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baseline differences between groups. Logistic regression 
was used to describe and explain the relationship between 
dependent binary variables and independent variables. 
Odds ratio (OR) together with 95% confidence interval 
(CI) were provided for logistic regression analyses. Inde-
pendent variable statistically significant in the univariate 
analyses were used to build the multivariate models. The 
Kaplan-Meier method and Cox proportional hazards 
regression models were used for survival analyses. Hazard 
ratio (HR) together with 95% CI were provided for Cox 
proportional hazards regression analyses. A maximally 
selected statistics method in a Cox regression model for 
PFS was used to determine the optimal cut-offs for ETS 
and DoR. Statistical significance threshold was set to a 
two-tailed 0.05 value. Statistical analyses were performed 
using R software (V.3.5.0).

RESULTS
We included a total of 169 patients: 116 (68.6%) 
were treated with anti-PD-1 monotherapy, whereas 
53 (31.4%) with anti-PD-1 plus anti-CTLA-4 agents. 

Clinicopathological and treatment characteristics are 
illustrated in table 1. Online supplemental figure 1 shows 
the waterfall plots of ETS values and DoR according to 
the type of ICI regimen. Median follow-up time was 30.4 
months (95% CI 28.2 to 32.3). OS and PFS in the entire 
study population are shown in online supplemental figure 
2. No pseudoprogressions were observed.

Primary progression to treatment
In order to allow a proper and clinically sound interpre-
tation of the data about ETS and DoR, patients expe-
riencing a PD as per RECIST criteria V.1.1 at the first 
tumor reassessment (ie, patients with primary progressive 
disease, N=37, 21.9%) were evaluated separately. Indeed, 
these patients experienced an extremely poor OS (1-year 
OS rate: 21%; HR: 17.29, 95% CI 9.33 to 32.06; p<0.001) 
(online supplemental figure 3). Table 2 describes the asso-
ciation of clinicopathological and treatment characteris-
tics with the occurrence of primary progressive disease by 
means of univariable and multivariable logistic regression 
analyses. In details, poorer Eastern Cooperative Oncology 
Group (ECOG) performance status(PS), presence of 

Characteristics

No primary PD
N (%)
N=132

Primary PD
N (%)
N=37

Univariable analysis Multivariable model

OR (95% CI) P value* OR (95% CI) P value*

ICI regimen

 � Anti-PD-1 84 (63.6) 32 (86.5) Ref 0.012 Ref 0.015

 � Anti-CTLA-4+ anti-
PD-1

48 (36.4) 5 (13.5) 0.27 (0.10 to 0.75) 0.26 (0.09 to 0.77)

*Bold values denote statistical significance.

Table 2  Continued

Figure 1  Kaplan-Meier estimates for OS (panel A) and PFS (panel B) according to ETS. ETS, early tumor shrinkage; OS, overall 
survival; PFS, progression-free survival.
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peritoneal involvement and anti-PD-1 monotherapy were 
independent predictors of PD at first CT scan.

Tumor response dynamics in patients with clinical benefit
We then focused on patients with clinical benefit at least 
at the first disease reassessment (N=132). The distribu-
tion of ETS and DoR values in these patients according 
to their clinical and treatment characteristics is shown in 
online supplemental table 1. We first explored the asso-
ciation of survival outcomes with ETS as a continuous 
variable and we observed a significant association with 
both OS (HR per 20% increase: 1.53, 95% CI 1.01 to 2.32; 
p=0.046) and PFS (HR per 20% increase: 1.90, 95% CI 
1.34 to 2.70; p<0.001). We then identified a relative reduc-
tion of at least 1% as the optimal cut-off for ETS (score 
test: 11.06, test statistic: 1.99, p<0.001). Thus, we defined 
ETS as whichever tumor reduction at the first disease reas-
sessment. The presence of any ETS was associated with 
better OS (HR: 0.35, 95% CI 0.15 to 0.81; p=0.014) and 
PFS (HR: 0.26, 95% CI 0.13 to 0.52, p<0.001) (figure 1). 
(online supplemental figure 4) (A and B) shows the 
swimmer plots for OS and PFS according to the ETS status 

