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Abstract
Background

Prognostic assessment in advanced non-small cell lung cancer (NSCLC) relies on static measures of
metastatic burden and ECOG performance status. Functional decline is assumed to be correlated with
disease progression, implying these trajectories may be partly redundant. Whether they provide
independent prognostic information has not been tested at scale.

Methods

Using the MSK-CHORD real-world dataset, which integrates longitudinal tumor burden and ECOG status,
we identified 1,486 stage IV NSCLC patients with both trajectories at a pre-specified 6-month landmark.
Trajectory worsening was tested for statistical independence (chi-square, equivalence testing). Additive
prognostic value was assessed using cross-validated Cox models. Four concordance-based risk groups
were compared by Kaplan-Meier and adjusted Cox analyses.

Results

Burden and ECOG trajectory worsening were statistically independent (phi=-0.033; TOST P = 0.005;
BF,,=17.3), with 47.2% discordant. Each trajectory contributed independent prognostic information (AC
= 0.02; combined AC =+ 0.054). Concordance defined four groups with median post-landmark survival
from 16.2 months (both worsened; adjusted HR 2.16, P < 0.001) to 32.0 months (both stable).
Independence held across landmarks and clinical subgroups.

Conclusions

Burden and functional trajectories capture distinct disease dimensions; their discordance might
distinguishe reversible functional decline from concordant progression, informing treatment versus
supportive-care decisions.

Introduction

Stage IV non-small cell lung cancer (NSCLC) accounts for the majority of lung cancer diagnoses and
carries a five-year survival below 10% despite meaningful advances in targeted therapy and immune
checkpoint inhibition."? Prognostic assessment in this setting continues to rely on variables measured
at a single timepoint, applying a static framework to a disease defined by continuous biological and

clinical evolution.3*
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Two measures anchor prognostic thinking in advanced NSCLC: ECOG performance status and
metastatic burden. An ECOG score of two or above is a widely recognized threshold that restricts
therapeutic options and independently predicts inferior survival across treatment modalities, including in
the era of immune checkpoint inhibition.*”” In parallel, three decades of work on the oligometastatic
paradigm have established disease burden and distribution as an independent prognostic axis, with
patients carrying limited metastatic involvement benefiting from aggressive local consolidative
strategies in randomized trials.®~1% Both constructs, however, are operationalized as static snapshots
and provide no information about how the tumor or the patient is changing over time.

Embedded in current practice is an untested causal assumption: that functional decline in advanced
cancer is principally a downstream consequence of tumor progression, such that ECOG trajectory might
be redundant with burden trajectory.’” Under this redundancy, the chain burden T — ECOG | — death
implies that monitoring either dimension alone would suffice. If false, the two trajectories might reflect
distinct axes, tumor kinetics on one hand and host fithess on the other. The latter integrates treatment
toxicity, comorbidity burden, and physiological reserve alongside any tumor-related decline. Their
concordance or discordance would then define phenotypically distinct patient groups requiring different
clinical responses. This question has not been tested at scale, and its resolution has direct
consequences for how serial assessments are collected, how prognostic models are built, and how

treatment versus supportive care decisions are made.'%13

We used real-world dataset to test directly whether metastatic burden trajectory and ECOG performance
status trajectory are independent or redundant prognostic dimensions in stage IV NSCLC. We
hypothesized that these trajectories capture largely non-overlapping dimensions of disease evolution
and that their concordance or discordance defines clinically distinct phenotypes with differential
implications for treatment adaptation and supportive care.

