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Abstract

Weakly Supervised Anomaly detection (WSAD) in brain MRI scans is an important
challenge useful to obtain quick and accurate detection of brain anomalies, when
precise pixel-level anomaly annotations are unavailable and only weak labels (e.g.,
slice-level) are available. In this work, we propose RASALoRE: Region Aware
Spatial Attention with Location-based Random Embeddings, a novel two-stage WSAD
framework. In the first stage, we introduce a Discriminative Dual Prompt Tuning
(DDPT) mechanism that generates high-quality pseudo weak masks based on slice-level
labels, serving as coarse localization cues. In the second stage, we propose a
segmentation network with a region-aware spatial attention mechanism that relies on
fixed location-based random embeddings. This design enables the model to effectively
focus on anomalous regions. Our approach achieves state-of-the-art anomaly detection
performance, significantly outperforming existing WSAD methods while utilizing
less than 8 million parameters. Extensive evaluations on the BraTS20, BraTS21,
BraTS23, and MSD datasets demonstrate a substantial performance improvement
coupled with a significant reduction in computational complexity. Code is available
at https://github.com/BheeshmSharma/RASALoRE-BMVC-2025.

1 Introduction
Anomaly detection in brain MRI scans is a widely recognized task, helpful in timely
identification and treatment of related illnesses, but becomes challenging due to limited
availability of labeled data with accurate pixel-wise annotations. When slice-level labels
are available, weakly supervised anomaly detection (WSAD) methods have become popular
alternatives to achieve refined localization. Techniques that make use of Class Activation Map
(CAM) [35], including AME-CAM [10] and CAE [32], have shown promise in identifying
anomalies in brain MRI scans by utilizing slice-level labels. Similarly, AnoFPDM [9]
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has advanced WSAD by leveraging diffusion models. Despite the strengths of WSAD
methods, they struggle with the intricate complexity of brain anatomy, resulting in suboptimal
performance when compared to fully supervised methods.

In this work, we propose RASALoRE, an improved weakly supervised anomaly detection
framework for brain MRI scans. Operating with only slice-level labels, RASALoRE operates
in two phases: a Discriminative Dual-Prompt Training (DDPT) phase which uses pretrained
vision-language models for the slice label classification task to generate pseudo weak masks
for potential anomalies, followed by a segmentation model training, leveraging region aware
spatial attention mechanism, guided by location-based random embeddings (LoRE). DDPT
leverages efficient fine-tuning of visual and language prompts in a vision-language model [25]
to classify slices as healthy or unhealthy (anomalous) while producing weak supervision to
guide RASALoRE’s training. Furthermore, we extend RASALoRE to support multimodality
inputs, enhancing its versatility. Extensive experiments on BraTS-type datasets demonstrate
that RASALoRE achieves superior performance when compared to state-of-the-art WSAD
methods for brain MRI scans.

2 Proposed Methodology of RASALoRE
In this section, we provide comprehensive details on the two-stage framework adopted for
RASALoRE. The first stage, Discriminative Dual Prompt Tuning (DDPT), generates pseudo
anomaly masks. In the second stage, we introduce a segmentation network guided by fixed
location-based random embeddings (LoRE), enabling precise anomaly localization. In this
work, we consider a brain MRI scan image X ∈ Rh×w obtained as a 2D slice from a 3D brain
MRI volume V ∈ Rh×w×d , where h,w denote the height, width of a slice and d denotes the
depth of the volume V . Note that though pixel level annotations of anomalies in the slice X
are not available, we assume availability of slice-level labels, indicating if a slice contains
anomaly or not.

2.1 Discriminative Dual Prompt Tuning (DDPT)
DDPT employs a classification-driven approach to generate coarse anomaly segmentation
maps using only weak (slice-level) supervision. By training a discriminative network (e.g.
Vision Transformer (ViT) [11] in our case) to classify whether a brain MRI scan image is
anomalous or not, we aim to obtain attention maps from the discriminative network, which
might contain potential region localization information, guiding the classification task. Then
by extracting the relevant attention maps from a suitable layer of the discriminative network,
we perform pixel-level anomaly identification. DDPT architecture is illustrated in Figure 1.