in patients with initial disease control. Figure 2 shows OS 
and PFS according to the combined assessment of ETS 
and the type of ICI regimen (anti-PD-1 vs anti-PD-1+anti-
CTLA-4). Notably, patients treated with anti-PD-1 mono-
therapy and who did not experience ETS had a clearly 
worse OS (figure 2A) and PFS (figure 2B) compared with 
all other subgroups. The 2-year PFS and 3-year OS rates 
were 48.9% (95% CI 29.4% to 81.3%) and 31.6% (95% 
CI 15.4% to 64.9%) in patients treated with anti-PD-1 
monotherapy and not achieving any ETS vs 82.8% (95% 
CI 74.1% to 92.5%) and 82.4% (95% CI 74.3% to 91.3%) 
in the remaining ones (HR for OS: 4.55, 95% CI 1.91 to 
10.84; p<0.001, figure 2C; HR for PFS: 4.84, 95% CI 2.43 
to 9.66; p<0.001, figure 2D).

As expected, DoR categorized according to RECIST 
criteria v1.1 was associated with the survival outcomes 
(online supplemental figure 5A,B). In order to better 
stratify the outcomes according to DoR, we explored the 
association of survival outcomes with DoR as a contin-
uous variable, and we observed a significant association 
with both OS (HR per 20% increase: 1.74, 95% CI 1.35 

Figure 2  Kaplan-Meier estimates for OS (A, C) and PFS (B, D) according to ETS and the type of ICI regimen. ETS, early tumor 
shrinkage; OS, overall survival; PFS, progression-free survival.
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Table 3  Association of clinicopathological and treatment characteristics with DoR ≥50% by means of univariable and 
multivariable logistic regression analyses

Characteristics

DoR <50%
N (%)
N=65

DoR ≥50%
N (%)
N=67

Univariable analysis Multivariable model

OR (95% CI) P value* OR (95% CI) P value*

Sex

 � Female (n=63) 27 (41.5) 36 (53.7) Ref 0.162

 � Male (n=69) 38 (58.5) 31 (46.3) 0.61 (0.31 to 1.22)

Age (years)

 � <70 (N=92) 51 (78.5) 41 (61.2) Ref 0.033 Ref 0.041

 � ≥70 (N=40) 14 (21.5) 26 (38.8) 2.31 (1.07 to 4.98) 2.46 (1.04 to 5.85)

ECOG PS

 � 0 (N=90) 43 (66.2) 47 (70.1) Ref 0.622

 � ≥1 (N=42) 22 (33.8) 20 (29.9) 0.83 (0.40 to 1.73)

Primary tumor sidedness

 � Left (N=34) 18 (27.7) 16 (23.9) Ref 0.617

 � Right (N=98) 47 (72.3) 51 (76.1) 1.22 (0.56 to 2.67)

RAS and BRAF mutational status

 � All wild-type (N=50) 24 (36.9) 26 (38.8) Ref 0.402

 � RAS mutated (N=38) 22 (33.9) 16 (23.9) 0.67 (0.29 to 1.57)

 � BRAF mutated (N=44) 19 (29.2) 25 (37.3) 1.21 (0.54 to 2.74)

Synchronous metastases

 � No (N=61) 33 (50.8) 28 (41.8) Ref 0.302

 � Yes (N=71) 32 (49.2) 39 (58.2) 1.44 (0.72 to 2.86)

Liver metastases

 � No (N=84) 44 (67.7) 40 (59.7) Ref 0.341

 � Yes (N=48) 21 (32.3) 27 (40.3) 1.41 (0.69 to 2.89)

Lung metastases

 � No (N=102) 46 (70.8) 56 (83.6) Ref 0.082

 � Yes (N=30) 19 (29.2) 11 (16.4) 0.48 (0.21 to 1.10)

Lymph nodal metastases

 � No (N=42) 26 (40.0) 16 (23.9) Ref 0.049 Ref 0.009

 � Yes (N=90) 39 (60.0) 51 (76.1) 2.13 (1.01 to 4.50) 3.15 (1.33 to 7.44)