Methods
Data Source and Study Population

This study used data from the MSK-CHORD dataset, a comprehensive real-world oncology data resource
from Memorial Sloan Kettering Cancer Center 1%, MSK-CHORD integrates genomic profiling (MSK-
IMPACT), NLP-derived clinical phenotypes from electronic health records, and structured clinical data
across more than 25,000 patients with cancer. We identifled NSCLC patients using ONCOTREE codes
(LUAD, LUSC, NSCLC, LUNE, LUNG, LUAS, LUMEC, LUACC, LUPC, LECLC). The metastatic burden analysis
was restricted to Stage IV patients (N = 3,133 with > 2 tumor site assessments and complete survival
data) (Fig. 1a). The ECOG analysis included all NSCLC patients with >2 ECOG assessments (N = 5,438).
The combined analysis included the 1,486 patients present in 6-month landmark cohorts.

NLP-Derived Clinical Phenotypes
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Metastatic burden: NLP algorithms extracted tumor site information from radiology reports at each
imaging timepoint, identifying involvement across anatomical sites (lung, liver, bone, CNS/brain, lymph
nodes, adrenal, pleura, and others). Metastatic burden was defined as the count of distinct tumor sites.

Oligometastatic was defined as < 3 sites and polymetastatic as = 4 sites 8%1®. ECOG performance

status: ECOG scores were extracted from clinical notes. 1417,

Landmark Analysis Framework and Trajectory Feature Definitions

To prevent immortal time bias, we implemented a landmark analysis framework at 3, 6, and 12 months
from the first clinical assessment (Fig. 1b). The 6-month landmark was pre-specified as the primary
analysis. At each landmark: (1) patients must have > 2 assessments before the landmark and be alive at
the landmark; (2) trajectory features were computed using only pre-landmark data; (3) overall survival
was measured from the landmark forward.

Within this framework, we defined two categories of trajectory features computed up to the landmark:

Burden trajectory features: baseline burden (first assessment), burden change (most recent - baseline),
burden slope (linear regression of site count over time), any increase (binary), oligo-to-poly transition
(binary), trajectory classification (Decreasing, Stable, Variable, Increasing).

ECOG trajectory features: baseline ECOG, ECOG slope (linear regression, capped at [- 1, 1]
points/month), maximum ECOG, had deterioration (any increase above baseline), reached ECOG = 2
(among baseline 0—1), trajectory classification (Stable, Declining, Improving, Variable).

Statistical Analysis

Independence testing. The primary independence test was a chi-square test of the 2 x 2 contingency
table. We report the phi coefficient with Fisher z-transform 95% confidence intervals. Because a non-
significant chi-square test does not establish equivalence, we additionally performed two one-sided tests
(TOST) equivalence procedure 18 with an equivalence margin of lp| < 0.10, which represents the
conventional threshold for a negligible effect size. The standard error of phi was estimated as 1/V(N -
3). We also computed a Bayes factor (BF,,) using the BIC approximation (BF,, = exp [0.5 x (In N - x?)]),
where BF,, > 1 favors independence. We additionally computed Spearman and Kendall rank correlations
between continuous trajectory slopes. Independence was assessed at each landmark and within clinical
subgroups.

Survival analysis. Kaplan-Meier estimates with log-rank tests were used for survival comparisons. Cox
proportional hazards models with L2 regularization (penalizer = 0.01) were used for multivariable
analysis. A modest L2 penalty (A = 0.01) was applied to stabilize coefficient estimates in models with up
to 14 covariates relative to the effective sample size; results were insensitive to the penalty value across
A € [0.001, 0.1]. Multivariable models adjusted for age, sex, smoking status, and key driver mutations
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(EGFR, KRAS, TP53, STK11, KEAP1). Pairwise log-rank tests and Cox HRs with 95% Cls were computed
for all six group pairs.

Model discrimination. As a sensitivity analysis, models were additionally adjusted for first-line treatment
class (chemo-immunotherapy, targeted therapy, chemotherapy, immunotherapy, other). Concordance
indices were computed via 10-fold stratified cross-validation, repeated 3 times (30 total folds).
Progressive models were built on the combined cohort: (1) demographics only, (2) + baseline ECOG and
burden, (3) + trajectory features only (no baselines), (4) + baseline + trajectory. The symmetric AC
increments (ECOG added over burden, and vice versa) tested additive independence. The statistical
significance of AC between nested models was assessed using 1,000 bootstrap resamples (percentile
95% Cl; one-sided P = proportion of resamples with AC < 0) and likelihood ratio tests (LRT) on
unpenalized Cox models.

