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ABSTRACT
Background The efficacy of immune checkpoint 
inhibitors (ICIs) in patients with microsatellite instability 
(MSI)- high metastatic colorectal cancer (mCRC) is 
unprecedented. A relevant proportion of subjects achieving 
durable disease control may be considered potentially 
‘cured’, as opposed to patients experiencing primary ICI 
refractoriness or short- term clinical benefit. We developed 
and externally validated a nomogram to estimate the 
progression- free survival (PFS) and the time- independent 
event- free probability (EFP) in patients with MSI- high 
mCRC receiving ICIs.
Methods The PFS and EFP were estimated using a cure 
model fitted on a developing set of 163 patients and 
validated on a set of 146 patients with MSI- high mCRC 
receiving anti- programmed death (ligand)1 (PD- (L)1) ± 
anticytotoxic T- lymphocyte antigen 4 (CTLA-4) agents. A 
total of 23 putative prognostic factors were chosen and 
then selected using a random survival forest (RSF). The 
model performance in estimating PFS probability was 
evaluated by assessing calibration (internally—developing 
set and externally—validating set) and quantifying the 
discriminative ability (Harrell C index).
Results RFS selected five variables: ICI type (anti- PD- (L)1 
monotherapy vs anti- CTLA-4 combo), ECOG PS (0 vs >0), 
neutrophil- to- lymphocyte ratio (≤3 vs >3), platelet count, 
and prior treatment lines. As both in the developing and 
validation series most PFS events occurred within 12 
months, this was chosen as cut- point for PFS prediction. The 
combination of the selected variables allowed estimation of 
the 12- month PFS (focused on patients with low chance of 
being cured) and the EFP (focused on patients likely to be 
event- free at a certain point of their follow- up). ICI type was 
significantly associated with disease control, as patients 
receiving the anti- CTLA-4- combination experienced the best 
outcomes. The calibration of PFS predictions was good both 
in the developing and validating sets. The median value of 
the EFP (46%) allowed segregation of two prognostic groups 
in both the developing (PFS HR=3.73, 95% CI 2.25 to 6.18; 
p<0.0001) and validating (PFS HR=1.86, 95% CI 1.07 to 
3.23; p=0.0269) sets.

Conclusions A nomogram based on five easily assessable 
variables including ICI treatment was built to estimate 
the outcomes of patients with MSI- high mCRC, with the 
potential to assist clinicians in their clinical practice. The 
web- based system ‘MSI mCRC Cure’ was released.

INTRODUCTION
The introduction of immune checkpoint 
inhibitors (ICIs) has produced a paradigm 
shift in the treatment of patients with deficient 
mismatch repair (dMMR)/microsatellite- 
instability (MSI)- high metastatic colorectal 
cancer (mCRC). Compared with the incre-
mental gains achieved by several treatment 
options in the last 10 years, the efficacy of 
anti- programmed death (ligand)1 (PD- 
(L)1) ± anticytotoxic T- lymphocyte antigen 
4 (CTLA-4) agents in this small subgroup of 
patients (~5%) is unprecedented. In fact, a 
relevant proportion of patients achieve long- 
term disease control, which may be the result 
of pharmacological tumor eradication.1–7

As reported in other immune- sensitive 
cancer types,8–10 a plateau of survival curves 
was observed in pivotal trials assessing the 
activity and efficacy of anti- PD-1 ± anti- CTLA-4 
agents in patients with MSI- high mCRC, with 
reported long- term progression- free survival 
(PFS) rates of ~30% to 50% and~75% in 
patients receiving anti- PD-1 monotherapy 
and anti- CTLA-4  + anti- PD-1 combinations, 
respectively.3–7 In this scenario, a proportion 
of patients with MSI- high mCRC achieving 
durable responses and long- term survival 
outcomes may be considered potentially 
‘cured’ by ICI treatment, as opposed to 
patients experiencing primary ICI refractori-
ness or short- term clinical benefit.
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The development of validated, reproducible, and easy- 
to- use clinical tools able to discriminate between patients 
with MSI- high mCRC achieving long- term disease control 
and ICI- refractory patients represents an unmet clinical 
need. The early identification of potentially resistant 
patients with adverse clinical and biological features 
might be useful to timely implement more effective ICI 
combinations (eg, anti- CTLA-4+antiPD-1).

In the current study, we developed and externally 
validated a nomogram to estimate the PFS and event- 
free probability (EFP) in patients with MSI- high mCRC 
receiving ICIs and potentially assist clinicians in their clin-
ical practice.

