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Abstract

Segmentation is an important analysis task for biomedical images, enabling the study of
individual organelles, cells or organs. Deep learning has massively improved segmentation
methods, but challenges remain in generalization to new conditions, requiring costly data
annotation. Vision foundation models, such as Segment Anything Model (SAM), address
this issue through improved generalization. However, these models still require finetuning
on annotated data, although with less annotations, to achieve optimal results for new con-
ditions. As a downside, they require more computational resources. This makes parameter-
efficient finetuning (PEFT) relevant. We contribute the first comprehensive study of PEFT
for SAM applied to biomedical images. We find that the placement of PEFT layers is more
important for efficiency than the type of layer for vision transformers and we provide a
recipe for resource-efficient finetuning.
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1. Introduction

Segmentation is a fundamental analysis task for biomedical images. It enables the study
of individual objects, such as cells and organelles in microscopy, or organs and lesions in
medical imaging. Deep learning has massively advanced the field. However, the large
diversity of modalities and tasks so far required different methods for specific applications,
such as CellPose (Pachitariu and Stringer, 2022) and Stardist (Schmidt et al., 2018) for
cell and nucleus segmentation, or nnU-Net (Isensee et al., 2020) and TotalSegmentator
(Wasserthal et al., 2023) for segmentation in radiology. Adapting any of these models to
a new modality or a new task requires further data annotation for training due to limited
generalization. Annotations can only be provided by experts and are time-consuming,
making adaptation costly and preventing the wider use of automatic segmentation.

Vision foundation models for image segmentation, e.g. Segment Anything Model (SAM)
(Kirillov et al., 2023) or SEEM (Zou et al., 2023), promise a more unified solution. These
models have been trained on large annotated datasets and address both interactive and
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automatic segmentation. They were recently adapted to biomedical images, resulting in
foundation models for microscopy (Archit et al., 2025a; Israel et al., 2024) and medical
imaging (Ma et al., 2024; Zhao et al., 2024; Archit et al., 2025b). These models are applicable
to many tasks in their respective domain without adaptation, but speci c netuning can
further improve them (Archit et al., 2025a). Notably, they need fewer annotated data
compared to other models, requiring as few as a single labeled image (Zhou et al., 2024).

Most vision foundation models use a vision transformer (ViT) (Dosovitskiy et al., 2021)
as encoder. Hence, they typically have more parameters than previous architectures, making
training more resource demanding and requiring a high-end GPU, even for small training
sets. To enable e cient adaptation, parameter-e cient netuning (PEFT) has emerged, for
example through low rank adaptation of attention layers (LoRA) (Hu et al., 2022). Instead
of updating all model parameters, these methods either update only a small subset of
parameters, or they introduce a few new parameters that are updated, while freezing the rest
of the model. While PEFT has been extensively studied for large language models (Pu et al.,
2023; Xu et al., 2023; Balne et al., 2024), its application in computer vision, particularly
for segmentation tasks, is less explored. Several approaches that adapt SAM to biomedical
segmentation use PEFT, e.g. (Archit et al., 2025a; Zhou et al., 2024) for microscopy and
(Gu et al., 2025; Zhang and Liu, 2023; Wei et al., 2024; Wu et al., 2025) for medical
imaging. However, they primarily use LoRA without investigating its hyperparameters or
alternatives. To our knowledge, none of this prior work studied the practical e ciency gains
through PEFT, relying on the trainable parameter count as a measure for e ciency. Other
prior work has studied PEFT for classi cation in natural images (Xin et al., 2024) as well
as classi cation and text-to-image generation in medical images (Dutt et al., 2024).

We address this gap by studying PEFT for biomedical segmentation; for SAM and its
variants SAM (Archit et al., 2025a) and MedicoSAM (Archit et al., 2025b). We contribute:

" An evaluation of several PEFT methods on microscopy and medical imaging.
~ A thorough evaluation of e ciency gains due to PEFT.