Risk group characterization. Patients were classified into four groups based on concordant vs.
discordant trajectory worsening. Hazard ratios for each group versus both-stable (reference) were
computed both unadjusted and adjusted for baseline ECOG, baseline burden, age, sex, and smoking
status, to control for confounding by baseline clinical characteristics. Pairwise log-rank P-values were
corrected for multiple testing using the Holm-Bonferroni method (6 comparisons). Group differences in
demographics, mutations, and treatment patterns were tested using chi-square tests (categorical) and
ANOVA (continuous). ECOG recovery was assessed by comparing post-landmark ECOG scores to pre-
landmark maximum.

All analyses were performed in Python (v3.12) using lifelines (v0.30) for survival analysis, scikit-learn
(v1.7) for cross-validation, and SciPy (v1.15) for statistical tests.

Results

Study Population

The study population was drawn from MSK-CHORD NSCLC patients (Fig. 1a). The metastatic burden
cohort comprised 3,133 Stage IV NSCLC patients with longitudinal NLP-derived tumor site data (median
9 imaging timepoints per patient, IQR 5-15). The ECOG trajectory cohort comprised 5,438 NSCLC
patients with longitudinal ECOG assessments (mean 7.9 assessments per patient). At the 6-month
landmark, 2,387 patients were evaluable in the burden cohort and 3,026 in the ECOG cohort. The
combined analysis included 1,486 patients with both burden and ECOG trajectory data at the 6-month
landmark (Fig. 1a-b). The median age of the population was 68.0 years (IQR, 60.0-75.0), with a
predominance of female patients (60.0%) and adenocarcinoma histology (83.5%) (Table 1). The cohort
included a high prevalence of EGFR (33.5%) and KRAS (23.3%) mutations. At baseline, most patients
presented with favorable functional status (94.0% ECOG 0-1), oligometastatic disease burden (78.5%;
median 2 sites) and first-line treatment patterns reflected contemporary practice, consisting primarily of
chemo-immunotherapy (36.4%) or targeted therapy (33.2%).
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Table 1. Baseline Patient Characteristics by Trajectory Risk Group
6-Month Landmark, N = 1,486

