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Outline

� Laplace regression model with censored data

� Example 1 – Randomized Clinical Trial

� Laplace regression model with no censored data

� Example 2 – Observational study
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Laplace regression with censored data
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Asymmetric Laplace Distribution
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Log-Likelihood
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Estimation algorithm
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� Maximize the log-likelihood function directly

� Continuity and concavity of the log-likelihood

� Maximum exists and is global

� Gradient search maximization algorithm

� Standard errors based on bootstrap samples
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Example 1
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Kaplan-Meier
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. laplace month trt , failure(cens) q(10 50 90) reps(500)

Simultaneous Laplace regression                      Number of obs =       347

Optimization: Gradient Search

bootstrap(500) SEs q10 Log likelihood =    -1.5581

q50 Log likelihood =    -1.9044

q90 Log likelihood =    -2.6071

------------------------------------------------------------------------------

|   Observed   Bootstrap                         Normal-based

month |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

q10          |

trt |        0.6        0.3     1.84   0.066         -0.0         1.2

_cons |        1.0        0.2     5.67   0.000          0.6         1.3

-------------+----------------------------------------------------------------

q50          |

trt |        3.1        1.2     2.50   0.013          0.7         5.5

_cons |        6.8        0.8     8.54   0.000          5.3         8.4

-------------+----------------------------------------------------------------

q90          |

trt |       11.7        5.9     1.99   0.047          0.1        23.2

_cons |       29.5        4.2     6.98   0.000         21.2        37.8

------------------------------------------------------------------------------
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� Ninety percent of patients assigned to interferon-α therapy 
have at least two more months to live 

10th percentile of survival is 2 month

� Half of the patients assigned to interferon-α therapy live 
longer than ten months  

Median survival is 10 months

� Ten percent of the patients assigned to interferon-α therapy 
live longer than 41 months

90th percentile of survival is 41 months
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Time to 
death, 
months

Interferon-α MPA Percentile 
Difference

(95% CI)

P-value 

10th 
Percentile

1.6 1.0 0.6
(-0.0, 1.2)

0.066

Median 9.9 6.8 3.1
(0.7, 5.5)

0.013

90th 
Percentile

41.2 29.5 11.7
(0.1, 23.2)

0.047
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Tabulate percentiles
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Plot percentiles
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. test [q10]trt = [q50]trt

( 1)  [q10]trt - [q50]trt = 0

F(  1,   345) =    4.51

Prob > F =    0.0343

Testing across percentiles

The treatment effect on the 10th (1 month) and 50th 
(3 months) survival percentiles are significantly 
different.



Flexible modeling of predictors
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We can investigate the change in survival 
percentiles according to a quantitative 
covariate using flexible tools (fractional 
polynomials, splines). 

Let’s consider white cell count (wcc) as 

predictor of the median survival (or any other 
percentile). 
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. mkspline wccs = wcc, nk(3) cubic

. laplace month trt wccs1 wccs2, failure(cens)

Laplace regression                                   Number of obs =       343

Optimization: Gradient Search

bootstrap(500) SEs q50 Log likelihood =    -1.8687

------------------------------------------------------------------------------

|   Observed   Bootstrap                         Normal-based

month |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

q50          |

trt |        2.3        1.1     2.20   0.029          0.2         4.4

wccs1 |       -1.6        0.4    -3.94   0.000         -2.3        -0.8

wccs2 |        0.8        0.4     1.79   0.075         -0.1         1.7

_cons |       19.1        3.3     5.78   0.000         12.6        25.6

------------------------------------------------------------------------------

Some indication of departure from linearity for 
white cell count (p=0.075).

