR 0.61 versus 0.47; data 

Fig. 3   Funnel plots. a Overall 
survival. b Progression-free 
survival
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not reported). This contrasts with the results reported by a 
previous pooled analysis, in which a possible surrogacy of 
ETS was excluded based only on partial retrospective data 
of six studies [9].

Despite the interesting results of new endpoints related 
to therapeutic strategies and the definition of subgroups of 
mCRC with different prognosis and sensitivity to treatments, 
we believe that the development of response-related end-
points remains indispensable for clinical practice and clini-
cal trials, beyond any possible negative future results as a 
surrogate of OS [9, 35]. Indeed, tumor shrinkage may be 
a simply and early measurable true endpoint for trials of 
early and late lines of medical treatments, considering that 
patients with mCRC who report a radiologic response to the 
first line of medical treatment most frequently have a tumor 
response to the further lines [42].

Funding  None.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical statement  All procedures performed in studies involving 
human participants were in accordance with the ethical standards of 
the institutional and/or national research committee and with the 1964 
Helsinki declaration and its later amendments.

Informed consent  For this type of study, formal consent is not required.

References

	 1.	 Douhaier J, Ravipati A, Grams B et al (2017) Colorectal cancer—
global burden, trends, and geographical variations. J Surg Oncol 
15:619–630

	 2.	 Grothey A, Sargent D, Goldberg RM et al (2004) Survival of 
patients with advanced colorectal cancer improves with the 
availability of fluorouracil, leucovorin, irinotecan, and oxalipl-
atin in the course of treatment. J Clin Oncol 22:1209–1214

	 3.	 Buyse M, Burzykowski T, Carroll K et al (2007) Progression-
free survival is a surrogate for survival in advanced colorectal 
cancer. J Clin Oncol 25:5218–5224

	 4.	 Heinemann V, Fischer von Weikersthal L, Decker T et al (2014) 
FOLFIRI plus cetuximab versus FOLFIRI plus bevacizumab as 
first-line treatment for patients with metastatic colorectal cancer 
(FIRE-3): a randomized, open-label, phase 3 trial. Lancet Oncol 
15:1065–1075

	 5.	 Colloca G, Venturino A, Guarneri D (2016) Analysis of clini-
cal end points of randomised trials including bevacizumab and 

Table 4   Results of meta-
regressions of moderators of 
the relationship of ETS with OS 
(A) and PFS (B)

CEA carcinoembryonic antigen, CHT chemotherapy, ECOG PS eastern cooperative oncology group perfor-
mance status, ETS early tumor shrinkage, ORR overall response rate, OS overall survival, PFS progression-
free survival, Pts patients, R2 proportion of heterogeneity explained

Moderator No. of study 
cohorts

R2 Standardized beta p value

A
 Number of pts 20 0.041 0.202 0.392
 Sex 20 0.001 − 0.003 0.990
 Age 20 0.232 − 0.482 0.031
 ECOG PS 15 0.022 − 0.149 0.597
 Pts receiving adjuvant CHT 16 0.002 − 0.044 0.872
 Pts receiving 2nd line CHT 14 0.018 0.135 0.646
 Surgery of metastases 18 0.452 − 0.672 0.002
 Median follow-up 20 0.049 0.222 0.348
 Publication year 20 0.489 − 0.699 0.001

B
 Number of pts 20 0.006 0.078 0.744
 Sex 20 0.122 − 0.350 0.130
 Age 20 0.347 − 0.589 0.006
 ECOG PS 15 0.082 − 0.286 0.301
 Pts receiving adjuvant CHT 16 0.128 − 0.360 0.175
 Pts receiving 2nd line CHT 14 0.001 0.016 0.956
 Surgery of metastases 18 0.555 − 0.745 < 0.001
 Median follow-up 20 0.068 0.260 0.268
 Publication year 20 0.605 − 0.778 < 0.001