Characteristic ”E:f[:ﬁl::, B?:L?;':.-Jlu Eu,?ﬁ::s?lnly Efﬁﬁﬂ:l"
Demographics
Age, madian (IQR) 68.0 (60.0-75.0) 0.090 6A.0 (60.0-T4.0) 68.0 (60.0-T5.0) 9.0 (62 0-76.0) 67.0 (60.0-74.0)
Female sex, n (%) 892 (50.0) 0.533 81 (60.3) 27T (80.6) 155 (63.5) 360 (58.2)
Never smoker, n (%) 532 (35.8) 0.028 65 (43.0) 176 (38.5) 73 (20.9) 218 (34.4)
Histology
Adenocarcinoma, n (%) 1241 (B3.5) 0804 128 (84.8) 389 (85.1) 201 (B2.4) 523 (82.5)
Squamous cell, n (%) 106 (7.1) — 1 (7.3) 281(6.3) 20 (8.2) 46 (7.3)
NSCLC NOS, n (%) 102 (6.9) r 9 (6.0) 28 (6.1) 13(5.3) 52 (8.2)
Other, n (%) T (2.5) — 3(2.0) 11 (2.4) 10 (4.1) 13(2.1)
Baseline Clinical Features
Basaling ECOG, median (IQR) 1(0-1) 0,001 1(1=1) 1(1=1) 0 (D-0) 0 (0-0)
ECOG 0, n (%) 686 (46.2) — 0{0.0) 0 (0.0) 206G (B84.4) 480 (75.T)
ECOG 1, n (%) 710 (47 .8) 135 (B9.4) 395 (86.4) 36 (14.8) 144 (22.7)
ECOG 22, n (%) 90 (6.1) - 16 (10.6) 62 (13.6) 2(0.8) 10{1.6)
Baseline metastatic siles, median (MIR) 2(1-3) <0,001 3 (2-4) 2(1-3) 2(2-3) 2(1-3)
Oligometasiatic at basaline, n (%) 1167 (T8.5) <0.001 100 (66.2) 365 (79.9) 207 (B4.8) 495 (T8.1)
Imaging assesaments to landmark, median (IQR) 5 (4-6) 0,001 3 (3-4) 5 (4-6) 3(3-4) 5 (4-6)
Genomic Alterations
EGFR mutation, n (%) 498 (33.5) 0.452 58 (38.4) 156 (34.6) 79 (32.4) 203 (32.0)
KRAS mutation, n (%) HE (23.3) 0.268 26 (17.2) 104 (22.8) 60 (24.6) 156 (24.6)
TP53 mutation, n (%) 852 (57.3) 0281 Tis.m 274 (60.0) 138 (56.6) 363 (57.3)
STK11 mutation, n (%) 149 (10.0) 0.588 13 (8.6) 44 (8.6) 21 (8.6) T (11.2)
KEAP1 mutation, n (%) 158 (10.6) o110 8(5.3) 46 (10.1) 29 (11.9) 75(11.8)
ALK fusion, n (%) 62 (4.2) 0261 10 (6.6) 22(4.8) B({3.3) 22(35)
ROS1 fusion, n (%) 29 (2.0) 0.986 3(2.0) 8(1.8) S(2.0) 13(21)
RET fusion, n (%) 35(24) 0.123 4 (2.6) 15(3.3) 1(0.4) 15(2.4)
BRAF mulation, n (%) 0o 4.7) 0830 Ti4a.6) 18(3.9) 15(6.1) 30 (4.7)
Treatment (any line)
Racaived immunotherapy, m (%) TIT (49.6) 0.039 G2 (41.1) 31 (50.5) 111 (45.5) 333 (52.5)
Received targeted therapy, n (%) 542 (36.5) 0248 58 (38.4) 182 (39.8) B5 (34.8) 21T (34.2)
Racaived chemotherapy, n (%) 84T (57.0) 0607 84 (55.8) 250 (54.T) 142 (58.2) aAT1 (58.5)
First-line Treatment
Chemo-10, n (%) 541 (36.4) =0,001 44 (291) 167 (36.5) BB (27 9) 262 (41.3)
Targeted, n (%) 494 (33.2) 53 (35.1) 169 (37.0) 73(299) 198 (31.4)
Chema, n (%) 241 (16.2) — 32 (21.2) 57 (12.5) G0 (24.6) B2 (14.5)
ICL n (%) 20 (8.1) — 6i4.0) 33{T.2) 12(4.9) 39 (6.2)
Other, (%) 98 (6.6) — 14 (8.3) 28(6.3) 23 (9.4) 32 (5.0)
Outcomes (from G-month landmark)
Median OS, months (99% CI) 21.5(19.9-234) J2.0 (25.7-37.6) 21.2(18.3-23.7) 38.0(29.0-45.0) 16.2 (14.2-18.8)
Deaths, n (%) 958 (64.5) - 90 (58.6) 296 (64.8) 135(55.3) 43T (68.9)
Camiinpous vavisbdas: medion (TR, Knuakel- Walis jesd. Codegorical vanables: n (), chi-square lesd OF: Kaplan-Mever median (85% Cl). Signiicant P-values (< 0.05) in bold red