By formulating the anomaly detection task as a binary classification problem,
distinguishing between healthy and unhealthy MRI slices, our proposed DDPT builds
upon existing works such as CoOP [36], VPT [15], and DPT [33] to leverage learnable
vision and text prompts enabling cross-modal interaction. We first train learnable text
prompts using a frozen text encoder, following CoOP. The prompt is structured as: t =
[V ]1 . . . [V ]M/2 [CLASS] [V ]M/2+1 . . . [V ]M where [V ]i are learnable tokens, [CLASS] is the class
label (healthy or unhealthy in our case), and M is the prompt length. The corresponding
embeddings guide the ViT-based image encoder, which receives patches of input image X
along with learnable visual prompts (inspired by VPT). All ViT weights remain frozen; only
prompts are trained. We further used Contextualized Attentional Vision Prompt Tuning
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Figure 1: Overview of Discriminative Dual Prompt Tuning (DDPT)

(CAVPT) [33], where visual prompts and text embeddings interact via multi-head attention
across ViT layers. This enables context-aware, class-specific attention refinement. A classifier
embedded within CAVPT predicts image classes, further guiding embedding refinement.
The final layer’s refined embeddings are used for classification and segmentation. Class
probabilities are computed using cosine similarity between image and text embeddings as:
pi =

exp(cos(q(ti), f )/τ)

∑
C
j=1 exp(cos(q(t j), f )/τ)

, where q(ti) is the text embedding of prompt ti for class i, f is the

image embedding, C = 2, and τ is a temperature parameter.
DDPT minimizes the overall loss given by: Ltotal = ηLca

ce +Lce, where Lce is standard
cross-entropy between predicted and true labels, Lca

ce is an auxiliary cross-entropy loss applied
to the output of the class-aware visual prompt generator in CAVPT, using only the query
corresponding to the ground-truth class [33]. The coefficient η balances both terms.

During the inference stage, images are input into the image encoder, while the
corresponding textual prompts indicating the presence/absence of anomaly are processed
through the text encoder. As the input image propagates through the vision encoder, as shown
in the inference part of Figure 1, attention maps are extracted from the final layer embeddings
of DDPT model using thresholding.

2.2 Region Aware Spatial Attention with Location-based Random
Embeddings (RASALoRE)

We now describe the training process of our segmentation network RASALoRE, which is
guided by fixed location-based random embeddings. This network is trained using the pseudo
weak masks generated by the DDPT.

LoRE: Our approach centers on using location-based random embeddings (LoRE), where
specific spatial positions on the input image X are designated as candidates. For X , we first
generate a

√
k×

√
k grid of k evenly spaced point coordinates across both rows and columns

(see Figure 3 (a)). Each grid point forms a candidate prompt point (CPP) in our approach. Our
central idea is to enrich these grid points with representational information from the brain MRI
images so that a select few of these grid points will serve as potential prompts for a particular
image, eliciting the corresponding anomaly-related information. Once the CPP’s (x,y)
coordinates are fixed, they are normalized to the range [−1,1], and d-dimensional location
embeddings are derived for each point’s coordinates based on sinusoidal transformations.
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Figure 2: Overview of RASALoRE Architecture

Unlike existing prompt encoders (e.g. MedSAM [20]) where the location embeddings
are learnable, our LoRE provide fixed, non-learnable encodings that are independent of
dataset-specific biases. The CPPs and their LoRE denoted by Ecpp ∈ Rk×d , remain fixed
throughout the training as well as testing process, and are shared by all train/test set images.
Since our methodology heavily relies on accurate and fixed CPP locations, ensuring effective
regional information sharing is crucial. Corresponding to the CPPs, image representations are
obtained from a refiner (denoted by Rρ , see figure 2). The refiner processes the input X using
a series of convolutions and outputs Rρ(X) ∈ R

√
k×

√
k×d , containing k pixels corresponding

to the number of CPP locations. Each pixel in the output Rρ(X) of the refiner corresponds
to a particular region in the image representation, enabling each CPP to effectively share
information with, and learn from the characteristics of its corresponding neighborhood region
in the image, enhancing the model’s ability to capture spatial dependencies. The refiner
module is illustrated in Figure 3 (b).

(a) (b)
Candidate Prompt

Point Locations

Refiner Pooled
Output Refiner Intermediate

Representations

Refiner
Input

Interaction between Candidate prompts
and Region Representations (In RASA)

Figure 3: (a) Left: Candidate prompt point locations (in blue) overlaid as grid on input image,
center: point activation mask (red denoting active and blue denoting inactive points) overlaid
on input image, right: weak anomaly mask corresponding to input image. (b) Refiner Module.