Peritoneal metastases

 � No (N=87) 43 (66.2) 44 (65.7) Ref 0.953

 � Yes (N=45) 22 (33.8) 23 (34.3) 1.02 (0.50 to 2.10)

Bone metastases

 � No (N=126) 62 (95.4) 64 (95.5) Ref 0.970

 � Yes (N=6) 3 (4.6) 3 (4.5) 0.97 (0.19 to 4.98)

No of metastatic sites

 � 1 (N=56) 27 (41.5) 29 (43.3) Ref 0.839

 � ≥2 (N=76) 38 (58.5) 38 (56.7) 0.93 (0.47 to 1.86)

Prior systemic treatment for metastatic disease

 � No (N=33) 13 (20.0) 20 (29.9) Ref 0.194

 � Yes (N=99) 52 (80.0) 47 (70.1) 0.59 (0.26 to 1.31)

Time from metastatic condition to ICI treatment start

 � <18 months (N=91) 38 (58.5) 53 (79.1) Ref 0.012 Ref 0.001

 � ≥18 months (N=41) 27 (41.5) 14 (20.9) 0.37 (0.17 to 0.80) 0.24 (0.10 to 0.57)

Continued
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to 2.26; p<0.001) and PFS (HR per 20% increase: 1.88, 
95% CI 1.51 to 2.33; p<0.001). We then identified a rela-
tive reduction of at least 50% as the optimal cut-off for the 
DoR (score test: 15.05, test statistic: 2.71, p<0.001). The 
presence of a DoR ≥50% was associated with better OS 
(HR: 0.14, 95% CI 0.05 to 0.41; p<0.001) and PFS (HR: 
0.13, 95% CI 0.06 to 0.31, p<0.001) (online supplemental 
figure 6A,B). Table 3 shows the association of DoR with 
clinico-pathological and treatment characteristics. In 
details, older age, the presence of lymphnodal metas-
tases, a shorter interval of time from metastatic condition 
to ICI treatment start and combination treatment with 
anti-PD-1+ anti-CTLA-4 were independent predictors of a 
DoR ≥50%. Exploiting the cut-off identified for DoR, we 
further defined minor partial response (minPR) as a DoR 
≥30% and <50% and very good partial response (VGPR) 
as a DoR ≥50% and <100% and showed an incremental 
3-year OS rate and 2-year PFS rate for patients with minPR, 
VGPR and complete response (CR) (figure 3).

DISCUSSION
In this large, retrospective, cohort study, we provided new 
evidence on the prognostic impact of tumor response 

dynamics in patients with MSI-H/dMMR mCRC receiving 
ICIs. Of note, in the Keynote-177 first-line trial,3 the rate 
of patients randomized to pembrolizumab who experi-
enced a PD at the first disease re-assessment was about 
30% and similar to the rate of primary progression in our 
series.

Whereas the mechanisms of primary resistance to ICIs 
are not fully elucidated and may encompass a relatively 
lower tumor mutational burden,13 or even a misdiag-
nosis of dMMR status,14 we identified clinical character-
istics independently associated with primary progressive 
disease, including poorer PS, peritoneal involvement 
and, notably, also the use of anti-PD-1 monotherapy. In 
line with these results, the uncontrolled trial of ipilim-
umab and nivolumab combination showed an extremely 
low rate of primary resistance in both first-line and 
pretreated cohorts, at the price of moderately increased 
rate of immune-related adverse events. Whether patients 
with specific clinical and molecular adverse characteris-
tics may derive a relatively greater benefit from anti-PD-1 
plus anti-CTLA-4 combinations or from the addition of 
chemotherapy and bevacizumab to an anti-PD-1 agent in 
the first line warrants further confirmation in subgroup 

Characteristics

DoR <50%
N (%)
N=65

DoR ≥50%
N (%)
N=67

Univariable analysis Multivariable model

OR (95% CI) P value* OR (95% CI) P value*

ICI regimen

 � Anti-PD-1 (N=84) 49 (75.4) 35 (52.2) Ref 0.006 Ref 0.005

 � Anti-CTLA-4+ anti-PD-1 
(N=48)

16 (24.6) 32 (47.8) 2.80 (1.34 to 5.87) 3.24 (1.42 to 7.37)

*Bold values denote statistical significance.
ICI, immune checkpoint inhibitor.