Statistical Independence of Burden and Functional Trajectories

To determine whether functional decline is a downstream consequence of tumor progression, we tested
the statistical independence of burden and ECOG trajectories in the combined cohort (N = 1,486).
Observed cell counts for burden and ECOG worsening closely matched those expected under
independence (Fig. 2a). The chi-square test was non-significant (x2 = 1.61, df = 1, P = 0.20), and the phi
(o) coefficient was - 0.033 (95% Cl - 0.084 to 0.018), indicating negligible correlation well below
conventional thresholds for even weak association (J¢| < 0.1). Because a non-significant chi-square test
does not prove independence, we performed a two one-sided tests (TOST) equivalence procedure, which
confirmed that the association is bounded within a negligible range (P = 0.005 for equivalence margin ||

Page 7/18



< 0.10). A Bayes factor analysis using the BIC approximation yielded BF,, = 17.3, providing strong
evidence in favor of independence over association '°. This lack of association resulted in high
discordance: nearly half (47.2%) of patients had discordant trajectories, where 457 (30.8%) had burden
worsening without ECOG decline, and 244 (16.4%) had ECOG worsening without burden increase

(Fig. 2a). Continuous trajectory measures were consistent with independence, showing near-zero
correlation between burden slope and ECOG slope (p = 0.008, P =0.75) (Fig. 2b).

Prognostic Value of Individual and Combined Trajectories

Consistent with their statistical independence, each trajectory proved to be an independent prognostic
factor. Among 2,387 Stage IV patients at the 6-month landmark, burden trajectory features improved
cross-validated discrimination beyond static baseline measures (AC =+ 0.033) (Supplementary Figure
S1). Oligo-to-polymetastatic transition by 6 months identified a high-risk subgroup (median post-
landmark OS 15.2 vs. 29.5 months, log-rank P < 0.001) (Fig. 3a). Any burden increase was independently
prognostic (HR 1.43,95% Cl 1.26-1.62, P = 1.5 x 10~ 8). Similarly, in the ECOG cohort (N = 3,026),
trajectory features improved discrimination beyond static baseline (AC = + 0.032) (Supplementary Figure
S2). ECOG slope was an independent predictor (HR 1.36,95% Cl 1.18-1.57, P =2.3 x 10”°) and patients
reaching ECOG =2 (N = 428; 15.0% of 2,860 with baseline 0—1) had markedly worse outcomes (median
14.4 vs. 36.5 months, P = 2.3 x 10™ 2>, Fig. 3b).

To quantify the additive prognostic utility of these independent trajectories, we constructed progressive
Cox models in the combined cohort (Fig. 4a). Adding ECOG trajectory to the burden-augmented model
improved discrimination by AC =+ 0.022 (bootstrap 95% CI 0.011-0.035) and adding burden trajectory
to the ECOG-augmented model improved discrimination by AC =+ 0.021 (bootstrap 95% CI 0.010-
0.033). These symmetric, nearly equal increments demonstrate that each trajectory captures prognostic
information not contained in the other. Consequently, the combined AC of + 0.054 is approximately the
sum of the individual contributions. Furthermore, a model with trajectory features alone (without
baseline ECOG or burden) substantially outperformed the baseline-only model AC =+ 0.048, bootstrap
95% C1 0.025-0.064, P < 0.001), demonstrating that the dynamic information in trajectories is not merely
a recapitulation of baseline status (Fig. 4b). In the combined Cox model, the strongest trajectory
predictors were any burden increase (HR 1.43), oligo-to-poly transition (HR 1.38), and ECOG slope (HR
1.36), all of which remained significant after mutual adjustment (Supplementary Table S1).

