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Abstract
Objective: Treatment beyond progression (TBP) with immune checkpoint inhibitors (ICIs) is an evolving
�eld due to the limitations of conventional imaging in response evaluation with ICIs. However, real-life
data on the bene�t of TBP is scarce, especially from the limited resource settings. Therefore, we aimed to
investigate the survival bene�t of TBP with ICIs in patients with advanced tumors from a limited resource
setting.

Methods: For this multicenter study, we included 282 patients treated with ICIs and radiological
progression according to RECIST 1.1 criteria. The evaluated post-progression survival according to the
use of TBP (TBP and non-TBP groups) with univariate and multivariate analyses.

Results:  82 (29.1%) of 282 patients continued on ICIs following the initial progression event. In
multivariate analyses, patients in the TBP group had improved post-progression survival compared to
non-TBP (13.18 vs. 4.63 months, HR: 0.500, 95% CI: 0.349-0.717, p<0.001). The bene�t of the TBP was
independent of the tumor type, treatment line, and patient age. Furthermore, TBP with ICIs was associated
with improved post-progression survival (HR: 0.600, 95% CI: 0.380-0.947, p=0.028) in the additional
analyses after excluding the patients with no further treatment after progression in the non-TBP arm.

Conclusions: In this study, we observed that patients receiving ICIs beyond progression had considerably
longer survival. Continuation of ICIs after progression should be kept in mind as a reasonable
management option for patients with advanced cancer, speci�cally for patients with limited alternative
options.

1. Introduction
Immune checkpoint inhibitors (ICIs) have improved the survival outcomes in most cancers with their
unique mechanism of action and have become one of the cornerstones of cancer treatment [1–3].
Although long and durable responses and even cures could be possible for some patients, resistance and
progression are inevitable for most patients, especially in the later lines of treatment [4–7]. After the
progression, the patients are generally treated with the sequencing of chemotherapy or targeted therapies
depending on tumor type [8, 9]. However, treatment beyond progression was also suggested as an option
[10].

Treatment beyond progression (TBP) emerged as a novel strategy in patients treated with anti-epidermal
growth factor receptor (EGFR) [11, 12] or vascular endothelial growth factor (VEGF) inhibitors [13] and
improved overall survival in patients treated beyond progression, possibly due to counteracting
continuing mutation dependence and ongoing changes in the tumor microenvironment (TME) [14].
Similarly, a TBP strategy could bene�t patients treated with ICIs to prevent immune exhaustion and
ensure continuous immune activation within the TME [15]. Additionally, the ICIs could cause novel
response patterns, including pseudoprogression and delayed response, which could be misinterpreted as
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progression by conventional imaging response criteria [16–18]. These response patterns also support
TBP as a test trial in ICI-treated patients to prevent immature cessation of possibly bene�cial therapy.

While the TBP could be feasible in patients treated with ICIs, the primary data on this topic mostly comes
from the clinical trials [19–21], which concluded in the earlier treatment lines and patients with excellent
performance status [22, 23]. This issue limits the generality of TBP data from clinical trials to countries
with restricted access to ICIs. Additionally, several reports using real world data had limited details in
baseline characteristics [24] or had lower tumor burden [25] in the TBP arm suggested the possibility of
selection bias. Due to these reasons, we evaluated the overall survival bene�t of TBP with ICIs in a basket
cohort from three institutions.

2. Patients And Methods
2.1. Patient Population

For this retrospective cohort study, we evaluated the data of advanced cancer patients treated with any
ICI between January 2014 and December 2021 in three centers (Hacettepe University Oncology Hospital,
Ankara University Oncology Hospital, and Liv Hospital Ankara). We included patients with radiological
progression according to RECIST 1.1 criteria [26] and excluded patients without progression, patients with
death as the progression-free survival (PFS) event, patients treated within the expanded access programs,
and patients with missing laboratory or clinical data (Figure-1). We recorded the following variables from
the patient �les and electronic hospital registry: Baseline demographics, comorbidities, tumor type, type
of ICI, Eastern Cooperative Oncology Group (ECOG) performance score, sites of metastasis at the start of
ICIs, immunotherapy line, the best response to ICIs, and progression-free (PFS) survival until the with
progression with the ICIs. 