Table 3  Continued

Figure 3  Kaplan-Meier estimates for OS (A) and PFS (B) according to DoR. DoR, depth of response; OS, overall survival; 
minPR, minor partial response; PFS, progression-free survival; VGPR, very good partial response.
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analyses of the ongoing COMMIT and CheckMate 8HW 
trials (NCT02997228, NCT04008030).

Our observation about the association of ETS with 
survival outcomes is in line with previously reported data 
in patients with other tumor types treated with ICIs.15–17 
Of note, some of these previous studies are limited by the 
inclusion of patients with primary progressive disease—
who have an extremely poor survival—in the subgroup 
without ETS, thus magnifying the prognostic impact of 
ETS itself. Here, we decided to properly restrict our focus 
on patients with disease control at the first radiological 
reassessment, as in the work of Kawachi et al.16 From a 
clinical perspective, we observed that patients treated 
with anti-PD-1 monotherapy and not achieving ETS at 
the 8/9 weeks time point had a clearly and significantly 
worse outcome as compared with other patients. Based 
on the potential clinical usefulness of ETS as an imme-
diate marker of treatment efficacy, a dynamic trial inves-
tigating the addition of an anti-CTLA-4 agent to PD-1 
blockade or the continuation of anti-PD-1 monotherapy 
based on the absence or presence of ETS, respectively, 
would be justified. In fact, the clinical validation of 
such dynamic strategy could increase long-term disease 
control in patients with poorer predicted outcomes to 
single-agent treatment and spare the increased toxicity 
of combinations in patients with the highest susceptibility 
to single-agent therapy. However, although the surrogacy 
analysis of ETS for survival is warranted, this would typi-
cally require pooled datasets of prospective clinical trials 
and is therefore not feasible at present.

Regarding the DoR, a recent study encompassing 
data from 43 trials with anti-PD-1 or anti-PD-L1 agents 
in patients with solid tumors showed a week surrogacy 
between RECIST criteria-based endpoints and OS,18 
similar to what observed at the trial level in another retro-
spective analysis of clinical trials with ICI.19 Therefore, 
being aware that the 30% cut-off for defining RECIST 
response may be associated with loss of power in prog-
nostic stratification, we showed that a higher cut-off for 
DoR (ie, 50%) had a better discriminative ability in the 
subgroup of patients with clinical benefit. This result indi-
cates that patients with a deep—but still not complete—
response have a high chance of long-term disease control. 
Consistently, MSI-high mCRC patients with pathological 
CR after ICI treatment and secondary resection of metas-
tases had almost always evidence of residual disease on 
imaging,20 corresponding to the immune cell infiltrate or 
to a combination of mucin and necrosis. Such speculation 
is also supported by the evidence of a persistent clinical 
benefit in patients with MSI-H/dMMR solid tumors who 
discontinued pembrolizumab with evidence of residual 
disease by imaging after 2 years of treatment.21 Given the 
excellent survival outcomes observed in patients experi-
encing a DoR ≥50%, we suggest that DoR may be used to 
select patients that may be eligible for trials investigating 
a shorter treatment duration and early deintensification, 
in order to both spare financial toxicity and reduce the 
burden of adverse events.

The main limitations of our study are the lack of valida-
tion of the identified cut-offs and the retrospective nature 
of the study, even if the quite large number of patients 
included and the multicenter contribution to our effort 
partially mitigate such limitations. Moreover, we are aware 
that tumor response is clearly expected to be associated 
with survival, but the role of parameters related to the 
rapidity and DoR is new in this field.

In conclusion, we propose ETS and DoR as important 
prognostic factors in patients with MSI-H/dMMR mCRC 
treated with ICIs that might help in the design of treat-
ment intensification/deintensification strategies. We are 
firmly convinced that their prospective validation should 
be achieved mainly thanks to the investigation of such 
dynamic activity endpoints in preplanned analyses of clin-
ical trials.
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