PATIENTS AND METHODS
Developing and validating sets
The cure model was fitted on a developing set of 163 
patients with dMMR/MSI- high mCRC enrolled at six 
Italian academic hospitals, and the PFS prediction was 
validated on a set of 146 patients from five additional 
cancer centers. All patients were treated with anti- PD- (L)1 
± anti- CTLA-4 agents. Mismatch repair/MSI status was 
locally assessed through immunohistochemistry/PCR as 
per international guidelines.11

Statistical methods
The primary study endpoint was PFS, defined as the time 
from the first dose of ICI treatment to disease progression 
or death from any cause, whichever occurred first. The 
observation that the PFS curves of ICI- treated patients 
appear to level off in the long run could support the 
hypothesis that patients contributing to the flat portion 
of the PFS curve and achieving long- term disease control 
may be considered potentially cured, while the others 
may eventually develop a progression. This was in favor of 
the use of a cure model,12 rather than the standard Cox 
model, to develop a nomogram for estimating the prob-
ability of being alive and progression- free at time t, that 
is, PFS at time t, according to a set of covariates. In detail, 
we used a multivariable mixture cure model where PFS at 
time t is defined as

PFS at time t=Probability(Be cured)+Probability(Be 
not cured)×Probability(Be alive and progression- free at 
time t if not cured), where the Probability(Be cured) was 
modeled through logistic regression, and the Probabili-
ty(Be alive and progression- free at time t if not cured) 
was modeled using a Cox regression. Thus, the PFS at 
time t depends on the Probability(Be cured) and on 
the Probability(Be alive and progression- free at time t 
if not cured). The advantage of the cure model is that, 
in addition to estimation of PFS at a chosen time as in a 
‘classical’ Cox model, it concomitantly allows estimation 
of the time- independent Probability(Be cured), both as 
a function of a set of prognostic factors. From hereon, 
the Probability(Be cured) (or ‘cure probability’, proper 
definition within the framework of the ‘cure models’) will 
be referred to as ‘EFP’. Probability(Be cured) could be 

more appropriate in a context where patient true status 
is known and ‘cure’ would mean complete pathological 
response or absence of disease progression with long 
follow- up after ICI interruption. In a prediction frame-
work such as ours, EFP could be used more appropriately 
to identify patients who are likely be event- free at a certain 
point of their follow- up.

The nomogram to estimate PFS was developed thanks 
to a set of patients and externally validated by means of an 
independent testing set.

We chose 23 putative prognostic factors for PFS based 
on clinical criteria, including age, sex, primary tumor 
sidedness, primary tumor resection, mucinous versus 
non- mucinous histotype, RAS/BRAF mutational status, 
synchronous versus metachronous metastases, number of 
metastatic sites, presence of peritoneal metastases, lung 
metastases, liver metastases, bone metastases, brain metas-
tases, lymph nodal metastases, prior adjuvant treatment, 
prior systemic treatment for metastatic disease, number of 
prior treatment lines for metastatic disease, ICI regimen 
(anti- PD- (L)1 monotherapy vs anti- PD-1 +anti- CTLA-4 
combination), ICI line, Eastern Cooperative Oncology 
Group Performance Status (ECOG PS) at the time of 
ICI treatment start, baseline lactate dehydrogenase, 
baseline platelet (PLT) count (×103/mm3), and baseline 
neutrophil- to- lymphocyte ratio (NLR); these factors were 
selected for inclusion in the cure model. In the present 
study, we choose to select variables by resorting to the use 
of the random survival forest (RSF) model.13

As cure model results, together with the PFS nomogram 
picture, we report the set of scores allowing estimation of 
PFS at time t and the set of scores allowing estimation 
of the EFP based on the selected covariates. The cure 
model performance was evaluated by assessing calibra-
tion of PFS probabilities (internally in the developing set 
and externally in the validating set) and quantifying the 
discriminative ability by the Harrell C index (assessed as 
concordance between observed and predicted PFS prob-
abilities), together with its 95% confidence interval (CI). 
PFS curves were estimated by the Kaplan- Meier method 
and statistically compared using the log- rank test. More 
details are provided as supplementary materials (online 
supplemental statistical methods).

RESULTS
The developing set included 163 patients. The validating 
series originally included 161 consecutive patients; 15 
patients had missing information on ECOG PS (8 patients) 
and/or NLR (8 patients); thus, the cure model could be 
validated on a subset of 146 patients. Main patients and 
disease characteristics in the developing and validating 
sets are listed in table 1. A higher proportion of patients 
in the developing set had an ECOG PS of 0 (60.7% vs 
39.7%, p<0.001), a mucinous histotype (54.0% vs 34.2%, 
p<0.001), lymph nodal metastases (65.6% vs 54.1%, 
p=0.048), ≥2 metastatic sites (59.5% vs 44.5%, p=0.005); 
received ≥1 prior lines of systemic treatment (77.3% vs 
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Table 1 Patients and disease characteristics in the developing and validating set

Characteristics
Developing set
N=163 (%)

Validating set
N=146 (%) P value*

Age (years) 0.171

Median (IQR) 61 (48.5–70.5) 59 (46–69)

Sex 0.909

  Female 73 (44.8) 67 (45.9)

  Male 90 (55.2) 79 (54.1)

Baseline ECOG PS <0.001

  0 99 (60.7) 58 (39.7)

  ≥1 64 (39.3) 88 (60.3)

Primary tumor sidedness 0.223

  Left 47 (28.8) 52 (35.6)

