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A. The Derivation of Dense Smooth Constraint
We regularize the second-order temporal difference of the
output sequence to suppress sudden jumps without exces-
sively weakening real contrast changes. The first-order dif-
ference directly penalizes the magnitude of changes, mak-
ing the model tend to generate nearly static sequences.
In contrast, the second-order difference describes the rate
of change of velocity, allowing for monotonic enhance-
ment/attenuation when such changes are smooth. Since the
sampling time points in this task are non-uniform, we fur-
ther derive the corresponding three-point central difference
formula on a non-uniform time grid, as shown below.
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Notation by setting y(τj) = y j
sort and adding a small sta-

bilization δ to avoid zero denominators,

hk
0 = τk − τk−1 + δ, hk

1 = τk+1 − τk + δ, (1)

we weight each stencil by wk = 1
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1

to reduce the
penalty over large temporal gaps. The dense smoothness
(center-difference) operator used in the loss at index k is
therefore
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which is a second-order accurate approximation of y′′(τk)
on a nonuniform grid and reduces to the standard centered
stencil when hk

0 = hk
1 .

B. The Details of Experiments
B.1. Datasets
Abdominal DCE-MRI It is acquired via the
CAIPIRINHA-Dixon-TWIST-VIBE technique[4], which
fully covers multiple time phases before and after contrast
agent injection to reflect tissues’ hemodynamic character-
istics accurately. Specifically, it comprises 1 pre-contrast
phase before contrast agent injection, approximately 6
random arterial phases between 15 and 37 seconds post
contrast agent injection for capturing the rapid filling pro-
cess of contrast agent in the arterial system, approximately
6 random portal vein phases between 50 and 72 seconds
post contrast agent injection for reflecting the distribution
and perfusion of contrast agent into the portal vein system,
and several delayed phases which are acquired nearby 90 s,
150 s, or 300 s post contrast agent injection, respectively, to
observe the delayed enhancement or clearance of contrast
agent in tissues. Since the raw data were not registered,
all enhanced sequences in the dataset were registered to
the non-contrast images. Breast DCE-MRI This dataset
involves 2 manufacturers. Among them, equipment from
GE Medical Systems accounts for a higher proportion,
equipped with two magnetic field strengths: 1.5T and 3T.
Equipment from Siemens mainly includes models such as
Avanto, Skyra, and TrioTim, which also cover both 1.5T
and 3T magnetic field strengths. A median of 131s passed
between DCE sequences [9].

B.2. Visualization Results
B.2.1. Visualization of Different Tissues in Abdominal

DCE-MRI
Different Contrast-enhanced results for the spleen, kidney,
and liver demonstrate that CEKWorld is able to simulate
different contrast enhancement kinetics laws, which shows
the potential for accurate differentiation of normal tissues
and lesions across multiple organs, supporting the improve-
ment of diagnostic efficiency and precision in abdominal
imaging.

Spleen As shown in Fig.1, CEKWorld conforms to the
contrast agent kinetics of the spleen at all time points
[3, 7, 11, 12]. In the early arterial phase, when t=6s
and 9s, CEKWorld initiates enhancement rapidly and syn-
chronously with the ground-truth, showing typical patchy
heterogeneous hyperintensity. In contrast, ControlNet has
an obvious delay with slow initiation of enhancement, and
methods such as CCNet exhibit abnormal enhancement in-
tensity. In the middle arterial phase, when t=12s and 15s,
the enhancement of CEKWorld gradually transitions from
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Figure 1. Visualization results of spleen in Abdominal DCE-MRI shows that our CEKWorld conforms to the spleen contrast agent
kinetics, exhibiting the characteristics of rapid synchronous enhancement, progressive homogenization, and sustained homogeneous high
signal. In contrast, methods such as ControlNet and CCNet have defects, including delayed start of enhancement, abnormal intensity, or
content distortion.
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Figure 2. Visualization results of liver in Abdominal DCE-MRI shows that our CEKWorld conforms to the contrast agent kinetic laws of
hepatic vessel progressive enhancement and liver parenchyma’s regular enhancement-washout. In contrast, other methods exhibit distorted
contents, while ControlNet suffers from non-physiological hepatic vessel enhancement delay, confirming our spatiotemporal consistency
learning accurately captures liver contrast agent kinetics.
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Figure 3. Visualization results of kidney in Abdominal DCE-MRI shows that our CEKWorld reproduces the typical renal perfusion
pattern of cortical edge enhancement first, gradual diffusion to the medulla until homogeneity, while methods such as T2I and CCNet have
problems of abnormal enhancement or blurred structure, and ControlNet lacks dynamics in the delay phase.
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Figure 4. Visualization results in Abdominal DCE-MRI: The visualization results of our methods on different time points exhibit better
spatial reality (zoom-in regions in blue boxes).

patchy to homogeneous, which is completely consistent
with the physiological process of contrast agent gradual dif-
fusion in the splenic red pulp sinuses. In contrast, other
methods either have distorted enhancement morphology or
disordered rhythm. In the late arterial phase and vein phase,
when t=17s and 42s, CEKWorld continuously maintains ho-
mogeneous hyperintensity without abnormal washout, per-

fectly matching the imaging feature of the spleen that en-
hancement lasts long and becomes homogeneous in the later
stage. However, other methods have already shown signal
distortion or abrupt transition.