The treatment with at least two more ICI doses after the �rst progression event was used to de�ne the
patients treated with the TBP strategy. For the TBP analyses, we recorded the presence or absence of TBP,
date of death or last follow-up after the �rst progression, and additional measures (addition of
radiotherapy or targeted therapy/chemotherapy) after the �rst progression.

2.2. Statistical Analyses

We expressed the baseline characteristics with medians and interquartile ranges (IQR) for continuous
variables and frequencies and percentages for categorical variables. We compared baseline
characteristics of the TBP and non-TBP groups with Chi-square and Mann–Whitney U tests. Additionally,
we compared the PFS until the �rst-progression event in TBP and non-TBP groups with Kaplan-Meier
survival curves and log-rank test. The post-progression survival time was de�ned as the period from the
�rst radiological progression to the last follow-up and/or death. 

We conducted univariate and multivariate survival analyses for survival after the �rst progression with
Kaplan-Meier survival curves and compared survival times across prognostic groups with the log-rank
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test. We conducted the multivariate analyses by the Cox regression analyses for the OS after the �rst
progression with the statistically signi�cant parameters from the univariate analyses and calculated
hazard ratios with 95% con�dence intervals (CI). The statistical analyses were performed with SPSS,
version 25.0 (IBM Inc., Armonk, NY, USA). A type-I error level of 5% (p<0.05) was considered the threshold
limit for statistical signi�cance.

2.3. Ethical Approval

All procedures performed in studies involving human participants were under the ethical standards of the
institutional and/or national research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. The ethics committee of Istinye University approved the
study.

3. Results
3.1. Baseline Characteristics

A total of 282 patients were included in the analyses. The median age of the cohort was 61 (IQR 53-67),
and 64.5% of the patients were male. Most (69.5%) of the patients were treated with nivolumab due to
availability, and 84.4% were treated in the second or later lines. 45.5% of the patients had an ECOG
performance status of 0. Sixty-two (22%) patients were treated with chemotherapy (CT) or targeted
therapy (TT) and ICI combinations. 32.9 % of the patients had liver metastasis at baseline (Table-1).

82 (29.1%) patients were treated with ICIs beyond progression. While radiotherapy was added to
treatment in 47.5% of the patients, 36.6% of patients received ICIs without further additional treatment.
Baseline characteristics were largely similar between TBP and non-TBP groups other than younger
median age (60 vs. 61 years, p=0.046) and an increased percentage of combination therapy use (30.5 vs.
18.5%, p=0.027) in the TBP group. Additionally, there was a trend toward an increased percentage of
female patients in the TBP group (43.9 vs. 32%, p=0.058) (Table-2). In Kaplan-Meier analyses, the median
time until �rst progression (PFS) was similar in the TBP and non-TBP groups (5.69 vs. 3.45 months,
p=0.136) (Figure-2).

3.2. Univariate Analyses for Post-Progression Survival

The median follow-up after the �rst PD was 19.19 (95% CI: 16.08-22.30) months. During this follow-up,
196 patients died (69.5%). The post-PD survival of all cohort was 6.64 (95% CI: 4.32-8.95) months. The
post-PD survival was signi�cantly longer in patients treated with ICIs beyond progression (TBP group)
compared to the non-TBP group (13.18 vs. 4.63 months, p<0.001) (Figure-2). In addition to TBP, patients
with better performance status (ECOG 0 vs. >0, p=0.020), patients with lower LDH levels (<2xULN vs.
>2xULN, p=0.009), patients with higher albumin levels (vs. <4 gr/dL, p=0.015) had better survival after
�rst-progression. In contrast, the survival difference did not reach statistical signi�cance in patients with
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or without liver metastases at baseline (p=0.759), treatment with ICI monotherapy, or combination with
CT or TT (p=0.604).

3.3. Multivariate Analyses for Post-Progression Survival

In multivariate analyses conducted with a model including ECOG status, LDH and albumin levels, and
TBP with ICIs, patients treated with ICIs beyond progression had improved survival compared non-TBP
group (HR: 0.500, 95% CI: 0.349-0.717, p<0.001). Additionally, the OS remained signi�cantly better in
patients with lower LDH or higher albumin levels in multivariate analyses (Table-3). Additional sensitivity
analyses according to tumor type (HR: 0.492, p<0.001), treatment line (HR: 0.502, p<0.001) and patient
age (HR: 0.521, p<0.001) demonstrated a consistent bene�t of TBP. The higher patient age was
associated with lower post-progression survival in the alternative model including age in addition to
statistically signi�cant parameters in univariate analyses (HR: 1.013, 95% CI: 1.001-1.024, p=0.034).
Furthermore, additional analyses after excluding patients who were given additional treatments
(radiotherapy or chemotherapy) concomitantly with ICIs demonstrated a consistent bene�t of ICI use
beyond progression (HR: 0.420, 95% CI: 0.233-0.758, p=0.004). Similarly, the ICI use beyond PD was
associated with improved post-progression survival (HR: 0.600, 95% CI: 0.380-0.947, p=0.028) in the
additional analyses after excluding patients with no further treatment after PD.