  Right 116 (71.2) 94 (64.4)

RAS and BRAF mutational status 0.113

  All wild type 61 (37.4) 55 (40.1)

  RAS mutated 48 (29.4) 51 (37.2)

  BRAF mutated 54 (33.1) 31 (22.6)

Primary tumor resection <0.001

  No 4 (2.5) 53 (36.3)

  Yes 159 (97.5) 93 (63.7)

Histology mucinous <0.001

  No 75 (46) 94 (64.4)

  Yes 88 (54) 50 (34.2)

Adjuvant treatment 0.109

  No 95 (58.3) 71 (48.6)

  Yes 68 (41.7) 75 (51.4)

NLR 1

  Median (IQR) 3.2 (2.3–4.85) 3.04 (1.95–4.98)

NLR 1

  ≤3 80 (49.1) 71 (48.6)

  >3 83 (50.9) 75 (51.4)

Platelets 0.579

  Median (IQR) 253 (191.5–339.5) 249 (191.8–316.5)

Metastases presentation 0.111

  Metachronous 76 (46.6) 82 (56.2)

  Synchronous 87 (53.4) 64 (43.8)

Number of metastatic sites 0.005

  0–1 66 (40.5) 81 (55.5)

  2 50 (30.7) 44 (30.1)

  ≥3 47 (28.8) 21 (14.4)

Liver metastases 0.555

  No 107 (65.6) 91 (62.3)

  Yes 56 (34.4) 55 (37.7)

Bone metastases 1

  No 153 (93.9) 137 (93.8)

  Yes 10 (6.1) 9 (6.2)

Lung metastases 0.069

  No 122 (74.8) 122 (83.6)

Continued
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52.7%, p<0.001); and underwent primary tumor resec-
tion (97.5% vs 63.7%, p<0.001).

Median follow- up, overall suvival (OS) and PFS esti-
mates in the two sets, overall and according to regimen, 
are reported in online supplemental table 1; the corre-
sponding OS and PFS Kaplan- Meier curves are shown in 
online supplemental figure 1. We observed that in both 
the development and validation series the greater propor-
tion of PFS events occurred within 12 months (55 out of 
73 overall and 48 out of 57 overall, respectively). Thus, to 
forecast patients’ prognosis as earlier as possible, we used 
12 months as cut- point for PFS prediction. Among the 23 
variables included in the RSF model, five were selected: 
ICI treatment type (anti- PD-1 mono vs anti- CTLA4 
combo), ECOG PS at baseline (0 vs >0), NLR (modeled as 
binary variable ≤3 vs >3, using a literature cut- off14), PLT 
count (continuous linear term) and prior lines of treat-
ment for metastatic disease.

Figure 1 represents the nomogram to predict the 
12- month PFS probability according to the cure model 
including the selected variables. The calibration of the 

12- month PFS predictions was good in both the devel-
oping and validating sets (figure 2). For comparison, 
we show in online supplemental figure 2 the calibration 
plot obtained fitting a Cox model on the developing set 
data including the same five covariates as the cure model; 
Cox model predictions were not well calibrated in the 
group of patients with predicted 12- month PFS equal to 
0.76. The Harrell C statistics were 0.707 (95% CI 0.653 to 
0.762) in the developing set and 0.641 (95% CI 0.567 to 
0.714) in the validating set.

Table 2 shows the two sets of scores allowing determi-
nation of the 12- month PFS and the EFP based on the 
nomogram covariates. The median value of the EFP 
(equal to 46%) allowed segregation of two well- separated 
prognostic groups in both developing and validating 
sets. In detail, in the developing set, the PFS of 12 and 
36 months was 43% and 31% vs 84% and 67% in patients 
with  <46% or≥46%, respectively (HR=3.73, 95% CI 
2.25 to 6.18; p<0.0001; figure 3A). In the validating set, 
the PFS of 12 and 36 months was 55% and 50% vs 74% 
and 64% in patients with  <46% or ≥46%, respectively 

Characteristics
Developing set
N=163 (%)

Validating set
N=146 (%) P value*

  Yes 41 (25.2) 24 (16.4)

Peritoneal metastases 0.194

  No 97 (59.5) 98 (67.1)

  Yes 66 (40.5) 48 (32.9)

Brain metastases 1

  No 161 (98.8) 145 (99.3)

  Yes 2 (1.2) 1 (0.7)

Lymph nodes metastases 0.048

  No 56 (34.4) 67 (45.9)

  Yes 107 (65.6) 79 (54.1)

Previous chemotherapy for metastatic disease 1

  No 37 (22.7) 33 (22.6)

  Yes 126 (77.3) 113 (77.4)

Number of prior lines for metastatic disease <0.001

  0 37 (22.7) 69 (47.3)

  1 60 (36.8) 31 (21.2)

  2 31 (19) 24 (16.4)

  ≥3 35 (21.5) 22 (15.1)

ICI line 0.454

  First 37 (22.7) 42 (28.8)

  Second 61 (37.4) 48 (32.9)

  Third or more 65 (39.9) 56 (38.4)

Regimen 0.261

  Anti- CTLA-4+anti- PD-1 53 (32.5) 38 (26.0)

  Anti- PD- (L)1 110 (67.5) 108 (74.0)

*Fisher’s exact test or Wilcoxon- Mann- Whitney test, as appropriate.
CTLA-4, cytotoxic T- lymphocyte antigen 4; ECOG PS, Eastern Cooperative Oncology Group Performance Status; NLR, neutrophil- to- lymphocyte 
ratio; PD- (L)1, programmed death (ligand)1.

