
Predicting Outcomes in Patients with Advanced Non-Small Cell 
Lung Cancer Enrolled in Early Phase Immunotherapy Trials

Hossein Maymani1,4, Kenneth Hess2, Roman Groisberg1,4, David S Hong1, Aung Naing1, 
Sarina Piha-Paul1, Filip Janku1, Siqing Fu1, Apostolia M. Tsimberidou1, Shubham Pant1, 
Daniel Karp1, Shuang Liu1, Ming Sun1, John Heymach3, George Simon3, Funda Meric-
Bernstam1, and Vivek Subbiah1,*

1Department of Investigational Cancer Therapeutics (Phase 1 Program), The University of Texas 
MD Anderson Cancer Center, Houston, TX

2Department of Biostatistics, The University of Texas MD Anderson Cancer Center, Houston, TX

3Depart of Thoracic Medical Oncology, The University of Texas MD Anderson Cancer Center, 
Houston, Texas

4Division of Cancer Medicine, The University of Texas MD Anderson Cancer Center, Houston, TX, 
USA

Abstract

Objectives—Immunotherapy (IO) has altered the non-small cell lung cancer (NSCLC) 

therapeutic landscape. However, the majority of patients do not respond to immune-checkpoint 

blockade, and subsequently either receive further chemotherapy or are referred for clinical trials. 

Here we examined the outcomes and predictors of response to IO in early phase clinical trials.

Materials and Methods—We analyzed the records of 74 patients with metastatic NSCLC that 

were enrolled on phase 1 IO trials within MD Anderson Cancer Center from 1/2010 to 7/2017.

Results—The median age was 68, with a median follow-up of 12.3 months. The median lines of 

prior therapy was three. There were 53 patients who did not receive any IO as a prior line of 

treatment with a mOS of 8.2 months and mPFS of 3.4 months. There were 21 patients who 

progressed on a prior IO agent and subsequently went on an IO study with a mOS of 10.5 months 

and mPFS of 4.3 months, which was similar to patients who did not receive IO HR 0.81 (P=0.51) 

and PFS HR 0.85 (P=0.59). Royal Marsden Hospital (RMH) prognostic score >1 was predictive of 

decreased OS HR 3.59 (P=0.014) although PFS was not statistically different. MDACC prognostic 

score was predictive of both OS HR 3.39 (P= 0.0002) and PFS HR 1.9 (P=0.030). ANC/ALC ratio 

(NLR) of >6 was predictive of decreased survival mOS 3.2 months compared to NLR <6 mOS 11 

months; HR 3.0 (P=0.0023).
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Conclusions—In our heavily pretreated patient population with NSCLC, early phase clinical 

trials with IO demonstrated similar outcomes to those seen in larger clinical studies that also used 

immune checkpoint inhibitors. The addition of NLR to RMH and MDACC prognostic scores can 

identify patients with poor overall outcomes treated with early phase IO studies.
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Introduction

Immunotherapy (IO) has altered the landscape of non-small cell lung cancer (NSCLC) 

therapy. There are multiple immune checkpoint inhibitors approved in the treatment of 

metastatic NSCLC that have moved the goalpost of median survival well beyond the one-

year mark[1–4]. In the first line metastatic setting, pembrolizumab, a programmed cell death 

-1 (PD-1) inhibitor, is approved as a single agent for programmed cell death ligand - 1 (PD-

L1) expression greater than 50% and also approved in combination with chemotherapy 

regardless of PD-L1 expression[4–6]. Pembrolizumab is also approved for the second-line 

treatment of advanced NSCLCs with a PD-L1 expression of at least 1%[7]. Nivolumab 

(PD-1 inhibitor) and atezolizumab (PD-L1 inhibitor) are both approved as second line agents 

in the metastatic setting[1, 2]. Recently, durvalumab (PD-L1 inhibitor) has been approved as 

consolidation following definitive concurrent chemo-radiotherapy for Stage IIIb patients [3].