Implementation of more e cient \late PEFT" approaches based on these nding and
an implementation of quantized LoRA (QLoRA) (Dettmers et al., 2023) for ViTs.

~ Recommendations for the use of PEFT and a recipe for e cient adaptation of SAM.

~

A detailed ablation of hyperparameters for several PEFT methods, including LoORA.

Our work ow and improvements from e cient adaptation are shown in Fig. 1. We believe
that our study will facilitate the use of foundation models for biomedical image segmenta-
tion. Further, it will inform future developments of PEFT for computer vision. Our code
is available at https://github.com/computational-cell-analytics/peft-sam

2. Methods
2.1. Additive and Selective Finetuning

We distinguish two types of methods: additive and selective PEFT. Selective methods
update a subset of the model parameters, while freezing the rest. A simple example is
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Figure 1. Overview of PEFT-SAM. a) We study PEFT of domain-speci ¢ SAMs to enable
interactive correction and e cient netuning for improved segmentation. b) Seg-
mentation results for three datasets from SAM, SAM netuned with LoRA
and CellSegl, all trained on two images (Zhou et al., 2024).

freezing parts of the model, for example SAM's image encoder, mask decoder, or prompt
encoder. Freezing the image encoder, which contains most parameters, yields the greatest
e ciency gain. (Archit et al., 2025a) have shown that this approach does not have a large
negative impact on segmentation quality after netuning. We refer to this approach as
Freeze Encoder. The other selective PEFT methods we study are LayerNorm Tuning (LN
Tune) (Basu et al., 2024), Bias Tuning (Bias Tune) (Cai et al., 2020), and Attention Tuning
(Attn Tune). (Touvron et al., 2022), which update only the parameters of the normalization
layers, the biases, or the attention weights, respectively.

Additive PEFT methods introduce a few additional parameters, while freezing the exist-
ing ones. Among these methods, LoRA (Hu et al., 2022) reduces the number of parameters
via a low rank decomposition of the attention weight matrix:

W = W pretrained + AB ; (1)

whereA 2 RY ", B 2 R" 9. Here, the rankr is much smaller than the original dimensiond
of W. scales the learned weights. Further e ciency gains can be obtained by quantizing
the frozen weights, i.e. Wyretrained and others, to 4 bit during training, as in QLoORA
(Dettmers et al., 2023). We adopt this approach for ViTs, providing, to our knowledge,
its rst application to this architecture; see also App. B. AdaptFormer (Chen et al., 2022)
adds a lightweight module, consisting of two fully connected layers, in parallel to the MLP
layers of the ViT. The outputs of the adapter are scaled by a factor and added to the
original MLP outputs. Scale-Shift Features (SSF) (Lian et al., 2022) performs a linear
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Figure 2: The original architecture of SAM, comprising image encoder, mask decoder and
prompt encoder, with an additional segmentation decoder, proposed by SAM.
The image encoder is ne-tuned through additive PEFT, which introduces a few
additional parameters, or selective PEFT, which updates only selected parame-
ters. We also introduce late PEFT, which adapts only layers at the end of VIiT.

transformation, introducing a scale and a shift parameter to the output of each layer in the
transformer block. Factor Tuning (FacT) (Jie and Deng, 2023) combines multiple weight
matrices into a single tensor and then applies a low rank decomposition to it. Here, we adopt
the implementation of (Chen et al., 2024a), which tensorizes the attention weight increment
matrices (corresponding toA;B in Eg. 1) and then decomposes the tensor according to:

W=uUv T; (2)

whereU 2 RY "'V 2RY "and 2 R" '. The factors U and V are shared across layers.
Fig. 2 shows an overview of these 9 PEFT methods. We apply them only to the image
encoder; prompt encoder and mask decoder are always updated. Further, we study an ap-
proach we call \late PEFT", where we insert trainable parameters / unfreeze weights only
in the late layers of the image encoder. This is motivated by our ndings on computational
e ciency, see App. A. Speci cally, we study \late LORA", \late QLORA\ and \late netun-
ing". We compare all PEFT methods with normal parameter updates (Full FT). We use
SAM (Kirillov et al., 2023) and two domain-speci c models, SAM (Archit et al., 2025a)
for microscopy, and MedicoSAM (Archit et al., 2025b) for medical imaging, to initialize
weights. The latter two models have netuned SAM on a large annotated dataset for the
respective domain.