RASA: The location-based random embeddings Ecpp interact with spatial information of
X obtained as Rρ(X) from the Refiner, in a module called Region Aware Spatial Attention
(RASA) module, to result in enriched spatial point embeddings ξESPE ∈ Rk×d , corresponding
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to the k CPPs. RASA primarily comprises a multi-head attention (MHA) [29] computation
denoted by MHARASA(Q,K,V ). The CPPs’ positional embeddings Ecpp form the query Q
for MHARASA. Intermediate representations Rρ(X) from Refiner act as key K in RASA. The
value V of MHARASA is based on the perturbed representation Rρ(X)+ ε , where ε ∼N (0,I)
represents Gaussian noise. This noise addition is being performed to improve the robustness
of the attention module. Further a residual path adds information of Ecpp to the output of
MHARASA.

Mask Decoder: The enriched spatial point embeddings ξESPE are then fed into a mask
decoder, a feed forward network, and a structural loss computation module. The mask
decoder performs MHA (denoted by MHADec(Q,K,V )), allowing interactions between query
Q = ξESPE denoting the region aware enriched spatial point embeddings from RASA and key
K =Uρ(X) obtained as the image representations from an image encoder. In our model, the
image encoder Uρ provides an intermediate feature representation of the input image X , and
it contains four encoder blocks, whose design is based on that of the encoder of UNet [27].
The output from MHADec, after a suitable upsampling step then provide the anomaly mask
predictions MANO ∈ Rh×w.

The weak segmentation mask MDDPT produced by DDPT provides an approximate
delineation of the anomalous regions. We observed that the weak mask MDDPT has a
smooth boundary; nevertheless, it provides a better localization of the interior of the
potential anomalous regions. We further use the weak mask from DDPT to prompt a
pre-trained MedSAM [20] model and use the resultant weak mask MSAM as another weak
supervision signal. Although the masks obtained from MedSAM are also weak, they capture
boundary-level information of the potential anomalous regions to some extent. We design
a custom loss function to compare the output mask from the mask decoder with the pseudo
weak masks obtained from DDPT and DDPT-prompted MedSAM. Our loss function is of the
form:

LDec = ELDice(MANO,Gσ (MDDPT ))+ γ ·ELDice
(
MANO,G−1

σ (MSAM)
)

+
α

p
· (MANO ⊙ (1−MDDPT ))

+β ·ELDice((1−MANO)⊙ (1−MDDPT ),Gσ (1−MDDPT )) , (1)

where the ELDice (Exponential-Logarithmic-Dice) loss [30] between a predicted mask P
and a binary ground truth mask GT is: ELDice(P,GT ) = (− ln((2I+ ε)/(U+ ε)))φ , where
I= |P∩GT | denotes the number of pixels common to P and GT and U= |P|+ |GT | is the
total number of pixels in P and GT , ε > 0 is a small smoothing constant and φ = 0.3.

In eq. (1), the first two loss terms indicate comparison of predicted mask MANO from
mask decoder with the weak supervision masks MDDPT and MSAM , using ELDice loss. For
the weak mask MDDPT , a Gaussian filter Gσ provides larger weights towards the center of the
predicted anomalous region in mask and the weights gradually decrease towards the boundary.
Conversely for weak mask MSAM , an inverse Gaussian filter G−1

σ assigns lower weights to the
center, and progressively increasing weights toward the boundaries. These filters are used
to encourage the model to focus on the boundary regions, where structural details are more
prominent, helping it learn fine-grained shape and edge information that may be overlooked
when only center-weighted supervision (as in DDPT) is used.

The second loss term is weighed using a particular factor γ = Dice(MSAM,MDDPT ), which
allows MSAM information to contribute to the loss only when MSAM and MDDPT masks overlap
well. To control False Positives (FPs) in MANO, we introduce the last two terms in LDec. The
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third loss term in eq. (1) denotes mean confidence of false positive pixels in MANO, where p
denotes number of pixels in MANO. The fourth loss term in eq. (1) calculates the ELDice score
between the true negatives of prediction MANO and the DDPT-based mask MDDPT , aiming to
reduce false positives by improving the true negative performance. The notation ⊙ in eq. (1)
denotes elementwise multiplication.