Unfortunately, only a small subset of patients with metastatic NSCLC achieve a response 

with available immune checkpoint inhibitors. After progression on standard of care IO 

therapies, patients are often considered for clinical trials. One of the major challenges facing 

trial enrollment in these patients are the predictors of response or resistance and the 

determination of prognostic factors. PD-L1 expression is used to predict which patients are 

more likely to respond to the immune checkpoint inhibitor pembrolizumab[4, 6, 7]. This 

immuno-histochemical assay has high variability of expression within different regions of 

the same tumor and is subject to variable interpretation by the pathologist and thus remains a 

suboptimal predictive marker [8–10]. The majority of NSCLC cases do not over-express PD-

L1 and these patients often receive immune checkpoint inhibitors in an unselected manner, 

with response rates at or below 20% [1, 2].

In the phase 1 setting, there are multiple options for NSCLC patients including 

immunotherapies, either as a single agent or as combination therapy. In a recent review of IO 

agents there were over 2000 drugs under investigation with 940 at the clinical stage of 

development [11]. With more patients receiving standard of care IO, clinical predictors of 

response are needed to help assess which patients would optimally benefit from early phase 

IO trials. Both the Royal Marsden Hospital (RMH) scoring system, which includes albumin 

level, lactate dehydrogenase (LDH) level, and number of metastases, and the MD Anderson 

Cancer Center (MDACC) prognostic scoring system, which adds Eastern Cooperative 

Oncology Group (ECOG) performance status (PS) to the variables in the RMH score, have 

been validated to predict survival inpatients enrolled on phase 1 studies [12, 13]. The 

Gustave Roussy Immune Score (GRIm-Score) which includes the neutrophil-to-lymphocyte 
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ratio (NLR), albumin and LDH, has recently been demonstrated to predict outcomes in 

patients who receive IO in the phase 1 setting [14]. However, these scoring systems have not 

been evaluated specifically for patients with NSCLC receiving IO.

Herein, we investigate the predictors of survival in patients with NSCLC who received IO in 

phase 1 clinical trials.

Patients and Methods

We conducted a retrospective review of all patients with NSCLC who were enrolled on 

phase 1 IO trials at MDACC from January 2010 to July of 2017. All clinical trials were 

approved individually by the institutional review board at UT MD Anderson Cancer Center, 

which also provided the waiver for this retrospective chart review. Clinical trials using 

immune checkpoint inhibitors, immune activating cytokines, and immunomodulators were 

included in analysis. Baseline characteristics at study entrance were: age, histology, ECOG-

PS, mutational status, number of prior systemic therapies, sites of metastases, hemoglobin 

level (g/dL), white blood cell count (k/uL), absolute neutrophil count (k/uL), absolute 

lymphocyte count (k/uL), platelet count (k/uL), albumin level (g/dL), and LDH level (U/L). 

Baseline characteristics were presented using percentages for categorical variables and 

medians with ranges for continuous variables.

The calculation of the RMH score used 3 variables: LDH level (> upper limit of normal 

[ULN; +1]), albumin level (< 3.5 g/dL [+1]), and number of metastatic sites of disease, ( > 2 

[+1]). The calculation of the MDACC score used 4 variables: the 3 RMH variables plus 

ECOG performance status (≥1 [+1]). The MDACC score + NLR used the additional variable 

of NLR (>6 [+1]). The GRIm-Score was calculated using LDH level (> upper limit of 

normal [ULN; +1]), albumin level (< 3.5 g/dL [+1]), and the NLR (>6 [+1]).

Progression-free survival (PFS) was measured from the time of clinical trial enrollment until 

disease progression defined by imaging using RECIST or death from any cause. Overall 

survival (OS) was measured from the time of clinical trial enrollment until death from any 

cause. Median OS (mOS) and median PFS (mPFS) were estimated using the Kaplan-Meier 

method. Patients were censored at the time of their last follow-up. Univariate Cox 

proportional hazard analysis was used to compare OS among subgroups of patients. 

Univariate and multivariate Cox proportional hazards models were fit to assess associations 

among patient characteristics and clinical outcomes. Cox proportional hazards analysis was 

used to validate the RMH, MDACC, and GRIm-Score prognostic scores using our data set. 