2.2. Interactive Segmentation

SAM has introduced a novel formulation for interactive segmentation, where users can
provide input prompts, points (positive or negative), a bounding box or a rough mask,
to identify an object. The model then predicts the corresponding mask by processing
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the image with its image encoder, a ViT, the prompts with its prompt encoder, and the
outputs of image encoder and prompt encoder with its mask decoder. Model predictions
can be corrected by providing further prompts.

SAM is trained on a large dataset with annotations using an objective that simulates
interactive segmentation. In each iteration, this objective rst samples prompts from an
annotated mask, predicts the object mask, and then iteratively corrects the prediction
with additional prompts sampled from the annotation. Predictions and annotations are
compared with a loss function for each iteration, and the average loss is used to update
parameters. We use the implementation of this procedure from (Archit et al., 2025a).

To evaluate interactive segmentation, we automatically derive prompts from annotations
to segment the object and then iteratively correct it, similar to the training objective. We
perform 7 correction iterations. We compute the metric (App. D) between annotations and
predictions for the initial prompt and corrections. We report the results for an initial point
prompt, an initial box prompt, and the last correction iteration, when starting from a point
(Ip, appendix only), and when starting from a box (Ig, appendix only).

2.3. Automatic Instance Segmentation

For automatic instance segmentation (AIS) we use the implementation of SAM, which
adds a UNETR decoder (Hatamizadeh et al., 2022) to SAM to predict outputs for instance
segmentation. The decoder consists of four blocks, with two convolutional layers and a
transposed convolution for upsampling each. The blocks also receive the image encoder's
output as input. The decoder predicts three channels: the distance to the object center,
the distance to the object boundary, and foreground probabilities. During training, it is
updated jointly with the rest of SAM, using the annotations to derive targets for its outputs.

During inference, the segmentation is computed by deriving seeds from the distance
predictions, a mask from foreground predictions, and applying a seeded watershed inside
this mask. For evaluation, the instance segmentation is compared with annotations using
the mean segmentation accuracy, see App. D.

2.4. Data

We use 6 microscopy and 6 medical imaging datasets. For light microscopy (LM), we
use Covid-IF (Pape et al., 2021) with 49 immuno uorescence microscopy images and cell
annotations, HPA (Ouyang et al., 2019) with 276 confocal microscopy images and cell an-
notations; using the channel that stains cytosol. We use GoNuclear (Vijayan et al., 2024)
with 5 uorescence microscopy and nucleus annotations. We use OrgaSegment (Le erts
et al., 2024) with 231 bright eld microscopy images and organoid annotations. We use two
electron microscopy (EM) datasets: Platynereis (Vergara et al., 2021) with 3 EM volumes
and cilia annotations, and a subset of MitoLab (Conrad and Narayan, 2023) with a vol-
ume of glycolytic muscles and mitochondria annotations. For the 3D datasets (GoNuclear,
Platynereis, MitoLab), we perform 2D segmentation by treating slices as individual images.
For medical imaging, we use AMD-SD (Hu et al., 2024) with 3049 optical coherence
tomograms and annotations for lesions. We use JSRT (Shiraishi et al., 2000) with 247
images and lung and heart annotations. We use Mice TumSeg (Jensen et al., 2024) with
452 micro-CT volumes and tumor annotations. We use Papila (Kovalyk et al., 2022) with
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488 fundus images and optic cup annotations. We use MOTUM (Gong et al., 2024) with 64
brain MRI volumes and tumor annotations. We use PSFHS (Chen et al., 2024b) with 1358
ultrasound images and fetal head and pubic symphysis annotations. For the 3D datasets
(MOTUM and Mice TumSeg), we perform 2D segmentation (see above).