4. Discussion
In this study, we observed signi�cantly longer survival in patients treated with ICIs beyond progression.
The survival bene�t was consistent across tumor type, treatment line, and baseline patient
characteristics. The TBP has gained signi�cant interest in the immuno-oncology (IO) era due to the
limitations of conventional radiological evaluation with ICIs [27]. Several alternatives to PFS were
suggested to better de�ne the patients bene�ting from ICIs and improve the correlation with long-term
survival [28, 29], although none of these modi�ed de�nitions have entered routine clinical practice yet.
With the ever-expanding role of ICIs in cancer treatment, the number of patients who are candidates for
TBP with ICIs is expected to increase. Both pseudoprogression and delayed response could be seen in
around 5% of the patients treated with ICIs [30-32] and could create a false impression of the progressive
disease in patients bene�tting from ICIs [33]. However, the ICIs were continued beyond PD up to 50% of
the patients, percentages that the false assumptions of progression could not fully explain in the
presence of atypical responses only [19, 34]. In this regard, a carry-over effect of ICIs due to possible long-
standing changes in tumor biology and TME was also suggested as the biological rationale for TBP with
ICIs [35-37]. Furthermore, the available data on TBP with ICIs mostly comes from the second-line studies
in which the treatment options are very limited [25, 38, 39]. Similarly, most of our patients were treated in
the second or third line and had limited therapeutic options, if any. Interestingly, several authors
suggested that the lack of any alternative therapy in the control arm of TBP studies could be the reason
for the TBP bene�t with ICIs [20, 34]. A recent study demonstrated similar post-progression survivals in
patients who continued treatment with ICIs after progression and those treated with alternative
treatments [40]. However, the small sample size limited generalizability. However, other studies, including
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those from clinical trial cohorts, suggested a bene�t of TBP with ICIs independent of alternative
treatments, mainly chemotherapy in the control arms [38, 41, 42]. Similarly, we conducted additional
analyses after excluding patients who received no other treatment after ICIs and observed a consistent
OS bene�t with immunotherapy use after progression.

In one of the earliest reports with ICI TBP, nivolumab was continued beyond PD in almost half of the
patients treated in the Checkmate-025 study [19]. The authors chose at least four weeks of nivolumab
beyond PD as the criterion for TBP. Likewise, we used the receipt of at least two more doses of ICIs,
corresponding to four or six weeks of treatment beyond PD, to de�ne TBP and non-TBP groups. Similar to
our study, the patients in the TBP arm had higher treatment bene�ts (ORR: 20 vs. 14%). The TBP with
nivolumab was associated with better OS than non-TBP (20.4 vs. 12.2 months) with an acceptable
toxicity pro�le [19]. A similar bene�t of ICI use beyond progression was also demonstrated in the NSCLC
patients treated in the OAK study [43]. Furthermore, this study demonstrated the bene�t of TBP (median
OS 12.7 months) versus active alternative therapy (median OS 8.8 months) by separate reporting of
patients who received no further therapy (median OS 2.2 months) after ICIs [38]. Similarly, we observed a
consistent bene�t of ICI TBP independent of active therapy in the non-TBP group. Beaver et al. evaluated
the pooled data from eight clinical trials in melanoma patients and showed that ICIs were continued in
51% of patients beyond PD [34]. The ICI TBP was associated with improved OS (24.4 vs. 11.2 months).
However, similar to the present study and the previous studies, a selection bias in favor of the TBP arm
was present, as evidenced by the higher rates of ECOG (77 vs. 65%) 0 and normal LDH values (65 vs.
55%) in the TBP arm [34].