239International Journal of Clinical Oncology (2019) 24:231–240	

1 3

chemotherapy versus chemotherapy as first-line treatment of 
metastatic colorectal cancer. Clin Oncol 28(10):e155–e164

	 6.	 Piessevaux H, Buyse M, Schlichting M et al (2013) Use of 
early tumor shrinkage to predict long-term outcome in meta-
static colorectal cancer treated with cetuximab. J Clin Oncol 
31:3764–3775

	 7.	 Sommeijer DW, Shi Q, Saad ED et al (2014) Early predictors of 
prolonged overall survival in patients on first-line chemotherapy 
for metastatic colorectal cancer: an ARCAD study with individual 
patient data data on 10,962 pts. J Clin Oncol 32(suppl):abstr 3538

	 8.	 Saad ED, Coart E, Sommeijer DW et al (2014) Early predictors 
of improved long-term outcomes in first-line antiangiogenics 
plus chemotherapy in metastatic colorectal cancer: analysis of 
individual patient data from the ARCAD database. J Clin Oncol 
32(suppl):abstr 3578

	 9.	 Petrelli F, Pietrantonio F, Cremolini C et al (2015) Early tumour 
shrinkage as a prognostic factor and surrogate end-point in colo-
rectal cancer: a systematic review and pooled analysis. Eur J Can-
cer 51:800–807

	10.	 Van Cutsem E, Kohne C-H, Lang I et al (2011) Cetuximab plus 
irinotecan, fluorouracil, and leucovorin as first-line treatment for 
metastatic colorectal cancer: updated analysis of overall survival 
according to tumor KRAS and BRAF mutation status. J Clin 
Oncol 29:2011–2019

	11.	 Douillard JY, Siena S, Cassidy J et al (2014) Final results from 
PRIME: randomized phase III study of panitumumab with FOL-
FOX4 for first-line treatment of metastatic colorectal cancer. Ann 
Oncol 25:1346–1355

	12.	 Douillard JY, Siena S, Peeters M et al (2015) Impact of early 
tumour shrinkage and resection on outcomes in patients with 
wild-type RAS metastatic colorectal cancer. Eur J Cancer 
51:1231–1242

	13.	 Fischer von Weikersthal L, Schalhorn A et al (2011) Phase III 
trial of irinotecan plus infusional 5-fluorouracil/folinic acid ver-
sus irinotecan plus oxaliplatin as first-line treatment of advanced 
colorectal cancer. Eur J Cancer 47:206–214

	14.	 Giessen C, Laubender RP, Fischer von Weikersthal L et al (2013) 
Early tumor shrinkage in metastatic colorectal cancer: retrospec-
tive analysis from an irinotecan-based randomized first-line trial. 
Cancer Sci 104:718–724

	15.	 Ye LC, Liu TS, Ren L et al (2013) Randomized controlled trial 
of cetuximab plus chemotherapy for patients with KRAS wild-
type unresectable colorectal liver-limited metastases. J Clin Oncol 
31:1931–1938

	16.	 Ye LC, Wei Y, Zhu DX et al (2015) Impact of early tumor shrink-
age on clinical outcome in wild-type KRAS colorectal liver metas-
tases treated with cetuximab. J Gastroenterol Hepatol 30:674–679

	17.	 Stintzing S, Modest DP, Fischer von Weikersthal L et al (2014) 
Independent radiological evaluation of objective response, early 
tumor shrinkage, and depth of response in FIRE-3 (AIO KRK-
0306) in the final RAS evaluable population. Ann Oncol 25(sup-
plement 5):abstract LBA11

	18.	 Loupakis F, Cremolini C, Masi G et al (2014) Initial therapy 
with FOLFOXIRI and bevacizumab for metastatic colorectal 
cancer. N Engl J Med 371:1609–1618

	19.	 Cremolini C, Loupakis F, Lonardi S et al (2014) Early tumor 
shrinkage (ETS) and deepness of response (DoR) to predict pro-
gression-free, postprogression, and overall survival: results from 
the phase. III TRIBE trial. J Clin Oncol 32(suppl):abstr 89640