3. Results

3.1. Comparison of PEFT methods

We evaluate the PEFT methods (Sec. 2.1) on 6 microscopy and 6 medical datasets (Sec. 2.4),
using the complete datasets with a train / test split. We use SAM as base model in all
cases, SAM (either LM or EM model) for microscopy, and MedicoSAM for medical data.
For microscopy we evaluate interactive and automatic segmentation via AlS (Sec. 2.3), for
medical data we only evaluate interactive segmentation. Models are trained with a batch
size of 2 and 25 objects per image, using a A100 GPU with 80GB of VRAM.

Figure 3: PEFT results for microscopy (left) and medical (right) segmentation. Methods
are ordered by parameter count, SAM and SAM / MedicoSAM are used as base
models. Circles show the best three results per dataset / task. See also Fig. 8
and Fig. 9.
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The results are shown in Fig. 3. Finetuning always improves, with the magnitude de-
pending on the task / dataset and the base model. Full FT yields the most consistent
improvement, with Attention Tuning, LORA, Late LORA and Late FT typically improving
similarly. The improvements from other PEFT methods are not quite as consistent. In-
terestingly, (Late) QLoRA shows worse performance with SAM as base model, but not for

SAM / MedicoSAM. The results are summarized and discussed in more detail in App. E.1,
including results for further segmentation tasks (g, | p) and further medical datasets. We
perform ablation studies for LORA, Adaptformer and FacT in App. G.

We also evaluate the computational e ciency of PEFT methods. The detailed results on
e ciency are given in App. E.2. Our most notable nding is that our tasks are constrained
by the size of activations rather than trainable parameter count, see App. A. Consequently,
most prior PEFT methods yield only a marginal e ciency gain, with the exception of
freezing the encoder. We introduced "late LoRA\, "late QLoRA\, and "late netuning\
(late FT) due to this observation. They achieve meaningful e ciency gains while improving
segmentation quality compared to full freezing of the encoder, see the respective results in
Fig. 3. We analyze dierent late PEFT settings in detail in Fig. 4 and chose the best
parameter settings based on these results for other experiments.

3.2. Resource-e cient Finetuning

Building on the evaluation of PEFT methods, we propose resource-e cient netuning by
adopting a similar work ow to CellSegl (Zhou et al., 2024), who netune SAM for automatic
segmentation on a single image using LoRA. We compare their method with our netuning
approach, explained in detail in App. C for automatic and interactive segmentation, using
Freeze Encoder, QLoORA, LoRA (including late PEFT settings for all 3), and Full Fine-
tuning, which o er the best e ciency-quality trade-o s. To reduce hardware demand, we
lower the number of objects per image to 5, otherwise using the same settings as in Sec. 3.1.
We use one image for training, one for validation, and the same test sets as before. Fig. 4
shows the results for microscopy and medical data (only interactive segmentation for the
latter). SAM improves for all tasks, SAM mainly for AIS. Our approach is on par with
CellSeg1l, for which we also use both base models, while also improving interactive segmen-
tation. Interestingly, full netuning is on par with PEFT, despite the small training data

and having more trainable parameters. For large domain shifts (Platynereis) it outperforms
PEFT. We also benchmark e ciency, see Tabs. 8, 9, 10. Here, we again see major gains
when freezing the encoder, small gains from other PEFT, and a good trade-o using \late
PEFT". Further, we investigate the e ect of adding more training images in Fig. 12.