FFN Details: The ξESPE output from RASA module is also fed to a simple feed-forward
network, which projects ξESPE to a grid structured anomaly mask MFFN ∈R

√
k×

√
k. The mask

MFFN contains activations corresponding to the CPPs’ locations, indicating whether these
candidate prompt points potentially correspond to an anomaly or not. To compare MFFN ,
we extract mask information from the weak DDPT mask, corresponding to the grid-point
structure of CPPs, resulting in a point activation mask MPA (see Figure 3 (a)), and construct the
following loss function: LPA = ELDice(MFFN,MPA), where ELDice loss is used to compare
MFFN and corresponding point activations based weak mask MPA derived from MDDPT .

Structural loss for embeddings: The ξESPE from the RASA module is also fed into a
structural loss computation module, which aims to attain similarity among the embeddings
corresponding to CPPs representing anomalies. This structural loss is given as: LStruct =
MSE

(
ξ A

ESPE,1
)
+MSE

(
ξ IA

ESPE, -1
)

Here ξ A
ESPE denoting enriched spatial point embeddings

corresponding to active points in the point activation mask MPA (where MPA = 1) are forced
towards value 1, and ξ IA

ESPE denoting embeddings corresponding to inactive points (where
MPA = 0) are forced towards -1. LStruct aims to obtain a distinction between the components
of embeddings corresponding to active and inactive points in MPA, helping the model learn
better enriched spatial point embeddings.

The overall network of RASALoRE (shown in Figure 2) is trained by minimizing L=
LDec+LPA+LStruct. During inference on an arbitrary test image X̂ , image embeddings Uρ(X̂)
obtained from the image encoder and enriched LoRE obtained from the RASA module, when
passed to mask decoder, provide the desired anomaly segmentation mask prediction.

2.3 Multimodality RASALoRE
Further we extended RASALoRE to support multiple MRI modalities. Assuming that
RASALoRE was pretrained on modality m ∈ M (M being the set of available MRI
modalities), we designate m as a bridge modality. Using the pretrained model, we extract
enriched embeddings, denoted as ξ

bridge
ESPE , from all train data slices via the RASA module.

These embeddings serve as reference targets to align embeddings from other modalities into a
shared feature space, ensuring consistent and robust representation across modalities.

To facilitate multimodal integration, we augment our architecture with |M| distinct sets
of CPPs and their corresponding LoRE, and associate each with its own dedicated RASA
module. Importantly, the encoder, refiner, and mask decoder components remain shared
across modalities, enabling parameter-efficient multimodal learning. Moreover, at inference
time, predictions can be obtained using any individual modality or combinations thereof
without requiring all modalities simultaneously. Crucially, the total number of parameters
engaged during inference remains similar across different modalities, as only the relevant
RASA module is activated based on the available modality.

To ensure cross-modality alignment, we introduce an additional loss that encourages
enriched embeddings from all modalities to align closely with the reference bridge embedding
ξ

bridge
ESPE . Let ξ

( j)
ESPE represent the enriched embedding for modality j ∈ M. We define the

bridge alignment loss as Lalign = ∑ j∈M

∥∥∥ξ
( j)
ESPE −ξ

bridge
ESPE

∥∥∥2

2
, which promotes a unified feature
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space across modalities. The overall network of Multi-modality RASALoRE is trained by
minimizing L= LDec +LPA +LStruct +λalign ·Lalign. where λalign controls the contribution
of the alignment objective.

3 Related Works
Weakly Supervised Approaches: Existing weakly supervised approaches, such as
CAM-based methods [35], have been extensively studied and extended to improve localization
under limited supervision. CAE [32] employs topological data analysis to extracted
class-related features, thereby enhancing focus on anomalous regions. AME-CAM [10]
introduces a multi-exit classifier architecture that captures internal activation maps at multiple
depths and uses attentive feature aggregation to produce refined attention maps. LA-GAN [28]
utilizes a three-stage approach, comprising classifier training, pseudo map generation, and
GAN-based generative training. A similar GAN-based approach is used in volumetric sense
in Yoo et al [34]. Kim et al. [19] propose aligning image-level features with class-specific
weights to recover less discriminative regions, in non-medical imaging data. Similarly,
transformer-based methods such as TS-CAM [12] and SCM [2] enable patch tokens to
become object-category aware, which improves localization performance. Our DDPT method
is similar in spirit to existing CAM-based methods; however, by using vision-language prompt
tuning, DDPT achieves improved weak annotations.