We examined the predictive ability of prognostic factors for survival with the Harrell c-

statistic; a higher c-statistic indicates greater predictive ability[15]. All statistical tests were 

2-sided. In order to minimize the Type I error rate, P values < 0. 01 were considered 

statistically significant. Statistical analyses were conducted with TIBCO Spotfire S-Plus 

version 8.2 for Windows.

Results

There were 74 patients (36 [49%] male and 38 [51%] female) with NSCLC who received IO 

on a phase 1 study at MD Anderson Cancer Center with a median follow-up of 12.3 months. 
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The median age was 68 years with a median of three prior lines of therapy, (range 1–6). The 

majority of patients had non-squamous histology (84%). There were nine patients with 

EGFR mutations and one patient with a ROS1 mutation. Twenty-one patients (28%) had 

received a prior form of IO prior to enrolling in our phase 1 studies, which were all immune 

checkpoint inhibitors (Table 1).

Phase 1 Studies

Fifty-three (72%) patients received an immune checkpoint inhibitor alone or in combination 

with another agent and 21 (28%) patients received a form of cytokine based therapy. There 

were 25 (34%) patients who received a Cytotoxic T-Lymphocyte Associated Protein 

4(CTLA4) inhibitor, all of which was given in combination with radiation or another agent. 

Twenty-four (32%) patients received a PD-1 or PD-L1 inhibitor alone or in combination 

with another agent (Table 2). There were three patients who received anti 4 -1bb and one 

patient who received an arginase inhibitor.

Clinical Outcomes

The mPFS for all patients was 3.4 months, (95% confidence interval (CI): 2.8–4.1), and a 

mOS of 9.5 months, (95% CI: 7.1–14.6). Three (4%) patients achieved a partial response,38 

(51%) had stable disease, and 33 (45%) had progressive disease as best response. At the 

time of analysis, there was one patient who maintained an ongoing response while on 

therapy for 31 months. The mPFS of patients who received prior IO was 4.3 months 

compared to 3.4 months for patients who received no prior IO( HR 0.85, 95% CI: 0.48–1.52, 

P= 0.59 ). The mOS for the prior IO group was 10.5 months compared to 8.2 months with 

no prior IO (HR 0.81, 95% CI: 0.42–1.54, P= 0.51 ). There was one patient who progressed 

on nivolumab after 2 months and subsequently received CTLA-4 inhibitor in combination 

with radiation who at time of follow-up (11.4 months ) maintained a partial response. Of the 

nine patients with EGFR mutations, the mPFS was 2.7 months (95% CI: (1.7,-not reached) 

and mOS was 10.1 months (95% CI: 6.1 -not reached), with three patients achieving a best 

response of stable disease.

Predictors of survival

Of the numeric markers, NLR, LDH and Albumin were found to be predictive of OS, with c-

index estimates for OS: NLR 0.61, (95% CI: 0.44–0.77), LDH 0.66 (95% CI: 0.49–0.83), 

and Albumin 0.62 (95% CI: 0.43–0.80). Only Albumin was predictive of PFS with c-index 

estimate being 0.64 (95% CI: 0.50–0.79). Patients with an NLR of > 6 (15 patients) had a 

mOS of 3.2 months, while an NLR <=6 (59 patients) had a mOS of 11 months (HR 3.0, 95% 

CI: 1.6–5.8, P = 0.0023). A lower cutoff of NLR <=4 did not predict survival (HR 1.3, 95% 

CI: 0.7–2.2, P = 0.36). The presence of soft tissue visceral metastasis was predictive of mOS 

(HR 2.3, 95% CI: 1.3–4.1, P = 0.0045) with a trend toward predicting PFS (HR 1.7, 95% CI: 

1.0–2.0, P= 0.040). Histology, mutational status, brain metastasis, bone metastasis, liver 

metastasis, and gender were not predictive variables.
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Comparison of prognostic scores

We compared the RMH, GRIm, MDACC, and the MDACC + NLR prognostic scoring 

systems with respect to survival for 73 patients, with one patient excluded from analysis due 

to lack of LDH prior to initiation of study drug (Table 3). Sixty-seven patients had a RMH 

score of 0–1 with a mOS of 10.5 months as compared to 3.7 months for the six patients with 

a RMH score of 2–3 (HR 3.59, 95% CI: 1.49–8.66, P = 0.014) (Figure 1). The MDACC 

prognostic score of 0–1 (51 patients) had a mOS of 11.9 months compared to 3.3 months for 