Trajectory Discordance Defines Distinct Clinical
Phenotypes

Based on trajectory discordance, patients were classified into four distinct risk groups (Fig. 5a-b). After
adjustment for baseline characteristics (ECOG, burden, age, sex, smoking), a clear risk hierarchy
emerged: Both Stable (reference), ECOG Worsened Only (adjusted HR 1.25,95% CI1 0.95-1.65, P = 0.12),
Burden Worsened Only (adjusted HR 1.32,95% CI 1.06-1.66, P = 0.014), and Both Worsened (adjusted
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HR 2.16,95% Cl 1.71-2.74, P <0.001) (Fig. 5a-b). Isolated ECOG worsening had unadjusted HR 0.84.
This was driven by a baseline imbalance, resolved after adjustment for baseline ECOG (adjusted HR 1.25,
95% Cl 0.95-1.65). Despite this adjustment, among 184 patients with post-landmark ECOG
assessments, 157 (85.3%) showed subsequent ECOG recovery (Table 2). This group also had the highest
rate of chemotherapy receipt (24.6%), consistent with the hypothesis that ECOG worsening in this group
might reflect transient, reversible causes such as treatment toxicity rather than irreversible disease
progression. In contrast, concordant worsening (Both Worsened) identified the highest-risk patients, with
a median survival of 16.2 months.

Risk group characterization further supported these distinctions. While age differed modestly across
groups (F =2.71, P = 0.044), driver mutation frequencies did not differ significantly (P >0.10), indicating
that these phenotypes are not confounded by genomic subtype (Supplementary Fig. S3a). Baseline
burden was significantly higher in the Both Stable group (mean 2.9 sites, P < 0.001), reflecting the finding
that patients with higher starting burden who remain stable have favorable outcomes (Supplementary
Fig. S3b). Finally, baseline ECOG showed the strongest inter-group difference (F = 506.8, P <0.001),
confirming that trajectory discordance is largely driven by baseline status: ECOG-worsened groups began
with near-normal function (means 0.16—-0.26), whereas stable groups had established impairment
(means 1.11-1.17).

Table 2

ECOG-Only Group Characterization (N = 244)
Characteristic Value
Baseline ECOG 0 206 (84.4%)
Baseline ECOG 1 36 (14.8%)
Baseline ECOG 2 2 (0.8%)
Current ECOG at landmark: 0 78 (32.0%)
Current ECOG at landmark: 1 143 (58.6%)
Current ECOG at landmark: >2 23 (9.4%)
ECOG recovery post-landmark* 157/184 (85.3%)
Treatment pattern: chemotherapy 60 (24.6%)
Treatment pattern: targeted 73 (29.9%)

*Among those with post-landmark ECOG assessments, percentage whose ECOG improved below their
pre-landmark maximum.

Sensitivity Analyses
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Findings were robust across landmark times, clinical subgroups, and definitions. The independence of
burden and ECOG trajectories was consistent at 3-, 6-, and 12-month landmarks (¢ = -0.025, - 0.033, and
- 0.022 respectively; all || < 0.035, TOST P < 0.01), with the combined prognostic value (AC) increasing
with longer observation windows (Supplementary Figure S4a). Subgroup analyses confirmed
independence across genomic and treatment subgroups: EGFR-mutant (¢ = -0.013, P =0.77, N = 498),
KRAS-mutant (¢ = -0.087, P =0.11, N = 346), EGFR/KRAS wild-type (¢ = -0.024, P =0.54, N = 652), first-
line ICI (p = -0.101, P = 0.34, N = 90), first-line targeted therapy (¢ = -0.034, P = 0.45, N = 494), and first-
line chemotherapy (¢ = -0.035, P =0.59, N = 241), with discordance rates remaining approximately 47-
50% and |¢| remained below 0.10 in all groups (Supplementary Figure S4b). Finally, the high base rate of
burden worsening (73.4% using any-increase threshold) raised the possibility that the definition was
overly sensitive. Independence held with stricter thresholds: oligo-to-polymetastatic transition only (¢ =
-0.038, P =0.14, 55.9% discordant) and burden change = 2 sites (¢ = +0.026, P = 0.32, 55.7% discordant).
Using the stricter definition of ECOG worsening as reaching ECOG = 2 (rather than any deterioration), 340
patients (22.9%) met the threshold. With this definition, a weak positive association emerged (¢ =
+0.085, P =0.001), consistent with the expectation that clinically significant functional decline is more
likely to co-occur with disease progression than minor ECOG fluctuation. The four-group HRs with this
stricter definition were: burden-only 1.53 (P <0.001), ECOG = 2-only 1.62 (P = 0.004), and both-worsened
2.62 (P < 0.001), demonstrating approximate additivity (Supplementary Figure S4c). This pattern
suggests a dose-response relationship: minor ECOG fluctuations (0—1) are independent of burden
trajectory, while clinically significant functional decline (reaching ECOG = 2) shows a modest positive
association. To assess whether treatment during the pre-landmark period confounded the trajectory-
outcome relationship, we additionally adjusted for first-line treatment class (chemo-immunotherapy
[reference, N = 541], targeted therapy, chemotherapy, immunotherapy, other). Cross-validated AC for
trajectories over baseline + treatment was + 0.047, comparable to the + 0.054 without treatment
adjustment, confirming that the prognostic value is not confounded by treatment selection
(Supplementary Figure S4d).