Reconstruction-based Approaches: Several reconstruction-based methods, also referred
to as Unsupervised Anomaly Detection (UAD) techniques, utilize autoencoders [6, 17],
variational autoencoders [21], and diffusion models (e.g. Denoising Diffusion Probabilistic
Models (DDPMs) [13], Patch-based DDPMs (pDDPMs) [8], Masked DDPMs (mDDPMs)
[14], Conditional DDPMs (cDDPMs) [7]). For a comprehensive survey on autoencoder
and variational autoencoder based methods, see [16, 24]. In addition to these methods,
several transformer-based models have been explored. [23] employs VQVAE combined with
transformers, while [26] adopts a Swin Transformer-based masked encoder. These methods
typically rely on volume-level labels and are trained exclusively on healthy brain MRI scans,
with inference performed on unhealthy cases. In contrast, our approach employs frame-level
labels, placing it under the weakly supervised learning paradigm. We note that AnoFPDM [9]
also proposes a reconstruction-based approach using a diffusion model with classifier-free
guidance; however, it uses frame-level labels, making it a weakly supervised approach. Unlike
traditional approaches that rely on iterative reconstruction, AnoFPDM utilizes the forward
diffusion process to identify anomalies.

Prompt-driven Approaches: Human-driven, prompt-based methods have also gained
popularity in anomaly detection, for querying large foundational models like MedSAM
[20] and MedSAM2 [37]. These models rely on prompts, which offer stronger supervision
compared to frame-level supervision in WSAD. We propose a prompt guidance for MedSAM
and MedSAM2 using DDPT-generated pseudo weak masks and performed experiments.

4 Experiments and Results
Experimental Setup: In this section, we present the experimental setup and results related to
DDPT and RASALoRE. We conducted all experiments using PyTorch 2.0.1 framework on a
Linux system, with a NVIDIA GeForce A6000 graphics card, having 48GB of memory. For
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DDPT training, we employed the SGD optimizer with a learning rate of 0.01, weight decay
set at 5×10−4, and momentum at 0.9 for model training as used in [33]. We set temperature
coefficient τ = 0.07 from [31] and set η = 0.3 based on ablation. For RASALoRE training,
we utilized the SGD optimizer with a learning rate lr = 0.01, a momentum of 0.9 and a batch
size of 16. Additionally, we employed a linear learning rate scheduler that halves the lr after
every 20 epochs. Since the objective is weakly supervised and lacks pixel-level annotations,
we use a standard threshold of 0.5 to obtain the segmentation mask. Notably, our model
training needs only around 12GB of memory on a single GPU. For our training, we choose
the number of CPP locations k = 1024, overlaid as 32×32 grid over every MRI image of
size 256×256. The embedding dimension d is set to 256. The values of α and β are both set
to 0.6, determined based on ablation study. In both RASA and the Mask Decoder, we use 4
heads in the multi-head attention (MHA).

Dataset and Preprocessing: We conducted our experiments on four datasets: BraTS20
[4, 5, 22], BraTS21 [3, 4, 22], BraTS23 [18], and MSD [1] (which is based on BraTS16
and 17 challenges). These datasets are provided in volumetric NIFTI [5] format, and we
extracted 2D slices from the T2 modality volumes. BraTS20, BraTS21, BraTS23 and MSD
datasets contain 369, 1251, 1251, and 484 samples in total, respectively. All datasets are split
patient-wise into training and testing sets, with 80% of the data allocated for training and the
remaining 20% for testing.

While extracting frames from volumetric data, several preprocessing steps were applied.
The first and last 15 frames were excluded as they typically contain minimal information
and do not feature the brain region prominently. Subsequently, the frames were cropped to
remove unnecessary black regions. During training, several data augmentations were applied
to improve the model’s generalization. First, gamma correction was applied by squaring each
pixel’s value and normalizing it between 0 and 255 on the input image slices. Then, random
rotations within a range of −90◦ to 90◦, and additional random horizontal and vertical flips
were applied to both the image and the masks. The brightness and contrast of the image were
also randomly adjusted within a range of 0.8 to 1.2. To enhance robustness against noise,
Gaussian noise ε ∼N (0,10I) was incorporated into the images.