	20.	 Yamazaki K, Nagase M, Tamagawa H et al (2016) Randomized 
phase III study of bevacizumab plus FOLFIRI and bevacizumab 
plus mFOLFOX6 as first-line treatment for patients with meta-
static colorectal cancer (WJOG4407G). Ann Oncol 27:1539–1546

	21.	 Nagase M, Yamazaki K, Tamagawa H et al (2015) The impact of 
early tumor shrinkage on survival in WJOG4407G trial, a rand-
omized phase III trial of mFOLFOX6 plus bevacizumab versus 

FOLFIRI plus bevacizumab in first-line treatment for metastatic 
colorectal cancer. J Clin Oncol 33(suppl):abstr 679

	22.	 Bokemeyer C, Bondarenko I, Makhson A et al (2009) Fluoro-
uracil, leucovorin, and oxaliplatin with and without cetuximab 
in the first-line treatment of metastatic colorectal cancer. J Clin 
Oncol 27:663–671

	23.	 Moosmann N, Fischer von Weikersthal L, Vehling-Kaiser U 
et al (2011) Cetuximab plus capecitabine and irinotecan com-
pared with cetuximab plus capecitabine and oxaliplatin as first-
line treatment for patients with metastatic colorectal cancer: 
AIO KRK-0104—a randomized trial of the German AIO CRC 
study group. J Clin Oncol 29:1050–1058

	24.	 Modest DP, Laubender RP, Stintzing S et al (2013) Early tumor 
shrinkage in patients with metastatic colorectal cancer receiv-
ing first-line treatment with cetuximab combined with either 
CAPIRI or CAPOX: an analysis of the German AIO KRK 0104 
trial. Acta Oncol 52:956–962

	25.	 Ducreux M, Adenis A, Pignon JP et al (2013) Efficacy and 
safety of bevacizumab-based combination regimens in patients 
with previously untreated metastatic colorectal cancer: final 
results from a randomized phase II study of bevacizumab plus 
5-fluorouracil, leucovorin plus irinotecan versus bevacizumab 
plus capecitabine plus irinotecan (FNCLCC ACCORD 13/0503 
study). Eur J Cancer 49:1236–1245

	26.	 Ichante J, Adenis A, Malka D et al (2011) Impact of early tumor 
shrinkage on long-term outcome in metastatic colorectal can-
cer (mCRC) treated with 5FU plus irinotecan plus leucovorin 
(FOLFIRI) or capecitabine plus irinotecan XELIRI plus beva-
cizumab. J Clin Oncol 29(suppl):abstr e14041

	27.	 Schwartzberg LS, Rivera F, Karthaus M et al (2014) PEAK: a 
randomized, multicenter phase II study of panitumumab plus 
modified fluorouracil, leucovorinm and oxaliplatin (mFOL-
FOX6) or bevacizumab plus mFOLFOX6 in patients with pre-
viously untreated, unresectable, wild-type KRAS exon 2 meta-
static colorectal cancer. J Clin Oncol 32:2240–2247

	28.	 Rivera F, Karthaus M, Hecht JR et al (2017) Final analysis of the 
randomised PEAK trial: overall survival and tumour responses 
during first-line treatment with mFOLFOX6 plus either panitu-
mumab or bevacizumab in patients with metastatic colorectal 
carcinoma. Int J Colorectal Dis 32:1179–1190

	29.	 Carrato A, Abad A, Massuti B et al (2017) First-line panitumumab 
plus FOLFOX4 or FOLFIRI in colorectal cancer with multiple 
or unresectable liver metastases: a randomised, phase II trial 
(PLANET-TTD). Eur J Cancer 81:191–202