Table 1 Continued
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(HR=1.86, 95% CI 1.07 to 3.23; p=0.027; figure 3B). 
Regarding OS, in the developing set, the OS of 12 and 
36 months was 57% and 42% vs 90% and 75% in patients 
with  <46% or≥ 46%, respectively (HR=3.86, 95% CI 2.11 
to 7.06; p<0.0001; figure 3C). In the validating set, the OS 
of 12 and 36 months was 74% and 54% vs 94% and 78% 
in patients with  <46% or ≥46%, respectively (HR=2.99, 
95% CI 1.37 to 6.55; p=0.006; figure 3D).

We also depicted the outcomes according to the quar-
tiles of the EFP determined on the developing set, to inves-
tigate whether more homogeneous subgroups were still 

associated with differential outcomes in the context of the 
high efficacy of ICI in our patients’ population. Online 
supplemental figure 3A, C shows the PFS curves stratified 
according to the quartiles of the EFP in the developing set 
(p<0.0001) and in the validating set (p=0.024), respectively. 
Online supplemental figure 3B, D show the OS curves 
stratified according to the quartiles of the EFP in the devel-
oping set (p<0.0001) and in the validating set (p=0.004). 
Online supplemental table 2 shows the estimates for PFS 
and OS of 12 and 36 months in the subgroups identified by 
the median value or the quartiles of the EFP.

Figure 1 Nomogram to predict the 12- month PFS. The nomogram provides a method to calculate PFS from the date of 
immune checkpoint inhibitor start. To use, locate ‘regimen’ axis (anti- CTLA4- combo, anti- PD- (L)1 mono); draw a line straight 
up to the ‘points’ axis to determine the score associated to the regimen. Repeat for the other four variables: ECOG PS (0, >0), 
number of prior lines of therapy, NLR (≥3, >3) and platelet value (×1000). Sum the scores and locate the total score on the ‘total 
points’ axis. Draw a line straight downward to the ‘PFS 12- month cure model’ axis to obtain the 12- month PFS probability. 
ECOG PS, Eastern Cooperative Oncology Group Performance Status; NLR, neutrophil- to- lymphocyte ratio; PFS, progression- 
free survival.

Figure 2 Calibration plots for internal (developing cohort, A) and external (validating cohort, B) validation of the 12- month PFS 
from the cure model- based nomogram. The nomogram- predicted PFS probabilities were stratified in equally sized subgroups. 
For each subgroup, the average predicted probability (nomogram- predicted 12- month PFS, X axis) was plotted against the 
observed Kaplan- Meier estimate in the subgroup (Y axis; 95% CIs of the estimates are indicated with vertical lines). Continuous 
line indicates the reference line, indicating where an ideal nomogram would lie. PFS, progression- free survival.
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Online supplemental table 3 illustrates a simulation of 
clinical scenarios to highlight the weight of ICI treatment 
type on 12- month PFS and EFP estimates according to 
different values of cure model covariates.

DISCUSSION
In several advanced cancers, ICIs are associated with 
survival outcomes that are deeply different from those 
observed after chemotherapy or targeted therapy, with 
a plateau of the survival curves after a specific follow- up 
timepoint.8–10 A fraction of the patients’ population could 
be then considered potentially cured and, from a statis-
tical point of view, may be subject to the same mortality of 
the cancer- free general population.15 Therefore, mixture 
cure models have been proposed as an alternative to tradi-
tional proportional hazard models, as the Cox model, to 

explore the association between survival endpoints and 
putative prognostic factors in a multivariable context. 
The advantage of cure models relies on the assumption 
of two different populations of patients: those who are 
cured and those who are ‘not cured’, thus allowing the 
identification of patients at high chance to be alive and 
event- free independently of time. Therefore, the concept 
of pharmacological eradication of MSI- high cancers 
may be better and properly investigated thanks to cure 
models, with relevance of this approach for trials’ design. 
As confirmation of the eradicating potential of immu-
notherapy in this molecular subgroup of patients, post- 
treatment surgery of metastases or early- stage primary 
tumors is associated with an extremely high rate of patho-
logical complete responses, independent of the presence 
of radiological residuals.16 17 Also, patients with Response 