The present study has several limitations inherent to retrospective study design, small sample sizes in
some subgroups and a heterogeneous patient cohort. Additionally, due to availability and reimbursement,
most of our patients were treated in the later lines and with ICI as monotherapy. In contrast, the ICIs are
more frequently used as ICI-ICI, ICI-TT, or ICI-chemotherapy combinations in the �rst line in the high-
resource settings. The data on progression was retrieved from the radiology reports rather than re-
analyzed images for the study due to personal data restriction regulations. However, despite these
limitations, we demonstrated the bene�t of continuing ICIs beyond progression in a large cohort, mirroring
the real-life practice in limited resource settings.

5. Conclusion
In the present study, continuing ICIs beyond progression was associated with signi�cantly longer survival
independent of tumor type, treatment line, and baseline patient characteristics. Continuation of ICIs after
progression should be considered in all patients with advanced cancer, especially for patients with limited
alternative options.
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Tables
Table-1.  Baseline Patient Characteristics of Study Cohort.
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Clinical feature n (%)

Median Age (IQR) 61 (53-67)

Albumin (IQR) 3.85 (3.54-4.16)

Sex

            Male

            Female

 

182 (64.5)

100 (35.5)

ECOG PS 

            0

            1

            2

            3

 

127 (45.5)

119 (42.7)

29 (10.4)

4 (1.4)

Immunotherapy Agent   

Nivolumab 196 (69.5)

Pembrolizumab 35 (12.4)

Atezolizumab

Ipilimumab

Avelumab

33 (11.7)

17 (6)

1 (0.4)

Primary Tumor  

RCC 68 (24.1)

Melanoma 61 (21.6)

NSCLC 49 (17.4)

Other# 104 (36.9)

Baseline Liver Metastasis  

Absent 189 (67.1)

Present 93 (32.9)

Concomitant CT or TT+

Absent

Present

 

220 (78)

62 (22)

Line of Treatment   
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1

2

3

4 or later

44 (15.6)

96 (34)

65 (23)

77 (27.4)

*RCC: renal cell carcinoma, NSCLC: non-small cell lung cancer/+CT: chemotherapy, TT: targeted therapy

Table-2. Comparison of the patients according to immunotherapy use beyond progression.

  No TBP

(n=200)

TBP

 (n=82)

P-value

Age (median, IQR) 61 (55-68) 60 (48-67) 0.046

Treatment Line (median, IQR) 3 (2-4) 2 (2-4) 0.996

Sex Female 64 (32) 36 (43.9) 0.058

Male 136 (68) 46 (56.1)

Primary Tumor Melanoma 42 (21) 19 (23.2) 0.885

RCC 50 (25) 18 (22)

NSCLC 36 (18) 13 (15.9)

Other 72 (36) 32 (38.9)

LDH <2xULN 164 (89.1) 66 (90.4) 0.763

>2xULN 20 (10.9) 7 (9.6)

Concomitant CT or TT Absent 163 (81.5) 57 (69.5) 0.027

Present 37 (18.5) 25 (30.5)

Baseline Liver Metastasis Absent 134 (67) 55 (67.1) 0.991

Present 66 (33) 27 (32.9)

ECOG 0 85 (43.1) 42 (51.2) 0.217

1 or higher 112 (56.9) 40 (48.8)

Albumin Levels Normal 71 (36.6) 35 (44.9) 0.206

<Normal 123 (63.4) 43 (55.1)

 

Table-3. Multivariable analyses for post-progression survival.
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  Post-Progression Survival

  Hazard Ratio 95% CI* P Value

ECOG ((0 vs. ≥1)) 0.783 0.580-1.056 0.109

LDH (<2xULN vs. ≥2xULN) 0.532 0.339-0.837 0.006

ICI Use Beyond Progression (Present vs. Absent) 0.500 0.349-0.717 <0.001

Hypoalbuminemia (Normal vs. <Normal) 0.678 0.499-0.921 0.013

Sensitivity Analyses for ICI Use Beyond Progression      

ICI Use Beyond Progression

(+Adjustment Factor: Tumor Type)

0.492 0.342-0.706 <0.001

ICI Use Beyond Progression

(+Adjustment Factor: Patient Age)

0.521 0.363-0.747 <0.001

ICI Use Beyond Progression

(+Adjustment Factor: Treatment Line)

0.502 0.350-0.721 <0.001

Figures
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Figure 1

Legend not included with this version.

Figure 2

Legend not included with this version.