	30.	 Tsuji A, Sunakawa Y, Ichikawa W et al (2016) Early tumor shrink-
age and depth of response as predictors of favorable treatment 
outcomes in patients with metastatic colorectal cancer treated 
with FOLFOX plus cetuximab (JACCRO CC-05). Target Oncol 
11(6):799–806

	31.	 Piessevaux H, Buyse M, De Roock W et al (2009) Radiological 
tumor size decrease at week 6 is a potent predictor of outcome in 
chemorefractory metastatico colorectal cancer treated with cetuxi-
mab (BOND trial). Ann Oncol 20:1375–1382

	32.	 Suzuki C, Blomqvist L, Sundin A et al (2012) The initial change 
in tumor size predicts response and survival in patients with meta-
static colorectal cancer treated with combination chemotherapy. 
Ann Oncol 23:948–954

	33.	 Vanwynsberghe H, Verbeke X, Coolen J et al (2017) Predictive 
value of early tumor shrinkage and density reduction of lung 
metastases in patients with metastatic colorectal cancer treated 
with regorafenib. Clin Colorectal Cancer 16(4):377–380

	34.	 Kogawa T, Doi A, Shimokawa M et al (2015) Early skin toxicity 
predicts better outcomes, and early tumor shrinkage predicts better 
response after cetuximab treatment in advanced colorectal cancer. 
Targ Oncol 10:125–133



240	 International Journal of Clinical Oncology (2019) 24:231–240

1 3

	35.	 Nakayama G, Fujii T, Murotani K et al (2016) Modified two-
dimensional response as surrogate marker of overall sur-
vival in patients with metastatic colorectal cancer. Cancer Sci 
107:1492–1498

	36.	 Ito M, Kusaba H, Mukaide S et al (2017) Early tumor shrinkage 
indicates a favorable response to bevacizumab-based first-line 
chemotherapy for metastatic colorectal cancer. Anti-cancer Drugs 
20(10):1166–1173

	37.	 Sakamaki K, Kito Y, Yamazaki K et al (2017) Exploration of time 
points and cut-off values for early tumour shrinkage to predict 
survival outcomes of patients with metastatic colorectal cancer 
treated with first-line chemotherapy using a biexponential model 
for change in tumour size. ESMO Open 2:e000275

	38.	 Krajewski KM, Guo M, Van den Abbeele AD et al (2011) Com-
parison of four early posttherapy imaging changes (EPTIC; 
RECIST 1.0, tumor shrinkage, computed tomography tumor den-
sity, Choi criteria) in assessing outcome to vascular endothelial 
growth factor-targeted therapy in patients with advanced renal cell 
carcinoma. Eur J Cancer 59:856–862

	39.	 Stintzing S, Modest DP, Rossius L et al (2016) FOLFIRI plus 
cetuximab versus FOLFIRI plus bevacizumab for metastatic 

colorectal cancer (FIRE-3): a post-hoc analysis of tumour dynam-
ics in the final RAS wild-type subgroup of this randomized open-
label phase 3 trial. Lancet Oncol 17:1426–1434

	40.	 Qi W-X, Shen Z, Tang L-N et al (2014) Does the addiction of 
targeted biological agents to first-line chemotherapy for advanced 
colorectal cancer increase complete response? A systematic 
review and meta-analysis. Colorectal Dis 16(9):O300–O307

	41.	 Chan DL, Pavlakis N, Shapiro J et al (2015) Does the chemother-
apy backbone impact on the efficacy of targeted agents in meta-
static colorectal cancer? A systematic review and meta-analysis 
of the literature. PloS One 10(8):e0135599

	42.	 Modest DP, Stintzing S, Fischer von Weikersthal L et al (2017) 
Relation of early tumor shrinkage (ETS) observed in first-line 
treatment to efficacy parameters of subsequent treatment in 
FIRE-3 (AIOKRK0306). Int J Cancer 140:1918–1925

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Early tumor shrinkage after first-line medical treatment of metastatic colorectal cancer: a meta-analysis
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Study selection
	Statistical analysis

	Results
	Discussion
	References