Table 2 Score system to estimate the 12- month PFS and EFP*

Regimen Points PFS Points EFP Total points PFS PFS Total points EFP EFP

Anti CTLA4- combo 0 0

Anti PD- (L)1 mono 56 24

Prior lines (n) Points PFS Points EFP 237 0.1 134 0

0 0 0 225 0.15 127 0.05

1 12 8 213 0.2 120 0.1

2 25 17 201 0.25 114 0.15

3 37 25 190 0.3 107 0.2

4 50 34 178 0.35 100 0.25

5 62 42 166 0.4 94 0.3

6 75 50 155 0.45 87 0.35

7 87 59 143 0.5 81 0.4

Platelets (×1000) Points PFS Points EFP 131 0.55 74 0.45

0 0 0 119 0.6 67 0.5

100 10 10 108 0.65 61 0.55

200 20 20 96 0.7 54 0.6

300 30 30 84 0.75 47 0.65

400 40 40 73 0.8 41 0.7

500 50 50 61 0.85 34 0.75

600 60 60 49 0.9 28 0.8

700 70 70 37 0.95 21 0.85

800 80 80 26 1 14 0.9

900 90 90

1000 100 100

ECOG PS Points PFS Points EFP

0 0 0

>0 33 27

NLR Points PFS Points EFP

≤3 0 0

>3 25 12

*The PFS points are those shown in the figure 1 nomogram.
CTLA-4, cytotoxic T- lymphocyte antigen 4; ECOG PS, Eastern Cooperative Oncology Group Performance Status; EFP, event- free probability; NLR, 
neutrophil- to- lymphocyte ratio; PD- (L)1, programmed death (ligand)1; PFS, progression- free survival.
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Evaluation Criteria in Solid Tumors(RECIST) very good 
partial responses≥50% or complete responses are usually 
cured, even if the best tumor response may be achieved 
after several months of treatment.18

Here we have used a multivariable mixture cure model 
to develop a tool for predicting the 12- month PFS prob-
ability of patients with MSI- high mCRC receiving ICIs. 
The timepoint for PFS prediction was chosen based on 
the observation that the greater proportion of PFS events 
occurred within 1 year, in order to allow predictions as 
early as possible, therefore, with specific focus on patients 

with low chance of being cured; this consideration is 
particularly true for the two groups with the worst prog-
nosis, as appears from the PFS curves stratified according 
to the EFP quartiles (probability <24%, online supple-
mental figure 3). The EFP is focused instead on patients 
likely to be event- free at a certain point of their follow- up; 
high levels of such probability can identify those patients 
who will experience delayed or no progression (group 
with the best prognosis, probability ≥62%; online supple-
mental figure 3).

Figure 3 Kaplan- Meier curves for progression- free survival and overall survival in the developing set (A,C, respectively) and in 
the validating set (B,D, respectively). In each of the two cohorts, the patients were divided in two groups based on the median 
value of the cure probabilities estimated in the cure model fitted in the developing set.
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As regards the model covariates, we investigated the ICI 
treatment type and a multiplicity of variables potentially 
related to life expectancy and commonly used in clinical 
practice, and then used a random forest model leading 
to select five easy- to- collect variables: anti-PD- (L)1 mono-
therapy versus anti- CTLA-4 combination, number of 
prior treatment lines for metastatic disease, ECOG PS, 
NLR, and PLT.

ECOG PS and blood- based biomarkers are known inde-
pendent prognostic variables identified by standard Cox 
models in available datasets of patients with MSI- high 
mCRC,19 20 and these parameters were validated also by 
our methodological approach. However, despite the pres-
ence of poor prognostic characteristics such poor PS and 
laboratory evidence of systemic inflammation, a relevant 
proportion of patients can still achieve long- term survival 
thanks to immunotherapy.21

ICI treatment type has a relevant impact on PFS and 
EFP estimates, especially in high- risk patients as identified 
by cure model covariates (online supplemental table 3, 
lines 7 and 8).

Anti- PD- (L)1 mono- immunotherapy has a manageable 
safety profile but is associated with a ~30% rate of primary 
refractoriness,7 whereas non- randomized trials showed 
that anti- CTLA-4- containing dual immunotherapy is 
associated with limited rates of primary resistance, at a 
price of higher risk of immune- related adverse events.5 6 
The better outcomes achieved by an anti- CTLA-4- based 
dual regimen may be even more relevant for patients’ 
subgroups with poor prognosis. Therefore, a careful 
balance between the risk of disease progression or death 
and the potential occurrence of severe toxicities needs 
to be carried out in clinical practice. In this perspec-
tive, a nomogram encompassing both baseline variables 
and treatment type may be useful to inform therapeutic 
choices by weighing the predicted benefit of a given 
ICI regimen against the risk of toxicity on an individual 
basis. Moreover, in the perspective of future clinical trials, 
patients who are more likely to achieve long- term benefit 
from anti- PD- (L)1 monotherapies alone could be spared 
from unnecessary toxicity.