Empirical Results: Table 1 provides a comparative evaluation of our proposed
RASALoRE against other CAM-based WSAD methods, including CAE [32], AME-CAM
[10], TS-CAM [12], LA-GAN [28], and approaches in Yoo et al. [34] (using both the T2
modality and the combined modalities). Further we compared with reconstruction based
models such as Autoencoders (AE) [6], Denoising Autoencoders (Denoising-AE) [17], Vector
Quantized Variational Autoencoders (VQVAE) [21] and AnoFPDM [9]. All competing
methods were reproduced with same baseline settings to ensure a fair comparison.

We observe that classical reconstruction-based models such as AE, DAE, and VQVAE
achieve relatively low Dice and AUPRC values across all benchmarks, reflecting their limited
ability to capture complex tumor appearances. Recent CAM-based methods such as CAE,
LA-GAN, AME-CAM, and AnoFPDM show improvements, yet their performance fluctuates
considerably between datasets, with notable drops in either Dice or AUPRC. Yoo et al.
Approaches in [34], which operate directly on 3D volumetric data using a three-stage
training pipeline and pseudo maps to guide the final segmentation network, demonstrates
decent performance on BraTS20, BraTS21, and MSD. However, its generalizability remains
limited, as evident from the notable performance drop on BraTS23. In contrast, RASALoRE
demonstrates strong and stable performance across all datasets (BraTS20, BraTS21, BraTS23,
and MSD), achieving significant improvements in critical metrics like Dice Score and AUPRC,
particularly important for segmentation tasks.

Citation
Citation
{Xing, Wu, Cheng, Zhang, Liang, Wang, and Zhang} 2023

Citation
Citation
{Wu, Xiong, Yu, and Lin} 2018

Citation
Citation
{Bakas, Akbari, Sotiras, Bilello, Rozycki, Kirby, Freymann, Farahani, and Davatzikos} 2017

Citation
Citation
{Bakas, Reyes, Jakab, Bauer, Rempfler, Crimi, Shinohara, Berger, Ha, Rozycki, et~al.} 2018

Citation
Citation
{Menze, Jakab, Bauer, Kalpathy-Cramer, Farahani, Kirby, Burren, Porz, Slotboom, Wiest, et~al.} 2014

Citation
Citation
{Baid, Ghodasara, Mohan, Bilello, Calabrese, Colak, Farahani, Kalpathy-Cramer, Kitamura, Pati, et~al.} 2021

Citation
Citation
{Bakas, Akbari, Sotiras, Bilello, Rozycki, Kirby, Freymann, Farahani, and Davatzikos} 2017

Citation
Citation
{Menze, Jakab, Bauer, Kalpathy-Cramer, Farahani, Kirby, Burren, Porz, Slotboom, Wiest, et~al.} 2014

Citation
Citation
{Kazerooni, Khalili, Liu, Haldar, Jiang, Anwar, Albrecht, Adewole, Anazodo, Anderson, Bagheri, Baid, Bergquist, Borja, Calabrese, Chung, Conte, Dako, Eddy, Ezhov, Familiar, Farahani, Haldar, Iglesias, Janas, Johansen, Jones, Kofler, LaBella, Lai, Leemput, Li, Maleki, McAllister, Meier, Menze, Moawad, Nandolia, Pavaine, Piraud, Poussaint, Prabhu, Reitman, Rodriguez, Rudie, Sanchez-Montano, Shaikh, Shah, Sheth, Shinohara, Tu, Viswanathan, Wang, Ware, Wiestler, Wiggins, Zapaishchykova, Aboian, Bornhorst, de~Blank, Deutsch, Fouladi, Hoffman, Kann, Lazow, Mikael, Nabavizadeh, Packer, Resnick, Rood, Vossough, Bakas, and Linguraru} 2024

Citation
Citation
{Antonelli, Reinke, Bakas, Farahani, Kopp-Schneider, Landman, Litjens, Menze, Ronneberger, Summers, van Ginneken, Bilello, Bilic, Christ, Do, Gollub, Heckers, Huisman, Jarnagin, McHugo, Napel, Pernicka, Rhode, Tobon-Gomez, Vorontsov, Meakin, Ourselin, Wiesenfarth, ArbelÃ¡ez, Bae, Chen, Daza, Feng, He, Isensee, Ji, Jia, Kim, Maier-Hein, Merhof, Pai, Park, Perslev, Rezaiifar, Rippel, Sarasua, Shen, Son, Wachinger, Wang, Wang, Xia, Xu, Xu, Zheng, Simpson, Maier-Hein, and Cardoso} 2022