4. Discussion

We conducted a thorough study of PEFT for segmentation in biomedical images with SAM.
Our experiments show that PEFT achieves a similar quality as full netuning. Contrary

to observations made by others, e.g. (Dutt et al., 2024), it does not lead to better results
for limited training data compared to full FT. The performance of PEFT methods varies

across datasets, LORA is the best overall, QLoRA is good for small domain gaps. E ciency
gains are marginal for standard PEFT, with the exception of encoder freezing, due to the
fact that our tasks are activation rather than parameter bound. Based on these ndings
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Figure 4: Resource-e cient training for microscopy and medical segmentation. We compare
several PEFT methods in data limited settings. Our methods use one image for
training, one for validation, CellSegl uses only a single image.

we introduce late PEFT, which improves e ciency with only small loss of quality. Given
these results, we recommend freezing the encoder in very limited resource settings (e.g. on
a CPU), using late PEFT for limited resources (e.g. consumer GPU), and otherwise using
full netuning (high-end GPU). See App. E.3 for more detailed recommendations.

We proposed an approach for resource-e cient netuning, which can improve SAM
with only two annotated image, similar to (Zhou et al., 2024), but also improves interactive
segmentation. We believe that this approach will speed up many practical segmentation
tasks, by enabling netuning SAM previously hindered by resource demands. We have
integrated this approach in the SAM tool, which provides interactive data annotation,
enabling e cient human-in-the-loop annotation and training in one tool.

We believe that our work will benet future work on PEFT for (vision) foundation
models, e.g. for SAM2 (Ravi et al., 2025). Our results on late PEFT show how such
strategies need to be adapted for vision transformers, which are activation rather than
parameter bound, o ering a clear direction for future research.
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Figure 5: a) Parameter count vs. memory requirements during training for Late LoRA,
Late QLoORA and late netuning (Late FT) for microscopy netuning on HPA.
We report two di erent LORA approaches, where adapters are applied only to the
attention layer (LORA-C) or also to the MLP (LoRA-A). b) Same as a., but for
netuning on medical data (PSFHS). Note that the overall memory requirement
is signi cantly lower because we do not train the encoder for automatic segmen-
tation, which requires an additional forward and backward pass during training.
¢) Segmentation quality as a function of late netuning on HPA and PSFHS.
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Appendix A. E ciency of PEFT

For the optimal use of PEFT methods in vision transformers, it is important to understand
the main contributors to the memory footprint during training. Unlike typical LLM training,
where trainable parameters dominate memory usage, training SAM (and likely other ViT
applications) is primarily constrained by activation gradients. The distinction becomes
evident if we consider the ratio of parameters and sequence length, which controls the size of
activations. To illustrate this, consider the following: GPT-3, with a sequence length of 2048
tokens and 175B parameters (Brown et al., 2020), yields a ratio of approximately 85.5M.
LLaMa-2 (Touvron et al., 2023), with a sequence length of 4096 and 70B parameters has a
ratio of 17M. BERT-base, used with a sequence length of 512 and 110M parameters (Devlin
et al., 2019), results in a ratio of 215,000. In contrast, for the Segment Anything Model
(SAM), an input image size of 1024x1024 (Kirillov et al., 2023), divided into 16x16 patches,
results in a sequence length of 64x64 (4,096). For ViT-B, with 86M parameters (Dosovitskiy
et al., 2021), this corresponds to a parameter-to-sequence length ratio of approximately
20,000.

While methods like LORA e ectively reduce the number of trainable parameters, they
do not address activation gradients directly. Meaningful memory savings only occur when
the initial layers of the model are frozen, allowing the optimizer to discard the corresponding
activation gradients.

To test this hypothesis, we conducted an experiment using SAM trained on LIVECell
(Edlund et al., 2021) data with a batch size of 1. We froze the entire image encoder except
for a single block and observed the following results: unfreezing the rst block of the image
encoder reduced memory usage by approximately 500MB, while unfreezing the last block
saved around 5GB compared to full ne-tuning.
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These ndings motivated the concept of Late PEFT. For the example in Late LORA,
LoRA adapters are applied only from a certain point onward in the image encoder, reducing
memory usage by limiting activation gradient calculations, while still providing updates to
the image encoder.