To date, ongoing clinical trials are aimed at investigating 
several novel approaches including immunotherapy 
combinations and immunotherapy in combination with 
chemotherapy.22 23

The clinical usefulness of our tool should be validated 
in ongoing randomized clinical trials investigating anti- 
CTLA-4- based dual immunotherapy versus single agent 
and could be tested in other randomized trials with 
combination strategies. A free app called MSI mCRC 
Cure has been developed as a web- based online system 
(freely downloadable online); it allows the user to calcu-
late the 12- month PFS and the EFP based on the combi-
nation of the nomogram covariates in individual patients.

Our study has some clear limitations, including its 
retrospective nature and patients’ and treatment hetero-
geneity. From a statistical viewpoint, resorting to a global 
beforehand variable selection using the RSF model13 and 

not allowing covariate differentiation between the two 
cure and failure probability model components could 
be thought of as limitations. However, we think that this 
strategy is consistent with the ultimate end of the mixture 
cure model, that is, to estimate a survival probability. 
Moreover, using the same covariates in both the cure and 
failure probability models can be an advantage to gener-
alize model estimates and to identify which model covari-
ates are more associated to the cure component and less 
to the failure component and vice versa, which is useful 
from a clinical viewpoint for decision- making activities. 
Another potential limitation lies in that the 12- month 
timepoint may be early to consider a subject as cured, 
despite recent evidence on the maintenance of the plateau 
of the survival curves at the 4 year follow- up update of the 
ipilimumab plus nivolumab cohort of the CheckMate-142 
trial.24 However, we selected the 12- month timepoint to 
allow predictions as early as possible, with a specific focus 
on patients with high chance of resistance to ICIs. More-
over, the cure model was subsequently fitted based on PFS 
independently of a specific timepoint.

In conclusion, thanks to a large multicenter collabora-
tive effort, we developed a nomogram based on five easily 
assessable clinical variables to estimate 12- month PFS, 
giving both a scoring system to calculate the 12- month PFS 
and a scoring system to estimate the time- independent 
EFP of patients with MSI- high mCRC receiving ICIs. 
Prospective validation of the nomogram is required, 
particularly to assess its discriminative performance in 
selected patients’ subgroups.

Author affiliations
1Department of Medical Oncology, Fondazione IRCCS Istituto Nazionale dei Tumori, 
Milan, Italy
2Medical Oncology 3, Istituto Oncologico Veneto IOV- IRCSS, Padua, Italy
3Unit of Clinical Epidemiology and Trial Organization, Fondazione IRCCS Istituto 
Nazionale dei Tumori, Milan, Italy
4Department of Medical Oncology, Vall d'Hebron Barcelona Hospital Campus, 
Vall d'Hebron Institute of Oncology (VHIO), Universitat Autonoma de Barcelona, 
Barcelona, Spain
5Department of Medical Oncology, City of Hope Comprehensive Cancer Center, 
Duarte, California, USA
6Division of Medical Oncology, Norris Comprehensive Cancer Center, Keck 
School of Medicine, University of Southern California, Los Angeles, California, 
USA
7Baylor College of Medicine, Houston, Texas, USA
8Division of Oncology, Department of Oncology and Hematology, University Hospital 
of Modena, PhD Clinical and Experimental Medicine (CEM), University of Modena 
and Reggio Emilia, Modena, Italy
9Multidisciplinary Outpatient Oncology Clinic, Candiolo Cancer Institute FPO- IRCCS, 
Candiolo, Italy
10Department of Medical Oncology, Fondazione Policlinico Universitario Agostino 
Gemelli IRCCS, Rome, Italy
11European Institute of Oncology (IEO), IRCCS, Milan, Italy; Department of Oncology 
and Hemato- oncology, University of Milan, Milan, Italy
12Unit of Medical Oncology 2, Azienda Ospedaliero- Universitaria Pisana; Department 
of Translational Research and New Technologies in Medicine and Surgery, University 
of Pisa, Pisa, Italy
13Medical Oncology 1, Istituto Oncologico Veneto IOV- IRCCS, Padua, Italy
14Department of Surgery, Oncology and Gastroenterology, University of Padua, 
Padua, Italy
15Department of Gastrointestinal Oncology, University of Texas MD Anderson Cancer 
Center, Houston, Texas, USA

P
rotected by copyright.

 on S
eptem

ber 2, 2021 at Inst E
uropeo O

nco B
IB

LIO
S

A
N

.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-003370 on 24 A

ugust 2021. D
ow

nloaded from
 

https://dx.doi.org/10.1136/jitc-2021-003370
http://jitc.bmj.com/


9Pietrantonio F, et al. J Immunother Cancer 2021;9:e003370. doi:10.1136/jitc-2021-003370

Open access

Contributors FP, FC, and RM: concept and design, data interpretation, manuscript 
writing and approval. GI: data analysis and manuscript approval. All the other 
authors: data collection and manuscript approval.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests FP received honoraria from Amgen, Merck- Serono, Sanofi, 
Lilly, Bayer, Servier, Astrazeneca; research grants from Astrazeneca, and BMS. CC 
received honoraria from Amgen, Bayer, Merck, Roche, and Servier; has consulting 
or advisory role at Amgen, Bayer, MSD, and Roche; was a speakers bureau 
member at Servier; received research funding from Bayer, Merck, and Servier; and 
received travel and accommodation expenses from Roche and Servier. FM received 
honoraria from Servier. MO: consulting for Merck Sharp & Dohme Corp, AbbVie, 
Agilvax, Acrotech Biopharma, and Novartis Pharmaceuticals Corp; and scientific/
advisory committee member of Takeda Pharmaceuticals (Japan). All the other 
authors declared no conflicts of interest.