Citation
Citation
{Bakas, Reyes, Jakab, Bauer, Rempfler, Crimi, Shinohara, Berger, Ha, Rozycki, et~al.} 2018

Citation
Citation
{Xie, Jiang, He, Pan, and Cai} 2024

Citation
Citation
{Chen, Hu, Shi, and Ho} 2023

Citation
Citation
{Gao, Wan, Pan, Peng, Tian, Han, Zhou, and Ye} 2021

Citation
Citation
{Tao, Ma, Zhang, Huang, Ji, Fan, Yuan, and Chen} 2023

Citation
Citation
{Yoo, Namdar, Wagner, Yeom, Nobre, Tabori, Hawkins, Ertl-Wagner, Khalvati, et~al.} 2025

Citation
Citation
{Baur, Denner, Wiestler, Albarqouni, and Navab} 2020

Citation
Citation
{Kascenas, Pugeault, and O'Neil} 2022

Citation
Citation
{Marimont and Tarroni} 2020

Citation
Citation
{Che, Rafsani, Shah, Siddiquee, and Wu} 2025

Citation
Citation
{Yoo, Namdar, Wagner, Yeom, Nobre, Tabori, Hawkins, Ertl-Wagner, Khalvati, et~al.} 2025



B. SHARMA, K. JAGANATHAN, B. PALANIAPPAN: RASALORE 9

Approach Method BraTS20 BraTS21 BraTS23 MSD

Dice ↑ AUPRC ↑ Dice ↑ AUPRC ↑ Dice ↑ AUPRC ↑ Dice ↑ AUPRC ↑

UAD
AE [6, 17] 14.26% 10.23% 11.83% 8.01% 17.09% 7.41% 14.96% 7.07%
DAE [17] 21.33% 18.89% 14.38% 14.59% 34.16% 21.18% 32.13% 20.77%
VQVAE [23] 17.27% 12.04% 25.69% 17.67% 20.67% 38.48% 19.44% 33.78%

WSAD

TS-CAM [12] 6.13% 7.92% 6.74% 8.35% 9.13% 9.36% 7.81% 8.47%
CAE [32] 26.36% 17.48% 23.82% 14.20% 46.98% 60.11% 27.96% 18.64%
LA-GAN [28] 34.14% 28.48% 42.75% 38.82% 40.57% 43.65% 33.63% 27.7%
AME-CAM [10] 52.22% 37.39% 50.43% 37.85% 39.19% 26.47% 51.91% 40.34%
AnoFPDM [9] 37.18% 38.78% 41.83% 47.89% 49.28% 57.04% 43.42% 50.08%
Yoo et al. (T2)[34] 22.76% 13.12% 11.94% 8.64% 12.2% 8.9% 12.09% 8.79%
Yoo et al. (All)[34] 49.91% 38.64% 63.33% 50.28% 23.41% 12.99% 47.81% 35.93%

DDPT 61.53% 46.89% 51.72% 35.79% 48.59% 31.66% 48.71% 33.87%
M2+DDPT(p) [37] 32.57% 24.10% 34.73% 25.55% 48.52% 39.93% 43.43% 34.75%
M2+DDPT(b) [37] 35.58% 25.44% 37.24% 26.54% 53.54% 43.15% 45.90% 35.78%
M+DDPT(p) [20] 37.66% 26.29% 43.44% 29.49% 39.22% 25.39% 38.08% 25.46%
M+DDPT(b) [20] 43.44% 33.36% 51.19% 36.54% 50.40% 33.66% 46.46% 33.02%
RASALoRE 70.57% 74.74% 70.85% 75.05% 70.79% 71.18% 61.37% 63.71%
R.Without MedSAM 69.8% 73.06% 68.87% 74.26% 74.22% 80.70% 61.34% 67.08%

Table 1: Comparison of quantitative results. Abbreviations: M+DDPT(b) = MedSAM+DDPT
(box), M+DDPT(p) = MedSAM+DDPT (point), M2+DDPT(b) = MedSAM2+DDPT (box),
M2+DDPT(p) = MedSAM2+DDPT (point), and R.Without MedSAM = RASALoRE Without
MedSAM. The best values of each metric are in bold, and second best values are underlined.

