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Obijective Censoring analysis Hazard proportionality assessment
« Imbalanced censoring tests for reconstructed IPD and sensitivity * However, hazard proportionality was violated in 7 pairs of all
The objectives of the presented work included: a development of analysis were performed using the reverse KM method tested KM curves [10 - 12, 16 - 21], resulting in a possible bias in
a seamless workflow for IPD data digitization and analysis: described in Gilboa et al. [5]. All analyses were held in R [14]. the rank comparison test results as well as HR (both published
identification and comparison of efficient algorithms for the \J E%i%%%ﬁ%: gu[éjhlﬂy] Excluding ] ' KMf‘;‘ifgggggg“jted and estimated from reconstructed IPD).
published KM curves in clinical trials; application the diagnostic by Liumethod | 2%, Zﬁg%?isg:ﬁf&? censonny - NCTO2g5T 34, Table 3. Schoenfeld p-values

S Indicating PH violation

tests to check the proportionality of hazards to verify the | Sch p =0.03
: : . 5, B Reversed KM j — Siuely Gose ) sk Schoenf. p,| Schoenf.
consistency of rank tests and hazard ratio (HR) assessment; %) [moma | | curvesand | %o [5o] T P e— NCTO%ZMM - , ;Dpu o Lu__| p.Rogue
j ' ' itivi i 000! !} analysis - } Pt B , PD-L1 hig : :
performing imbalanced censoring tests and sensitivity analysis to ERRRA e T 6 5 5 . NCT03164616[11] T+D+CTE&CT | 004 S os
identify possible bias in survival comparison outcomes. Sch p =0.03 NCT02008227 [12], ITT — 0.08
yp P | INCT00262847 [17], ITT 2.8e-07 | 1.4e-07
Rogual ! ISRCTN49407852 [18], ITT — 0.04
S S method | 3- . INCT02655016 [19], ITT — 0.03
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Figure 3. Reconstructed IPD (left) and imbalanced censoring adjusted KM

. . . . Table 4. Appropriate rank tests to compare KM curves while PH is not valid
(right). See Figurel for original KM data. Log-rank test p-values are provided. PPTOp b

e Survival analysis is a gold standard of treatment efficacy

assessment in oncology clinical trials. Individual patient data Test name Hl\i'gCth%?Eﬁgélﬁ%b T+'\[I>Eg3é6é$;lg Cok: NC.TTOTZ;OF? e
(IPD) are integrated to construct Kaplan-Meier (KM) curves Results Liu p Rogula p Liu p Rogulap | Liup  Rogulap
representing published data for patient survival [1]. The basic .
Peto-Peto's modified 0.2757 0.2778 0.0540 0.0478 0.0023 2E-04
assump'[IOI’]S Used |n SurVivaI anaIyS|S are the proportlonahty Of Data exploratlon Regular log-rank test imposes equal weights through the timeline and strictly requires the validity of PH assumption. In case of PH
. L . violation the following tests are applicable: Gehan-Breslow (generalized Wilcoxon) — very heavy in the beginning, PH should be
hazal‘dS (PH) (Change N pl‘ObabIhty Of event due '[O Change N either <1 or >1 all the time; Tarone-Ware — heavy beginning, equal population variance assumption is needed; Peto-

. . . . ° - - - Peto's modified and modified Peto-Peto (by Andersen) — slightly heavy beginning, no requirements addressing PH, more resistant
Covanate doeS nOt depend on tImE) and non-lnforma'[lveneSS Of The baSIC anaIySIS Set InCIUded the OS data from advanced than Gehan-Breslow. In case of NCT03164616 [11] (T+D+CT & CT) Peto-Peto tests show the loss of significance
censoring (dropouts occur completely at random or at least with lung cgncer clinical studies (10 - 12_] of immune therapy: bal d :