Patient consent for publication Not required.

Ethics approval The study was conducted in accordance with the Declaration of 
Helsinki and was approved by the institutional review board of Fondazione IRCCS 
Istituto Nazionale dei Tumori of Milan (INT 117/15).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See https:// creativecommons. org/ 
licenses/ by/ 4. 0/.

ORCID iDs
Filippo Pietrantonio http:// orcid. org/ 0000- 0002- 8530- 8420
Sara Lonardi http:// orcid. org/ 0000- 0002- 7593- 8138
Giovanni Fucà http:// orcid. org/ 0000- 0002- 1560- 2253

REFERENCES
 1 Dekker E, Tanis PJ, Vleugels JLA, et al. Colorectal cancer. Lancet 

2019;394:1467–80.
 2 Alex AK, Siqueira S, Coudry R, et al. Response to chemotherapy 

and prognosis in metastatic colorectal cancer with DNA deficient 
mismatch repair. Clin Colorectal Cancer 2017;16:228–39.

 3 Overman MJ, McDermott R, Leach JL, et al. Nivolumab in patients 
with metastatic DNA mismatch repair- deficient or microsatellite 
instability- high colorectal cancer (CheckMate 142): an open- label, 
multicentre, phase 2 study. Lancet Oncol 2017;18:1182–91.

 4 Le DT, Kim TW, Van Cutsem E, et al. Phase II open- label study of 
pembrolizumab in treatment- refractory, microsatellite Instability- 
High/Mismatch repair- deficient metastatic colorectal cancer: 
KEYNOTE-164. J Clin Oncol 2020;38:11–19.

 5 Overman MJ, Lonardi S, Wong KYM, et al. Durable clinical benefit 
with nivolumab plus ipilimumab in DNA mismatch Repair- Deficient/
Microsatellite Instability- High metastatic colorectal cancer. J Clin 
Oncol 2018;36:773–9.

 6 Lenz H- J, Lonardi S, Zagonel V, et al. Nivolumab plus low- dose 
ipilimumab as first- line therapy in microsatellite instability- high/

DNA mismatch repair deficient metastatic colorectal cancer: clinical 
update. JCO 2020;38:11.

 7 André T, Shiu K- K, Kim TW, et al. Pembrolizumab in Microsatellite- 
Instability- High advanced colorectal cancer. N Engl J Med 
2020;383:2207–18.

 8 Robert C, Long GV, Brady B, et al. Five- Year Outcomes With 
Nivolumab in Patients With Wild- Type BRAF Advanced Melanoma. J 
Clin Oncol 2020;38:3937–46.

 9 Larkin J, Chiarion- Sileni V, Gonzalez R, et al. Five- Year survival with 
combined nivolumab and ipilimumab in advanced melanoma. N Engl 
J Med 2019;381:1535–46.

 10 Reck M, Rodríguez- Abreu D, Robinson AG, et al. Updated Analysis 
of KEYNOTE-024: Pembrolizumab Versus Platinum- Based 
Chemotherapy for Advanced Non- Small- Cell Lung Cancer With 
PD- L1 Tumor Proportion Score of 50% or Greater. J Clin Oncol 
2019;37:537–46.

 11 Luchini C, Bibeau F, Ligtenberg MJL, et al. ESMO recommendations 
on microsatellite instability testing for immunotherapy in cancer, 
and its relationship with PD-1/PD- L1 expression and tumour 
mutational burden: a systematic review- based approach. Ann Oncol 
2019;30:1232–43.

 12 Othus M, Barlogie B, Leblanc ML, et al. Cure models as a 
useful statistical tool for analyzing survival. Clin Cancer Res 
2012;18:3731–6.

 13 Ishwaran H, Kogalur UB, Blackstone EH, et al. Random survival 
forests. Ann Appl Stat 2008;2:841–60.

 14 Dell'Aquila E, Cremolini C, Zeppola T, et al. Prognostic and predictive 
role of neutrophil/lymphocytes ratio in metastatic colorectal cancer: 
a retrospective analysis of the tribe study by GONO. Ann Oncol 
2018;29:924–30.

 15 Felizzi F, Paracha N, Pöhlmann J, et al. Mixture cure models in 
oncology: a tutorial and practical guidance. Pharmacoecon Open 
2021;5:143–55.

 16 Chalabi M, Fanchi LF, Dijkstra KK, et al. Neoadjuvant immunotherapy 
leads to pathological responses in MMR- proficient and MMR- 
deficient early- stage colon cancers. Nat Med 2020;26:566–76.