Liver In Fig. 2, we visualize the predicted dynamic con-
trast enhancement of the liver across multiple time points.
CustomDiff, T2I, CCNet and EditAR all struggle to repro-



duce realistic liver kinetics [1, 10]: vascular structures ei-
ther fail to enhance at the appropriate phases or exhibit un-
stable parenchymal signals, with noticeable frame-to-frame
fluctuations and over-smoothed textures. ControlNet shows
better anatomical fidelity but presents a clear liver vas-
cular enhancement delay—hepatic vessels remain under-
enhanced in the early arterial and early portal phases and
then suddenly become hyperintense several frames later, re-
sulting in a phase-shifted and non-physiological enhance-
ment pattern. In contrast, our method closely follows the
ground truth: the hepatic vessels in the green ROI show pro-
gressive enhancement, with smooth, timely transition from
arterial to portal venous and delayed phases, while the liver
parenchyma brightens and washes out in a gradual, tem-
porally coherent manner. This demonstrates that our spa-
tiotemporal consistency learning not only preserves realis-
tic liver anatomy but also captures the correct contrast-agent
kinetics over time.

Kidney In Fig.3, the contrast agent kinetics in the re-
nal cortex–medulla region highlight that our CEKWorld
shows more similarities with the ground-truth sequence. In
the ground-truth sequence, enhancement first appears along
the cortical rim on the edge, gradually propagates toward
the medulla in the center, and finally becomes spatially
homogeneous at late phases, exhibiting a typical outside-
in renal perfusion pattern [2, 8]. T2I and CCNet either
under-enhance or severely corrupt textures, making the
cortical–medullary layers indistinguishable; EditAR shows
weak and unstable enhancement; and ControlNet suffers
from a lack of smooth temporal evolution. In contrast, our
CEKWorld reproduces early cortical enhancement, its grad-
ual inward spread, and the final homogeneous enhancement
in a structurally faithful and temporally continuous manner,
yielding renal contrast dynamics that best match real DCE-
MRI.

The virtual angiography visualization results of these tis-
sues conform to the rules of contrast agents, which fully
demonstrate that CEKWorld is able to simulate the physio-
logical mechanisms of tissues, the reliability to meet clini-
cal diagnostic needs, as well as the stability and universality
across tissue scenarios, and thus has significant clinical ap-
plication potential.

B.2.2. Visualization of Spatial Structures in Abdominal
DCE-MRI

In Fig.4, our methods exhibit better anatomical fidelity.
CCNet introduces strong, grainy noise and artifacts in the
spleen and liver parenchyma, tearing and blurring organ
boundaries, and severely distorting the underlying anatomy.
EditAR preserves a roughly correct global outline, but lo-
cal details fluctuate strongly between neighboring frames:
the splenic hilum and adjacent parenchyma alternately swell
and collapse, yielding unstable textures. ControlNet largely
retains coarse organ shape, yet its internal structures grad-

ually blur, and vessel–parenchyma interfaces drift slightly,
indicating mild geometric shift and loss of structural sharp-
ness. In contrast, our MRI CEKWorld consistently pre-
serves spleen contours, liver parenchymal shape, and vas-
cular trajectories that closely match the ground truth. The
blue-highlighted regions reveal that our results are the clos-
est to the reference in both organ geometry and texture dis-
tribution, demonstrating the effectiveness of our spatial reg-
ularization in enforcing patient-specific anatomical consis-
tency.
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Figure 5. Visualization results in Breast DCE-MRI show that
our method exhibits an enhancement pattern similar to the ground
truth, characterized by the sustained enhancement, which is often
associated with benign or low-risk lesions.
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Figure 6. Visualization results in Breast DCE-MRI demonstrate
that our method captures the dynamic pattern of rapid initial en-
hancement followed by clear washout, which is consistent with the
ground truth and indicative of malignant or high-risk lesions.

B.2.3. Visualization Results for Different Enhancement
Patterns in Breast DCE-MRI

The two breast DCE-MRI visualization cases shown in
Fig.5 and Fig.6 demonstrate that our CEKWorld simu-
lates clinically meaningful kinetic patterns, showing strong
potential for downstream risk-stratification tasks since le-
sion malignancy is closely associated with characteristic
enhancement patterns [5, 6]. In both figures, our model
accurately reproduces the temporal trajectories observed
in ground-truth DCE-MRI sequences, whereas competing
methods exhibit severe issues such as incorrect enhance-
ment magnitude, temporal shifts, or lack of temporal evo-
lution. In Fig.5, the ground-truth exhibits a gradually ris-
ing and persistently elevated curve, typical of a persistent



enhancement pattern, often associated with benign or low-
risk lesions. Our method produces consistent, sustained en-
hancement across all time points, faithfully matching the
true kinetics. In contrast, EditAR shows enhancement de-
lay, and ControlNet lacks any meaningful temporal progres-
sion, failing to reproduce the low-risk kinetic profile. This
demonstrates our model’s ability to reconstruct benign-like
temporal behavior. In Fig.6, the lesion shows rapid initial
enhancement followed by clear washout, a hallmark of ma-
lignant or high-risk lesions. Our method correctly captures
this dynamic pattern: a sharp early rise followed by a de-
cline consistent with the ground truth. EditAR suffers from
excessive enhancement and fails to show the washout phase,
while ControlNet exhibits collapsed or weakened dynamics,
failing to reproduce the malignant-typical kinetic transition.
Together, these two visualization examples show that our
method not only preserves spatial fidelity but also faithfully
models critical DCE-MRI temporal dynamics. Because
low- and high-risk lesions exhibit fundamentally different
enhancement trajectories, the ability of our model to recon-
struct these dynamics suggests strong potential for down-
stream tasks such as risk stratification, benign-vs-malignant
discrimination, and clinical subtype prediction.
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