o . . (atezolizumab, durvalumab, tremelimumab and relevant Imbalanced censoring outcomes
similar intensity across arms compared) [2]. However, this Is binations) 410 ch i+ (docetaxel, cisplat
_ _ . _ compinations) comparea to cnemotnerapy (adocetaxel, cispiatin, ° ' ' '
not always the case In various clinical trials [3-5]. Here, we L censoring dlagnost|§s by means of rev_erse KM method [3] _
. . . . pemetrexed and relevant combinations) revealed 2 cases of imbalanced censoring among 19 curve pairs
Investigate and compare available methods of published KM or both o 4 & additional sianals for the IPD
curves digitization and IPD retrieval [6 - 9]. « To extend the analysis of balanced censoring and focus on or both metho S_ and > additiona S|g.nas., .o.r.t ©
earlier assessment times, the PFS outcomes of other studies recoh§tructed using the I.ess r.obust Liu digitizing method, not
on advanced cancer were also incorporated [16 - 21]. sensitive to exact censoring times (Table 1).
Table 1. The sample sizes of published survival data used in the analysis « Sensitivity analysis led to lost of substantial clinical result in 1/2
Survival data representation %2;%&6-21] and reversed HR comparison for 2 IPD reconstruction case for both methods and in 4/5 cases specific for Liu.
: : Investigated Reversed HR Result of sensitivity analysis (new HR)
: : : Study code [ref], endpoint Population/Subgrou Total N Control . :
« The survival and progression data were obtained from a set of d Iref]. endp P Jo treatment Liu method Rogula method Liu method Rogula method
_ _ o o NCT02657434 [10], OS ITT 578 292 286 0.80 (0.38 - 1.68) 0.60 (0.25 - 1.47)
representative published clinical trials in advanced cancer [10- PD-L1 high 45 25 20 0.70(0-18-2.82) 0.52(0-12-2.34)
. . . PD-L1 low 136 63 73 0.85 (0.20 - 3.56) 1.21 (0.32 - 4.53)
12,16-21]. Pairs of KM curves from different patient subgroups, PD-L1 negative 163 33 e 0.88 (0.18 - 4.34) | 0.90 (0.13 - 6.37)
representing comparison of investigated drugs and control with UHEEC L 86 ] Biie S S | ees et o) | e 200 |l B ieis o)
P 9 P J J NGBS L, O D+CT & CT 675 338 337 0.66 (0.32 - 1.39) 0.59 (0.19 - 1.79)
various sample sizes, were digitized using the PlotDigitizer NCT02008227 [12], OS ITT 850 425 425 2.39 (1.73-3.32)* 0.68(0.38-1.21) 1.30 (1.07 - 1.58)
PD-L1 > 1% 463 241 222 0.41 (0.22 - 0.78) 0.45 (0.22 - 0.95) 0.94 (0.73 - 1.15) 0.89 (0.71 - 1.11)
software [13]. PD-L1 > 5% 265 129 136 | 0.26 (0.11-0.64) | 0.36(0.13 - 1.01) 1.03 (0.75 - 1.40)
e PD-L1 >50% TC or 210% IC 137 72 65 0.50 (0.14 - 1.78) 0.58 (0.16 - 2.18)
_ o8- T+D+CT PD-L1 < 1% 379 180 199 0.61 (0.31 - 1.22) 1.16 (0.51 - 2.63)
g Non-sgquamous 628 313 315 0.40 (0.23 - 0.69) 0.65 (0.34 - 1.23) 0.91 (0.74 - 1.11)
2 05 CT Squamous 222 112 110 0.90 (0.34 - 2.41) 1.04 (0.38 - 2.87)
. NCT02184195 [16], PFS ITT 154 92 62 0.59 (0.30 - 1.13) 0.49 (0.23 - 1.06)
g ~ INCT00262847 [17], PFS ITT 1248 623 625 0.74(0.38-1.42) 0.51 (0.22 - 1.18)
O o2 M ISRCTN49407852 [18], PES | TT 1971 1137 834 1.26 (1.09 - 1.46)* | 0.52{0.43-0.62)* 1.07 (0.92-1.24) | 0.63(0.56-0.71)
5 INCT02655016 [19], PFS ITT 733 487 246 0.99 (0.76 - 1.29) 0.55(0.39-0.79)
A INCT01321554 [20], PFS ITT 392 261 131 — 0.62 (0.28 - 1.38) —
N NCT01524783 [21], PFS ITT 302 205 97 — 0.72 (0.44-1.18) —