 17 Ludford K, Cohen R, Svrcek M, et al. Pathological tumor response 
following immune checkpoint blockade for deficient mismatch repair 
advanced colorectal cancer. J Natl Cancer Inst 2021;113:208–11.

 18 Fucà G, Corti F, Ambrosini M, et al. Prognostic impact of 
early tumor shrinkage and depth of response in patients with 
microsatellite instability- high metastatic colorectal cancer 
receiving immune checkpoint inhibitors. J Immunother Cancer 
2021;9:e002501.

 19 Tada K, Kitano S, Shoji H, et al. Pretreatment immune status 
correlates with progression- free survival in chemotherapy- treated 
metastatic colorectal cancer patients. Cancer Immunol Res 
2016;4:592–9.

 20 Corti F, Lonardi S, Intini R, et al. The Pan- Immune- Inflammation 
value in microsatellite instability- high metastatic colorectal cancer 
patients treated with immune checkpoint inhibitors. Eur J Cancer 
2021;150:155–67.

 21 Pietrantonio F, Loupakis F, Randon G, et al. Efficacy and safety 
of immune checkpoint inhibitors in patients with microsatellite 
Instability- High end- stage cancers and poor performance status 
related to high disease burden. Oncologist 2020;25:803–9.

 22 Rocha Lima CMSP, Yothers G, Jacobs SA, et al. A randomized phase 
III study of mFOLFOX6/bevacizumab combination chemotherapy 
with or without atezolizumab or atezolizumab monotherapy in the 
first- line treatment of patients (PTS) with deficient DNA mismatch 
repair (dMMR) metastatic colorectal cancer (mCRC): colorectal 
cancer metastatic dMMR Immuno- Therapy (commit) study (NRG- 
GI004/SWOG- S1610). JCO 2020;38:TPS260.

 23 Abdullaev S, André T, Lei M, et al. A phase III study of nivolumab 
(NIVO), NIVO + ipilimumab (IPI), or chemotherapy (CT) for 
microsatellite instability- high (MSI- H)/mismatch repair- deficient 
(dMMR) metastatic colorectal cancer (mCRC): Checkmate 8HW. JCO 
2020;38:TPS266.

 24 André T, Lonardi S, Wong K, et al. SO-27 nivolumab plus low- 
dose ipilimumab in previously treated patients with microsatellite 
instability- high/mismatch repair- deficient metastatic colorectal 
cancer: 4- year follow- up from CheckMate 142. Ann Oncol 
2021;32:S213–4.

P
rotected by copyright.

 on S
eptem

ber 2, 2021 at Inst E
uropeo O

nco B
IB

LIO
S

A
N

.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-003370 on 24 A

ugust 2021. D
ow

nloaded from
 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-8530-8420
http://orcid.org/0000-0002-7593-8138
http://orcid.org/0000-0002-1560-2253
http://dx.doi.org/10.1016/S0140-6736(19)32319-0
http://dx.doi.org/10.1016/j.clcc.2016.11.001
http://dx.doi.org/10.1016/S1470-2045(17)30422-9
http://dx.doi.org/10.1200/JCO.19.02107
http://dx.doi.org/10.1200/JCO.2017.76.9901
http://dx.doi.org/10.1200/JCO.2017.76.9901
http://dx.doi.org/10.1200/JCO.2020.38.4_suppl.11
http://dx.doi.org/10.1056/NEJMoa2017699
http://dx.doi.org/10.1200/JCO.20.00995
http://dx.doi.org/10.1200/JCO.20.00995
http://dx.doi.org/10.1056/NEJMoa1910836
http://dx.doi.org/10.1056/NEJMoa1910836
http://dx.doi.org/10.1200/JCO.18.00149
http://dx.doi.org/10.1093/annonc/mdz116
http://dx.doi.org/10.1158/1078-0432.CCR-11-2859
http://dx.doi.org/10.1214/08-AOAS169
http://dx.doi.org/10.1093/annonc/mdy004
http://dx.doi.org/10.1007/s41669-021-00260-z
http://dx.doi.org/10.1038/s41591-020-0805-8
http://dx.doi.org/10.1093/jnci/djaa052
http://dx.doi.org/10.1136/jitc-2021-002501
http://dx.doi.org/10.1158/2326-6066.CIR-15-0298
http://dx.doi.org/10.1016/j.ejca.2021.03.043
http://dx.doi.org/10.1634/theoncologist.2020-0014
http://dx.doi.org/10.1200/JCO.2020.38.4_suppl.TPS260
http://dx.doi.org/10.1200/JCO.2020.38.4_suppl.TPS266
http://dx.doi.org/10.1016/j.annonc.2021.05.051
http://jitc.bmj.com/

	Nomogram to predict the outcomes of patients with microsatellite instability-high metastatic colorectal cancer receiving immune checkpoint inhibitors
	Abstract
	Introduction
	Patients and methods
	Developing and validating sets
	Statistical methods

	Results
	Discussion
	References