We further analyze the performance of MedSAM-integrated variants [20, 37](M+DDPT
and M2+DDPT), prompted using point or box, derived from DDPT’s weak masks. While
these combinations improve basic reconstruction or CAM-based methods, their performance
remains significantly below RASALoRE, suggesting that applying powerful foundation
models like MedSAM in a plug-and-play manner is insufficient. Further, the variant of
RASALoRE (R.Without MedSAM), relying solely on DDPT-generated weak masks, achieves
results that are often second only to those of full RASALoRE model. This observation
validates the reliability of DDPT’s weak supervision and indicates that RASALoRE does not
critically depend on MedSAM-based masks.

Qualitative results: Figure 4 presents the visualization of anomaly masks predicted by
our model along with those generated by comparative methods. Reconstruction-based models
(AE, DAE, VQVAE) fail to capture the irregular tumor boundaries, often producing blurred or
incomplete segmentations. CAM-based methods (CAE, LA-GAN, AME-CAM), approaches
in Yoo et al., and AnoFPDM, exhibit partial improvements but tend to miss finer structural
details or introduce false positives. DDPT-guided MedSAM and MedSAM2 improve
localization by leveraging prompt-based supervision from DDPT. In contrast, RASALoRE
(with and without MedSAM) produces sharper and more accurate anomaly delineations,
illustrating the robustness of RASALoRE in handling diverse tumor morphologies and its
ability to generalize better than prior reconstruction/CAM-based approaches.

Multimodality RASALoRE: Table 2 presents the quantitative performance of the
proposed Multimodality RASALoRE. Here, the T2 modality has been used as a bridge
modality. Results show that other modalities, which are usually not considered for anomaly
detection due to low contrast and limited ability to capture fluid-containing structures (e.g.,
T1, T1ce), can still contribute meaningfully. In fact, using T1 and T1ce, our model achieves
performance that is comparable and in some cases better than several comparative models
(Table 1) operating on the T2 modality.
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AE DAE

VQVAE

 M2+DDPTTSCAM

LA-GAN

CAE RASALoRE

AME-CAM

AnoFPDM

DDPT M+DDPT

Input Brain MRI Scan (Sampled from BraTS20)

AE DAE

VQVAE Yoo et al.

TSCAM

LA-GAN

CAE RASALoRE

AME-CAM

AnoFPDM

DDPT M+DDPT

Input Brain MRI Scan (Sampled from BraTS21)

Ground Truth

R.-MedSAM

Ground Truth

R.-MedSAM

Yoo et al.

M2+DDPT

Figure 4: Qualitative Comparison of Predicted Anomaly Mask from Different Methods.
Abbreviations: M+DDPT = MedSAM+DDPT(box), M2+DDPT = MedSAM2+DDPT(box)
and R.-MedSAM = RASALoRE without MedSAM.

T1 T2 Tice Flair

Dataset Dice AUPRC Dice AUPRC Dice AUPRC Dice AUPRC

BraTS20 65.13 66.90 71.82 77.08 66.77 68.86 72.42 75.62
BraTS21 63.24 62.87 68.57 73.55 67.65 67.67 69.53 74.23
BraTS23 54.24 53.46 61.17 61.76 57.60 54.34 63.18 63.02
MSD 56.19 60.66 67.31 73.63 61.18 64.04 69.20 74.59

Table 2: Quantitative Results for Multi-Modality RASALoRE

Ablation Studies and other experiments: Additional details and ablation are provided
in Appendix A and Appendix B.

5 Conclusion

We have proposed RASALoRE, a weakly supervised anomaly detection technique useful for
anomaly segmentation in brain MRI scans, when ground-truth pixel-level annotations are
unavailable. RASALoRE uses fixed candidate prompt point locations whose location-based
random embeddings interact with suitable image-level intermediate feature representations, to
provide sufficiently rich region-aware embeddings that elicit localized anomaly information
from MRI scan images. We have also designed a weak mask generation technique, DDPT,
which provides a weak supervisory signal for RASALoRE training. Our results showcase
promising detection capabilities of RASALoRE on diverse BraTS-type datasets.
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