(Dettmers et al., 2023) suggest that once memory constraints are taken care of, per-
formance can be further optimized by introducing additional trainable parameters through
more low-rank adapters. Rather than limiting LORA to the query and value matrices of the
attention blocks, which is a common practice recommended by the original LORA authors
(Hu et al., 2022), we explore the application of LoRA to all linear layers within the at-
tention blocks. We distinguish these approaches as \LoRA Classic" (LoRA-C) and \LoRA
All" (LoRA-A) in Fig. 4.

We explore late PEFT methods by applying PEFT only from a speci ¢ attention block
onward in the encoder, avoiding backpropagating gradients through the entire encoder,
thereby reducing memory usage. We evaluate this approach using LoORA, QLoRA and full
ne-tuning, applying each method to 50%, 25%, and 8% of the attention blocks. Our results
in Fig. 13 and 14 show that the latter approach, applied to 50% of the blocks achieves the
best trade-o between performance and memory e ciency.

Appendix B. Implementation of QLORA

For the implementation of QLoRA, we make use of bitsandbytes [ttps://huggingface.
co/docs/bitsandbytes/main ) for quantizing the linear layers. The implementation expects
users to indicate linear layers to map to a lower precision (we reduce the precision down to 4
bit and freeze them, as training for this precision is a technical limitation in PyTorch). This
necessitates converting the pretrained weights to the target precision (4 bit), initializing the
guantized layers accordingly, and nally injecting LORA to update the attention matrices.
During training, the quantized layers are frozen, i.e. not updated through gradients. Their
primary task is to improve e ciency; the LORA matrices are learned at full precision.
Another important nding is to avoid compound operations with tensors which require
gradients, otherwise the PyTorch optimizer cannot trace gradients due to quantization in the
computation graph, a known limitation of in-place operations in PyTorch. This contributed
to the challenge of setting up a proper training implementation with quantization and mixed
precision, combined with PyTorch optimizer speci cs, in such a sensitive setup.

In inference, the approach to use the netunined QLoRA model with quantized 4-bit
layers, except for LORA parameters of the attention matrices, did not work. After some
empirical investigation, our analysis led us to introduce a new setup, where inferring with
QLoRA model expects all layers to be initialized with the pretrained weights in the original
precision, and replace the attention matrices with the learned LoRA weights. This resulted
in meaningful improvements and comparable results to other PEFT methods in settings
with small domain shifts.

Appendix C. Implementation of Resource-e cient Finetuning

For microscopy, the choice of the 2 images for training was done manually by selecting images
with a good representation of the overall task. CellSegl (Zhou et al., 2024) has shown that
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the choice of image is crucial in this setting. Once these two images are selected, we use
1 image for training and the other exclusively for validation, and test our trained model

on the entire test set, for consistency with other experiments. The same goes for medical
imaging, however for 3D images, e.g. MOTUM and Mice TumSeg, we choose one plane
with the foreground object annotations for training, and another from a di erent volume

for validation. This step in particular is critical to avoid any negative bias, e.g. selecting

an image with underrepresented / sparsely distributed cells or a 3D plane with an odd
morphology of an organ.

We use CellSegl for benchmarking purpose with our data e cient experiments. Unlike
CellSegl, we improve SAM both for interactive and automatic segmentation. CellSegl only
improves automatic segmentation, and is thus also not applicable for our medical exper-
iments. Furthermore, we o er easy-to-use example scripts and a command line interface
for netuning. Our models are compatible with SAM and the netuning strategies with-
out PEFT are directly compatible in several other annotation softwares, which is a clear
limitation of CellSegl that can only be used within their tool.