. . ’ . . . . _ i ion: _ C1C — _infiltrating i - PD-1 1 — i _ * Due to very reach sample size censoring cannot be efficiently traced and balanced; Strikethreugh — PH is violated, HR is not reliable.
Flgure 1. Exemplar pUb|IShed Kap|an-M§Ier estimator of survival function :Llowglrtf;;(()[:ct;gzggszggﬁs]?’P-I:sa;lcj)n[:jo(rNcgl"()|§164-2J1rg)T;ir]];fllcgfin(gNI:gl(j)r(])chzeg;[is];LPloLI(:;r(()lg\gj?‘lr'r(])r;f;jﬁzzﬂll_f;iaggé-0218 Blue bold — reverse KM method revealed unbalanced censoring; Black bold — sensitivity analysis led to loss of significance
for study NCT03164616 [11]. T — tremelimumab, D — durvalumab, CT - (NCT00262847) [17]: Myeloma XI (ISRCTN49407852) [18]; GOG-3012 (NCT02655016) [19];
chemoth erapy. SELECT (NCT01321554) [20]; RADIANT-4 (NCT01524783) [21]
_ _ _ Conclusions
IPD retrieval and hazard proportionality IPD extraction efficiency
« Both tested digitization methods expressed similar and * Here we presented a V\;OFKfLOWdfOF the IPD rﬁCOHStﬁPUOU aIOfng with
The Liu IPD reconstruction algorithm requires most extensive g P survival models (Figure 6). Both tested methods for IPD
curve shape tracing as well as total number of events and  The outcomes of rank comparison tests and estimated HRs reconstruction showed high performance at a qualitative level for
subjects. Risk table introduction is optional [7]. showed fine coincidence with the published outcomes: various sample sizes.
| | Table 2. Selected HRs for studies [10-12]: published, Liu and Rogula * The Rogula method was more robust, though it required more
 The Rogula IPD method requires the tracing of curve steps only method results within 95%Cl iInformation on censoring of subjects. In certain cases, the data
while requires total number of subjects and exhaustive tracing Study code [ref| | Population  Published Liumethod  Rogula method showed a violation of hazard proportionality. Thus, in further
f R - NCT02657434 [10] |ITT 0.86 (0.71-1.06) 0.87 (0.71-1.06) 0.88 (0.72-1.07) analysis, advanced survival models should be developed [15].
o1 censoring umes : : . . - : :
J NCT03164616 [11] T+D+CT & CT 0.77 (0.65-0.92) 6-7/80-66-6.93) 0-+#7(6.65-0.92) * Finally, the analysis of censoring revealed additional differences in
- : - . D+CT T : .72-1.02) 0.84 (0.71-0. .84 (0.71-0. ' ' ' '
. Reconstruction adequacy implied the overlay of original and CT&CT  0.86(0.72-1.02) 0.84 (0.71-0.995) 0.84 (0.71-0.99) treatment effects that would require further application of competing
_ _ _ _ NCT02008227 [12] |ITT 0.73 (0.62-0.87) 0.73 (0.61-0.87) O64{(0-57-0-78) risk models and other advanced approaches_
reconstructed KM curves. Median survival times, published _ o violted: F% o ot el (see 1200 )
HRs and their uncertainty were also compared. |
| IPD reconstruction _
+ The PH assumption (as well as the reliability of the log-rank test Published KM graph Page Meeting 2025
and HR estimates) was verified using the Schoenfeld residuals. 1 Kirill Zhudenkov.
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Figure 2. The concept of proportional hazards (PH) as well as Schoenfeld Aagllie mEiae flexible splines, joint models, etc competing risk, etc. >\ Save IPD (time, status)
residuals assessment for PH violation. Figure 5. IPD reconstruction and assessment workflow
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