22 patients with a score of 2–4 (HR 3.39, 95% CI: 1.83, 6.29 P = 0.0002) (Figure 1). A 

higher MDACC prognostic score of 2–4 demonstrated a trend toward predicting mPFS, (HR 

1.90, 95% CI: 1.09–3.31, P = 0.030). The addition of the NLR (>6 [+1]) as a variable to the 

MDACC score demonstrated equal predictive value with respect to survival with a score of 

0–1 (45 patients) mOS 11.9 months compared to >1 mOS of 4.5 months (HR 2.8, 95% CI: 

1.6, 5.1, P = 0.0006) (Figure 2). GRIm-Score of 0–1 (8 patients) as compared to 2–3 (66 

patients) did not reach statistical significant in predicting mOS (HR 2.1, 95% CI: 1.0–4.8, P 

=0.092).

Discussion

Treatment options for NSCLC continue to evolve with increasing availability of IO agents. 

Nearly all patients with advanced NSCLC are now eligible for US FDA approved PD-1 or 

PD-L1 inhibitors in the metastatic setting unless they have an auto-immune disease. A 

subset of our patient population received IO prior to enrolling in a phase 1 IO trial. Our 

analysis suggests outcomes of patients receiving prior IO were similar to those who had not 

received prior IO. The prior IO agents received were PD-1 inhibitors. When enrolled on 

phase 1 studies, these patients subsequently received an immune checkpoint inhibitor 

combination, a different immune checkpoint i.e. CTLA-4, 4-1BB or cytokine based 

therapies. This suggests that patients who fail a PD-1 inhibitor should still be considered for 

a subsequent IO agent on a phase 1 study with a focus on a different pathway or a 

combination strategy.

In other tumor subtypes such as melanoma and renal cell carcinoma, the NLR is predictive 

of response to immune checkpoint inhibitors. The actual ratio analyzed in other tumor types 

have varied from NLR of 4–6, but all demonstrating an elevated NLR correlates with 

decreased survival [16–20]. Multiple recent studies with NSCLC patients demonstrate that 

elevated NLR is predictive of decreased survival and response to PD-1 inhibitors, 

specifically nivolumab [21, 22]. Similarly, our data suggests that the NLR >6 is a strong 

predictor of poor survival in patients with NSCLC being treated with a variety of IO agents 

on phase 1 studies.

A recent publication analyzed the predictive value of neutrophils/(leukocytes minus 

neutrophils) ratio (dNLR) and LDH in patients with metastatic NSCLC [23]. In their 

analysis, elevated LDH and elevated dNLR had poor outcomes when treated with 

immunotherapy. However, elevated LDH and dNLR was not prognostic of OS or PFS when 

patients were treated with chemotherapy. When considering clinical trial options, the NLR 

could help delineate whether to enroll patients on a chemotherapy or immunotherapy based 

approach.
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The therapeutic targets for our IO studies typically involve the lymphocyte and its 

interaction with the tumor. Lymphopenia, however, has been demonstrate to not be an 

independent predictor or response to immunotherapy in the phase 1 setting [24]. The role of 

the neutrophil and its interaction with the T-cell and tumor microenvironment continues to 

be investigated. Specific neutrophil phenotypes and granulocytic myeloid-derived suppressor 

cells, which are thought to be derived from neutrophils, can suppress the effects of the T-cell 

[25–27]. Further insight is needed to develop therapies to inhibit these immunosuppressive 

effects.

The RMH and MDACC prognostic scores have been predictive of survival in other tumor 

types in the phase 1 setting. Our report is the first known analysis to specifically evaluate 

survival of NSCLC patients receiving IO in phase 1 clinical trials. While both scores were 

predictive of survival, the MDACC scoring system with the addition of NLR added more 

patients to the poor risk group while maintaining equal predictive value. There were only six 

patients (8%) with a high RMH score as compared to 28 patients (38%) with a high 

MDACC score + NLR. This suggests that MDACC score + NLR identified more NSCLC 

patients with a poor prognosis. In our analysis, the GRIm-score was not predictive of 

survival as there were too few patients that were high risk (11%) in our study as compared to 

26% that were high risk in the initial study[14]. This could be secondary to our analysis 

specifically looking at NSCLC while the GRIm-score was validated for all tumor types [14].