Discussion

This study addresses a fundamental question in NSCLC prognostication: is performance status decline
simply a downstream consequence of disease progression, or does it capture an independent dimension
of clinical deterioration? We provide three lines of evidence that burden trajectory and ECOG trajectory
are largely independent prognostic dimensions in stage IV NSCLC.

First, the two trajectories are statistically independent. The phi coefficient between burden worsening
and ECOG worsening was near zero, and a TOST equivalence test confirmed that the association is
bounded within a negligible range. The correlation between continuous trajectory slopes was also near
zero. Nearly half (47.2%) of patients had discordant trajectories. If ECOG decline (deterioration of
performance status) were principally caused by metastatic spread, we would expect a strong positive
association and rare discordance.
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Second, the two trajectories are additively prognostic. Each adds c-index delta after the other, and the
combined improvement is approximately the sum of individual contributions. This additivity is the
hallmark of independent predictors 2°. If the two trajectories measured the same construct, adding the
second after the first would provide negligible incremental value. Notably, a model with trajectory
features alone (without baseline ECOG or burden) outperformed the static baseline model,
demonstrating that the dynamic information in trajectories captures prognostic signal.

Third, discordant trajectories reveal distinct clinical phenotypes. The four-group risk stratification reveals
a clear hierarchy after baseline adjustment. The apparent of ECOG-only worsening having better
unadjusted survival than both-stable was explained by a floor effect: this group’s low baseline ECOG
(84.4% at ECOG 0) meant they were inherently healthier at baseline. After adjustment, the expected
ordering was restored, though ECOG worsening without burden increase remained a qualitatively
different and more favorable event than burden worsening.

This difference has a mechanistic basis. Among ECOG-only patients with post-landmark ECOG (n = 184),
85.3% showed subsequent ECOG recovery. Their functional decline was mostly ECOG 0—1, and they had
the highest chemotherapy rate (24.6%). These features are compatible with transient treatment-related
toxicity rather than progressive disease, although causal inference is precluded by the retrospective
design 27?2 Conversely, isolated burden worsening without ECOG decline (median 21.2 months) may
represent silent radiographic progression detectable on imaging before functional impairment, a group
that may benefit from early treatment adaptation while performance status still permits aggressive
intervention.

Our data support a model in which burden trajectory reflects the rate and pattern of metastatic spread,
whereas ECOG trajectory reflects host fitness, representing a composite of treatment toxicity,
comorbidity burden, physiological reserve, and only partial tumor-related functional decline 23. Because
only the last component is shared, the overall correlation is near zero. This distinction has practical
implications: isolated burden worsening calls for oncologic treatment modification (systemic therapy
change, local therapy). While isolated ECOG worsening should prompt evaluation for reversible causes
(for example: toxicity, infection, depression, anemia) and should call for supportive care optimization
(dose reduction, rehabilitation, symptom management) '3.