Appendix D. Evaluation Metric

We use the mean segmentation accuracy, following the de nition of (Caicedo et al., 2019),
to evaluate instance segmentation results for the microscopy datasets. It is computed based
on true positives (T P), false negatives FN), and false positives £P), derived from the
intersection over union (loU) of predicted and true objects. Speci cally, aTP(t) is de ned
as the number of matches between predicted and true objects with an loU above threshold
t, FP(t) correspond to the number of predicted objects minusT P(t), and FN (t) to the
number of true objects minus TP (t). The mean segmentation accuracy is computed over
multiple thresholds:

1 X TP(t) .
j# thresholdsj  TP(t)+ FP(t) + FN (1)

Mean Segmentation Accuracy =

Here, we use thresholds 2 [0:5; 0:55; 0:6; 0:65; 0:7; 0:75; 0:8; 0:85; 0:9; 0:95]. For each dataset,
we report the average mean segmentation accuracy over images in the test set.

We use the dice coe cient to evaluate segmentation results for medical imaging be-
cause the segmentation tasks we evaluate typically only contain a single object, or objects
belonging to di erent classes, per image. It is de ned as

P
Dice Coe cient = P%Ofbt—'t
i i

for per-pixel prediction values p; and per pixel target valuest;. For each dataset, we report
the average dice coe cient over images in the test set.

Appendix E. PEFT Evaluation

E.1. Segmentation Quality

Fig. 3 presents a comparison of various PEFT methods across microscopy and medical
datasets respectively. The PEFT methods are arranged from left to right in the order of
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the number of trainable parameters, with full netuning having the most parameters. Table

5 lists the number of parameters for each method. We evaluate the methods using training
from the default SAM (Kirillov et al., 2023) and from the generalist SAM models (Archit

et al., 2025a), where we use either the electron microscopy or light microscopy model, and
from MedicoSAM (Archit et al., 2025b) for medical imaging. The models are evaluated
on automatic instance segmentation (AlS) for microscopy experiments, and point and box
prompts for both microscopy and medical imaging experiments. We also report a simulated
interactive segmentation setup, which we call the iterative prompting task, i.e. starting with
either a single point (Ip) or a box prompt (l1g) for each object, and iterative recti cation
with additional points to improve the segmentation quality

As an overall trend, we observe that as the number of trainable parameters increases,
the segmentation quality also tends to increase across the di erent datasets, demonstrating
a trade-o between model complexity, capacity, and performance. The relative performance
of the PEFT methods varies between datasets, indicating that the suitability of di erent
PEFT methods may depend on the dataset's characteristics, such as complexity, size, and
the model's initial performance. Despite this variation, Full Finetuning, Attention Tuning,
and LoRA consistently show good performance. Two of the late PEFT methods, Late LORA
and Late FT, show some reduction in performance, but with relative minor di erences
to their \non-late" counterparts. (Late) QLORA shows good performance for the domain
speci ¢ foundation models ( SAM, MedicoSAM), but performs bad for default SAM, which
has a larger domain gap.

To simplify these observations, we averaged the performance of the dierent PEFT
methods over all datasets in Tabs. 1 (microscopy, SAM), 2 (microscopy, SAM), 3 (medical
imaging, SAM), and 4 (medical imaging, MedicoSAM). These averaged results validate our
observations from above, highlighting that Attention Tuning, (Late) LORA and Late FT
show consistently good improvements. While some PEFT methods excel for speci c tasks
- such as Bias Tuning for MitoLab - they are not competitive with these other methods.
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Figure 6: Results for iterative prompting on 6 di erent microscopy datasets, starting with
point or box prompts. The accuracy is evaluated after 8 iterations of predicting
and correcting prompts.
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Figure 7. Results for iterative prompting on 9 di erent medical imaging datasets, starting
with point or box prompts. The accuracy is evaluated after 8 iterations of pre-
dicting and correcting prompts. The late netuning experiments are only run on
the core 6 datasets.
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