As with any retrospective study, limitations exist that include referral bias, single institution 

data, and lack of standardized biomarkers. Unfortunately, PD-L1 status was not determined 

in the majority of these patients. Many of these patients were enrolled on study prior to the 

US FDA approval of PD-L1 testing as a predictive biomarker. Further studies are needed to 

evaluate the combined predicative value of PD-L1 expression with the MDACC scoring 

system and NLR.

Conclusions

Our data suggest that patients who progressed on standard of care IO agents for metastatic 

NSCLC should still be considered for early phase IO trials with non-overlapping agents. The 

MDACC prognostic score in conjunction with baseline NLR are predictors of survival in 

patients enrolled on phase 1 IO studies.
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HR hazard ratio

IO Immunotherapy

MDACC MD Anderson Cancer Center, NSCLC, non-small cell lung cancer

OS overall survival

PD-1 programmed cell death protein-1

PD-L1 programmed death-ligand 1

PFS progression-free survival

PR Partial response

PS performance status

RMH Royal Marsden Hospital

RECIST Response Evaluation Criteria in Solid Tumors

SD Stable disease
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Highlights

• Phase 1 IO studies should be considered after prior PD-1/PD-L1 exposure

• MDACC score outperformed RMH score in identifying poor risk patients

• NLR is an independent predictor of outcomes

• MDACC + NLR can be used to predict outcomes for phase 1 IO studies
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Figure 1. 
Left: Overall survival based on RMH score. RMH > 1 OS HR 3.59 (1.49, 8.66) P= 0.014, 

Right: Overall survival based on MDACC score. OS Hazard Ratio for MDACC > 1 = 3.39 

(1.83, 6.29) P = 0.0002.
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Figure 2. 
Overall survival based on MDACC score + NLR > 6, OS: HR = 2.8 (1.6, 5.1) P = 0.0006.
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Table 1

Patient characteristics of patients with NSCLC enrolled in Immunotherapy trials.

Characteristic No. of Patients (%)

Age, median 68 years

Male 36 (49)

Female 38 (51)

Histology

Non-squamous 62 (84)

Squamous 12 (16)

ECOG PS

0 12 (16)

1 58 (78)

2 4 (5)

Prior Lines of Therapy

Median 3

Range 1–6

Prior Immunotherapy

Nivolumab 17 (23)

Pembrolizumab 3 (4)

Durvalumab 1 (1)

Metastatic Sites

>/=2 32 (43)

</=2 42 (57)

Mutation

EGFR 9 (12)

ROS1 1 (1)

NLR

<=6 59

>6 15
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Table 2

Immunotherapy agents used in phase 1 clinical trials.

Therapy No of Patients

CTLA4 Combination 25

Cytokines 21

PD1/PD-L1 Combination 20

PD1/PD-L1 Single Agent 4

Anti-41-bb 3

Arginase Inhibitor 1
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Table 3

Comparison of predictive scores: RMH, GRIm, MDACC, MDACC + NLR. Low risk score were 0–1 and high 

risk >1.

Prognostic Scoring System No of patient (%) mOS (Months) HR (95% CI) P Value

RMH

 Low risk 67 (92%) 10.5 3.59 (1.49–8.66) P = 0.014

 High risk 6 (8%) 3.7

GRIm

 Low risk 65 (89%) 10.3 2.1 (1.0–4.8) P =0.092

 High risk 8 (11%) 2.6

MDACC

 Low risk 51 (70%) 11.9 3.39 (1.83–6.29) P = 0.0002

 High risk 22 (30%) 3.3

MDACC + NLR

 Low risk 45 (62%) 11.9 2.8 (1.6–5.1) P = 0.0006

 High risk 28 (48%) 4.5
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