The prognostic value of baseline ECOG is well-established, and the oligometastatic paradigm has gained
traction through randomized trials. However, longitudinal trajectories of these measures have not been
previously studied at this scale. Prior work on dynamic risk scores has focused on laboratory markers or

tumor response (RECIST) 24. Our study extends this concept to NLP-derived clinical phenotypes,
demonstrating that automated extraction of trajectory features from clinical records can complement
structured outcome assessments.

Several limitations should be acknowledged. This is a single-institution retrospective study from a
tertiary referral center. NLP extraction has inherent error; however, validation studies demonstrate high
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accuracy. The binary any-ECOG-deterioration variable has baseline-dependent sensitivity by construction
and thus subject to a floor effect: patients starting at ECOG 0 are more likely to trigger it from clinically
minor changes (ECOG 0—1). This asymmetric detection inflates the apparent ECOG-worsened share
among baseline-ECOG-0 patients; we addressed it through baseline-ECOG-adjusted Cox models and
through the stricter ECOG = 2 sensitivity analysis (Supp. Figure 1c). The high base rate of burden
worsening (73.4%) may reflect overly sensitive detection, though independence held with stricter
thresholds (oligo-to-poly, = 2 site increase; all || < 0.05). The enrichment for younger never-smokers in
the combined cohort likely reflects overrepresentation of EGFR/ALK-driven adenocarcinoma with distinct
biology and treatment patterns, hence generalizability to older, smoking-associated NSCLC populations
warrants external validation. Finally, metastatic burden was measured as the count of distinct
anatomical sites rather than volumetric assessment, and the absence of RECIST data precluded
capturing within-site progression or providing an independent measure of tumor dynamics.

These findings support integration of dual-trajectory monitoring. Isolated burden increase may warrant
consideration of treatment adaptation in prospective studies while performance status remains
favorable. Isolated ECOG worsening may prompt evaluation for reversible causes rather than immediate
treatment escalation. Concordant worsening identifies the highest-risk patients. Prospective evaluation
of the clinical utility of trajectory-guided evaluation is needed.
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Figure 1

Study overview and landmark analysis framework. (a) CONSORT diagram showing patient flow for the
metastatic burden cohort (N = 3,133 Stage V), ECOG trajectory cohort (N = 5,438), and combined
analysis cohort (N = 1,486 at the 6-month landmark). (b) Schematic of the landmark analysis framework:
trajectory features are computed using only pre-landmark data, and survival is measured from the
landmark forward, preventing immortal time bias.
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Figure 2

Burden and ECOG trajectories show no meaningful association. (a) Observed versus expected patient
counts under the assumption of independence for the 2 x 2 contingency table (burden worsened x ECOG
worsened). Observed counts closely match expected counts (¢ = -0.033, P = 0.20). Discordant patients
comprise 47.2% of the cohort. (b) Scatter plot of burden slope versus ECOG slope for 1,486 combined
patients, colored by risk group. Spearman p = 0.008 (P = 0.75), confirming near-zero correlation between
continuous trajectory measures.
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Individual trajectory results. (a) Kaplan-Meier curves for post-landmark overall survival by oligo-to-
polymetastatic transition status at the 6-month landmark (N = 2,387). (b) Kaplan-Meier curves for post-
landmark overall survival among baseline ECOG 0-1 patients stratified by whether they reached ECOG
>2 by the 6-month landmark (N = 3,026).
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Figure 4

Additive prognostic value and four-group risk stratification. (a) Progressive model comparison showing
cross-validated C-statistics. (b) Comparison of four model families: demographics alone, +baseline
ECOG/burden, trajectory features alone (no baselines), and the full combined model.
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Figure 5

Hazard ratios for risk groups versus Both Stable reference.(a) Kaplan-Meier curves for the four risk
groups defined by concordant vs. discordant trajectory worsening. (b) Forest plot showing baseline-
adjusted HRs with 95% Cls for each risk group compared to Both Stable (adjusted for baseline ECOG,
baseline burden, age, sex, and smoking status).
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