Laplace with restricted cubic 
splines
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. levelsof wcc if inrange(wcc, 5, 15)

. xblc wccs1 wccs2 , cov(wcc) at(`r(levels)') line ///

ytitle("Difference in median time to death, month") ///

xtitle("White cell count") eq(q50) ref(8)
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Interactions
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. gen inter1 = wccs1*trt

. gen inter2 = wccs2*trt

laplace month trt wccs1 wccs2 inter1 inter2 , failure(cens) 

Laplace regression                                   Number of obs =       343

Optimization: Gradient Search

bootstrap(500) SEs q50 Log likelihood =    -1.8647

------------------------------------------------------------------------------

|   Observed   Bootstrap                         Normal-based

month |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

q50          |

trt |       21.4        1.2    18.07   0.000         19.1        23.8

wccs1 |       -0.0        0.3    -0.13   0.900         -0.7         0.6

wccs2 |       -0.6        0.3    -1.78   0.075         -1.3         0.1

inter1 |       -2.4        0.1   -27.28   0.000         -2.5        -2.2

inter2 |        1.6        0.3     4.77   0.000          1.0         2.3

_cons |        7.8        2.5     3.10   0.002          2.9        12.8

------------------------------------------------------------------------------

Laplace with restricted cubic 
splines and interactions 
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Is the treatment effect dependent of 
white cell counts?
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. testparm  inter1 inter2

( 1)  [q50]inter1 = 0

( 2)  [q50]inter2 = 0

F(  2,   337) =  373.12

Prob > F =    0.0000

Yes (p<0.001), based on a joint test that the two 
coefficients for interaction are equal to zero.
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P-interaction < 0.001
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Laplace regression with no censored data



Example 2
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. sqreg bmi nas135, reps(500)   // 8 seconds 

Simultaneous quantile regression                     Number of obs =       465

bootstrap(500) SEs .50 Pseudo R2 =    0.0014

------------------------------------------------------------------------------

|              Bootstrap

bmi |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

q50          |

nas135 |      -0.27       0.61    -0.44   0.660        -1.48        0.94

_cons |      22.56       0.13   173.33   0.000        22.30       22.82

------------------------------------------------------------------------------

. laplace bmi nas135, reps(500) // 2 seconds

Laplace regression                                   Number of obs =       465

Optimization: Gradient Search

bootstrap(500) SEs q50 Log likelihood =     0.6640

------------------------------------------------------------------------------

|   Observed   Bootstrap                         Normal-based

bmi |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

q50          |

nas135 |      -0.27       0.60    -0.46   0.648        -1.45        0.91

_cons |      22.56       0.12   188.38   0.000        22.32       22.80

------------------------------------------------------------------------------
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. laplace bmi nas135, q(10 50 90)

Simultaneous Laplace regression                      Number of obs =       465

Optimization: Gradient Search

bootstrap(500) SEs q10 Log likelihood =     0.2533

q50 Log likelihood =     0.6640

q90 Log likelihood =     0.3569

------------------------------------------------------------------------------

|   Observed   Bootstrap                         Normal-based

bmi |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

q10          |

nas135 |      -1.33       0.42    -3.15   0.002        -2.15       -0.50

_cons |      20.18       0.15   130.82   0.000        19.88       20.48

-------------+----------------------------------------------------------------

q50          |

nas135 |      -0.27       0.60    -0.46   0.645        -1.44        0.89

_cons |      22.56       0.12   182.96   0.000        22.32       22.80

-------------+----------------------------------------------------------------

q90          |

nas135 |       2.02       0.98     2.05   0.040         0.09        3.95

_cons |      26.39       0.34    77.32   0.000        25.72       27.06

------------------------------------------------------------------------------
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BMI, 
kg/m2

Hyponatremia

(N=62)

No 
Hyponatremia

(N=426)

Percentile 
Difference

(95% CI)

P-value 

10th 
Percentile

18.9 20.2 -1.3 

(-2.2, -0.5)

0.005

Median 22.3 22.6 -0.3 

(-1.4, 0.9)

0.645

90th 
Percentile

28.4 26.4 2.0

(0.1, 4.0)

0.040

Tabulate percentiles
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Plot percentiles
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Other features

� laplace can model heteroschedasticity (error 

term dependent on covariates) using the 
option sigma(varlist) 

� laplace can take on any kind of weights 



� laplace is a parametric model that estimates 

quantiles of a continuous response variable 
conditionally on covariates

� laplace is another way of analyzing censored 

data

Summary
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